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SUMMARY

This study has had as main objectives to apply the analysis via fourier-transform
infrared spectroscopy (FTIR), thermogravimetry (TG), differential scanning
calorimetry (DSC) to verify the degradation and alteration of the functional groups
of clonazepam, due to their importance as a characterization tools, and to use a
validated method for the quantification of clonazepam, with a new chromatographic
analysis with no use of buffer in the mobile phase to be applied in the studies of
stability of pharmaceutic formulations and in the analysis of degradation products.
The results obtained from the thermal analysis have showed that the studied
excipients did not reveal changes in the thermal behavior of the binary mixtures,
clonazepam excipient, with no indication of incompatibility. The analytic method
developed by high performance liquid chromatography (HPLC) has been shown
adequate for quantification of clonazepam and its impurities. The implementation of
thermal analysis and the application of new analytic methods have been considered
important strategies in the diverse areas of the pharmaceutical industry, providing
information that define the technological quality parameters of the products, aiming

the development of new formulations.
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RESUMEN

Estudio de compatibilidad del clonazepam y excipientes en
formulaciones farmacéuticas solidas

Este estudio ha tenido como principales objetivos aplicar el analisis mediante
espectroscopfa infrarroja por transformada de Fourier (FTIR), termogravimetria
(TG), calorimetria diferencial de barrido (DSC) para verificar la degradacién y
alteracién de los grupos funcionales del clonazepam, debido a su importancia como
herramientas de caracterizacién, y utilizar un método validado para la cuantificacién
de clonazepam, con un nuevo anélisis cromatogréfico sin uso de tampén en la fase
mdvil para ser aplicado en los estudios de estabilidad de formulaciones farmacéuticas
y en el andlisis de productos de degradacion . Los resultados obtenidos del analisis
térmico han mostrado que los excipientes estudiados no revelaron cambios en el
comportamiento térmico de las mezclas binarias, excipiente clonazepam, sin indicios
de incompatibilidad. El método analitico desarrollado por cromatografia liquida
de alta resolucién (HPLC) se ha mostrado adecuado para la cuantificacién de
clonazepam y sus impurezas. La implementacidn del andlisis térmico y la aplicacién
de nuevos métodos analiticos han sido consideradas estrategias importantes en las
diversas 4reas de la industria farmacéutica, proporcionando informacion que define
los pardmetros tecnoldgicos de calidad de los productos, visando el desarrollo de

nuevas formulaciones.

Palabras clave: Clonazepam, espectroscopia infrarroja por transformada de Fourier
(FTIR), calorimetria diferencial de barrido (DSC), termogravimetria (TG), croma-
tografia liquida de alta resolucién (HPLC), estudio de compatibilidad.

REsuMmoO
Estudo de compatibilidade de clonazepam e excipientes em
formulacoes farmacéuticas sélidas

Este estudo teve como principais objetivos aplicar a andlise via espectroscopia

de infravermelho por transformada de Fourier (FTIR), termogravimetria (TG),
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calorimetria exploratéria diferencial (DSC) para verificar a degradagio e alteragio
dos grupos funcionais do clonazepam, devido 4 sua importincia como ferramenta de
caracterizagio, ¢ utilizar um método validado para quantificacio do clonazepam, com
uma nova andlise cromatogrifica sem uso de tampdo na fase mdvel para ser aplicada
nos estudos de estabilidade de formulagoes farmacéuticas e na andlise de produtos de
degradagio. Os resultados obtidos na andlise térmica mostraram que os excipientes
estudados nio revelaram alteragdes no comportamento térmico das misturas bindrias,
excipiente clonazepam, sem indicios de incompatibilidade. O método analitico
desenvolvido por cromatografia liquida de alta eficiéncia (CLAE) mostrou-se
adequado para quantificagio do clonazepam e suas impurezas. A implementagio de
andlises térmicas e a aplicacio de novos métodos analiticos tém sido consideradas
estratégias importantes nas diversas dreas da industria farmacéutica, fornecendo
informagoes que definem os parAmetros tecnoldgicos de qualidade dos produtos,

visando o desenvolvimento de novas formulagoes.

Palavras-chave: Clonazepam, Espectroscopia de infravermelho com transformada
de Fourier (FTIR), Calorimetria diferencial de varredura (DSC), Termogravimetria
(TG), Cromatografia liquida de alta eficiéncia (HPLC), Estudo de compatibilidade.

INTRODUCTION

It is a benzodiazepine derivative widely administered as an anxiolytic, anticonvulsant,
muscle relaxant and sedative anesthetic [1-3]. In order for quality control to guarantee
the efficacy and safety of the use of a drug, the use of sensitive analytical methods is

essential [4-6].

The choice of method to be used in the analysis depends on several factors, such as the
nature of the drug, purity and sample amount [7]. In addition, the laboratory condi-
tions and the costs involved in the analysis must be taken into account.

Among the methods for this purpose, spectroscopic, chromatographic and thermal
methods stand out [8-10]. In this context, thermal analysis constitutes a group of tech-
niques of great interest in the pharmaceutical area, since it allows obtaining relevant
data regarding the thermal behavior of drugs and pharmaceutical ingredients, in a rela-
tively short time, fundamental for the evaluation of possible incompatibilities and for
the development of new products [11,12].

The main thermoanalytical techniques applied in this area are differential scanning

calorimetry (DSC), differential thermal analysis (DTA) [13, 14]. The application of
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thermal analysis for this purpose is recent and has grown significantly in the last ten
years [15, 16]. This fact motivates the evaluation of the thermal stability of this drug
and drug/excipient compatibility.

The evaluations of drug-excipient interaction, through the compatibility study, were
complemented through the technique of high-performance liquid chromatography
(HPLC), which can be performed by analyzing the degradation product of adrug [17].

Due to the therapeutic relevance of clonazepam and its wide commercialization, the
development of the present work becomes important in order to contribute to the
evaluation of stability through the analysis of assay and formation of clonazepam deg-
radation products complementing the study of interactions between clonazepam and
excipients through the techniques of differential scanning calorimetry, differential
thermal analysis, fourier-transform infrared spectroscopy.

MATERIAL AND METHODS

Drug + excipient interaction study

According to Table 1, in the preparation of the binary mixtures (weight ratio of 1:1)
the individual mass of each component was weighed, added separately to a porcelain
capsule and ground with the drug for 2 minutes.

Table 1. Binary mixtures.

Mixtures Components
1 Clonazepam + Lactose
2 Clonazepam + Microcrystalline Cellulose
3 Clonazepam + Starch
4 Clonazepam + Magnesium Stearate

Fourier-transform infrared spectroscopy (FTIR)

The sample was analyzed in an infrared equipment, brand Agilent Cary 6300 FT-IR,

using a diffuse reflectance module to obtain the spectrum.

The absorption spectra were generated in the region of 4000 to 400 cm™, in total there
were 32 spectra.

Thermogravimetry (TG)

The sample was analyzed in a TG equipment, brand Mettler Toledo, with Software
STARe SW, version 10.0.
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For this test, the excipients were analyzed alone and in combination with the drug.
Before each thermogravimetric test, a blank was performed with the sample pan empty
for the evaluated condition.

Conditions for TG: temperature range: 25 to 300 °C; gas: N, at 100 mL/min; heating
ratio: 10 °C-min’’; pan: platinum

Differential scanning calorimetry (DSC)

Sufficient amount of clonazepam was weighed in an alumina pan, then covered in a
DSC equipment, brand Shimadzu, model DSC-60. In addition to clonazepam, the

other raw materials and binary mixtures were tested.

Conditions for DSC: temperature range: 25 to 300 °C; gas: N, at 100 mL/min; heat-
ing ratio: 10 °C-min™; pan: alumina

High performance liquid chromatography (HPLC)

The HPLC experiments were initiated based on the American Pharmacopocia, whose
mobile phase is constituted by a mixture of phosphate/methanol/tetrahydrofuran buffer
in the proportion of 600:520:130 v/v/v.

Due to the high amount of buffer, a new mobile phase was developed, consisting of
acetonitrile/water in the proportion 600:400 v/v.

The proportions between the mobile phase constituents, injection volume, mobile
phase flow rate and column analysis temperature were evaluated.

The analysis conditions tested were: injection volumes: 5 to 50 uL; column tempera-
tures: 25 to 40 °C; flow rates: 0.8 to 1.5 mL/min; elution modes: isocratic and gradi-
ent; wavelength: 254 nm; analytical columns: C8 - 125 x 4.6 mm - 5 um / C8 - 150
X 4.6 mm -5 um/ C8 - 250 x 4.6 mm - 5 um

The column was previously stabilized with the mobile phase for 30 minutes under the
respective pre-established conditions.

Before the start of each analysis, a solution containing clonazepam, CR A (related com-
pound A), CR B (related compound B) was injected in order to observe the following
parameters: N (number of theoretical plates) > 2000; T (asymmetry) between 0.8 and
1.2; R (resolution) > 2; and the coefficient of variation between injections < 2 %, in order
to verify the suitability of the system.
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Optimized chromatographic conditions: injection volumes: 30 pL; column tempera-
tures: 25 °C; flow rate: 1.0 mL/min; elution modes: isocratic; wavelength: 254 nm;
analytical column: C8 — 250 x 4.6 mm.

Stability Studies

The preparation of the simulated sample of excipients was performed, as described in
Table 2. The samples were stored in climatic chambers, under the following conditions
of temperature and humidity: 40 + 2°C / 75% + 5% RH and 30 + 2 °C/ 75% + 5%
RH for 30, 60 and 90 days.

Table 2. Simulated sample of excipients.

Components Amount (mg)
Clonazepam 2.00
Lactose 121.50
Microcrystalline cellulose 18.70
Starch 20.40
Magnesium stearate 1.70

The prepared solutions were evaluated as described below:

. Clonazepam standard solution: 10.00 mg of clonazepam standard was added
and transferred to a 100.0 mL flask. Approximately 5.0 mL of diluent was added
and it was taken to ultrasound until complete dissolution. The volume was made

up with diluent (0.1 mg/mL).

e Clonazepam stock sample solution 85.00 mg of clonazepam sample was weighed
and transferred to a 10.0 mL flask. Approximately 5.0 mL of diluent was added
and it was taken to ultrasound until complete dissolution. Make up to volume
with diluent (0.1 mg/mL).

The solutions were injected into the chromatograph to observe the possible reduction
or increase in the drug assay and/or formation of degradation products.

RESULTS AND DISCUSSION

Fourier-transform infrared spectroscopy (FTIR)

The spectra of clonazepam in the infrared were shown in Figure 1. The observed peaks
are in agreement with the chemical structure of clonazepam, with the identification of
the main functional groups in Table 3.
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Figure 1. The individual and binary mixtures FTIR spectrum of clonazepam and excipients.
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Table 3. Absorption of the main functional groups for Clonazepam.

Absorption range cm-1 Functional Group
1693 C = O deformation, amide
1614 C=N deformation
1538 C=C deformation, aromatic
1490 C=C deformation, aromatic
1445 C=C deformation, aromatic
1333 N-O, deformation
752 aromatic ring deformation

The spectrum obtained from the binary mixture between clonazepam and starch, the
main identification bands of clonazepam are observed, 1693 cm?, 1614 cm™, 1538 cm!,
1490 cm™, 1445 cm™, 1335 cm™ and 752 cm™. The starch bands are superimposed on
the clonazepam bands, but it is possible to observe a widening of the bands close to
3200 cm™ of the O-H bond deformation. The data obtained by FTIR for mixing clon-
azepam with starch are not indicative of incompatibility.

The spectrum obtained from the binary mixture between clonazepam and magnesium, the
main identification bands of clonazepam are observed, 1693 cm™, 1614 cm’, 1542 cm’!,
1491 cm’, 1434 cm?, 1337 cm™ and 724 cm™. Magnesium stearate bands are also
observed at 2918 cm™ and 2851 cm™, 1573 cm™, 1462 cm™, 1102 cm™, indicating that
there is no incompatibility between these studied inputs.

The spectrum obtained from the binary mixture between clonazepam and microcrys-
talline cellulose, the main identification bands of clonazepam are observed, 1693 cm,
1614 cm?, 1538 cm™, 1490 cm™, 1434 cm™ and 1335 cm™. The bands that identify
cellulose are in overlapping regions with the clonazepam bands, and it is not possible
to evaluate them individually. Data obtained by FTIR for mixing clonazepam sodium
with cellulose are not indicative of incompatibility.

In the spectrum of the mixture of clonazepam with lactose monohydrate, the clon-
azepam identification bands are observed at 1693 cm™, 1614 cm™, 1538 cm™, 1490
cm’, 1434 cm™ and 1335 cm™. The bands that identify lactose are in overlapping
regions with the clonazepam bands, and it is not possible to evaluate them individu-
ally. Data obtained by FTIR for blending clonazepam with lactose are not indicative
of incompatibility.

The spectrum of the mixture between clonazepam and all the excipients, some of
the main identification bands of clonazepam are observed 1691 ¢cm?, 1616 cm’,
1542 ecm™, 1491 em’, 1434 cm™ and 1337 cm™. It is also possible to observe some
bands of excipients, namely, 2918 cm™” and 2851 cm™ from magnesium stearate.
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Compeatibility of clonazepam and excipients in solid formulations

The main clonazepam bands and bands from the excipients are visualized with mini-
mal shifts compared to the individual spectra. The data obtained by infrared spectros-
copy show that the excipients are compatible with clonazepam under the conditions
tested, since the similarity of the bands were in agreement with the literature and there
was no formation of other bands in the spectrum.

Thermogravimetry (TG)

The clonazepam TG curve, Figure 2, shows only one event in the range of 272.83 °C to
324.54 °C due to decomposition (19.1% of mass loss) with a midpoint at 292.37 °C.

Figure 2. The individual and binary mixtures TG curves of clonazepam and excipients.
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Table 4 presents a summary of the data obtained for the individual curves and binary
mixtures. It is observed in the TG that the mass loss from the excipients was due to
dehydration and decomposition and for clonazepam due to decomposition. The TG

curves are similar to the individual curves, not indicating incompatibility.

Table 4. Discussion of results for the TG for Clonazepam and excipients.

Temperature Range (°C)

Sample Onset — Endset Weight Loss (%) Event
Clonazepam 272.83 — 324.54 19.1 Decomposition
35.5°C - 96.38 9.4 Dechydration
Starch o
294.5°C - 322.5 82.6 Decomposition
28.9 - 85.11°C 5.7 Dehydration
Clonazepam + Srarch 283.82 - 300.21 32.3 Decor);lposition
99.71 - 146.0 2.48 Dehydration
Magnesium Stearate 343.09 -440.0 22.89 Decomposition
449.08 - 492.046 0.51 Decomposition
Clonazepam + 93.73 - 109.49 1.39 Dechydration
- 268.26 - 297.64 8.65 Decomposition
Magnesium Stearate .
353.82 — 415.85 33.46 Decomposition
Microcrystalline 28.78 - 71.84 5.80 Dehydration
Cellulose 337.24-371.17 85.58 Decomposition
Clonazepam + 37.7 - 96.02 1.81 Dehydration
Microcrystalline 29142 -322.31 48.96 Decomposition
Cellulose
140.95 - 151.24 5.80 Dehydration
Lactose 229.60 — 252.59 6.78 Decomposition
295.06 — 332.51 52.00 Decomposition
142.75 - 150.39 1.71 Dehydration
Clonazepam + Lactose 233.380- 253.03 9.41 Decomposition
268.95 -291.95 15.39 Decomposition

Differential scanning calorimetry (DSC)

The clonazepam has only one endothermic event, related to melting, with temperature

ranges of T, = 237.38 °C and T, = 237.36 °C, Figure 3, followed by decomposi-

tion according to an exothermic event close to 300 °C.
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Figure 3. The individual and binary mixtures DSC curves of clonazepam and excipients.

Table 5 presents a summary of the data obtained for the individual and binary mix-
tures DSC curves (Figure 3). It is observed in the curve of the binary mixtures that the
enthalpies for the loss of moisture from the excipients and the melting of clonazepam
are proportional to the individual curves. The data indicate that the excipients and
clonazepam are compatible under the conditions evaluated.

Table 5. Discussion of results for the DSC for Clonazepam and excipients.

Temperature (°C Enthal
Sample © lf’ ot Peik)) /g )PY Event
Clonazepam 237.38-238.36 113.01 Fusion
Starch 22.8-63.29 286.43 Water Loss
Clonazepam + Starch 24.6 - 55.83 110.63 Water Loss
237.49 - 238.96 53.51 Fusion
Magnesium Stearate 88.77 - 105.82 97.97 Water Loss
125.35-128.90 42.12 Fusion
85.55-97.97 57.87 ‘Water Loss
Clonazepam + 126.92 - 128.93 25.05 Fusion
Magnesium Stearate -
231.45 - 234.43 21.42 Fusion (Clonazepam)
Microcrysralline 27.68 - 45.19 8438 Water Loss
Cellulose

(Continued)
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Table 5. Continuation.

Temperature (°C Enthal
Sample (Olf set — Peik)) (J/ g)Py Event
Clonazepam + 31.09-57.84 2.36 Water Loss
lc\:/Iellclruci(c)zstalhne 237.27-238.73 53.48 Fusion (Clonazepam)
143.31 - 146.99 130.39 Water Loss
Lactose 211.62-215.88 128.12 Fusion
222.27 -237.07 101.20 Decomposition
142.08 - 145.39 51.42 Water Loss
Clonazepam + Lactose 211.37-216.49 54.17 Fusion / Decomposition
228.96 -232.61 40.71 Fusion (Clonazepam)

High performance liquid chromatography (HPLC)

In the studies carried out, the data obtained from the thermal analysis were compared
with the results of assay and related substances by HPLC (validated method) as shown in
Figure 4 and Figure 5, allowing greater security in the interpretation of the data and also
enriching the work with a comparative that challenges the efficiency of thermal analysis.

Through the analysis of the chromatograms of the standard solutions, sample, and
placebo, it was observed that the proposed method has specificity, since it does not
suffer interference from the excipients next to the clonazepam signal. In addition, the
observed clonazepam peak purity is 0.99.

Peak purity calculations were performed by comparing the spectrum of the peak apex
(reference spectrum, point that presents the highest concentration of the analyte and
the best-defined spectrum), with several spectra sampled from the beginning to the
end of the clonazepam peak, being collected a spectrum every 400 milliseconds.

Figure 4. Chromatogram of clonazepam, CR A (related compound A), CR B (related compound
B) Standards Solution.
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Figure 5. A: molecular structure of clonazepam. B: molecular structure of related compound A. C:

molecular structure of related compound B.

From this total of spectra, an evaluation was carried out, counting all the spectra that
presented at least 95% similarity with the reference spectrum and also calculating those
that presented less than 95% of similarity.

When subjected to forced degradation, the chromatograms showed a reduction in
clonazepam assay, and the formation of degradation peaks was observed in all types
of hydrolysis (Figure 6 and Figure 7). When subjected to thermal and photolytic deg-

radation, there was little variation in the assay for both the standard and the sample.

The compiled with the results of the forced degradation study of the standard and of
the sample referring to clonazepam are shown respectively in tables 6 and 7.

Figure 6. Chromatogram of placebo (Basic Degradation - NaOH 0.1 N).
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Figure 7. Chromatogram of clonazepam (Basic Degradation - NaOH 0.1 N).

Table 6. Standard forced degradation.

Recovery Degradation Recovery = Degradation
Conditions (%) (%) (%) (%)
24 hours 24 hours 48 hours 48 hours
Control Sample 100.0 0.0 100 0.0
Acid Degradation
(HCI0.1N) 89.5 10.5 79.7 20.3
Basic Degradation
(NaOH 0.1 N) 65.3 34.7 48.6 51.4
Oxidative Degradation
(H,0, 3%) 94.8 5.2 93.8 6.2
Thermal Degradation (60 °C) 102.3 23 88.9 11.1
Photolytic Degradation (UV) 99.0 1.0 99.6 0.4
Table 7. Sample forced degradation.
Recovery (%) Degradation (%) Recovery (%) Degradation
Conditions (%)
24 hours 24 hours 48 hours
48 hours
Control Sample 100.0 0.0 100 0.0
Acid Degradation
(HCI0.1N) 91.6 8.4 79.9 20.1
Basic Degradation
(NaOH 0.1 N) 64.8 35.2 48.6 51.4
Oxidative Degradation
(H,0, 3%) 97.9 2.1 93.8 6.2
Thermal Degradation
(60°C) 103.0 3.0 98.1 1.9
Photolytic Degradation (UV) 99.7 0.3 98.9 1.1
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Stability Studies

The samples submitted to temperatures of 30 °C and 40 °C did not show changes in
their organoleptic and physical characteristics, when observed macroscopically. The
percentage assay obtained at the temperature of 30 °C had minimal variations in the
three tested periods. The observation of degradation products in this same condition
was only observed in the final period of 90 days.

In samples submitted at a temperature of 40 °C, lower values of assay were observed
when compared to the values obtained at a temperature of 30 °C, but without signifi-
cant variations. Degradation products can be observed in the second evaluated period

of 60 days.

The degradation products observed in the accelerated stability study according to Table
8 were also observed in the forced degradation study, without a considerable increase
in them. There was no change or variation in the assay results (dosing) above 5% when
compared to the initial result in both the 30 °C/75% of relative humidity and in the
study at 40 °C/75% of relative humidity as demonstrated in Table 9.

Table 8. Formation of degradation products during the stability study.

Tested Conditions
Degradations Products 30°C/75% RH 40°C/75% RH
90 days 60 days 30 days
Related Compound A (RRT= 1.20) b b’ X
Related Compound B (RRT=1.81) X X X
Unknown impurity (RRT=0.45) - - X
Unknown impurity (RRT~0.88) X - X
Unknown impurity (RRT~0.93) X - X

Table 9. Assay results during the stability study.

Tested Conditions 30°C/75% RH 40°C/75% RH
30 days 99% 98%
60 days 99% 97%
90 days 98% 95%
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CONCLUSION

Based on the analyzed dataset, the drug-excipient compatibility performed through
the DSC and TG techniques can be considered as the first-choice technique for evalu-
ating compatibilities, due to its speed and versatility.

However, it must be associated with HPLC and FTIR, since these provided quanti-
tative and qualitative information about the active ingredient, respectively. Thermal
analysis provided quick results, but difficult to interpret. For this reason, the comple-
mentary techniques (FTIR, HPLC) were valid to confirm the results obtained by the
thermal analysis and thus generate more reliable results.

According to the results obtained by DSC, TG, FTIR and HPLC, it was possible to
identify that there were no significant changes in the isolated drug and in the 1:1 drug/
excipient binary mixtures, indicating that there is no interaction between the tested
excipients and clonazepam.

The HPLC method developed was optimized to obtain the best conditions for the
identification and quantification of clonazepam, offering great advantages in terms of
simplicity, since the mobile phase employed is easy and quick to prepare, which allows
it to be used routinely in quality control analyses.

Another advantage is the fact that it does not contain salts in its composition, which
could damage the column and the chromatographic system, in addition to allowing
the identification and reproducible quantitative analysis of clonazepam with analytical

reliability.

Through this study it was possible to unify the information about compatibility
between clonazepam and excipients, highlighting the importance of these studies for
the development of stable formulations.
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REsumo

Introdugio: A concentracio de furfural e 4cido latico é importante para as proprie-
dades nutricéuticas e parafarmacéuticas dos paes. Neste trabalho, realiza-se uma
andlise tedrica da deteccao eletroanalitica de ambos os compostos em paes. Meto-
dologia: O processo da deteccio eletroanalitica de furfural e 4cido latico em paes
fermentados no 4nodo, modificado pelo oxihidréxido de cobalto, tem sido desen-
volvido e analisado do ponto de vista tedrico. O modelo matemético correspondente
foi desenvolvido e analisado mediante a teoria de estabilidade linear ¢ andlise de
bifurcacdes. Resultados e discussdo: Foi comprovada a eficiéncia do elétrodo de
oxihidrdxido de cobalto na deteccio eletroanalitica de ambos os analitos em meio

ligeiramente 4cido. O oxihidréxido de cobalto pode ser estabilizado pelo polimero
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Modelagem da detecgiao de furfural e 4cido l4tico em paes fermentados

condutor basico, para compensar o pH do pio. Quanto ao comportamento oscila-
tério, este ¢ menos provavel que nos casos semelhantes, haja vista a fraca ionizagio
do 4cido l4tico e do 4cido furoico — produto da oxidagio do furfural. Conclusdes:
Agio catalitica do composto de cobalto facilita a obten¢ao e manutengio do estado
estaciondrio estdvel neste sistema e, por conseguinte, providencia a ficil leitura de

sinal analitico.

Palavras-chave: furfural, 4cido ldtico, pio fermentado, sensor eletroquimico, estado

estaciondrio estdvel

SUMMARY

The mathematical modeling for furfural and lactic acid
determination in fermented breads

Introduction: The furfural and lactic acid concentration is important for the
nutriceutical and parapharmaceutical properties of bread. In this work, a theoretical
analysis of the electroanalytical detection of both compounds in bread has been
given. Methodology: The process of electroanalytical detection of furfural and
lactic acid in fermented breads at the anode, modified by cobalt oxyhydroxide, has
been developed and analyzed from a theoretical point of view. The corresponding
mathematical model was developed and analyzed using linear stability theory
and bifurcation analysis. Results and discussion: The efficiency of the cobalt
oxyhydroxide electrode in the electroanalytical detection of both analytes in aslightly
acidic medium was proven. Cobalt oxyhydroxide can be stabilized by the basic
conductive polymer to compensate for the pH of the bread. As for the oscillatory
behavior, this is less likely than in similar cases, given the weak ionization of lactic
acid and furoic acid — the product of furfural oxidation. Conclusions: Catalytic
action of the cobalt compound facilitates obtaining and maintaining stable steady

state in this system and, therefore, provides easy reading of analytical signal.

Keywords: furfural, lactic acid, sourdough bread, electrochemical sensor, stable

steady state
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RESUMEN

El modelado matematico de la deteccion de furfural y 4cido léctico
en panes fermentados

Introduccién: La concentracién de furfural y dcido ldctico es esencial para las
propiedades nutricéuticas y parafarmacéuticas del pan. En este trabajo se realiza
un andlisis tedrico de la deteccidn electroanalitica de ambos compuestos en panes.
Metodologia: Se ha desarrollado y analizado desde un punto de vista tedrico el
proceso de deteccidn electroanalitica de furfural y 4cido lictico en pan fermentado
en el 4nodo, modificado por oxihidréxido de cobalto. El modelo matematico
correspondiente fue desarrollado y analizado utilizando la teorfa de estabilidad
lineal y andlisis de bifurcaciones. Resultados y discusidn: Se confirmé la eficiencia
del electrodo de oxihidréxido de cobalto en la deteccién electroanalitica de
ambos analitos en un medio ligeramente 4cido. El oxihidréxido de cobalto puede
estabilizarse mediante el polimero conductor basico para compensar el pH del pan.
Ya el comportamiento oscilatorio es menos probable que en casos similares, dada
la débil ionizacidn del 4cido lictico y del 4cido furoico, producto de la oxidacién
del furfural. Conclusiones: La accién catalitica del compuesto de cobalto facilita
la obtencién y el mantenimiento de un estado estable en este sistema vy, por tanto,

proporciona una ficil lectura de la sefal analitica.

Palabras-clave: furfural, 4cido lactico, pan de masa madre, sensor electroquimico,

estado estacionario estable

INTRODUCAO

O Império Otomano, que existiu entre os anos 1299 e 1922, foi um dois maiores impé-
rios no mundo. Na sua maior extensio, em 1687, o Império controlou 5,2 milhoes de
quilémetros quadrados, em que viveram 30 000 000 de pessoas, ou seja, uma em cada
vinte e cinco pessoas no mundo de entio viveu no Império Otomano [1-3]. O auge do
Império foi durante o reino do sultio Solimio I o Legislador (Kanuni). Na Turquia ele
¢ apelidado de Legislador, por organizar o Kanunname (Cédigo de Leis do Império).
O cédigo abrangeu quase todas as dreas, inclusive a produgao de pao. A lei previu que
a farinha passasse pelo coador de poro mintsculo e que o pao fosse bem passado e nao
desse nenhum cheiro diferente do “cheiro a pao”
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O cheiro a pao é produzido pelo furfural (Fig. 1 & esquerda) — produto da fermentagao
das pentoses ¢ hexoses na forma de furanose. E um aldeido, formado durante a fermen-
tagao natural e artificial da massa [4-7]. Outro produto importante da fermentagao
¢ o 4cido litico [8-10], que ¢ produto da fermentacio da glicose pelas bacilas como
L. bulgaricus, L. delbrueckii, L. acidophilus, estreptococo S. thermophilus (cuja ati-
vidade aumenta quando o pio se esquenta) e bifidobactério B. infantis e B. lactis. O
5-hidroximetilfurfural, produto da fermenta¢ao de hexofuranoses, aparece em méis.

Figure 1. Furfural e 4cido ldtico

Além da fermentagio de pao, os bifidobactérios mencionados sio usados em formu-
lagoes farmacéuticas [11, 12] para tratamento de algumas infe¢oes gastrointestinais e
diareias.

Quanto ao furfural, ele ¢ um nutricéutico e antioxidante, que também serve como
ponto de partida para obtengao de vérios firmacos (como furosemida). O 4cido latico,
por sua vez, além de ser um componente alimentar, ¢ um produto de metabolismo
humano. Ele também ¢ usado em formulagoes farmacéuticas como substancia principal
corretor de metabolismo. A concentragio de ambos os produtos ¢ importante para a
manutencio da homeostase. Destarte, o desenvolvimento de um método para a quan-
tificacio de ambos os compostos ¢ realmente atual [13-15].

Ambos os compostos sio eletroativos, haja vista o possuirem grupos funcionais oxi-
dantes e redutores [14-16]. Assim, tanto os processos anddicos como catédicos sao-lhe
compativeis. No caso de um processo anddico, o uso do oxihidréxido de cobalto, um
material semicondutor, que se vé como alternativa ao diéxido de titinio, poderia ser
usado para a detec¢io do furfural e 4cido ldtico em paes fermentados.

Sem embargo, tanto a oxidagio das moléculas orginicas pequenas, como a sintese do
oxihidréxido de cobalto, soem acompanhar-se pelas instabilidades eletroquimicas [17-
19], que influenciam o desempenho eletroanalitico do sensor. Isto pode levar a dificul-
dade na interpretagio do sinal analitico do sensor.

Assim, o objetivo geral deste trabalho ¢ avaliar, do ponto de vista mecanistico tedrico,
o comportamento do sistema com a detec¢io eletroanalitica do furfural e 4cido latico
sobre o oxihidréxido de cobalto. O modelo matematico correspondente ¢ analisado
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mediante a teoria de estabilidade linear, para verificar as condi¢oes de estabilidade do
estado estaciondrio (e, por conseguinte, do melhor desempenho do sensor), das insta-
bilidades oscilatéria e monotdnica. Outrossim, far-se-4 a comparagio do comporta-
mento deste sistema com o dos semelhantes [20, 21].

O SISTEMA E SEU MODELO

Durante a anélise de massa fermentada, cujo pH ¢ levemente reduzido, o oxihidréxido
de cobalto, na auséncia de analito, reduz-se conforme:

CoO(OH) + H* + ¢ — CoO + H,O (1)
Nos valores inferiores de pH, o éxido de cobalto destréi-se, conforme:
CoO +2H* — Co** + H,0 (2)

Destarte, para estabilizar o oxihidréxido de cobalto, este deve ser depositado sobre um
polieletrélito de cariz bésico como quitosana, polianilina ou polimeros de corantes
com nitrogénio piridinico. Como se mencionara abaixo, a matriz polimérica nio deve
ser assaz bdsica para ionizar os acidos latico, piravico e furoico — produto da oxidagao

do furfural.

A oxidagio far-se-4 pelo grupo aldeida no caso do furfural e pela hidroxila do acido
latico. Destarte, o processo eletroanalitico realizar-se-4 conforme a Fig. 2:

Figure 2. O processo eletroanalitico
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Em meios dcido e neutro, o oxihidréxido de cobalto regenerar-se-a na etapa eletroqui-
mica conforme (3):

CoO + H,0 - ¢ — CoO(OH) + H* (3)

Este processo nao inclui interagio nem polimerizagao de cada um dos analitos. Outros-
sim, nenhuma reagao lateral, capaz de comprometer a estabilidade dos analitos e(ou)
modificador, se realiza. Assim, para descrever o comportamento deste sistema, assu-
mindo umas suposi¢oes [18-21], nds descrevemos o comportamento deste sistema por
um conjunto de trés equagoes diferenciais de balango:

220 -n-m) (4)
TRk SURLEED
% _ %(é(fl +h—c) )

Sendo f'e / as concentragoes pré-superficiais de furfural e 4cido latico, @ e A sao seus
coeficientes de difusio, f; e /, as concentragoes deles no interior da solugio, e f; e /; as
velocidades da sua oxidagio pelo oxihidréxido de cobalto (5 - 6), C ¢ a concentragio
superficial méxima do éxido de cobalto e ¢, ¢ a velocidade da sua eletrooxidagio (3, 7).

As velocidades das reagoes correspondentes sao descritas como (5 - 7):

fi=knf(1-c) (5)

Li=kyl(1-c) (6)

fo. )

c1 =k.cexp RT

Sendo os parimetros £ as constantes das velocidades das respectivas reacoes, F'¢é nimero
de Faraday, @, ¢ salto do potencial, relativo ao potencial de carga zero, R ¢ a constante
universal de gases e 7"¢ temperatura do vaso.

Neste caso, 0 meio neutro ou ligeiramente 4cido favorece a leitura facil do sinal ana-
litico e, por conseguinte, otimizag¢io no desempenho eletroanalitico do sensor, con-
forme se descrevera abaixo.
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RESULTADOS E DISCUSSAO

Para investigar o comportamento do sistema com a detec¢ao eletroanalitica do furfural
e 4cido latico no elétrodo, modificado pelo oxihidréxido de cobalto, analisamos o con-
junto de equagdes diferenciais (4), junto com as relagdes algébricas (5 — 7) mediante a
teoria de estabilidade linear. Os elementos estaciondrios do Jacobiano podem ser des-
critos conforme (8):

a1 412 43
(021 azy a3 ) (8)
az1 azz 4ss
Sendo:
ay; = % (_%_kfl (1—C)2) (9)
a, =0 (10)
2
a3 =3 ks f(1—c)) (11)
02120 (12)
Az = g —%—ku (1-¢)? (13)
2
@3 = 5 2kn f(1-0) (14)
1
ag = — (ky1 (1 -0 (15)
16
a = 7 (b (1-0)?) 1e)
(17)

1 Foo . Foo
azz = z —Zkflf(l—c)—2k,1(1—c)—kﬂexpﬁ-i-]kﬁcexpﬁ
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Observando os elementos da diagonal principal (9), (13) e (17) pode-se concluir que
em no meio neutro e ligeiramente dcido (correspondente ao pao fermentado), as oscila-
¢oes eletroquimicas, embora se deem, sao menos provéveis que nos casos semelhantes, haja
vista 0 baixo grau de ionizagio de cada um dos analitos e seus produtos de oxidagio.

O tnico fator responsavel pelo comportamento oscilatério sio as influéncias da etapa
eletroquimica na for¢a idnica, capacitincia e impedancia da dupla camada elétrica, que
provocam cimbios ciclicos no valor da corrente elétrica (neste caso, trata-se de um
sensor amperométrico). Embora geralmente as oscilagoes sejam de alta frequéncia e
pequena amplitude, o seu formato vai depender da natureza do eletrédlito de suporte e
do polimero condutor usado como matriz. Esta dependéncia foi observada experimen-
tal [18, 19] e teoricamente [20, 21].

Para investigar a estabilidade do estado estaciondrio mediante a aplicagio do critério
Routh-Hurwitz, simplificamos o determinante, introduzindo as novas varidveis e rees-
crevendo o determinante como (18):

. |TPE 0 P
5| 2 _}\T_t —P—ZZ—Q (18)

Abrindo os paréntesis ¢ aplicando o requisito Det J<0, saliente do critério, obtemos,
apos trocar os signos pelos opostos, o requisito de estabilidade de estado estacionario
como (19):

PAP+AZ+ A0+ TP) + E(AZ +AQ + TQ) > 0 (19)

O que define um processo eficiente, controlado pela difusao dos dois analitos. A
influéncia do fator cinético aumenta, quando os efeitos do processo eletroanalitico na
dupla camada elétrica se expressam com maior intensidao.

Como citado anteriormente, neste processo eletroanalitico a estabilidade dos analitos
e do modificador nao ¢ comprometida pelas reagoes laterais. Assim, a estabilidade do
estado estaciondrio corresponder-se-4 a linearidade da dependéncia entre a concentra-
¢ao de cada um dos analitos e a corrente, o que permitird a fécil leitura do sinal analitico.

Quanto ao limite de detecgio, este é correspondente a instabilidade monoténica, que se

define sob condi¢io Det J=0, ou (20):

QAP +AZ+A Q0+ TP+ TQ)+E(AZ+ A0+ TQ) >0 (20)
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Os ésteres do 4cido lético podem ser detectadas por este meio, j que o compdsito
CoO(OH) - polimero condutor realiza a separagio dos picos.

No caso do pH ligeiramente alcalino, a detecgao de ambos os compostos pode reali-
zar-se. Entretanto, o lactato, o piruvato como produto da oxidagio do lactato e o fon
furoato como produto da oxidacio do furfural, ficardo presentes em forma idnica,
influenciando a dupla camada elétrica. Destarte, as velocidades das reagoes (5 — 6) rees-
crever-se-30 incluindo uma parte exponencial, presente em [20, 21].

Quanto ao processo catddico, este é mais favordvel para o meio 4cido, correspondente
aos paes fermentados e as formulacoes farmacéuticas. Neste caso, o oxihidréxido de
vanddio bivalente, ou um polimero condutor sao sugeridos como modificadores de el¢-
trodo. Assim, o comportamento do sistema serd descrito pelo conjunto (21):

T2 h-p-m) (21)
dl 2

A
G=3Gw-0-1))
de 1
-y thth-a)

Considerando as duas possibilidades de redugao do furfural.

Este processo ¢ ainda mais compativel e descrever-se-4 num dos nossos proximos tra-

balhos.
CONCLUSOES

Da anélise do processo com a determinagao do furfural e do 4cido l4tico, foi possivel
concluir que a agao catalitica do composto de cobalto facilita a obten¢ao ¢ manutengao
do estado estaciondrio estével neste sistema e, por conseguinte, a facil leitura de sinal
analitico. O processo eletroanalitico ¢ controlado pela difusao, nao sendo, porém, dis-
pensével o fator cinético. Quanto ao comportamento oscilatdrio, este ¢é possivel neste
sistema. Ele ¢ causado pelos efeitos periddicos na estrutura da dupla camada elétrica
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RESUMEN

Introduccién: La pluripatologia en las personas mayores es un factor de riesgo para
polimedicacién, cascada de medicacién y medicacion potencialmente inapropiada.
La deprescripcién se plantea como estrategia para reducir la carga farmacoldgica y
medicacién inapropiada. Objetivo: Establecer el efecto de la deprescripcion en los
resultados en salud de personas mayores segun lo reportado por la literatura. Meto-
dologia: Se desarroll6 una revision sistemdtica y meta-anélisis hasta junio del 2020,
utilizando las bases de datos MEDLINE via PubMed, LILACS, SciELO y Episte-
monikos, siguiendo la metodologia PRISMA. Se incluyeron estudios experimen-
tales y cuasi-experimentales, en idioma inglés y espafiol. Se evaluaron los niveles de
evidencia y el riesgo de sesgo para cada estudio individual. La reduccién de prescrip-
ciones potencialmente inapropiadas, la mortalidad, las caidas y el nimero de hospi-
talizaciones fueron evaluadas en el meta-andlisis. Resultados: Se identificaron un
total de 1524 registros por bases de datos. Se incluyeron 24 articulos en el andlisis
descriptivo y 14 en el cuantitativo. El nimero de prescripciones potencialmente
inapropiadas se redujo significativamente (OR 0,51; IC 95% 0,41 - 0,62), igual que
el namero de caidas (OR 0,73; IC 95% 0,57 — 0,94) después de aplicar las interven-
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Deprescripcién de medicacién inapropiada en adultos mayores

ciones de deprescripcidn de medicacién inapropiada. Conclusiones: Se evidencié
un efecto positivo en la reduccién de prescripciones potencialmente inapropiadas y
el numero de caidas. La deprescripcion parece no tener efecto significativo sobre la

mortalidad y la calidad de vida.

Palabras Clave: Ancianos frigiles; polifarmacia; medicamentos potencialmente

inapropiados; deprescripcion.

SUMMARY

Effect of deprescribing inappropriate medication in older adults: a
literature review and meta-analysis of controlled clinical trials

Introduction: Pluripathology in older people is a risk factor for polypharmacy,
medication cascade and potentially inappropriate medication. Deprescribing is
proposed as a strategy to reduce pharmacological burden and inappropriate medica-
tion. Objective: Establish the effect of deprescription on the health outcomes of
older people as reported by the literature. Methodology: A systematic review and
meta-analysis was developed until June 2020, using the MEDLINE databases via
PubMed, LILACS, SciELO and Epistemonikos, following the PRISMA method-
ology. Experimental and quasi-experimental studies were included, in English and
Spanish. Levels of evidence and risk of bias were assessed for each individual study.
The reduction of potentially inappropriate prescriptions, mortality, falls and the
number of hospitalizations were evaluated in the meta-analysis. Results: A total of
1524 records were identified per database. 24 articles were included in the descrip-
tive analysis and 14 in the quantitative analysis. The number of potentially inappro-
priate prescriptions was significantly reduced (OR 0.51; 95% CI 0.41 — 0.62), as was
the number of falls (OR 0.73; 95% CI 0.57 — 0.94) after applying interventions to
deprescribe inappropriate medication. Conclusions: A positive effect was evident
in the reduction of potentially inappropriate prescriptions and the number of falls.

Deprescribing appears to have no significant effect on mortality and quality of life.

Keywords: Frail Elderly; Polypharmacy; Potentially Inappropriate Medication List;

Deprescriptions.
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Resumo

Efeito da prescri¢ao de medicamentos inapropriados em idosos:
revisao de literatura e meta-analise de ensaios clinicos controlados

Introdugio: A pluripatologia em idosos ¢ um fator de risco para polifarmicia,
cascata de medicamentos e medicamentos potencialmente inapropriados. A despres-
cricdo ¢ proposta como estratégia para reduzir a carga farmacoldgica e a medicagio
inadequada. Objetivo: Estabelecer o efeito da desprescricio nos desfechos de satide
dos idosos conforme relatado pela literatura. Metodologia: Foi desenvolvida uma
revisao sistemdtica e meta-anlise até junho de 2020, utilizando as bases de dados
MEDLINE via PubMed, LILACS, SciELO e Epistemonikos, seguindo a metodo-
logia PRISMA. Foram incluidos estudos experimentais e quase-experimentais, em
inglés e espanhol. Os niveis de evidéncia e o risco de viés foram avaliados para cada
estudo individual. A redugao de prescri¢des potencialmente inapropriadas, mortali-
dade, quedas e numero de internagoes foram avaliadas na metandlise. Resultados:
Foram identificados 1.524 registros por base de dados. Foram incluidos 24 artigos
na andlise descritiva e 14 na andlise quantitativa. O nimero de prescri¢des poten-
cialmente inapropriadas foi significativamente reduzido (OR 0,51; IC 95% 0,41
- 0,62), assim como o namero de quedas (OR 0,73; IC 95% 0,57 - 0,94) apds a
aplicacao de interveng¢des para prescrever medicamentos inapropriados. Conclu-
soes: Foi evidente um efeito positivo na reducio de prescricdes potencialmente
inadequadas e no nimero de quedas. A prescri¢io parece nio ter efeito significativo

na mortalidade e na qualidade de vida.

Palavras-chave: Idosos frégeis; polifarmdcia; medicamentos potencialmente inapro-

priados; descrigao.

INTRODUCCION

La esperanza de vida se ha incrementado debido a las mejoras sanitarias y el desarrollo
cientifico y tecnoldgico que han tenido las ciencias en las tltimas décadas. Sin embargo,
también se han incrementado las enfermedades cronicas no transmisibles al punto de
ser la causa del 71% de las muertes a nivel mundial [1] y dentro de estas se destacan las
enfermedades que implican un manejo con medicacidn recurrente [2-4]. Las cifras de
medicamentos por pacientes a nivel mundial pueden oscilar entre 3 y 10 medicamen-
tos por paciente [3, 5].
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La polimedicacion es un fendémeno comun en las personas mayores por la necesidad de
tratar distintas comorbilidades. Con el uso de multiples medicamentos los riesgos de
resultados negativos en salud como los efectos adversos, interacciones medicamento-
sas, no adherencia al tratamiento, disminucién de la funcionalidad, sindromes geridtri-
cos y costos de atencion elevados, se incrementan [6].

Segtin algunos estudios, la polimedicacién se asocia con pobres resultados en salud
(deterioro de la cognicién, fragilidad, caidas, morbilidad y discapacidad) y con un
incremento en la mortalidad [7-10]. El riesgo de aparicién de estos eventos aumenta
proporcionalmente a la cantidad de medicamentos prescritos, pasando de un 13% con
dos medicamentos, a un 58% al tener cinco [11]. Adicionalmente, las personas mayo-
res son mds susceptibles ante los efectos negativos de la polimedicacion, debido a los
cambios fisioldgicos, fisicos y sociales que se experimentan como parte de esta etapa de

lavida [12].

En una comunidad de ancianos hospitalizados en casas de reposo, el 48,7% tiene medi-
caciones potencialmente inapropiadas (MPI) [13], con una prevalencia del 42% en
estas comunidades [14]. En Espana se reporta que el 69,9% de los pacientes dados de
alta en servicios de geriatria tienen polimedicacién, mientras que de los otros servicios
tienen un porcentaje mas alto de 79,7% [15]. En Colombia, un estudio desarrollado en
la ciudad de Bogota [5] reportd que aproximadamente el 7% de los medicamentos que
consumen los pacientes cronicos eran MPI. En Europa, las cifras de MPI en ancianos
oscila entre el 23% y el 36% [16-18], mientras que en Asia, se encuentran valores mas
elevados (52,5%) [19]. En Estados Unidos afecta a un 40% de las personas mayores que
residen en hogares de reposo y un 12% en aquellos que viven en la comunidad [20].
En Brasil, se reporta una prevalencia del 37,6%, siendo mayor en los ancianos entre
60-69 afios de edad [21]. Por su parte, en Colombia, se reporta que aproximadamente
el 21,5% de los ancianos hospitalizados tienen al menos una MPI [22].

Una revision identificd a las benzodiacepinas, los anti-inflamatorios no esteroideos
(AINE), antihistaminicos y antipsicéticos dentro de las MPI mds frecuentes en per-
sonas mayores [23], y a pesar de los esfuerzos y la existencia de distintos métodos para
identificarlas, el uso de herramientas y criterios que permiten una deteccién oportuna

es limitado [24].

Ante estas cifras, se plantea la deprescripciéon como una estrategia para revertir los efec-
tos iatrogénicos de las MPI, con el objetivo de mejorar el uso de los medicamentos y
prevenir efectos adversos en las personas mayores [8], mejorando los resultados clini-
cos en salud [25], con beneficios en la adherencia terapéutica, la calidad de vida y la
reduccién de la mortalidad [26]. Considerando lo anterior, esta revisidn sistemdtica de

701



Kevin Orta-Visbal, Juana Borja-Gonzélez, Claudia Vaca-Gonzélez, Roxana De Las Salas

literatura y meta-anélisis tuvo como objetivo establecer el efecto de la deprescripcion
en los resultados en salud de personas mayores segn reportes de la literatura cientifica.

METODOS

La presente revision sistemdtica de la literatura se realizé segtn el protocolo estdndar
para revisiones sistemdticas y meta-andlisis PRISMA [27]. Este estudio no fue regis-
trado en The International Prospective Register of Systematic Reviews (PROSPERO)

pero el protocolo fue preparado previamente y no tuvo enmiendas.

Criterios de elegibilidad (Eligibility criteria)

Para esta revisién sistemdtica se tuvieron en cuenta como estudios elegibles aquellos
con diseno experimental y cuasiexperimental, que incluyeran participantes personas de
> 60 afios de edad atendidos en diferentes servicios y niveles de atencién, publicados
hasta junio de 2020 en idioma inglés o espafiol. Fueron excluidos los estudios que no
cumplieron los criterios de inclusién, los protocolos de investigacion, los reportes de
investigaciones no concluidas y aquellos con texto completo no disponible.

Fuentes de informacién (Information source)

La busqueda fue realizada en las bases de datos MEDLINE via PubMed, LILACS,
SciELO, Epistemonikos y CENTRAL utilizando los términos referidos para ensayos

clinicos controlados aleatorizados, en el idioma inglés y espafiol, publicados hasta junio

de 2020.

Estrategia de busqueda (Search strategy)

Los términos usados fueron ajustados para cada una de las bases de datos empleando
MeSH (Medical Subject Headings) y Decs (Descriptores en Ciencias de la Salud)
(Material suplementario; Tabla S1). Se realizaron busquedas manuales en las listas de
referencias de las publicaciones recuperadas.

Proceso de seleccion (Selection process)

Se recopilaron todas las citas identificadas y fueron transferidas al gestor bibliografico
EndNote® Web (Clarivate Analytics, Filadelfia, PA, EE. UU.), lo cual permitio la iden-
tificacién y eliminacidén de los textos duplicados. Posteriormente, dos autores revisaron
los titulos y restmenes (KO y RD), evaludndose por separado los articulos con alta
probabilidad de inclusién a texto completo.
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Extraccion y sintesis de datos (Data collection process)

La extraccién de datos fue realizada de forma independiente en una plantilla estandari-
zada que incluyé informacion referente a las caracteristicas iniciales y duracién del estu-
dio, la medicacién objeto de deprescripcién, los tipos de intervencidn, los proveedores
de las mismas y los resultados reportados. Adicionalmente, se extrajo de los estudios
la informacién relacionada con la poblacién de estudio, pais, tipo de estudio, mues-
tra, sexo, edad promedio, tipo de intervencidn, duracién de la intervencién (meses) y
un breve resumen del resultado del estudio. Los articulos con alta elegibilidad fueron
evaluados a texto completo por dos investigadores de forma independiente. Se utilizé
Revman version 5.4.1 para la consolidacién de los datos de los estudios de la revision
sistemdtica y meta-andlisis.

Datos (Data items) / Resultados (Outcomes)

En los estudios, se buscaron resultados que permitieran evaluar la eficacia de las inter-
venciones de deprescripcién relacionados con los siguientes resultados: reduccion de la
prescripcion potencialmente inapropiada, mortalidad, caidas y hospitalizaciones. Lo
anterior, a partir de las intervenciones referidas a practicas de deprescripcién de medi-
camentos relacionadas con la revisién de medicacién, recomendaciones de deprescrip-
cién, intervenciones educativas, soporte en recursos electrénicos o webs para toma de
decisiones en medicacién. Lo anterior, comparado con la revision estindar en la medi-
cacion, entendida como a aquella que se realiza de manera habitual durante la atencién
del paciente por parte del profesional de la salud (médico, enfermera o farmacéutico).

Evaluacion del riesgo de sesgo (Study risk of bias assessment)

Los estudios elegibles fueron evaluados de forma independiente usando la herramienta
de valoracién de riesgo de sesgo de Cochrane [28] y el nivel de evidencia con la herra-
mienta Sackett [29]. Para cada estudio se evaluaron los cinco dominios del riesgo de
sesgo (sesgo de seleccion, de rendimiento, deteccidn, desgaste, notificacion y otros ses-
gos). Las categorias de evaluacién de sesgo fueron bajo riesgo, alto riesgo y no es claro.
Los desacuerdos fueron resueltos mediante la discusién con un tercer revisor (JB).

Medicion del efecto (Effect measures)

El andlisis primario se efectud a partir de la comparacion del efecto de las intervenciones
de deprescripcion y los resultados evaluados. Para las variables dicotémicas, se estimé el
Odd Ratio (OR) con sus intervalos de confianza (IC) del 95%. Adicionalmente se realizé
medicién de la heterogeneidad mediante el estadistico I%. Los analisis se realizaron con la
herramienta Review Manager (RevMan) versién 5.4.1 del Grupo Cochrane.
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Sintesis de métodos (Synthesis methods)

El meta-analisis incluy6 un anélisis de subgrupos de los resultados incluidos, se incluyé
una valoracién de la heterogeneidad estadistica por los grupos y general. Ademis se rea-
liz6 la valoracién visual del modelo meta-analitico mediante la inspeccién del forest plot
para cada resultado. Se realizé un andlisis de sensibilidad utilizando el método “Excluir
resultados de estudios especificos” para evaluar el impacto de cada estudio en el efecto
combinado.

RESULTADOS

Descripcion de los estudios de la bisqueda

En la busqueda se identificaron un total de 1524 registros por base de datos y se adi-
cionaron 10 registros obtenidos por busqueda manual. Después de evaluar los titulos
y resumenes, se evaluaron 64 articulos a texto con alta probabilidad de elegibilidad Al
finalizar el proceso, un total de 24 articulos se incluyeron en la revisién descriptiva y 14
en el meta-anlisis (Figura 1). Las razones por las cuales los demds se excluyeron fue-
ron: duplicidad, otra metodologia (cualitativo), idioma diferente al inglés o al espanol,
no especificaba la edad.

Identification of studies via databases and registers Identification of studies via other methods

Figura 1. Diagrama PRISMA.

704

Records identified from*
Databases (n = 4)
Registers (n = 1524)

Records screened (n=694)

Records sought
for retrieval (n=60)

Reports assessed for
eligibility (n=54)

Studies included in review
(n=21)

Records removed before
screening:

Duplicate records
removed (n =48)

Records marked as
ineligible by

automation tools (n = 0)
Records removed

for other reasons (n = 782)

Records excluded***
(n=634)

Records identified from:
Websites (n =0)
Organisations (n = 0)
Citation searching (n = 10)
etc.

A

Records not retrieved
(n=6)

Reports sought for retrieval

-

Reports not retrieved
(n=0)

(n=10)
v

Reports excluded: 40

RCT protocol (n=20)
Non-experimental (n = 15)
Subjects < 60 years (n =2)
Pharmacoeconomic study
(n=1)

Language other than
English or Spanish (n=1)
Does not specify age of
participants (n=1)

Reports assessed
for eligibility (n = 10)

(n=21)

Reports of included studies N

Reports excluded: 3
Non-experimental (n = 1)
Subjects < 60 years (n=1)
Pharmacoeconomic study
(n=1)




Deprescripcién de medicacién inapropiada en adultos mayores

Caracteristicas de los estudios

El 83,3% (n = 20) de los estudios incluidos en la revisién eran de tipo experimental,
especificamente ensayos clinicos aleatorizados. En relacion a la edad de los participantes,
todos incluyeron participantes con edades iguales o superiores a 60 afos. Dos de los arti-
culos reportaron las edades en términos de media y no por rango: Ballard ez 4/. [30], con
85,26 + 7,02 afios y Lang ez al. [31], con 80 * 8,1 afos respectivamente (Tabla 1).

Laintervencion de deprescripciéon més utilizada fue la revisién de medicacién reportada
en un 58,3% de los trabajos analizados, seguida de las intervenciones de tipo educativo
con un 20,8%. Diferentes profesionales fueron los proveedores de estas, destacando los
farmacéuticos con un 62,5%, seguido por los médicos y las enfermeras con un 58,3% y
20,8%, respectivamente. Siete de los articulos se referfan a equipos multidisciplinarios.

El33,3% de los estudios no reportd una herramienta especifica que guiara el proceso de
deprescripcion. El instrumento mayormente utilizado fue la lista de criterios STOPP/
START (Screening Tool of Older Person’s Prescriptions/ Screening Tool to Alert doctors to

the Right Treatment) en un 25%, seguidos por los Criterios Beers y otras herramientas

(Tabla 2).

Resultados de salud de las intervenciones de deprescripcion
Reduccidn de la medicacion potencialmente inapropiada (MPI)

El andlisis de las intervenciones usadas para reducir la MPI incluyé tres subgrupos:
revisién de la medicacidn, conferencia de caso y recomendaciones de deprescripcion.
Los hallazgos del meta-andlisis para este resultado indican un OR = 0,51 (IC95%
0,41-0,62) y una heterogeneidad del 0%, es decir, los resultados mostraron que la
deprescripcion tiene un efecto significativo en la reduccién de MPI (Figura 2).

Mortalidad

El analisis del subgrupo de las intervenciones de revisién de la medicacién incluyd
seis estudios con un OR= 0,83 (IC95% 0,66-1,04) y una heterogeneidad del 24. El
subgrupo de intervencion educativa incluyé tres estudios con un OR=1,58 (IC95%
0,99-2,52) y una heterogeneidad del 0%. De acuerdo con los resultados del meta-and-
lisis (Figura 3), para este resultado se obtuvo un OR=0,91 (IC95% 0,76 — 1,09) y una
heterogeneidad de 47,2%. Lo anterior indica que la deprescripcién no tiene un efecto
significativo en la reduccién de la mortalidad.

705



Kevin Orta-Visbal, Juana Borja-Gonzélez, Claudia Vaca-Gonzélez, Roxana De Las Salas

(8¢]

TIVILS UODEIIPI]N  SOUEDUY _ )

BIOBWIEJT[O] 141018 SODIINPILWITE] p UOISIAYY 3popEy 65¢ 692 4l Vo1 [oeIs] MM m_w_ MM M g

epewreyijo]  epearoda oN SOORMpIELLIE] HOREIPIN M%M:EMM 961 0.3 71 Vo1 epue] (€] (s100) /
. : ‘SOATPIN op UQISIAYY ” YZZELSe)

op sonua)

Xapuy OAIIOBIIU] [9¢]

eoewIeo | ssoudserrdorddy SOJIPIN OAnEINPY PpEpIUNWO)) 99| 69z ¢ yDq ereweuiq  (6002) 77 9
UOnEdIPIIN OJUDTWEUINIUY 12 loquSorg
TIVILS uonduos | enoenqure sofeg [¢€]

eoTWIRog /dJOLS Fued sopoly -rdagapsou eompLa g 0L< 4! vod mom.:& (6107) 77 ¢
SISV (LS -OIDEPUILOINY ed1UrD) ’ 79 BWSI0g

BDUIWD UQIIBIIPI SOUEIU ‘LT opIu

soopgatsdnuy PADIN ﬁSU@ TPIN P :o_wwm P o__mM L Nwommmw 6 Vot oﬂ_um \Ww w %M%MW y

BLIBWILL] [¥€]
UQIIEIIPIIA B ;

eoewIeyog | epeatodaoN S0P 2 oISIAY uonUNY  GhJ 0L% 81 D7 eensny | (0207) 77 €
A op sonua)) 12 UOSIOPUY
TP cwwwh A 0se) [€€] (1002)

EOBWIET[O] Sna] wo s> S_EMB«EHE 2p EUAIIO, peprunwo)) 997 ¢/< 1 Vo1 Tpeue) R 7

-WoD) 22¢aNY) PN

saquepag £ Xapu] feaouaf UQOIEIIPI | SOUEDUY s;ndso7 epuepz [c€]

sodidipuijoonuy  uapang Snig 0ApIN 4 021 P UQISIANY ap oisy % 9= ? -sauy BAININ] (6102) 7772 1
-NYOBUWLIE] Tunoqe[ry

o»lq0 uopdiosaidq I0pP22A0I] = UODUIAIOIU] = OLIBUdISY  eXSINJy pepd .uUowemn(y Orprs sre oue 4 N
UQDEIIPI\ AP EIUSNWELIDH ” : 4 s spodiy, ’ epwapy °

BINILIDNI] B[ 9P BOUPWIAISIS UOISIAAI :so10Aewr seuosiod us eperdordeur syuswenuatod uonesipauwr op uorndiinsardop e ered souonusatoiuy * ejqey,

6

(=]
|8



Deprescripcién de medicacién inapropiada en adultos mayores

SANIV

EE%E_G d eAneonpy , eopue | L7 (8100)
SOdIUfWeISTyn  epestoda1oN  S0dnNgIRWIIE] - peprunwo))  48% 93 9 VoI ppEUR)) 705 s 91
-uy ‘soonoudry
-saquepag
UOIDEIIPI
BIOBWIE d s d z [¥¥] (0107)
I 0 epeitodaIoN | soonnpdrWIIE] 9P BINPWAISIS [Eudsoq 66 0L%2 ¢ yDOq eoreweulq 7 12 At ST
UOISTANY 1777 89T
BLIRWILL ] (7]
PORWIIBJ[OJ | $199¢ SOLIILIY) | SOINNIIBWIIR] MEMHMMZ uonuAny 607 9z SI vOI eING #102) 77 %1
P UoBIAY Ip onud) 2 19pUBUYT
uomn
seaeinbisg BATIEONPD ¢ ~UJATIUT [1€] (2102)
BDRWLIEIO] LYAVLS £ senenan neanp [eadso oS |~ 8 9 : ezZIng Te](zroe €1
: /ddO1S UOIDUIATNU] F08 ap oAn v 12 Suer]
SOIIPPN
-2adsox |
Xapu] oo 0oNYITWIIE] soprany | [25] (9661)
eoewrejijo | ssouarenidorddy oé:mu&Eﬁ 1od eperopy]  peprunwol) 887 692 71 VoI wowmumm 10 wo[uey] 71
UOLIEIIPI ’ uondinsardag
(17]
INVLS UQDEIPIN - syndsa] (6102) 77
RIDRWLIEJI[O] 122018 SOONINYOPIIIE] p voEUSY [endsoyy ¢t SLZ 9 oy euedsy poueE 1
-Z211911NK)
SOAPIN A ugBEAPI . sofeg  [0%] (9107)
woRkIgliog - epraiodar oN SOOTINOEIIIE] 9P UQISIAY pepruntion - zls 09< 4 vod $ISIRJ ¥ 42 $1IN3E) o1
eALIRINPY [6€]
TAVIS UODUIAINU]  SOUEDUY ) (#107) 77
eIOPUWIENO] 141018 ORI oepapy apopsy S10T 9 € vog  ewedsy sureosy | 6
9P UQISIAY -eIIer)
o»lq0 uppdiosaidq JOPIAOT, UOIUIAILD OLTBUIIST | BXISIN e wopemq P sTe oye 4
UOPEPOJY | IP TIUDIWELIDH P d ot ] ! qd N (PTPH UOBEMJ apodi], Ted epULIY oN

‘uonrnuliuol) °1 qe],

707



Kevin Orta-Visbal, Juana Borja-Gonzélez, Claudia Vaca-Gonzélez, Roxana De Las Salas

arerrdoxddeuy 2onpay] 03 00T, IMEWAISAS =T, 1.S @IUS[[IXF dTe]) PuE YI[ed ] J0f 2ININSU] [EUOTIEN]

"SOUE U

"SISO U,
“Burquosaig

=gDIN ‘OPezLIOIEa[e 0dTUI[d 0kesuq =y )T

BIDBULIE d HOREIPIN z sofeq _mm _
! Ji10d EPELIIOASI ON  SOONINYITUIIL] 3p UQISIAY peprunwo) 679 0L% 9 VDI sosyeq (6107) 77 %1
e ! 2 UIOOPIIA
eAIIEINPY [cs]
seurdaoerpozuag epeatodoroN  sodmnyorwIIR] coG:.ECBE peprunwo) 197 [ 9 voq epeue))  (H107) 777 €T
" wnequauue],
sauoIs
g -129p 9p Twol . ?m_
EIOBWIESI[O] EprIodaIoN OPPIN ered oanew peprunwon 09Tl | €S9 < €1 vod tpeu) (€007) 77 7T
-Joyur 2110dog 72 udjqurey,
uondmsardaq SOIPIN UQRJIPI)N  souenUY B [0<] (9107)
PRI op ounwod[y | ‘soomnoewIE Ip UQISIAYY ap ofisy 56 $9< 4 voa ey 77 12 19130 Ie
o wopeapapy euapisy - opun - [ep] 1107
EDRWILJIO]  S199¢ SOLIAINY)  ‘SOIINQITULIEL] 2p uomsIANY e dsogg 1S4 09< 9 vOod oury w129 dog 0¢
SOJNPIN T : !
BALYEON souenU
BOBWIRJIO] | SI99( SOLNNID) SEIWIJUY :occ.uiumm p &5« LTT 9= 1 VDA  rIpueur{ WWWW M_NMNN 61
SeIWIFUY UQIRIIPIN _ (%] (2102)
epRWIEo] B3P ON soupapy op uorsiay  PPMTUD 0SL <Lz T VOT NS sy S
sauoIs
wiphpsig sedudpuy £ o3pap 03 [9%] (6102)
BIDBWIBJI[O] Suisooyn £ | soonngoewre] ..8« d oorew [padsoy  ¢/8 9z al 9 epeuE)) w L]
$199g ‘IdO.LS SOIPIN -soqu1 BS. m\om ‘PrEUOIN
0»l40 uprduosadaq I0paar0y, UODUIAIINU OLIEUIIS | BIISoN 1 uoneIn OIS sIe, oue 4
UODEIIPIJN | P BIUSTWELId] P d o I ) q ML PP Ot a spodiy, rd DU N

‘uongynuijuo?) 1 Iqe],

(o]
(=]
|8



Deprescripcién de medicacién inapropiada en adultos mayores

Tabla 2. Caracteristicas resumidas de los estudios

Variable N %
Tipo de Estudio
Experimental 20 83,3
Cuasiexperimental 4 16,7
Edad de los Participantes
> 60 anos 14 58,3
> 70 anos 8 33,3
> 80 anos 0* 0
Ubicacién
Europa 14 58,3
América 6 25,0
Asia 1 472
Oceania 3 12,5
Duracién del Estudio
3 — 6 meses 11 45,8
7 — 12 meses 10 41,7
> 12 meses 3 12,5
Escenario
Comunidad 9 37,5
Asilo de ancianos 6 25,0
Hospital 5 20,8
Clinica geridtrica ambulatoria 1 42
Centro de atencién primaria 3 12,5
Medicacién Objeto
Polifarmacia 20 83,3
Sedantes-hipnéticos-BZD 3 12,5
Antipsicdticos 1 42
AINEs 1 42
Otros fAirmacos 2 8,3
Intervencion
Revisiéon de Medicacién 12 57,1
Intervencién educativa 5 19,0
Conferencia de caso 1 438
Recomendaciones de Deprescripcion 1 4.8
Deprescripcion directa 1 4.8
Soporte informdtico 2 9,5
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Tabla 2. Continuation.

Proveedor de la Intervencion

Farmacéutico 13 61,9
Médico 12 57,1
Enfermeras 5 23,8

Herramienta de Deprescripcién
Criterios Beers 4 16,7
STOPP/START 6 25,0
Indices (DBI/MAI) 3 12,5
Otras herramientas 4 16,7
No reportada 8 33,3

BZD= Benzodiacepinas, AINEs= Analgésicos Antinflamatorios No Esteroideos, DBI= Drug
Burden Index, MAI= Medication Appropiateness Index.
*Dos trabajos presentaron la edad de sus participantes en valor de medias y no por rangos.

Experimental Control Odds Ratio

Study or Subgroup  Events  Total Events

Total Weight M-H, Fixed, 95% CI

Odds Ratio
M-H, Fixed, 95% CI

1.1.1 Medication review

Ballard 2016 13 146 23
Clyne 2015 52 89 75
Frankenthal 2014 36 183 T4
Garcia 2014 92 816 106
Subtotal (95% CI) 944

Total events 193 283

131 8.2%  0.46[0.22,0.95]
97 13.4%  0.32[0.18 0.60]
176 24.0%  0.30[0.19,0.45]
802 32.8%  0.81[0.59,1.11]
906 78.3%  0.53[0.43,0.67]

Heterogeneity: Chi®= 1431, df= 3 (P = 0.002); F=30%

Testfor overall effect: £=5.43 (P = 0.00001)

1.1.2 Case conference

Allard 2001 47 136 71
Subtotal (95% CI) 136
Total events 47 71

Heterageneity: Mot applicable
Testfor overall effect: Z=3.27 (P =0.001)

1.1.3 Deprescribing recommendations

Boersma 2018 53 65 56
Subtotal (95% CI) 65
Total events a3 bil:}

Heterogeneity: Mot applicable
Testfor overall effect: Z=2.14 (P=0.03)

Total (95% CI) 1145
Total events 293 410

130 17.6% 0.44[0.27,0.72]
130 17.6%  0.44[0.27,0.72]

59 4.0%  0.24 [0.06, 0.59]
59 4.0%  0.24[0.06, 0.89]

1095 100.0%  0.51[0.41, 0.62]

Heterogeneity, Chif=1717, df=5 (P = 0.004}; F=71%

Testfor overall effect: Z=6.64 (P = 0.00001)

Testfor subaroup differences: Chi*=1.82, df=2 (P = 0.40), F= 0%

.

0.0

0.1
Favours [é)&|." arime ntal]

10
Favours [contral]

100

Figura 2. Efecto de la deprescripcion en la reduccion de medicacion potencialmente inapropiada.
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Experimental Control 0Odds Ratio 0Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.1.1 Medication review
Ballard 2016 26 148 34131 11.7%  0.62[0.35,1.10] —
Frankenthal 2014 14 183 17 176 B3% 0.84[0.40,1.73] I —
Garcia 2014 92 816 106 802 35.0% 0.81 [0.59,1.11] -
Lishy 2010 g a0 ] 49 1.7% 1.68[0.51, 5.54] —
Pope 2010 17 110 11 118 36% 1.73[0.77, 3.88] T
Potter 2016 12 47 149 48 55% 0.52[0.22,1.29] —
Subtotal (95% CI) 1052 1021 63.8%  0.83 [0.66, 1.04] L
Total events 170 192

Heterogeneity: Chi®= 649, df= 4 (P =0.29), F= 24%
Test for overall effect Z=1.62 (P=011)

2.1.2 Educational training

Bregnhsj 2009 23 140 8 72 35% 157067, 372 —_
Martin 2018 2 248 3241 1.2%  0.64([011,3.89] e
Pitkéla 2014 39 118 24 109 BE%  1.75(0.97,3.17] —
Subtotal (95% CI) 506 422 11.3% 1.58 [0.99, 2.52] -
Total events 64 38

Heterogeneity: Chif= 1.07, df= 2 (P = 0.59); F= 0%
Test for overall effect £=1.91 (P = 0.06)

2.1.3 Case conference

Allard 2001 3] 136 14 130 5.4% 0.38[0.14,1.03] —
Subtotal (95% CI) 136 130 54%  0.38[0.14, 1.03] i
Total events |43 14

Heterogeneity: Mot applicable
Test for overall effect: Z=1.91 (P = 0.06)

2.1.4 Deprescribhing recommendations

Boersma 2019 g [i14] 7 59 26% 1.04[0.35, 3.08] S
Subtotal (95% CI) 65 59  2.6%  1.04 [0.35, 3.08] i
Total events g 7

Heterogeneity: Kot applicahle

Test for overall effect Z=0.08 (P = 0.94)

2.1.5 Direct discontinuation

Hanlon 1995 7 105 10 103 37% 0.66 [0.24,1.82] ——
Subtotal (95% CI) 105 103 3.7%  0.66 [0.24, 1.82] et
Total events 7 10

Heterogeneity: Mot applicable

Testfor overall effect Z=080 (P =043

2.1.6 Technological support

McDanald 2019 3g 417 35 383 131% 1.00[0.62,1.61] -
Subtotal (95% CI) M7 383 13.1%  1.00[0.62, 1.61] <
Total events 38 35

Heterogeneity: Mot applicable

Test for overall effect: Z=0.01 (P = 0.99)

Total (95% CI) 2281 2118 100.0% 0.91 [0.76, 1.09] L

Total events 293 293

Heterogeneity: Chi*=17.15, df=12 {P=0.14); F= 30% 'D.D1 Df1 1-0 100-

Test for overall effect Z=1.04 (P = 0.30)

) i Favours [experimental] Favours [control]
Test for suboroup differences: Chi*=9.48, df= 5 (P = 0.09), F= 47.2%

Figura 3. Efecto de la deprescripcién en la mortalidad

Caidas

Cuatro estudios [32, 39, 46, 50] reportaron resultados en relacion a las caidas o el riesgo
de las mismas. Todos mostraron reduccién en su niimero luego de las intervenciones de
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deprescripcion, sin embargo, en uno de ellos [50], esta no mostré significancia estadis-
tica. La agrupacion de tres estudios analizables (Figura 4) mostré que la deprescripcion

reduce de forma significativa las caidas (OR 0,73; IC 95% 0,57 — 0,94).

Experimental Control 0Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.1.1 Medication review
Garcia 2014 82 516 104 502 B1.7% 0.72[0.53,1.000 HH
Paotter 2016 25 47 kil 48 10.0% 0.62[0.27,1.42] 1
Subtotal (95% CI) 563 550 71.7%  0.71[0.53, 0.96] &
Total events 107 134

Heterogeneity: Chi= 0,11, df=1 (P = 0.74); F= 0%
Testfor overall effect Z=2.26 (F =0.02)

3.1.2 Technological support

McDonald 2019 38 417 43 383 28.3%  0.79[0.50,1.26) —-
Subtotal (95% CI) 17 383 28.3%  0.79[0.50, 1.26] -
Total events 38 43

Heterogeneity: Mat applicable
Testfor overall effect Z=0.99 (F =0.32)

Total (95% CI) 980 933 100.0%  0.73[0.57,0.94] <

Total events 144 178

_Il-_let?;ogenemrl:‘ CQ TEETE gz:PEEPD:DE.ST); F=0% o 01 1 100
estioroverall e ec.. =244 e ) Favours [experimental] Favours [contral]

Testfor subaroup differences: Chi*= 016, df=1 (P = 063, F= 0%

Figura 4. Efecto de la deprescripcidn en las caidas

Hospitalizacién

Cinco estudios [39, 44, 48-50] analizaron el requerimiento de hospitalizacién después
de las intervenciones. Tres de ellos no evidenciaron diferencia significativa al comparar
el grupo experimental con el grupo control. Un solo estudio [48] mostré disminucién
del nimero de hospitalizaciones en los individuos del grupo experimental con signifi-
cancia estadistica; mientras que Pope ez al. [49], evidenciaron lo contrario al presen-
tarse un aumento en el nimero de hospitalizaciones en el grupo experimental, también
sin significancia estadistica.

Experimental Control 0Odds Ratio 0Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
4.1.1 Medication review
Garcia 2014 30 516 35 5802 69.8% 0.82 [0.50, 1.36]
Paope 2010 1 10 6 115 10.4% 2.02[0.72, 5.66]
Paotter 2016 23 47 24 43 23.8% 0.96 [0.43,2.14]
Subtotal (95% CI) 673 665 100.0% 0.98 [0.66, 1.45]
Total events 64 65

Heterogeneity: Chi#=2.35, df=2 (P= 031}, F=15%
Test for averall effect Z=010 (P =082

Total (95% CI) 673 665 100.0% 0.98 [0.66, 1.45]
Total events fi4 ik}
ity: ChiF = =2(P= E= ; } ; : |
?et?;ogenenyl.l CQI ;EESD $37§£P0792.31)'| =15% 00 01 7 10 100
estioroverall e ec.. =010(F=0 ) Favours [experimental] Favours [control]
Testfor subaroup differences: Mot apnlicable

Figura 5. Efecto de las intervenciones de deprescripcion en el numero de hospitalizaciones.
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En relacién a la estancia hospitalaria, tres de estos articulos reportaron un menor
numero de dias en el hospital en el grupo experimental frente a los controles.

El meta-andlisis de tres articulos analizables (Figura 5) muestra que las intervenciones
de deprescripcién no tienen un efecto significativo en la reduccién del numero de hos-

pitalizaciones (OR 0,98; IC 95% 0,66 — 1,45).
Calidad de vida

Cinco articulos [32, 42, 47, 48, 54] reportaron resultados en relacion a la calidad de
vida, cuatro sin evidenciar diferencia alguna entre ambos grupos. Por otro lado, Pitkila
et al. [48], aseguran una disminuci6n significativa en la calidad de vida autorreferida
por los individuos del grupo experimental después de haberse realizado la deprescrip-
cién en comparacion con los controles. No hubo articulos con resultados que pudieran
aportar al meta-anilisis.

Calidad de la informacién

En relacion a la calidad de la informacién reportada por las investigaciones analizadas,
la mayor proporcion (58,3%) se ubic6 en el nivel de evidencia 1b con un grado de
recomendacién A, seguido por el nivel 2b con grado de recomendacién B en un 41,7%.

El mayor riesgo de sesgo se presenté en el ocultamiento de la asignacion de los participan-
tes a los grupos como experimental y control, con un total de 41,7% de los articulos ubi-
cados en riesgo alto. Asi mismo, el cegamiento de los participantes y el personal mostrd
un gran porcentaje de riesgo poco claro y la menor tasa de riesgo bajo (Figura 3).

El menor riesgo de sesgo se evidencid en referencia al reporte de los resultados, con la
mayor tasa de riesgo bajo en el reporte de los resultados incompletos, seguido por la
notificacion selectiva de los resultados donde ningun articulo evidencié riesgo alto.

DiscusioOnN

Aungque la deprescripcién surge en la literatura a partir del 2003, se han desarrollado
varias revisiones que contemplan la deprescripcion y analizan diferentes aspectos sobre
ella, incluyendo el efecto que esta tiene sobre algunos resultados en salud [7, 8, 55, 56].

Huiskes ez al. [55], Gutiérrez-Valencia ez al. [57] y Bilow ez al. [58], reportan resul-
tados similares en sus revisiones en relacién a la ubicacién geografica de los estudios;
mientras que otros tres estudios [8, 56, 59] muestran un mayor numero de investigacio-
nes en los Estados Unidos seguidos del continente europeo.
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Dos estudios [8, 58], al igual que esta revision, reportan como el tipo de medicacién
mds prevalente como objeto de deprescripcion a la polifarmacia, a diferencia de Page ez
al. [7] reporta un mayor niimero de estudios que realizaron deprescripcion de una sola
medicacién como firmaco individual, situacién que no fue evidenciada en ninguno de
los estudios analizados en la presente investigacion.

El escenario més frecuente en el que se realizé la deprescripcion en esta revision fue el
dmbito comunitario, resultado obtenido también por Page ¢z al. [7] seguido del hos-
pital y los asilos. Una de las revisiones sdlo incluyé estudios realizados en hogares para
ancianos [8]. Lo anterior puede deberse a que estos escenarios agrupan una mayor can-
tidad de personas adultas mayores en el contexto poblacional.

Enlo que respecta alos profesionales que proveen las intervenciones de deprescripcion,
se encontraron resultados similares encabezando a los farmacéuticos como el princi-
pal actor a cargo del proceso [8, 58], aunque dos estudios especifican que estos hacfan
parte de equipos multidisciplinarios [57, 59]. Por otro lado, una revisién encabeza a los
médicos como principales proveedores de la deprescripcion [7].

Esta tltima muestra como la intervencién mas frecuente a las revisiones de medicacién,
asi como Kua ez al. [8] con un 26,8% y Gutiérrez-Valencia ez al. [57] con un 72%, resul-
tado similar al obtenido en la presente revisién. Mientras que el estudio de Thompson-
Coon et al. [56] contrasta con las intervenciones educativas como las mas frecuentes.

Adentrandose en el analisis de los resultados en salud, varios estudios [8, 56-59] reportan
similares resultados en cuanto a la reduccion significativa del nimero de medicamentos,
con la consecuente disminucién de las prescripciones potencialmente inapropiadas.

Uno de los estudios [7] muestra una reduccion significativa de la mortalidad cuando
la deprescripcion se aplica a través de intervenciones especificas para cada paciente en
contraste cuando estas son de carcter educativo con una tasa mayor de mortalidad,
contrastando con nuestro resultado donde el efecto positivo se vio cuando se aplica la
revisién de medicacién. Por otro lado, Huiskes ¢z a/. [55] y Gutiérrez-Valencia ez al.
[57], obtuvieron resultados no concluyentes respecto, aunque Kua ez al. [8] sugieren
que esta podria reducir el riesgo de muerte en un 26%.

Una de las revisiones reporta una reduccion efectiva del nimero de caidas en los indivi-
duos a quienes se realiz6 la deprescripcion [55], y otra sugiere que esta podria reducir el
riesgo en un 24% [8]. Sin embargo, otra [57] no es concluyente al respecto. Page ez 4.
[7] agrega que si bien el nimero de personas que experimentan caidas no se reduce con
la deprescripcidn, si se modifica el nimero de caidas que experimenta cada individuo
siendo menor después de la deprescripcion.
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Varias revisiones [8, 55, 56, 58, 59] reportan que los resultados no son significativos en
relacion al efecto de la deprescripcidn en la reduccion de las hospitalizaciones o read-
misiones al hospital.

Cuatro investigaciones [7, 55, 57, 59] reportan resultados similares en relacidn al efecto
de la deprescripcién en la calidad de vida, sin evidenciar diferencias significativas.

CONCLUSION

La deprescripciéon mostré reduccion en la tasa de PP, las caidas, la estancia hospitala-
ria, la calidad de vida y la mortalidad. De las anteriores, se evidencié un efecto positivo
en la reduccion de las medicaciones potencialmente inapropiadas y el nimero de cai-
das. La mortalidad no tuvo efecto significativo después de las intervenciones de depres-
cripcion. No se puede establecer el efecto de la deprescripcion en la mortalidad por
causa cardiovascular debido a que los resultados no evidencian un andlisis individual
de las causas de mortalidad especifica. Por su parte, la deprescripcion parece no tener
ningun efecto en relacién a la calidad de vida autorreferida por las personas interveni-
das. Es necesario realizar mayores investigaciones para generar resultados que sean mas
concluyentes al respecto.

CONFLICTO DE INTERES

Los autores no declaran conflicto de interés

REFERENCIAS

1.  Organizacién Mundial de la Salud, Enfermedades no transmisibles, 2018. URL:
https://www.who.int/es/news-room/fact-sheets/detail/noncommunicable-
diseases, consultado en septiembre 2023.

2. E. Reeve, D. anidic, J. Long, S. Hilmer, A systematic review of the emerging
definition of ‘deprescribing’ with network analysis: implications for future
research and clinical practice, British Journal of Clinical Pharmacology, 80(6),
1254-1268 (2015). Doi: https://doi.org/10.1111/bcp.12732

3. H.M. Holmes, A. Todd, The role of patient preferences in deprescribing

polypharmacy inappropriate medication deprescribing, Clinics in Geriatric

715


https://www.who.int/es/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/es/news-room/fact-sheets/detail/noncommunicable-diseases
https://doi.org/10.1111/bcp.12732

Kevin Orta-Visbal, Juana Borja-Gonzélez, Claudia Vaca-Gonzélez, Roxana De Las Salas

10.

11.

716

Medicine, 33(2), 165-175 (2019). Doi: https://doi.org/10.1016/j.
cger.2017.01.004

American Geriatrics Society expert panel on the care of older adults
with multimorbidity, Guiding principles for the care of older adults with
multimorbidity: An approach for clinicians, Journal of the American Geriatrics
Sociery, 60(10), ES-E25 (2012). Doi: https://doi.org/10.1111/j.1532-
5415.2012.04188.x

C. Cano-Gutiérrez, R. Samper-Ternent, J. Cabrera, D. Rosselli, Uso de
medicamentos en adultos mayores de Bogotd, Colombia, Revista Peruana de
Medicina Experimental y Salud Piblica, 33(3), 419-424 (2016). Doi: https://
doi.org/10.17843/rpmesp.2016.333.2292

R.L. Maher, J. Hanlon, E.R. Hajjar, Clinical consequences of polypharmacy in
elderly, Expert Opinion on Drug Safety, 13(1), 57-65 (2014). Doi: hteps://doi.
org/10.1517/14740338.2013.827660

AT. Page, RM. Clifford, K. Potter, D. Schwartz, C.D. Etherton-Beer, The
feasibility and effect of deprescribing in older adults on mortality and health:
a systematic review and meta-analysis, British Journal of Clinical Pharmacology,

82(3), 583-623 (2016). Doi: https://doi.org/10.1111/bcp.12975
C.-H. Kua, VS.L. Mak, SW.H. Lee, Health outcomes of deprescribing

interventions among older residents in nursing homes: A systematic review and
meta-analysis, JAMDA: The Journal of Post-Acute and Long-Term Care Medicine,
20(3), 362-372 (2019). Doi: https://doi.org/10.1016/j.jamda.2018.10.026

J.E. Machado-Alba, A. Gaviria-Mendoza, M.E. Machado-Duque, L. Chica,
Deprescribing: a new goal focused on the patient, Expert Opinion on Drug
Safety, 16(2), 111-112 (2017). Doi: https://doi.org/10.1080/14740338.2017.
1273347

G. Onder, D.L. Vetrano, E.R. Villani, A. Carfi, M.R. Lo Monaco, M.C.
Cipriani, E. Manes-Gravina, M. Denkinger, E. Pagano, H.G. van der Roest, R.
Bernabei, Deprescribing in nursing home residents on polypharmacy: Incidence
and associated factors, JAMDA: The Journal of Post-Acute and Long-Term
Care Medicine, 20(9), 1116-1120 (2019). Doi: https://doi.org/10.1016/j.
jamda.2019.01.130

J.L. Martinez-Arroyo, A. Gémez-Garcia, D. Sauceda-Martinez, Prevalencia de la
polifarmaciay la prescripcién de medicamentos inapropiados en el adulto mayor


https://doi.org/10.1016/j.cger.2017.01.004
https://doi.org/10.1016/j.cger.2017.01.004
https://doi.org/10.1111/j.1532-5415.2012.04188.x
https://doi.org/10.1111/j.1532-5415.2012.04188.x
https://doi.org/10.17843/rpmesp.2016.333.2292
https://doi.org/10.17843/rpmesp.2016.333.2292
https://doi.org/10.1517/14740338.2013.827660
https://doi.org/10.1517/14740338.2013.827660
https://doi.org/10.1111/bcp.12975
https://doi.org/10.1016/j.jamda.2018.10.026
https://doi.org/10.1080/14740338.2017.1273347
https://doi.org/10.1080/14740338.2017.1273347
https://doi.org/10.1016/j.jamda.2019.01.130
https://doi.org/10.1016/j.jamda.2019.01.130

Deprescripcién de medicacién inapropiada en adultos mayores

12.

13.

14.

15.

16.

17.

18.

19.

hospitalizado por enfermedades cardiovasculares, Gacera Médica de Meéxico,
150(Supl. 1), 29-38 (2014). URL: https://www.anmm.org.mx/GMM/2014/
s1/GMM_150 2014 S 1_029-038.pdf

L.J. Hao, M.S. Omar, N. Tohit, Polypharmacy and willingness to deprescribe
among elderly with chronic diseases, International Journal of Gerontology, 12(4),
340-343 (2018). Doi: https://doi.org/10.1016/j.ijge.2018.05.006

C. Beer, Z. Hyde, O.P. Almeida, P. Norman, G.J. Hankey, B.B. Yeap, L. Flicker,
Quality use of medicines and health outcomes among a cohort of community
dwelling older men: an observational study, British Journal of Clinical
Pharmacology, 71(4), 592-599 (2011). Doi: https://doi.org/10.1111/j.1365-
2125.2010.03875.x

C. Cahir, K. Bennett, C. Teljeur, T. Fahey, Potentially inappropriate prescribing
and adverse health outcomes in community dwelling older patients, British
Journal of Clinical Pharmacology, 77(1), 201-210 (2014). Doi: hteps://doi.
org/10.1111/bcp.12161

D. Schadegg-Pefia, G.L. Jiménez-Clemente, C.E. de Molins-Pena, B. Gamboa-
Huarte, M.D. Domingo-Sénchez. ;Oportunidad de mejora en la desprescripcion
en ancianos? Revista Espasiola de Geriatriay Gerontologia, 53(Supl. 1),45 (2018).
Doi: https://doi.org/10.1016/j.regg.2018.04.109

C. Cahir, T. Fahey, M. Teeling, C. Teljeur, J. Feely, K. Bennett, Potentially
inappropriate prescribing and cost outcomes for older people: A national
population study, British Journal of Clinical Pharmacology, 69(5), 543-552
(2010). Doi: heps://doi.org/10.1111/j.1365-2125.2010.03628.x

E. Tragni, M. Casula, V. Pieri, G. Favato, A. Marcobelli, M.G. Trotta, Prevalence
of the prescription of potentially interacting drugs, PLoS One, 8(10), ¢78827
(2013). Doi: https://doi.org/10.1371/journal.pone.0078827

O. Reich, T. Rosemann, R. Rapold, E. Blozik, O. Senn, Potentially inappropriate
medication use in older patients in Swiss managed care plans: Prevalence,
determinants and association with hospitalization, PLoS One, 9(8), e105425
(2014). Doi: https://doi.org/10.1371/journal.pone.0105425

A. Al Odhayani, A. Tourkmani, M. Alshehri, H. Algahtani, A. Mishriky,
Potentially inappropriate medications prescribed for elderly patients through
family physicians, Saudi Journal of Biological Sciences, 24(1), 200-207 (2017).
Doi: https://doi.org/10.1016/j.5jbs.2016.05.006

717


https://www.anmm.org.mx/GMM/2014/s1/GMM_150_2014_S1_029-038.pdf
https://www.anmm.org.mx/GMM/2014/s1/GMM_150_2014_S1_029-038.pdf
https://doi.org/10.1016/j.ijge.2018.05.006
https://doi.org/10.1111/j.1365-2125.2010.03875.x
https://doi.org/10.1111/j.1365-2125.2010.03875.x
https://doi.org/10.1111/bcp.12161
https://doi.org/10.1111/bcp.12161
https://doi.org/10.1016/j.regg.2018.04.109
https://doi.org/10.1111/j.1365-2125.2010.03628.x
https://doi.org/10.1371/journal.pone.0078827
https://doi.org/10.1371/journal.pone.0105425
https://doi.org/10.1016/j.sjbs.2016.05.006

Kevin Orta-Visbal, Juana Borja-Gonzélez, Claudia Vaca-Gonzélez, Roxana De Las Salas

20.

21.

22.

23.

24.

25.

26.

27.

28.

718

J.A. Castro-Rodriguez, J.P. Orozco-Hernandez, D.S. Marin-Medina,
Polifarmacia y prescripcién de medicamentos potencialmente no apropiados en
ancianos, Revista Médica de Risaralda, 22(1), 52-57 (2015). URL: http://scielo.
org.co/pdf/rmri/v21n2/v21n2all.pdf

C. Griitzmann-Faustino, M. de Arruda-Martins, W. Jacob-Filho, Potentially
inappropriate medication prescribed to elderly outpatients at a general
medicine unit, Einstein (Sao Paulo), 9((1 Pt 1), 18-23 (2015). Doi: hteps://doi.
org/10.1590/51679-45082011A01844

E. Holguin-Hernédndez, J.G. Orozco-Diaz, Medicacién potencialmente
inapropiada en ancianos en un hospital de primer nivel, Bogotd 2007, Revista de
Salud Piblica (Bogota), 12(2), 287-299 (2010). URL: htep://www.scielo.org.
co/pdf/rsap/v12n2/v12n2al2.pdf

G. Lucchetti, A.L.G. Lucchetti, Inappropriate prescribing in older persons:
A systematic review of medications available in different criteria, Archives of
Gerontology and Geriatrics, 68, 55-61 (2017). Doi: hetps://doi.org/10.1016/j.
archger.2016.09.003

J.P. Aguiar, A.M. Brito, A.P. Martins, H.G.M. Leufkens, F. Alves da Costa,
Potentially inappropriate medications with risk of cardiovascular adverse events
in the elderly: A systematic review of tools addressing inappropriate prescribing,
Journal of Clinical Pharmacy and Therapeutics, 44(3), 349-360 (2019). Doi:
https://doi.org/10.1111/jcpt.12811

D. Garfinkel, Poly-de-prescribing to treat polypharmacy: efficacy and safety,
Therapeutic Advances in Drug Safety, 9(1), 25-43 (2018). Doi: https://doi.
org/10.1177/2042098617736192

E.Reeve, M. Ong, A. W, J. Jansen, M. Petrovic, D. anidic, A systematic review
of interventions to deprescribe benzodiazepines and other hypnotics among
older people, European Journal of Clinical Pharmacology,73(8),927-935 (2017).
Doi: https://doi.org/10.1007/500228-017-2257-8

J. Gonzilez de Dios, J.C. Bufiuel-Alvarez, M. Aparicio-Rodrigo, Listas guia de
comprobacién de revisiones sistematicas y metaandlisis: declaracion PRISMA,
Evidencias en Pediatria, 7, 97 (2011). URL: https://evidenciasenpediatria.es/
files/41-11457-RUTA/97Fundamentos.pdf

J.P.T. Higgins, S. Green (editores), Manual Cochrane de revisiones sistematicas
de intervenciones, Version 5.1.0 [actualizado en marzo de 2011], The Cochrane


http://scielo.org.co/pdf/rmri/v21n2/v21n2a11.pdf
http://scielo.org.co/pdf/rmri/v21n2/v21n2a11.pdf
https://doi.org/10.1590/S1679-45082011AO1844
https://doi.org/10.1590/S1679-45082011AO1844
http://www.scielo.org.co/pdf/rsap/v12n2/v12n2a12.pdf
http://www.scielo.org.co/pdf/rsap/v12n2/v12n2a12.pdf
https://doi.org/10.1016/j.archger.2016.09.003
https://doi.org/10.1016/j.archger.2016.09.003
https://doi.org/10.1111/jcpt.12811
https://doi.org/10.1177/2042098617736192
https://doi.org/10.1177/2042098617736192
https://doi.org/10.1007/s00228-017-2257-8
https://evidenciasenpediatria.es/files/41-11457-RUTA/97Fundamentos.pdf
https://evidenciasenpediatria.es/files/41-11457-RUTA/97Fundamentos.pdf

Deprescripcién de medicacién inapropiada en adultos mayores

29.

30.

31.

32.

33.

34.

Collaboration®, 2011, 639 p. URL: https://es.cochrane.org/sites/es.cochrane.
org/files/uploads/manual_cochrane_510_web.pdf

C. Manterola, C. Asenjo-Lobos, T. Otzen, Jerarquizacién de la evidencia.
Niveles de evidencia y grados de recomendacion de uso actual, Revista Chilena
de Infectologia, 31(6), 705-718 (2014). URL: https://www.scielo.cl/pdf/rci/
v31n6/artll.pdf

C. Ballard, M. Orrell, S. YongZhong, E. Moniz-Cook, J. Stafford, R. Whittaker,
B. Woods, A. Corbett, L. Garrod, Z. Khan, B. Woodward-Carlton, J. Wenborn,
J. Fossey, Impact of antipsychotic review and nonpharmacological intervention
on antipsychotic use, neuropsychiatric symptoms, and mortality in people with
dementia living in nursing homes: A factorial cluster-randomized controlled
trial by the well-being and health for people with dementia (WHELD) program,
The American Journal of Psychiatry, 173(3), 252-262 (2016). Doi: https://doi.
org/10.1176/appi.ajp.2015.15010130

P.O. Lang, N. Vogt-Ferrier, Y. Hasso, L. Le Saint, M. Drame, D. Zekry, P. Huber,
C. Chamot, P. Gattelet, M. Prudent, G. Gold, J.P. Michel, Interdisciplinary
geriatric and psychiatric care reduces potentially inappropriate prescribing in the
hospital: interventional study in 150 acutely ill elderly patients with mental and
somatic comorbid conditions, JAMDA : The Journal of Post-Acute and Long-Term
Care Medicine, 13(4), P406.E1-406.E7 (2012). Doi: https://doi.org/10.1016/j.
jamda.2011.03.008

N. Ailabouni, D. Mangin, P.S. Nishtala, DEFEAT-polypharmacy: deprescribing
anticholinergic and sedative medicines feasibility trial in residential aged care
facilities, International Journal of Clinical Pharmacy, 41(1), 167-178 (2019).
Doi: https://doi.org/10.1007/s11096-019-00784-9

J. Allard, R. Hebert, M. Rioux, J. Asselin, L. Voyer, Efficacy of a clinical medication
review on the number of potentially inappropriate prescriptions prescribed for
community-dwelling elderly people, Canadian Medical Association Journal,
164(9), 1291-1296 (2001). URL: https://www.cmaj.ca/content/164/9/1291/

tab-e-letters

K. Anderson, C. Freeman, M. Foster, I. Scott, GP-led deprescribing in
community-living older Australians: An exploratory controlled trial, Journal
of the American Geriatrics Society, 68(2), 403-410 (2020). Doi: hteps://doi.
org/10.1111/jgs.16273

719


https://es.cochrane.org/sites/es.cochrane.org/files/uploads/manual_cochrane_510_web.pdf
https://es.cochrane.org/sites/es.cochrane.org/files/uploads/manual_cochrane_510_web.pdf
https://www.scielo.cl/pdf/rci/v31n6/art11.pdf
https://www.scielo.cl/pdf/rci/v31n6/art11.pdf
https://doi.org/10.1176/appi.ajp.2015.15010130
https://doi.org/10.1176/appi.ajp.2015.15010130
https://doi.org/10.1016/j.jamda.2011.03.008
https://doi.org/10.1016/j.jamda.2011.03.008
https://doi.org/10.1007/s11096-019-00784-9
https://www.cmaj.ca/content/164/9/1291/tab-e-letters
https://www.cmaj.ca/content/164/9/1291/tab-e-letters
https://doi.org/10.1111/jgs.16273
https://doi.org/10.1111/jgs.16273

Kevin Orta-Visbal, Juana Borja-Gonzélez, Claudia Vaca-Gonzélez, Roxana De Las Salas

35.

36.

37.

38.

39.

40.

41.

720

M.N. Boersma, C.J.A. Huibers, A.C. Drenth-van Maanen, M.H. Emmelot-
Vonk, I. Wilting, W. Knol, The effect of providing prescribing recommendations
on appropriate prescribing: A cluster-randomized controlled trial in older adults
in a preoperative setting, British Journal of Clinical Pharmacology, 85(9), 1974-
1983 (2019). Doi: https://doi.org/10.1111/bcp.13987

L. Bregnhej, S. Thirstrup, M.B. Kristensen, L. Bjerrum, J. Sonne, Combined
intervention programme reduces inappropriate prescribing in elderly patients
exposed to polypharmacy in primary care, European Journal of Clinical
Pharmacology, 65(2), 199-207 (2009). Doi: https://doi.org/10.1007/500228-
008-0558-7

B. Clyne, SM. Smith, C.M. Hughes, M.C, Bradley, J.A. Cooper, T. Fahey,
Effectiveness of a multifaceted intervention for potentially inappropriate
prescribing in older patients in primary care: A cluster-randomized controlled
trial (OPTI-SCRIPT study), Annals of Family Medicine, 13(6), 545-553 (2015).
Doi: https://doi.org/10.1370/afm.1838

D. Frankenthal, Y. Lerman, E. Kalendaryev, Y. Lerman, Intervention with
the screening tool of older persons potentially inappropriate prescriptions /
Screening tool to alert doctors to right treatment criteria in elderly residents of
a chronic geriatric facility: A randomized clinical trial, Journal of the American
Geriatrics Society, 62(9), 1658-1665 (2014). Doi: https://doi.org/10.1111/
jgs.12993

E Garcfa-Gollarte, ]. Baleriola-Jalvez, 1. Ferrero-Lépez, A. Cuenllas-Diaz,
AlJ. Cruz-Jentoft, An educational intervention on drug use in nursing homes
improves health outcomes resource utilization and reduces inappropriate drug
prescription, JAMDA: The Journal of Post-Acute and Long-Term Care Medicine,
15(12), 885-891 (2014). Doi: https://doi.org/10.1016/j.jamda.2014.04.010

M.M.E. Geurts, R.E. Stewart, J.R.B.J. Brouwers, P.A. de Graeff, J.J. de Gier,
Implications of a clinical medication review and a pharmaceutical care plan of
polypharmacy patients with a cardiovascular disorder, International Journal
of Clinical Pharmacy, 38(4), 808-815 (2016). Doi: https://doi.org/10.1007/
$11096-016-0281-x

M. Gutierrez-Valencia, M. Izquierdo, I. Beobide-Telleria, A. Ferro-Uriguen, J.
Alonso-Renedo, A. Casas-Herrero, N. Martinez-Velilla, Medicine optimization
strategy in an acute geriatric unit: The pharmacist in the geriatric team,


https://doi.org/10.1111/bcp.13987
https://doi.org/10.1007/s00228-008-0558-7
https://doi.org/10.1007/s00228-008-0558-7
https://doi.org/10.1370/afm.1838
https://doi.org/10.1111/jgs.12993
https://doi.org/10.1111/jgs.12993
https://doi.org/10.1016/j.jamda.2014.04.010
https://doi.org/10.1007/s11096-016-0281-x
https://doi.org/10.1007/s11096-016-0281-x

Deprescripcién de medicacién inapropiada en adultos mayores

42.

43

44,

45.

46.

47.

48.

Geriatrics & Gerontology International, 19(6), 530-536 (2019). Doi: hteps://
doi.org/10.1111/ggi.13659

J.T. Hanlon, M. Weinberger, G.P. Samsa, K.E. Schmader, K.M. Uttech, LK.
Lewis, P.A. Cowper, P.B. Landsman, H.J. Cohen, J.R. Feussner, A randomized,
controlled trial of a clinical pharmacist intervention to improve inappropriate
prescribing in elderly outpatients with polypharmacy, The American Journal
of Medicine, 100(4), 428-437 (1996). Doi: https://doi.org/10.1016/50002-
9343(97)89519-8

C. Lenander, B. Elfsson, B. Danielsson, P. Midlov, J. Hasselstrom, Effects
of a pharmacist-led structured medication review in primary care on drug-
related problems and hospital admission rates: a randomized controlled trial,
Scandinavian Journal of Primary Health Care, 32(4), 180-186 (2014). Doi:
https://doi.org/10.3109/02813432.2014.972062

M. Lisby, A. Thomsen, L.P. Nielsen, N.M. Lyhne, C. Breum-Leer, U. Fredberg, H.
Jorgensen, B. Brock, The effect of systematic medication review in elderly patients
admitted to an acute ward of internal medicine, Basic & Clinical Pharmacology
& Toxicology, 106(5), 422-427 (2010). Doi: https://doi.org/10.1111/j.1742-
7843.2009.00511.x

P. Martin, R. Tamblyn, A. Benedetti, S. Ahmed, C. Tannenbaum, Effect
of a pharmacist-led educational intervention on inappropriate medication
prescriptions in older adults: The D-PRESCRIBE Randomized Clinical
Trial, JAMA, 320(18), 1889-1898 (2018). Doi: https://doi.org/10.1001/
jama.2018.16131

E.G. McDonald, P.E. Wu, B. Rashidi, AJ. Forster, A. Huang, L. Pilote, L.
Papillon-Ferland, A. Bonnici, R. Tamblyn, R. Whitty, ez 4/., The MedSafer study:
A controlled trial of an electronic decision support tool for deprescribing in
acute care, Journal of the American Geriatrics Society, 67(9), 1843-1850 (2019).
Doi: https://doi.org/10.1111/jgs. 16040

LN. Olsson, R. Runnamo, P. Engfeldt, Drug treatment in the elderly: an
intervention in primary care to enhance prescription quality and quality of life,
Scandinavian Journal of Primary Health Care, 30(1), 3-9 (2012). Doi: https://
doi.org/10.3109/02813432.2011.629149

K.H. Pitkala, A.-L. Joula, H. Kautiainen, H. Soini, UH. Finne-Soveri, J.S. Bell,
M. Bjérkman, Education to reduce potentially harmful medication use among
residents of assisted living facilities: A randomized controlled trial, JAMDA:

721


https://doi.org/10.1111/ggi.13659
https://doi.org/10.1111/ggi.13659
https://doi.org/10.1016/S0002-9343(97)89519-8
https://doi.org/10.1016/S0002-9343(97)89519-8
https://doi.org/10.3109/02813432.2014.972062
https://doi.org/10.1111/j.1742-7843.2009.00511.x
https://doi.org/10.1111/j.1742-7843.2009.00511.x
https://doi.org/10.1001/jama.2018.16131
https://doi.org/10.1001/jama.2018.16131
https://doi.org/10.1111/jgs.16040
https://doi.org/10.3109/02813432.2011.629149
https://doi.org/10.3109/02813432.2011.629149

Kevin Orta-Visbal, Juana Borja-Gonzélez, Claudia Vaca-Gonzélez, Roxana De Las Salas

49.

50.

S1.

52.

53.

54.

55.

722

The Journal of Post-Acute and Long-Term Care Medicine, 15(1), 892-898 (2014).
Doi: https://doi.org/10.1016/j.jamda.2014.04.002

G. Pope, N. Wall, C.M. Peters, M. O’Connor, J. Saunders, C. O’Sullivan, T.M.
Donnelly, T. Walsh, S. Jackson, D. Lyons, D. Clinch, Specialist medication
review does not benefit short-term outcomes and net costs in continuing-care
patients, Age and Ageing, 40(3), 307-312 (2011). Doi: https://doi.org/10.1093/
ageing/afq095

K. Potter, L. Flicker, A. Page, C. Etherton-Beer, Deprescribing in frail older
people: A randomised controlled trial, PLoS One, 11(3), €0149984 (2016). Doi:
https://doi.org/10.1371/journal.pone.0149984

R. Tamblyn, A. Huang, R. Perreault, A. Jacques, D. Roy, J. Hanley, P. McLeod,
R. Laprise, The medical office of the 21st century (MOXXI): Effectiveness of
computerized decision-making support in reducing inappropriate prescribing in
primary care, Canadian Medical Association Journal, 169(6), 549-556 (2003).
URL: https://www.cmaj.ca/content/169/6/549.long

C. Tannenbaum, P. Martin, R. Tamblyn, A. Benedetti, S. Ahmed, Reduction
of inappropriate benzodiazepine prescriptions among older adults through
direct patient education: The EMPOWER cluster randomized trial, JAMA
Internal Medicine, 174(6), 890-898 (2014). Doi: https://doi.org/10.1001/
jamainternmed.2014.949

S. Verdoorn, H.-F. Kwint, J. Blom, J. Gussekloo, M.L. Bouvy, DREAMeR: Drug
use reconsidered in the elderly using goal attainment scales during medication

review; study protocol of a randomised controlled trial, BMC Geriatrics, 16,

e1002798 (2019). Doi: https://doi.org/l().l 186/512877-018-0877-1
S. Verdoorn, H.F. Kwint, JW. Blom, ]J. Gusseckloo, M.L. Bouvy, Effects of a

clinical medication review focused on personal goals, quality of life, and health
problems in older persons with polypharmacy: A randomised controlled trial
(DREAMeR-study), PLoS Medicine, 16(5), ¢1002798 (2019). Doi: https://doi.
org/10.1371/journal. pmed.1002798

VJ.B. Huiskes, D.M. Burger, CH.M. van den Ende, BJ.F. van den Bemt,
Effectiveness of medication review: a systematic review and meta-analysis of
randomized controlled trials, BMC Primary Care, 18(1), 5 (2017). Doi: hteps://
doi.org/10.1186/512875-016-0577-x


https://doi.org/10.1016/j.jamda.2014.04.002
https://doi.org/10.1093/ageing/afq095
https://doi.org/10.1093/ageing/afq095
https://doi.org/10.1371/journal.pone.0149984
https://www.cmaj.ca/content/169/6/549.long
https://doi.org/10.1001/jamainternmed.2014.949
https://doi.org/10.1001/jamainternmed.2014.949
https://doi.org/10.1186/s12877-018-0877-1
https://doi.org/10.1371/journal.pmed.1002798
https://doi.org/10.1371/journal.pmed.1002798
https://doi.org/10.1186/s12875-016-0577-x
https://doi.org/10.1186/s12875-016-0577-x

Deprescripcién de medicacién inapropiada en adultos mayores

56. J. Thompson-Coon, R. Abbott, M. Rogers, R. Whear, S. Pearson, I. Lang,
N. Cartmell, K. Stein, Interventions to reduce inappropriate prescribing of
antipsychotic medications in people with dementia resident in care homes:
A systematic review, JAMDA: The Journal of Post-Acute and Long-Term
Care Medicine, 15(10), 706-718 (2014). Doi: https://doi.org/10.1016/j.
jamda.2014.06.012

S7. M. Gutiérrez-Valencia, N. Martinez-Velilla, E. Lacalle-Fabo, I. Beobide-Telleria,
B. Larrayoz-Sola, M. Tosato, Intervenciones para optimizar el tratamiento
farmacoldgico en ancianos hospitalizados: una revisién sistematica [ Interventions
to optimize pharmacologic treatment in hospitalized older adults: a systematic
review), Revista Clinica Espaiiola, 216(4), 205-221 (2016). Doi: https://doi.
org/10.1016/j.rce.2016.01.005

58. C. Biilow, S. Sendersted-Clausen, A. Lundh, M. Christensen, Medication
review in hospitalised patients to reduce morbidity and mortality, Cochrane
Database of Systematic Reviews, 1(1), CD008986 (2023). Doi: https://doi.
0rg/10.1002/14651858.CD008986.pub4

59. B.Clyne, C. Fitzgerald, A. Quinlan, C. Hardy, R. Galvin, T. Fahey, S.M. Smith,
Interventions to address potentially inappropriate prescribing in community-
dwelling older adults: A systematic review of randomized controlled trials,
Journal of the American Geriatrics Society, 64(6), 1210-1222 (2016). Doi:
https://doi.org/10.1111/jgs.14133

COMO CITAR ESTE ARTICULO

K. Orta-Visbal, J. Borja-Gonzédlez, C. Vaca-Gonzalez, R. De Las Salas, Efecto de la
deprescripcién de medicacion inapropiada en adultos mayores: una revision de litera-
tura y meta-analisis de ensayos clinicos controlados, Rev. Colomb. Cienc. Quim. Farm.,

53(3), 698-724 (2024). Doi: https://doi.org/10.15446/rcciquifa.v53n3.119136

723


https://doi.org/10.1016/j.jamda.2014.06.012
https://doi.org/10.1016/j.jamda.2014.06.012
https://doi.org/10.1016/j.rce.2016.01.005
https://doi.org/10.1016/j.rce.2016.01.005
https://doi.org/10.1002/14651858.CD008986.pub4
https://doi.org/10.1002/14651858.CD008986.pub4
https://doi.org/10.1111/jgs.14133
https://doi.org/10.15446/rcciquifa.v53n3.119136

Kevin Orta-Visbal, Juana Borja-Gonzélez, Claudia Vaca-Gonzélez, Roxana De Las Salas

Supplementary Material

Table S1: Search strategies by database and results

DATABASE

SEARCH STRATEGY

RESULTS

MEDLINE

((((((aged| Title/Abstract]) OR elderly[ Title/
Abstract]) OR frail elderly[ Title/ Abstract]) OR older
adults[ Title/ Abstract]) OR frail older adults[ Title/
Abstract]) AND ((((((deprescriptions| Title/
Abstract]) OR inappropriate prescribing| Title/
Abstract]) OR polypharmacy[ Title/Abstract]) OR
over prescribing[ Title/Abstract]) OR withholding
treatment| Title/Abstract]) OR withdrawing
treatment| Title/Abstract]) AND (((((mortality) OR
death rate) OR mortality rate) OR health outcome)
OR outcome assessment (health care)))

438

LILACS

((tw:(aged)) OR (tw:(elderly)) OR (tw:(frail elderly))
OR (tw:(older adults))) AND ((tw:(deprescriptions))
OR (tw:(polypharmacy)) OR (tw:(inappropriate
prescribing)) OR (tw:(withholding treatment)))
AND (tw:(mortality))

30

SciELO

(aged) OR (frail elderly) OR (older adult) AND
(deprescriptions) OR (polypharmacy) OR
(inappropriate prescribing) OR (withholding
treatment) OR (mortality) OR (health outcomes)

1048

Epistemonikos

(title:((title:(aged) OR abstract:(aged)) OR
(title:(frail elderly) OR abstract:(frail elderly)) OR
(title:(older adults) OR abstract:(older adults)) AND
(title:(deprescriptions) OR abstract:(deprescriptions))
OR (title:(polypharmacy) OR
abstract:(polypharmacy)) OR (title:(inappropriate
prescribing) OR abstract:(inappropriate prescribing))
AND (title:(mortality) OR abstract:(mortality)))
OR abstract:((title:(aged) OR abstract:(aged)) OR
(title:(frail elderly) OR abstract:(frail elderly)) OR
(title:(older adults) OR abstract:(older adults)) AND
(title:(deprescriptions) OR abstract:(deprescriptions))
OR (title:(polypharmacy) OR
abstract:(polypharmacy)) OR (title:(inappropriate
prescribing) OR abstract:(inappropriate prescribing))
AND (title:(mortality) OR abstract:(mortality))))

TOTAL

1524

724



Rev. Colomb. Cienc. Quim. Farm., Vol. 53(3), 725-735, 2024 www.farmacia.unal.edn.co

Articulo de investigacion clinica / https://doi.org/10.15446/rcciquifa.vS3n3.119172

Prescripcion de melagenina locién para
el tratamiento del vitiligo en atencién
primaria de salud

Eliezer Aleméan Fernindez

Farmacia Principal Municipal de Santa Clara, Villa Clara, Cuba, Correo electrénico:
eliezer1975@nauta.cu

Recibido: 14 de marzo de 2024
Revisado: 22 de abril de 2024
Aceptado: 25 de abril de 2024

RESUMEN

Introduccién: el vitiligo se considera como un trastorno de susceptibilidad genética,
caracterizada por la despigmentacién de la piel a causa le deficiencia de melanocitos
funcionales, dando lugar a la formacién de manchas despigmentadas, especialmente
en el rostro, axilas y 4reas expuestas. Objetivo: el objetivo del estudio fue caracterizar
la poblacién en el municipio Santa Clara, que recibia para el manejo del vitiligo,
el medicamento melagenina locién. Metodologia: se realizd una investigacion
descriptiva transversal, que se corresponde con un estudio de uso de medicamentos
del tipo prescripcidn-indicacién de melagenina locién en marzo 2024. El universo
estuvo conformado por 105188 pacientes y la muestra quedé conformada por 673
pacientes. El tipo de muestreo fue aleatorio simple y los resultados se presentaron
en tablas y graficos mediante nimeros absolutos y porcentaje. Se cumplieron los
principios éticos de la investigacién cientifica. Resultados: predomind el sexo
femenino (63,15 %) y grupo de edad entre 51 y 60 aiios (21,84 %). Conclusién: la
prevalencia, predominio del sexo femenino y pacientes mayores de 30 afios ratifica

los resultados obtenidos en algunos estudios previos.

Palabras clave: Vitiligo, tratamiento, despigmentacidn, ancianos, estudio de pres-

cripcidn-indicacion.
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SUMMARY

Melagenin lotion prescription for vitiligo treatment in primary
health care

Introduction: Vitiligo is considered a genetic susceptibility disorder, characterized
by skin depigmentation due to a deficiency of functional melanocytes, giving
rise to the formation of depigmented spots, especially on the face, armpits, and
exposed areas. Aim: The objective of study to characterize a population of Santa
Clara municipality, which received a melagenin lotion for management of vitiligo.
Methodology: a descriptive and cross-sectional investigation that squared with
a medications use study, of prescription-indication type, was conducted aimed at
assessing the prescription of melagenin lotion in March 2024. The universe was
105188 patients and the sample was 673 patients, the sampling was simple random
and the results were presented in tables and graphics using absolute numbers and
percentages. The principle of confidentiality of the reviewed information was
respected. Results: predominated the female sex (55.36 %) and patients between
51 to 60 years old (21.84 %). Conclusion: the prevalence, female sex and patients

over 30 year old predominance ratify the results obtained in some previous studies.

Keywords: Vitiligo, treatment, depigmentation, elderly, prescription-indication

study.

REsumMmoO

Prescri¢ao de lo¢ao de melagenina para tratamento de vitiligo na
atencio primdria a satde

Introdugio: o vitiligo ¢ considerado um distarbio de suscetibilidade genética,
caracterizado pela despigmentacio da pele devido & deficiéncia de melandcitos
funcionais, levando 4 formac¢io de manchas despigmentadas, principalmente
na face, axilas e dreas expostas. Objetivo: o objetivo do estudo foi caracterizar
a populagio do municipio de Santa Clara que recebeu o medicamento logao de
melagenina para tratamento do vitiligo. Metodologia: foi realizada investigagio
descritiva transversal, que corresponde a um estudo de uso de medicamentos do
tipo prescri¢io-indicagio logio de melagenina em marco de 2024. O universo foi
composto por 105.188 pacientes e a amostra foi composta por 673 pacientes. O tipo

de amostragem foi aleatdria simples ¢ os resultados foram apresentados em tabelas e
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gréficos utilizando nimeros absolutos e percentuais. Os principios éticos da pesquisa
cientifica foram respeitados. Resultados: predominou o sexo feminino (63,15%) ea
faixa etria entre 51 e 60 anos (21,84%). Conclusao: a prevaléncia, o predominio do
sexo feminino e de pacientes com mais de 30 anos confirmam os resultados obtidos

em alguns estudos anteriores.

Palavras-chave: Vitiligo, tratamento, despigmentagio, idoso, estudo de prescrigio-

indicacio.

INTRODUCCION

El vitiligo es una enfermedad autoinmune de la piel que se caracteriza por la presencia
de manchas y 4dreas despigmentadas circunscritas debido a la destruccion de los mela-
nocitos [1, 2]. Se considera como una enfermedad relativamente comun y es un tras-
torno adquirido que ataca, especificamente, a la epidermis [3, 4].

Existen dos formas bien conocidas el vitiligo segmentario (VS), el cual es el menos comun
y el vitiligo no segmentario (VNS), que se caracteriza por parches hipocrémicos bilate-
rales [5]. Las opciones de tratamiento son varias y debe seleccionarse individualmente
segun el tipo de vitiligo, lo extenso del dafio y la actividad de la enfermedad [6].

En Cuba, se dispone en las unidades de farmacia comunitaria (atencién primaria de
salud) del medicamento melagenina locién. Dicho medicamento fue descubierto
y desarrollado por el Dr. Carlos Manuel Miyares Cao. Es un extracto alcohdélico de
placenta humana al 50% que se produce en el Centro de Histoterapia Placentaria
Dr. Carlos Manuel Miyares Cao y que tiene como indicaciones terapéuticas el trata-
miento del vitiligo y en la despigmentacién de la piel originada por quemaduras de
cualquier origen. El extracto alcohdlico de placenta humana al 50 % contiene un prin-
cipio activo capaz de acelerar la sintesis meldnica y la reproduccién de los melanoci-
tos. El medicamento se aplicard frotdndolo con los dedos en las zonas despigmentadas,
hasta cubrir la lesion, todos los dias, en una ocasion diaria, con intervalos de 24 horas y
sin exposicion a la ldmpara infrarroja o luz solar [7].

En Cuba la prescripcion de melagenina locidn se realiza a través de certificado médico
para medicamentos controlados, restringida su prescripcién para la especialidad de
Dermatologia para el tratamiento del vitiligo avalado por la Instruccién 1/2000 emi-
tida por el Centro para el Desarrollo de la Farmacoepidemiologia.
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Teniendo en cuenta los planteamientos anteriores, se decide realizar la presente inves-
tigacion con el objetivo de caracterizar la poblacién con prescripcién de melagenina
locién en el municipio de Santa Clara, Cuba.

METODOLOGIA

Se realizé una investigacion descriptiva y transversal, que se corresponde con un estu-
dio de uso de medicamentos del tipo prescripcién-indicacion, dirigido a valorar la pres-
cripcién de melagenina locién en el municipio de Santa Clara al cierre de marzo de
2024. Se definieron como participantes en la investigacion todos los pacientes ambu-
latorios con prescripcién de certificado médico vigentes al momento del estudio con
dicha prescripcién.

El universo fue de 105 188 pacientes, que tenian prescripcién por certificado para
medicamentos controlados vigentes y la muestra qued6 conformada por 673 pacientes
de este universo (muestreo intencional) los que presentaban prescripcion por certifi-
cado médico de melagenina locién en el municipio de Santa Clara al cierre de marzo de
2024. Se excluyeron los pacientes con informacién incompleta. Se analizaron las varia-
bles edad y sexo. Ademds, la muestra se estratificé por 10 grupos de edad: 0-10, 11-20,
21-30, 31-40, 41-50, 51-60, 61-70, 71-80, 81-90 y mas de 90 afios de edad.

Para obtener la informacién se revisaron los certificados médicos de melagenina locién
en el municipio de Santa Clara, los datos fueron registrados en una base de datos predi-
sefiada en MS Excel(R) y se utilizé como procedimiento estadistico el calculo porcen-
tual. Se realizé unalectura critica de la informacién presentada en tablas. Los resultados
se presentan en tablas y graficos mediante nimeros absolutos y porcentaje.

Se aplicaron métodos tedricos y empiricos. Dentro de los tedricos se utilizaron hist6-
rico-légico, analitico—sintético y el enfoque sistémico mientras que dentro de los empi-
ricos se emplearon observacién, modelo de recogida de datos y matematicos.

La integridad de los datos obtenidos en el estudio a partir de los certificados para medi-
camentos controlados se realizé de acuerdo con los principios éticos para la investiga-
cién médica en humanos, establecidos en la Declaracién de Helsinki [8)].

Resultados

Tras realizar la revision del comportamiento histérico de la prescripcion de melagenina
locién durante el periodo de 2015 22024 (en el mes de marzo), se pudo comprobar que
mostré el mayor valor durante el afio 2024 (Figura 1).

728



Prescripcion de melagenina locién para el tratamiento del vitiligo en atencién primaria de salud

Figura 1. Total de pacientes con prescripcién de melagenina locidn. Periodo 2015-2024.

Fuente: Informe mensual de pacientes con medicamentos controlados con certificado médico.

Mensualmente se registra, por el drea de epidemiologia, en 4 grupos de edad la cantidad

de medicamentos que su prescripcidn es a través de certificado médicos en todas las far-

macias comunitarias. El comportamiento mostrado por la melagenina locién durante

el perfodo 2015-2024 (en el mes de marzo) reflejé un incremento mds significativo en

los grupos de 16-39, 40-59 y 60 6 més afos de edad. (Tabla 1).

Tabla 1. Total de pacientes por grupo de edad con prescripcién de melagenina locién. Periodo

2015-2024.
Grupos de edad
Afo Total
0-15 16-39 40-59 60
2015 50 70 101 101 322
2016 54 85 120 121 380
2017 54 88 123 122 387
2018 54 85 115 113 367
2019 54 88 125 122 389
2020 54 75 105 112 346
2021 54 113 143 141 451
2022 55 132 193 170 550
2023 55 141 197 184 577
2024 67 187 219 200 673

Fuente: Informe mensual de pacientes con medicamentos controlados con certificado médico.

La distribucién global de pacientes con prescripcién de melagenina locién por sexo

mostré un predominio del sexo femenino (Tabla 2).
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Tabla 2. Distribucién global de pacientes con prescripcién de melagenina locién por sexo.

Sexo Cantidad %
Femenino 425 63,15
Masculino 248 36,35

Fuente: Certificados Médicos para Medicamentos Controlados de pacientes con prescripcién de melagenina locién.

La distribucién global de pacientes con prescripcion de melagenina locién por grupo
de edad mostré los mayores valores para los pacientes entre 50 y 60 afios (21,84 %). La

media de edad fue de 46,3 y la mediana 50 afios (Tabla 3).

Tabla 3. Distribucion global de pacientes con prescripcion de melagenina locién por grupo de edad.

Grupos de Edad Cantidad %
0-10 27 4,01
11-20 77 11,44
21-30 65 9,66
31-40 93 13,82
41-50 80 11,89
51-60 147 21,84
61-70 102 15,16
71-80 56 8,32
81-90 23 3,42

Més de 90 3 0,45

Fuente: Certificados Médicos para Medicamentos Controlados de pacientes con prescripcién de melagenina locién.

Discusion

Este estudio tuvo como objetivo caracterizar la prescripcion de melagenina locién en
el municipio Santa Clara, el cual serviria de punto de partida para un estudio mas deta-

llado en la provincia de Villa Clara.

Al analizar la cantidad global de pacientes con prescripcién de melagenina locion en el
municipio Santa Clara (673 pacientes) y teniendo en cuenta que la poblacién estimada,
al cierre de 2022 [9], era de 245 959 habitantes lo cual correspondia al 0,27 % de la
misma. Existen diversos criterios acerca de la prevalencia del vitiligo a nivel mundial
aunque las cifras son muy similares. Autores como Ezzedine et al. [3], y Grimes [4]
refieren que su prevalencia es de 0,1 - 2 % en la poblacién general [3, 4] aunque otros
autores como lannella ez /. [10], describen que afecta a un 0,5 - 1% de la poblacién
mundial. Por otra parte, Castro Caicedo et al. [11], argumentan que se presenta en
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el 1 % de la poblacion. Silverberg [12] resenia que oscila entre 0,4 — 2 % mientras que
Kruger y Schallreuter [13] y Zhang ez al. [14], argumentan que la prevalencia estd entre
0,2-2%.

Se pudo comprobar un predominio del sexo femenino, casi 2/3 partes de la muestra
(63,15 %). Iannella ez 4. [10], consideran que el vitiligo afecta con independencia de
raza o sexo, corroborado por Speeckaert ez 4/. [15]. Autores como Grimes [4] y Fer-
nédndez Paniagua ez al. [5], describen que esta enfermedad se da equitativamente en
hombres y mujeres y sin preferencia de raza o estado socioecondmico. En un estudio
realizado en el Centro Nacional de Vitiligo y Psoriasis en el centro de Arabia Saudita
desde agosto 2002 hasta agosto 2006, Alissa ez al. [16], comprobd que de los 4134
casos estudiados el 53,5 % correspondian al sexo femenino. Abolafia ez al. [17], refieren
que el padecimiento de esta enfermedad trae consigo un deterioro de la calidad de vida,
el cual es mayor en mujeres que en hombres. En muchos pacientes la despigmentacién
conlleva a una baja aceptabilidad social del vitiligo y se sienten incémodos por su ima-
gen corporal especialmente cuando se manifiesta en zonas del cuerpo mas visibles.

En cuanto ala edad, se evidencié que el 62,71 % se encontraba entre los 30 y 70 afos de
edad. Grimes [4] y Fernandez-Paniagua e 4/. [5], detallan que puede aparecer a cual-
quier edad, pero usualmente se presenta entre los 10 y 30 afios de edad. E170-80 % de
los adultos lo presentan antes de los 30 afios de edad, siendo su presentacién en la edad
avanzada relacionada con enfermedad tiroidea, diabetes mellitus, artritis reumatoide y
alopecia areata mientras que, un tercio de los pacientes con esta enfermedad presentan
historia familiar de vitiligo o de alguna otra enfermedad autoinmune. En otro estudio
realizado desde 2010 hasta 2014 por Kong ez al. [18], para pacientes con vitiligo de
aparicién tardia conté con mds mujeres (56,4 %).

Rashighi ez al. [19], argumentan que, aunque es de distribucién mundial y se observa
su presentacion en todas las edades, parece predominar en climas calidos. Presentando
mayor prevalencia en mujeres jévenes, aunque afecta a ambos sexos por igual. Aproxi-
madamente el 50% del total de los casos comienza su presentacién en un rango de edad
entre los 10 afios y 20 anos, habiéndose reportado casos desde las seis semanas de edad.
Ademas, un tercio de los casos, los pacientes con vitiligo tienen antecedentes familiares
o, de alguna otra enfermedad autoinmune.

En Cuba, Pernas [20], realizé en 2014 un estudio descriptivo retrospectivo en pacien-
tes con diagndstico clinico de vitiligo moderado o intenso que acudieron al Centro de
Histoterapia Placentaria de Cuba entre agosto de 2008 y agosto de 2010, la muestra
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estuvo constituida por 70 pacientes. Se observé una media de 36,4 anos, el grupo etario
mds representado fue el de 40 249 afios (28, 6 %) y el de menor representacion fue el de
60 a 69 afios (5,7%) y predomind el sexo femenino (61,4 %).

Se considera que el medicamento melagenina locién ha demostrado su eficacia, lo cual
estd avalado por un uso sostenido en las farmacias comunitarias de Cuba durante més
de 20 afios y sin reporte de reacciones adversas producto de su aplicacién. Este ultimo
aspecto también es reflejado por Miyares ez 4l. [21], en un estudio realizado en los
Servicios Clinicos del Centro de Histoterapia Placentaria entre los afios 1998 hasta
el 2003, con 300 pacientes de vitiligo, arribando al final del estudio que 231 pacientes
mostraron repigmentacion completa o notable, 28 repigmentacion parcial, 24 ninguna
repigmentacién y 17 nuevas lesiones ademds de no observarse efectos adversos ni loca-
les ni sistémicos en ninguno de los pacientes sometidos al tratamiento.

Ademis, este estudio nos brinda una informacién util relacionada con el comporta-
miento del uso de la melagenina locién en la atencién primaria de salud, que a pesar de
presentar pocas variables sociodemogréficas, pudiera ser ampliada con variables tales
como raza, tiempo de evolucién de la enfermedad, antecedentes familiares de vitiligo,
respuesta obtenida después de la aplicacién del medicamento lo cual nos enriqueceria
la informacién relacionada con la eficacia del mismo.

CONCLUSIONES

El estudio presentd como principal limitacion la pobre presencia de estudios de pres-
cripcidon de melagenina locién en el 4mbito de la farmacia comunitaria. Finalmente, se
concluyé que el grupo etireo de 30 afios 0 mds son los mds propensos al uso de mela-
genina locién mientras que se mostré un predominio del sexo femenino. Serfa muy
provechoso ampliar este estudio a otros municipios de la provincia, lo cual permitiria
ampliar la muestra estudiada y recopilar mayor informacién al respecto.
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RESUMEN

Introduccién: Las cianobacterias son uno de los pocos grupos de organismos que
han desarrollado una amplia gama de adaptaciones evolutivas que garantizan meca-
nismos de fotoproteccién. Entre ellas, la sintesis de metabolitos secundarios espe-
cificos que funcionan como filtros solares y antioxidantes. En la zona altoandina,
especificamente en los cuerpos de agua, se observan colonias de cianobacterias de
consistencia gelatinosa de forma esférica, de color verde azulado, una de ellas es
el Nostoc sphaericum, cuya adaptacioén a las condiciones extremas ha permitido la
biosintesis de sustancias con potencial actividad fotoprotectora. Objetivo: El prin-

cipal objetivo de la presente investigacion fue formular una emulsién cosmética
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Emulsién fotoprotectora de extracto de Nostoc sphaericum

fotoprotectora usando los extractos de V. sphaericum. Metodologia: Las muestras
de N. sphaericum se secaron por liofilizacidn. Se realizé la extracciéon usando dife-
rentes solventes por maceracion. Se realizé un estudio de preformulacién para elegir
la emulsién mis estable y con mejor compatibilidad con el extracto y la actividad
fotoprotectora se midié a través del método espectrofotométrico de Mansur para
establecer el FPS. Resultados: El solvente con mayor porcentaje de extraccién fue
el etanol de 70°, logrando 2,6 %. La formulacién base de polawax presenté mejor
estabilidad y compatibilidad con el extracto etanélico de 70° a las concentraciones
de 1,25 %, 2,5 %y 5 %, cumpliendo con mantener sus caracteristicas organolépticas y
fisicoquimicas por un periodo de 7 dias. E1 FPS calculado para las emulsiones fueron
0,572; 0,651 y 1,096 respectivamente. Conclusiones: Las emulsiones cosméticas
fotoprotectoras formuladas presentan FPS dependientes de la concentracién y simi-

lares a las de otras especies de cianobacterias previamente estudiadas.

Palabras clave: Cianobacteria, radiacién solar, concentracién, fotoproteccién

SUMMARY

Formulation of a photoprotective cosmetic emulsion using
extracts from the cyanobacteria Nostoc sphaericum

Introduction: Cyanobacteria are among the few organisms for which many evolu-
tionary adaptations for photoprotection have evolved. Among them is synthesizing
specific secondary metabolites that function as sunscreens and antioxidants. In our
high Andean zone, specifically in bodies of water, it is widespread to observe colonies
of gelatinous consistency of spherical or lobular shape, of bluish-green color; these
are cyanobacteria type algae, one of them is Nostoc sphaericum, whose adaptation
to the extreme conditions has allowed the biosynthesis of substances with poten-
tial photoprotective activity. Objective: The main aim of the present investigation
was to formulate a photoprotective cosmetic emulsion using N. sphaericum extracts.
Materials and methods: Samples of N. sphaericum were dried by lyophilization.
Extraction was performed using different solvents by maceration. A preformulation
study was carried out to choose the most stable emulsion with the best compatibility
with the extract. Mansur’s spectrophotometric method measured the photoprotec-
tive activity to establish the SPE. Results: The solvent with the highest extraction
percentage was ethanol 70°, achieving 2.6 %. The polawax formulation was the one
that presented the best stability and compatibility with the 70° ethanolic extract at

concentrations of 1.25 %, 2.5 %, and 5 %, maintaining its organoleptic and physico-
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chemical characteristics for 7 days. The SPF calculated for the emulsions were 0.572,
0.651, and 1.096 at 1.25 %, 2.5 %, and 5 %, respectively. Conclusions: Photopro-
tective cosmetic emulsions were formulated using the 70° ethanolic extract of .
sphaericum with concentration-dependent SPFs similar to those of other species of

cyanobacteria previously studied.

Keywords: Cyanobacteria, Solar Radiation, Concentration, Photoprotection

REsumMmoO

Formula¢io de emulsao cosmética fotoprotetora a partir de
extratos da cianobactéria Nostoc sphaericum

Introdugio: As cianobactérias sao um dos poucos grupos de organismos que desen-
volveram uma ampla gama de adaptacoes evolutivas que garantem mecanismos
de fotoprote¢ao. Entre eles, a sintese de metabdélitos secunddrios especificos que
funcionam como filtros solares e antioxidantes. Na regido alta andina, especifica-
mente em corpos d’dgua, observam-se colonias de cianobactérias de consisténcia
gelatinosa e formato esférico, de cor azul esverdeada. Uma delas ¢ Nostoc sphace-
ricum, cuja adaptagio a condicdes extremas permitiu a biossintese de. substincias
com potencial atividade fotoprotetora. Objetivo: O objetivo principal da presente
pesquisa foi formular uma emulsao cosmética fotoprotetora utilizando extratos de V.
sphaericum. Metodologia: Amostras de N. sphaericum foram secas por liofilizagao.
A extragao foi realizada com diferentes solventes por maceragio. Foi realizado um
estudo de pré-formulagio para escolher a emulsao mais estdvel e com melhor compa-
tibilidade com o extrato e a atividade fotoprotetora foi medida através do método
espectrofotométrico de Mansur para estabelecer o FPS. Resultados: O solvente
com maior percentual de extragio foi o etanol 70°, atingindo 2,6%. A formulagio
base de polawax apresentou melhor estabilidade ¢ compatibilidade com o extrato
etandlico 70° nas concentragdes de 1,25%, 2,5% e 5%, mantendo suas caracteristicas
organolépticas e fisico-quimicas por um periodo de 7 dias. O FPS calculado para as
emulsoes foi de 0,572; 0,651 e 1,096 respectivamente. Conclusdes: As emulsoes
cosméticas fotoprotetoras formuladas apresentam FPS dependentes de concen-

tracao semelhantes aos de outras espécies de cianobactérias previamente estudadas.

Palavras-chave: Cianobactérias, radiacio solar, concentragio, fotoprotegio



Emulsién fotoprotectora de extracto de Nostoc sphaericum

INTRODUCCION

Las cianobacterias son procariotas Gram negativas fotosintéticas, consideradas una de
las formas de vida aut6trofa més antiguas del planeta. Se utilizan tradicionalmente en
distintas partes del mundo y recientemente han ganado interés cientifico por su capa-
cidad de producir compuestos con actividad antioxidante [1-3]. Se trata de una varie-
dad de algas macroscépicas de color verde azul, que forma parte del género Nostoc, se
encuentran en lagos y lagunas de las zonas andinas a una altitud de alrededor de 3 000
metros sobre el nivel del mar [4].

Las colonias de cianobacterias verde azuladas, verde oliva o marrén forman el nostoc.
El contenido de clorofila las hace verdes, mientras que el azul proviene de un pig-
mento llamado Ficocianina, que est4 relacionado con la fotosintesis [5]. Las ciano-
bacterias presentan caracteristicas fotosintéticas similares a las de las algas eucariotas
y las plantas superiores, a pesar de tener una organizacién estructural y bioquimica
que se asemeja a las bacterias gramnegativas [6]. Estas caracteristicas peculiares de
las cianobacterias, de presentar complejos sistemas fotosintéticos, sistemas de adap-
tacién y defensa, permite la produccién de metabolitos importantes, como flavo-
noides, pigmentos (b-caroteno, c-ficoestrina, ficobiliproteinas), fenoles, saponinas,
esteroides, taninos, terpenos y vitaminas [7, 8].

En los numerosos depésitos de lagunas, arroyos, manantiales y en diversos ambientes
acudticos de los Andes, es muy comun observar colonias de consistencia gelatinosa de
forma esférica o lobular, de color verde azulado, se trata de algas del tipo Nostoc sphae-
ricum, cominmente llamadas murmunta, cushuro, llullucha, crespito, nostoc, yurupa,
uva de rio y cochayuyo [9, 10]. El primer informe botanico sobre estas algas fue en
1892 por Nils Gustaf Lagerheim, quien las descubrié en Bolivia, Pert y Ecuador. Se
utiliza en la alimentacién tradicional en guisos y ensaladas o se consume directamente
[4] debido a su alto contenido en fibra, aminodcidos, proteinas, vitaminas ¢ hidratos
de carbono [11, 12].

La cianobacteria Nostoc sphaericum es considerada como un suplemento nutricional
econémico, ademds es una fuente valiosa para el desarrollo de alimentos y medicamen-

tos [13].

La radiacion solar es uno de los factores ambientales que mds contribuyen al enve-
jecimiento de la piel y a la carcinogénesis y aunque actualmente el mercado ofrece
protectores solares que contienen filtros UV inorgénicos y organicos, que absorben
considerable radiacién UV, sin embargo, presentan toxicidad, se pueden absorber sis-
témicamente, tienen un alto potencial alergénico, carcinogénico y otros efectos secun-
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darios especificos como la inhibicién de la biosintesis de la vitamina D [14]. Uno de
los filtros solares més fotoalergénicos es el filtro UVB PABA, que ha atraido la aten-
cién de la comunidad cientifica, porque parece ser cancerigeno in vitro a través de la
fotosensibilizacién de los dimeros de timidina [15, 16]. Por este motivo, se suele sus-
tituir por el padimato-O, que es mds seguro, pero menos eficaz, y que no estd exento
de controversia [17]. Otros compuestos capaces de provocar fotoalergias incluyen las
benzofenonas, de las cuales la oxibenzona tiene absorcién sistémica y también afecta
los niveles de hormonas reproductivas enddgenas [18, 19]. Entre los filtros UVA, la
avobenzona también puede causar fotoalergia [20]. Los filtros reflectantes inorgénicos
ZnO y TiO, absorben considerablemente la radiaciéon UV, pero también producen
radicales altamente oxidantes y generan efectos adversos, pero al tener un efecto blanco
sobre la piel, son poco atractivos para los consumidores, por lo que los fabricantes,
para mejorar su potencial estético, utilizan nanoparticulas microfinas de estos 6xidos
(<100 nm), que son transparentes en la piel, sin embargo, con este tamaio de particula
pierden eficacia y pueden ser absorbidas por los tejidos del huésped generando serias
reacciones adversas [21].

Dadoslos problemas asociados alos protectores solares, es importante desde el punto de
vista médico y medioambiental identificar un protector solar con alta eficacia, fotoes-
tabilidad, baja toxicidad y respetuoso con el medio ambiente. Por tanto, es necesario
investigar posibles formulaciones cosméticas que contengan activos naturales como los
que estan presentes en los extractos de Nostoc sphaericum de las lagunas altoandinas de
la regién Cusco.

Los extractos de las cianobacterias son una nueva opcién para utilizarlos como foto-
protectores naturales ampliando la variedad de protectores solares. Se ha demostrado
en investigaciones previas que, los extractos obtenidos de ciertas cianobacterias pueden
contener componentes que absorben la luz UV de forma eficaz [22].

Considerando dicha problemdtica y el interés de la industria cosmética en la busqueda
de nuevas opciones naturales para el cuidado de la piel y proteccién frente a los dafios
ocasionados por la radiacion solar, que presenten menos efectos adversos, es impor-
tante desarrollar el presente estudio, cuyo objetivo es elaborar una emulsién cosmética
fotoprotectora a base de los extractos de Nostoc sphaericum, ast como determinar sus
principales metabolitos y el factor de proteccién solar (SPF).
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MATERIALES Y METODOS

Recoleccién de la muestra

La muestra se recolect$ de la laguna de Uma cocha (-13.321880, -71.836754), en la
localidad de Pisac (Figura 1), usando envases de pldstico. Las muestras fueron llevadas
al Laboratorio de Tecnologia Farmacéutica de la Universidad Nacional de San Antonio

Abad del Cusco (UNSAAC), y fueron colocadas en refrigeracién hasta su liofilizacion.

Figura 1. (a) Localizacién de la laguna Uma cocha (Pisac); (b) Muestra fresca de N. sphacricum; (c)
Muestra liofilizada de N sphaericum; (d) Muestra liofilizada molida de N. sphaericum

Identificacién taxondémica

La muestra fue identificada en el Herbario Vargas Cuz por el Mgt. Alfredo Tupayachi
usando claves dicotémicas, consulta de bibliografia especializada y comparacién con
muestras del herbario, correspondiendo a la especie Nostoc sphaericum Born ex Flah.
Liofilizacién

Las muestras previamente congeladas fueron liofilizadas usando el equipo Ilshin Bio-
base (TFD5503, Benchtop Model Freeze Dryers). La temperatura estuvo entre -31'y
-60 °Cy el vacio final fue de 0,020 mBar.

Molienda de la muestra

La muestra liofilizada de Nostoc sphaericum fue molida usando un molino de granos,
hasta obtener una muestra finamente pulverizada.
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Extracciéon usando diferentes solventes

Se pesaron 4 porciones de 1 gde muestra pulverizada cada unay se colocaron en envases
de vidrio color 4mbar. Posteriormente se anadieron 30 mL del solvente de extraccién
a cada frasco (agua, etanol de 70°, etanol absoluto y metanol) hasta cubrir totalmente
el pulverizado. Se dejé macerando protegido de la luz por 15 dias, se filtrd y se concen-
tré en bafio marfa (30-35 °C). El porcentaje de extraccidn se determind utilizando la
siguiente férmula:

%EES = (l‘j—‘) -100 (1)

Donde: %EES es el porcentaje de extraccion del extracto seco; Pi es el peso inicial de la
muestra pulverizada; y Pf es el peso final del extracto seco

Prueba de determinacién de flavonoides

Se realizd la prueba de Shinoda a cada uno de los extractos obtenidos a fin de determi-
nar cudl de estos presentaba mayor cantidad de flavonoides, debido a que consideramos
que estos son los metabolitos responsables del efecto fotoprotector. Se redisolvieron los
extractos secos en etanol de 70°y se afiadieron dos gotas de HCl(c) y 0,5 g de Magnesio
metélico [23]. La presencia de una coloracion amarilla a rojo es indicativo de flavonas y
flavonoles; los flavononoles desarrollan colores rojo a magenta, las flavanonas, chalco-
nas y auronas no dan coloracién [24, 25].

Formulacién de la emulsiéon cosmética fotoprotectora

Se desarrollé un estudio de preformulacién con diferentes bases cosméticas, entre ellas
Beeler, Cold cream, Lanette y Polawax. La incorporacién del extracto etandlico de 70°
de Nostoc sphaericum se realizé alas concentraciones de 1,25 %; 2,5 % y 5 % en cada una
de las bases cosméticas. Estas pre-formulaciones fueron observadas durante 7 dias bajo
condiciones de temperatura ambiente y humedad de 45 %, durante todo el tiempo de
observacion estuvieron mantenidas herméticamente cerradas y protegidas de la luz. La
eleccién de la emulsion cosmética final se realizé en base a la homogeneidad, extensibi-
lidad y compatibilidad de la base con el extracto a las diferentes concentraciones. A la
emulsion elegida se la someti6 a pruebas de estabilidad organoléptica y fisicoquimica.
Habiéndose evaluado consistencia, color, aspecto y olor como pardmetros organolép-
ticos y pH, separacién de fases (centrifugacion), textura y distribucién y tamano de los
glébulos de la fase interna de la emulsion como pardmetros fisicoquimicos.
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Determinacion de la actividad fotoprotectora iz vitro

La actividad fotoprotectora de las emulsiones formuladas con el extracto etanélico 70°
de Nostoc sphaericum fue evaluada de acuerdo con el método de Mansur ez al. [26] y
adaptado por Gutiérrez ez al. [27].

Se disolvieron 5 mg de cada emulsién (1,25 %; 2,5 % y 5 %) en etanol absoluto, aforando
a 25 mL, para obtener soluciones de 0,2 mg/mL; se llevé a sonicar por 5 minutos y se
filtraron usando un filtro de 0,22 um descartandose los 10 primeros mililitros. Se leyeron
las absorbancias de cada una de las soluciones en el espectrofotémetro UV-Vis ad = 290;
295;300; 305; 310; 315 y 320 nm. Para el fotoprotector patron (ENX FPS 50), se realizd
un paso adicional con el fin de obtener lecturas por debajo de 1 nm, y sean confiables
de acuerdo con lo recomendado por Gutiérrez et al. [27], se hizo una nueva dilucién
tomando 0,1 mL de la solucién de 0,2 mg/mL y aforando hasta 10 mL con etanol. Con
esta disolucion se realiza las lecturas espectrofotométricas, siendo 100 el factor de dilu-
ci6n en este caso. Para calcular el FPS se usé la siguiente férmula:

FPS espectrofotométrico = FC - Y33 EE(A) - I(A) - Abs(A) (2)

Donde, FPS es el factor de proteccion solar; FC es 10 (factor de correccidn); EE(X) es
el efecto eritemogénico de la radiacion de longitud de onda}; I()) es la intensidad del
sol en la longitud de onda’; y Abs(}) es la absorbancia de la solucién en la longitud de

onda\.
RESULTADOS Y DISCUSION

Extraccién usando diferentes solventes

La Tabla 1 muestra el porcentaje de extraccién obtenido para cada uno de los solventes
usados.

Tabla 1. Porcentaje de extraccién con diferentes solventes

Solvente % de extraccién
Agua N.D
Etanol absoluto 1,42
Etanol 70° 2,6°
Metanol 1,9

N.D.: No determinado; Diferentes letras significa que existen diferencias significativas (p<0,05, segin la

prueba deTukey)
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El mayor porcentaje de extraccién fue obtenido con etanol de 70°, habiendo diferen-
cias significativas con los porcentajes de extraccion de los otros solventes.

De acuerdo con Ignat ez al. [28], el tipo de solvente y el método de extracciéon son
factores que afectan el porcentaje de extraccion especialmente de compuestos fendli-
cos, dentro de ellos los flavonoides, esto ultimo concuerda con lo obtenido en el pre-
sente estudio, porque se determind que el extracto obtenido con etanol de 70° presentd
mayor presencia de flavonoides (flavonas y flavonoles, por el color desarrollado), en
comparacién con los otros solventes. En ese sentido, la polaridad del solvente es consi-
derada de suma importancia por otros autores quienes plantean que los solventes mas
polares suelen arrastrar mds metabolitos secundarios que los solventes apolares [29].

Los flavonoides suelen ser extraidos en mayor cuantia con solventes hidroalcohdlicos a
diferencia de los acuosos. Esto debido a que la extraccion de flavonoides con la mezcla eta-
nol-agua es beneficiosa, porque el agua provoca la hidratacién de la muestra, permitiendo
que el etanol debilite con més facilidad el enlace entre el soluto y la matriz vegetal. En ese
sentido, los solventes hidroalcohdlicos aumentan la permeabilidad de la pared celular y
facilitan la extraccion de flavonoides de baja, mediana y elevada polaridad [30].

Como se muestra en la Tabla 2, a través de una marcha fitoquimica del extracto obte-
nido con etanol de 70° se pudo determinar la presencia de metabolitos secundarios
como glicdsidos fendlicos, flavonoides, quinonas y lactonas sesquiterpénicas en abun-
dante cantidad, en tanto que alcaloides, saponinas y taninos se detectaron de forma
poco abundante.

Tabla 2. Metabolitos secundarios identificados en el extracto etandlico de 70° de Noszoc sphaericum

Metabolitos Secundarios Reactivo Resultado
Glicésidos Fendlicos FeCl, ++
Flavonoides Shinoda =

Vapores de NH; + luz UV ++
Taninos FeCl; 1% +
Quinonas Borntriguer ++
Alcaloides Dragendorff +

Wagner +
Lactonas Sesquiterpénicas Baljet ++
Esteroides Liebermann-Burchard -
Saponinas Prueba de espuma +

Leyenda: Muy abundante +++; abundante ++; poco abundante +; negativo (-)
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En el trabajo desarrollado por Sanchez-Sebastian [31] se reportd la presencia de Tri-
terpenos y esteroides, Compuestos fendlicos y flavonoides en el extracto etanélico de
Nostoc commaune, una especie relacionada a la nuestra.

Asimismo, en el estudio realizado por Baldotano-Torres [32], se pudo verificar la pre-
sencia de alcaloides, saponinas, flavonoides y compuestos fendlicos, resultados muy
parecidos a los nuestros.

En el trabajo desarrollado por Chuquilin-Goicochea y Rosales-Laguna [33], se report6
la presencia de saponinas, aztcares reductores y aminodcidos en el extracto acuoso de
Nostoc sphaericum Vaucher.

El medio ambiente en el cual se desarrollan las especies vegetales es crucial para la bio-
sintesis de metabolitos secundarios, asi como la etapa de desarrollo y los factores del
lugar donde se desarrollan, todas estas condiciones repercuten directamente en la pro-
duccién de los metabolitos secundarios y permite explicar las diferencias encontradas
en los distintos estudios sobre la presencia de metabolitos secundarios.

Formulacién de la emulsién cosmética fotoprotectora

El proceso de pre-formulacion sirvi6 para elegir a la emulsién base de Polawax como la
emulsion que demostré compatibilidad entre sus componentes, en la Tabla 3, se mues-
tra la composicién de la emulsion:

Tabla 3. Férmula cuali-cuantitativa de la emulsion cosmética fotoprotectora elegida

Componentes INCI Porcentaje Funcién
1,25 %,
Extracto de Nostoc sphaericum ~— --------- 2,5% Activo
yS%
Polawax Emulsifying Wax NF 10,0%  Emulsionante
Tensoac-
Alcohol cetoestearilico Cetoestearyl alcohol 3,5 % tivo no idnico
Emulsionante
Propilenglicol Propylene glicol 5,0 % Humectante
EDTA Na, Disodium EDTA 010  Agence
quelante
Butil Hidroxi Tolueno BHT 0,05%  Antioxidante
Propilparabeno+Metilparabeno | Propylparaben+Methylparaben 0,5 % Preservante
Agua purificada Aqua c.s.p 100 % Vehiculo
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Las caracteristicas finales de la emulsién fueron consistencia semisélida, aspecto homo-
géneoy olor caracteristico a Nostoc (sui generis), el color varié de acuerdo con el porcen-
taje del extracto afadido.

Caracteristicas organolépticas

En la Tabla 4 se observan los resultados del analisis organoléptico realizado a las emul-
siones elaboradas a base del extracto etandlico de 70° a concentraciones 1,25 %, 2,5 %
¥ 5 %, el andlisis se realizé al dia 1y 7.

Tabla 4. Caracteristicas organolépticas de las emulsiones formuladas con el extracto etandlico 70°

Caracteristicas 1dia 7 dias
Consistencia Semisélido Semisdlido
Emulsion Color Verde claro Verde claro
al 1,25 % Aspecto Homogéneo Homogéneo
Olor Sui generis a Nostoc Sui generis a Nostoc
Consistencia Semisélido Semisdlido
Emulsién Color Verde Verde
al2,5% Aspecto Homogéneo Homogéneo
Olor Sui generis a Nostoc Sui generis a Nostoc
Consistencia Semisélido Semisélido
Emulsion Color Verde oscuro Verde oscuro
al5 % Aspecto Homogéneo Homogéneo
Olor Sui generis a Nostoc Sui generis a Nostoc

Como se aprecia en la Tabla 4, el color de la emulsién concuerda con el verde claro para
la emulsién al 1,25 %. Para la emulsién al 2,5 % se tuvo un verde mas acentuado. Para la
emulsién al 5 % se tuvo un verde oscuro. Esta variacion de color se puede apreciar en la

Figura 2.

El aspecto de las emulsiones se establecié mediante observacion visual directa, obser-
vando la ausencia de grumos, separacion de fases o variaciones de color dentro de la
emulsion. Se observé que todas las emulsiones mantuvieron un aspecto homogéneo

desde el dia 1 hastael dia7.

En cuanto a la consistencia en todas las emulsiones se tuvo una consistencia semisd-
lida sin separacién de sus componentes, lo que demuestra la estabilidad de todas las
emulsiones formuladas independientemente del porcentaje de extracto etandlico de
70° incorporado.
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La evaluaciéon del olor se realizé directamente con el olfato, todas las emulsiones exhi-

bieron un agradable olor caracteristico a Nostoc, aunque el olor percibido en la emul-

sién al 1,25 % fue mds tenue que el de la emulsién al 5 %.

Figura 2. Color, aspecto homogéneo y consistencia semisélida de las emulsiones formuladas con

diferentes porcentajes de extracto.

Caracteristicas ﬁsicoquimicas

En la Tabla 5 se muestran los resultados del anélisis fisicoquimico realizado a las emul-

siones elaboradas a base del extracto etandlico de 70° a las concentraciones de 1,25 %,

2,5%y 5 %, el andlisis se realizé al dia 1y 7.

Tabla 5. Caracteristicas fisicoquimicas de las emulsiones formuladas con el extracto etanélico 70°

Caracteristicas 1dia 7 dias
pH 6,5 6,5
. ., Sin separacién ni Sin separacién ni
., Centrifugacion ) o, ) L,
Emulsién sedimentacién sedimentaciéon
al 0,25 % Textura Poco grasosa Poco grasosa
Distribucién y tamano delos  Sin aglomeraciénni | Sin aglomeracién ni
y
glébulos de la fase interna coalescencia coalescencia
pH 6,5 6,5
. y Sin separacion ni Sin separacién ni
., Centrifugacién ) o, ) o
Emulsién sedimentacién sedimentacién
al 0,5 % Textura Poco grasosa Poco grasosa
Distribucién y tamano delos = Sin aglomeraciénni | Sin aglomeracién ni
glébulos de la fase interna coalescencia coalescencia
(Continita)
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Tabla S. Continuacion.

Caracteristicas 1dia 7 dias
pH 6,5 6,5
N Centrifugacién Sin s.eparaci(’).r,l ni Sin s.cparaci(’).? ni
Emulsién sedimentacién sedimentacién
all1% Textura Poco grasosa Poco grasosa
Distribucién y tamafiodelos  Sin aglomeraciénni | Sin aglomeracién ni
glébulos de la fase interna coalescencia coalescencia

El pH determinado para todas las emulsiones evaluadas estuvo en 6,5 tanto en el dia
1 como en el dia 7, lo que sugiere que no ha habido ningin cambio que afecte el pH
durante el periodo de evaluacion, lo que podria sugerir una buena estabilidad de las
emulsiones [34]. El pH de la piel es un factor importante que se debe tener en cuenta
al formular emulsiones cosméticas, debido a que variaciones de éste podrian generar
algunas infecciones, por lo que estas emulsiones deben presentar un pH 4cido entre 5,5
y 6,5 para no comprometer las funciones de la piel. En nuestro caso, observamos que las
emulsiones formuladas estdn en el rango recomendado.

La evaluacion de la separacion de fases a través de la centrifugacién se fundamenta en la
generacion de una tension sobre la muestra simulando un aumento de la movilidad de las
particulas y prediciendo una posible inestabilidad [35]. En nuestra evaluacién, las emul-
siones con diferentes concentraciones del extracto etanélico de 70° de N. sphaericum no
mostraron separacion de fases, no se observé precipitaciones ni coalescencia (Figura 3).

La textura en todas las emulsiones se determiné como poco grasosa, debido a que la
formulacion corresponde a la de una emulsion de fase interna oleosa y fase externa
acuosa, por lo que no presenta capacidad oclusiva, pero si es evanescente.

La observacién microscopica permitié verificar la homogénea distribucion de las goticu-
las de aceite dispersadas en la fase acuosa, asimismo se observé el tamafio homogéneo de
las goticulas y la ausencia de aglomeracién de las goticulas, lo que demuestra la estabilidad
de las emulsiones, pues no se evidencié fenémenos de coalescencia (Figura 3).

De acuerdo con Florence y Whitehill [36], el aumento o disminucién del tamano de
los glébulos indica un proceso de inestabilidad, por lo que en nuestra investigacion
tomamos en cuenta la ausencia de goticulas de aceite fusionadas entre si, asi como la
ausencia de goticulas rotas.
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Figura 3. Resultados del andlisis fisicoquimico: Observacién microscépica (a) Emulsién al 1,25 %;
(b) Emulsién al 2,5 %; (c) Emulsién al 5 %; (d) Centrifugacién sin separacién de fases; (e) Emulsion

base homogénea.

Actividad fotoprotectora de las emulsiones

En la Tabla 6 se observa el calculo del FPS de las emulsiones formuladas con el extracto
etandlico de 70° a las concentraciones de 1,25 %; 2,5 % y 5 % y del fotoprotector patrén
(ENX) usando el método de De Souza-Mansur ez /. [26]

Como se muestra en la Tabla 6, el FPS calculado para las emulsiones de N. sphaericum
al 1,25 %; 2,5 % y 5 % fueron 0,572; 0,651; 1,096 respectivamente, existiendo una
relacion directa entre la concentracion y el FPS calculado, es decir a mayor concentra-
cién mayor FPS. En tanto que para el fotoprotector patrén ENX se calcul6 un FPS de
48,892, el cual es muy cercano al FPS 50 declarado.

Vega et al. [22] formularon una emulsion aceite-agua con el extracto hidroalcohdlico

de la cianobacteria Scytonema sp. (25 % p/p), y el FPS calculado fue 1,9.

En el estudio realizado por Bowange ¢z al. [37] se determiné el FPS de los extractos eta-
nélicos de varias especies de cianobacterias, entre ellas Limnothrix sp.; Geitlerinema sp. y
Synechocystis sp. con un rango de SPF entre 0,17 y 0,24, todos los cuales mostraron un
SPF medio comparativamente muy bajo; Calothrix sp. con 1,23 y Oscillatoriales con
1,57, ambos comparativamente mds altos, pero sin diferencias significativas entre ellos.
Segun estos autores, estos resultados sugieren que estas cianobacterias podrian ser mas
eficaces que muchos otros extractos de plantas.
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Tabla 6. Cilculo del FPS de las emulsiones formuladas con con el extracto etanélico de 70° a las

concentraciones de 1,25 %; 2,5 % y 5 % y del fotoprotector patrén (ENX)

Absorbancias EEx] *ABS
nm  EExl 1,25% 2,5% 5% ENX 1,25% 2,5% 5% ENX
290 0,0150 0,159 0,173 0,227 0,393 0,002 0,003 0,003 0,006
295 0,0817 0,141 0,146 0,218 0465 0,012 0,012 0,018 0,038
300 0,2874 0,042 0,048 0,087 0427 0,012 0014 0,025 0,123
305 0,3278 0,045 0,053 0,094 0626 0015 0017 0031 0,205
310 0,1864 0,049 0,057 0,097 0330 @ 0,009 0,011 0,018 0,062
315 0,0839 0,052 0,062 0,099 0470 0,004 0,005 0,008 0,039
320 0,0180 0,163 0,200 0,341 0,898 0,003 0,004 0,006 0,016
SUMA 0,057 0,065 0,110 0,489
x10 | 0,572* 0,651*° 1,096
x100 48,892¢

Diferentes letras significan que existen diferencias significativas (p<0,05, segtin la prucba de Tukey)

Hossain et al. [38] calcularon un valor de FPS de 2,37 + 0,755 para la cianobacteria
Cephalothrix komarckiana. Asimismo, en el estudio realizado por Favas ez al. [39] se
reportaron diferentes valores de FPS dependiendo del tipo de extracto y la concentra-
cién para cuatro especies de cianobacterias, asi para los extractos de acetona, el valor
mds prometedor (19,2) se encontrd para Leprolyngbya boryana, para Leprolyngbya cf:
ectocarpi (10,7), para Cephalothrix lacustris (7,79) y para Nodosilinea nodulosa (3,50)
todos a la concentracién de 200 pg/mL. En tanto que para los extractos acuosos a la
concentracion de 1000 pg/mL se reportaron FPS de 17.16 para Leptolyngbya boryana,
14,86 para Cephalothrix lacustris, 11,54 para Leptolyngbya cf. ectocarpi y 7,27 para

Nodosilinea nodulosa.

Considerando los resultados mostrados, podemos concluir que el FPS determinado
para muchas cianobacterias, incluyendo el calculado para la emulsion al 5% del extracto
etanélico de 70° de Nostoc sphaericum en el presente trabajo de investigacion, en com-
paracioén con los valores SPF obtenidos para extractos de frutas y vegetales muy utiliza-
dos como alimentos, entre ellos sandia (0,97 + 0,41), Aloe vera (1,28 + 0,02), zanahoria
(1,34 + 0,13), pepino (1,45 * 0,35), fresa (1,63 + 0,34) y papaya (1,75 + 0,26), resul-

tan siendo altos y promisorios [40].

Cabe resaltar que la presente investigacion fue desarrollada con concentraciones bajas
del extracto etandlico de N. sphaericum (1,25 %, 2,5 % y 5 %), en comparacién con el
desarrollado por Vega ez al. [22], quienes elaboraron la emulsién con 25 % del extracto
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hidroalcohdlico de la cianobacteria Scytonema sp., por lo que consideramos que a
mayor concentracion del extracto etanélico de 70° de N. sphaericum se podria tener
un mayor FPS.

Aunque cada vez mas empresas cosméticas incorporan bloqueadores solares a sus pro-
ductos, contintia siendo complicado convencer a los consumidores de los beneficios
de su uso diario para retrasar el envejecimiento prematuro de la piel. Si, por un lado, la
aplicacion diaria de bloqueadores solares es un hébito poco arraigado, por otro lado,
existe cierto temor en el uso de sustancias sintéticas, debido a sus inoportunos ries-
gos asociados [41]. A raiz de esto, la investigacion sobre fotoprotectores naturales ha
aumentado considerablemente en los tltimos anos, su potencial biodegradabilidad y
menor toxicidad, los hace mas beneficiosos para el ser humano y el medio ambiente.
En ese sentido, el estudio de los extractos derivados de las cianobacterias constituye
una estrategia muy importante para encontrar potenciales moléculas fotoprotectoras.

CONCLUSIONES

N. sphaericum es una cianobacteria altoandina cuyo extracto etanélico de 70° presenta
metabolitos secundarios como flavonoides y compuestos fendlicos que incorporados
a una emulsion cosmética en porcentajes de 1,25 %; 2,5 % y 5 % ha demostrado tener
un FPS dependiente de la concentracién habiendo alcanzado valores de 0,572, 0,651
y 1,096 respectivamente y en comparacion con los extractos de otras cianobacterias
presenta una adecuada actividad fotoprotectora. Las caracteristicas finales de las emul-
siones mostraron consistencia semisolida, aspecto homogéneo y olor caracteristico a
Nostoc (sui generis), el color varié de acuerdo con el porcentaje del extracto afadido. El
pH determinado para todas las emulsiones evaluadas fue de 6,5. No hubo separacion
de fases, precipitaciones ni coalescencia, en tanto que, al microscopio se observé goti-
culas de tamafio homogéneo y ausencia de aglomeracién. Sin embargo, teniendo en
cuenta estudios previos en los cuales se han formulado emulsiones con porcentajes de
extractos de cianobacterias por encima del 20 %, consideramos que se deben estudiar
emulsiones con extractos de . sphaericum con porcentajes mds altos para evidenciar
un mayor SPF. Asimismo, es esencial realizar estudios de eficacia y de seguridad para
confirmar y consolidar las propiedades fotoprotectoras en los pacientes.
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SUMMARY

Introduction: Chitosan has been used in various products for skin care, hair care,
cleaning and other products. These not only provide health benefits, but also excel-
lent cosmetic qualities and efficacy. Objective: To evaluate the stability of a 1.0%
chitosan cosmetic cream, as well as its non-clinical effects. Methods: Three pilot
batches of the cosmetic formulation were prepared by the melting method. Physical,
chemical and microbiological evaluation was performed for 365 days, under shelf
life conditions. The studied parameters were organoleptic characteristics, pH, exten-
sibility, degree of deacetylation and microbiological count. Non-clinical evaluations
of the cream included dermal and ophthalmic irritability. The dermoregenerative
effect was evaluated in a photoaging model in the skin of mice photosensitized with
ultraviolet radiation. Results: The cream was stable for 12 months, packaged in
high-density polyethylene bottles at room temperature, and by predictive analysis
until to 24 months. The formulated semisolid is safe, being considered a system of
low toxicity to the organism, with moderate dermoregenerative activity. Conclu-
sions: The pilot batches maintained their stability for 12 months at 30 + 2 °C and
70% relative humidity. The 1.0% chitosan cream is non-irritating dermally and

ophthalmically and has a moderate dermoregenerative effect.

Keywords: chitosan; cream; dermoregenerative effect, non-clinic study; stability

758


www.farmacia.unal.edu.co
https://doi.org/10.15446/rcciquifa.v53n3.119192
mailto:jose.perez@cidem.cu
mailto:nilia.delapaz@cidem.cu
mailto:addis.bellman@cidem.cu
mailto:jose.perez@cidem.cu
mailto:caridad.garcia@cidem.cu
mailto:jose.perez@cidem.cu
mailto:jose.perez@cidem.cu
mailto:mirnafc@ifal.uh.cu

Chitosan cosmetic cream: stability and non-clinical studies

RESUMEN

Crema cosmética de quitosano: estudios de estabilidad
y no-clinicos

Introduccién: El quitosano se ha empleado en diversos productos para el cuidado
de la piel, el cabello, de limpieza, entre otros. Los mismos no solo brindan benefi-
cios para la salud, sino también excelentes cualidades cosméticas y eficacia. Obje-
tivo: Evaluar la estabilidad de una crema cosmética de quitosano al 1,0 %, asi como
sus efectos no clinicos. Métodos: Se elaboraron tres lotes pilotos de la formulacién
cosmética por el método de fusidn. Se realizd la evaluacién fisica, quimica y micro-
biolégica por 365 dias, en condiciones de vida de estante. Los pardmetros estudiados
fueron las caracteristicas organolépticas, pH, extensibilidad, grado de desacetilacidon
y conteo microbiolédgico. Las evaluaciones no clinicas de la crema incluyeron la irri-
tabilidad dérmica y oftdlmica. El efecto dermorregenarador se evalud en un modelo
de fotoenvejecimiento en la piel de ratones fotosensibilizados con radiaciones ultra-
violetas. Resultados: La crema resulté estable durante 12 meses, envasada en frascos
de polietileno de alta densidad y a temperatura ambiente, y por el andlisis predic-
tivo hasta 24 meses. El cosmético formulado es estable, seguro y de baja toxicidad al
organismo, con actividad dermorregeneradora moderada. Conclusiones: Los lotes
pilotos mantuvieron su estabilidad por 12 meses a 30 + 2 °C y 70 % de humedad
relativa. La crema de quitosano al 1,0 % no es irritante dérmico, ni oftdlmico y tiene

efecto dermorregenerador moderado.

Palabras claves: efecto dermorregenerador; estabilidad; estudios no clinicos; quitosano.

REsumo

Creme cosmético de quitosana: estabilidade e estudos nao clinicos

Introdugio: A quitosana tem sido utilizada em diversos produtos para cuidados
com a pele, cabelos, limpeza, entre outros. Eles nio sé proporcionam beneficios &
satde, mas também excelentes qualidades cosméticas e eficicia. Objetivo: Avaliar a
estabilidade de um creme cosmético de quitosana a 1,0 %, bem como seus efeitos nio
clinicos. Métodos: Trés lotes piloto da formulacao cosmética foram preparados pelo
método de fusio. A avaliagio fisica, quimica e microbioldgica foi realizada durante

365 dias, nas condigoes de vida util. Os parAmetros estudados foram caracteristicas
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organolépticas, pH, extensibilidade, grau de desacetilagio e contagem microbiolé-
gica. As avaliagdes nio clinicas do creme incluiram irritabilidade dérmica e oftdl-
mica. O efeito dermorregenerativo foi avaliado em modelo de fotoenvelhecimento
na pele de camundongos fotossensibilizados com radiagdo ultravioleta. Resultados:
O creme manteve-se estdvel por 12 meses, acondicionado em frascos de polietileno
de alta densidade e em temperatura ambiente, e por analise preditiva até 24 meses.
O cosmético formulado ¢ estavel, seguro e de baixa toxicidade ao organismo, com
moderada atividade dermorregenerativa. Conclusdes: Os lotes piloto mantiveram
sua estabilidade por 12 meses a 30 £ 2 °C ¢ 70% de umidade relativa. O creme de
quitosana a 1,0% nio ¢ irritante dérmico ou oftdlmico e tem efeito dermorregenera-

tivo moderado.

Palavras-chave: efeito dermorregenerativo; estabilidade; estudos nio clinicos; quitosana.

INTRODUCTION

Chitosan, obtained by deacetylation of chitin, is a polymer with a helix structure with
reactive amino groups, which offers many possibilities for modification and ionic inter-
actions. Being one of the few cationic polysaccharides, this gives it unique properties
with respect to the rest of the polysaccharides, which are generally neutral or negatively

charged [1].

It is characterized by being biodegradable, biocompatible and of low toxicity. It is
attributed antibacterial, antifungal, surfactant, antitumor, mucoadhesive, healing,
antioxidant and other properties [2, 3]. It has as other advantages that it is renewable
and economically feasible.

Due to these properties, its field of use is very varied and includes the pharmaceutical,
food, cosmetics, paper, textile, water treatment and other industries. Among the most
important international markets are Japan, the United States, Europe and some Asian
countries, mainly China and Korea [1].

Among the routes of administration of the biopolymer, the parenteral and oral routes
(frequently as excipient) have been used, but the topical route (as an active pharmaceu-
tical ingredient) is definitely the most represented. The most studied systems by this
route are hydrogels, films, dressings, ointments, creams, among others [4-7].

It has been described that the wound-healing effect of chitosan is attributed to accel-
erating the infiltration of polymorphonuclear cells into the injury area, increasing the
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effusion of dense forms of fibrin, activating migration and stimulating fibroblast prolif-
eration in the wound, with the production of collagen [8-10].

Chitosan and its derivatives are included in skin and hair care products, oral care, per-
fumery, as well as dental care. They have been used to maintain skin moisture, treat
acne, improve hair flexibility, tone the skin, and in tooth care products in toothpastes,
tooth whiteners and chewing gums [1].

Other essential applications of chitosan are in hair care products such as shampoos,
hairsprays and dyes. Also in the manufacture of face, hand and body creams; in clean-
ing products such as cleansing milks, tonics, facial peels, soaps and bath agents. It is
also added in the production of color cosmetic products such as lipsticks, eye shadow
makeup, nail polish and deodorizing products [11].

Among the essential advantages of cosmetics using chitosan are their efficacy and the
adequate hydration they achieve in the skin. They provide, therefore, not only a health
benefit, but also excellent cosmetic qualities due to their antimicrobial and antioxidant
properties, especially against pathogenic fungi, as well as their stabilizing role in for-
mulations [11].

Several works have been published on the obtaining, characterization, application of
this biopolymer, derived from common lobster (Panulirus aurgus) chitin, and its salts
[12-14], as well as the antioxidant activity of its solutions [15].

Most cosmetic skin care formulations are oil/water, water/oil or double emulsions.
From a dermatological point of view, the water/oil emulsion is a better choice, as the
lipid film formed on the skin favors the oil-soluble active ingredients. The emulsions
oil/water are also more appreciated by the consumer as they are less greasy [16]. On the
other hand, they can cause a cooling sensation due to water evaporation [17]. Basic for-
mulations of creams with skin moisturizing function are typically composed of ingre-
dients such as emollients, humectants, thickeners, emulsifiers, stabilizers, preservatives
and neutralizers [18, 19].

The purpose of the stability study of cosmetic products is to provide information on
their quality over a given time, under the influence of a variety of environmental factors
such as temperature, light and humidity. Other factors are related with the product,
like the physical and chemical properties of the active ingredient and excipients, the
type of cosmetic product and its composition, the manufacturing processes and the
nature and properties of the packaging used [20].

The stability of a cosmetic is the property of the product, preserved in a specific con-
tainer, to retain within a period of time, and during its shelf life, the properties it had
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at the time it was manufactured by a standardized procedure. This includes chemical,
physical, microbiological, toxicological and functionality evaluation [20].

Considering the need to deepen the properties of the biopolymer derived from lobster
chitin (Panulivus aurgus), which allows the development of safe pharmaceutical and
cosmetic products, the stability of a 1.0 % chitosan cosmetic cream was evaluated in
the present work, as well as its non-clinical effects (dermal and ophthalmic irritability
and dermoregenerative effect).

MATERIAL AND Y METHODS

Chemical products and reagents

Chitosan, supplied by the Natural and Synthetic Products Production Plant (CIDEM,
Cuba), batch 11002 with 9.2 % moisture, 0.8 % sulfated ash, 0.4 % insoluble mate-
rial, 78.5 % degree of deacetylation and 310 000 g/mol molecular mass, was used as
active ingredient [13]. The following were used as excipients in the formulation: iso-
propyl myristate (Henkel, Germany), glacial acetic acid and sodium hydroxide (Pan-
reac, Spain), propylene glycol (BASF We Create, Germany), cetyl alcohol (Ecogreen,
Malaysia), stearic acid (Renichem S.L., Malaysia), sodium benzoate (Panreac, Spain)
and floral fragrance (Robertet, France).

Pilot-scale production of the cream

Based on the optimized formulation [21], three 10.0 kg batches identified as L-21001,
L-21002, L-21003 were prepared, packaged in bottles (F-14), high-density polyethylene
caps (T-14) and low-density polyethylene liner (L-14) with tamper-evident seal, nomi-
nal capacity of 250 mL (Frasplast, Cuba).

The composition of the batches of cream was similar, and the components were: sodium
hydroxide (0.60 %), cetyl alcohol (4.50 %) and stearic acid (7.40 %). It was established
that stearic acid should be maximum and cetyl alcohol minimum, thus achieving the
best organoleptic characteristics. Based on the results obtained in the formulation and
design stage, the numerical optimization of the formulation was developed [21].

The final homogenization of the product was carried out in a colloidal mill (Probts and
Class, Germany). Packaging was carried out semi-automatically, using a filling machine

model AR/403 (ERWEKA, Germany).

762



Chitosan cosmetic cream: stability and non-clinical studies

Cream evaluation

The batches were periodically evaluated according to organoleptic characteristics, pH,
extensibility and degree of deacetylation. The methodologies used for each test are

described below:

Organoleptic characteristics: appearance, color and odor were determined. Samples
were observed for visible modifications and instabilities like: coalescence, creaming
and presence of lumps. The existence of sandiness was evaluated by touch. Acceptance
criteria: Semisolid product of uniform appearance, odor and characteristic color.

Area of extensibility: 2.0 g of the semisolid was weighed on an analytical balance (SAR-
TORIUS model ENTRIS 6202-1S, Germany) and placed in the center of a glass plate
with a millimeter paper adhered to the bottom, so that the point of application of the
semisolid coincided with the axes of the coordinates drawn on it. Subsequently, 2292 g
glass plate was homogeneously placed on the semisolid. After 5 min, the radii corre-
sponding to the circle formed by the sample, determined from the point of application
in four directions, were measured. The total area of extension of sample was calculated
reporting the average value and the standard deviation, resulting from three determina-
tions per sample. Acceptance criteria: 25.50 - 36.20 cm’.

Determination of pH: A Seven Compact TM $220 pH meter (Mettler Toledo, Swit-
zerland) calibrated with buffer solutions of pH 4.01 and 7.00, respectively was used.
Approximately 20.0 g of sample was transferred to a 50 mL beaker. Three replicates
were performed for each sample and the mean value and standard deviation were
reported. Acceptance criteria: 6.50 - 7.25.

Degree of deacetylation: For the determination of the content of amino groups, 5.0 g of
the cream sample was weighed, transferred to a plastic tube, added 5 mL of chloroform
(Sigma-Aldrich, Germany) and subjected to vigorous vortexing (SeouLin, Korea).
Then 25 mL of 0.3 N hydrochloric acid (37 %, Merck, Germany) was added and
shaken in a sieve for 1 h. Subsequently, it was centrifuged (SORVALL RC 3B PLUS,
USA) at 4000 s for 15 min at 30 °C. Then, 20 mL of aqueous phase was extracted and
10 mL of purified water was added. It was titrated (Mettler Toledo, Switzerland) with
0.3 mol/L sodium hydroxide (Merck, Germany) slowly and with continuous stirring.
The degree of deacetylation was determined using the following equations:

MQC =Pm /100
%NH, = 16.1(Y - X) / (MQC - f)
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Where: MQC: chitosan in cream sample weighed (mg); Pm: cream weighed (mg);
100: mathematical factor for calculation; %NH,: percentage of free amino groups;
16.1: milliequivalent value between hydrochloric acid and chitosan; X: major inflec-
tion point (mL); Y: minor inflection point (mL); f: factor of sodium hydroxide dis-
solution.

To calculate the degree of deacetylation/g of the cream was carried out using the fol-
lowing formula: Degree of deacetylation (%) = (%NH, - 100) / 9. Acceptance criteria:
70-95 %.

Stability of pilot batches

Pilot batches were stored at 30 + 2 °C and 70 % relative humidity, for 12 months.
The parameters described above were periodically determined at initial, 1, 3, 6 and 12
months [20]. The stability of the product was predicted from the results of the vari-
ables pH, extensibility and degree of deacetylation using the Statagraphics” Centurion
19 program (USA, 2022).

Microbiological stability was determined through the microbial limit test for non-
sterile products, at initial and at 12 months [22]. Acceptance criteria: total aerobic
microorganism count (bacterial count, BC) <10? cfu/g, combined total count of fila-
mentous fungi and yeasts (FC and Y) <10 cfu/g, absence of Pseudomonas aeruginosa
and Staphylococcus aureus.

Non-clinical studies

Dermal and ophthalmic irritancy tests were performed on the cream formulation at
the Department of Pharmacological and Toxicological Research (CIDEM, Cuba).
Male New Zealand albino rabbits of 1.5 to 2.0 kg body weight with lot number 0516,
from the National Center for the Production of Laboratory Animals (CENPALAB,
Cuba), were used and were kept during the assay in a room with controlled tempera-
ture of 22 + 2 °C and 12/12 h light-dark cycle. Feeding consisted of standard diet for
rabbits CMO 1400 from CENPALAB and acidulated water on demand.

Dermal irritancy

The rabbits, 24 h before the start of the trial, were depilated and shaved on the dorsal
area of the back at a suflicient distance from the spine to proceed with the application
and observation of the test sites. Three rabbits with intact skin (three sites per product)
were selected and 0.5 g of the cream was applied to the skin for 4 h. The application
sites were covered with 2.5 cm?* gauze patches, which were attached to the skin with
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hypoallergenic tape. At the end of this period, the patches were removed and once the
application site was marked, the remnants of the test substance were removed using
sterile water [23].

Observations were made at 0.5, 1, 1, 24, 48 and 72 h after patch removal. Skin reactions
for erythema and edema were established according to the Evaluation System for Skin
Irritation [24]. Only observations made at 24, 48 and 72 h after application were taken
into account to calculate the Primary Irritation Index, which was compared with the
Response Classification System for dermal irritation testing to give the test results and
classify the test substance [25].

Ophthalmic irritancy

Three rabbits were taken and subjected, in the 24 h prior to the assay, to a rigorous
examination of their ocular structures (cornea, iris and conjunctiva) to rule out the
presence of any underlying damage. On the day of the trial, 0.1 g of the cream was
instilled in the conjunctival sac fundus of the right eye; the left eye was taken as a con-
trol. Both eyelids were closed for 15 seconds to ensure maximum contact of the test
substance with the ocular structures. Both eyes were examined at approximately 1, 24,
48 and 72 h after the initial application in order to detect damage to the mentioned
ocular structures. Observations were made with white light to detect the presence of
erythema, edema and abnormal secretions, in addition to the reaction of the iris to
light, followed by examination of the cornea by fluorescein staining and observation

with UV lamp.

The ocular reactions observed were evaluated according to the scale for classifying ocu-
lar lesions. Once both eyes were examined during the established hours, the Ocular
Irritation Index was determined [24, 25].

Determination of the dermoregenerative effect

To test the dermoregenerative effect, chitosan creams were tested at concentrations of
0.25 %, 0.5 % and 1.0 % (w/w), in a model of photoaging in the skin of mice photo-
sensitized with ultraviolet radiation (UVB), supported by standard histological tech-
niques [26].

Male Balb/C mice of 20 to 25 g body weight, batch number 1811, from CENPALAB
(Cuba) were used. These were maintained during the trial in a room with controlled
temperature of 22 + 2 °C and 12/12 h light-dark cycle. Feeding consisted of standard
diet for rodents CMO 1000 from CENPALAB and acidified water on demand. The
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animals remained in quarantine for seven days, before starting the trial, for their adap-
tation to the laboratory conditions. Five groups of five animals were formed: I: con-
trol without radiation, II: control radiation, III: treated low dose (0.25 %), IV: treated
medium dose (0.5 %), V: treated high dose (1.0 %), VI-treated placebo.

All animals, except the controls (group I), were subjected to UVB radiation using a
lamp (Spectroline®, USA), at a wavelength of 312 nm. The radiation was directed to
the dorsal area of the animal at a distance of 15 cm, for 30 min. Immediately after the
radiation, the respective treatments were applied, which were repeated every 24 h for
a period of six days. Each substance was applied to the skin of the dorsal area in an
amount of 0.1 g spread over the skin surface [27].

Daily, before each application, the appearance of the skin was evaluated to detect the
presence of erythema, bedsores and skin wrinkling, using a scale from zero to four,
according to the degree of damage observed. At the end of the treatment, 24 h after
the last administration, the animals were sacrificed by cervical traction and the skin
was removed from the dorsal area for histopathological analysis. Skin samples were
processed by traditional histological procedures. Aspects such as the appearance or
not of an inflammatory infiltrate, presence or not of hyperkeratosis and acanthosis,
disposition of the elastic and collagen fibers and other alterations that could appear,
characteristics of photoaging, as well as their possible recovery or not due to the use of
the cosmetic under study were analyzed [28].

RESULTS AND DISCUSSION

Stability of the optimized formulation at pilot scale

The composition of the three batches was similar, during the elaboration process of
those no difliculties were manifested, obtaining a homogeneous product, which dem-
onstrated the reproducibility of the developed methodology.

Table 1 shows the average results of the analyses carried out on the pilot batches during
12 months, under shelf-life conditions. In all cases, the criteria established in the qual-
ity specifications of the finished product were met [21].

The organoleptic properties of the three batches remained unchanged during the study
period. The preparation presented a white color, floral odor, a homogeneous appear-
ance with brightness, free of lumps and sandiness.
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Table 1. Stability of pilot batches

Batch Time (month) Acceptance
Parameter .
Initial 1 3 6 12 criteria
21001 = Accepted = Accepted = Accepted = Accepted  Accepted  Semisolid
-2 g 21002 Accepted = Accepted = Accepted = Accepted = Accepted product of
.ff g uniform
g § appearance,
oo = 21003  Accepted = Accepted = Accepted = Accepted  Accepted odorand
C -5 characteristic
color
21001 @ 6.93/0.10 6.86/0.08 6.86/0.08 6.81/0.10 6.79/0.05 6.50
E 21002  6.95/0.05 6.90/0.10 6.87/0.08 6.86/0.04 @ 6.81/0.05 7.25 N
21003  6.91/0.07 @ 6.87/0.08 6.85/0.09 6.83/0.07 6.80/0.05
2 21001 31.12/1.81  29.55/0.11 30.25/3.32 29.68/4.81 27.70/2.82
_'_TS = 21002 30.21/1.95 30.53/1.50 28.80/2.84 29.59/2.92 29.00/3.91 25.50 —
‘% E 36:20
£ 21003 | 31.68/2.81 30.34/5.05 29.59/2.92 30.21/1.95 29.59/2.92
o
< 21001 78.20/2.30  78.10/2.55 78.14/2.14 78.10/2.24 78.00/2.54
- \g/ 21002  77.80/2.35  77.90/2.60 77.76/2.55 77.50/2.10 77.40/2.75
L o
B2 70-95
S § 21003  78.00/2.55 77.95/2.32 77.85/2.75 77.65/2.56 77.00/2.85
5
2 21001  Accepted - Accepted  BC: 102
% 21002 Accepted - - Accepted  cfu/g; FC
2 and Y:
—g 10 cfu/g;
-:g 21003 Accepted - Accepted  Absence of
8 P, aeruginosa
= and S. aureus

(X/DS) Mean/Standard Deviation: n=3; BC: total count of aerobic microorganisms, FC and Y: combined
total count of filamentous fungi and yeasts.

The pH of a cosmetic formulation in the form of an emulsion is of vital importance

because it can influence its stability, causing its breakdown, affecting the efficacy of the

preservatives, as well as the chemical stability of other components of the formulation.

The pilot batches maintained a pH between 6.50 and 7.25 during the study period,

with no significant differences (p > 0.05) between the reported values. No significant

variations were observed between batches or during the study period, evidencing the

stability of the formulation, which allows guaranteeing the safety of the cosmetic.
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The values of the extensibility area remained in accordance with the characteristics
reported during the optimization of the formulation [21]. All the above evidenced the
reproducibility of the formulation and of the elaboration process developed, under the
conditions used.

The extensibility of the batches showed a general tendency to decrease as storage time
progressed, an expected result, considering the effect of temperature on the viscosity
of semisolids. It is known that semisolids experience a structuring of the system during
storage time, which implies an increase in consistency causing a decrease in the exten-

sibility of the product [12].

Regarding the percentage of the degree of deacetylation, the values showed a tendency
to decrease with time, but within the established range [21], which shows that the chi-
tosan in the cream maintains this property during the 12 months of study.

The results of the microbiological study satisfactorily met the established limits, which
demonstrate the use of quality raw materials and compliance with Good Manufactur-
ing Practices.

The results obtained as a whole allow affirming that the 1.0 % chitosan cream main-
tains its physical, chemical and microbiological stability during 12 months, packed in
high-density polyethylene bottles and stored at 30 + 2 °C and 70 % relative humidity,
therefore these results approve the reproducibility of the three batches.

Statistical analysis of the experimental values of pH, extensibility and degree of deacetylation
demonstrated their fit to linear models (Table 2), with probability values less than 0.05.
The variation of the three parameters was linearly dependent with time, with very low
degradation rates, which explains the low correlation coefficients. These models were used
to predict the stability by extrapolation of the three batches of the cosmetic cream, proving
that it can have a stability of approximately 24 months (Figure 1).

Table 2. Analysis of mathematical models for the prediction of cream stability by extrapolation.

Parameter Model Fit (p) Correlation coefficient (r?)
pH Linear 0.000 77.50
Degree of deacetylation Linear 0.0115 39.40
Extensibility Linear 0.0039 48.61
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Figure 1. Extrapolation prediction of cream stability (Batch: 21001, 21002, 21003), using data of
pH, extensibility and degree of deacetylation (DD).
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Non-clinical evaluations

Dermal and ophthalmic irritancy tests were performed to determine the possible effects
of the cream, taking into account that the product is generally intended for facial use.

During the evaluation of dermal irritability, erythema was observed in some animals.
These animals did not show alterations in their behavior or weight. The irritability
index was 0.32 points, which classifies the product evaluated as non-irritating.

Regarding ophthalmic irritability, during the first hour after the application of the
product, there were erythematous and edematous reactions and secretions in the con-
junctiva of the treated animals, but not in the iris. The cornea was affected during the
first 24 h and from the clinical point of view there were no alterations in the experimen-
tal animals. From these results, the irritability index was calculated, reaching a value of
8.33 points, which allowed classifying the 1.0 % chitosan cream as non-irritant.

Considering these results, it was demonstrated that the formulated semisolid is a product
that offers good safety, since it is considered a system of low toxicity to the organism.

Dermoregenerative effect of the chitosan cream

According to macroscopic observations, in group I (control without radiation) there were
no alterations, serving as a comparison of the normal structures of the skin. In groups II
(radiation control) and VI (placebo treated) the characteristic alterations of photoaging
appeared: erythema, wrinkling of the skin and crustal-desquamative lesions. In groups III
(chitosan 0.25 %), IV (chitosan 0.50 %) and V (chitosan 1.0 %), damage to dermal and
epidermal structures was observed, as well as recovery from post-treatment damage.

According to microscopic observations, there were characteristic alterations of pho-
toaging, with marked significance in the disorganization of the collagen fiber in the
control group (II) and in the group treated with placebo (VI). In groups III (chitosan
0.25 %) and group IV (chitosan 0.50 %), photoaging alterations were observed, but
less marked than in groups II and VI, after treatment, and average grading values of
2 were reached for both cases (Table 3), indicating that the 0.25 and 0.50 % chitosan
creams have a low dermoregenerative effect.

According to the average values of graduation of histological damage observed in the
skin sections of the different groups, after treatment, the recovery is appreciated in
group V, treated with 1.0 % chitosan cream, reaching an average graduation value of 1
(Table 3), which indicates a moderate dermoregenerative effect.
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Table 3. Grading values in the evaluation of histological damage.

Histological scoring in the animal groups
Animal number I I & I 8 v 8 \f e

I 0 3 1 1 1 3

II 0 3 2 2 1 3

111 0 3 3 2 1 3

v 0 3 2 2 1 3

VI 0 3 2 3 1 3
Average graduation 0 3 2 2 1 3

Histological score: (0) normal; (1) mild; (2) moderate; (3) severe.
I: control without radiation, II: control radiation, I11: treated low dose (0.25 %), IV: treated medium dose (0.50 %),

V: treated high dose (1.0 %), VI: treated placebo.

The average results and standard deviation in each group of animals, showed that there

are no significant differences between the groups treated with 0.25 % and 0.5 % chito-

san cream, with respect to the irradiated control group, however, between the placebo

and irradiated groups and the 1.0% chitosan cream group, significant differences were

found (Figure 2).
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Figure 2. Microscopic evaluation of the skin of irradiated animals treated with 0.25 %, 0.50 %,

1.0 % and placebo chitosan cream. The confidence interval (¢ =95 %) is shown for each of the trea-

ted groups with respect to the irradiated group.
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The dermoregenerative activity of the cosmetic cream was evaluated in the photodam-
aged skin of mice by histological sections of the different skin layers. The skin condi-
tion was good for 100 % of group I (mice depilated without irradiation) and group V
(mice depilated, irradiated and treated with 1.0 % chitosan cream). The recovery of the
normal properties of the epidermis and dermis, previously damaged by radiation, was
verified, particularly in the arrangement and organization of the collagen fibers. Chi-
tosan proved to be the compound responsible for the dermoregenerative effect after
application of the cream.

CONCLUSIONS

The pilot batches of the formulation maintained their stability for 12 months, pack-
aged in high-density polyethylene bottles at room temperature. The 1.0 % chitosan
cream is non-irritating dermally and ophthalmically and has a moderate dermoregen-
erative effect.
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SUMMARY

Background: Carnitine palmitoyltransferase II deficiency is an inherited disorder
of long-chain fatty acid oxidation characterized by hypoketotic hypoglycemia,
cardiomyopathy, seizures, muscle pain and weakness, and myoglobin. Individuals
with carnitine palmitoyltransferase II deficiency have a defect in the production of
the enzyme carnitine palmitoyltransferase-II, which plays an important role in fatty
acid oxidation. Signs and symptoms of carnitine palmitoyltransferase II deficiency
are due to the buildup of fatty acids and long-chain acyl-carnitine as well as reduced
energy production in cells. Carnitine palmitoyltransferase II deficiency is an auto-
somal recessive disease caused by mutations in the CPT2 gene. During changing
Nonalcoholic fatty liver disease (NAFLD) to the cirrhosis, the probability of cancer
is high that should be considered as a dangerous situation. Methods: SDS-PAGE
system of polyacrylamide gel electrophoresis through analytical method for sepa-
rating charged molecules in mitochondrial mixtures according to their molecular
mass in the presence of electrical fields was used. The Invitrogen® Bright Imaging
(IBI) system provides was applied for the imaging and analysis of protein imprints.
Results: Since currently no effective treatment for CPT-II deficiency, prevention of
liver failure is a proper way of treatment through controlling mitochondria without

affecting CPT-II potency. We discussed about the severe infantile hepatocardiac
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muscular position of CPT II deficiency affects the liver heart, and muscles. Conclu-
sions: Through this work, we discussed and characterized the pathophysiological

function in several tissues such as liver, Kidney cancers.

Keywords: Liver cancer; Kidny failure; Hepatocellular carcinoma; Nonalcoholic
fatty liver disease; CPT-I; CPT-II; SDS-PAGE system.

RESUMEN

Aplicacién quimico-farmacéutica de la carnitina
palmitoiltransferasa-2 (CPT-II) mediante la regulaciéon
mitocondrial frente a células tumorales cancerosas

Antecedentes: La deficiencia de carnitina palmitoiltransferasa II es un trastorno
hereditario de la oxidacién de dcidos grasos de cadena larga caracterizado por hipo-
glucemia hipocetdsica, miocardiopatia, convulsiones, dolor y debilidad muscular y
mioglobina. Las personas con deficiencia de carnitina palmitoiltransferasa II tienen
un defecto en la produccién de la enzima carnitina palmitoiltransferasa-II, que
desempenia un papel importante en la oxidacion de los dcidos grasos. Los signos y
sintomas de la deficiencia de carnitina palmitoiltransferasa II se deben a la acumu-
lacién de 4cidos grasos y acilcarnitina de cadena larga, asi como a la reduccién de la
produccion de energfa en las células. La deficiencia de carnitina palmitoiltransferasa
IT es una enfermedad autosémica recesiva causada por mutaciones en el gen CPT2.
Durante el cambio de la enfermedad del higado graso no alcohélico (NAFLD) a la
cirrosis, la probabilidad de cancer es alta y debe considerarse una situacion peligrosa.
Métodos: Se utilizé el sistema SDS-PAGE de electroforesis en gel de poliacrilamida
como método analitico para separar moléculas cargadas en mezclas mitocondriales
seglin su masa molar en presencia de campos eléctricos. El sistema Invitrogen® Bright
Imaging (IBI) se utilizé para la obtencién de imdgenes y el analisis de huellas de
proteinas. Resultados: Dado que actualmente no existe un tratamiento eficaz para
la deficiencia de CPT-IL, la prevencién de la insuficiencia hepética es una forma
adecuada de tratamiento mediante el control de las mitocondrias sin afectar la

potencia de CPT-II. Aqui se discute acerca de la posicién muscular hepatocardiaca
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infantil grave a causa de la deficiencia de CPT II que afecta el higado, el corazén y los
musculos. Conclusiones: En este trabajo, se discute y caracteriza la funcién fisiopa-

toldgica en varios tejidos como el cdncer de higado y rindn.

Palabras clave: Céncer de higado; Insuficiencia renal; Carcinoma hepatocelular;
Enfermedad del higado graso no alcohdlico; CPT-I; CPT-II; Sistema SDS-PAGE.

REsuMoO

Aplica¢ao quimico-farmacéutica da carnitina
palmitoiltransferase-2 (CPT-II) através da regulagio mitocondrial
contra células tumorais cancerigenas

Antecedentes: A deficiéncia de carnitina palmitoiltransferase II ¢ um disttrbio
hereditdrio da oxidagio de 4cidos graxos de cadeia longa, caracterizado por hipogli-
cemia hipocetdtica, cardiomiopatia, convulsoes, dor e fraqueza muscular e mioglo-
bina. Individuos com deficiéncia de carnitina palmitoiltransferase IT apresentam um
defeito na produgio da enzima carnitina palmitoiltransferase-II, que desempenha
um papel importante na oxidagio de 4cidos graxos. Os sinais e sintomas da defi-
ciéncia de carnitina palmitoiltransferase II sio devidos ao actimulo de 4cidos graxos
e acil-carnitina de cadeia longa, bem como 4 redugio da produgio de energia nas
células. A deficiéncia de carnitina palmitoiltransferase IT ¢ uma doenga autossdmica
recessiva causada por mutagdes no gene CPT2. Durante a mudanca da doenga hepé-
tica gordurosa nio alcodlica (DHGNA) para cirrose, a probabilidade de cancer ¢
alta, o que deve ser considerado uma situacio perigosa. Métodos: Foi utilizado o
sistema SDS-PAGE de eletroforese em gel de poliacrilamida através de método anali-
tico para separacio de moléculas carregadas em misturas mitocondriais de acordo
com sua massa molecular na presenca de campos elétricos. O sistema Invitrogen®
Bright Imaging (IBI) fornecido foi aplicado para a geragio de imagens ¢ andlise de
impressoes de proteinas. Resultados: Como atualmente nio h4 tratamento eficaz
para a deficiéncia de CPT-II, a prevencio da insuficiéncia hepética ¢ uma forma
adequada de tratamento através do controle das mitocondrias sem afetar a poténcia
do CPT-IL Discutimos sobre a posi¢ao muscular hepatocardiaca infantil grave da
deficiéncia de CPT II que afeta o figado, o coragio e os musculos. Conclusdes:
Através deste trabalho, discutimos e caracterizamos a fungio fisiopatoldgica em

diversos tecidos, como cincer de figado e rim.

Palavras-chave: Céncer de figado; Faléncia renal; carcinoma hepatocelular; Doenca
hepatica gordurosa nio alcoélica; CPT-I; CPT-II; Sistema SDS-PAGE.
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INTRODUCTION

Carnitine palmitoyltransferase specification (CPT)

Carnitine palmitoyltransferase IT (CPT II) deficiency is a condition that prevents the
body from using certain fats for energy, particularly during periods without food (fast-
ing). There are three main types of CPT II deficiency: a lethal neonatal form, a severe
infantile cardio muscular form, and a myopathy form. The lethal neonatal form of CPT
IT deficiency becomes apparent soon after birth. Infants with this form of the disorder
develop respiratory failure, seizures, liver failure, a weakened heart muscle (cardiomy-
opathy), and an irregular heartbeat (arrhythmia). Affected individuals also have low
blood glucose (hypoglycemia) and a low level of ketones, which are produced during
the breakdown of fats and used for energy. Together these signs are called hypoketotic
hypoglycemia. In many cases, the brain and kidneys are also structurally abnormal.
Infants with the lethal neonatal form of CPT II deficiency usually live for a few days
to a few months [1-6]. Since there is a mechanism of oxidation of phospholipids in
tumors, these disorders may be caused by the regulation of fatty acids in the mitochon-
drial matrix [7-9]. The outer membrane transferase CPT-I is generally recognized as
the main regulatory site of lipid peroxidation in mitochondria, and for this reason,
its regulation has been extensively studied, as has the regulation of the outer mem-
brane transferase CPT-II. Problems related to this form of CPT II deficiency can be
triggered by periods of fasting or by illnesses such as viral infections. Individuals with
the severe infantile hepato-cardio-muscular form of CPT-II deficiency are at risk for
liver failure, nervous system damage, coma, and sudden death. During treatment of the
latent status of cancer, several changes occur, such as a striking enhancement in PGE2
concentration [13-15]. It is clear that inhibition of PGE2 reduces tumor growth in
both ix vivo and in vitro studies [16-20]. We exhibited the translational activities of
CPT-I or CPT-II can also influence the anti-keto genic creation of extra hepatic tumor
growth in human liver [10-12]. It is a question whether inhibition of prostaglandin
synthesis could impair the tumor growth effects of liver mitochondrial CPTs. CPT-
IT deficiency is one of the most uncommon inherited traits caused by the lipid chain
and also the most common cause of recurrent rhabdomyolysis in adults. It is noteable
CPT-I or CPT-II are proteins that help transport fatty chains from the cytoplasm to
the mitochondria during beta oxidation of fatty acids for energy production. Fatty
acid oxidation (FAO) (Figure 1) is suitable for producing energy during stress, strong
sports, long time exercise, fasting, and also cold climate. Consequently through a huge
stress, the concentration of CPT-II will be decreased due to transition of acyl-carnitine
across the inner mitochondrial membrane as a result oxidation is reduced.
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Figure 1. Esterification of fatty acids across mitochondrial.

The lethal neonatal form of CPT II deficiency becomes apparent soon after birth.
Infants with this form of the disorder develop respiratory failure, seizures, liver fail-
ure, a weakened heart muscle (cardiomyopathy), and an irregular heartbeat (arrhyth-
mia). Affected individuals also have low blood glucose (hypoglycemia) and a low level
of ketones, which are produced during the breakdown of fats and used for energy.
Together these signs are called hypoketotic hypoglycemia. In many cases, the brain and
kidneys are also structurally abnormal. Infants with the lethal neonatal form of CPT
IT deficiency usually live for a few days to a few months. CPT-II is divided into three
main phenotypes, two of which cause hypoglycemia due to hypoglycemia and are fatal
in utero or in the first days of life. The third type, which attacks until puberty, is the
typical muscle type, characterized by muscle pain, muscle weakness, and rhabdomy-
olysis due to vigorous exercise. Although for some sports its effect is hidden, in some
other sports myalgia appears with frequent attacks of rhabdomyolysis. Mutations in
the CPT2 gene cause CPT II deficiency. This gene provides instructions for makingan
enzyme called carnitine palmitoyltransferase 2. This enzyme is essential for fatty acid
oxidation, which is the multistep process that breaks down (metabolizes) fats and con-
verts them into energy. Fatty acid oxidation takes place within mitochondria, which
are the energy-producing centers in cells. A group of fats called long-chain fatty acids
must be attached to a substance known as carnitine to enter mitochondria. Once these
fatty acids are inside mitochondria, carnitine palmitoyltransferase 2 removes the carni-
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tine and prepares them for fatty acid oxidation. Fatty acids are a major source of energy
for the heart and muscles. During periods of fasting, fatty acids are also an important
energy source for the liver and other tissues

Decreasing HCC under NAFLD in vivo

HCC often arises in patients with liver cirrhosis caused by chronic hepatitis B or C
virus infection. However, recent epidemiology studies found that non-alcoholic fatty
liver disease (NAFLD) is also a high-risk factor for HCC . In humans, adoptive trans-
fer of tumor-specific CD4+ T cells caused a complete tumor eradication in a patient
bearing cholangiocarcinoma, another primary liver cancer. Furthermore, immuno-
therapy is becoming standard of care for the treatment of advanced HCC [21,22].
To address this question, a better understanding of the influences of fatty liver envi-
ronment on T-cell metabolism is required. This may also shed light on the design of
a targeted therapy and potentially a combined immunotherapy for HCC. [23-25].
Most humans have no explicit signs and cannot be recognized before liver cirrhosis or hepa-
tocellular carcinoma (HCC) ,because the effect of early clinical screening is negligible [26].
During changing NAFLD to the cirrhosis, the probability of reverse situation has high
risk that HCC should be considered as a dangerous position. As a result, many systemic
diseases appear in humans by HCC, such as cardiovascular diseases, chronic alcoholic dis-
eases, and colon and rectal tumors, all of which threaten human health [27-29]. As CPT1a
up regulation leads to greater ROS and CD4+ T cell apoptosis, we sought to test
whether blocking CPT-1 affects CD4+ T cells and HCC development in the context
of NAFLD. As we found the CPT inhibitor perhexiline rescued murine CD4+ T cell
and Jurkat cell apoptosis when cultured with C18:2 in vitro. Liver-specific inducible
MYC oncogene transgenic mice, which spontancously develops HCC after turning
on MYC gene (MYC-ON), were fed with the MCD diet and injected with perhexi-
line. The liver is a central organ for lipid metabolism. With the prevalence of NAFLD
in Western countries and the significant risk of NAFLD patients to develop HCC,
critical components in lipid metabolism could be potential targets for the treatment
of NAFLD-induced HCC. PPARs and CPT proteins are among those potential tar-
gets. However, the exact role of PPAR-¢ in HCC has been controversial on whether
PPAR-a promotes or suppresses tumor growth [30]. NAFLD and another type known
as nonalcoholic steatohepatitis (NASH) are associated with liver cancer, which causes
fatty particles to build up in liver cells. The epidemic of NAFLD is rapidly increasing
with the prevalence of diabetes and appears to be present in a quarter of the world’s
population [31,32]. In addition, this issue has been evaluated in 2011 and diagnosed
that from each one per five liver cancers worldwide one of them is related to diabetes.
NAFLD can be considered a dire and dangerous world subjects; nevertheless, there
is no useful treatment and no mechanism of NAFLD decreasing for this disease up
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to now. There are huge information indicating that metabolic conversions in the can-
cer tumors might be converted to anti-immune metabolism and consequently ruin
antitumor immunity [33-35]. Although the anti-tumor effects of CD4 + T cells in
various forms of cancers such as liver are the main target for diagnosis by researchers
[36], there is no further research except using the diethylnitrosamine (DEN)-primed
murine HCC model. Working on a mouse model, it was found that CD4+ T cells are
able to prevent tumor initiation and remove malignant liver cells [37-40]. There are 3
particular subunits of CPT-I known as a, b and ¢ [33,34]. CPT-Ia is the first subunit
in lymphocytes, liver, kidney, spleen, lung, intestine, and pancreas. CPT-Ib is mostly
translated in muscles, heart, and adipose tissue, while CPT-II is mainly translated in
the brain [41-42]. Peroxisome proliferator-activated receptor (PPARs) is a category of
phospholipids of RNA transcription agents that affects to metabolic systems. They can
be separated into three subunits including: alpha, gamma and beta/delta .Although
PPAR-a and PPAR-y is translated in lymphocytes, finally PPAR-« is a major part in
the liver for attaching to fatty acids. It has been exhibited CPT-I trough activating
PPAR-a15 is considerably affected by fatty acids, , moreover several works confirm the
role of both PPAR-o and PPAR-y as activated receptors to adjustment the transcrip-
tion of the CPT-Ia gene directly [43-45].

Although these changes can be tested from liver CD4+ T cells through nutrition rat
with linoleic acid or NAFLD diets, more research exhibited that PPAR-« is the reason
the turbulent of CPTs genes. Introduction of CPTs genes can increase ROS and lead
to apoptosis of CD4 + T cells. I vivo treatment of mice with CPTs inhibitor in addi-
tion to reducing apoptosis of hepatic CD4 + T cells and controlling HCC growth
in NAFLD system provides useful data, such as identify genes for CPTs such as liver
cancer therapy promoted by NAFLD [45-50].

CPT-II genes

The carnitine palmitoyltransferase (CPT) system is responsible for transporting long-
chain fatty acids from the cytoplasm into the mitochondria where the fatty acids
undergo [-oxidation. Transport of long-chain fatty acids into the mitochondrial
matrix requires both CPT1 and CPT2, with CPT1 being the rate limiting step. This
CPT system contains two separate proteins localized in the outer (CPT1) and the
inner (CPT2) mitochondrial membrane. The most suitable action of the CPTs might
be mentioned as an ability for helping fatty acids to enter inside the mitochondria
for any further oxidation. For this purpose, trans-membrane protein as known CPT-I
is placed in OMM, as well as, CPT-II genome is located in IMM. CPT-II genome

appears on chromosomes] (1p32) and consist of 3092 nucleotides in five exons that
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can encode the enzyme chain containing 660 amino acids (table 1)[50]. The expression
of CPT1b and CPT2, suggesting that other lipids may also contribute to the induction
of CPT genes in NAFLD.

Table 1. Structure of CP-II genome

Exson .
. . Amino . . o .
Size Nucleotides d Amino acid substitution in mutations of five exons
acids
(bp)

106 756-857 80-112  Cys84Arg; Alal01Val; Ser113Leu

Met120Cys; Argl21Gln; Asn124Gln;
Argl24Ter; Asn146Thr; Alal51Gln; Argl51Gly;
Argl61Trp; lle164Ter; Argl67Gln; Aspl73Ser;
Glul74Lys; Tyr210Ala; Asp213Trp; Met214Arg;
GIn216Arg; Pro227Leu; Ala231Ser; Arg247 Trp;
GIn274Met; Arg296Ser; Arg296Leu; Ala296Ter;
1303 8582163 | 113-549  Gly310Gly;Cys326Tyr; Lys328Gly; Met342Asp:
Phe352Met; Val368lle; His369Arg; Arg382Lys;
Phe383Tyr;Gln413Gln; Phe448Ala; Arg450Ter;
Gln451Glu; GIn454Ter; Lys457 Trp; Tyr479Phe;
Tyr479Cys; Glu480Arg; GIn487Lys; Gly497Ser;
Ile502Thr; Arg503Ser; Phe504Leu; Asn516Ser;
GIn545Ala

Ala560Gln; Leu575Pro; Arg576Gly;

Ser588GIn; Ser590Asn; Gly600Met; Pro604Ser;
Val605Leu; Asp608Gly; Tyr628Ser; Arg631Cys;

934 2164-3092 = 550-660

Lys644Ser
667 1-669 1-50 Pro41Leu; ProSOHis
80 669-750 51-79  Pro55Arg; Ala67Gly

Intermediate role of PPAR-a for CPT gene

Previously, it was reported that PPAR-« can directly up regulate CPT1a expression
[50, 51], so the hypothesized that the induction of CPT genes observed in CD4+
T cells treatment is mediated by PPAR-a. To test this, we used the PPAR-a agonist
bezafibrate and monitored CPT gene expression .CPT-I and CPT-II contributed to
the oxidation of long-chain fatty acids in mitochondria as well as their transport across
the mitochondrial membrane for f-oxidation [ 51 ]. From a genetic concept point of
view, CPT-II is identified by seventy percent of mutant alleles, which plays an impor-
tant role in fatty acid entry into mitochondrial fatty acid oxidation as well as cellular
metabolic homeostasis [52]. Oxaliplatin as an effective anti-cancer drug is used for
increasing the CPT-II activation in cancer tumors and enhancing the catabolism of
fatty acids. Structural amino acids evaluation from Exon 4 and Exon 5 and also its

784



Carnitine palmitoyltransferase-2 (CPT-II) against cancer tumoric cells

activities indicating, which CPT-II might be became instable due to heterogeneous
mutations , exogenous carcinogens, endogenous perturbation and huge mutation
phenomenon [53]. Since the liver cells should control their metabolic systems in any
usage of variety of feeds and ATP necessities [52-55], CPT-II must be well catalyzes
Trans esterified acylcarnitine’s transferred from cytosol into the inter-membrane space
(IMS) [55-57]. CPTs act in the oxidation of LCFAs containing CPT-I and CPT-II in
the OMM,, catalyze fatty acids to form fatty acids with the participation of ATP and
CoA, and then transport long-chain acyl-CoA into the system via the delivery system.
Mitochondria many genes encoding CPT-II are known to be recessive genetic defects
and clinical situations of associated diseases such as hypoglycemia, cardiomyopathy,

arrhythmias, and rhabdomyolysis can be considered [58-68].
MATERIALS AND METHODS

Naphthylene was obtained from Aldrich Chemical Co; PPO, Palmitoyl CoA, pro-
tein G, carnitine, POPOP, sepharose-protein G, FMP, Indomethacin was prepared
from Sigma, and dioxan from Brazil. [3H]-methylcarnitine, nitrocellulose (Highbong
extra), Hypercassette and Hyperscreen were purchased from Amersham (UK). Mice
were divided into four groups: 1-tumor-bearing group (TB), 2-control group (C),
3-control treated with indomethacin, and 4-tumor-bearing group treated with indo-
methacin. The livers of rat embryos (gestational days 10-18) were divided into pieces
in Dulbecco’s modified essential medium (DMEM). The pieces were placed in 0.25%
collagenase solution for halfhour at 37 °C. Again it centrifuged by speed of 1500 r/min
for 8 minutes. Collagen enzyme potential was neutralized by adding 25% fetal serum
to the mixture. They were suspended in DMEM and 12% fetal serum and cultured in a
plastic thermos at -70°C. This method is based on the method of reference 63 [63] and
after killing the mice, their livers were cleaned and homogenized with a buffer solution
(250 mM mannitol, 70 mM sucrose, 3 mM HEPES, 0.3 mM EDTA, pH 7.2). In the
same buffer, the homogenate is filtered and centrifuged twice at 1200 rpm for 10 min-
utes. Finally, the above part of the mixture was centrifuged three times at 8000 rpm for
15 minutes (Sorvall RC2B centrifuge). The maximum activity of CPT-I and CPT-II
was measured in isolated mitochondria using detergents according to number 64 [64].
Finally, they were re-suspended in buffer containing 0.12 mM KC1, 5.0 mM Tris-HC1
(pH 7.3) and centrifuged (15,000 rpm, 10 min). They were then re-suspended in 15
mM phosphate buffer (pH 7.3), frozen in liquid nitrogen, and then thawed at room
temperature. They were again ultra-centrifuged.
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PCR for RNA application

RNA was extracted from cell pellets or frozen tissue with QIAshredder (Qiagen) and
RNeasy MiniKit . The sequence of primers used for quantitative RT-PCR have been
estimated from RNA isolation . All reactions of quantitative RT-PCR were run in trip-
licates usingiQTM SYBR Green Super mix and performed on the ViiATM Real-Time
PCR System.

Mitochondrial coloring

Mitochondrial-associated ROS was detected by mitoSOXstaining according to the
manufacturer’s protocol. Briefly, treated cells were stained with 3 uM mitoSOX for
half hour in a CO2 incubator at 38 °C. After washing twice, the cells were processed.

Fluorescent coloring

Fibroblast cells were seeded several times by NuncI'M Lab-TekTM Chambered Cover
glass wells. After half day, cells were washed with phosphate-buffered saline (PBS)
three times and incubated with 2 yM BODIPY probe with 10 nM MitcoIracker Deep
Red in PBS at 38 *C for half hour min. Cells cleaned by PBS and was kept for imaging.
Live cells were imaged using a Zeiss LSM880 laser (Figure 2).

Figure 2. Mitochondrion fluorescent coloring.

REsuLTS

We found that intrahepatic CD4+ T cells are an indispensable component of anti-
tumor surveillance in NAFLD, and linoleic acid (C18:2) causes CD4+ T cell apop-
tosis by impairing electron transport chain (ETC) function and generating ROS8.
During this process, CPT1 catalyzes the transfer of the acyl group of a long chain fatty
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acyl-CoA from coenzyme A to carnitine so the resulting acylcarnitine can cross the
mitochondrial outer membrane, while CPT2 reverses this reaction inside mitochon-
dria. Table 2 exhibits the optimal potentials and activities of CPT-I and CPT-II in
mitochondria provided by the livers of TB and control mice. For CPT-I, no significant
differences emerged between the two groups. However, the CPT-II potential in liver
mitochondria of TB-infected rats was 55% lower than that of control rats.

Table 2. Enzymatic potential

Liver
Samples CPT-I CPT-1I
C (n=15) 3.25 2.22
TB (n=6) 3.85 1.01
Tumor
TB (n=8) 2.12 3.43
TB-ind (n=15) 3.09 5.21

Figure 3 exhibits the schematic of proteins separated by SDS-PAGE of mitochondrial
samples obtained from tuberculosis and control mice. The only distinct difference
from the more abundant proteins was a small translation of the corresponding proteins
into the mitochondria of TB mice.

Figure 3. SDS/PAGE segregation of mitochondrial from the rats, including normal and tumors.
In Figure 4, Western blot positions for CPT-I and CPT-II immunoreactivity in mito-

chondria from control mice and M. tuberculosis are shown. Although the difference
between these two patterns in CPT-I amounts in mitochondria isolated from control
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as well as TB mice was not significant, TB mitochondria showed little CPT-II activity
at 69,000. In addition, in these mitochondria, a second band was also detected by the
rat liver CPT-II antibody exhibited.

Figure 4. Western blot detection of immunoreactive CPT-I and CPT-II proteins in liver mito-

chondria isolated.
These effects were not found iz vitro when embryonic hepatocytes were cultured in the

presence of 12 g of indomethacin because there was no induction of CPT-I or CPT-II
in indomethacin-treated cells compared with control cells (Table 3).

Table 3. Effects of indomethacin 772 vivo and iz vitro on CPT I and CPT II from liver mitochondria.

Enzymatic potential (nmol/min.mg)

Items CPT-I CPT-II
control (n=4) 2.99 3.12
control —ind (n=6) 5.85 3.11
TB (n=3) 3.02 112
TB-ind (N=12) 415 405
Cultured hepatocytes (n=5) 3.21 4.41
Cultured hepatocytes —ind (n=5) 3.22 4.21
DiscussionN

In vivo feeding and iz vitro culture experiments showed that induced CPT gene up
regulation. Using either an agonist or antagonist, it confirms that PPAR-a mediates
the induction of CPT genes, as well as targeting of CPT inhibits HCC development
in the context of NAFLD. Since fatty acid diffusion to cytoplasm does not stop in
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the livers of TB rats, it can be interpreted that the metabolic destroying creates during
the transport of fatty acids into the mitochondrial matrix. Contrary to any previous
hypothesis and prediction, CPT-I is capable of controlling FAO in all metabolic states.
To date, neither the activity of this enzyme nor the translation of the corresponding
protein has been affected in the liver mitochondria of TB mice. However, CPT-II
potency was halved, and Western blotting using an anti-CPT-II polyclonal antibody
revealed the source of the additional reactive enzyme in liver mitochondria obtained
from TB mice. These considerations add to our knowledge that the less likely isoform
of CPT-I1is translated either through transcription of different genes or through post-
transcriptional mRNA labeling (iz vivo) and proteolysis processing in the liver. It is
also possible that the CPT-II isoform acts as a master receptor regulator. The results
of this work exhibited that treatment with prostaglandin inhibitors was able to reverse
the effects of cachexia on hepatic CPT-II activities. The similarity between the poten-
tial obtained in mitochondria isolated from control cultured hepatocytes and those
cultured with indomethacin predicts that PGE2 modulation of the CPT-II reduction
potential is not the result of eicosanoid production by the hepatocytes themselves,
but is likely due to the action of prostaglandins. In other wise, the iz vivo situation is
related to the large amounts of PGE2 production by the tumor and of course our data
of this work needs more investigation regarding the role of CPT-II and the control of
its translation for FAo mechanism in the pathophysiological positions. It is notable,
liver is a central organ for lipid metabolism, therefor With the prevalence of NAFLD
in Western countries and the significant risk of NAFLD patients to develop HCC,
critical components in lipid metabolism could be potential targets for the treatment
of NAFLD-induced HCC. PPARs and CPT proteins are among those potential tar-
gets. However, the exact role of PPAR-2 in HCC has been controversial on whether
PPAR-o promotes or suppresses tumor growth.

CONCLUSIONS

In conclusion, we demonstrated that by inhibiting CPT1 we can rescue CD4+ T cells
and prevent HCC development. Our results provide useful information that CPT1
may be a potential target for NAFLD -promoted HCC therapy. Through this work,
we have focused on the partial application of lipid metabolic pathways in disease patho-
genesis and considered the modulating cases and clinical treatments of lipid systems in
different tissues. Furthermore, through this work, we have characterized the patho-
physiological function of both CPT-Iand CPT-II systems in liver disease compared to

several other chronic infections as well as cancer (Table 4).
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1,4-bis (5-phenyl-2-oxazolyl)-benzene; PPO: 2,5-diphenyloxazol; ROS: reactive oxy-

gen species; TB: tumor-bearing rats; TB-ind: turnout-bearing rats given indometha-

cin; TNF: tumor necrosis factor;
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SUMMARY

Introduction: Heavy metals toxicity in cattle can cause health related issues in
humans when they ingest cow meat polluted with heavy metals. The dearth of infor-
mation regarding the level of heavy metals in cattle meat consumed in the Federal
Capital Territory (FCT), Abuja, Nigeria, and its associated health risk to humans
led to this study. Aim: to determine the level of the heavy metals- nickel, lead,
cobalt, cadmium and chromium in cow muscle, intestine and liver from slaughter-
houses in Federal Capital Territory (FCT), Abuja, Nigeria, as well as the health risk
of consumption of the metals in the meat parts. Methodology: The heavy metals
were assayed using Atomic Absorption Spectrophotometer Agilent 200 Series A. A.
Health risk assessment of exposed adult men and women, adolescent and children to
the heavy metals in the meat parts were evaluated via hazard quotient (HQ), hazard
index (HI) and incremental lifetime cancer risk (ILCR) calculations. Results: The

result of the study showed overall mean concentration of the metals in cow muscle,
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intestine and liver samples ranging from 0.0417 £0.0226 to 0.690 +0.0570 mg/kg,
fresh weight. HQ and HI values were less than 1, and ILCR values of the carcino-
genic heavy metals ranged from 1.07 x 107 to 7.50 x 10°. Conclusion: Consumers
of cow muscle, intestine and liver in FCT, Abuja, Nigeria are at low risk of devel-
oping chronic non-cancer health related issues, and cancer due to nickel, lead,
cobalt, cadmium and chromium in cow meat parts from slaughterhouses in FCT,

Abuja, Nigeria.

Keywords: Cattle, Hazard index, Hazard Quotient, Heavy metals and Incremental
Lifetime Cancer Risk.

RESUMEN

Investigacion y evaluacion de riesgos para la salud de metales
pesados en ganado vacuno de mataderos en el Territorio de la

Capital Federal (FCT), Abuja, Nigeria

Introduccién: La toxicidad por metales pesados en el ganado puede causar problemas
de salud en los humanos cuando estos ingieren carne de vaca contaminada con estos
metales pesados. La falta de informacién sobre el nivel de metales pesados en la carne
de ganado consumida en el Territorio de la Capital Federal (FCT), Abuja, Nigeria,
y el riesgo asociado para la salud de los seres humanos llevé a este estudio. Objetivo:
determinar el nivel de metales pesados: niquel, plomo, cobalto, cadmio y cromo en
el musculo, el intestino y el higado de las vacas procedentes de mataderos en el Terri-
torio de la Capital Federal (FCT), Abuja, Nigeria, ast como el nivel de riesgo en la
salud por el consumo de metales en las partes carnicas. Metodologia: Los metales
pesados se analizaron utilizando un espectrofotdmetro de absorcidn atdmica Agilent
200 Serie A. A. La evaluacion de riesgos para la salud de hombres y mujeres adultos,
adolescentes y nifios expuestos a los metales pesados en las diferentes partes de la
carne se evalué mediante el cociente de peligro (HQ), el indice de peligro (HI) y
calculos de riesgo incremental de cancer de por vida (ILCR). Resultados: El estudio
mostr6 una concentraciéon media general de metales en muestras de musculo, intes-
tino e higado de vaca que oscilaba entre 0,0417 £0,0226 y 0,690 £0,0570 mg/kg de
peso fresco. Los valores de HQ y HI fueron inferiores a 1, y los valores de ILCR de
los metales pesados cancerigenos oscilaron entre 1,07 x 107y 7,50 x 10°. Conclu-
sién: Los consumidores de musculo, intestino e higado de vaca en FCT, Abuja,

Nigeria, tienen un riesgo bajo de desarrollar problemas de salud crénicos no relacio-
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nados con el cincer, ademds de cdncer propiamente dicho, debido al niquel, plomo,
cobalto, cadmio y cromo en las partes de carne de vaca de los mataderos en FCT,

Abuya, Nigeria.

Palabras clave: Bovinos, indice de peligrosidad, cociente de peligrosidad, metales

pesados y riesgo incremental de cédncer a lo largo de la vida.

REsuMoO

Investiga¢ao e avalia¢io do risco sanitrio de metais pesados em
bovinos provenientes de matadouros no Territdrio da Capital

Federal (FCT), Abuja, Nigéria

Introdugio: A toxicidade de metais pesados em bovinos pode causar problemas
de satde em humanos quando estes ingerem carne de vaca poluida com metais
pesados. A escassez de informagoes sobre o nivel de metais pesados na carne bovina
consumida no Territério da Capital Federal (FCT), Abuja, Nigéria, ¢ o risco asso-
ciado 4 satide humana levou a este estudo. Objetivo: determinar o nivel de metais
pesados - niquel, chumbo, cobalto, cddmio e cromo no musculo, intestino e figado
de vacas de matadouros no Territério da Capital Federal (FCT), Abuja, Nigéria,
bem como a satide risco de consumo dos metais nas partes da carne. Metodologia:
Os metais pesados foram dosados usando Espectrofotdmetro de Absor¢ao Atdmica
Agilent 200 Série A. A. A avaliagio do risco 4 satde de homens e mulheres adultos
expostos, adolescentes e criangas aos metais pesados nas partes da carne foi avaliada
através do quociente de perigo (HQ), indice de perigo (HI) e calculos incrementais
de risco de cincer ao longo da vida (ILCR). Resultados: O resultado do estudo
mostrou concentragiao média global dos metais em amostras de musculo, intestino e
figado de vaca variando de 0,0417 £0,0226 a 0,690 £0,0570 mg/kg, peso fresco. Os
valores de HQ e HI foram inferiores a 1, ¢ os valores de ILCR dos metais pesados
cancerigenos variaram de 1,07 x 107 a 7,50 x 10°. Conclusio: Os consumidores
de musculo, intestino e figado de vaca na FCT, Abuja, Nigéria, apresentam baixo
risco de desenvolver problemas crénicos nao cancerigenos relacionados com a satide
e cancro devido ao niquel, chumbo, cobalto, cddmio e crémio em partes de carne de

vaca provenientes de matadouros em FCT, Abuja, Nigéria.

Palavras-chave: Bovinos, Indice de Perigo, Quociente de Perigo, Metais Pesados e

Risco Incremental de Céncer ao Longo da Vida.
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INTRODUCTION

The muscle and edible offal of cow are the meat that are mainly consumed in Nigeria,
because they are cheaper compared to that of goat, sheep and chicken. On the other
hand, pig muscle and edible offal are avoided by some citizens of Nigeria due to reli-
gious and traditional beliefs. Cow muscle and edible offal provide cheap source of meat
protein to the Nigerian people. Cattle rearing is highest among other domestic animals
reared for meat consumption in Nigeria; cow meat account for 45% of the total meat
caten in Nigeria while meat from goat and sheep account for 35% [1]. Cow meat in
Nigeria is mostly supplied by the Fulani tribe of Northern Nigeria whose occupation
is cattle rearing. These Fulanis are nomads; moving from one region of the country to
another in search of grazing for their cattle. As they move, wherever they find pasture
and water (stream, ponds etc) they settle for their cattle to feed and or drink. Their
movement from place to place may expose the cattle to heavy metal pollution.

Cows are herbivores; they feed on green plants (grasses). Green plants grow on soil.
The problem that may arise from consumption of plants by cows reared in Nigeria is
ingestion of heavy metal polluted plants, because some Nigeria soils are polluted with
heavy metals [2-6], arising from dumping of scrap metals on soils [3], metal recycling
activities [4], mining operations [6], power plant station emissions [7], vehicular exhaust
emissions [8-10], oil spill [11-13], industrial efluent discharge [14-16], improper solid
waste disposal [17, 18], auto mechanic and auto panel workshop activities 18, 19], appli-
cation of fertilizers and pesticides etc. Some plants grown on heavy metal polluted soil
have the ability to absorb heavy metal from soil through their root to other plant parts
[16,20], also, by atmospheric deposition heavy metals emitted into the atmosphere are
deposited on plants and absorbed by plant parts [21, 22]. Apart from pollution of soil

with heavy metals, heavy metals also pollute water.

Federal Capital Territory (FCT), Abuja, Nigeria is the capital city of Nigeria, with
high population density, traffic and vehicular emission, which contributes to heavy
metal pollution. Cattle consumed in the capital city are reared within and outside the
capital city, majorly Zamfara, Sokoto and Niger states all within the Northern Nigeria.
Zamfara, Sokoto and Niger states are rich in gold deposit. Among other metals, gold
bearing ore contains minerals of cadmium, lead, nickel, and cobalt [23-26]. Artisanal
gold miningin Zamfara, Sokoto and Niger states release heavy metals into the environ-
ment from gold mining tailings, Zamfara state reported lead poisoning in this state due
to artisanal gold mining. Gold mine tailings are characterized by high levels of arsenic,
cadmium, nickel, lead, copper, zinc, cobalt and mercury [27]. Studies have shown that
soil, vegetables and livestock (chicken, goat, sheep and cattle) around some goldmine
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areas in Zamfara state, Nigeria are polluted with heavy metals [28, 29]. When grazing
animals such as cow eat and drink heavy metal polluted grasses and surface soil, and
water, they can be exposed to heavy metal pollution [30].

Exposure of humans to heavy metals through ingestion of cow meat polluted with
heavy metals can affect human health despite the nutritional benefits of meat. Heavy
metals such as iron, zinc, copper, manganese, molybdenum, cobalt, chromium (Cr III),
magnesium, selenium and nickel are essential mineral nutrients required for proper
functioning of the human body [31]. However, excess amount of these heavy metal
mineral nutrients causes adverse health effects in humans [32]. Non-essential heavy
metals are not useful biologically in humans [20], they include cadmium (Cd), lead
(Pb), mercury (Hg), arsenic (As), and chromium (Cr (VI)) [20]. These metals are toxic
even at low concentrations [32]. Cadmium can cause osteoporosis, kidney, breast,
lung, prostrate, nasopharynx and pancreas cancer [33]. Chromium VI is a human car-
cinogen [34]. Lead in the body can cause high blood pressure, neurological problems,
kidney and brain damage as well as miscarriage, low birth weight, stillbirth, premature
birth in pregnant women [35]. High concentrations of cobalt may cause cancer [36].
Nickel pollution is associated with lung fibrosis, cardiovascular disease, lung cancer,
kidney diseases and nasal cancer [37]. Previous studies conducted in Nigeria on some
meat samples from different regions in Nigeria showed pollution of the meat samples

with heavy metals [38-41].

The objectives of this study are to evaluate levels of heavy metals — nickel (Ni), lead
(Pb), cobalt (Co), cadmium (Cd) and chromium (Cr) in cow muscle, intestine and
liver from slaughterhouses in FCT, Abuja, Nigeria and to determine the health risk
of consumption of the heavy metals in cow meat parts by consumers in FCT, Abuja,
Nigeria. The data generated will be a useful aid for policy formulation by relevant
health and environmental regulatory agencies in FCT, Abuja and Nigeria in general.

MATERIALS AND METHODS

Study area and sampling

Federal capital territory (FCT), Abuja is the capital of Nigeria, it is found in longi-
tudes 6° 46’ and 7° 37" E and latitudes 8° 21" and 9° 18" N. It is situated in the center
of Nigeria and located in the North Central geopolitical region of Nigeria. The veg-
etation in Abuja is a blend of savannah grassland and tropical rain forest. It has agri-
cultural rich soil hence the local people of the area are farmers and livestock animal
farmers. The weather conditions in the FCT are of two types; rainy season (similar
to winter) and dry season (similar to summer). The raining season last for six months
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beginning from April to October. Annual precipitation in the FCT range from 1100
mm to 1600 mm, while monthly mean temperature ranges from 25 °C to 30 °C. The
savannah grassland, tropical rain forest and agricultural rich soil produce lots of plant
and grasses for grazing animals such as cattle. There are four slaughterhouses in Fed-
eral Capital Territory (FCT), Abuja, Nigeria, namely Deidei, Gwagwalada, Karu and
Kubwa slaughterhouses. Meat samples comprising of cow muscle, liver and intestine
were randomly collected from 10 cows in each slaughterhouse located in FCT, making
a total of 120 meat parts samples. The age of the cows ranged from three to four years.
Each cow meat part of a cow was enclosed in a clean polyethylene bag, labelled and
preserved in an ice box. The meat samples were taken to the laboratory and preserved
in refrigerator preset at -18 °C, prepared and analyzed within five days.

Sample preparation and analysis

All glass wares and sample bottles used for sample preparation and storage were washed
with detergent and rinsed with tap water, afterwards they were soaked overnight in
50% HNO; at room temperature, rinsed again in deionized water and air dried [42].
The meat part samples were washed with deionized water and cut into pieces with
stainless-steel knife precleaned with detergent and rinsed with distilled water. 2 g each
of meat sample was weighed into a beaker, 20 mL of aqua regia (3:1 ratio of HCl and
HNO;) prepared from 37% HCl and 69% HNO; from Merck, Darmstadt, Germany
was added to the content in the beaker and heated on a hot plate in a fume cupboard
for 50 minutes. The beaker was brought down from the hot plate and allowed to cool.
The content in the beaker was filtered through a 110 mm filter paper into a 100 mL
volumetric flask and made to the mark with deionized water and transferred into prop-
erly labelled sample bottle and assayed for heavy metal using atomic absorption spec-
trophotometer Agilent 200 Series A. A. Calibration curve of nickel was prepared with
3 mg/L, 6 mg/L, 9 mg/L and 12 mg/L standard solutions of nickel from 1000 mg/L
stock solution of nickel, that of cadmium was prepared with 2 mg/L, 4 mg/L, 6 mg/L
and 8 mg/L of standard solutions of cadmium from 1000 mg/L stock solution of cad-
mium, while that of lead was prepared with 1 mg/L, 1.5 mg/L, 2 mg/L and 2.5 mg/L of
standard solutions of lead from 1000 mg/L stock solution of lead, calibration curve of
cobalt was prepared with 2 mg/L, 4 mg/L, 6 mg/L and 8 mg/L of standard solutions of
cobalt from 1000 mg/L stock solution of cobalt, that of chromium was prepared with
1 mg/L, 2 mg/L, 3 mg/L and 4 mg/L of chromium from 1000 mg/L stock solution of
chromium. The heavy metals were determined at their wavelength 232.0 nm (nickel),
217.0 nm (lead), 240.7 (cobalt), 228 (cadmium) and 357.9 (chromium) 357.9. The
limit of detection (LOD) of the metals was 0.00001 mg/kg, calculated as the concen-
tration corresponding to three times the standard deviation (SD) of reagent blank,
while the limit of quantification (LOQ) 0.000033 mg/kg was calculated as 10 times

the standard deviation of reagent blank. 509



Henrietta Ijeoma Kelle ez al.

Quality control

Reagents used in the study were of analytical grade. Accuracy of the analysis was
achieved by triplicate determination of the concentration of the heavy metals in the
meat samples. Reagent blank was prepared and analyzed before each measurement.

Method and instrument validation

Recovery study of each heavy metal was determined so as to validate the digestion
method and the spectrophotometer of the analysis. Recovery study for each metal was
performed by weighing 2 g of muscle in two places, one of the 2 g was spiked with
1 mL standard solution of heavy metal (Ni (3 mg/L), Pb (0.5 mg/L), Co (2 mg/L), Cd
(2 mg/L), Cr (1 mg/L), while the other 2 g was unspiked. Both spiked and unspiked

muscle samples were digested with agua regia and assayed for heavy metal.

The % recovery was calculated using equation:

% recovery = % (1)

A, = Concentration of spiked meat sample
A, = Concentration of unspiked meat sample
B = Concentration of standard solution added to the spiked sample.

Health risk assessment

Carcinogenic and non-carcinogenic health risk assessment of pollutant(s) or
toxicant(s) can be evaluated by determining hazard quotient, hazard index and incre-
mental lifetime cancer risk of the pollutant(s) or toxicant(s) [43-45]. To obtain hazard
quotient, estimated daily intake (EDI) or average daily dose (ADD) of the pollutant(s)
or toxicant(s) will have to be determined first. Hazard quotient and hazard index esti-
mates non-carcinogenic chronic and adverse health effects, while, incremental lifetime
cancer risk estimates carcinogenic risk due to exposure to carcinogenic pollutant(s) or

toxicant(s) [43-45].

Estimation of Daily Intake (EDI) of nickel, lead, cobalt, cadmium and chromium in
muscle and edible offal (intestine and liver) from slaughterhouses in FCT,

Abuja, Nigeria.
This was calculated as shown in Eq. 2. [46-48]:

Cx IR

EDI=
810
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where C is mean concentration (mg/kg) of heavy metals in muscle, intestine and liver
of cow samples, IR is the daily ingestion rate (mg/day) of the meat parts, and BIV is
body weight (kg) of adult men, adult women, adolescent and children. There is no
available data on daily consumption/ingestion rate of cow muscle and edible offal by
Nigerians in food consumption database by international organization such as Food
and Agricultural Organization of the United Nations (FAO) and World Health Orga-
nization (WHO), but, Ihedioha ez /. (2014) [40] determined daily ingestion rate of
cow muscle and edible offal by Nigeria adult men and women, adolescent and children.
This was used to estimate the daily intake of the metals in the cow meat parts. Daily
ingestion rates of cow muscle by adult men, adult women, adolescent and children are
25.54 g/day, 22.96 g/day, 26.27 g/day and 19.13 g/day respectively, while, ingestion
rates of cow liver are 17.31 g/day, 21.47 g/day, 22.01 g/day, and 22.31 g/day respec-
tively, and ingestion rates of cow intestine are 32.58 g/day, 23.50 g/day, 25.89 g/day
and 21.67 g/day respectively. The ingestion rates were converted to mg/day to keep
the unit consistent. Body weight of Nigeria adult men, adult women, adolescent and

children, are 70, 63, 65 and 35 kg respectively [40].

Non-carcinogenic Risk Assessment

Hazard quotient is used to determine non-cancer risks due to exposure to a single pol-
lutant or toxicant, while, hazard index evaluates non-cancer risks due to exposure of
person(s) to more than one pollutant or toxicant that affect the same target organ or
system and, or exposure of person(s) to same toxicant or pollutant via different expo-
sure route [43, 45]. To obtain hazard quotient, the estimated daily intake of a chemical
toxicant is compared to an acceptable level of exposure of the chemical toxicant. The

expression used to calculate hazard quotient (HQ) is Eq. 3 [46, 48]:

HQ= 75 6

Where RfD is oral reference dose (mg/kg/day). Oral reference dose is defined as the
highest level at which no adverse health effects are expected on human population
through daily exposure to a chemical toxicant. Value of HQ < 1 indicates that there is
no significant health related illness envisaged from a toxicant, while HQ > 1 implies

that possibility of non-carcinogenic health issues is likely. Hazard index (HI) is esti-
mated from Eq. 4 [47, 49]:

HI=3SHQ (4)
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HI < 1 implies non probability of chronic non-carcinogenic health issues or adverse
risk and HI > 1 indicates possibility of chronic risk or adverse non-carcinogenic health

effects [43-45].

Nickel, lead, cobalt, cadmium and chromium affect the same target organ (kidney and
central nervous system); hence their HQ were summed up to derive HI.

Carcinogenic risks Assessment

The possibility of developing cancer by person(s) exposed from lifetime to carcinogenic
heavy metals nickel, cadmium and chromium in cow muscle and edible offal samples
from the study area was computed using incremental lifetime cancer risk (ILCR) Eq.

5 [46, 50]:
ILCR =CDI x CSF (5)

Where CDI is chronic daily intake of chemical carcinogen (mg/kg bw/day) calculated
with Eq. (6) and CSF is the cancer slope factor.

CDI = EDI Xii X ED (6)

Where, EDI s the estimated daily intake (mg/kg bw/day), EF is the exposure frequency
(days/year and 365 days/year), ED is the exposure duration (years) (in this study, expo-
sure duration is 25 years for adult men and women, 16 years for adolescent, and 6 years
for children), AT is the averaging time (days). AT is the period over which exposure
is averaged, it is calculated as exposure frequency (days/years) multiplied by exposure
duration (years). AT is of two types, namely, for carcinogens and non-carcinogens. For
carcinogens AT is based on a lifetime exposure. The life expectancy of Nigerians is 53
years [51]. In this study, AT is 19345 (365 days/year multiplied by 53 years). ILCR
between 1 x 10€and 1 x 10*is acceptable by United States Environment Protection
Agency (EPA) [43].

RESULTS AND DISCUSSION

Table 1 shows the result of percentage recovery of Ni, Pb, Co, Cd and Cr in muscle of
cow sample. The percentage recovery ranged from 83 to 101%.
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Table 1. Percentage Recovery of Ni, Pb, Co, Cd and Cr from cow muscle.

Heavy Added Concentration Concentration
concentration of spiked sample  of unspiked sample % recovery
metals
(mg/L) (mg/L) (mg/L)

Nickel 3.00 2917 0.042 96
Lead 0.50 0.446 0.030 83
Cobalt 2.00 2.115 0.098 101
Cadmium 2.00 2.013 0.002 101
Chromium 1.00 1.001 0.097 90

The mean concentrations (mg/kg, fresh weight) and range of Ni, Pb, Co, Cd and Cr in
samples of muscle, intestine and liver of cattle from Deidei, Gwagwalada, Karu and
Kubwa slaughterhouses in FCT, Abuja, Nigeria are presented in Table 2. Nickel in
muscle, intestine and liver of cattle samples ranged from -0.63 £0.005 to 0.614 +0.004
mg/kg fresh weight, from 0.007 £0.005 to 0.414 +0.030 mg/kg fresh weight, and from
-0.070 +0.008 to 0.509 +0.009 mg/kg fresh weight, respectively. Lead, cobalt, cad-
mium and chromium in the meat parts ranged as follows: from 0.01 +£0.072 to 0.34
+0.006 mg/kg fresh weight (muscle), from 0.02 £0.043 to 0.68 +0.009 mg/kg fresh
weight (intestine), from 0.010 +£0.007 to 0.280 +0.004 mg/kg fresh weight (liver) for
lead; from -0.225 +0.003 to 0.673 +£0.008 mg/kg fresh weight (muscle), from -0.583
+0.002 to 2.845 +0.005 mg/kg fresh weight (intestine), and from -0.650 +0.008 to
0.699 +0.008 mg/kg fresh weight (liver) for cobalt; from 0.021 +0.007 to 0.092
+0.064 mg/kg fresh weight (muscle), from 0.018 +0.004 to 0.239 +0.042 mg/kg fresh
weight (intestine), and from 0.018 +0.002 to 0.120 +0.061 mg/kg fresh weight (liver)
for cadmium; from 0.545 +£0.005 to 0.789 +0.006 mg/kg fresh weight (muscle), from
0.497 £0.072 t0 0.799 £0.021 mg/kg fresh weight (intestine), and from 0.509 +0.004
to 0.772 +0.087 mg/kg fresh weight (liver) for chromium. Mean concentration of
nickel in muscle is 0.194 +0.158 mg/kg fresh weight, in intestine it is 0.167 +£0.125
mg/kg fresh weight and 0.169 +0.139 mg/kg fresh weight in liver. The result shows
that the highest concentration of Ni is in cow muscle. The order of concentration of Ni
in the cow meat parts is: muscle > liver > intestine. Similar trend was observed in some
previous studies, these studies showed that the concentration of Ni is higher in muscle
than liver [40, 41, 52]. When ingested into humans and animals, the cell lining the
small intestine absorb small quantity of ingested nickel [53]; the absorbed nickel is
transported to other parts (tissue and organs), and accumulates majorly in the kidney
[53, 54], but less in the liver [54]. The mean concentrations of Ni in all the meat parts
were below the maximum limit of 0.5 mg/kg nickel in meat and meat products set by
Russia [55]; Food and Agricultural Organization (FAQO) of the United Nations and
World Health Organization (WHQO) does not have maximum limit for nickel in meat
and meat products. Low levels of Ni in liver and kidney (from 0.04 to 0.3 mg/kg) of
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cattle from Southern Nigeria [56], and in muscle, kidney, liver, intestine and tripe,
(from 0.25 to 0.36 pg/g fresh weight) of cow consumed in an Urban Nigeria [40] was
reported. Nickel is used in the industries to manufacture electrical appliances, coins,
jewelry, alloys, as a component of stainless steel it is used to manufacture houschold
utensils, it finds application in pigment, food processing and metallurgical industries,
etc. [37]. Nigeria is not an industrialized nation, however, it has very few industries
which include food processing and metallurgical industries. Release of nickel from
industrial sources may be low because of few industries in the country. Release of nickel
into the environment in Nigeria from other sources may be due to indiscriminate dis-
posal of nickel containing waste (e.g., electronic waste) and combustion of fossil fuel
(vehicular emission). The levels of nickel in the meat parts below recommended maxi-
mum limit suggest that they are not polluted with nickel and that the cows may have
grazed on grasses, drank water and were exposed to air with low levels of nickel. Mean
concentration of Pb in cow muscle is 0.101 +0.084 mg/kg fresh weight, it is 0.127
+0.134 mg/kg fresh weight in intestine and 0.118 £0.09 mg/kg fresh weight in liver. The
trend of concentration of Pb in the meat parts is: intestine > liver > muscle. Similar trend
was observed in cow meat parts in some studies [52, 57], in these studies, the trend was
kidney > liver > muscle (0.052 £0.002 mg/kg in kidney, 0.036 £0.018 mg/kg in liver and
0.013 +0.010 mg/kg in muscle), and kidney > liver > muscle (109.42 pg/kg in kidney,
42.70 pg/kgin liver and 8.77 ug/kg in muscle) respectively. These studies and the pres-
ent study showed that Pb accumulates in liver than muscle of cow. Maximum level of
Pb permitted in cattle muscle and edible offal is 0.2 mg/kg [58], none of the concentra-
tions of Pb in the meat parts exceeded the recommended maximum level of Pb in mus-
cle and edible offal, meaning that the meat parts are not polluted with Pb, suggesting
that the cows were exposed to low levels of Pb. The level of Pb in muscle and edible
offal (from 0.013 £0.010 to 0.052 +0.002 mg/kg) of cow obtained from Benin City,
Nigeria, from a previous studies, and (from 0.01 to 0.26 mg/kg) of Pb in meat parts
from southern Nigeria were below FAO/WHO stipulated maximum level (57; 56),
except in liver from Sapele, Nigeria (0.26 mg/kg) which was slightly above the maxi-
mum level, but, high levels of Pb was found in meat parts from Kaduna, Nigeria (41).
Sources of Pb in the environment include smelting of Pb, battery manufacture and
recycling, use of Pb in car repair, Pb based paints and pigments etc. [59]. In Nigeria,
automobile mechanic makes up a large proportion of the informal sector; their activi-
ties include car body work (which involves panel beating and metal cutting), car spray
painting (which uses paint), battery charging etc. The activities of the automobile
mechanics release lead in the environment [60], other sources of lead in the environ-
ment in Nigeria are battery recycling activities, lead and gold mining activities and
indiscriminate disposal of waste battery and other lead containing waste. Mean con-
centration of Cobalt in cow muscle, intestine and liver samples are: 0.256 £0.255 mg/
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kg fresh weight in muscle, 0.179 £0.584 mg/kg fresh weight in intestine and 0.096
+0.237 mg/kg fresh weight in liver. The trend of concentration of Co in muscle and
edible offal of cow samples is muscle > intestine > liver, however, the work of Ogbomida
et al. (2018) [57] showed a contrary trend of cobalt concentration in cow meat parts:
liver > kidney > muscle. There is no maximum level for cobalt, but minimal risk level
(MRL) [61], MRL is an estimate of the daily human exposure to a hazardous substance
that is likely to be without appreciable risk of adverse non-cancer health effects over a
specified duration of exposure [61]. The MRL oral exposure for cobalt is 0.03 mg/kg/
day [61], Mean concentrations of Co in cow muscle, intestine and liver are higher than
the recommended MRL oral exposure for Co. These concentrations indicates that the
cow meat parts are polluted with Co and that the cows may have grazed on grasses, and
or drank water and or were exposed to air with high levels of Co. Sources of Co include
both natural and anthropogenic activities. Co is a natural component of soil, rock and
air, and can be leached from soil and rock by rainwater and surface runoff into water
bodies [62]. Anthropogenic activities such as mining and ore smelting activities releases
Co from ore deposits and phosphate rocks into the environment [62]. Cobalt is among
the heavy metals released into the environment during gold mining, High Co concen-
tration ranging from 0.275 +0.053 to 2.200 +0.011 pg/g (mg/kg) in liver and muscle
of goat, sheep and cattle reared in the gold-mining areas of Zamfara state in Nigeria
was reported [29]. Significant levels of cobalt in soil, vegetables and livestock around
some gold mine areas in Zamfara state, Nigeria was also reported [28]. Zamfara state is
one of the states from which cattle is brought into FCT slaughterhouses. Other sources
of cobalt include, airport and highway traffic, coal fired power plants, colored glass and
ceramics and cobalt containing alloys [62]. In Nigeria, mining and ore smelting activi-
ties are among non-oil sector economic activities of the country and may have contrib-
uted to release and pollution of the environment with Co in addition to indiscriminate
disposal of colored glass and ceramics and Co containing alloy substances and gold
mining. FCT, Abuja being the capital city of Nigeria experience highway and airport
traffic due to the population density and landing of local and international aircrafts,
these too may have added Co to the environment. Co can cause neurological problem
such as hearing and visual impairment, endocrine and cardiovascular health effects
[63]. Mean concentrations of Cd in the meat parts samples are 0.040 +0.0153 mg/kg
fresh weight (muscle), 0.0475 +0.041 mg/kg fresh weight (intestine) and 0.0417
+0.0226 mg/kg fresh weight (liver). This result shows that the trend of the concentra-
tion of Cd in the cow meat parts is: intestine > liver > muscle. This result compares well
with the result from previous studies which showed the trend, kidney > liver > muscle
(0.890 +1.035 mg/kg in kidney, 0.044 +0.013 mg/kg in liver and 0.001 +£0.000 mg/kg
in muscle) [57], and kidney > liver > muscle (62.56 pg/kg in kidney, 14.16 pg/kg in
liver and 1.40 pg/kg in muscle) [52]. This suggest that, may be Cd concentrates more
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in the liver of cow than in the muscle. According to Agency for Toxic Substances and
Disease Registry [64], Cd concentration is highest in the kidney and liver. The maxi-
mum level of Cd in muscle and liver of cattle are 0.050 m/kg wet weight and 0.50 mg/
kg wet weight respectively [65]. The levels of Cd in muscle and liver of the cow meat
parts samples are lower compared to the approved maximum level of Cd in muscle and
liver, also, the level of Cd in intestine is lower compared to recommended maximum
level of Cd in both muscle and liver. This indicates that the meat parts are not polluted
with Cd. Usman ez al. (2022) [41] reported 0.05 pug/g (mg/kg) and 0.31 pg/g (mg/kg)
of Cd in muscle and liver respectively and 0.16 pg/g (mg/kg) and 0.22 ug/g (mg/kg) of
Cd in tripe and intestine of cow from Kaduna State, Nigeria. These levels of Cd in the
meat parts are within the recommended maximum level of Cd in muscle and liver of
cattle. Also, Cd levels in the work of Ogbomidia ez a/. (2018) [57] showed low level of
cadmium in muscle (0.001 +0.000mg/kg) and liver (0.044+ 0.013 mg/kg) of cows
from Benin, Nigeria. Cd can be released into the environment from mining and smelt-
ing, burning of fossil fuels, burning of plastics and nickel cadmium batteries [66], recy-
cling of cadmium-containing steel scrap and electronic waste. The mean concentrations
of Cr in cow muscle, intestine and liver samples are: 0.690 +0.0570 mg/kg in fresh
weight in muscle, 0.698 £0.0680 mg/kg in fresh weight in intestine, and 0.687 +£0.062
mg/kg in fresh weight in liver; i.c. intestine > muscle > liver. Ogbomida ez /. (2018)
[57] reported more concentration of Cr in muscle (0.261 + 0.216 mg/kg) of cattle
than in liver (0.064 £0.014 mg/kg) of cattle, as reported in the present study. Food and
Agricultural Organization of the United Nations, World Health Organization and
other international regulatory bodies have not recommended standards for Cr in meat
and meat products in food, however, China set maximum limit of 1.0 mg/kg of Cr in
meat and meat products [67]. The mean concentrations of Cr in the different meat
parts are less than the recommended 1.0 mg/kg in meat and meat parts by China, this
implies that the muscle and edible offal of the cattle samples are not polluted with Cr.

Table 2. Mean concentrations (mg/kg, fresh weight) of Ni, Pb, Co, Cd and Cr in muscle and edible
offal of cattle from slaughterhouses in Federal Capital Territory (FCT), Abuja, Nigeria.

Cow
meat  Statistics Nickel Lead Cobalt Cadmium  Chromium
parts
Min -0.63 0.01 -0.225 0.021 0.545
Max 0.614 0.34 0.673 0.092 0.789
Muscle Median 0.157 0.08 0.284 0.039 0.696
Range 0.677 0.33 0.898 0.071 0.244
Mean 0.194 +£0.158 0.101 +0.084 0.256 £0.255 0.040 £0.015 0.690 +0.057
+SD
(Continued)
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Table 2. Continuation.

Cow
meat  Statistics Nickel Lead Cobalt Cadmium  Chromium
parts
Min 0.007 0.02 -0.583 0.018 0.497
Max 0.414 0.680 2.845 0.239 0.799
. Median 0.119 0.08 0.172 0.039 0.709
Intestine  ponge 0.407 0.66 3.428 0.221 0.302
Mean 0.167 £0.125 0.127 £0.134 0.179 £0.584 0.048 £0.041 0.698 +0.068
+SD
Min -0.070 0.010 -0.650 0.018 0.509
Max 0.509 0.280 0.699 0.120 0.772
Liver Median 0.144 0.09 0.106 0.034 0.705
Range 0.579 0.27 1.349 0.102 0.263
Mean 0.169 £0.139 0.118 +0.090 0.096 0.042 £0.023 0.687 +0.062
+SD +0.0237

The ingestion rate of muscle, intestine and liver, and the result of estimated daily intake
(EDI, mg/kg bw/day) of Ni, Pb, Co, Cd and Cr in muscle, liver and intestine of cow
meat samples are presented in Tables 3 and 4 respectively. The EDI of nickel in the
meat parts was: i) for adult men: 7.00 x 10° mg/kg bw/day (muscle), 7.70 x 10° mg/
kg bw/day (intestine) and 4.10 x 10 mg/kg bw/day (liver), ii) for adult women, it
was 7.00 x 10° mg/kg bw/day (muscle), 6.20 x 10° mg/kg bw/day (intestine) and
5.70 x 10”° mg/kg bw/day (liver), iii) for adolescent, it was, 7.80 x 10° mg/kg bw/day
(muscle), 6.60 x 10° mg/kg bw/day (intestine) and 5.70 x 10° mg/kg bw/day (liver),
and iv) for children, it was, 1.05 x 10" mg/kg bw/day (muscle), 1.03 x 10* mg/kg bw/
day (intestine) and 1.07 x 10° mg/kg bw/day (liver). The tolerable daily intake (TDI)
derived for nickel in food is 3 ug/kg bw/day [68], which is equivalent to 0.013 mg/kg
bw/day. According to European Food Safety Authority (EFSA), TDI is an estimate of
the amount of a substance in food or drinking water which is not added deliberately
(e.g. contaminants) and which can be consumed over a lifetime without presenting an
appreciable risk to health. EDI values of nickel in the meat parts obtained in this study
for different groups (adult men and women, adolescent and children) are lower than
the TDI set by EFSA. This indicates no risk to health over lifetime from consumption
of the level of Ni in the meat parts. EDI of the other heavy metals in muscle and edible
offal of the cow samples ranged from 2.90 x 10° to 7.80 x 10° mg/kg bw/day of Pb
in muscle, intestine and liver for all the groups (adult men and women, adolescent
and children). For Co, it ranged from 2.30 x 10° to 1.39 x 10* mg/kg bw/day of Co
in muscle, intestine and liver for all the groups, while, for Cd, it ranged from 1.03 x
107 to 2.90 x 10° mg/kg bw/day of Cd in the meat parts for all the groups. For Cr,
it ranged from 2.16 x 10 to 4.37 x 10* mg/kg bw/day of Cr in muscle and edible
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offal for all the groups. There is no stipulated tolerable or acceptable daily intake for
cobalt in muscle and edible offal or food substances by Food and Agricultural Orga-
nization of the United Nations (FAO), World Health Organization (WHQO) and
United States Protection Agency (USEPA) etc., However, French Food Safety Agency
(Agence Francaise De Securite Sanitaire Des Aliments) set tolerable daily intake of
cobalt in food between 1.6 and 8 ug/kg bw/day [69], equivalent to 0.0016 and 0.008
mg/kg bw/day. From the result of the study, EDI of cobalt in the muscle and edible
offal of the cow samples are lower than the TDI of cobalt set by AFSSA. This suggest
that there may be no risk to health over lifetime from consumption of the level of
Co in the meat parts. FAO/WHO does not have TDI for lead but provisional toler-
able weekly intake (PTWI) which is 0.025 mg/kg bw [70], conversion of this value
to daily basis gives 0.0036 mg/kg bw, The EDI of Pb in the meat parts is lower than
0.0036 mg/kg bw, which implies that ingestion of the concentrations of Pb in the meat
parts may not pose risk to health over lifetime from consumption of the meat parts.
Acceptable daily intake (ADI) or TDI is not provided by relevant regulatory authori-
ties for cadmium, however, Provisional Tolerable Monthly Intake (PTMI) of cadmium
is 25 mg/kg/month [71], by converting the PTMI to daily intake, using 30 days in
a month, gives the Provisional Tolerable Daily Intake (PTDI) 0.83 mg/kg/day [72],
which when converted to mg/kg/day gives 0.00083 mg/kg/day. EDI of cadmium in
muscle, intestine and liver of the cows by the groups are less than 0.00083 mg/kg/day.
This suggests that there may be no risk to health to adult men and women, adolescent
and children, due to consumption of the level of cadmium in the cow meat parts. There
are no intake values for chromium (VI). The intake value available for chromium III is
adequate intake (AI) [73]. Adequate Intake is the intake assumed to ensure nutritional
adequacy; established when evidence is insufficient to develop a recommended dietary
allowance (RDA) [73]. Adequate intake for children between the ages of 4 to 8 is 15
ug (male and female) (0.015 mg), 9 to 13 years are 25 pg (male) (0.025 mg) and 21 ug
(female) (0.021 mg), 14 to 18 years are 35 ug (male) (0.035 mg) and 24 pg (female)
(0.024 mg), 19 to 50 years 35 pg (male) (0.035 mg) and 25 pg (female) (0.025 mg),
and 51 years and above 30 pg (male) (0.03 mg) and 20 pg (female) (0.02 mg) (73). The
estimated daily intake of chromium in muscle, intestine and liver of the cow samples
(from 2.16 x 10 to 4.37 x 10* mg/kg bw/day) by adult men and women, adoles-
cent and children residing in FCT, Abuja, Nigeria, are lower than the recommended
adequate intakes, indicating that health risk is unlikely to happen over lifetime from
consumption of the level of Cr in the cow meat parts.

818


https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/tolerable-daily-intake

Heavy metals in cattle from slaughterhouses in Federal Capital Territory, Abuja, Nigeria

Table 3. Ingestion rate of Cow Muscle, Liver and Intestine in Nigeria

Body weight Daily meat consumption (g/day)
Group Age (years) (kg) Muscle Liver Intestine
Adult men 25-55 70 £10.4 25.54 £2.20 17.31 £2.86 32.58 +6.10
Adult women 25-55 63 +£10.8 2296 £2.44 = 21.47 £3.38  23.50 +£3.03
Adolescent 16 -25 65 +10.8 2627 £2.93 = 22.01 £4.46  25.89 +5.78
Children 6-15 35459 19.13+1.83 22314376 21.67 +4.16

Table 4. Estimated daily intake (mg/kg bw/day) of muscle and edible offal consumed by adult men,
adult women, adolescent and children in FCT, Abuja, Nigeria.

Group Cow Nickel Lead Cobalt Cadmium  Chromium
meat part

Muscle 7.00 x 1075 | 3.60x 105 930x 10 1.40x 105 251x10*

Adult men Intestine | 7.70x 105 5.90x 105 8.30x10° 220x10° 3.24x10™*

Liver 410%x10° 290x10° 230x10° 1.03x10°  2.10x 10

Adult Muscle 7.00 x 1075 | 3.60 x 105 9.30x 10> 1.40 x 10’? 2.51 x 1074

Intestine 620x107° 470x10° 6.60x10° 1.76x10° 2.60x 10+

WOMER Liver 570 x 105 400 x 10°  330x10°  142x10° 233 x 10

Muscle 7.80x 105  4.00x 105 1.03x10%* 1.60x10°5 2.78x10*

Adolescent Intestine = 6.60 x 107°  5.00 x 105 7.10x 10>  1.87x 10> 278 x 10~

Liver 570 x 10 390x10° 320x10° 141x10° 232x10*

Muscle 1.05x 104 550x10° 139x10% 2.17x10°5  3.76x 10

Children  Intestine = 1.03x 10% 7.80x10°  1.10x 10% 290x 10> 2.32x 10

Liver 1.07 x10%  750x107° 6.10x10° 2.65x10° 437 x10*

Table 5 shows the hazard quotient (HQ) and hazard index (HI) of nickel in the meat
parts. Hazard quotient of nickel for adult men is 3.50 x 10? (muscle), 3.85 x 107
(intestine) and 2.05 x 10 (liver), for adult women it is, 3.50 x 10 (muscle), 3.10 x
107 (intestine) and 2.85 x 107 (liver), while for adolescent it is, 3.90 x 10? (muscle),
3.30 x 107 (intestine) and 2.85 x 107 (liver), and for children it is, 5.25 x 10 (mus-
cle), 5.15 x 10 (intestine) and 5.35 x 107 (liver). HQs of nickel in the meat parts are
less than 1. This suggest that the level of nickel in the meat parts do not pose potential
health risk to its consumers. HQ of lead, cobalt, cadmium and chromium in muscle,
intestine and liver of the cow meat parts consumed by all the groups range as follows:
from 1.45 x 10 to 3.90 x 107 for lead, from 7.66 x 107 to 4.63 x 10! for cobalt, from
3.40 x 107 to 9.60 x 10 for cadmium, and 7.00 x 10 to 1.45 x 10! for chromium.
Values of the HQs are less than 1, implying non likelihood of potential health risks to
the groups due to consumption of the metals in the meat parts. Likewise, hazard index
(HI) values of all the metals in muscle, intestine and liver consumed by the different
groups are less than 1 (1.66 x 10! to 6.20 x 10™"). This suggest that chronic non-cancer
health risk is not likely to happen.
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The result of incremental lifetime cancer risk (ILCR) is presented in Table 6. The range

of the ILCR values of the carcinogenic metals (nickel, lead, cadmium and chromium)
in the meat parts, for all the groups are as follows: from 1.07 x 107 to 3.23 x 10°
for nickel, from 9.15 x 107 to 3.87 x 10° for cadmium, from 1.28 x 107 to 7.50 x
10° for chromium, and from 6.2 x 10 to 2.78 x 10° for lead. These values are below
and within the recommended cancer risk values, namely from 1 x 10° to 1 x 104,
stipulated by United States Environmental Protection Agency [43]. This suggest that

the possibility of adult men and women, adolescent and children who consume the

carcinogenic metals in muscle, intestine and liver of cows” from FCT, Abuja, Nigeria,

developing cancer is low.

Table 5. Hazard quotient and Hazard index of lead, cobalt, cadmium and chromium in muscle and

edible offal consumed by adult men, adult women, adolescent and children in FCT, Abuja, Nigeria

Cow
Group meat Nickel Lead Cobalt  Cadmium Chromium  YHI
parts
Muscle  3.50x 107 1.80 x 102 3.10 x 10! 4.60 x 107> 8.30 x 102 4.19 x 107!
Adult men Intestine 3.85 x 107% 2.95x 1072 2.70 x 107! 7.30 x 107> 1.08 x 107! 4.24 x 10!
Liver 2.05x 1072 1.45%x 1072 7.66x 10?2 3.40 x 103 7.00 x 10> 1.66 x 107!
Adult Muscle 3.50 x 107 1.80 x 1072 3.10 x 107! 4.60 x 107> 8.36 x 1072 4.19 x 10!
Intestine 3.10 x 103 2.35 x 102 2.20 x 107! 5.80x 107 8.60 x 102 3.38 x 107!
WO iver  2.85x 107 2.00 x 102 1.10x 10" 4.70 x 10 7.70 x 102 2.15 x 10°!
Muscle 3.90 x 107 2.00 x 102 3.43 x 107" 5.30%x 10 9.26x 10? 4.64 x 107!
Adolescent Intestine 3.30 x 103 2.50 x 1072 2.36 x 10! 6.10 x 10* 9.26 x 10  3.63 x 10!
Liver 2.85x 1072 1.95x 10?2 1.06 x 107! 470x 107 7.70 x 1072 1 2.10 x 107!
Muscle 525 x 107 2.75%x 1072 4.63 x 107! 7.20x 10 1.25x 107" 6.20 x 107!
Children  Intestine 5.15x 1073 3.90 x 102 3.66 x 107! 9.60 x 107 7.73 x 1072  4.97 x 10!
Liver 5.35%x 107 3.75x 1072 2.03x 10" 8.80 x 10 1.45x 107! 3.99 x 10!

RfD: Ni = 0.02 mg/kg/day (USEPA), Pd = 0.002 mg/kg/day (USEPA), Co = 0.0003 mg/kg/day (USEPA),
Cd = 0.003 mg/kg/day (USEPA), Cr = 0.003 mg/kg/day (USEPA)

Table 6. Incremental Lifetime Cancer Risk of nickel, cobalt, cadmium and chromium in muscle

and edible offal consumed by adult men, adult women, adolescent and children in Abuja, Nigeria.

Group Co;::seat Nickel Cadmium Chromium Lead
Muscle 2.94 x 107 2.46 x 107 5.81x 10 1.69 x 107
Adult men | Intestine 323 x 107 3.87 x 10°¢ 7.50 x 107 2.78 x 107
Liver 1.71 x 107 1.81 x 10°¢ 4.86 x 10 1.36 x 107
(Continued)
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Table 6. Continuation.

Group Cow meat Nickel Cadmium Chromium Lead
parts
Muscle 3.09 x 103 2.46 x 10°¢ 5.81 x 10 1.69 x 10-°
Adule Intestine | 2.61x 10 |  3.09 x 10-¢ 6.01 x 105 222 % 105
women Liver 239 x 107 2.49 x 107 5.39 x 103 1.88 x 10°°
Muscle 2.10 x 103 1.80 x 10°¢ 411 %105 1.21 x 10°°
Adolescent | Intestine 1.61 x 107 2.10 x 10°° 411 x 10 1.53 x 10°°
Liver 1.52 x 10°5 1.58 x 10¢ 343 x 10°° 1.11 x 10
Muscle 1.05 x 10°° 9.16 x 107 2.08 x 10°° 6.2 x 107
Children |Intestine 1.03 x 10°° 1.22 x 107°¢ 1.28 x 103 8.8 x 10°¢
Liver 1.07 x 1077 1.11 x 10°¢ 2.42 x 10°5 8.9 x 10°¢

CSF: Ni = 0.91 mg/kg/day (EPD, Georgia), 2020), Cd = 0.38 mg/kg/day (USDOE), Cr = 0.5 mg/kg/day
(USDOE), Pb = 0.0083 mg/kg/day.

CONCLUSION

Cow muscle, intestine and liver from slaughter houses in FCT, Abuja, Nigeria are not
polluted with nickel, lead, cobalt, cadmium and chromium. Human population viz
adult men and women, adolescent and children are at low risk of developing potential
non-cancer health related issues, chronic non-cancer health related issues, and cancer
due to consumption of nickel, lead, cobalt, cadmium and chromium in cow muscle,
intestine and liver from at slaughter houses within FCT, Abuja, Nigeria.
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SUMMARY

Introduction: Medication-related osteonecrosis of the jaw, formerly known as
bisphosphonate-associated osteonecrosis of the jaw, is a syndrome first described in
2003. Prescription drugs such as bisphosphonates, denosumab and anti-angiogenic
agents, including monoclonal antibodies, have been implicated in the development
of medication-related osteonecrosis of the jaw (MRONYJ). Purpose: The aim of
this research was to investigate drugs related to osteonecrosis of the jaw. Method:
This were a quantitative, cross-sectional descriptive study, using a search of scientific
databases to collect information on the drugs associated with the development of
drug-related osteonecrosis of the jaw. Result: Bisphosphonates have been associ-
ated with the development of osteonecrosis of the jaw, as they inhibit osteoclastic
activity by altering bone remodeling. Denosumab was introduced as a more effective
alternative to bisphosphonates; however, it has also been linked to the production
of osteonecrosis of the jaw, as this drug induces a sustained decrease in bone turn-
over. Conclusions: Osteonecrosis of the jaw has been linked to some drugs, which
include bisphosphonates, especially zoledronic acid. Another drug that has been
implicated in osteonecrosis of the jaw is denosumab, which is used for the treatment

of osteoporosis and metastatic bone disease.

Keywords: Bisphosphonate—associated osteonecrosis of the jaw; osteonecrosis;

maxilla; mandible; drug effects; pharmaceutical preparation.
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RESUMEN

Osteonecrosis de la mandibula relacionada con medicamentos
(ONMRM)

Introduccidn: La osteonecrosis de la mandibula relacionada con la medicacién,
anteriormente conocida como osteonecrosis de la mandibula asociada a los bisfos-
fonatos, es un sindrome descrito por primera vez en 2003. Medicamentos recetados
como los bisfosfonatos, denosumab y agentes antiangiogénicos, incluidos los anti-
cuerpos monoclonales, han sido implicados en el desarrollo de la osteonecrosis de
la mandibula relacionada con la medicacién (MRONJ, por sus siglas en inglés).
Propésito: El objetivo de esta investigacion fue investigar los medicamentos relacio-
nados con la osteonecrosis de la mandibula. Método: Este fue un estudio descrip-
tivo cuantitativo, transversal, utilizando una busqueda en bases de datos cientificas
para recopilar informacién sobre los medicamentos asociados con el desarrollo de la
osteonecrosis de la mandibula relacionada con la medicacién. Resultado: Los bisfos-
fonatos han sido asociados con el desarrollo de osteonecrosis de la mandibula, ya
que inhiben la actividad osteocldstica al alterar la remodelacién ésea. El denosumab
fue introducido como una alternativa més efectiva a los bisfosfonatos; sin embargo,
también ha sido relacionado con la produccion de osteonecrosis de la mandibula,
ya que este medicamento induce una disminucién sostenida en el recambio 6sco.
Conclusiones: La osteonecrosis de la mandibula ha sido relacionada con algunos
medicamentos, que incluyen los bisfosfonatos, especialmente el 4cido zoledrénico.
Otro medicamento que ha sido implicado en la osteonecrosis de la mandibula es el
denosumab, que se utiliza para el tratamiento de la osteoporosis y la enfermedad ésea

metastdsica.

Palabras clave: Osteonecrosis de la mandibula asociada a los bifosfonatos; osteone-

crosis; maxilar; mandibula; efectos de medicamentos; preparacion farmacéutica.

REsumo

Osteonecrose da mandibula relacionada a medicamentos

(ONMRM)

Introdugio: A osteonecrose da mandibula relacionada a medicamentos, anterior-
mente conhecida como osteonecrose da mandibula associada a bifosfonatos, é uma

sindrome descrita pela primeira vez em 2003. Medicamentos prescritos como bifos-
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fonatos, denosumabe ¢ agentes antiangiogénicos, incluindo anticorpos monoclonais,
tém sido implicados na desenvolvimento de osteonecrose da mandibula relacionada
a medicamentos (MRONJ, na sigla em inglés). Objetivo: O objetivo desta pesquisa
foi investigar medicamentos relacionados 4 osteonecrose da mandibula. Método:
Este foi um estudo quantitativo, transversal e descritivo, utilizando uma busca em
bases de dados cientificas para coletar informagdes sobre medicamentos associados
ao desenvolvimento de osteonecrose da mandibula relacionada a medicamentos.
Resultado: Os bifosfonatos tém sido associados ao desenvolvimento de osteone-
crose da mandibula, pois inibem a atividade osteocldstica alterando a remodelacio
4ssea. O denosumab foi introduzido como uma alternativa mais eficaz aos bifosfo-
natos; No entanto, também tem sido relacionado com a produgao de osteonecrose
da mandibula, uma vez que este medicamento induz uma diminuicao sustentada da
remodelacao dssea. Conclusdes: A osteonecrose da mandibula tem sido associada a
alguns medicamentos, incluindo os bifosfonatos, especialmente o dcido zoledrénico.
Outro medicamento implicado na osteonecrose da mandibula ¢ o denosumabe,

usado para tratar a osteoporose e doengas dsseas metastdticas.

Palavras-chave: Osteonecrose da mandibula associada a bifosfonatos; osteonecrose;

maxilar; mandibula; efeitos de medicamentos; preparagao farmacéutica.

INTRODUCTION

Drug-related osteonecrosis of the jaw, formerly known as bisphosphonate-associated
osteonecrosis of the jaw, is a syndrome first described in 2003 by Marx; it is characterized
by the exposure of necrotic bone in the maxilla or mandible and is, triggered by the per-
formance of an intraoral surgical procedure at the same time that the patient is under
medical treatment with antiresorptive drugs such as bisphosphonates [1, 2].

Since the publication of its discovery, 19 years have passed, during which little scientific
information has generated misinformation and certain fears among patients and doctors
or dentists. Drug-related osteonecrosis of the jaw is undoubtedly a serious disease that
can lead to a radical change in the daily habits of the patient [3].

The Food and Drug Administration (FDA) approves the use of bisphosphonates for
administration in postmenopausal women with osteoporosis, men with osteoporosis,
and patients with glucocorticoid-induced osteoporosis, hypercalcemia of malignancy,
Pagt’s disease, malignancy with bone metastasis, giant cell tumors or fibrous dysplasia.
However, it should be reported that the same association (FDA) does not approve the

833



Katherine Cuenca-Leén ez al.

use of these drugs for the treatment of osteogenesis imperfecta in children and adults
as a prevention of glucocorticoid-induced osteoporosis [4-6].

Bisphosphonates are antiresorptive drugs, that regulate the bone metabolism of cal-
cium (Ca) and phosphorus (P) by binding to the hydroxyapatite of the mineralized
matrix, remaining in the skeleton for a prolonged period, and exerting antiresorptive
activity. These drugs, in turn, are classified into two categories: those containing nitro-
gen, such as alendronate, risedronate, ibandronate, pamidronate and zoledronic acid,
and those without nitrogen, such as etidronate disodium, clodronate disodium and

tiludronate disodium [5, 7-9].

The mechanism of action of bisphosphonates is to inhibit bone resorption by bind-
ing to hydroxyapatite binding sites in bones, particularly in areas of active resorp-
tion. Those drugs that contain nitrogen will inhibit farnesyl diphosphate, which is
important for promoting osteoclast binding to bone and, as a result, the osteoclast
will become detached from the bone surface, which inhibits bone resorption. Non-
nitrogen-containing drugs result in osteoclast apoptosis, which, in turn, leads to an
overall decrease in bone degradation [7, 8, 10].

The eflicacy of bisphosphonates is based on improving the bone mineral density in
postmenopausal women with osteoporosis. Thus, alendronate reduces the risk of ver-
tebral fractures by 50% and hip fractures and other non-vertebral fractures by 30%;
risedronate reduces vertebral and non-vertebral fractures by 40%; zoledronic acid
reduces vertebral fractures by 70% and hip fractures and other non-vertebral fractures
by 35%; and ibandronate reduces vertebral fractures by 50%. It is important to point
out that alendronate, risedronate and ibandronate are administered orally, while zole-
dronic acid and pamidronate are administered intravenously. Denosumab acts as an
antiresorptive agent by inhibiting osteoclast function and bone resorption because it
does not bind to bone, and its effects on bone remodeling mostly diminish within six
months after the discontinuation of treatment. This drug is effective at reducing meta-
static bone disease from solid tumors when administered monthly subcutaneously, as
it significantly reduces the risk of vertebral, non-vertebral and hip fractures in patients
with osteoporosis [8, 11-13].

Antiresorptive drug administration may cause adverse gastrointestinal effects, such as
gastrointestinal reflux, esophagitis, esophageal/gastric ulcers and gastritis; intravenous
infusion reactions, as they are associated with an acute phase reaction characterized
by flu-like symptoms, fever, myalgia, arthralgia and headache; hypocalcemia, which is
more common from intravenously administered bisphosphonates and in patients with
a vitamin D deficiency, a deficient calcium intake or hypoparathyroidism; arthralgia
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and myalgia; ocular conditions, such as uveitis, conjunctivitis and scleritis; atypical
femur fractures due to a rare effect that generally affects the diaphysis or the subtro-
chanteric region of the femur; and osteonecrosis, since most cases occur in patients
with multiple myeloma or breast cancer that are treated with high doses of intravenous

bisphosphonates [14, 15].

Invasive dental procedures, dental trauma, periodontal disease, exodontia, exostoses
and dental implants are important risk factors for the development of osteonecrosis in
patients with osteoporosis, with a percentage of 0-0.15% for bisphosphonate and 1%
for denosumab. In patients with a history of cancer after exodontia, the percentage is
1.6% - 14.8% when consuming bisphosphonates. Osteonecrosis of the jaw occurs three
times more frequently in the lower jaw (75%) than in the upper jaw (25%) due to ana-
tomical factors, while patients with breast cancer, multiple myeloma or prostate cancer
have a higher risk of developing osteonecrosis [11, 16, 17].

Patients receiving chemotherapy or corticosteroids, older adults, and Caucasians are at
agreater risk of developing osteonecrosis; in addition, genetic factors (suchas CYP2C8
gene polymorphism in patients with multiple myeloma who receive treatment with
zoledronic acid and pamidronate) and smoking are risk factors for the development of
osteonecrosis with bisphosphonate therapy [18].

There are several hypotheses that can explain the pathophysiology of drug-associated
osteonecrosis. Among them is the inhibition of bone remodeling, since antiresorp-
tive drugs, including bisphosphonates and denosumab (DMB), have direct effects on
the formation, differentiation or function of osteoclasts; inflammation or infection,
since, although extraction is the main triggering event for osteonecrosis, most teeth
that are extracted have periodontal disease or an infection; the inhibition of angiogen-
esis, since bisphosphonates and denosumab inhibit the angiogenesis that is normally
seen in post-extraction alveolar healing, and they also reduce the arterial area, venous
area and general vascularization of periodontal tissues; dysfunction of the innate and
acquired immune systems, as patients with comorbidities such as diabetes and rheu-
matoid arthritis or an immunocompromised state have a significantly increased risk
of drug-associated osteonecrosis, as confirmed in animal studies where chemotherapy,
steroids and antirheumatic drugs combined with antiangiogenic and antiresorptive
drugs increased the prevalence of drug-associated osteonecrosis; and, finally, genetic
factors, since there are some polymorphisms that are associated with the development
of osteonecrosis, with most of these polymorphisms being located in genes associated
with bone turnover and collagen formation [11, 19-21].
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The American Association of Oral and Maxillofacial Surgeons states that patients are
considered to have drug-related osteonecrosis of the jaw if they have certain specific
characteristics, as can be seen in Table 1 [7, 8].

There is also drug-related, or spontaneous, mandibular necrosis without a predispos-
ing event, which represents the second most common group responsible for triggering
mandibular osteonecrosis. Spontaneous medication-related osteonecrosis of the jaw
(MRONY]) is related to certain anatomical sites such as the torus, exostosis, and mylo-
hyoid ridges. On the other hand, a bony protrusion contradicts the term spontaneous,
as it represents a higher risk of trauma [11-13].

Drug-associated osteonecrosis of the jaw occurs and is classified according to the con-
ditions present, which is why it can be classified into four stages, as can be seen in Table

2 [22-24].

Table 1. Characteristics required to consider a patient to have drug-associated osteonecrosis of the

mandible.

Current or previous treatment with antiresorptive or anti-angiogenic
agents.

Characteristics to be
Exposed bone or bone that can be probed by an extrabuccal or

intrabuccal fistula, that is located in the maxillofacial region, and that
has been maintained for more than eight weeks.

considered according
to AAOMS

No history of radiation to the jaws or metastases in the jaws.

Table 2. Stages of drug-associated osteonecrosis of the mandible.

Absence of necrotic bone, without bone exposure, but with specific clinical or radiographic
findings.

-SYMPTOMS

Odontalgia.

Pain in the mandibula that may radiate to the TMJ.

Sinus pain.

- CLINICAL FINDINGS

Tooth mobility due to chronic periodontal disease.

Stage 0

Intraoral or extraoral inflammation.
-RADIOLOGICAL FINDINGS

Bone loss not attributable to chronic periodontal disease.
Absence of new bone in the alveoli post-extraction.

Regions of osteonecrosis involving alveolar bone.

(Continued)
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Table 2. Continuation.

Bone exposure and necrotic bone tissue or fistula where bone can be explored by probing;
asymptomatic patients with the absence of an infection.

Infection, pain and/or erythema with necrotic bone exposure or fistula when probing bone.

Extension of necrotic bone and infection beyond the alveolar ridge, pathological fracture
or oral-antral/oral-nasal communication, or an extraoral fistula.

Stage 3 | Stage 2 | Stage 1

The management of patients on bisphosphonate therapy prior to oral surgery should
be performed under a protocol that includes asking all patients about their current or
past bisphosphonate use and mode of administration, because intravenous bisphospho-
nates have a longer half-life and therefore pose a greater risk of the patient developing
osteonecrosis than oral bisphosphonates. Patients who have not yet begun bisphos-
phonate therapy should first be examined to determine whether they require surgical
dental procedures prior to therapy. A comprehensive treatment should be performed
to minimize the need for future dental treatment. For patients who have already
started therapy, any elective procedures should be avoided, if possible, to avoid the
risk of bisphosphonate-induced osteonecrosis of the jaw. Root canal therapy should
be performed in lieu of tooth extraction when possible. Patients should be educated
about the importance of good oral hygiene, regular dental checkups and the symptoms
of osteonecrosis of the jaw so that the patient can report early if symptoms develop.
Patients in whom extractions are unavoidable should first consult with the treating
physician to discontinue bisphosphonate therapy temporarily. The patient should be
maintained on a chlorhexidine mouth rinse twice daily for two months and should be
followed up postoperatively for 2 months [16, 25].

The most important therapeutic method is the prevention of drug-related osteonecro-
sis of the jaw by performing dental extractions or surgical interventions prior to the
administration of antiresorptive and anti-angiogenic drugs. Prolonged perioperative
antibiotic prophylaxis, adequate wound closure, and atraumatic procedures are impor-
tant during dental treatment, as they minimize the risk of drug-related osteonecrosis

of the jaw [26-31].

Asymptomatic lesions can be treated with antibacterial mouth rinses and prolonged
antibiotic therapy. In cases where the patient presents with less severe symptoms, they
can be treated by the removal of necrotic bone tissue, the smoothing of sharp bony edges,
adequate wound closure and postoperative antibiotics. Those with symptomatic lesions
are treated using a surgical approach, which may include a partial mandibulectomy
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followed by bridging with reconstruction plates or a reconstruction with vascularized
bone grafting in compromised patients [32-34].

The C-terminal telopeptide cross-linking (CTX) assay is used as a monitoring method
in patients undergoing antiresorptive therapy, using a biological index (pg/ml) to mea-
sure bone remodeling and resorption as a parameter of osteoclastic activity. As bone
resorption proceeds, osteoclastic enzymes digest the organic bone matrix and release
type I collagen products, which include C-terminal telopeptide fragments of type I
collagen called CTX and structural rings called pyridinoline crosslinks. During nor-
mal bone metabolism, mature type 1 collagen is degraded, and small fragments pass
into the blood and are excreted through the kidneys. As a control, it has been sug-
gested to measure CTX before starting bisphosphonate therapy, since the level will
be reduced by 60% at 6 weeks when using the conventional dose. Whenever there is
more rapid bone turnover, the CTX level will be higher, as in Paget’s disease, but if
the bone resorption rate is low, the CTX will also be low. It has been established that
CTX values below 100 pg/ml represent a high risk of OMIB, values between 100 and
150pg/ml represent a moderate risk and values above 150 pg/ml represent minimal or
no risk. CTX has been used in medicine to measure the bone turnover in diseases such
as osteoporosis and bone metastases in response to bisphosphonates and is used as a
parameter to assess the efficacy of oral bisphosphonate therapy [35].

However, since the 2014 American Association of Oral and Maxillofacial Surgery
(AAOMS) paper, there has been a move away from bone turnover markers, so there are
no validated biomarkers for clinical decision makingand a test cannot be considered as
a tool to estimate the ONJ risk [11].

For the performance of a surgical procedure on a patient that has been administered
denosumab, a dentoalveolar surgery should be performed 3-4 months after the last
dose, when the level of osteoclast inhibition is decreasing, and then the dose should be

restored 6-8 weeks after surgery [36, 37].

For the management of patients who have already developed osteonecrosis due to
medication, a panoramic radiograph is recommended to determine the extent of the
necrosis and the position of the sequestration or osteomyelitis. Microbial cultures of
soft tissue inflammation or the associated purulent discharge should be performed
to identify any superinfection and the appropriate antimicrobial therapy; any dental
trauma should be avoided, as it may further delay wound healing, and it should also

be properly classified so that the appropriate treatment can be performed [16, 38, 39].

The treating physician may consider the non-invasive management of osteonecrosis of
the jaw, initially with the administration of FDA-approved pentoxifylline for the treat-
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ment of peripheral arterial disease, such as ischemic heart disease, since pentoxifylline
has a mechanism of action that improves the peripheral blood flow by increasing vaso-
dilatation, reducing blood viscosity, improving the arrival of erythrocytes, inducing
effects against tumor necrosis factor alpha, inhibiting inflammation and decreasing

fibrosis [40, 41].

This research focuses on describing the medications that produce mandibular osteone-
crosis and the way in which these medications act on the bone tissue of each person,
since it is very important for the dentist to know the side effects of these medications
in order to look for alternatives when performing dental treatments.

METHODS

A quantitative, cross-sectional, descriptive study was conducted by searching scientific
databases for information on drugs associated with the development of drug-related
osteonecrosis of the jaw. A literature search was carried out in databases and documen-
taries such as Pubmed, Scielo and Google Scholar; Boolean operators such as “AND”,
“OR”and “NOT” were applied with the keywords “bisphosphonate-associated osteo-
necrosis of the jaws”, “osteonecrosis’, “maxilla’, “mandible”, “drug effects” and “phar-
maceutical preparation”. In the bibliographic search, 127 articles were found, to which
some inclusion criteria were applied, including the following: published between 2006
and 2023 and related to drugs that cause osteonecrosis of the jaw. Some bibliographies
were discarded using exclusion criteria such as articles published earlier than 2014
and publications that did not contribute significant information to our search. This
resulted in 103 articles of interest to us, which were classified by their year of publica-
tion (Figure 1).

Figure 1. Analysis of study articles by year of publication.
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REsuLTS

Once the information had been analyzed, in Table 3 we describe the mechanism of
action of these drugs on the bone and the way in which they affect and produce osteo-
necrosis, and in turn, in Table 4 we proceeded to classify the drugs related to osteone-
crosis of the jaw according to the family to which they belonged.

Osteonecrosis of the jaw has been linked to certain drugs, with bisphosphonates being
the most commonly linked to the production of osteonecrosis of the jaw, as these drugs
inhibit osteoclastic activity by altering bone remodeling. Denosumab was introduced
as a more effective alternative to bisphosphonates. By introducing this drug, it was
hoped that it would reduce the side effects; however, it has also been linked to the pro-
duction of osteonecrosis of the jaw, as this drug induces a sustained decrease in bone
turnover. With less scientific evidence, other drugs have been shown to be involved
in the production of osteonecrosis of the jaw, including: Lenvatinib, tyrosine kinase
inhibitors, monoclonal antibodies, mI'OR inhibitors and immunosuppressants, ima-
tinib, sunitinib, everolimus, temsirolimus, antiangiogenic drugs (bevacizumab, afliber-
cept), mammalian target of rapamycin limiters, aflibercept and thalidomide. These
drugs have been used to treat certain malignancies by acting as inhibitors of vascular
tissue construction and impeding the differentiation cascade in angiogenesis.

DiscussionN

Based on the data collected, drug-associated osteonecrosis of the jaw is increasing due
to the frequent use of bisphosphonates, and the AAOMS recommends prior drug
restriction for three months before dental procedures. Considering the half-life of
these drugs, when treatments with bisphosphonates are prescribed for prolonged peri-
ods of time, it is essential to maintain constant vigilance to rule out adverse effects.
Once the drug enters the body, it penetrates directly into the bone, accumulating in
areas of increased resorption. When osteoclasts begin to act in areas with bisphospho-
nates, they enter and inhibit their activity, promoting their apoptosis and producing
antiresorptive effects, which can be used in a variety of clinical situations: tumor hyper-
calcemia, Paget’s disease, osteogenesis imperfecta, bone metastasis and osteoporosis.
Long-term treatment with bisphosphonates inhibits bone remodeling, which is essen-
tial for repairing physiologically occurring micro-injuries, causing them to persist and
resulting in hypo-dynamic and avascular bones.

Walton ez al. [100] mentioned in 2019 that there are significant differences in the
clinical appearance of drug-related osteonecrosis of the jaw depending on the underly-
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ing primary disease condition in less advanced cancer patients, along with a tendency
towards the dentate areas of the mandible. Radiographic findings often increase in par-
allel with the clinical staging, but not unequivocally, confirming that imaging provides
additional information on the bone disease burden that the current clinical staging
system does not provide. Klingelhoffer ez 2/. [101] demonstrated that, in alveolar bone
dynamics, there is a greater range of bone remodeling when compared to the different
bone tissues of the appendicular or axial human body, which explains the incidence of
necrosis in the maxillary bones.

Matsuda ez al. [102] conducted a multicenter observational study on drug-induced
osteonecrosis of the jaw in patients with advanced cancer and myeloma in northwest
Italy in 2020 and stated that the primary diseases were breast cancer (46%), prostate
cancer (21%), multiple myeloma (19%) and other types of carcinomas (14%). In the
same study, they mentioned that dental treatment prior to the administration of intra-
venous bisphosphonates helps to reduce the prevalence of drug-associated osteonecro-
sis of the jaw. Ogawa et a/. [103] stated in 2021 that dental extraction and local hard
and soft tissue trauma are the main factors and triggers for the development of maxil-
lary and mandibular osteonecrosis, and that these triggers, in addition to antiresorptive
or antiangiogenic treatments, are responsible for producing bone necrosis of the jaws.
However, in some cases, it has not been possible to identify a relationship to a specific
triggering event. Blus ez a/. [104] stated in 2016 that bone remodeling is significantly
delayed in the presence of bisphosphonates and antiresorptive agents, as they suppress
normal bone turnover. Therefore, in the presence of certain drugs, a delay in healing is
observed after a surgical procedure that alters tissue homeostasis and bone remodeling.
Such procedures are considered a precipitating or triggering event for osteonecrosis of
the jaw. Dental extractions have been identified as the triggering factor in 60-87% of
cases. To further reiterate this, a study on ON]J patients with bone neoplasms reported
that tooth extractions are the main trigger in 73% of cases. In addition to wound heal-
ing complications such as bleeding, postoperative infection and postoperative pain,
certain medications, when administered, can alter the physiological phases of heal-
ing, e.g., anti-angiogenic and antiresorptive agents. Therefore, in the field of dentistry/
oral surgery, dental extractions and dentoalveolar surgical procedures should be well
planned, especially in patients receiving bisphosphonates and other antiresorptive

drugs.

Hallmer ez 4l. [49] mentioned in 2020 that the pathophysiology of drug-associated
osteonecrosis of the jaw is still debated, with related causes including infection, inflam-
mation, the impairment of bone tissue remodeling and resorption, and the inhibition
of angiogenesis. Related factors for the development of drug-associated osteonecrosis
of the jaw include the length of time the patient is on antiresorptive therapy. Local fac-
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tors include tooth extractions and periodontal and dentoalveolar surgeries. An inves-
tigation in southern Sweden showed that the prevalence of mandibular and maxillary
osteonecrosis associated with intravenous bisphosphonates was 2.8%. Over the course
of time and with the implementation of antiresorptive drugs and the introduction of
denosumab treatment, it has become necessary to study the predisposing factors for the
development of drug-associated osteonecrosis of the jaw. On the other hand, Tkesue ez
al. [91] mentioned in 2021 that various factors have been suggested as predisposing
factors for the development of osteonecrosis, including the factor of drugs; however,
the drugs that have been most associated with osteonecrosis of the jaw are zoledronic
acid and denosumab, although their mechanisms of action are different. Zoledronic
acid has a greater aflinity for the hydroxyapatite in bone tissue, which is why this drug
is used to combat bone metastasis. In contrast, denosumab is considered a humanized
monoclonal antibody with a high affinity for the RANKL ligand of nuclear factor B
(NFkB). Another characteristic that differentiates them is the time of the effect on the
bone, since zoledronic acid has a greater effect on the bone than denosumab, which has
a temporary effect on the bone.

Dupic ez al. [66] stated in 2015 that bisphosphonates are drugs used to treat malignant
diseases, to prevent pathological fractures and spinal cord compression and to treat
hypercalcemia, as well as to treat benign diseases such as Paget’s disease and osteopo-
rosis. Bisphosphonates have been implicated in the production of osteonecrosis of the
jaw, with a prevalence of between 0 and 27.5% and an estimated 7% when adminis-
tered via the venous route. In oncology patients, the prevalence increases, ranging from
1 to 15%, and in the case of administration via the venous route, it may increase even
more, depending on the type of cancer. Denosumab has also been implicated in the
production of osteonecrosis of the jaw. Similarly, Wasserzug e a/. [61] stated in 2017
that bisphosphonates are antiresorptive drugs and that they prevent the resorption
of trabeculated bone tissue by osteoclasts, which will lead to increased bone density.
The most important effect of bisphosphonates is drug-associated osteonecrosis of the
jaw. Two very important predisposing factors for osteonecrosis of the jaw are the route
of drug administration and the cumulative dose of the drug. Studies have shown that
there is a higher incidence of osteonecrosis of the jaw when the drug is administered
intravenously rather than orally (0.88 to 1.15% versus 0.01 to 0.04%), and the time
in which patients presented with osteonecrosis of the jaw was shorter in those treated
with intravenous bisphosphonates.

Maluf ez al. [63] mentioned in their 2016 research that denosumab has a different
mechanism of action to bisphosphonates, mentioning that bisphosphonates inter-
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vene in mature, active osteoclasts while denosumab acts on osteoclasts by inhibiting
RANKL, thus preventing their function, differentiation and formation, and above all,
intervening in bone resorption. Among the most important side effects of bisphos-
phonates is osteonecrosis of the jaw, which has a prevalence ranging from 0.9 to 5%;
osteonecrosis of the jaw associated with denosumab is similar to that associated with
bisphosphonates, ranging from 1 to 2%. Similarly, Voss ez al. [62] noted in 2017 that
the prevalence of drug-induced osteonecrosis of the jaw ranges from 0.001 to 1% in
drugs prescribed for the treatment of osteoporosis and up to 20% in patients undergo-
ing treatment for malignant pathologies.

CONCLUSION

The drugs that are related to adverse effects such as osteonecrosis are mainly bisphos-
phonates, especially zoledronic acid. Another drug that has been linked to osteone-
crosis of the jaw is denosumab, which is used for the treatment of osteoporosis and
metastatic bone disease. With less scientific evidence, other drugs that are also associ-
ated with osteonecrosis of the jaw have been described, including: Lenvatinib, tyrosine
kinase inhibitors, monoclonal antibodies, m'OR inhibitors and immunosuppressants,
imatinib, sunitinib, everolimus, temsirolimus, anti-angiogenic drugs (bevacizumab,
aflibercept), mammalian target of rapamycin inhibitors, aflibercept and thalidomide.
The severity of bone pathology will depend on the route of administration (oral or
parenteral) and the dose accumulated in the body. As this is an extremely important
topic in the field of dentistry, it is essential to keep up-to-date and to be aware of the
drugs that affect physiological bone turnover in the jaw.
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RESUMEN

Introduccién: El quitosano posee propiedades como antimicrobiana y antioxidante,
que lo convierten en un compuesto interesante para diversas aplicaciones. Objetivo:
Evaluar la actividad antioxidante y antimicrobina del quitosano, derivado de quitina
de langosta (Panulirus aurgus), y el acetato de quitosano. Métodos: Se determind
la capacidad antioxidante de disoluciones de quitosano usando los métodos de
capacidad reductora del hierro férrico (FRAP) y la capacidad secuestradora del
radical (DPPH). Se evalué la influencia de la concentracién (0,5, 1,0 y 2,0 % (m/v))

del polimero y su sal de acetato en la actividad antimicrobiana. Las concentraciones
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minimas inhibitorias y microbicidas se determinaron a través del método de las
diluciones seriadas y la actividad antimicrobiana por el de difusién en agar. Se
utilizaron cepas atenuadas de microorganismos Gram positivos, Gram negativos,
hongos y levaduras. Resultados: Las disoluciones de quitosano mostraron actividad
antioxidante moderada, siendo mayor para el acetato de quitosano. La actividad
antimicrobiana aumenté con el incremento de la concentracién del biopolimero y
su sal. Tanto el quitosano, como su sal de acetato, presentaron un efecto inhibitorio
sobre los microorganismos Gram positivos y Gram negativos, asi como los hongos.
Conclusiones: Se demuestran las potencialidades de ambas materias primas para su

empleo en productos farmacéuticos y cosméticos.

Palabras claves: acetato de quitosano, actividad antimicrobiana, actividad antioxi-

dante, quitosano.

SUMMARY

Chitosan derived from lobster chitin: antioxidant
and antimicrobial activity

Introduction: Chitosan has antimicrobial and antioxidant properties, which make it
an interesting compound for various applications. Aim: To evaluate the antioxidant
and antimicrobial activity of chitosan, derived from lobster chitin (Panulirus
/mrgm), and chitosan acetate. Methods: The antioxidant capacity of chitosan
solutions was determined using the ferric iron reducing capacity (FRAP) and
radical scavenging capacity (DPPH) methods. The influence of the concentration
(0.5, 1.0 and 2.0% (w/v)) of the polymer and its acetate salt on the antimicrobial
activity was evaluated. The minimum inhibitory and microbicidal concentrations
were determined through the serial dilution method and the antimicrobial
activity by agar diffusion. Attenuated strains of Gram positive and Gram negative
microorganisms, fungi and yeasts were used. Results: Chitosan solutions showed
moderate antioxidant activity, being higher for chitosan acetate. The antimicrobial
activity increased with increasing concentration of the biopolymer and its salt. Both
chitosan and its acetate salt had an inhibitory effect on Gram positive and Gram
negative microorganisms, as well as fungi. Conclusions: The potential of both raw

materials for their use in pharmaceutical and cosmetic products is demonstrated.

Keywords: antimicrobial activity, antioxidant activity chitosan acetate, chitosan.
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REsuMmoO

Quitosana derivada de quitina de lagosta: atividade antioxidante
e antimicrobiana

Introdugio: A quitosana possui propriedades antimicrobianas e antioxidantes, o
que a torna um composto interessante para diversas aplicagdes. Objetivo: Avaliar a
atividade antioxidante ¢ antimicrobiana da quitosana, derivada da quitina da lagosta
(Panulirus aurgus), e do acetato de quitosana. Métodos: A capacidade antioxidante das
solucoes de quitosana foi determinada utilizando os métodos de capacidade redutora
de ferro férrico (FRAP) e capacidade de eliminagio de radicais (DPPH). Foi avaliada
a influéncia da concentragio (0,5, 1,0 e 2,0% (m/v)) do polimero e seu sal acetato na
atividade antimicrobiana. As concentragdes inibitdrias e microbicidas minimas foram
determinadas através do método de diluigio seriada e a atividade antimicrobiana por
difusdo em 4gar. Foram utilizadas cepas atenuadas de microrganismos Gram positivos e
Gram negativos, fungos ¢ leveduras. Resultados: As solu¢oes de quitosana apresentaram
atividade antioxidante moderada, sendo maior para o acetato de quitosana. A atividade
antimicrobiana aumentou com o aumento da concentracio do biopolimero ¢ seu sal.
Tanto a quitosana quanto seu sal acetato tiveram efeito inibitério sobre microrganismos
Gram positivos e Gram negativos, bem como fungos. Conclusdes: Estd demonstrado o
potencial de ambas as matérias-primas para a sua utilizacio em produtos farmacéuticos

e cosméticos.

Palavras-chave: acetato de quitosana, atividade antimicrobiana, atividade antioxi-

dante, quitosana.

INTRODUCCION

El quitosano, obtenido por desacetilacién de la quitina, es un polimero con estructura
de hélice con grupos amino reactivos, lo que ofrece muchas posibilidades de modifica-
cién e interacciones idnicas. Se caracteriza por ser biodegradable, biocompatible y de

baja toxicidad [1].

Posee diferentes propiedades bioactivas, como las antimicrobianas, antiinflamatorias,
tensoactivas, antitumorales, mucoadhesivas, cicatrizantes y antioxidantes, que lo con-
vierten en un compuesto interesante para aplicaciones en diferentes campos, como la
industria alimentaria, farmacéutica, cosmética, la agricultura, la medicina, la industria
textil y papelera, la quimica y el medio ambiente [1, 2].

865



Zoc Palazén Lépez ez al.

El quitosano y sus oligdbmeros actian como antioxidantes por el secuestro de radica-
les de oxigeno. Esta actividad depende tanto de su masa molecular (Mm) como de su
grado de desacetilacién (GD). Los oligémeros de baja Mm vy alto GD tienen mayor
actividad antioxidante que los de alta Mm. Los grupos hidroxilos y aminos activos en
el quitosano pueden reaccionar con los radicales libres, pues en su estructura posee
tres fuentes de hidrégeno libres en las posiciones C-2(NH,), C-3(OH) y C-6(OH),

respectivamente [1, 3].

El quitosano obtenido de la desacetilacién de la quitina es un antioxidante ain mas
potente. Se ha descrito que la actividad antioxidante del quitosano aumenté en 2,5
veces cuando el tiempo de desacetilacion se increment6 de 60 a 120 min. Esto demues-
tra que su actividad antioxidante estd correlacionada con el GD. Las aminas suelen ser
antioxidantes mas potentes que las amidas [4].

Aunque los mecanismos de accién antioxidante de las moléculas de quitosano atin no
estin del todo claros, entre algunas razones, se justifica por su capacidad para formar
complejos con muchos metales de transicion. Las cadenas de quitosano son capaces
de retrasar la oxidacion lipidica mediante la quelacion de iones de Fe** a través de sus
grupos amino o hidroxilos, inhibiendo asi la capacidad oxidante de este metal o su
conversion en iones Fe** [4, S].

La presencia de los grupos aminos (-NH,) estd intrinsecamente ligada a la actividad
antioxidante del quitosano. La disponibilidad de un par de electrones libres en este
grupo funcional da lugar a la captacién de protones H* desde el medio, los cuales,
posteriormente son cedidos a los radicales libres que forman parte de la cadena de
reacciones que constituyen la degradacién oxidativa, formando moléculas més estables
y evitando la concrecién de dicho fenémeno. En quitosanos de elevada Mm, la activi-
dad antioxidante se relaciona, de manera més representativa, a un efecto quelante de
metales pro-oxidantes. De este modo, puede considerarse que actia como antioxidante

tipo 'y tipo II [4].

Este biopolimero ha demostrado ser antifingico ante un amplio espectro de patdgenos,
provocando la inhibicién total o parcial de estos segtin la especie fungica, consideran-
dose que existe una posible dependencia entre el grado de polimerizacién y de desace-
tilacién del quitosano y el nivel de inhibicién que provoca [1].

Ademais, posee caricter antimicrobiano frente a bacterias Gram positivas (S. aureus,
S. epidermidis, B. subtilis) y Gram negativas (P aeruginosa, E. coli, Klebsiela Pneumo-
niae, Proteus vulgaris) [6, 7).
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La langosta es la fuente natural menos empleada internacionalmente, sin embargo,
en Cuba existen plantas procesadoras de este crusticeo, empledndose como fuente de
obtencién de este biopolimero, y sus sales, lograndose procesos amigables con el medio

ambiente [8, 9].

Existen evidencias de la actividad antioxidante de disoluciones de acetato y de lactato
de quitosano, asi como de su actividad antimicrobiana y antifungica [10-13]. En sen-
tido general, se sugiere su uso seguro por no presentar toxicidad (aguda y crénica), ser
un producto no irritante para la piel y los ojos, no carcindgeno, no téxico parala repro-
duccién y con actividad antigenotdxica [14].

A pesar de las multiples aplicaciones del quitosano y sus derivados en el campo biomé-
dico y farmacéutico, la diversidad de fuentes y procesos de obtencién, la caracterizaciéon
incompleta y variabilidad de los quitosanos comerciales, ain no se encuentra aprobada
por la Food and Drug Administration (FDA, por sus siglas en inglés).

Teniendo en cuenta la necesidad de profundizar en las propiedades del biopolimero
derivado de quitina de langosta (Panulirus aurgus), que permitan el desarrollo de pro-
ductos farmacéuticos y cosméticos seguros, en el presente trabajo se evalué la actividad
antioxidante y antimicrobiana del quitosano y el acetato de quitosano.

MATERIALES Y METODOS

Reactivos quimicos

Como ingredientes activos se emplearon quitosano y acetato de quitosano, suminis-
trados por la Planta de Producciéon de Productos Naturales y Sintéticos del Centro
de Investigacién y Desarrollo de Medicamentos (CIDEM, Cuba). Se emplearon tres
lotes de cada uno, elaborados segin los procedimientos descritos para el quitosano y
el acetato de quitosano, los que cumplieron con los pardmetros fisicos y quimicos esta-
blecidos [8, 9]. La masa molecular del quitosano fue de 310 000 g/mol y el grado de
desacetilacién fue de 77,63 % (Lote 10001),79,63 % (Lote 11001) y parael lote 11002
de 77,86 %. El quitosano comercial empleado fue PRIMEX con un grado de desaceti-
lacién de 85,6 % (Primex Ingredients ASA, Noruega). El grado de desacetilacién molar
para los tres lotes de acetato de quitosano fue de 57,36 % (Lote 12001), 57,69 % (Lote
12002) y para el lote 12003 de 58,92 %.
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Actividad antioxidante de disoluciones de quitosano y acetato de quitosano
Preparacion de las disoluciones de quitosano

El quitosano fue disuelto en disoluciones de 4cido acético al 1,0 % (v/v), con agitacion
magnética durante 2 h, obteniendo disoluciones de quitosano a las concentraciones de
5, 10, 15, 20, 25 y 30 pg/mL. Para el caso del acetato de quitosano también se emplea-
ron disoluciones a las concentraciones de S, 10, 15, 20, 25 y 30 pg/mL.

La actividad antioxidante iz vitro del biopolimero y su sal se determiné mediante téc-
nicas bioquimicas, a través de los ensayos de Capacidad Reductora del Hierro Férrico

(FRAP) y la Capacidad Secuestradora del Radical (DPPH).

Capacidad Reductora del Hierro Férrico (FRAP)

El método se fundamenta en la reduccion del complejo TPTZ - Fe** ala forma ferrosa
por la accién de las sustancias antioxidantes presentes en las disoluciones de quitosano.
La reaccién fue monitoreada midiendo la absorbancia a 593 nm [15]. El ensayo FRAP
consistié en afadir 900 pL del reactivo FRAP a un tubo de ensayo al que se le adiciona-
ron 90 pL de las disoluciones de quitosano a las concentraciones de 5, 10, 15, 20, 25 y

30 ug/mL. Se empled un lector de placas de 96 pocillos (SUMA, Cuba).

Lareaccién se llevé a cabo a temperatura ambiente, leyendo la absorbancia en un espec-
trofotémetro UV-Visible (SpectronicGenesys 2, LR 45227, EE. UU.), después de
transcurridos 4 min. Como estandar se usé una disolucién de 4cido ascérbico (Sigma-
Aldrich, Alemania) como control positivo. El FRAP se expresé como uM equivalentes
de 4cido ascorbico.

Capacidad secuestradora del radical (DPPH)

El método se basa en la reduccién del radical estable 2,2-difenil-2-picrilhidrazilo
(DPPH) por la accién de compuestos antioxidantes que contienen grupos -OH, que
decoloran dicho reactivo [16]. En tubos de ensayo se mezclaron 1,5 mL de una diso-
lucién etandlica de DPPH (0,075 mg/mL) con 750 pL de las disoluciones de quito-
sano a diferentes concentraciones (5, 10, 15, 20, 25 y 30 ug/mL). La mezcla se agit6
vigorosamente y se dejé reposar a temperatura ambiente durante 30 min, midiendo la
absorbancia a 515 nm en un espectrofotémetro UV-visible (SpectronicGenesys 2, LR

45227, EE. UU.). Se empled un lector de placas de 96 pocillos (SUMA, Cuba).

El valor de concentracién de muestra requerida para disminuir el 50 % de la concen-
tracién del radical DPPH (Cls,) de las disoluciones de quitosano, se calculé usando
la curva de dosis contra porcentaje de inhibicién. Los resultados fueron expresados
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como el porcentaje de decoloracion de la disolucién de DPPH (% DPPH), utilizando
la siguiente ecuacion:

9% DPPH = (A,— A,) x 100 / A, (1)

donde: A, es la absorbancia del control y A, es la absorbancia de la muestra. Con fines
comparativos, el Trolox 20 % (Sigma-Aldrich, Alemania) fue utilizado como antioxi-
dante de referencia.

Para el andlisis estadistico se empleé el programa GraphPad Prism 5.0 (GraphPad Soft-
ware Inc., EE. UU.). Los datos se expresaron como Media/Desviacién estandar (X/
DE) de al menos tres ensayos independientes (n = 3). En todos los casos se considera-
ron diferencias significativas los valores de p < 0,05.

Actividad antimicrobiana del quitosano y el acetato de quitosano

Las cepas microbianas empleadas eran cultivos pertenecientes a las colecciones del
Laboratorio de Microbiologia del CIDEM y de la Facultad de Biologia de la Univer-
sidad de La Habana: Micrococcus luteus ATCC 9341, Micrococcus flavus NCTC 7743,
Micrococcus flavus ATCC 10240, Staphylococcus aureus ATCC 29737, Staphylococcus
epidermidis ATCC 12228, Sacharomyces cerevisiae ATCC 9763, Sacharomyces cerevi-
siae ATCC 2601, Escherichia coli ATCC 10536, Escherichia coli ATCC 25922, Baci-
Hus subtillis ATCC 6633, Candida albicans ATCC 10231.

Pruebas de pureza microbiolégica

Las pruebas de limite microbiano para la evaluacién de la pureza microbiolégica de las
muestras de quitosano y su sal de acetato, se realizaron segtin lo descrito para medica-
mentos no estériles [17].

Preparacion del indculo

Los microorganismos de prueba se cultivaron en tubos con agar inclinado Triptona
Soya Agar (TSA) y Sabouraud Dextrosa Agar (SDA), segtin las caracteristicas de los
mismos. Concluido el periodo de incubacién el crecimiento fue removido con 5 mL de
disolucién salina 0,9 % (estéril). La concentracién del indculo microbiano se ajusté al
patrén 0,5 de la escala McFarland [18] correspondiente a 10° ufc/mL para bacterias y
10*ufc/mL para levaduras.

Determinacién de la actividad antimicrobiana

Se empled el método de difusién en placas de medio de cultivo Triptona Soya Agar
para las bacterias y en medio Sabouraud Dextrosa Agar para las levaduras, previamente
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inoculados con los microorganismos de prueba [19]. Se realizaron pozos de 6 mm de
didmetro, utilizando un perforador estéril, colocando 100 pL de las muestras a ensayar,
a las concentraciones de 0,5, 1,0 y 2,0 %, tanto para el quitosano como para el acetato
de quitosano, respectivamente. Las placas se incubaron durante 24 h a 32-35 °C para
las bacterias y 24-48 h a 30 °C para las levaduras.

La actividad antimicrobiana de las muestras se determiné midiendo el halo de inhi-
bicién alrededor de cada pozo, empleando para ello el lector de zona Fisherlily (EE.
UU.). Se determinaron los valores promedios de los halos de inhibicién, para el qui-
tosano y su sal de acetato, para cada uno de los microorganismos evaluados. Con fines
comparativos también se evalud, bajo las mismas condiciones, el quitosano comercial

PRIMEX.

Se consider6 un resultado positivo cuando el halo de inhibicién era igual o mayor a
8 mm de didmetro alrededor de cada pozo.

Concentracién Minima Inhibitoria y Concentracién Minima Microbicida

La concentracién minima inhibitoria (CMI) de cada muestra se determind por el
método de diluciones seriadas [18] en medio Triptona Soya Caldo y Sabouraud Dex-
trosa Caldo. Los tubos con las diluciones de quitosano se inocularon con los microor-
ganismos de pruebay se incubaron a 37 °C para las bacterias y a 22 °C para las levaduras.
Transcurrido el tiempo de incubacidn, se realizaron las lecturas correspondientes. Los
resultados obtenidos se compararon con los tubos de medio de cultivo inoculados con
los microorganismos de prueba, sin quitosano o sin acetato de quitosano, sometidas a
iguales condiciones.

Transcurrido el periodo de incubacion se hicieron resiembras de 0,1 mL, en placas Petri
con medio agarizado selectivo, realizando el conteo de las colonias. La menor concen-
tracion de la muestra capaz de producir un dafio sobre la célula microbiana fue definida
como la Concentracién Minima Microbicida (CMM).

Se utilizaron como control diluciones estindar de Bacitracina, Gentamicina, Neomi-
cina, Nistatina y Vancomicina, sustancias con actividad antimicrobiana reconocida
frente a los microorganismos empleados en el estudio.

RESULTADOS Y DISCUSION

Actividad antioxidante del quitosano y el acetato de quitosano

La evaluacién de la capacidad antioxidante iz vitro de las disoluciones de quitosano
y su sal, por los dos métodos empleados, se presenta en la Tabla 1. Los resultados de
870
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la capacidad antioxidante a Trolox, ensayo DPPH, muestran que, aunque con menor
actividad secuestradora de este radical, respecto al patrén, en las condiciones experi-
mentales empleadas y las concentraciones analizadas, el quitosano present6 un porcen-
taje de decoloracién indicativo de capacidad antioxidante moderada, con un valor de
Cl;, de 28,09 + 0,035 pL/mL, calculado por regresion lineal a partir de la ecuacién:
Y =2,0852X - 7,5813, con un coeficiente de correlacién (r?) de 0,9932. Sin embargo,
el acetato de quitosano alcanzé un bajo porcentaje de decoloracién para las concentra-
ciones ensayadas.

Tabla 1. Capacidad antioxidante de las disoluciones de quitosano y el acetato de quitosano

. DPPH FRAP
Concentracion -
(ug/mL) Densidad dptica % de inhibicién dl'd\,/l f:quxval/ent‘es
e acido ascérbico
Disoluciones de quitosano
5 0,534/0,308 4,87 0,061/0,021
10 0,467/0,000 11,35 0,217/0,006
15 0,349/0,000 22,81 0,340/0,006
20 0,257/0,148 31,74 0,614/0,003
25 0,123/0,000 44,80 0,741/0,003
30 0,080 /0,001 55,05 0,905/0,002
Disoluciones de acetato de quitosano

5 0,545/0,215 3,7 0,063/0,01

10 0,543/0,000 3,9 0,107/0,001
15 0,539/0,134 4,3 0,146/0,002
20 0,535/0,100 6,2 0,166/0,002
25 0,520/0,000 6,9 0,202/0,003
30 0,590/0,115 8,1 0,215/0,002

X/DE: Media/Desviacién estindar: n=3

A partir del método FRAP, se corroboré que la actividad antioxidante de las disolu-
ciones de quitosano aumenté con el incremento de su concentracién, alcanzandose el
valor maximo de 0,905 + 0,002 pg equivalente de 4cido ascérbico, a la concentracién
de 30 pL/mL. De igual forma, la sal mostré un incremento de la capacidad reductora
del Fe**, con el aumento de la concentracién de la disolucién, pero menor respecto al
quitosano, para igual concentracion.

Estos resultados coincidieron, de forma general, con los reportados [11-13], donde los
valores de la capacidad de secuestro de radicales libres de las disoluciones de quitosano
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y su sal de acetato fueron superiores al 30 %, respecto al patrén empleado, incremen-
tdndose con el aumento de la concentracién de quitosano y el tiempo de reaccién de los
ensayos. El acetato de quitosano no mostré una actividad antioxidante efectiva, segun
las condiciones evaluadas.

La capacidad antioxidante del quitosano puede explicarse por varios mecanismos. Uno
de ellos es la capacidad de secuestro de radicales libres por accién del nitrégeno en
el C-2. Esta capacidad de secuestro estd relacionada con el hecho de que los radica-
les libres pueden reaccionar con los iones H* provenientes de los iones (NH;*) de las
moléculas estables [11, 12].

Actividad antimicrobiana del quitosano y el acetato de quitosano

Al evaluar la calidad microbioldgica de las muestras, empleando la técnica de limite
microbiano, no se detectd la presencia de microorganismos contaminantes en ninguno
de los lotes evaluados. En el proceso de obtencién del quitosano se emplea una tempe-
ratura de mezcla de 80 °C y reaccién de 100 °C /15 min dobles, se lava el polimero con
agua purificada hasta neutralidad, y se seca por un tiempo de 4 h a 100 °C. El acetato de
quitosano se obtiene por el método de secado por aspersidn, a temperatura de entrada
160 £ 5 °C y salida 100 + 5 °C [8, 9]. Por lo tanto, las condiciones del proceso de
obtencién, tanto del quitosano como del acetato de quitosano, favorecen la calidad del
producto final y que se cumplan los limites establecidos para materias primas de origen
natural y no estériles.

El efecto antimicrobiano del quitosano varifa conforme al microorganismo en estudio,
siendo diferente para hongos, bacterias Gram positivas y Gram negativas. Lo ante-
rior podria estar fuertemente ligado a las estructuras externas caracteristicas de cada
microorganismo [20].

Con la prueba de difusién en agar se observé la variacién de la inhibicién a las diferen-
tes concentraciones de quitosano utilizadas (Tabla 2). Nétese que para el quitosano la
inhibicién se hace visible a partir de la concentracién de 0,5 %, no detecténdose inhibi-
cién para las especies de Micrococcus empleadas en el estudio, a esa concentracion. Sin
embargo, cuando la concentracién aument? la actividad antimicrobiana se hizo visible
para todos los microorganismos empleados.
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Este comportamiento vari6 cuando se emple6 la sal de acetato de quitosano

(Tabla 3), donde con la concentracién de 0,5 % ya hay valores de inhibicién del creci-

miento microbiano para todos los microorganismos, principalmente frente a Candida

albicans, Staphylococcus aureus, Sacharomyces cerevisiae y Staphylococcus epidermides,

comprobandose su actividad antimicrobiana frente a bacterias y hongos [6, 7].

Tabla 2. Actividad antimicrobiana del quitosano

Promedio de los halos de inhibicién (mm)

Microorganismo 0.5 % 1.0 % 2.0 %
Micrococcus luteus ATCC 9341 ND 6,6 8,4
Micrococcus flavus ATCC 10240 ND 6,5 8,3
Micrococcus flavus NCTC 7743 ND 6,7 8,6
Staphylococcus aureus ATCC 29737 6,8 8,3 10,9
Staphylococcus epidermides ATCC 12228 6.2 8,0 10,3
Escherichia coli ATCC 10536 6,2 8,5 10,4
Escherichia coli ATCC 25922 7,5 8,2 11,8
Bacillus subtillis ATCC 6633 8,2 9,8 11,3
Sacharomyces cerevisiae ATCC 9763 9.9 11,0 12,9
Sacharomyces cerevisiae ATCC 2601 92,8 11,6 13,2
Candida albicans ATCC 10231 9,2 10,7 12,3

ND: no se detecta

Tabla 3. Actividad antimicrobiana del acetato de quitosano

Promedio de los halos de inhibiciéon (mm)

Microorganismo 0.5 % 1.0 % 2.0%
Micrococcus luteus ATCC 9341 7,6 9,8 12,5
Micrococcus flavus ATCC 10240 7,7 9,6 12,4
Micrococcus flavus NCTC 7743 7.9 9,8 12,8
Staphylococcus aureus ATCC 29737 10,9 11,8 13,3
Staphylococcus epidermides ATCC 12228 10,6 11,0 12,5
Escherichia coli ATCC 10536 11,2 11,9 13,8
Escherichia coli ATCC 25922 10,7 11,3 13,5
Bacillus subtillis ATCC 6633 11,4 12,2 13,3
Sacharomyces cerevisiae ATCC 9763 13,9 14,6 16,5
Sacharomyces cerevisiae ATCC 2601 13,9 14,4 16,9
Candida albicans ATCC 10231 13,1 13,9 15,8
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La sal de acetato de quitosano fue obtenida a través del proceso de secado por asper-
sion, lo que favorece la disminucién del tamano de las particulas y, por ende, una mayor
solubilidad, respecto al quitosano base, favoreciendo su actividad antimicrobiana.

Existen y se contintan investigando los mecanismos de accién a través del cual el qui-
tosano ejerce su accidon antimicrobiana. Se plantea que en las bacterias Gram positivas
el polimero se une a los 4cidos teicoicos y lipoteicoicos, ubicados en la pared celular, lo
que altera la interaccién entre ésta y la membrana celular, induciendo la salida de com-
ponentes esenciales y el desequilibrio osmético de la célula [21]. En las bacterias Gram
negativas interactda, mediante atracciones electrostiticas, con lipopolisaciridos de la
membrana externa de la bacteria desestabilizdndola, lo cual altera su permeabilidad,
tanto de la pared como de la membrana interna, favoreciendo la entrada y salida de
componentes celulares esenciales [22]. En el caso de los hongos, los grupos amino de
las unidades de glucosamina interacttian con componentes extracelulares de la pared y
la membrana celular de los hongos, mediante atracciones electrostaticas, provocando la
formacién de poros y la salida del contenido intracelular, lo que ocasiona inestabilidad
y muerte celular [21, 23].

En las Figuras 1, 2 y 3 se observa el comportamiento del quitosano, derivado de quitina
de langosta (Panulirus argus) obtenido en Cuba y del quitosano comercial PRIMEX
(Noruega). Se aprecia una diferencia en los valores de inhibicién, siendo el quitosano
comercial el que mejores resultados muestra, tanto para los microorganismos Gram
positivos como los Gram negativos, los cuales aumentaron con el incremento de la con-
centracion del biopolimero. Similar comportamiento muestra el quitosano nacional,
pues sus valores de inhibicién aumentaron al incrementarse su concentracién, aunque
inferiores a los del quitosano comercial. Esto pudiera atribuirse a las caracteristicas pro-
pias de cada tipo de quitosano utilizado, el tamafio de las particulas, el GD, la solubili-
dad, entre otros.

La solubilidad del quitosano depende del GD vy de la distribucién de los grupos ace-
tilos y aminos a lo largo de la cadena [8]. Para el caso que nos ocupa, al presentar un
menor tamafo de particula hay una mejor velocidad de disolucién la cual varia entre
los quitosanos evaluados (quitosano y quitosano comercial) favoreciendo su actividad
antimicrobiana. Similar comportamiento sucede con la sal de acetato de quitosano,
obtenida por secado por aspersion, donde ademas de obtenerse en forma de sal, el pro-
ceso de obtencién de secado por aspersion, favorece la disminucién del tamafo de las
particulas y, por ende, el derivado de quitosano obtenido tiene una mayor velocidad de
disolucidn.
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Figura 1. Actividad antimicrobiana del quitosano y el quitosano PRIMEX al 0,5 %.

Figura 2. Actividad antimicrobiana del quitosano y el quitosano PRIMEX al 1,0 %.

Figura 3. Actividad antimicrobiana del quitosano y el quitosano PRIMEX al 2,0 %.
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En relacién a las CMI y la CMM del quitosano y el acetato de quitosano (Tabla 4),
se aprecia que en todos los casos se logré detener el crecimiento microbiano de todos
los microorganismos evaluados. Este comportamiento es similar a lo reportado para
las cepas de Staphylococcus, E. coli y las de levaduras [23]. La accidn bactericida solo se
evidencié en el acetato de quitosano frente a las cepas de microorganismos del género
Micrococcus.

Tabla 4. Concentraciones minimas inhibitorias (CMI) y minimas microbicidas (CMM) del quito-

sano y el acetato de quitosano

Quitosano Acetato de quitosano
Microorganismo CMI CMM CMI CMM
(mg/mL) (mg/mL) (mg/mL) (mg/mL)
M. luteus ATCC 9341 1,5 - 0,34 1,5
M. flavus ATCC 10240 2,0 - 0,3 2,0
M. flavus NCTC 7743 2,0 - 0,3 1,5
S. aureus ATCC 29737 0,3 - 0,14 -
S. epidermides ATCC 12228 0,34 - 0,27 -
E. coli ATCC 10536 2,5 - 0,3 -
E. coli ATCC 25922 2,0 - 0,34 -
B. subtillis ATCC 6633 0,27 - 0,2 -
S. cerevisiae ATCC 9763 0,3 - 0,14 -
S. cerevisiae ATCC 2601 0,3 - 0,21 -
C. albicans ATCC 10231 0,27 - 0,2 -

La actividad antimicrobiana del quitosano depende de factores como el GD, Mm,
temperatura, pH del medio, tipo de microorganismo, entre otros. Para el caso de las
bacterias se plantea, que puede tener actividad intra y extracelular, segin su Mm y las
caracteristicas del microorganismo. El quitosano de alta Mm es, generalmente, inca-
paz de penetrar la pared y la membrana celular, por lo que su potencial efecto anti-
microbiano implica actuar como quelante de metales esenciales, impidiendo que los
nutrientes sean absorbidos de las células extracelularmente, alterando la permeabili-
dad celular [22]. Sin embargo, la de baja Mm no sélo tiene actividad antimicrobiana
extracelular, sino también intracelular, afectando asi el ARN, la sintesis de protei-
nas y la funcién mitocondrial. Todo esto, unido a las caracteristicas propias de cada
grupo microbiano, hace que su accién antimicrobiana sea altamente dependiente del
tipo de microorganismo [23].
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En el caso de los hongos, sus propiedades antifiingicas estdn relacionadas, principal-
mente, con la interaccién del quitosano con la pared celular 0 membrana celular. Sin
embargo, la CMI del quitosano varia y estd altamente asociada con la Mm, GD, pH y
el tipo de hongo [24-26].

CONCLUSIONES

Las disoluciones de quitosano mostraron mayor actividad antioxidante que la del ace-
tato de quitosano. Tanto el quitosano, como su sal de acetato, presentaron un efecto
inhibitorio sobre los microorganismos utilizados en el estudio y su actividad dependié
de la concentracion. La actividad antimicrobiana del acetato de quitosano fue superior
a la del quitosano. La accién bactericida solo se evidencié frente a las cepas del género
Micrococcus.
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SUMMARY

Introduction: Parkinson’s disease (PD) is a neurodegenerative disorder character-
ized by motor and cognitive impairments, primarily due to the progressive loss of
dopaminergic neurons in the substantia nigra. While there is currently no treatment
to halt neuronal loss, evidence suggests that a diet rich in antioxidants may mitigate
oxidative stress and disease progression. Aims: This study sought to investigate the
neuroprotective effects resulting from the oral administration of ethanolic extract
of Maurita flexuosa over a 21-day period, at doses of 1 mg/kg, 10 mg/kg, and
100 mg/kg. Methods: Initially, antioxidant activity assays revealed significant levels
of various antioxidants, including -carotene, gallic acid equivalent, and quercetin. A
PD animal model was then induced via stereotaxic injection of 6-hydroxydopamine
(6-OHDA) into the striatum, with apomorphine-induced rotation tests used for
model validation. Motor behavior assessments were performed using open field tests
and beam walking tests. Results: The open field test indicated improved motor
behavior in the 1 mg/kg group compared to the 6-OHDA group. However, neuro-

histological analysis via Western blot testing revealed potential neurotoxic effects
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associated with the 100 mg/kg treatment dose. Conclusions: Chronic administra-
tion of 1 mg/kg of ethanolic extract of Maurita flexnosa over 21 days demonstrated
potential improvements in locomotion in a 6-OHDA-induced PD model. None-
theless, a notable limitation of the study lies in the 6-OHDA model’s failure to
induce the expected level of damage in the striatum and substantia nigra, achieving
only 29% damage, whereas a total PD model typically requires 70% damage for

optimal replication.

Keywords: Mauritia ﬂexuosﬂ; antioxidant; neuroprotector; Parkinson Disease

RESUMEN

Efecto neuroprotector de Mauritia flexuosa en la enfermedad de
Parkinson unilateral inducida por 6-OHDA en ratas

Introduccién: La enfermedad de Parkinson (EP) es un trastorno neurodegenerativo
caracterizado por deterioro motor y cognitivo, principalmente debido a la pérdida
progresiva de neuronas dopaminérgicas en la sustancia negra. Si bien actualmente no
existe un tratamiento para detener la pérdida neuronal, la evidencia sugiere que una
dieta rica en antioxidantes puede mitigar el estrés oxidativo y la progresion de la enfer-
medad. Objetivos: Este estudio buscd investigar los efectos neuroprotectores resul-
tantes de la administracion oral de extracto etandlico de Maurita flexuosa durante un
periodo de 21 dias, en dosis de 1 mg/kg, 10 mg/kg y 100 mg/kg. Métodos: Inicial-
mente, los ensayos de actividad antioxidante revelaron niveles significativos de varios
antioxidantes, incluidos B-caroteno, equivalente de 4cido gilico y quercetina. A
continuacién, se indujo un modelo animal de EP mediante inyeccién estereotdxica
de 6-hidroxidopamina (6-OHDA) en el cuerpo estriado, y se utilizaron pruebas
de rotacién inducidas con apomorfina para la validacion del modelo. Se realizaron
evaluaciones del comportamiento motor mediante pruebas de campo abierto y
pruebas de marcha sobre vigas. Resultados: La prueba de campo abierto indicé una
mejora del comportamiento motor en el grupo de 1 mg/kg en comparacién con el
grupo de 6-OHDA. Sin embargo, el andlisis neurohistolégico mediante pruebas de
transferencia Western reveld posibles efectos neurotdxicos asociados con la dosis de
tratamiento de 100 mg/kg. Conclusiones: La administracién crénica de 1 mg/kg
de extracto etandlico de Maurita flexuosa durante 21 dias demostré posibles mejoras
en la locomocién en un modelo de EP inducido por 6-OHDA. No obstante, una
limitacién notable del estudio radica en la incapacidad del modelo de 6-OHDA para

inducir el nivel esperado de dafo en el cuerpo estriado y la sustancia negra, logrando
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solo un 29% de dano, mientras que un modelo de EP total normalmente requiere un

70% de dafio para una replicacién 6ptima.

Palabras clave: Mauritia flexuosa; antioxidante; neuroprotector; enfermedad de

Parkinson

REsumMmoO

Efeito neuroprotetor de Mauritia flexuosa em uma doenga de
Parkinson unilateral induzida por 6-OHDA em ratos

Introdugao: A doenca de Parkinson (DP) ¢ uma doenca neurodegenerativa caracte-
rizada por deficiéncias motoras e cognitivas, principalmente devido & perda progres-
siva de neurdnios dopaminérgicos na substincia negra. Embora atualmente nao haja
tratamento para interromper a perda neuronal, as evidéncias sugerem que uma dieta
rica em antioxidantes pode mitigar o estresse oxidativo e a progressio da doenga.
Objetivos: Este estudo buscou investigar os efeitos neuroprotetores resultantes da
administracio oral de extrato etandlico de Maurita flexuosa durante um periodo de
21 dias, em doses de 1 mg/kg, 10 mg/kg ¢ 100 mg/kg. Métodos: Inicialmente, os
ensaios de atividade antioxidante revelaram niveis significativos de vérios antioxi-
dantes, incluindo (-caroteno, equivalente de 4cido gélico e quercetina. Um modelo
animal de DP foi entdo induzido por injegao estereotdxica de 6-hidroxidopamina
(6-OHDA) no estriado, com testes de rotagio induzidos por apomorfina usados
para validacio do modelo. Avalia¢des do comportamento motor foram realizadas
usando testes de campo aberto e testes de caminhada em viga. Resultados: O teste
de campo aberto indicou comportamento motor melhorado no grupo de 1 mg/kg
em comparacio ao grupo de 6-OHDA. No entanto, a analise neuro-histoldgica por
meio de testes de Western blot revelou potenciais efeitos neurotdxicos associados a
dose de tratamento de 100 mg/kg. Conclusées: A administragio cronica de 1 mg/
kg de extrato etandlico de Maurita flexuosa ao longo de 21 dias demonstrou poten-
ciais melhorias na locomogio em um modelo de DP induzido por 6-OHDA. No
entanto, uma limitagio notdvel do estudo estd na falha do modelo de 6-OHDA em
induzir o nivel esperado de dano no estriado ¢ na substincia negra, atingindo apenas
29% de dano, enquanto um modelo de DP total normalmente requer 70% de dano

para replicagio ideal.

Palavras-chave: Mauritia flexuosa; antioxidante; neuroprotetor; Doenga de

Parkinson
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INTRODUCTION

Parkinson’s disease (PD) is a clinically heterogeneous neurodegenerative disease of
adult onset [1]. PD is characterized by 4 main motor symptoms: resting tremor (with
a frequency between 4 and 6 Hz), bradykinesia, rigidity and postural instability [1-3].
The prevalence of PD is currently high, and is predicted to double in size by 2040
[4], making it the fastest growing neurodegenerative disease [5]. From the neurohisto-
pathological point of view, PD is characterized by a progressive loss of dopaminergic
neurons in the pars compacta of the substantia nigra and its projection towards the
striatum due to toxicity resulting from the accumulation and deposition of misfolded
alpha synuclein at the intracellular level [6, 7]. Symptoms start on one side of the body
when dopamine concentrations decline below 60 to 70% in the contralateral striatum
[8]. One hypothesis for the etiology of PD is mitochondrial dysfunction and oxidative
stress [7].

Antioxidants play a crucial role in mitigating oxidative damage caused by reactive oxy-
gen species (ROS) and protecting against neurophysiological abnormalities [9, 10].
They act by decreasing the concentration of oxidants, binding to metal ions to prevent
the formation of ROS, decreasing the reactivity of peroxides and decreasing the propa-
gation and creation of free radicals [11].

Mauritia flexuosa, commonly known as buriti, moriche or aguaje, is a fruit with a high
content of fats, proteins and vitamins (high content of B-carotene, vitamin A and
tocopherol) [12-14]. In a study it was found a high level of antioxidants, especially
in the pulp and peel extract with a concentration of 378.07 mg GAEq/100 g of phe-
nols, 567.16 mg GAEq/100 g of flavonoids respectively, which is low in comparison
to other fruits due to the high level of carotenoids; and in an extract of the pulp it was
found 9.47 mg/100 g of total polyphenols and 23.36 mg/100 g of carotenoids [15, 16].

The main carotenoids found were [ carotene at 60% and o carotene at 6% [16].

Therefore, the consumption of Mauritia flexuosa (aguaje) could act as a significant
overprotective agent against the progression and as a preventive measure of PD, since it
would act at the level of free radical depletion due to its high antioxidant content. The
aim of the study was to evaluate the potential effect on locomotion and neuroprotec-
tion of 21 days oral administration (1 mg/kg, 10 mg/kg and 100 mg/kg) of ethanolic
extract of Mauritia flexuosa of the morphotype “Color”. Mauritia flexuosa administra-
tion is expected to improve motor performance and act as a neuroprotective agent at a
substantia nigra level.
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MATERIAL AND METHODS

Extract preparation

The fruits of Mauritia flexuosa L.f. were of the “Color” morphotype. The preparation
of the ethanolic extract and in vitro experiments were carried out at the Institute of
Food Science and Nutrition of San Ignacio del Loyola University. The fruit was recol-
lected from “Carretera Iquitos-Nauta” from Peruvian jungle.

B-carotene determination

The [B-carotene content was carried out according to the methodology proposed by
Zanqui et al. (2019) [17]. Approximately 100 mg of sample was placed in a conical
tip centrifuge tube and then 5 mL of n-hexane was added. The extraction was con-
ducted by vortexing at 1500 rpm for 30 min. Next, the extraction was continued in an
ultrasound system at a frequency of 40 kHz, 30 °C and 30 min. The supernatant was
obtained by centrifugation at 3500 rpm for 15 min. The absorbance value was made
at 450 nm in a 1 cm optical path quartz cell using a Jasco V-770 spectrophotometer
(Tokyo, Japan). To calculate the B-carotene content, the extinction coefficient of 2592
was considered. Values were expressed in mg 3-carotene per gram.

Total polyphenols determination

Total polyphenol content was determined by the Folin-Ciocalteu method. An approx-
imate amount of 500 mg of sample was extracted with 80% methanol. The polar frac-
tion was extracted with an ultrasonic bath and subsequently centrifuged at 3500 rpm
for 15 min. The supernatant was analyzed with Folin-Ciocalteu reagent and 7.5%
sodium carbonate [18]. The blue color formed was read at 765 nm using a Jasco V-770
spectrophotometer. The results were expressed in mg of gallic acid equivalent per gram
of sample.

Determination of antioxidant activity by TEAC and FRAC

The evaluation of antioxidant activity was carried out by TEAC and FRAP assay [19, 20].
For the TEAC assay, 20 puL of the extract and 980 uL of the ABTS radical were used.
Readings were collected at 734 nm, after S min of reaction. The results were expressed
as mmol of trolox equivalent/g sample.

For the FRAP assay, 120 pL of sample and 750 pL of FRAP reagent were used, which
consisted of 25 mL of aqueous solution adjusted to pH 3.6, 2.5 mL of 10 mM fer-
ric-2,4,6-tripyridyl-s-triazine complex (TPTZ) in 40 mM HCl and 2.5 mL of 20 mM
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FeCl, in water. The absorbance reading was recorded at 593 nm after 5 min of reaction.
The results were expressed as mmol FeSO,/g.

Phenol profiling by HPLC-DAD

Phenol profiling was conducted by liquid chromatography with diode array detector
(Hitachi Chromaster™, High-Technologies Corporation, Tokyo, Japan). Separation of
the different analytes was performed on a LiChrospher” 100 RP-18 (5 pm) column
(Merck KGaA, Germany). Mobile phase A consisted of a mixture of water/ortho-
phosphoric acid and an equal parts methanol/acetonitrile mixture (B). The analytes
were eluted according to the following gradient system (only the values of phase B are
presented and the difference corresponds to phase A). The spectrum was recorded 280
nm and the injection volume was 20 pL. The results were obtained by comparison of
the respective standards. The content of each phenol was expressed in g/kg of sample.

Maintenance and care of animals

21 Sprague-Dawley male rats, 2.5 months old and weighing 250 g — 300 g were used.
The animals were kept in PET plastic cages with dimensions of 37.3 centimeters long,
23.4 centimeters wide and 14 centimeters high in groups of 4 rats. Cleaning was per-
formed daily by renewing the cage shavings. The animals are from the automated
Bioterio of the Universidad Andina del Cusco. The cages were kept in an automated
environment with a 12-hour light/dark cycle with the light period starting at 6:00 am,
temperature between 23 and 25 °C and relative humidity between 40 and 45%. Bal-
anced pelleted feed and water were administered ad libitum. Mauritia flexuosa was
administered by direct cannulation to the rat from day 1 to day 21. A 75-mm long
cannula with a 2.3-mm diameter tip attached to a syringe was used and passed through
the esophagus into the stomach, where the substance was expelled at a slow controlled
rate avoiding regurgitation.

All procedures were performed under the National Institutes of Health Guidelines for
the Care and Use of Laboratory Animals and with the approval of Cayetano Heredia
University Institutional Animal Care and Use Committee (Protocol #2017-09) [21].

Injection with 6OHDA

The animal was anesthetized via intraperitoneal injection with Ketamine (70 mg/kg)
and Xylazine (6 mg/kg). Prior to the procedure, the animal underwent a fasting period
of 4 to 6 hours. Unilateral intracranial injection of 6-OHDA was performed on the
right side using a concentration of 4 mg/mL and a volume of 4 mL in 0.02% ascorbic
acid-saline [22]. In the negative control group, 5 mL of 0.02% ascorbic acid-saline was
administered. The infusion rate was maintained at 1 mL/min, with the needle remain-
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ing in place for 3 minutes before being slowly withdrawn. Injection coordinates were
set at anteroposterior +1.0 mm, lateral +3.2 mm, and dorsal ventral -4.6 mm from the
bregma [23]. Following the procedure, Dermicare was applied to prevent infections.
Animals were closely monitored until they regained consciousness (45-90 minutes),
after which they received individual care for two days before being grouped in sets of
three rats.

Open field Test

The Open Field behavioral test was performed to measure levels of general locomotor
activity and anxiety following the methodology of Shi ez 4. (2006) [24] with modi-
fications. The test is performed on a 50 x 50 cm black acrylic square and a 50 cm wall
around it. The square is divided into 4 sub-squares (2 x 2). Prior to the test the rats
were habituated to the environment for 2 days for two hours and on the day of the test
the rats were acclimatized for 60 minutes. The rat was placed in the center of the square
and its behavior was recorded for 5 minutes with a Logitech BRIO webcam with 4K
Ultra UH video with EthoVision XT 15 software.

Crossbar Test

This test consists of placing the rat in the middle of a horizontal bar and evaluating its
ability to cross it to one of the two side platforms located at the ends of the bar. The bar
has a diameter of 2.5 cm and a length of 60 cm. The platforms have a surface of 15 cm x
20 cm. The test has 6 trials per rat and a maximum duration of 60 seconds. The vari-
ables analyzed are: platform arrival latency, fall latency, number of falls, number of leg
and tail errors and number of balance errors.

Apomorphine Test

The rotation test was performed to test the effects of injury based on the severity of
motor behavior disorder by monitoring contralateral and ipsilateral reactions to unilat-
eral injury with 6-OHDA. The methodology was collected from W ez 4/. and animals
will be given 0.25 mg/kg apomorphine in 0.5% ascorbic acid and saline subcutane-
ously. Rotations were measured at 5 and 10 minute intervals until minute 30.

Western Blot

Microdissection technique employing micropunch was utilized. Encephalons were
extracted and immediately frozen in dry ice at -80 °C, followed by sectioning using a
cryostat at 500 mm thickness. The frozen sections were then centrifuged along with
Mammalian Lysis Buffer to release cellular content. Protein content quantification was
carried out using a spectrophotometer (NanoDrop) with 1 mL of supernatant. For
the Western Blot assay, polyacrylamide gels were prepared and waited 30 minutes for
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gelation. Then the electrophoresis chamber was assembled and Running buffer 1X was
added avoiding the formation of bubbles. 20 mL of pre-treated samples were placed
and a constant voltage (100 V to 150 V) was administered.

Protein transfer from the gel to the nitrocellulose paper was achieved by immersing
the materials in Towbin buffer, positioning them from the cathode (-) to the anode
(+) at a constant amperage of 400 mA for 1 hour. In order to avoid unspecific binding
of the antibody to the nitrocellulose paper, the protein-free spaces were blocked with
molecular grade skimmed milk. Subsequently, the preparation of the polyclonal IgG
anti-thyroxine hydroxylase antibody made in rabbits (Merck brand, code Ab152) was
carried out and kept in incubation overnight at 4 °C. The next day washing was per-
formed with 20 mL of PBS + Tween 20 0.1%. Biotinylated secondary antibody made
in goat Anti-Rabbit (Invitrogen brand, code 656140) was incubated under agitation.
Finally, it was incubated with ABC complex solution according to the instructions of
the kit (Vectastain) and developed with the DAB kit. Subsequent measurement was
performed using Image]J software to quantify the optical density of protein expression.

Statistical Analysis

Since all variables were numerical, the means of the variable values were compared
between groups using analysis of variance (ANOVA Tukey) if the data were normally
distributed. If the data did not follow a normal distribution, the Kruskal-Wallis test
was employed. All numerical data were analyzed using the STATA 15 program. Statis-
tical significance was set at p-values less than 0.05.

REsuLTS

Antioxidant Activity

In order to identify the potential contributor(s) of antioxidant activity from the pulp
of Mauritia flexuosa, p-carotene, total polyphenols, antioxidant activity by TEAC and
FRAC Phenol profiling by HPLC-DAD were performed.

Table 1. Quantification of antioxidant activity

Antioxidant activity Total content
mg B-caroten/g 0.68+0.02
mg equivalent gallic acid 4.11£0.20
TEAC (mmol TE/g) 21.85+0.84
FRAP (mmol FeSO,/g) 36.28+0.70

(Continued)
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Table 1. Continuation.

Antioxidant activity Total content
3-4-dihidroxi benzoic acid (g/kg) 8.74+0.33
Chlorogenic acid (g/kg) 172.98+5.95
Caffeic acid (g/kg) 32.84+0.88
Syringic acid (g/kg) 0.68+0.02
Vainillin (g/kg) 3.57+0.03
Ferulic acid (g/kg) 17.3040.15
Sinapic acid (g/kg) 1.88+0.03
Rutin (g/kg) 12.2740.10
Quercetin (g/kg) 4.83+0.07

Motor behavior

Significant differences were observed in the Open Field Test variables, including speed,
distance, immobility time, crossing between quadrants, and cumulative grooming at
14 days between the group administered with 1 mg/kg and the 6OHDA group, as
determined by one-way ANOVA followed by Tukey’s post hoc test (p < 0.05). At
21 days, significant differences were found only in speed and distance between the
60HDA and 1 mg/kg groups, as well as grooming for the sham and 60HDA group
(Figures 1 and 2).

For Beam Walking Test, significant differences were found in latency to the platform
for 14 days and fall latency for 21 days according to one-way ANOVA followed by
used Dunn Test with Benjamini-Hochberg correction (Figures 3 and 4). To analyze
the difference within groups it was found for 14 days in platform latency difference
between sham and 60HDA (p = 0.02). At 21 days there were found differences
between the sham and 6OHDA groups (p = 0.04) in fall latency.

For the rotation test, no significant differences were found, but there was a greater
number of gyrus in the 6OHDA group. The animals that presented ipsilateral rotation
were eliminated from the study. Rats 7, 14, 18, B2, C2, D2, D3 and ES were eliminated
from the study.

Molecular activity

For the western blot assay, brains from rats 6, 7 and 9 were used for the 6OHDA group;
12, 13 and 14 for the 10 mg group; and 17, 18 and 19 for the 100 mg group. The analy-
sis was performed in both the affected and contralateral hemispheres to obtain a con-
trol. A damage of 29% was obtained in the 6OHDA group, 27% in the 10 mg group
and 53% in the 100 mg group (Figure 5 and 6).

889



Emilia Gyr ez al.

Figure 1. Determination of the effect of Mauritia flexunosa L£. in velocity (A) and distance (B) in
the open field test in animals pretreated with 6-OHDA. P < 0.01 (one-way ANOVA followed by
Tukey’s post hoc test). The figure shows an increased motor behavior in the experimental rats, being

the 1 mg/kg group the one showing significance at 14 and 21 days.

Figure 2. Determination of the effect of Mauritia flexuosa L.f. in immobility (A), zone alternation
(B) and grooming (C) in the open field test in animals pretreated with 6-OHDA. P < 0.01 (one-
way ANOVA followed by Tukey’s post hoc test). The figure shows an increased motor behavior in
the experimental rats, being the 1 mg/kg and sham group compared to the 6OHDA groups the
ones showing significance for grooming at 21 days.
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Figure 3. Determination of the effect of Mauritia flexuosa L.£. in platform latency (A) and fall laten-
cy (B) in the beam walking test in animals pretreated with 6-OHDA. P < 0.01 (one-way ANOVA

followed by used Dunn Test with Benjamini-Hochberg correction).

Figure 4. Determination of the effect of Mauritia flexuosa L£. in errors: limb (A), equilibrium (B)
and falls (C) in the beam walking test in animals pretreated with 6-OHDA. No significant differen-
ces found (one-way ANOVA followed by used Dunn Test with Benjamini-Hochberg correction).
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Figure 5. Western Blot percentages. Control is the side contralateral to the lesion.

Figure 6. (A) Western Blot in 6OHDA substantia nigra. (B) Western Blot in control rats substantia
nigra. (C) Western Blot in 6OHDA striatum. (D) Western Blot in control striatum.

DiscussionN

The study aimed to assess the potential impact of 21 days of oral administration (at
doses of 1 mg/kg, 10 mg/kg, and 100 mg/kg) of ethanolic extract of Mauritia flexuosa
(morphotype “Color”) on locomotion and neuroprotection. The administration of
Mauritia flexuosa was anticipated to enhance motor performance and act as a neuro-
protective agent at the substantia nigra level. Antioxidant activity assessment revealed

892



Neuroprotective effect of M. flexuosa on 6-OHDA-induced Parkinson’s disease

significant levels of various components including B-carotene, gallic acid equivalent,
3-4-dihydroxy benzoic acid, Chlorogenic acid, Caffeic acid, Vanillin, Ferulic acid,
Rutin, and Quercetin.

In the in vivo segment, the Open Field test unveiled notable differences in speed, dis-
tance, immobility time, crossing between quadrants, and cumulative grooming during
the 14-day assessment. However, post-hoc analysis revealed differences between the
60HDA group and the 1 mg/kg group. These results may indicate a potential over-
compensation of the contralateral side to the lesion, resulting in higher-than-expected
motor performance in the 6OHDA group. Additionally, the disparity between the
60HDA and 1 mg/kg group could suggest neuroprotection offered by the adminis-

tered dose to the injected rats.

In the same test conducted over 21 days, significant differences were found in the
number of grooming and the post-hoc test showed differences between the Sham
and 60HDA groups. Grooming is the innate activity of the animal to maintain its
hygiene, thermoregulation and communication and it has been found that its perfor-
mance implies absence of damage to the striatum and dopaminergic inputs due to its
necessary participation in the implementation of sequence and motor performance
[25, 26]. Therefore, a lower amount of grooming in the SOHDA group could imply
a significant impairment in motor performance and in the present experiment these

were presented by the rats of the 6OHDA group.

Regarding the second behavioral test performed, the cross bar test showed significant
differences in latency to platform for 14 days and fall latency for 21 days. With respect
to the 14-day test, the latency to platform is significantly higher in the SOHDA group
compared to the Sham group. These results are in accordance with expectations show-

ing greater difficulty in the group injected with 6OHDA to reach the platform [27].

With respect to the latency to fall in 21 days the time is significantly longer for the
60HDA group than the Sham group. Although the latency to fall is expected to be
shorter for rats with 60HDA [28], in the present experiment this group showed
immobility when placed on the bar and immediate fall when attempting to move,
whereas the Sham group presented rats that decided to launch themselves off the bar
for possible stress avoidance or environmental recognition. Regarding the 6OHDA
group in the same line, it was observed that the Sham rats presented grasping strategies

involving the four limbs and the tail, while the 6(OHDA rats did not.

Also, the rotation test not only serves to confirm the model, as treatment can reduce
the number of rotations [29]. In the current experiment the mean for 6OHDA was
higher than that of the Sham group. In the same vein it is important to mention that
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studies show that an animal with less than 90% dopamine depletion in the striatum
may not show remarkable differences in the number of gyri with apomorphine, so
amphetamine is also used to generate gyri [23, 30].

Finally, western blot results indicate a 30% reduction for 60HDA. According to
studies it is possible to find no significant differences in HT between the sham and
60HDA groups at 22 days [31], although HT reduction is expected in the FOHDA
group. A 2005 study investigated the effect of unilateral SOHDA in mice and found
high variability in the lesion with immunohistochemical results for TH reflecting
dopaminergic loss between 4 and 100% [32]. On the other hand, the 100 mg/kg group
showed a reduction of 53%, which could indicate a neurotoxic effect of the extract in
that amount. It should be noted that the animals that received 100 mg/kg of Mauri-
tia flexuosa, presented values closer to the GOHDA group than the other treatment
groups in the Open Field test, this being directly proportional to the results of the
Western Blot, since they presented greater damage in the substantia nigra.

In summary, the findings suggest a potential neuroprotective effect associated with the
administration of the 1 mg/kg dose, while indicatinga possible neurotoxic effect linked
to the 100 mg/kg dose. However, it is essential to acknowledge the main limitation of
the study, which stems from the use of the 6(OHDA model. This model fails to achieve
the expected level of damage in the striatum and substantia nigra, reaching only 29%
damage, whereas a total Parkinson’s model typically involves damage reaching 70%.
Therefore, it is advisable to replicate the research using a total Parkinson’s model in rats

induced with 60OHDA to validate and extend these findings.
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SUMMARY

Introduction: Arisaema liemiana was newly identified as a new species for the flora
of Vietnam in 2020. It was discovered in Takou Nature Reserve, Binh Thuan prov-
ince, Vietnam, characterized by its height of 20-50 centimeters, deciduous nature,
light yellow spathe limb, white spathe tube, and spadix appendix covered with fili-
form neuter structures. Aim: This study aimed to investigate the chemical compo-
nents and antibacterial activity of the acetone extracts derived from the aerial parts
and tubers of A. liemiana. Methodology: A. liemiana specimens were collected
from Takou Mountain within Takou Nature Reserve, Binh Thuan Province, and
subjected to acetone extraction. The chemical components of these extracts were
analyzed using GC-MS, while the antibacterial activity was assessed through the
agar disc diffusion method. Results: A total of 57 compounds were identified in the

aerial part and tuber extracts of which 32 components were found in the first extract


www.farmacia.unal.edu.co
https://doi.org/10.15446/rcciquifa.v53n3.119241
mailto:vanhongthien@iuh.edu.vn

Phytochemistry and antibacterial property of Arisaema liemiana

while the latter one contained 34 constituents. The antibacterial effectiveness of
the tuber acetone extracts was assessed against 10 bacterial strains, revealing diverse
inhibition zones. Notably, S. aureus ATCC 25923 exhibited the largest inhibition
zone diameter, followed by B. cereus, V. parabaemolyticus, S. flexneri, P. aeruginosa, E.
coli, L. monocytogenes, S. saprophyticus, S. typhimurium, and S. enteritidis. Conclu-
sion: The chemical composition and antibacterial properties of acetone extracts
derived from Arisaema liemiana was investigated for the first time. The observed
notable antibacterial efficacy suggests potential pharmacological implications of A.
liemiana. Additionally, this research unveils broader applications of A. liemiana in

herbal medicine.

Keywords: Aracae, Arisaema liemiana, GC-MS, antibacterial activity.

RESUMEN

Fitoquimica y propiedad antibacteriana de Arisaema liemiana

Introduccién: Arisaema liemiana fue identificada recientemente como una nueva
especie para la flora de Vietnam en 2020. Fue descubierta en la Reserva Natural de
Takou, provincia de Binh Thuan, Vietnam, caracterizada por su altura de 20-50 centi-
metros, naturaleza caducifolia, extremidad de espata de color amarillo claro, tubo
de espata blanco y apéndice del espadice cubierto de estructuras neutras filiformes.
Objetivo: Este estudio tuvo como objetivo investigar los componentes quimicos y
la actividad antibacteriana de los extractos de acetona derivados de las partes aéreas
y tubérculos de A. liemiana. Metodologia: Los especimenes de A. liemiana se reco-
lectaron de la montafia Takou dentro de la Reserva Natural de Takou, provincia de
Binh Thuan, y se sometieron a extraccion con acetona. Los componentes quimicos
de estos extractos se analizaron mediante GC-MS, mientras que la actividad antibac-
teriana se evalud mediante el método de difusién en disco de agar. Resultados: Se
identificaron 57 compuestos en los extractos de la parte aérea y del tubéreulo, de los
cuales 32 componentes se encontraron en el primer extracto, mientras que el tltimo
contenia 34 constituyentes. Se evalué la eficacia antibacteriana de los extractos de
acetona del tubérculo frente a 10 cepas bacterianas, lo que revelé diversas zonas de
inhibicién. Cabe destacar que S. aureus ATCC 25923 exhibié el mayor didmetro
de zona de inhibicién, seguido de B. cereus, V. parahaemolyticus, S. flexneri, P. aeru-
ginosa, E. coli, L. monocytogenes, S. saprophyticus, S. typhimurium y S. enteritidis.

Conclusion: Se investig6 por primera vez la composicién quimica y las propiedades
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antibacterianas de los extractos de acetona derivados de Arisaema liemiana. La
notable eficacia antibacteriana observada sugiere posibles implicaciones farmacold-
gicas de A. liemiana. Ademads, esta investigacion revela aplicaciones més amplias de

A. liemiana en la medicina herbal.

Palabras clave: Aracae, Arisaema liemiana, GC-MS, actividad antibacteriana.

REsuMoO

Fitoquimica e propriedade antibacteriana de Arisaema liemiana

Introducio: Arisaema liemiana foi recentemente identificada como uma nova
espécie para a flora do Vietni em 2020. Foi descoberta na Reserva Natural de Takou,
provincia de Binh Thuan, Vietnd, caracterizada por sua altura de 20-50 centime-
tros, natureza caducifélia, membro de espata amarelo claro, tubo de espata branco
e apéndice de espidice coberto com estruturas neutras filiformes. Objetivo: Este
estudo teve como objetivo investigar os componentes quimicos ¢ a atividade anti-
bacteriana dos extratos de acetona derivados das partes aéreas e tubérculos de
A. liemiana. Metodologia: Espécimes de A. liemiana foram coletados da Montanha
Takou dentro da Reserva Natural de Takou, Provincia de Binh Thuan, e submetidos
3 extragdo de acetona. Os componentes quimicos desses extratos foram analisados
usando GC-MS, enquanto a atividade antibacteriana foi avaliada através do método
de difusio em disco de 4gar. Resultados: Um total de 57 compostos foram iden-
tificados na parte aérea e extratos de tubérculos, dos quais 32 componentes foram
encontrados no primeiro extrato, enquanto o ultimo continha 34 constituintes. A
eficdcia antibacteriana dos extratos de acetona de tubérculos foi avaliada contra 10
cepas bacterianas, revelando diversas zonas de inibi¢ao. Notavelmente, S. aureus
ATCC 25923 exibiu o maior didmetro de zona de inibigao, seguido por B. cereus, V.
parabaemolyticus, S. flexneri, P. aeruginosa, E. coli, L. monocytogenes, S. saprophyticus,
S. typhimurium ¢ S. enteritidis. Conclusio: A composi¢io quimica e as propriedades
antibacterianas dos extratos de acetona derivados de Arisaema liemiana foram inves-
tigadas pela primeira vez. A notével eficicia antibacteriana observada sugere poten-
ciais implica¢des farmacoldgicas de A. liemiana. Além disso, esta pesquisa revela

aplicagdes mais amplas de 4. liemiana na medicina herbal.

Palavras-chave: Aracae, Arisaema liemiana, GC-MS, atividade antibacteriana.
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INTRODUCTION

Arisaema Martius is one of a large genus belonging to Araceae family which includes
15 sections [1] and about 201 species [2] widely found in the tropical Asia, Himalayas,
Australia and New Guinea [3-7]. About 25 species belonging to 6 sections have been
recorded for the flora of Vietnam [2, 3, 7-11]. So many Arisaerma members have been
known as the medicinal plants. For example, 4. rhizomatum is known for its tradi-
tional medicine to treat contusions, injuries from falls, strains. It is also used to dispel
wind, quicken blood, free the flow of network vessels, etc. [11]. Apart from that, the
tuber extracts of 4. amurense, A. asperatum, A. calcareum, A. serratum, and A. hetero-
phyllum were used as antitumor, analgesic, and pesticide agents [12]. In addition, stud-
ies provided the chemical compositions and pharmaceutical properties of the extracts
obtained from various Arisaema plants [13-18].

Arisaema liemiana Luu, H.T.Van, H.C.Nguyen & V.D.Nguyen was first described as
a new species for the flora of Vietnam in 2020 which the type specimens collected from
Takou Nature Reserve, Binh Thuan province, Vietnam. A. liemiana is a deciduous herbs
and the morphology of this species are characterized by having: 20-50 high deciduous,
the light yellow spathe limb, white spathe tube, spadix appendix covered with filiform
neuters [2]. To date, 4. liemiana is a rare species and it is only found in the location
where its type specimens were collected. Thus, the present study firstly investigated the
chemical components and antibacterial activity of the acetone extracts from the aerial
parts and tubers of 4. liemiana.

MATERIALS AND METHODS

Plant

Arisaema liemiana was collected from Takou Mountain, Takou Nature Reserve, Binh
Thuan province (Figure 1) where the type specimens of this species were discovered in

the year 2020 [2].
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Figure 1. Arisaema liemiana in its habitat

Bacterial strains

In this study, ten tested bacteria were used to identify the antibacterial activities of the
acetone extracts of the studied species, including four Gram-positivebacteria (Bacil-
lus cereus ATCC 11774, Listeria monocytogenes ATCC 19111, Staphylococcus aureus
ATCC 25923, Staphylococcus saprophyticus BAA750), and six Gram-negative bacteria
(Escherichia coli ATCC 25922, Salmonella typhimurium ATCC 13311, Salmonella
enteritidis ATCC 13976, Pseudomonas aeruginosa ATCC 27853, Shigella flexneri
ATCC 9199, Vibrio parahaemolyticus ATCC 17802).

Extract preparation

The fresh aerial and tuber of A. liemiana were dried at 50°C and then ground into
powder. Five hundred milliliters of 99% acetone solution (Thermo Fisher Scientific,
USA) were used to soak 100 grams of the sample for for 48 hours at room tempera-
ture. The extract was obtained by filtration using Whatman paper and its residue was
re-extracted two more times. The final filter was evaporated under vacuum condition
at 45°C to remove acetone solution.

Gas Chromatography-Mass Spectrometry (GC-MS)

This method was performed using a TRACE™ 1310 Gas Chromatograph (Thermo
Fisher Scientific Inc., Waltham, MA, USA) coupled with an ISQ 7000 Single Quad-
rupole Mass Spectrometer. A DB-5MS column (30 m x 0.25 mm X 0.25 pm) was
utilized as the stationary phase, and Helium at a flow rate of 1.2 mL/min was used as
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the carrier gas to determine the chemical composition present in the acetone extract.
The sample was injected into the GC system using a sample splitting method, adopting
a 30:1 split ratio, a non-split flow duration of 1 minute, at 250°C with a flow rate of 36
mL/min. The injection temperature was consistently held at 250 °C. The thermal pro-
gram of the oven was designed to start at 80 °C, sustained for 5 minutes, followed by
an increment of 20 °C/min until a terminal temperature of 280 °C was reached, which
was then maintained for 10 minutes. Electron impact ionization was set at 70 ¢V and the
source filament temperature at 250 °C. The mass scan range of the MS was 29-650 m/z
with a scan rate of 2 scans per second.

Spectral analysis was conducted using Thermo Scientific Xcalibur software, which
facilitated data generation. Chemical component identification within the extract was
predicated on retention times, mass spectra, and the peak areas of the compounds,
which were compared against the known spectra in the library (NIST library 2017).
The percentage composition of the compounds was quantified based on the peak area
of each compound relative to the total peak area of all compounds, multiplied by 100.

Antimicrobial methods

The agar disc diffusion method was utilized to assess the antibacterial activity of the
samples [19]. Bacterial strains are cultivated in Mueller-Hinton Broth (MHB) until
a turbidity of 0.5 McFarland standard was attained. A 0.1 mL sample of the bacterial
suspension was inoculated onto a Petri dish containing Mueller-Hinton Agar (MHA)
and spread uniformly. Paper discs were then placed onto the agar surface, and 10 pL of
the sample solution was applied onto these discs. Gentamycin antibiotic discs (Nam
Khoa, Vietnam) were used as positive controls, while a 10% acetone solution serves as
the negative control. The Petri dishes are stored at 4 °C for 2 hours to allow the sample
solution to permeate into the agar. The cultures were then incubated at 37 °C for 16-18
hours to evaluate the resistance of the extract against the bacterial strains. The diameter
of the inhibition zone was measured after 16-18 hours. The antibacterial activity of the
sample solutions against the bacterial strains was determined based on the diameter of
the inhibition zones, deducting the diameter of the paper disc (6 mm), which will be
the zone of bacterial inhibition of the research sample.

To evaluate the differences between the means of the experimental treatments, the
analysis of variance (ANOVA) method, following the LSD test, was employed. Stat-
graphic Centurion software version 15.2 and Excel 2010 were used to calculate the
mean and standard deviation among the measurements.
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RESULTS AND DISCUSSION

Chemical compositions of acetone extracts from A. liemiana tuber and aerial part

The chemical constituents of the acetone extracts of the A. liemiana tuber and aer-
ial part were shown in the Figure 2 and Table 1. The aerial part extract was mainly
composed of 2-pentanone, 4-hydroxy-4-methyl- (12.62%), 2,3-butanediol (11.61%),
n-hexadecanoic acid (8.09%), neophytadiene (8.87%), phytol (6.64%), 9(E),11(E)-
conjugated linoleic acid (6.49%), linolenic acid (6.38%), 2,6-cresotaldehyde (4.93%),
y-sitosterol (4.42%), linolein, 2-mono-(4.14%), stigmasterol (3.95%). The major
compounds in the tuber extract were consisted of 2-pentanone, 4-hydroxy-4-methyl-
(21.95%), y-sitosterol (13.91%), stigmasterol (12.08%), campesterol (10.72%), ascor-
bic acid 2,6-dihexadecanoate (7.67%), 9(E),11(E)-conjugated linoleic acid (6.89%),

cis-vaccenic acid (4.28%).

Figure 2. The GC chromatogram of acetone extracts from A. liemiana tuber (a) and aerial part (b)

The chemical compositions of the essential oils or the various solvent extracts obtained
from the Arisaema plants using GC-MS technique were also reported by prior studies.
For instance, the chemical compounds of the essential oils isolated from four organs
like fruits, leaves, tubers and petioles of A. amuremse were also reported. Accordingly,

896



Phytochemistry and antibacterial property of Arisaema liemiana

the fruit essential oil was found to be rich in hexadecanoic acid methyl ester (53.45%),
13-octadecenoate (7.82%), and (Z, Z)-9,12-octadecadienoic acid methyl ester (5.4%).
The petiole oil contained 7,9-di-tert-butyl-1-oxaspiro (4,5) deca-6,9-diene-2,8-dione
(7.9%); 14-methylpentadecanoic acid methyl ester (7.7%); 1-hexadecanol acetate
(4.05%) as the major compounds. The tuber essential oil was characterized by the
prominence of 3-cyclohexyl-1-phenyl propane (14.86%), 2-pentadecanone (8.9%),
perhydrofarnesyl acetone (6,10,14-trimethyl-2-pentadecanone (7.15%) whereas
6,10,14-trimethyl-2-pentadecanone  (46.27%); hexadecanoic acid methyl ester
(38.62%) and (Z) 9-octadecenoic acid methyl ester (12.27%) were the main compo-
nents in the leaf oil [13].

In the case of the methanolic extract of A. fortuosum leaf, Garg et al. demonstrated the
identification of a total of fifty-three phytochemicals. The initial compound eluted was
nonane, which exhibited a retention time of 4.064 minutes within the leaf extract. Pre-
dominant peak areas were observed for 6,10,14-trimethyl-2-pentadecanone at 54.55%
and phytol at 18.86% within the leaf extract. Other notable phytochemicals identified
included 2-pentadecanone, 6,10,14-trimethyl-; phytol; benzene, 1,3-dimethyl-, etc.
[20]. Moreover, the chemical components of the ethanolic extract, and its fractions
like n-hexane and chloroform obtained from A. tortuosum leaf were also investigated.
Accordingly, the ethanolic extract included 9,12,15-octadecatrienoic acid, methyl
ester, (Z,2,2)-(37.53%); hexadecanoic acid, methyl ester (20.57%) and 9,12-octadeca-
dienoic acid, methyl ester (20.14%) as the major compounds. n-hexane fraction was
found to be rich in phytol (16.90%); ethyl (9z,12z)-9,12-octadecadienoate (14.97%);
hexadecanoic acid, ethyl ester (14.60%); dibutyl phthalate (19.33%); 1,2-benzenedi-
carboxylic acid, Bis(2- methylpropyl) ester (12.11%) and 1,2-benzenedicarboxylic acid
(8.53%) [21].

Table 1. The chemical compounds of acetone extracts of A. liemiana aerial part and tuber

Relative peak area (%
RT Compounds Aerial par:J TlEbe)r
2.15  2,3-Butanediol 11.61 -
221  3-Penten-2-one, 4-methyl- - 2.00
2.36  2-Pentanone, 4-hydroxy- - 0.79
2.60  2-Pentanone, 4-hydroxy-4-methyl- 12.62 21.95
2.80  L-Lactic acid 0.45 -
3.12  2-Ethyl-trans-2-butenal - 0.24
348  2-Heptanol, acetate - 1.16
431  2,5-Hexanedione, 3,4-dihydroxy-3,4-dimethyl- 0.40

(Continned)
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Table 1. Continuation.

Relative peak area (%)

RT Compounds Aerial part Tuber
491  1,3-Dioxane, 2-methyl- - 0.26
493 | 2-Acetoxyisobutyryl chloride 0.36 -
5.45  Tetracthylene glycol, diacetate - 0.12
6.29  Benzeneacetaldehyde - 0.21
6.70  D-Alanine, N-propargyloxycarbonyl-, isohexyl ester - 0.15
6.97  Pyrazine, tetramethyl- 0.41 -
7 84 il;l;}l:}zrlfan—4—one, 2,3-dihydro-3,5-dihydroxy-6- 107 023
8.34  2-Pentanol, 2,4-dimethyl- - 0.19
8.65 Coumaran 1.03 -
8.79  5-Hydroxymethylfurfural 3.75 228
9.58  2-Methoxy-4-vinylphenol 0.41
10.19  1,6-Octadiene, 2,6-dimethyl- - 0.60
10.58  2,6-Cresotaldehyde 4.93 -
11.42  Phenol, 4-ethenyl-2,6-dimethoxy 0.45 -
12.33  13-Methyltetradecanal - 0.70
12.53  Tetradecanoic acid - 0.24

13.02  Neophytadiene 8.87 -
13.04  3,7,11,15-Tetramethylhexadec-2-ene 0.56 -
13.09  Pentadecanoic acid - 0.27
13.11  (E)-Hexadec-2-enal - 0.49
13.24  3,7,11,15-Tetramethyl-2-hexadecen-1-ol 3.71 -
13.47  Hexadecanoic acid, methyl ester 0.26 -
13.65  Ascorbic acid 2,6-dihexadecanoate - 7.67
13.70  n-Hexadecanoic acid 8.09 -
1412 Heptadecanoic acid - 0.67
14.20  Verticiol - 0.79
1430  8,11-Octadecadienoic acid, methyl ester - 0.49
14.41  Phytol 6.44 -
14.53  cis-Vaccenic acid - 4.28
14.56  9(E),11(E)-Conjugated linoleic acid 6.49 6.89
14.60  Linolenic acid 6.38 -
14.65  Octadecanoic acid 0.71 1.94
15.38  2-cis-9-Octadecenyloxyethanol - 0.45
(Continued)
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Table 1. Continuation.

Relative peak area (%
RT Compounds Aerial parf TLEbfl)l‘
16.26  Heptacos-1-ene 0.58 -
17.61  7-Methyl-Z-tetradecen-1-ol acetate - 0.66
17.68  Linolein, 2-mono- 4.14 -
17.76  Butyl 9,12,15-octadecatrienoate 3.80 -
18.34 E,E,Z-1,3,12-Nonadecatriene-5,14-dio - 0.22
1871  Squalene 0.51 -
19.56  Octadecane, 3-ethyl-5-(2-ethylbutyl)- - 0.62
19.65  17-Pentatriacontene 0.41 -
21.79  y-Tocopherol 0.31 -
22.73  17-Pentatriacontene 0.37 -
23.19 Vitamin E 0.81 2.74
25.31 | Campesterol 1.58 10.72
25.78 | Stigmasterol 3.95 12.08
26.69  y-Sitosterol 442 13.91
26.80 | Stigmasta-5,24(28)-dien-3-ol, (3f,24Z)- - 0.76
28.58  a-Tocopheryl acetate - 0.89
Total 99.88 97.66

Antibacterial activity of acetone extracts from A. liemiana tuber and aerial part

Overall, the acetone extract from A. liemiana tuber displayed activity against all
the tested bacteria whereas these strains were not sensitive to the aerial part extract
(Table 2). Accordingly, the tuber extract showed the strongest antibacterial effects
against S. aureus ATCC 25923 with the inhibition zone diameter of 7.7 mm, followed
by B. cereus (6.2 mm), V. parahaemolyticus (5.3 mm), S. flexneri (4.8 mm), P aeruginosa
(4.7 mm), E. coli (4.7 mm), L. monocytogenes (4.3 mm), S. saprophyticus (4.2 mm), S.
typhimurium (2.3 mm), S. enteritidis (1.8 mm).

Prior reports demonstrated that members of the genus Arisaema grown in some Asian
countries were used in the ethnopharmacology as an antimicrobial agent. For instance,
in traditional medicine in India and China, 4. consanguineum was extensively used as
the antifungal and antibacteral medications [21]. Furthermore, 4. jacquemontii was
traditionally used as a folk remedy to treat microbial illness In Bhutan, India, Nepal,
and Pakistan [22]. Similarly, In Chinese and Indian traditional medicine, 4. flavum was
also used as bacterial efficacy [23]. In addition, studies also provided the antibacterial
activities of different solvent extracts obtained from the Arisaema species. For instance,
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the ethanolic extract of the Arisaema tortuosum leaf had an inhibitory effect on B. sub-
tilis and S. typhimurium whereas two its fractions, n-hexane and chloroform was active
against S. aureus and E. coli, respectively [24]. Furthermore, the different extracts from
A. jacquemontii, acetone, chloroform, distilled water, and methanol, was found to be
effective against so many bacterial strains, including Salmonella typhi, Pseudomonas
aeruginosa, and Shigella dysenteriae, Lysteria monocytogenes and Staphylococcus aureus
[25]. Similarly, the ethanol and methanol extracts from A. jacquemontii displayed activ-
ity against some bacterial and fungal strains, including Micrococcus luteus and Aspergil-
lus flavus [17]. The methanolic extract of 4. jacquemontii root was also reported to
have an inhibitory effect on many microorganisms, such as Proteus mirabilis, Strepto-
coccus faecalis, Escherichia coli, Salmonella enteritidis, Micrococcus luteus, Enterobacter
cloacae, Bacillus subtilis, Staphylococcus aureus, and Pasteurella multocida [26].

Table 2. The antibacterial activity of acetone extracts from A. liemiana tuber

Inhibition zone diameter (mm)
Bacterial strains Tuber Gentamicine Negative
control
Bacillus cereus ATCC 11774 6.2+0.6* 18.7 £ 0.8°
Escherichia coli ATCC 25922 4.7 £0.3* 14.8 £ 0.3" -
Listeria monocytogenes ATCC 19111 43 +0.3° 63+0.6 -
Psendomonas aeruginosa ATCC 27853 4.7 +1.2° 247 +0.6° -
Staphylococcus aurens ATCC 25923 7.7 £0.6* 252+ 1.0 -
Staphylococcus saprophyticus BAA750 42 +0.3° 237+ 0.6 -
Salmonella enteritidis ATCC 13976 1.8 +1.3* 12.3 +£0.3" -
Salmonella typhimurium ATCC 13311 2.3+0.6* 14.8 +0.8° -
Shigella flexneri ATCC 9199 4.8 +0.8 182+ 1.0° -
Vibrio parahaemolyticus ATCC 17802 53+0.6* 123+0.3 -

Different lowercase letters within a row indicate significant differences in the inhibition zone diameter (+ SD)
(mm) between acetone extracts of Tuber and Gentamicin (LSD test: P < 0.05)

CONCLUSION

This research provides insights into the recently identified plant species Arisaema lie-
miana found in the flora of Vietnam in Takou Nature Reserve, Binh Thuan province.
By examining acetone extracts from both aerial parts and tubers, the study investigated
the chemical composition and antibacterial effects of A. liemiana. GC-MS analysis
facilitated the identification of the chemical constituents, while evaluation against 10
bacterial strains revealed significant antibacterial activity of the tuber acetone extract.
These findings enhance the understanding the pharmacological potential of A. /e-
miana and underscore its importance in medicinal and ecological research. Further
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investigations are warranted to elucidate the mechanisms underlying its antibacterial
properties and explore its broader pharmacological applications.
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SUMMARY

Aim: Validation for assay and dissolution of metformin and Empagliflozin in
tablet 500:5 mg for evaluating the efficacy and safety of linagliptin vs. placebo in
patients with type 2 diabetes. Materials and methods: The HPLC system used was
Shimadzu LC-2010 HT with UV detector and Empagliflozin standard stock 1: 28
mg of Empagliflozin was accurately prepared. Separately 10 pL of standard solution
and sample solution was injected into the chromatographic system. Patients with
inadequate glycaemia control despite stable-dose metformin received open-label
Empagliflozin as add-on therapy for several weeks. All patients continued treatment
with metformin and Empagliflozin or metformin and Empagliflozin. The primary

endpoint was change from baseline. Results: The experiments were significantly
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exhibited a reducing the problem in patients with type 2 diabetes. In addition,
results of docking method confirmed also the effectiveness of Metformin/ Empa-
gliflozin tablets to better controlling of diabete-type-2 disease. Conclusions: Empa-
gliflozin in Metformin/Empagliflozin for 24 weeks improved glycaemia control and

was well tolerated.

Keywords: Metformin; Empagliflozin; type 2 diabetes; HPLC; glycaemia control;

docking simulation; molecular dynamic; drug design.

RESUMEN

Andlisis de un método experimental para la evaluacién y
validacién de la medicion de la disolucién de metforminay
empagliflozina en comprimidos genéricos: confirmacién de los
resultados mediante el método de acoplamiento

Objetivo: Validacién del ensayo y disolucién de metformina y empagliflozina en
comprimidos de 500:5 mg para evaluar la eficacia y seguridad de la linagliptina frente
a placebo en pacientes con diabetes tipo 2. Materiales y métodos: El sistema HPLC
utilizado fue Shimadzu LC-2010 HT con detector UV y para la solucién madre
estindar de empagliflozina 1: se prepararon con precisién 28 mg de empagliflozina.
Se inyectaron por separado 10 pL de solucién estdndar y la solucién de muestra en
el sistema cromatografico. Los pacientes con un control inadecuado de la glucemia
a pesar de la administracién de metformina en dosis estables recibieron empagli-
flozina de etiqueta abierta como terapia complementaria durante varias semanas.
Todos los pacientes continuaron el tratamiento con metformina y empagliflozina o
metformina y empagliflozina. El criterio de valoracién principal fue el cambio con
respecto al valor inicial. Resultados: Los experimentos mostraron una reduccion
significativa del problema en pacientes con diabetes tipo 2. Ademds, los resultados
del método de acoplamiento confirmaron también la eficacia de los comprimidos
de metformina/empagliflozina para controlar mejor la enfermedad diabética tipo 2.
Conclusiones: La empagliflozina en combinacién con metformina/empagliflozina

durante 24 semanas mejord el control de la glucemia y fue bien tolerada.

Palabras clave: metformina; empagliflozina; diabetes tipo 2; HPLC; control de la

glucemia; simulacién de acoplamiento; dindmica molecular; disefio de fdrmacos.
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REsuMmoO

Uma anélise de um método experimental para avaliagao
e validacao da medi¢ao da dissolugao de Metformina e
Empagliflozina para comprimidos genéricos: Confirmagao dos
resultados pelo método de encaixe

Objetivo: Validagio para ensaio e dissolugio de metformina e Empagliflozina em
comprimido 500:5 mg para avaliar a eficdcia e seguranca da linagliptina vs. placebo
em pacientes com diabetes tipo 2. Materiais e métodos: O sistema HPLC usado
foi Shimadzu LC-2010 HT com detector UV e estoque padrio de Empagliflozina
1: 28 mg de Empagliflozina foram preparados com precisio. Separadamente, 10 pL
de solugio padrio e solugio de amostra foram injetados no sistema cromatografico.
Pacientes com controle glicémico inadequado, apesar da metformina em dose estdvel,
receberam Empagliflozina de rétulo aberto como terapia complementar por vérias
semanas. Todos os pacientes continuaram o tratamento com metformina e Empagli-
flozina ou metformina e Empagliflozina. O desfecho primério foi a mudanga dalinha
de base. Resultados: Os experimentos exibiram significativamente uma redugio do
problema em pacientes com diabetes tipo 2. Além disso, os resultados do método
de encaixe confirmaram também a eficicia dos comprimidos de Metformina/Empa-
gliflozina para melhor controle da doenca diabética tipo 2. Conclusdes: A empa-
gliflozina em Metformina/Empagliflozina por 24 semanas melhorou o controle da

glicemia e foi bem tolerada.

Palavras-chave: Metformina; Empagliflozina; diabetes tipo 2; HPLC; controle da

glicemia; simulacio de encaixe; dinAmica molecular; design de férmacos.

INTRODUCTION

Analytical Method

Analytical chemistry offers with the look at of the separation, quantification, and chemi-
cal identity pharmaceutical analysis could be very crucial within the dedication of pre-
scription drugs formula and bulk drugs regarding quality manage and high-quality
guarantee. The quick increase in pharmaceutical industries of herbal and non-natural
substances composed with one or more compounds or element. It is categorized into
two main types, a qualitative analysis that is concerned with the identification of chemi-
cal compounds present in the sample whereas quantitative the analysis determines the
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number of certain elements or compounds in the sample and the producing of drugs
in and around the sector cells searching for novel and advance analytical techniques in
prescribed drugs. As a result, analytical method development has become a popular
activity of analysis. Development in scientific and advanced analytical techniques is
due to the advancement of analytical instruments [1-3]. The aim of the present work
was to develop an accurate and sensitive HPLC analytical method validation for assay
and dissolution of metformin and Empagliflozin in metformin/Empagliflozin tablet
500:5 mg that might be improved glycaemia controlling. Here we also described the
optimization of the instrumental parameters as well as the extraction procedure for
human type 2 diabetes disease through dissolution of Metformin and Empagliflozin
in Metformin/Empagliflozin. The method had been validated by evaluating the preci-
sion, accuracy and other validation parameters [3-7].

Metformin mono-therapy

Metformin mono-therapy, the recommended first-line pharmacotherapy for patients
with type 2 diabetes (T2D), while initially effective, often fails to maintain glycaemia
control as T2D progresses.1, 2 Therefore, additional effective and well tolerated thera-
pies are required when metformin mono-therapy fails to maintain glycaemia control.
There are no uniform recommendations regarding the best agent to combine with
metformin [8]. Although metformin mono-therapy, for patients with type 2 diabetes
(T2D) [8] initially was effective, but sometimes does not act to control the diabetes
progresses properly [8, 9]. Therefore, additional drugs are needed when metformin
mono-therapy fails to maintain glycaemia control [8, 10]. Empagliflozin, a potent and
selective inhibitor of the sodium glucose co-transporter [9] (SGLT2), is one of the
most recommended items for T2D [10] due to that SGLT?2 inhibitors reduce renal
glucose reabsorption, thereby increasing urinary glucose excretion and reducing hyper-
glycaemia [11]. In a unique testing in patients with T2D, Empagliflozin 10 mgand 25
mg given as add-on to metformin for 6 months provided clinically relevant reductions
in HbA Ic, fasting plasma glucose (FPG), weight and systolic blood pressure (SBP) vs.
placebo effects, exactly [12]. If using dual mixtures of anti-diabetes agents did not work
propetly, triple combinations are required [8, 10]. Di-peptidyl peptidase-4 (DPP-4)
inhibitors, which recommended as second- or third-line treatment option for patients
with T2D is a potent and selective DPP-4 inhibitor [13, 14]. Since DPP-4 destroyed
incretin hormones, in contrast linagliptin increases the concentrations of active incre-
tin hormones, stimulating the release of insulin in a glucose-dependent manner and
decreasing the levels of glucagon in the circulation, resulting in better regulation of glu-
cose homeostasis [15]. For patients without controlling diabetes disease with metfor-
min and a sulphonyl-urea, or with metformin and pioglitazone, linagliptin improved
glycaemia control, with a low risk of hypo-glycaemia and a neutral effect on weight
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[16-23]. The combination of SGLT?2 inhibitors and DPP inhibitors with metformin
is a recommended third-line treatment option for patients with T2D.

Docking Simulation

Although metformin is a compound that belongs to the class of drugs known as bi-
guanidine and is the first therapeutic choice for Type 2 Diabetes Mellitus, unfortu-
nately it has been used for more than four decades with several side effects. Therefore
a novel drug with no side effects should be designed and replace. Since metformin
inhibits hepatic gluconeogenesis and prevents hyper-glycaemia without impairing
insulin secretion, hypoglycemia, or weight gain, it is an essential step to simulate the
molecules, including 1-Carbamimidoyl-1,2-dimethyl-guanidine hydrochloride, Met-
formin hydrochloride, N1,N1-Dimethyl-N5-methylbiguanide hydrochloride, and
N1,N1,N5,N5-Tetrakis (methyl—bi-guanine hydrochloride], via molecular docking
simulation for analyzing the properties of these four analogues of metformin, as well as
through a combination with Empagliflozin.

MATERIALS AND METHODS

HPLC system

The HPLC system (228 nm, 1.0 mL-min™) was used by Shimadzu LC-2010 H7 with
UV detector, including 2.8 g monobasic potassium phosphate at pH=4.5 with 10 pL
acetonitrile as buffer. Using ‘LC Solution software Version 1.21” data processing and
chromatographic integration was carried out. A reciprocating shaker used for lig-
uid-liquid extraction was procured from Trishul Equipment. The nitrogen evapora-
tor used to evaporate the samples was procured from Takahe Analytical Instruments.
Hitachi centrifuge machine was used for the sample preparation. Deep freezers used
for storage of plasma samples were procured from Sanyo (Japan). Dissolution Condi-
tion: Medium: 900 mL, 6.08 gr monobasic potassium phosphate in 1000 mL water.
PH=6.8 Apparatus: (2) paddle, Time: 30 min, RPM: 50

Preparation of standard solution

Empagliflozin standard stock 1: 28 mg of Empagliflozin WS was accurately weighed
and taken in 50 mL clean and dry volumetric flask then adding containing 20 mL of
Acetonitrile by Sonicated for 2 min and then the solution was made up to the mark by
medium solution. Empagliflozin standard stock 2: 2 mL of stock solution were trans-
ferred as 1 to 20 mL volumetric flask and made up to mark by medium solution. Stan-
dard solution: 28 mg of Metformin HCI WS was accurately weighed and taken in a 50
mL clean and dry volumetric flask then adding to containing 20 mL of medium solu-
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tion by sonication for 2 min and then adding 5 mL of Empagliflozin standard stock
2 to the flask. Thus, the solution was made up to the mark by medium solution (In
assay preparation use Diluent instead of medium solution) (Metformin/ HCI: Empa-

gliflozin standard; 0.56:0.0056 mg/mL).

Preparation of Test Solution (T'S)

Assay: Not less than 10 tablets were taken, powdered and test stock solution of Met-
formin HCI: Empagliflozin was prepared by transferring weight equivalent to 500 mg
of Metformin HCl and 5 mg of Empagliflozin to 70 mL of Diluent which is sonica-
tion and shake intermittently for 10 min and later made up to 100 mL with diluent.
Transfer 1 mL of this solution to 10 volumetric flasks and fill to volume with diluent.
This solution was filtered using a 0.22-micron syringe filter. (Metformin HCI, Empa-
gliflozin standard, 0.50:0.005 mg/mL). Dissolution: Metformin HCI/ Empagliflozin
tablet was dissolved in 900 mL medium for dissolution test (Metformin HCl: Empa-
gliflozin standard; 0.56:0.0056 mg/mL).

Preparing stock solution

Not less than 10 tablets were taken, powdered and test stock solution was prepared
by transferring weight equivalent to 500 mg of Metformin HCl and 5 mg of Empa-
gliflozin to 80 mL of Diluent which is sonicated and shacked intermittently for 10 min
and later made up to 100 mL with diluent.

Hydrolytic degradation under acidic condition

1 mL stock solution of Metformin HCI: Empagliflozin was prepared and taken in a
10 mL volumetric flask; 0.75 mL of 0.1 N HCI was added. Then the volumetric flask
was kept at normal condition for 90 minutes and then neutralized with 0.1 N NaOH
and the volume was made up to the mark with the Diluent. The resultant solution was
filtered with 0.45-micron syringe filters and placed in the vials.

Hydrolytic degradation under alkaline condition

1 mL Metformin HCI: Empagliflozin stock solution was prepared and taken in a 10
mL volumetric flask; 0.75 mL of 0.1N NaOH was added. Then the volumetric flask
was kept at normal condition for 90 minutes and then neutralized with 0.1 N HCI
and the volume was made up to the mark with the Buffer. The resultant solution was
filtered with 0.45-micron syringe filters and placed in the vials.
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Thermal induced degradation

1 mL Metformin HCl: Empagliflozin stock solution was prepared and taken in a 10
mL volumetric flask; 1.5 mL of the Diluent was added. Then the volumetric flask was
kept at reflex condition for 60 minutes and further the volume was made up to the
mark with the Buffer. The resultant solution was filtered with 0.45 microns’ syringe
filters and placed in the vials.

Oxidative degradation

1 mL Metformin HCl: Empagliflozin stock solution was prepared and taken in a 10
mL volumetric flask; 0.5 mL of 3 % w/v of hydrogen peroxide solution was added
and the volume was made up to the mark with Diluent. Further the volumetric flask
was kept at room temperature for 15 min. The resultant solution was filtered with
0.45-micron syringe filters and placed in the vials.

Procedure

Separately inject 10 pL of standard solution and sample solution into the chromato-
graphic system. Record the chromatograms and measure the peak responses. Calculate
the assay and dissolution results of samples by the following formula: Result% = (A;/
Ag)x(Cs/Cr)x100, where: A= sample area, Ag= standard area, W,= Concentration
of standard, W= Concentration of sample.

Method precision

Method precision was determined by performing assay and dissolution of the sample
under the tests of (i) repeatability (Intraday precision) and (ii) Intermediate precision
(Inter day precision or ruggedness) performed during 2 consecutive days by two differ-
ent analysts, at working concentration.

Method validation

Validation of the analytical method is the process that is established by laboratory stud-
ies in which the performance characteristics of the method meet the requirements for
the intended analytical application. HPLC method developed was validated accord-
ing to International Conference on Harmonization (ICH) guidelines for validation
of analytical procedures. The method was validated for the parameters like linearity,
accuracy, system precision, intra-day precision, inter-day precision/ intermediate pre-
cision/ruggedness.
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REsuLTS

Selectivity of the analytical method is defined as the degree to which a method can
quantify the analyte in the presence of interferes. Specificity study of the chromato-
graphic method is performed by the separation of the analyte from the other potential
components such as impurities, degradants or excipients etc. In addition, forced deg-
radation studies are carried out to challenge the method. The forced degradation stud-
ies are of particular importance when the impurities are not available. During forced
degradation studies, the sample is subjected to the stressed conditions of light, heat,
humidity, acid/base hydrolysis and oxidation.

Linearity

The linearity of the analytical procedure is its ability (within a given range) to obtain
the test results which are directly proportional to the concentration (amount) of ana-
lyte in the sample. Standard solutions of Metformin HCl: Empagliflozin at different
concentrations level (50-150%) were prepared. Calibration curve (Fig. 1) was con-
structed by plotting the concentration level of drug versus peak area. The results show
an excellent correlation between peak area and concentration level of Metformin HCI:
Empagliflozin within the concentration range (tables 1 and 2). The correlation coef-
ficient was greater than 0.999, which meets the method’s validation acceptance criteria
and hence the method is said to be linear in the range of 0.28-0.84 mg/mL for Metfor-
min HCl and 0.0028-0.0084 mg/mL for Empagliflozin (figures 1 and 2).

3000 7 y=3.16x+127

2500 R=0.995 /
2000 - _—
% 15.00 - —
§ 1000 /
500 -
0.00 T T T T 1
0 02 04 06 038 1

Concentrarion (mg/mL)

Figure 1. The Linearity plot of Metformin HCI

Table 1. Linearity results (part a)

Standards 1(50%)  2(75%) 3 (100%) 4 (125%) 5 (150%)
Metformin HCI Concentration 028 0.4, 0.56 07 0.84
(mg/mL)

Peak Area x 10° 9.9 14.8 19 23.6 277
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0.008
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Figure 2. The Linearity plot of Metformin HCI

Table 2. Linearity results (part b).

0.001

Standards 1(50%)  2(75%) @ 3(100%) 4(125%) S (150%)
Empagliflozin Concentration 0.0028 00042 = 0.0056 0.007 0.0084
(mg/mL)

Peak Area x 10° 574 8.62 11.36 14.34 17.10

System precision

The precision of an analytical procedure expresses the closeness of measurements

obtained from multiple sampling of the same homogenous sample under the pre-

scribed conditions implied five replications of the standard solution at the target con-

centrations were injected. Results showed Relative Standard Deviation (RSD) was less

than 2%, which indicates acceptable reproducibility and thereby the precision of the

system. System precision results are tabulated in tables 3-a,b)

Table 3. System precision

Y=3.16X+1.27, lim of RSD<2% (a)

Area number Cal. conc.(mg/mL) Assay %
Area 1 0.5657 100.8
Area2 0.5653 100.7
Area 3 0.5617 100.1
Area 4 0.5657 100.8
Area 0.5686 101.3

medium 1.9189 100.75
STDEV 7.86 0.41
RSD 0.44 0.41

(Continued)
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Table 3. Continuation.

Y=2.0X+5.91, lim of RSD<2% (b)

Areal 0.00554 99.5
Area2 0.00558 100.2
Area3 0.00554 99.6
Area 4 0.00559 100.7
Areas 0.00556 99.9
medium 0.00557 100
STDEV 530 0.47
RSD 0.47 0.47

Repeatability (Intraday precision)

Three replications of the sample solution at the three concentrations (50%, 100% and
150%) were injected. Results showed Relative Standard Deviation (RSD) was less than
2%, which indicates acceptable reproducibility and thereby the precision of the system.
System precision results are tabulated in (tables 4-a, b, ¢, d, ¢, f).

Table 4. Intraday precision of Empagliflozin/metformin-HCI

Y=3.16X+1.27, lim of RSD<2%
a) Repeatability of 50%.

Y=2.0X+5.91, lim of RSD<2%
d) Repeatability of 50%.

e Assay fm{g o Asay fmlg ol Asays
Area l 51.9 0.2721 100.8 0.00280 50.5
Area?2 52.1 0.2728 100.7 0.00280 50.6
Area 3 52.1 0.2729 100.1 0.00281 50.8
medium 52 0.273 100.75 0.00280 50.7
STDEV 0.08 16084 0.41 7.86 0.12
RSD 0.16 0.16 0.41 0.44 0.24
Y=3.16X+1.27,lim of RSD<2% Y=2.0X+5.91, lim of RSD<2%

b) Repeatability of 100%.

¢) Repeatability of 100%.

Areal 100.6 0.5644 99.5 0.00561 100.8
Area2 100.5 0.5611 100.2 0.00559 100.3
Area 3 100 0.5640 99.6 0.00559 100.7
medium 100.4 0.5631 100 0.00560 100.6
STDEV 0.30 0.00 0.47 0.00 0.26
RSD 0.30 0.32 0.47 0.26 0.26
(Continued)
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Table 4. Continuation.

Y=3.16X+1.27,lim of RSD<2% Y=2.0X+5.91, lim of RSD<2%
c) Repeatability of 150%. f) Repeatability of 150%.

Areal 147.3 0.8446 99.5 0.00843 151.3
Area2 146.6 0.8407 100.2 0.00848 152.2
Area 3 148.1 0.8499 99.6 0.00851 152.6
medium 147.3 0.8452 100 0.00557 152
STDEV 0.77 0.00 0.47 0.00 0.67
RSD 0.52 0.55 0.47 0.44 0.44

Intermediate precision (Inter day precision/Ruggedness)

Precision between two consecutive days performed by different analysts of the sample
showed % RSD less than 2, which indicate the method developed is inter day precise/
rugged (tables 5-a,b, ¢, d, ¢, f).

Table 5. Intermediate precision of Empagliflozin/metformin-HCI

Y=3.16X+1.27, lim of RSD<2% Y=2.0X+5.91, lim of RSD<2%
a) Repeatability of 50% d) Repeatability of 50%

Area number Assay %Slg/cr?lric) Assay % %r?llg/cr(r)lric) Assay %
Areal 51.9 0.2721 100.8 0.00280 50.5
Area2 52.1 0.2728 100.7 0.00280 50.6
Area 3 52.1 0.2729 100.1 0.00281 50.8

medium 52 0.273 100.75 0.00280 50.7
STDEV 0.08 16084 0.41 7.86 0.12
RSD 0.16 0.16 0.41 0.44 0.24
Y=3.16X+1.27, lim of RSD<2% Y=2.0X+5.91,lim of RSD<2% e)
b) Repeatability of 100% Repeatability of 100%
Area 1 100.6 0.5644 99.5 0.00561 100.8
Area 2 100.5 0.5611 100.2 0.00559 100.3
Area 3 100 0.5640 99.6 0.00559 100.7
medium 100.4 0.5631 100 0.00560 100.6
STDEV 0.30 0.00 0.47 0.00 0.26
RSD 0.30 0.32 0.47 0.26 0.26
Y=3.16X+1.27, lim of RSD<2% Y=2.0X+5.91, lim of RSD<2% f)
c) Repeatability of 150% Repeatability of 150%
Areal 147.3 0.8446 99.5 0.00843 151.3
Area2 146.6 0.8407 100.2 0.00848 152.2
Area3 148.1 0.8499 99.6 0.00851 152.6
medium 147.3 0.8452 100 0.00557 152
STDEV 0.77 0.00 0.47 0.00 0.67
RSD 0.52 0.55 0.47 0.44 0.44
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Photolytic degradation

1 mL Metformin HCl: Empagliflozin stock solution was prepared and exposed to near
ultraviolet lamp in photo stability chamber providing illumination for 1 hr. Then sam-
ple was dissolved in Diluent and the volume was made up to mark [10 mL] (Table 6).

Table 6. Specificity of Metformin HCI: Empagliflozin in tablet

No Degradation studies Me tf::::ll; A)H cl EmRP:;‘;‘llﬁ;: “un
1  Hydrolytic degradation alkaline 101.9 99.5
2 | Hydrolytic degradation acidic 101.3 99.5
3 | Thermal degradation 101.5 100.0
4 Oxidative degradation 100.7 101.1
5  Photolytic degradation 100.0 99.8

Evaluating the accuracy of methods

The accuracy of an analytical method expresses the closeness of agreement between the

value accepted cither as a conventional true value or an accepted reference value and
the value found. Accuracy was determined by means of recovery experiments, by the
determination of % mean recovery of sample by standard addition method at three dif-
ferent levels. At each level, three determinations were performed. Percent mean recov-
ery was calculated as shown in table 7. The accepted limits of recovery are 98%-102%
and all observed data are within the required range, which indicates good recovery
values and hence the accuracy of the method developed.

Table 7. Evaluating the accuracy of methods in Metformin/Empagliflozin tablet

Control solution of 50%/Accuracy of determination for

Empagliflozin/metformin. HCI

Y=3.16X+1.27 (a)

Control Soul. 1 2 3 Medium STDEV RSD.
Area x 107 1.016 1.011 1.005 1.013 55624 0.550
Observed conc. ) 0.270 0.280 0.270 0.0 0.0
(mg/m.)
Calculated 0.280 0278 0277 0278 1.37 0.27
conc. (mg/mL)
Relative error -0.25 0.36 1.00 0.37
Accuracy 100.26 99.64 99.00 99.63

(Continued)
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Table 7. Continuation.

Control solution of 100%/Accuracy of determination for
Empagliflozin/metformin. HCI

Y=3.16X+1.27 (b)

Control Soul. 1 2 3 Medium STDEV RSD.
Area x 107 1.89 1.90 191 1.90 56430 0.290
Observed cone. 59 0.560 0.560 0.560 0.0 0.0
(mg/mL)
Calculated 0.559 0.561 0.562 0.561 1.38 027
conc. (mg/mL)
Relative error 0.14 -0.28 -0.48 -0.21
Accuracy 99.86 100.28 100.48 100.21
Control solution of 150%/Accuracy of determination for _
Empagliflozin/metformin. HCI Y=3.16X+1.27 (c)
Control Soul. 1 2 3 Medium STDEV RSD.
Area x 107 2.83 2.83 2.83 2.83 25153 0.089
Observed conc. ) 040 0.8400 0.8400 0.8400 0.0 0.0
(mg/mL)
Calculated

0.85597 0.85478 0.85446 0.85507 0.77 0.27
conc. (mg/mL)
Relative error -1.90 -1.76 -1.72 -1.79
Accuracy 101.90 101.76 101.72 101.79
Control solution of 50%/Accuracy of determination for 2
Empagliflozin/metformin. HCI ¥=2.0X+5.91(d)
Control Soul. 1 2 3 Medium STDEV RSD.
Area x 10* 5.74 5.77 5.73 5.75 183 0.32
Observed conc.
(mg/mL) < 10° 2.80 2.80 2.80 2.80 0.0 0.0
Calculated 0.003 0.003 0.003 0.003 0273 027
conc. (mg/mL)
Relative error -0.05 -0.44 0.2 -0.1
Accuracy 100.05 100.44 99.8 100.1
Control solution of 100%/Accuracy of determination for _
Empagliflozin/metformin. HCI Y=2.0X+5.91(e)
Control Soul. 1 2 3 Medium STDEV RSD.
Area x 10° 1.13 1.13 1.14 1.13 594.6 0.52
Observed conc.
(mg/mL) x 10° 5.6 5.6 5.6 5.6 0.0 0.0
Caleulated 0.006 0.006 0.006 0.006 0.28 0.27
conc. (mg/mL)
Relative error 0.61 1.04 0.0 0.55
Accuracy 99.39 98.96 100 99.45

(Continued)
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Table 7. Continuation.

Control solution of 150%/Accuracy of determination for

Empagliflozin/metformin. HCI Y=2.0X+591 ()

Control Soul. 1 2 3 Medium STDEV RSD.
Area x 10° 1.71 1.71 1.71 1.71 430 0.25
Observed conc.

(mg/mL) x 10° 8.4 8.4 8.4 8.4 0.0 0.0
Calculated 0.008 0.008 0.008 0.008 0.28 027
conc. (mg/mL)

Relative error -0.28 0.19 -0.20 -0.10

Accuracy 100.28 99.81 100.20 100.10

Limit of detection (LOD) and Limit of quantitation (LOQ)
There are several terms that have been used to define LOD and LOQ. In general,

the LOD is taken as the lowest concentration of an analyte in a sample that can be
detected, but not necessarily quantified, under the stated conditions of the test. The
LOQ is the lowest concentration of an analyte in a sample that can be determined
with acceptable precision and accuracy under the stated conditions of the test. For a
linear calibration curve, it is assumed that the instrument response vy is linearly related
to the standard concentration x for a limited range of concentration. It can be expressed
in a model such as y=a+bx. This model is used to compute the sensitivity b and the
LOD and LOQ. Therefore, the LOD and LOQ can be expressed as: LOD =3 x Sa /b,
LOQ =10 x Sa / b, where Sa is the standard deviation of the response and b is the
slope of the calibration curve. The standard deviation of the response can be estimated
by the standard deviation of either y-residuals, or y-intercepts, of regression lines. This
method can be applied in all cases, and it is most applicable when the analysis method
does not involve background noise. It uses a range of low values close to zero for cali-
bration curve, and with a more homogeneous distribution will result in a more relevant
assessment (Figure 3).

Ranges of testing: Range of analytical method can be obtained from Linearity, preci-
sion and accuracy data. Report the range in % with respect to sample concentration.
According to the result it can be concluded that the range of analytical method for
the determination of assay and dissolution of Metformin HCl/Empagliflozin tablet
500/5 mg is 50-150% of target concentration. The null hypotheses of no treatment
effect for the primary and key secondary endpoint were tested hierarchically to control
diabetes type 2. For each endpoint, the superiority of linagliptin 5 mg was tested. The
trial was powered separately for linagliptin 5 mgvs. placebo as add-on to Empagliflozin
10 mg and metformin and linagliptin 5 mg vs. placebo as add-on to Empagliflozin
25 mg and metformin (Figure 4).
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Figure 3. Peak versus concentration
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Figure 4. Several sample peaks

Results of Docking Simulation

The Metformin and its five analogues were downloaded from Pub-Chem database
(Table 8), and then were converted into PDB format. In addition, XRD structure of
7VSLpdb, that is structure of human SGLT2-MAP17 complex bound with Empa-
gliflozin, and 8] TS.pdb a crystal structure in complex with metformin in outward open
conformation, were gotten from Brookhaven Protein Data Bank (Figure 5). Finally all
the analogues were converted into PDBQT file format using Auto Dock Tool (ADT)
for further analysis and also docking was performed with iGemdock algorithms. At the
first step the interactive maps of the docked molecules (five molecules in table 1) were
done by two mentioned PDB files, and the docked minimum energies were then ana-
lyzed for finding the suitable places, which any types of peptides could attached with
higher affinity to the both SGLT2-MAP17 and human organic cation transporter.
NMR data of Empagliflozin and Metformin cation have plotted in figure 6.
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Table 8. The Metformin and its five analogues were downloaded from Pub-Chem database

No. Compounds analogs

Metformin cation
Metformin-d6 hydrochloride
Metformin Hydrochloride
Empagliflozin
N1,N1-Dimethyl-N5-methylbiguanide hydrochloride

N N =

Figure 5. Brookhaven Protein Data Bank of (a): human SGLT2-MAP17 complex bound with Em-
pagliflozin, and (b): Structural insights into human organic cation transporter 1 (HOCT).

Figure 6. NMR data of Empagliflozin and Metformin cation

The potential binding sites were calculated and plotted using Acsite software. Docking
was performed with iGemdock algorithms. At the first step the interactive maps of the
docked molecules were done by LIGPLOT, and the docked minimum energies were
then analyzed for finding the suitable places, which any types of each molecules from
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Table 8 could attached with higher afhinity to the SGLT2-MAP17 complex .Three of
these molecules including, Metformin cation, Metformin-Hydrochloride, and Empa-
gliflozin docked, exhibited suitable binding energies, and docking were repeated by
increased stringency using a reduced cavity size as a receptor. This resulted in one
matching peptide again modeled with SGLT2-MAP17 Data Bank, and HOCT a tem-
plate using MODELLER software. The scoring function, X-score, was used to com-
pare the binding energies Table 9 and Figure 7.

Table 9. Docking energies for three complexes

Docki
Molecules Ka VDW H-bond (,)C ng
No Name Complex (10, M (kcal/ (keal/mol) Fitness
! mol) (kcal/mol)
Metformin Metformin
(1) cation cation. SGLT2 3.15 -46.74 -16.52 -63.24
Metformi Metformin
3) He h °“Ei“ jo Hydrochloride- 145 2912 -14.18 -43.28
ydrochloride ¢~ )
(4) Empagliflozin Eglﬁ;gélﬂozm—— 2.45 -57.61 -13.59 -71.194

Figure 7. Docking position of amino acids for binding of three complexes

DiscussioN

In these two-Phase III studies, designed to evaluate the efhicacy and safety of linagliptin
5 mg vs placebo as add-on to Empagliflozin 10 mgor 25 mgand metformin for 24 weeks
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in patients with T2D, use of linagliptin resulted in statistically significant reductions in
HbA1c and FPG vs placebo. Importantly, the proportion of patients with baseline
HbAlc 27% who reached HbAlc <7% after 24 weeks with linagliptin was more than
twice that with placebo as add-on to Empagliflozin 10 or 25 mg and metformin. These
improvements in glycaemic control were observed despite a smaller proportion of
patients receiving rescue therapy in the linagliptin vs the placebo as add-on to Empa-
gliflozin and metformin groups. At week 24, the reduction from baseline in HbAlc
observed with linagliptin as add-on to Empagliflozin 10 mgor 25 mg and metformin
was >0.5%. The impact on weight is an important consideration when choosinga treat-
mentfor T2D. Metformin, the recommended first-line treatment for patientswith T2D,
is considered weight neutral. However, some second- and third-line therapies such as

sulphonylureas, glinides, thiazolidinediones and insulin, are associated with weight
gain. Weight loss or avoidance of weight gain is desirable for patients with T2D, weight
gain being associated with decreased treatment satisfaction and health-related quality
of life [24]. In line with the mechanism of action of DPP-4 inhibitors [25-28] and data
from linagliptin Phase III trials [29], linagliptin did not markedly change weight dur-
ing the double-blind treatment periods, while Empagliflozin has been shown to reduce

weight [30].

Dockingtechnique needs selecting the three-dimensional coordinate space of the bind-
ing site in the target and measuring the binding interactions of the molecule’s resultant
orientation within the binding site, forming the complex. The importance and sensi-
tivity of binding afhinity values are calculated by the maximum magnitude negative
number (highest binding affinity or lowest binding energy), which represents the most
advantageous conformation of the complex produced when the ligand involved binds
efficiently to the target’s active pockets. Additionally, docking simulations were used to
confirm the anti-diabetic potency of Metformin cation- SGLT2, Metformin Hydro-
chloride- SGLT?2, and Empagliflozin-SGLT?2, by examining the binding affinity and
orientation of ligands inside the SGLT2 receptor pocket. The docking poses were rated
as per their score values, and Table 9 summarized the binding affinities of the best pose
for each of the four analogues with the SGLT2 target (Figure 7). Additionally, the
molecules in this analysis have a higher binding affinity, comparable to that of a regu-
lar drug (metformin).The four compounds could dock into the active site of SGLT2
successfully. The tight binding can be explained in terms of hydrogen bonding with
target protein. All the three complexes were involved in the hydrogen bonding with a
residue. Metformin hydrochloride interacted with SGLT2 forming H-bonds at active
site region involving residues CYS, LEU, and THR (7). Analysis of these interaction
results confirmed that the selected four analogues showed the efficient binding with
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diabetic target protein SGLT2 like the standard drug metformin. So it was confirmed
that, these analogues might be a potential lead compounds for experimentally valida-
tion for diabetes management. Our docking results confirmed the experimental data
significantly.

CONCLUSION

The present study was carried out to develop a sensitive, precise and accurate HPLC
method for the analysis of Metformin HCI and Empagliflozin in Bulk as well as in
Metformin HCI /Empagliflozin tablets. In order to method development under gra-
dient conditions, was tested as mobile phase on a (L10 (250x4.6 mm); column. The
retention times obtained for Metformin HCl/Empagliflozin was around 3.09 and 4.7
min respectively. In conclusion, linagliptin improved glycaemia control compared with
placebo as add-on to Empagliflozin 10 or 25 mgand metformin and was well tolerated.
Therefore, linagliptin could provide a valuable treatment option for patients with T2D
who are inadequately controlled with Empagliflozin and metformin, improving gly-
caemia control with a low risk of hypo glycaemia and no increase in weight.
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CONFERENCIAS PRINCIPALES

Diseifio de programas de atencién veterinaria siguiendo

el modelo de AAALAC

Javier Guillén

AAALAC International. Correo electrénico: jguillen@aaalac.org

Resumen

El Programa de Atencién Veterinaria segin AAALAC International: La atencidn
veterinaria es uno de los puntos fundamentales dentro del programa de cuidado y
uso de los animales de una institucién. Esta actividad se debe enmarcar dentro de
un programa cohesionado de atencidn veterinaria, con la participacion de diversos
actores ¢ incluyendo actividades concretas. El programa de atencién veterinaria es
una responsabilidad colectiva de la(s) persona(s) con autoridad en la institucién,
el/la responsable veterinario/a (responsable veterinario), y el Comité Institucional
para el Cuidado y Uso de los Animales de Laboratorio (CICUAL). El responsable
veterinario debe tener la autoridad y los recursos, otorgados por la direccién de la
institucién, para establecer un programa eficiente. Para lograrlo, también debe
interactuar con los investigadores para conocer las necesidades y riesgos especificos
derivados de los proyectos experimentales. La participacién del responsable veteri-
nario en el CICUAL es la manera més eficiente de asegurar la comunicacién con
el resto de actores implicados, que también incluye a los técnicos del bioterio. Por
otra parte, la especializacidn en experimentacién animal del responsable veterinario,
y mds concretamente en las especies utilizadas, es también necesaria para el éxito
del programa. El programa de atencién veterinaria no solamente consiste en atender
animales enfermos, sino que incluye otras actividades como la opinién sobre aspectos
de los proyectos experimentales que puedan afectar el bienestar y la salud animal; las
instrucciones sobre pautas anestésicas y analgésicas, asi como sobre manipulacionesy
condiciones de estabulacién de los animales; los cuidados perioperatorios; o el estab-
lecimiento de las condiciones sobre la potencial reutilizacién o adopcién de animales
ya utilizados. Esta presentacion analizard todos estos aspectos de responsabilidad
institucional, comunicacidn, y actividades necesarias para el establecimiento de un
programa de atencién veterinaria, incluyendo algunas preguntas que nos podemos

hacer para evaluar si el resultado es satisfactorio (performance standards).
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Derechos de los animales de investigacion

Arthur Regis

Area de Derecho Animal Universidad de Brasilia, Comisién de Defensa de los Derechos de
los Animales de la Seccidn del Distrito Federal del Colegio de Abogados de Brasil. Correo
clectrénico: profarthur.regis@gmail.com

Resumen

Un nuevo paradigma se ha presentado ante la sociedad global: el reconocimiento

cientifico y legal de los animales como seres sensibles, sintientes o conscientes.

Dando como resultado, incluso, una nueva drea de conocimiento multidisciplinar:

el Derecho Animal (basado en el reconocimiento de la dignidad intrinseca de

los animales). Incluso cuando la poblacién no puede percibirlos claramente, los

problemas animales estdn estrechamente relacionados con la vida social cotidiana:

eleccién de la dieta, vestimenta, actividades de entretenimiento, investigacion cien-

tifica etc. En este contexto, la nueva percepcién de los animales también afectard

a las ciencias de los animales de laboratorio, ya que el animal utilizado en la inves-

tigaci(’)n y la enseflanza no puede verse como un insumo, sino como un ser vivo

digno que se utiliza en contra de su voluntad para servir a los intereses humanos,

y deben, como minimo, ser tratados con respeto y debe garantizarse su bienestar.

De esta percepcion surgen varias obligaciones hacia estos seres vivos: necesidad de

enriquecimiento ambiental, imposicién de técnicas de eutanasia, establecimiento de

un punto final humanitario etc. Es claro que los principios de sustitucion, reduccion

y refinamiento (Russel & Burch, 1959), aunque vélidos, ya no son suficientes para

abordar la cuestién, requiriendo la aplicacién de nuevos conceptos que se ajusten

al paradigma de la dignidad animal. Los reflejos del reconocimiento de la dignidad

animal se dan en las normativas de los paises, como, por ejemplo, en la prohibicién

de probar productos cosméticos en animales: Ley 2.047/2020 de Colombia; Reso-
lucién Normativa CONCEA 58/2023 de Brasil; Ley 21.646/2024 de Chile. Otro

elemento importante es el desarrollo de métodos alternativos, preservando animales

que no han elegido vivir toda su vida en una jaula de laboratorio. Es necesario cons-

truir un futuro sostenible y mds justo para todas las formas de vida.
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Optimizacion ética en investigacion: estrategias para integrar
las 3Rs en experimentacién animal

Maria Pilar Vinardell

Departamento de Bioquimica y Fisiologfa, Facultad de Farmacia y Ciencias de la Alimentacién,
Universitat de Barcelona, Av. Joan XXIII 27-31, 08028 Barcelona, Espaia. Correo electrénico:
mpvinardellmh@ub.edu

Resumen

El término 3Rs, acuiiado por Russell y Burch en 1959, describe un enfoque integral
para la optimizacién ética de la investigacién que implica el Reemplazo, Reduccién
y Refinamiento de la experimentacién con animales. Esto se orienta hacia la sustitu-
cién de los animales por métodos que no los empleen, la disminucién del nimero de
animales utilizados y la mejora de las técnicas experimentales para minimizar el sufri-
miento de los mismos. Actualmente, la mayorfa de las legislaciones incluyen dispo-
siciones para la implementacién de las 3Rs en investigacién animal. Antes de llevar
a cabo experimentos con animales, los investigadores deben buscar y considerar los
métodos de reemplazo disponibles. Si no se pueden encontrar alternativas de reem-
plazo adecuadas para sustituir completamente o en parte el uso de animales, se debe
priorizar la reduccién vy el refinamiento de los procedimientos experimentales. Sin
embargo, la falta de conocimiento sobre las alternativas disponibles o la resistencia a
su adopcién pueden obstaculizar la aplicacion de estas metodologias de reemplazo.
Por lo tanto, es crucial realizar busquedas sistemdticas y estar al tanto de diversas
fuentes de informacién y estrategias de busqueda. Los comités de ética de experi-
mentacién animal desempenan un papel fundamental en la supervisién y garantia
de la aplicacién adecuada de las 3Rs por parte de los investigadores. Esta conferencia
proporcionard una revision de las bases de datos més adecuadas, asi como de las estra-
tegias recomendadas para identificar los métodos de reemplazo, reduccioén y refina-

miento mds apropiados para su implementacién en la experimentacion.
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Criterios de cuidado y bienestar en la investigacion
con organismos acuaticos

Keidy Vasquez

Animal core, Universidad de los Andes, Bogotd, Colombia. Correo electrénico: kyvasquez@
uniandes.edu.co

Resumen

La investigacion con organismos acudticos juega un papel crucial en diversos campos
cientificos, desde la biologia marina hasta la ecotoxicologia. Sin embargo, es funda-
mental abordar esta prictica con un enfoque ético y responsable que garantice el
bienestar de los animales involucrados. En este contexto, la bioética, el bienestar
animal y el refinamiento experimental se erigen como pilares fundamentales. La
bioética proporciona un marco conceptual que permite evaluar los aspectos morales
de la investigacién con animales. Los principios bioéticos de beneficencia, no male-
ficencia, autonomia y justicia deben ser considerados al disefiar y llevar a cabo expe-
rimentos con organismos acudticos. Esto implica buscar un equilibrio entre los
beneficios potenciales de la investigacion y el posible dafio causado a los animales.
El bienestar animal, por su parte, se centra en el estado fisico y psicolégico de los
animales. En el caso de los organismos acudticos, el bienestar se ve influenciado por
factores como la calidad del agua, la disponibilidad de alimento, la densidad de pobla-
cién y la presencia de estimulos estresantes. Los investigadores deben tomar medidas
para proporcionar un entorno lo mds natural posible y evitando procedimientos
dolorosos o innecesarios. El refinamiento experimental es una estrategia clave para
mejorar el bienestar de los animales de laboratorio. Consiste en modificar los proce-
dimientos experimentales para reducir al minimo el estrés de los animales. Algunas
técnicas de refinamiento incluyen el uso de anestésicos, analgésicos y sedantes, ast
como el desarrollo de métodos alternativos que no requieran el uso de animales. La
cultura del cuidado es un aspecto esencial para promover el bienestar animal en la
investigacion. Implica la adopcién de una actitud respetuosa hacia los animales y
la sensibilizacién de los investigadores y técnicos sobre la importancia del bienestar
animal. Ademds, es fundamental contar con protocolos y guias de buenas préicticas
que establezcan los estdndares minimos para el cuidado de los organismos acudticos
en investigacién. En conclusién, los criterios de cuidado y bienestar en la investiga-
cién con organismos acudticos son fundamentales para garantizar la ética y la calidad
de la investigacién. La bioética, el bienestar animal, el refinamiento experimental y
la cultura del cuidado son elementos interrelacionados que deben ser considerados

de manera integral para promover el uso responsable de los animales en la ciencia.
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Author Guide for Addressing Animal Methods Bias
in Publishing

Bianca Marigliani

Humane Society International Research & Toxicology. Brazil. E-mail: bmarigliani@hsi.org

Summary

One of the biases that can affect the peer review of scientific articles is called animal
method bias, which is the reviewer’s preference for animal-based methods where they
are not necessary or where non-animal methods may already be suitable. This prefer-
ence, or the lack of expertise to properly evaluate non-animal methods, results in the
unfair assessment of non-animal research and can lead to the request of additional
(animal) experiments to “validate” non-animal data, which affects the likelihood
and/or timeliness of acceptance for publication. A cross-sectional survey has recently
shown that researchers have performed animal experiments for the sole purpose of
anticipating reviewers’ requests, and that the request to add animal experimental data
is quite prevalent. A similar survey is being launched during COLAMA to assess the
prevalence of animal methods bias in Latin-America. Aiming to help avoiding and
overcoming this bias, the Coalition to Illuminate and Address Animal Method Bias
(COLAAB) have developed a guide containing measures, resources, and tools for
authors, including how to find and select appropriate non-animal methods and pre-
register the research plan; tips for manuscript preparation and submission, including
how to discuss methods, choose journals and reviewers; and suggestions for the peer
review process, including language and literature to help authors in responding to
biased reviews. The author’s guide for addressing animal method bias in publishing
is a living resource, available at animalmethodbias.org. Animal methods bias not
only has ethical, time, and cost implications, but may also contribute to the lack of
translatability of findings from animal studies to human health improvements. Its
prevention requires systemic solutions, including the implementation of guidelines

and bias training for researchers, funding agencies, editors and reviewers.
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Modelos alternativos para entrenamientos quirirgicos

Marcelo Asprea

Hospital de Pediatria Prof. Dr. Juan P. Garrahan, Buenos Aires, Argentina. Correo electrénico:
masprea@hotmail.com

Resumen

El uso de animales de laboratorio ha sido el gold standart para la capacitacion de
disciplinas como la cirugfa, siendo un tema polémico que no se reduce al 4mbito
cientifico, teniendo implicancias legales, de objecién de conciencia ¢ impacto en
medios de comunicacién y la opinién publica. El objetivo es demostrar cémo fueron
modificindose los métodos de entrenamiento y capacitacion a través de los afios
en un Hospital de Pediatria Publico para alcanzar niveles de aprendizaje acepta-
bles mediante alternativas como: uso de material inanimado, simulacién, software,
reutilizacion de cad4veres, conservacién de tejidos e impresion 3D se desarrollé un
programa de entrenamiento permanente comparando resultados de aprendizaje
generados por los método alternativos se obtuvieron beneficios adicionales como
ahorro de tiempo y costos, potencial mejorado para la parametrizacién y la repe-
ticién del ¢jercicio de aprendizaje, incremento de la confianza y satisfaccion del
cirujano, mayor cumplimiento con la legislacién sobre el uso de animales, elimina-
cién de las objeciones del uso de animales sacrificados con objetivos especificos y la
integracion de la perspectiva y ética clinica en las primeras etapas de instruccion de
los cirujanos. La evidencia demuestra que los educadores pueden servir mejor a sus
alumnos, y a la vez minimizar las cargas financieras y de tiempo, con la introduccién
de métodos de entrenamiento bien disefiados que no dependan del uso dafino de
animales. La implementacién en forma gradual de modelos de bajo costo y otros de
alta tecnologia hacen una combinacién perfecta en las herramientas necesarias para
llevar a cabo dicha tarea de entrenamiento y capacitacion. Nos encontramos, por
tanto, en un punto de inflexién. La Ciencia y la Sociedad estd avanzando respecto a
hace unos afios, pero ain quedan muchos puntos por cubrir y muchos obstaculos por
superar. Por ello, es importante que no cesen los esfuerzos por parte de la comunidad
cientifica para que apoyen los métodos alternativos, para que se siga invirtiendo en
su desarrollo e implementacién en todos los 4mbitos, ya que de este modo todos
nos beneficiamos: los humanos porque desarrollaremos modelos mds fiables) y los

animales no humanos, porque evitaremos su sufrimiento innecesario.
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Biomateriales y su impacto en la docencia universitaria

Juan Carlos Cruz Jiménez

Department of Biomedical Engineering, Universidad de los Andes, Bogot4, Colombia. Correo
electrénico: je.cruz@uniandes.edu.co

Resumen

Los biomateriales estdn transformando la educacidn superior, particularmente en la
ingenierfa biomédica, al integrarse de manera efectiva en la formacién académica y
la investigacién aplicada. A través de estrategias pedagdgicas innovadoras como el
aprendizaje basado en proyectos y la ensefianza invertida, los estudiantes desarrollan
habilidades para resolver problemas complejos mediante la creacién de soluciones
practicas, como nanovehiculos para la administracién dirigida de medicamentos
y bioinks 3D para la regeneracion de tejidos. Estas iniciativas no solo mejoran la
comprension tedrica, sino que también fomentan el desarrollo de tecnologfas alter-
nativas que minimizan la dependencia de modelos animales, abordando cuestiones
éticas y cientificas contemporaneas. La implementacién de simulaciones multifisicas
y herramientas avanzadas como COMSOL ha potenciado la capacidad de los estu-
diantes para modelar y predecir el comportamiento de estos biomateriales en aplica-
ciones biomédicas, facilitando la transicién del conocimiento teérico a su aplicacién
practica. Este enfoque multidisciplinario no solo enriquece la experiencia educativa,
sino que también posiciona a los estudiantes y futuros ingenieros biomédicos en la
vanguardia de la innovacién responsable, promoviendo un enfoque de la ensefianza
que prioriza el desarrollo de tecnologfas sostenibles y éticas. La sinergia entre la
investigacion en biomateriales y la docencia universitaria representa un cambio de
paradigma en cémo se abordan los desafios cientificos y tecnoldgicos, proporcio-
nando a los estudiantes las herramientas necesarias para liderar avances significativos
en salud y tecnologia. Asi, la integracién de los biomateriales en la docencia no solo
impulsa la innovacién académica, sino que también asegura que las nuevas genera-
ciones de ingenieros estén equipadas para enfrentar los retos éticos y cientificos del

futuro, contribuyendo a un mundo més consciente y tecnoldgicamente avanzado.
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Modelo biomecatrénico canino para entrenamiento

Lynda Tamayo-Arango ', Sonia Orozco P. 2 Diana A. Orrego-Metaute

'CIBAV Research Group, Facultad de Ciencias Agrarias, Universidad de Antioquia, Carrera 75
#65-87, Medellin, Antioquia, Colombia.

*OHVRI Research Group, Facultad de Ciencias Agrarias, Universidad de Antioquia, Carrera 75
#65-87, Medellin, Antioquia, Colombia.

3Research Group and Biomedical Innovation, ITM Campus Robledo, CL 73 76A 354, 050034,
Medellin, Antioquia, Colombia.

*Correo electronico: lynda.tamayo@udea.edu.co

Resumen

La educacién basada en simulacién en las 4reas de la salud permite la adquisicion
de habilidades y destrezas, tanto técnicas como no técnicas, en ambientes contro-
lados. Esto favorece un aprendizaje efectivo ya que se aprende haciendo; ademds,
se disminuye el riesgo de cometer errores cuando el profesional se vea enfrentado
a casos reales. La resucitacién cerebro-cardiopulmonar es una habilidad basica que
todo médico veterinario recién graduado debe tener, para salvar la vida de pacientes
en casos de urgencia. Por tal motivo, se formé un equipo de trabajo de ingenieros del
Instituto Tecnolégico Metropolitano (ITM) y médicos veterinarios de la Univer-
sidad de Antioquia (UdeA), para trabajar en la elaboracién de un simulador para
resucitacién cerebro-cardiopulmonar, integrando técnicas de plastinacién con
dispositivos mecatrénicos para la simulacién de diversas variables fisioldgicas. Se
obtuvo un simulador plastinado con alta fidelidad anatémica, con los siguientes
pardmetros: pulso femoral, presion arterial, registro de electrocardiografia, tiempo
de llenado capilar, color de mucosa lingual, medicién de oximetria y reflejo pupilar.
Mediante una interfaz de control el profesor puede modificar los pardmetros fisio-
18gicos segun el escenario de simulacién elegido. Tiene una interfaz de visualiza-
cién donde los estudiantes pueden ver los pardmetros fisioldgicos establecidos. Se
realizd una validacién técnica con médicos veterinarios del Hospital Veterinario de
la Universidad de Antioquia, donde se evaluaron los pardmetros en tres escenarios
simulados: paciente normotenso, paciente hipotenso, paciente hipertenso y paciente
sin signos vitales. El simulador obtuvo patente de invencién de la Superintendencia
de Industria y Comercio (Resolucién No. 59195 de septiembre de 2023).
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Modelos alternativos para entrenamientos en técnicas
y practicas veterinarias

Ivdn Martin

Programa de Medicina Veterinaria, Universidad de La Salle, Bogotd, Colombia.
Correo electrénico: emartin@unisalle.edu.co

Resumen

Desde comienzos de siglo, nuevas tendencias han generado un cambio en los
modelos de ensefianza en las carreras envueltas dentro de las ciencias de la salud
incluidas la medicina veterinaria, que ante el advenimiento de nuevos paradigmas
éticos y morales en cuanto al aprendizaje de diversas técnicas médico-quirtrgicas
que, en aquel entonces, implicaba la utilizacién de animales de laboratorio y otros
modelos vivos de practica. Muchos de estos procesos requieren para el aflanzamiento
de la técnica curvas de aprendizaje variables segtin la complejidad de la técnica y
que ilustaradas ¢ implementadas en pacientes en los espacios clinicos - quirargicos
podian incrementar los riesgos vitales inherentes a la realizacién del acto médico. Es
por esto que aunque el uso de sistemas de simulacién fisicos o virtuales se ha incre-
mentado, los costos de adquisicién pueden llegar a ser una limitante en paises en
desarrollo al momento de implementar ejercicios de simulacion clinica en los dife-
rentes pensums académicos. Sin embargo existen herramientas de ingenierfa como el
disefio y la impresiéon 3D que implementados en el entorno médico han permitido
incursionar en campos de modelado a partir, por ejemplo, de imdgenes diagndsticas
avanzadas. En la Universidad de la Salle hemos incursionado en la apropiacién de
dichas tecnologfas para la fabricacién de simuladores a pedido, con base a réplicas
realistas y con diferentes niveles de sensibilidad haptica que cumplan con caracterfs-
ticas especificas para la ensefianza en cdtedras de cirugfa, medicina y emergentologia,
asi como su implementacion en el drea de preparacién y planificacién quirtrgica en

la clinica veterinaria.
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Propuesta de proyecto de ley que reglamenta las actividades

de investigacion, educacién y estudios biolégicos que
involucran el uso de animales vivos

Andrea Padilla

Senado de la Republica de Colombia, Bogotd, Colombia.
Correo electrénico: andrea.padilla@senado.gov.co

Resumen

El proyecto de ley tiene por objeto regular las actividades de investigacién cientifica,
las pruebas de seguridad (testeo), los ensayos biolégicos y las actividades de educaciéon
en las que se utilicen animales vivos vertebrados y cefalépodos, con el fin de garan-
tizarles a los animales un trato respetuoso y digno, en razén de su sintiencia. Es de
resaltar que, actualmente, Colombia cuenta con diferentes leyes y normas que regla-
mentan la investigacion con animales vivos en el territorio nacional. Sin embargo,
la falta de eficacia en la aplicacién e implementacién de este marco normativo es
una constante, el poco liderazgo por parte del Gobierno Nacional, especialmente
del Ministerio de Salud, segin lo establecido en la Ley 84 de 1989, la desactuali-
zacién normativa frente a los nuevos lineamientos internacionales sobre bienestar
animal, y la ausencia de una reglamentacion clara y precisa respecto a los requisitos
que deben cumplir las instituciones o los investigadores para realizar investigaciones
con animales vivos son algunas de las causas que hacen necesario que el Congreso de
la Reptiblica tome medidas para actualizar estos aspectos normativos. En ese sentido,
el PL se basa en la implementacién de las 3Rs, en la reglamentacién de esta ley por
parte del Ministerio de Ciencia, Tecnologfa e Innovacién, la creacién y habilitacién
el Registro Unico de Investigacién con Animales Vivos vertebrados y cefalépodos
-RUIAVVC, la creacién del Comité Institucional del Cuidado y Uso de Animales
-CICUA vy crear estimulos, incentivos y facilidades para el fortalecimiento de las
capacidades de los laboratorios e instituciones de investigacion nacionales que imple-
menten modelos alternativos para evitar el uso de animales vertebrados y cefalépodos
en actividades de investigacion, educacién y ensayos bioldgicos. Finalmente, se busca
imponer sanciones ambientales, penales o civiles segtn correspondan, conforme a la

normatividad vigente, con el inico fin de garantizarles a los animales un trato digno.
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Estrategia para modernizar la investigaciéon biomédica
en Latinoamérica

Magnolia Martinez

People for the Ethical Treatment of Animals (PETA). Correo electrénico: MagnoliaM@peta.org

Resumen

La comunidad cientifica que reconoce el fracaso de los experimentos en animales es
cada vez mas grande. Este reconocimiento ha resultado en el desarrollo de métodos
de investigacién sin animales en multiples dreas. Con esta transformacién como
contexto, el equipo cientifico de People for the Ethical Treatment of Animals
(PETA) creé un plan para modernizar la investigacién biomédica, que sugiere lo
siguiente: a) poner fin al uso de animales en 4reas en las que se ha demostrado que
son “modelos” deficientes de los humanos; b) realizar resefas cientificas de la eficacia
del uso de animales para identificar dreas adicionales en las que dicho uso podria
eliminarse; c) redirigir los fondos al uso y desarrollo de métodos confiables sin
animales; d) aplicar un sistema de andlisis de dafios y beneficios que incluya una pers-
pectiva ética y la consideracién del dafio permanente que se inflige a los animales; e)
promover la armonizacién y la aceptacion internacional de métodos sin animales
para pruebas de toxicidad; y, ) educar y capacitar a los grupos de investigacién y a las
agencias reguladoras sobre los beneficios y el uso de los métodos de experimentacién
sin animales. Independientemente del tamanio del presupuesto existente para investi-
gacion biomédica en las fuentes financiadoras y las universidades de América Latina,
la asignacién de dichos recursos a proyectos que usen métodos basados en la biologia
humana representa una inversion responsable. El equipo cientifico de PETA estd a
disposicién de las instituciones y los grupos de investigacion que deseen asesorfa en

la transicién al uso de métodos sin animales.
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Percepcion social y practicas de transparencia sobre el uso

de animales en investigacién, educacién e industria

Manuel Géngora Medina

Unidad de Biologia Comparativa, Pontificia Universidad Javeriana. Correo Electrénico: manuel.

gongora@javeriana.edu.co

Resumen

El uso de animales como modelos de investigacion es una prictica cientifica que
genera tensiones sociales y bioéticas con mérgenes diversos de aceptabilidad. Existen
grupos que apoyan la investigacién animal bajo el imperativo moral de curar enfer-
medades y salvar vidas, y opositores que centran su argumentacion en el sufrimiento
animal. Estas posiciones representan el 30% de la esfera social y para entender cudles
son las actitudes del publico restante se han desarrollado investigaciones en diferentes
entornos. Los resultados muestran que la aceptabilidad de usar animales en la ciencia
esdel 68 al 80% cuando se busca curar enfermedades, no existen métodos alternativos
y se toman medidas para mitigar el sufrimiento. No obstante, el margen de acepta-
cién disminuye entre las poblaciones més jovenes. Las fuentes de informacién sobre
el uso de animales de investigacién son principalmente medios de comunicacién
(53%) y en menor medida canales oficiales (4%). Esto se relaciona con la preocupa-
cién que tienen la mayoria de los participantes (60%) sobre la falta de informacién
en el desarrollo de métodos alternativos y las estrategias para mitigar el sufrimiento.
El 82% de los individuos cree que las instituciones deben ser ms transparentes y el
54% abogan por una democratizacién de la ciencia que favorezca la participacién
del publico en la toma de decisiones. Los resultados de los estudios de percepcion
social muestran la importancia de desarrollar sistemas de transparencia institucional.
Para ello, la adopcién de acuerdos de transparencia que permitan la construccion
de relaciones con el publico es un requerimiento social. Europa (EARA), Oceanfa
y Canada vienen adelantando mecanismos participativos y es fundamental que los

paises latinoamericanos adopten pautas similares.
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Metodologias de reemplazo o Nuevas Aproximaciones

Metodoldgicas (NAMs)

Las NAM en la evaluacién del riesgo toxicoldgico

Maria Constanza Lozano Alvarez

Departamento de Farmacia, Facultad de Ciencias, Universidad Nacional de Colombia. Correo
electrénico: mclozanoa@unal.edu.co

Resumen

La evaluacion del riesgo toxicoldgico por muchos afios tuvo un importante sustento
en las pruebas 7z vivo que estén dirigidas a valorar efectos adversos puntuales sobre
los animales de experimentacién. Esto dio lugar a protocolos de evaluacion toxico-
l6gica (p.¢j: irritacién/corrosidn ocular primaria, sensibilizacién dérmica, letalidad
en la prueba de toxicidad aguda, entre otras) que se aplican a agentes quimicos con
los cuales el ser humano puede entrar en contacto. De esta manera, se definieron
los peligros intrinsecos de muchas sustancias. Sin embargo, los cuestionamientos
éticos asociados al uso de animales experimentales, las regulaciones que prohiben
su uso, las controversias relacionadas con la escasa extrapolacién entre especies y la
disponibilidad tecnoldgica actual que permite valorar ampliamente cambios mole-
culares y celulares, han motivado un cambio en el paradigma construido en torno
a la evaluacién tradicional. Ahora, mis que determinar una manifestacion clinico-
patoldgica en un animal, se dispone de herramientas que permiten valorar los meca-
nismos o vias que conducen a la toxicidad. El cambio en el modelo de evaluacion se
ha sustentado en los avances cientificos que han permitido el surgimiento de pruebas
que no emplean animales y que no simplemente duplican las existentes en estos, sino
que suministran nuevas bases cientificas para la evaluacién de la seguridad. Surge
ast el concepto de las nuevas aproximaciones metodolégicas (NAM), por primera
vez empleado en 2018 por la EPA que incluye cualquier metodologfa, tecnologa,
enfoque o combinacién de estos, que pueda ser usado para suministrar informacién
del peligro quimico y la evaluacién de riesgo que evite el uso de animales completos.
Las NAM pueden incluir métodos in vitro, ex: vive, in chemico e in silico asi como la
combinacién de estos; actualmente existe disponibilidad de NAM validadas para
valorar efectos locales téxicos agudos con propésitos regulatorios. El empleo de
estos nuevos enfoques metodoldgicos no solamente es util para determinar efectos

adversos también ha sido relevante en diversas investigaciones biomédicas.
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Transicidon de cultivos 2D A 3D

Andrés Pareja Lopez

Programa de Biologia, Universidad CES, Medellin - Antioquia, Colombia. Correo electrénico:
aparcja@ces.cdu.co

Resumen

La transicién del cultivo de células en dos dimensiones (2D) a sistemas tridimen-
sionales (3D), como esferoides y organoides, presenta multiples desafios técnicos
significativos que deben abordarse para maximizar sus ventajas en la investiga-
cién biomédica. A diferencia de los cultivos 2D, donde las células crecen en una
capa sobre una superficie plana con un acceso uniforme a nutrientes y oxigeno, los
modelos 3D requieren optimizar el microambiente tridimensional para mantener
la viabilidad, proliferacién y diferenciacién celular de forma adecuada. Esto implica
disefar matrices extracelulares, tanto sintéticas como naturales, que ofrezcan soporte
estructural y senales bioquimicas y mecdnicas apropiadas, un reto que demanda un
profundo conocimiento de la biologia de los tejidos y de los materiales biocompa-
tibles. Otro desafio es el control de los gradientes de nutrientes, oxigeno y factores
de crecimiento dentro de los cultivos 3D, ya que, a diferencia de los cultivos 2D,
estos factores no se distribuyen homogéneamente, lo que puede provocar hipoxia
y necrosis en los esferoides u organoides, complicando la interpretacién de resul-
tados experimentales; para ello, son necesarias técnicas avanzadas como la perfusion
dindmica y la ingenierfa de microfluidos. Ademds, se requiere desarrollar métodos
especificos de caracterizacién y andlisis, ya que las técnicas convencionales para
cultivos 2D, como la microscopia de luz y los ensayos de viabilidad, son inadecuadas
para abordar la complejidad de los modelos 3D, demandando tecnologias avanzadas
y costosas, como la microscopia de seccidn 6ptica y la imagenologia basada en inteli-
gencia artificial. También, la reproducibilidad y escalabilidad de los cultivos 3D repre-
sentan retos importantes debido a la variabilidad en tamano, forma y composicién
celular, que dificultan su uso en estudios de alto rendimiento. Finalmente, la compati-
bilidad con herramientas de alta tecnologfa, como las técnicas dmicas y la edicién gené-
tica, es crucial para integrar estos modelos en investigaciones avanzadas. Superar estos
desafios es esencial para realizar la transicién a modelos tridimensionales més precisos,

lo que acelerarfa el desarrollo de terapias més efectivas y personalizadas.
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Organoid intelligence

Thomas Hartung

Centers for Alternatives to Animal Testing (CAAT), Johns Hopkins University and University of
Konstanz, Germany. E-mail: thartun1 @jhu.edu

Summary

Understanding brain function remains challenging as work with human and animal
models is complicated by compensatory mechanisms, while iz vi#ro models have been
too simple until now. With the advent of human stem cells and the bioengineering
of brain microphysiological systems (MPS), understanding how both cognition and
long-term memory arise is now coming into reach. We suggest combining cutting-
edge Al with MPS research to spearhead organoid intelligence (OI) as synthetic
biological intelligence. The vision is to realize cognitive functions in brain MPS and
scale them to achieve relevant short- and long-term memory capabilities and basic
information processing as the ultimate functional experimental models for neurode-
velopment and neurological function and as cell-based assays for drug and chemical
testing. By advancing the frontiers of biological computing, we aim to (a) create
models of intelligence-in-a-dish to study the basis of human cognitive functions,
(b) provide models to advance the search for toxicants contributing to neurological
diseases and identify remedies for neurological maladies, and (c) achieve relevant
biological computational capacities to complement traditional computing. Increased
understanding of brain functionality, in some respects still superior to today’s super-
computers, may allow to imitate this in neuromorphic computer architectures or
might even open up biological computing to complement silicon computers. At the
same time, this raises ethical questions such as where sentience and consciousness
start and what the relationship between a stem cell donor and the respective OI
system is. Such ethical discussions will be critical for the socially acceptable advance
of brain organoid models of cognition. Based on the Baliinore Declaration Toward

Exploring Organoid Intelligence, a community is forming to realize this vision.
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Aplicacién de sistemas microfluidicos como alternativa

a la experimentacién animal

Inaki Ochoa

Facultad de Medicina, Universidad de Zaragoza, Espana. *Correo electrénico: iochgar@unizar.es

Resumen

La investigacion preclinica, tradicionalmente basada en modelos animales iz vivo
y en modelos 7z vitro de cultivos celulares bidimensionales, ha permitido generar
multiples avances en la biomedicina. Sin embargo, su capacidad predictiva de los
resultados clinicos a veces se ha visto comprometida por las diferencias fisioldgicas
con los animales de experimentacion o por la excesiva simplicidad de los modelos
in vitro. Para avanzar en la mejora de los modelos preclinicos se han desarrollado
nuevas herramientas como los modelos 7 silico basados en modelos computacionales
o los modelos de cultivo celular tridimensionales. Estos tltimos comprenden varios
tipos de modelos entre los que destacan los esferoides/ organoides, la ingenieria de
tejidos, los cultivos ex vivo o la tecnologia Organ on Chip. Esta tltima se basa en el
uso de dispositivos microfluidicos (conocidos como chips) para el cultivo celular in
vitro avanzado. Gracias a la miniaturizacion y la recreacion fidedigna de la organi-
zacién de los tejidos en el interior de los chips se puede simular en el laboratorio el
contexto biolégico, quimico y mecdnico de las células dentro de los érganos y tejidos.
Al imitar el microentorno celular (vascularizacién, estimulacién mecénica y/o eléc-
trica, etc.), las células se comportan de una manera similar a c6mo lo harfan en los
tejidos de los pacientes, ya sea en condiciones fisioldgicas o patoldgicas. Ademds, es
posible unir varios chips que contienen diferentes tipos de 6rganos y tejidos para
generar sistemas mas complejos creando lo que se denomina body on chip. Una de las
principales ventajas de esta tecnologfa es la posibilidad de emplear células propias
de los pacientes, como por ¢jemplo las células del sistema inmune o de los diferentes

tejidos, avanzando asi hacia modelos cada vez mds personalizados.
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Uso de herramientas 77 silico en toxicologia

Lucta Toscano*, Maria Celeste del Fueyo™

Application Scientists at Lhasa. *Correo electrénico: Lucia. Toscano@lhasalimited.org,
**Correo electrénico: Celeste. Delfueyo@lhasalimited.org

Resumen

En los tltimos afios, se ha trabajado mucho para encontrar alternativas a los métodos
tradicionales de experimentacién con animales por razones éticas, econdmicas o
cientificas. En particular para garantizar la seguridad de los medicamentos, una alter-
nativa es el uso de herramientas in silico. En linea con este propésito, el Consejo
Internacional para la Armonizacién de Requerimientos Técnicos para Medica-
mentos de Uso Humano (ICH, por sus siglas en inglés) creé la gufa ICH M7. Esta
fue desarrollada como respuesta a la preocupacion por la presencia de impurezas
potencialmente mutagénicas en productos quimicos farmacéuticos y recomienda
el uso de herramientas de prediccién toxicoldgica in-silico complementarias para
clasificar las impurezas genotdxicas: Una basada en reglas y otra basada en estadis-
tica. También sugiere estudiar los caminos de degradacion relevantes para identi-
ficar no solo las impurezas reales, sino también las impurezas potenciales que pueden
surgir durante el proceso de sintesis o debido a la interaccién con excipientes. Lhasa
Limited es una organizacién sin fines de lucro que ofrece soluciones de softwares
para apoyar la toma de decisiones en seguridad quimica, minimizando la necesidad
de realizar pruebas con animales. Actualmente, Lhasa cuenta con un amplio reper-
torio de herramientas que se pueden utilizar en distintos estadios del ciclo de vida de
un producto farmacéutico. En esta presentacion se mostrard la versatilidad y aplica-
bilidad de las soluciones in silico de Lhasa Zeneth, Dereck Nexus y Sarah Nexus en un

enfoque regulatorio aplicando la guia ICH M7.
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ONTOX project

Mathieu Vinken

Vrije Universiteit Brussel, Belgium. E-mail: mathicu.vinken@vub.be

Summary

The 3Rs concept, calling for replacement, reduction and refinement of animal exper-
imentation, is receiving increasing attention around the world, and has found its way
to legislation, in particular in the European Union. This is aligned by continuing
high-level efforts of the European Commission to support development and imple-
mentation of 3Rs methods. In this respect, the European project called “ONTOX:
ontology-driven and artificial intelligence-based repeated dose toxicity testing of
chemicals for next generation risk assessment” was initiated in 2021 with the goal to
provide a functional and sustainable solution for advancing human risk assessment
of chemicals without the use of animals in line with the principles of 21st century
toxicity testing and next generation risk assessment. ONTOX will deliver a generic
strategy to create new approach methodologies (NAM:s) in order to predict systemic
repeated dose toxicity effects that, upon combination with tailored exposure assess-
ment, will enable human risk assessment. For proof-of-concept purposes, focus is put
on NAMs addressing adversities in the liver, kidneys and developing brain induced
by a variety of chemicals. The NAMs each consist of a computational system based
on artificial intelligence and are fed by biological, toxicological, chemical and kinetic
data. Data are consecutively integrated in physiological maps, quantitative adverse
outcome pathway networks and ontology frameworks. Supported by artificial intel-
ligence, data gaps are identified and are filled by targeted 7z vitro and in silico testing.
ONTOX is anticipated to have a deep and long-lasting impact at many levels, in
particular by consolidating Europe’s world-leading position regarding the develop-
ment, exploitation, regulation and application of animal-free methods for human

risk assessment of chemicals.
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Rutas para evaluar la permeacién cutdnea utilizando el
modelo experimental de piel humana nativa

Barbara de Freitas Carli

Grupo Kosmoscience. Correo electrénico: barbara@kosmoscience.com

Resumen

Los principios activos utilizados en el tratamiento de las dermatosis ejercen sus
efectos biologicos en los tejidos més profundos de la piel. Para eso, deben poder atra-
vesar el estrato cérneo. Por otra parte, por razones de seguridad, la permeacién de la
piel es indeseable para sustancias como, por ejemplo, protectores solares y repelentes
de insectos, que ¢jercen su efecto sélo en la superficie de la piel. El método estanda-
rizado para evaluar la permeacion de la piel se describe en la directriz del ensayo 428
de la OCDE y consiste en aplicar la sustancia en estudio, en la superficie de una piel
humana acoplada al aparato de difusién de Franz. La permeacion se puede evaluar
analizando la presencia de la molécula objetivo en las diferentes capas de la piel,
utilizando técnicas analiticas cuantitativas, como cromatografia, espectrometria de
masas, ensayo inmunoenzim4tico, entre otras. Para ampliar y diversificar las pruebas
de permeacién cutdnea, utilizamos la técnica de espectroscopia infrarroja (FTIR-
ATR), basada en el principio de absorcién de IR, caracteristicos de la molécula obje-
tivo. Esta técnica se presenta como una herramienta menos costosa y mds rdpida para
mediciones cualitativas, donde el objetivo es evaluar si la molécula permea o no el
estrato corneo, alcanzando la epidermis viable. Otro recurso disponible consiste en
evaluar la permeacién marcando la molécula con un fluoréforo. Con este recurso es
posible visualizar la profundidad de permeacién de la molécula y semi cuantificar
la intensidad de fluorescencia de esta permeacién. El uso de piel humana nativa ex
vivo es una ruta experimental bien establecida en nuestro laboratorio, es una herra-
mienta estidndar de oro para predecir pruebas de permeacién y otras relacionadas
con la seguridad y eficacia de productos tépicos, ya sean cosméticos, farmacéuticos,

sanitarios o otro, por representar fielmente la diversa fisiologfa de la piel humana.
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Ultimos Avances en Pruebas de Sensibilizacion Cutanea

con Métodos sin uso de Animales

Argel Islas-Robles

Institute for In vitro Sciences, Inc. Gaithersburg, MD, USA.
Correo electrénico: aislas-robles@iivs.org

Resumen

Un sensibilizador cutdneo se refiere a una substancia que lleva a una reaccién alérgica
después de estar en contacto con la piel en repetidas ocasiones. Las manifestaciones
clinicas provocadas por estas sustancias estin caracterizadas por urticaria, erup-
ciones cutdneas y enrojecimiento de la piel, cominmente denominado dermatitis de
contacto atépica. La identificacién de estos sensibilizadores es un importante criterio
de valoracién en el 4rea de toxicologia, y es requerido por las agencias regulatorias
para garantizar la seguridad de los productos y quimicos que estdn en contacto con la
piel. Histdricamente, las pruebas para identificar sensibilizadores cutineos han sido
basadas en métodos que usan animales como modelo de estudio, por ¢jemplo, el
ensayo del nédulo linfatico local (LLNA, en inglés), que se realiza en ratones. El uso
de modelos animales en el contexto de sensibilizacién cuténea, ademds de generar
preocupaciones éticas, ha demostrado tener una baja reproducibilidad y relevancia
limitada con humanos. En las tltimas décadas, métodos alternativos que no usan
modelos animales han sido desarrollados basindose en el mecanismo celular y mole-
cular de sensibilizacién cutdnea en humanos. Estos incluyen una combinacién de
ensayos 1 vitro, in chemico, ast como in silico. Varios de estos ensayos han pasado por
una rigurosa validacién y han sido adoptados por la Organizacién para la Coope-
racién y el Desarrollo Econémico (OCDE), la cual ha publicado protocolos estan-
darizados para su uso regulatorio. En esta pldtica se presenta un andlisis detallado
sobre los métodos alternativos establecidos para la prediccién de sensibilizadores
cuténeos, las estrategias definidas para la identificacion de estas substancias, asi como

los avances biotecnolégicos mds importantes para el desarrollo de nuevos métodos.
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Experiencia en el uso de alternativas para valorar
agroquimicos

Laura Gutiérrez

Universidad de Buenos Aires, Investigadora adjunta Conicet.
Correo electrénico: mlgutierrezebal @gmail.com

Resumen

La racionalidad en el uso de animales de experimentacién haido modelando las prac-
ticas cientificas para adecuarlas al principio de las 3Rs formulado por Russel y Burch
en 1959. Pero desde finales del siglo pasado esta tendencia fue adquiriendo rango
normativo aplicable al registro de productos que requieren de ensayos bioldgicos para
la evaluacién de su seguridad. Los ensayos de evaluacién de toxicidad aguda forman
parte del proceso de desarrollo, aprobacién y registro de agroquimicos. Distintas
organizaciones internacionales, tales como la EPA, la Organizacién Mundial de la
Salud (OMS), la Autoridad Europea de Seguridad Alimentaria (EFSA), han elabo-
rado gufas detallando los datos que se exigen para el registro de plaguicidas. Los
requisitos regulatorios globales para el registro de ingredientes activos y formulados,
se conoce como six-pack y exige evaluar las siguientes seis toxicidades: toxicidad oral
aguda, toxicidad inhalatoria aguda, toxicidad dermal aguda, irritacién y corrosion
ocular, irritacidn y corrosién dérmica, y sensibilizacién dérmica. Tradicionalmente
estos ensayos son realizados en animales, sin embargo, existe una tendencia mundial
hacia el uso de métodos alternativos y los organismos reguladores de plaguicidas la
han adoptado. La toxicologia convencional se basa en observar los efectos adversos
en un animal como principal fuente de evidencia, pero la toxicologfa moderna busca
determinar cual es la combinacidn o secuencia més efectiva de métodos, basados
en los mecanismos toxicol(')gicos subyacentes que provoca una sustancia, mediante
enfoques integrales para el testeo y evaluacién (IATA). La combinacién de métodos
de un IATA puede ser estandarizada y ha sido nombrada como Enfoque Definido
(DA). Un DA consiste en un procedimiento aplicado a datos generados por métodos
no basados en animales con el propésito de generar una prediccion. En esta presenta-
cidn recorreremos las herramientas actuales disponibles aplicadas para la evaluacién

de toxicidad aguda de agroquimicos, sus limitaciones y sus ventajas.
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An introduction to NGRA

Donna MacMillan

Director, Education and regulatory engagement - ICCS.
E-mail: dmacmillan@iccs-cosmetics.com

Summary

The International Collaboration on Cosmetics Safety (ICCS) is a global multi-stake-
holder not-for-profit organization focused on advancing the adoption of animal-
free assessments of cosmetics, and their ingredients, for human health and environ-
mental safety. ICCS has a diverse cross-sectorial membership, including cosmetic
product and ingredient manufacturers, cosmetic and chemical trade and research
associations and non-governmental organizations (NGOs), who collaborate to
increase the uptake and implementation of New Approach Methodologies (NAMs)
and Next Generation Risk Assessment (NGRA) frameworks. The demand for non-
animal safety assessments such as NGRA is increasing globally due to changes in
societal attitudes, a need for better species relevance, and regulatory change. NGRA
is defined as an exposure-led, hypothesis driven risk assessment approach that incor-
porates one or more NAMs to ensure that chemical exposures do not cause harm.
The nine principles of NGRA have been described by the International Coopera-
tion on Cosmetics Regulation (ICCR) and the application of NGRA described in a
workflow developed by SEURAT-1, a European public-private research consortium
working towards animal-free testing of chemicals. Despite this, many organizations
and regulators have yet to adopt NGRA for safety assessment, and consequently,
much work has been done to increase confidence in NGRA and provide examples
of its application. To this end, many case studies on NGRA have been developed
and published in peer-reviewed scientific journals or published by the Organisation
for Economic Co-operation and Development (OECD) Working Party for Hazard
Assessment’s Integrated Approaches to Testingand Assessment (IATA) Case Studies

Project.
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AFSA Master Class in animal-free safety assessment
of cosmetics and cosmetic ingredients

Bianca Marigliani

Humane Society International Research & Toxicology (HSI). E-mail: bmarigliani@hsi.org

Summary

Significant advances have been made over the last decade in science and regulations
to end animal testing worldwide. Increasing confidence in non-animal methods is
critical for promoting acceptance and use. Toward that aim, the Animal-Free Safety
Assessment (AFSA) Collaboration — a global coalition of corporate, non-profit
and science leaders - has developed a Master Class in animal-free risk assessment of
cosmetics and cosmetic ingredients (chemicals). The AFSA Master Class is a free,
in-depth, e-learning course based on the principles of Next-Generation Risk Assess-
ment (NGRA), an exposure-led, hypothesis-driven risk assessment approach that
integrates data from in silico, in chemico and in vitro approaches in a tiered frame-
work for safety assessment for both internal company decision-making and regula-
tory safety assessments of products and ingredients. The tiered approach begins with
assessment of exposure scenarios and existing or easily obtainable toxicity informa-
tion and moves to more data-rich, time-intensive methods only if needed to fulfil the
needs of the specific assessment. The problem-formulation based approach empha-
sizes the need to consider exposure at all assessment levels, and the evaluation of
risk is based on a comparison of the likely exposure to the population of interest
and the dose where toxicological response occurs. The overall goal of an NGRA is
human safety, and the assessment is designed to prevent harm rather than predict
specific toxicities. The AFSA Master Class modules comprise all steps of the NGRA:
the framework, problem formulation, consumer exposure, predictive chemistry,
exposure-based waiving, history of safe use, bioactivity (in vitro assay synthesis),
internal exposure, and integration into risk assessment. A separate module discusses
the global regulatory landscape for cosmetics and chemicals. AFSA invites all inter-
ested stakeholders to register and contribute to a more effective, efficient, and ethical

safety paradigm for cosmetics and chemicals.
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Education, training and application of non-animal methods

(NAMs) in Latin America

Marize Campos Valadares

Universidade Federal de Goids, Brazil. E-mail: Correo electrénico: marizeufg@gmail.com

Summary

The approval of Law No. 11,794/2008, known as the Arouca Law, was a milestone
for regulating animal use in scientific experimentation and education in Brazil and
Latin America. This law led to the creation of the National Council for the Control
of Animal Experimentation (CONCEA), which oversees the introduction of alter-
natives to animal testing. In 2012, the Brazilian National Network of Alternative
Methods (RENAMA) was established with 51 members. RENAMA focuses on
developing, validating, training, and disseminating new approach methodologies
(NAMs) to reduce dependence on external technology. In 2015, the Regional Plat-
form of Alternative Methods to the Use of Animals (PReMASUR) was created,
relying on RENAMA for education and training activities in Argentina, Brazil,
Paraguay, and Uruguay. More recently, CONCEA No. 58/2023 imposed a partial
ban on cosmetic testing on animals, prohibiting the use of vertebrate animals in the
scientific research, development, and quality control of cosmetics. This presentation
will highlight educational activities empowering innovators and regulators to apply
modern research and regulatory assessment approaches. For example, the Laboratory
of Education and Research in In Vitro Toxicology at the Federal University of Goids,
Brazil, has introduced new in vitro scientific concepts to hundreds of undergraduate
and graduate students. Our team has trained professionals, scientists, and regulators
from Brazil and other South American countries in non-animal methods through
in-person lectures, networking opportunities, online webinars, and hands-on demos.
By working cooperatively, we have demonstrated how non-animal safety science is
best used to regulate the ethical use of chemicals, enabling sustainable innovation
and ensuring human and environmental safety. We have focused on cross-sectoral
collaboration with academia, industry, CROs, and regulators to advance knowledge
of NAM-based chemical assessments throughout Brazil and Latin America, assisting
researchers and communicating advanced NAMs to accelerate adoption and regula-

tOI‘y acceptance.
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Capacity building as a strategic tool for strengthening
national laboratory infrastructure in support of NAMs

Luciene Balottin

National Institute of Metrology, Quality and Technology (INMETRO), PReMASUR
(MERCOSUR s Regional Platform for Alternative Methods for Animal Experimentation).
E-mail: Ibbalottin@inmetro.gov.br

Summary

The National Institute of Metrology, Quiality, and Technology (Inmetro) is a unique
institution due to its diverse activities in metrology, conformity assessment (e.g.,
accreditation, Good Laboratory Practice (GLP) authority), and consumer product
regulation. Since 2012, Inmetro has served as one of three Central Laboratories of
the National Network of Alternative Methods (Renama), a pivotal initiative by the
Ministry of Science, Technology, and Innovation (MCTTI), established to promote
the implementation, dissemination, and validation of alternative methods to animal
experimentation. The network currently includes 39 members from academia
and the private sector. In 2015, MERCOSUR’s regional platform for alterna-
tive methods to animal experimentation (PReMASUR) was approved under the
Specialized Meeting on Science and Technology (RECYT) and has been coordi-
nated by Inmetro ever since. PReMASUR, another key initiative from MCTI, relies
on RENAMA's experts for training activities primarily in Brazil, offering opportuni-
ties for researchers from MERCOSUR countries. To date, PReMASUR has orga-
nized 25 courses focused on in vitro methodologies, training over 250 professionals
from Brazil and other MERCOSUR member countries. Additionally, Inmetro has
conducted four interlaboratory comparisons, involving 17 participants, focused on
OECD in vitro methods. Our findings strongly suggest that periodic evaluation of
laboratory performance by an independent third party can significantly enhance the
quality of results, even though such evaluations are not mandated under the Good
Laboratory Practice (GLP) management system. Given the growing complexity of
new technologies in this field, successful participation in interlaboratory compari-
sons—whether through a proficiency testing program or an external quality
assessment (EQA) — can serve as credible evidence of a laboratory’s quality and
competence, recognized by key stakeholders such as regulators. This presentation
will highlight the key advances and challenges encountered in building capacity for
NAMs.
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Advancing New Approach Methodologies (NAMs)
in LATAM: From reconstituted skin and cornea
to more complex models

Vanja Dakic
EPISKIN, Brazil, L'Oreal. E-mail: vanja.dakic@loreal.com

Summary

Latin America is demonstrating significant progress in adopting New Approach
Methodologies (NAMs) for toxicological testing. This progress is evident in the
region’s increasing utilization of reconstructed human skin and cornea models to
assess various toxicological endpoints. Over the past five years, these models have
facilitated robust evaluations of skin irritation (OECD TG 439) and corrosion
(OECD TG 431). Similarly, reconstructed human cornea, integrated into research
protocols within the last two years, have enabled reliable eye irritation assessments
(OECD TG 492 and 492B). Implementing OECD-accepted alternative models in
countries like Brazil serves as a catalyst for broader NAM adoption within LATAM.
In other geographies, progress was made in skin sensitization (OECD TG 497)
with the development of defined approaches and genotoxicity with high tier 3D
assays currently under ESAC peer review. To further advance the safety assessment
of cosmetic ingredients and address critical adverse human health effects such as
repeated dose systemic toxicity, current research endeavors are focused on imple-
menting and building confidence on frameworks based on new approach method-
ologies. These efforts signify the region’s commitment to refining regulatory toxi-
cology and reducing reliance on animal testing. Crucial to this progress is continued
collaboration between the scientific community and regulatory bodies, which will
be essential to foster the development, validation, and widespread acceptance of

these vital alternative methods within LATAM.

957


mailto:vanja.dakic@loreal.com

Rev. Colomb. Cienc. Quim. Farm., 1/ol. 53(3), 930-1016, 2024 www.farmacia.unal.edu.co

Canada’s path to NAM’s implementation
in chemical regulatory programs: successes, challenges
and shaping the future

Tara Barton-Maclaren

Health Canada - Santé Canada. E-mail: tara.bartonmaclaren@hc-sc.ge.ca

Summary

Health Canada, like many international regulatory agencies, is committed to inte-
grating New Approach Methods (NAMs) to address information needs in different
regulatory contexts and to promote the transition toward replacing animal toxicity
testing methods for the implementation of Next Generation Risk Assessment
(NGRA). This is underscored by the newly introduced amendments to the Cana-
dian Environmental Protection Act (CEPA) requiring the timely incorporation of
alternative methods and strategies, as science permits, for chemical toxicity testing
and assessment. It is recognized that this effort will take time, needing a progres-
sive and iterative approach. Focusing on the application of NAMs in the context of
data poor industrial chemicals, an emphasis under Canada’s Chemicals Management
Plan (CMP) has been on the development and standardization of fit-for-purpose
in silico and in vitro methods to increasingly support prioritization, grouping and
read-across, and for use as quantitative risk-based approaches that can be as protec-
tive of human health in the absence of traditional in vivo hazard data. This presenta-
tion will highlight key advances in computational approaches for hazard identifica-
tion and the use of methods for deriving NAM-based points-of-departure from in
vitro bioactivity data using in vitro-in vivo extrapolation. To guide future efforts at
achieving the goal of replacing, reducing or refining the use of vertebrate animal
testing, a strategy is being developed within the context of CEPA; the proposed key
elements to be addressed on the path to implementation will be discussed. Together,
these efforts contribute to the development of robust methods for integration into
larger NAM-based frameworks and support the global transition to a non-animal

approach to chemical risk assessment.

958


www.farmacia.unal.edu.co
mailto:tara.bartonmaclaren@hc-sc.gc.ca

Resumenes del V Congreso Latinoamericano de Métodos Alternativos al Uso de Animales de
Experimentacién (V COLAMA), Bogota D.C., Colombia, septiembre 16 al 20 de 2024

Regulatory acceptance of non-animal methods (NAMs)

for cosmetics in Brazil

Julcemara Gresselle de Oliveira

Anvisa, Brazil. E-mail: JULCEMARA.OLIVEIRA@anvisa.gov.br

Summary

The Brazilian Health Regulatory Agency (Anvisa) is responsible for regulating
and monitoring the compliance of cosmetics exposed to consumption in Brazil.
The word “cosmetics” is used here to refer to cosmetics, personal hygiene products
and perfumes. Resolution RDC 752, of 2022, from Anvisa defines and establishes
technical requirements and procedures for the regularization of cosmetic products,
among other requirements. The regularization of these products must be through
registration or prior communication by notification. The company responsible for
the regularization of cosmetic products must have complete data proving the safety
of the product and guarantee that the product complies with current regulations.
However, it is only when proof of specific safety is required by current regulations
or when a safety attribute is expressed on the label, that it is mandatory to present
a summary of data proving safety of use in the product regularization process. The
Guide for Safety Assessment of Cosmetic Products, from 2012, and Resolution
RDC 35, from 2015, which provides for the acceptance of alternative methods of
animal experimentation recognized by the National Council for the Control of
Animal Experimentation — Concea, published by Anvisa, establish general guide-
lines for Regulatory Acceptance of NAMs for Cosmetics in Brazil. Furthermore,
publications from the International Cooperation on Cosmetics Regulation (ICCR),
of which Anvisa is a member, and the Organisation for Economic Cooperation and
Development (OECD), are also used as complements to Anvisa publications. Verte-
brate animal testing is not required to assess the safety of cosmetics. It is possible to
prove the required toxicological endpoints based on ingredient information, in vitro
methods and/or clinical tests, following the Integrated Approaches to Testing and
Assessment (IATA). The presentation will give an overview of the Regulatory Accep-
tance of NAMs for Cosmetics in Brazil, considering the publications mentioned in

this summary.
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Estrategias para la integracion de informacién

Ester Carregal Romero

Divisién de Salud y Seguridad Ambiental de la Organizacién para la Cooperacién y el Desarrollo
Econémico (OCDE). Correo electrénico: ester.carregalromero@oecd.org

Resumen

Minimizar los riesgos ambientales y para la salud humana asociados a los productos
quimicos es un tema regulatorio critico. Este ejercicio requiere la identificacion,
compilacién e integracién de informacién acerca de los peligros intrinsecos de las
sustancias quimicas, la exposicién y las relaciones entre exposicién, dosis y efectos
adversos. Avances significativos en métodos de prueba, biotecnologia y modelos
computacionales permiten pruebas de toxicidad més rdpidas, menos costosas y mds
relevantes para las respuestas humanas que los métodos tradicionales de prueba de
toxicidad. Estos nuevos métodos se basan en enfoques que reducen la necesidad de

pruebas en animales (métodos in vitro, in chemico, modelos computacionales).

La Organizacién para la Cooperacién y el Desarrollo Econémicos (OCDE) ha
desarrollado estrategias para la integracion de informacién con el fin de promover la
adopcidn regulatoria de estas nuevas metodologfas, contribuyendo asi a una mayor
eficiencia y ética en la evaluacién de la seguridad de las sustancias quimicas. Tres de

estas estrategias clave son:

Integrated Approaches for Testing and Assessment (IATAs, enfoques integrados para
la prueba y evaluacién) combinan multiples fuentes de informacién para concluir
sobre la toxicidad de los productos quimicos. Los IATA pueden incluir informacién
existente de la literatura cientifica u otras fuentes, junto con datos recién generados
como resultado de nuevos métodos de prueba de toxicidad o métodos tradicionales
para llenar lagunas de datos. Estos enfoques se desarrollan para abordar un escenario

regulatorio especifico o un contexto de toma de decisiones.

Los Defined Approaches (enfoques definidos) son similares alos IATAs ya que hacen
predicciones basadas en multiples fuentes de datos, pero los enfoques definidos estdn

basados en reglas. Proporcionan un marco estructurado y reproducible.

Laintegracion de datos de diferentes métodos y fuentes puede ser compleja, especial-
mente al considerar diferentes niveles bioldgicos y las relaciones entre eventos clave y
efectos adversos. Para abordar esto, se utilizan los Adverse Outcome Pathways (AOP,
vias de resultados adversos) como un marco para organizar y evaluar datos recopi-

lados de diferentes métodos y relevantes para diferentes niveles bioldgicos.
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Perspectivas regulatorias para el uso de animales
de experimentaciéon

Manuel Eduardo Géngora-Medina !, Litta Samari Perico-Franco

! Pontificia Universidad Javeriana, Colombia

2Universidad Nacional de Colombia. *Correo electrénico: Ispericof@unal.edu.co

Resumen

Eluso de animales como modelos de investigacién genera dilemas éticos por el estatus
moral animal que reconocen las sociedades contemporéneas, lo que ha impulsado la
generacion y validacién de nuevas herramientas que Reemplacen el uso de animales,
Reduzcan el nimero utilizado o Refinen las técnicas en pro del bienestar animal
(3R), sin afectar el progreso cientifico, académico e industrial. Es ast como en dife-
rentes paises y regiones se han desarrollado normativas para impulsar la adopcién
de métodos alternativos (MA) con la creacién de centros que validen y regulen su
implementacién. En Colombia se constituyeron nuevas leyes que reconocen a los
animales como seres sintientes y se prohibe su uso en ciertas dreas como la evalua-
cién de la seguridad y eficacia de productos cosméticos. Sin embargo, es necesario
reglamentar la ley con el fin de implementar los cambios regulatorios requeridos para
realizar la transicién a MA en los casos necesarios. Con este fin se deben articular
las partes interesadas (entidades del estado, investigadores, academia, industria y
gremios profesionales) y construir de manera conjunta planes de accién, conside-
rando la experiencia de paises de referencia sobre las mejores formas para desarrollar
los marcos regulatorios, los mecanismos para establecer centros o laboratorios que
puedan ofertar pruebas con MA, las estrategias para orientar la validacién de MA
y la consolidacién de un repositorio de informacién de pruebas alternativas validas,
junto a capacitaciones para que los interesados puedan encontrar la informacién

técnica y regulatoria que les permita tomar decisiones para aplicar adecuadamente
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PRESENTACIONES ORALES

El valor de la certificacién cruelty free
en la industria cosmética (COL010)

Camila Cortinez ', Nicole Valdebenito %, Daniela Medina *, Marisol Queupumil **

'ONG Te Protejo-Alemania
2ONG Te Protejo-México

*ONG Te Protejo-Chile. *Correo electrénico: marisol@ongteprotejo.org

Resumen

El mercado cosmético latinoamericano crece a paso firme, se espera que su valor
para el afio 2025 alcance los 45.440 millones de délares. Sin embargo, esta tendencia
implica un aumento de animales utilizados para experimentacién. Si bien algunos
paises han fortalecido sus leyes para regular el testeo animal en cosmética, mientras
éstas no se implementen y se permitan estas pricticas en otras zonas del mundo, la
tnica herramienta efectiva que poseen los consumidores para asegurarse de que los
productos no han sido testeados en animales, es la certificacion Cruelty Free. Este
proceso inspecciona la cadena de suministro de las empresas para verificar que los
proveedores de ingredientes y productos no encargan ni realizan pruebas en animales.
Esta acreditacion resulta valiosa para los consumidores ya que, una encuesta realizada
el afio 2019 en Chile, mostré que el 74% de los encuestados no compraria productos
testeados en animales, y en consecuencia, hoy el atributo Cruelty Free estd consoli-
dado en los principales retails del pais. Marcas como Petrizzio y Ballerina se vieron
impulsadas a acreditarse por las demandas de la ciudadania, y ahora destacan como
pionerasen certificarse con Te Protejo, Gnica organizacic’)n de origen latinoamericano
que ofrece este sello. Mas de 500 marcas en la region son Cruelty Free, entre las que
destacan Natura, I’bel, Esika, Cyzone; y a nivel internacional, empresas o conglome-
rados como Lush, The Body Shop y Unilever, han demostrado un gran compromiso
con la causa: generan instancias de aprendizaje, fomentan el avance de los proyectos
de ley (campana financiada por Lush en 2021 para impulsar la aprobacién boletin
19.966-11 que busca prohibir el testeo animal para cosméticos en Chile), campaas
de concientizacién (campana Forever Against Animal Testing en 2017 financiada
por The Body Shop), y apoyan el desarrollo de métodos alternativos (Unilever ha
desarrollado al menos 8 pruebas ensayos NAM’S para la evaluacion de la seguridad

de sus ingredientes, desde 1990 se cuenta con el SEAC, equipo de 160 cientificos que
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utilizan el Enfoque Basado en Evidencia para acreditar la seguridad de productos e
ingredientes, desde el 2023 es miembro de ICCS, coalicién que evalta y desarrolla
enfoques de evaluacién de seguridad libres de testeo animal). Los métodos alterna-
tivos. Estos dltimos son altamente respaldados por los consumidores de cosmética, es
por ello que resulta fundamental seguir impulsando el cambio y ayudar a las marcas a

transitar hacia una cosmética segura para las personas y respetuosa hacia los animales.

963



Rev. Colomb. Cienc. Quim. Farm., 1/ol. 53(3), 930-1016, 2024 www.farmacia.unal.edu.co

Simulator as a tool to support training in the surgical
technique of extracapsular cataract extraction in canines

(COL026)

Laura Sofia Baquero Silva !, Marfa Alejandra Garzén Garzén ™, Carlos Péez Luengas 2,
Lizeth Vega-Medina !

!Faculty of Engineering, Bioengineering Program, Universidad El Bosque. *E-mail: malgarzong@
unbosque.edu.co

2Professional in Veterinary

Summary

The increasing presence of domestic animals in homes has generated the need for
specialized veterinary care, such as veterinary ophthalmology. Cataracts, a common
cause of blindness in canines, may have hereditary aetiology or be associated with
other diseases, and their timely diagnosis and treatment are crucial to preserve
the animal’s quality of life. Although surgery is the primary treatment, its success
depends mainly on the surgeon’s skill; the extracapsular extraction technique, one of
the most used, presents intraoperative complications in up to 10% of cases. Because
training with cadavers does not adequately replicate ocular biomechanical proper-
ties, a simulator prototype has been developed for training this technique, allowing
realistic practices and improving professional competence. The development of
the simulator involved the characterisation of the eye and the surgical technique
through a bibliographic and experimental review, as well as a biomechanical analysis
of the eye under stress and pressure, taking into account the forces generated by
the extraocular muscles and the force required for the initial incision in the sclera
(2.36 N), which an electronic system will measure during the procedure. In the
design stage, 3D modeling of the mechanical and electronic systems was performed,
using 3D printingand casting techniques to obtain the parts that simulate the tissues
and the mesocephalic head of the canine. For the electronic design, strain gauges
were proposed, specifically the BF120-10AA model, which allows measuring the
established force. A first evaluation showed improvements in the simulator design
concerning the size and arrangement of the interchangeable parts. In conclusion, the
characterisation, design, and implementation process allowed for the optimal sizing
of the defined skull type and the understanding of the corresponding biomechanical
behavior. Although the calibration process of the electronic system is ongoing, preli-
minary results indicate that the location selected for the sensor allows for reducing

dead zones and minimizing the margin of error in measurements.
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Implementaciéon de un programa de seguimiento
del movimiento animal para investigar tratamientos
innovadores en la dependencia a cocaina fumable

(COLO015)

Fabian Leonardo Barreto Pedraza*, Marfa Constanza Lozano Alvarez, Jorge Ariel
Martinez Ramirez

Departamento de Farmacia, Facultad de Ciencias, Universidad Nacional de Colombia. *Correo
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Resumen

Algunos estudios preclinicos sugieren el uso de cannabis para el tratamiento de la
adiccion a la cocaina. El objetivo de este trabajo fue determinar el potencial tera-
péutico de un extracto del cannabis no psicoactivo y CBD aislado como una nueva
perspectiva para tratar la dependencia de la cocaina fumable en un modelo murino,
siguiendo el paradigma de condicionamiento de preferencia de lugar (CPL). Durante
toda la experimentacién (56 dfas) fue usado un software especializado (AnyMaze”)
que permitié medir con precision el tiempo de exploracion para 9 grupos experi-
mentales de 10 individuos y un grupo control de 24 individuos (n=114). Gracias al
uso de este software se pudo utilizar un nimero mayor de individuos en un ensayo a
la vez, y esto permitié reducir el porcentaje de error comportamental. De este modo,
con este software se obtuvieron datos paramétricos con un niimero reducido de indi-
viduos, lo cual supone una mejora en la técnica de recoleccién de datos si se compara
con otras técnicas mds antiguas. Al concluir los experimentos de CPL se observé un
comportamiento mds tranquilo de los individuos experimentales al no estar presente
el investigador durante el ensayo. Ademds, el uso del software facilit la répida estan-
darizacién de los experimentos y protocolos de CPL ahorrando tiempo de expe-
rimentacién. Todas estas mejoras se traducen en un refinamiento de las técnicas
utilizadas en el mancjo de los animales y evita el empleo de mds unidades de expe-
rimentacién asociadas a errores durante el desarrollo de los diferentes ensayos. Esto
aumenta la confiabilidad de los datos obtenidos y supone una reduccién sustancial
en la repeticién de ensayos. Con esta metodologia propuesta fue posible identificar
que el extracto de cannabis no psicoactivo es mejor que el CBD como tratamiento a

la dependencia de la cocaina fumable.
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Artemia salina: modelo alternativo al ensayo de letalidad en
ratones inducida por venenos de serpiente y neutralizacion
por antivenenos ofidicos (COL008)
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Resumen

El modelo en ratones es la principal herramienta en investigacién de venenos de
serpiente al evaluar la toxicidad de venenos y la eficacia preclinica de antivenenos. Sin
embargo, estas pruebas demandan muchos ratones e implican mucho sufrimiento. El
ensayo de toxicidad en Artemia salina puede ser una alternativa al empleo de ratones
por su fécil manejo, bajo costo, hallazgos rapidos, beneficio ético y amplio uso en
toxicidad ambiental. Sin embargo, su aplicacién en venenos y antivenenos ha sido
limitada y se desconoce si la misma se correlaciona con la prueba de letalidad en
ratones. El objetivo fue caracterizar la utilidad del ensayo en 4. sa/ina como modelo
sustituto para evaluar la toxicidad de venenos de serpiente y la eficacia de antive-
nenos. Se determind la letalidad de venenos de 22 serpientes de importancia médica
en Africa Sub-Sahariana, en ratones (dosis letal media, DL) tanto por via intraperi-
toneal (i.p) como intravenosa (i.v) y en A. sa/ina (concentracién letal media, CLs).
Subsecuentemente, se determin la capacidad de un antiveneno para neutralizar la

toxicidad de estos venenos (dosis eficaz media, DE;) en ambos modelos.

Se observé correlacion moderada entre las DL, via intravenosa e intraperitoneal en
ratones, entre DLy intravenosa entre ratones y CLs, en 4. sa/ina 'y entre DLs, intra-
peritoneal en ratones y CLs, en A. salina. Se observ una fuerte correlacién entre las
DE;, intraperitoneales € intravenosas en ratones, intraperitoneales €n ratones y en
A. salina, e intravenosas en ratones y en 4. salina. Estos hallazgos permiten proponer
el ensayo de toxicidad empleando A. salina como candidato sustituto del ensayo en
ratones especialmente en etapas del control rutinario de calidad de antivenenos, por
ejemplo, al evaluar la capacidad neutralizante del plasma hiperinmune o al verificar
el desempefio de lotes completos de antivenenos. Es necesario ampliar estas observa-

ciones con Otros venenos Yy antivenenos.
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Larvas de Tenebrio molitor como protocolo experimental para
avaliacao de estresse oxidativo utilizando silibinina (COL039)
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>SejaPhD, Brasil.

Resumo

A exposicio da pele de forma exacerbada pelas diferentes fontes de radiagio UV gera
danos cutineos, como a formacio de espécies reativas a oxigénio, que sdo evitadas
na presenca de antioxidantes. Dentre os produtos naturais que se destacam com essa
atividade, encontra-se a silibinina, principal bioativo da silimarina, que apresenta
atividades como: anti-inflamatéria, citoprotetora, anticarcinogénica. Diante disso,
o objetivo deste trabalho foi estudar o estresse oxidativo da silibinina em larvas de
Tenebrio molitor. Para tal andlise, o estresse oxidativo foi induzido pela administragio
de 2pL de peréxido de hidrogénio, apds 1 hora de tratamento. Os grupos foram divi-
didos da seguinte forma: Shan (larvas ndo tratadas ¢ sem indugio do estresse oxida-
tivo), controle negativo (salina + peréxido de hidrogénio), controle positivo (Trolox
(1pg/mL) + peréxido de hidrogénio), veiculo (salina) ¢ tratamento (20 mg/kg de
silibinina + peréxido de hidrogénio). Apds 1 hora das administragdes, a linfa das
larvas foi coletada por grupo (através de corte na larva), diluida em tubos Falcon
com 2 mL de salina, filtrada e analisadaa por Espectroscopia de Infravermelho com
Transformada de Fourier. Como resultado, o espectro da silibinina apresentou seme-
lhanga com as bandas do controle positivo, exibindo as mesmas bandas idénticas,
como 1747, 1240 ¢ 1158 cm™. A diferenca entre eles se estabeleceu no deslocamento
mais claro da maioria das regides, como de 3602 a 3609, 3440 a 3444, 3328 a 3321,
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1652 a 1650, 1590 a 1595, 1542 a 1540 e 1460 a 1465 cm™ . Além disso, as bandas
2.930 ¢ 2.854 cm™ apareceram em ambos os espectros, mas na silibinina houve um
claro aumento na intensidade do pico. Portanto, a substancia silibinina apresentou
atividade andloga ao estresse oxidativo em comparagio ao controle positivo, sendo

considerada uma substincia promissora para a fotoprotecio.
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Evaluacién de una matriz para un cultivo celular mixto en 3D
y su aplicacién como modelo de hipoxia renal (COL018)
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Resumen

Existen eventos que afectan al rindn trasplantado. El dafio se denomina, dafio por
isquemia-reperfusion, es importante conocer los mecanismos fisiolégicos involu-
crados. Han sido empleados modelos animales para replicar isquemia/reperfusion,
sin embargo, debido a las tendencias en reduccién del uso de animales, se han optado
por estrategias libres de ellos. Actualmente los modelos de cultivo celular en 3D
tienen un gran auge y popularidad, ellos proporcionan informacién de los eventos
fisioldgicos 7 vive, pero sin utilizar organismos vivos. Es por ello, que evaluar la
funcionalidad de una matriz de cultivo en 3D permitird crear un modelo de hipoxia
renal empleando un cultivo mixto de células renales. La matriz desarrollada permite
desarrollar un modelo de hipoxia empleando células tubulares renales (HK2),
mediante construccién de hidrogeles de 800 mm? base gelatina 7.5% vy alginato
3.75%. Fue evaluada la reproducibilidad y caracteristicas fisicoquimicas. Finalmente,
fueron embebidos esferoides de células HK2 obtenidos por cultivo en suspension
orbital 90rpm, 80%h y 5%CO,, asi mismo también células de endotelio vascular
(EA.hy926) libres, esta construccién de matriz con células se estimulé con 100 uM
CoCl,, Se evaluaron matrices en 9 réplicas diferentes y en 5 dias diferentes, se obtu-
vieron datos homogéneos y reproducibles, peso y altura promedio de 0.7 gy 0.6 cm
respectivamente, con CV<7% por cada dia para ambos pardmetros, su capacidad de
captacion de agua alcanza un pico méximo a las 24h. Estas matrices fueron adecuadas
para el crecimiento de células renales bajo condiciones estindar de normoxia, asi
como por hipoxia inducida con cloruro de cobalto a 100 uM sin afectar su viabilidad
comparadas ante el control (P<0.05). En conclusién, fue posible formular matrices
replicables de gelatina/alginato, con pardmetros fisicoquimicos adecuados y se
demostré biocompatibilidad con células renales humanas, permitiendo el potencial

desarrollo de modelos fisiopatoldgicos libres de animales.
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La hipertermia potencia la actividad citotéxica del paclitaxel
en un modelo tridimensional de cdncer de seno tipo esferoide
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Resumen

El cdncer de seno es una patologia con una de las tasas mds altas de incidencia y
mortalidad en Colombia y el mundo. Diferentes estrategias terapéuticas han sido
empleadas para su manejo, sin embargo, el desarrollo de quimiorresistencia y la apari-
cién de metéstasis han obligado a explorar nuevas alternativas terapéuticas. Reciente-
mente, se ha demostrado que terapias multimodales basadas en hipertermia mejoran
la eficacia de tratamientos antitumorales, sin embargo, la evidencia en modelos 3D
es limitada. En este trabajo se evalu6 si la hipertermia aumentaba la actividad cito-
téxica del paclitaxel en un modelo tridimensional de cdncer de seno tipo esferoide.
Los esferoides fueron generados a partir de células MCF-7 empleando placas de 96
pozos de adhesion ultrabaja Corning), cultivados en 200 pL. de DMEM suplemen-
tado con SFB al 10% y gentamicina (25 pg/mL); 72 horas después de su formacién,
fueron tratados durante 48h con paclitaxel y luego expuestos a la hipertermia (45°C)
por Smin. La viabilidad de los esferoides se evalué mediante el ensayo de reduccién
de resazurina, el kit de fluorescencia Live/Dead y la actividad de la enzima lactato
deshidrogenasa. Adicionalmente, se evaluaron cambios morfoldgicos y la capacidad
de formar clones. Los ensayos se realizaron en triplicado en tres experimentos inde-
pendientes. Los resultados mostraron que la hipertermia (45°C por 5 min) potencia
el efecto citotdxico del paclitaxel (0,160 pM y 0,190 uM) aumentado porcentajes de
citotoxicidad a 51,6% y 59,8% respectivamente, en comparaciéon con la hipertermia
sola (20,9%) y el paclitaxel solo 0,160 uM (22,6%) y 0,190 uM (37,0%). Estos resul-
tados fueron comparables a los encontrados en el ensayo clonogénico, observindose
una clara disminucion en la capacidad para proliferar y conformar colonias bajo las
condiciones de ensayo establecidas. Por otro lado, los esferoides expuestos a ambos

tratamientos disminuyeron la compactabilidad, lo que en consecuencia generé la
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desagregacion del esferoide parcial o totalmente, acompanado de disminuciones en
la circularidad, esfericidad, convexidad y solidez. Con base en lo anterior se puede
concluir que la hipertermia potencié el efecto citotdxico del paclitaxel por un siner-

gismo entre ambos tratamientos.
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Resumen

972

La artritis reumatoide (AR) afecta alrededor del 1% de la poblacién mundial, estd
caracterizada por dafio articular que lleva a pérdida de la funcién en etapas avanzadas.
Actualmente no existe cura y hay aspectos de la enfermedad que atn se desconocen.
Para entender la fisiopatologfa y encontrar tratamientos efectivos se utilizan modelos
de la enfermedad. Los modelos en cultivo 3D permiten interacciones célula-célula,
célula-matriz y hacer pruebas directamente en células humanas. Los modelos i vitro
de AR se han concentrado en etapas tempranas para evaluar el dafo en cartilago. En
el presente trabajo se desarrollé un modelo de AR para simular el dafio avanzado
en la articulacién, cuando hay afectaciones en el hueso subcondral. En el cultivo se
utiliz un soporte de dcido polildctico e hidrogel compuesto por gelatina-coldgeno
sin entrecruzar para simular las condiciones de una articulacién con inflamacidn.
Para simular las principales células responsables de este dafio, se realizé un cocul-
tivo con la linea celular HFF-1 de fibroblastos y monocitos humanos activados con
LPS para obtener el fenotipo M1. En este cocultivo se expresa el TNF-g, citocina
clave en esta patologia, que fue detectada por ELISA y Western blot. En el modelo
desarrollado se probaron firmacos ampliamente utilizados; un firmaco modifi-
cador de la enfermedad (metotrexato) y un antiinflamatorio (celecoxib) donde los
resultados coincidieron con lo reportado anteriormente por otros autores, ademds
de asemejarse al efecto iz vivo. Adicionalmente, se comparé el efecto de férmacos
entre el modelo desarrollado contra el cocultivo en monocapa, el primero demostré
que se simulan de manera mds adecuada las condiciones y respuestas que se dan 7z
vivo. En conclusion, se desarrollé un modelo para simular dano avanzado en AR que
permitid evaluar el efecto de firmacos y simulé de manera mis adecuada la respuesta

a éstos en comparacion con el cultivo en monocapa.


www.farmacia.unal.edu.co
mailto:jebadillo_al@ciatej.edu.mx

Resumenes del V Congreso Latinoamericano de Métodos Alternativos al Uso de Animales de
Experimentacién (V COLAMA), Bogota D.C., Colombia, septiembre 16 al 20 de 2024

Cuantificacion de la fusién de agregados celulares: uso de un
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Resumen

La ingenierfa de tejidos ha avanzado significativamente con el desarrollo de técnicas
para crear estructuras tisulares complejas. Este estudio analiza la dindmica de fusién
de agregados celulares mediante enfoques experimentales y simulaciones, compa-
rando tres metodologias establecidas: Yalla, MecaGen y Oriola. Usando Julia y
CUDA junto con nuestro programa CellAggregate.jl, investigamos pardmetros
clave como la fuerza de atraccidn-repulsion, las fuerzas contrictiles y el coeficiente
de difusién del vector de polarizacién. La hipétesis principal es evaluar si estas meto-
dologfas pueden predecir con precisién tanto la fusion de agregados celulares como
la estabilidad del proceso. Para evaluar esta hipétesis, se extrajo informacién sobre
contornos de fusién de agregados de la literatura y se llevaron a cabo simulaciones
y experimentos con datos estructurados. Se analizd cdmo las fuerzas mencionadas
afectan la dindmica de fusién y se compararon los resultados con las predicciones
de los modelos. Los resultados muestran que el modelo biofisico es eficaz para iden-
tificar fases discretas de coalescencia y que la aproximacion del vector de polariza-
cién describe adecuadamente las interacciones celulares. La calibracién in-silico y
las simulaciones revelan diferencias significativas en la velocidad y estabilidad de la
fusién entre los enfoques de Oriola y MecaGen. Ademds, el estudio profundiza en
la estabilizacién de un solo agregado celular bajo condiciones extremas, evaluando
la pérdida de células y el desplazamiento cuadritico medio. La fusién de agregados
celulares también se evalu6 mediante la prueba de Chi-cuadrado, ofreciendo una
visidn integral de los aspectos topolégicos en la bioimpresion de tejidos. En conclu-
sion, la capacidad para cuantificar con precisién la fusién de agregados celulares es
esencial en Ingenierfa de tejidos. Este estudio subraya que una medicién adecuada
y modelizacién de estos procesos puede optimizar las técnicas de bioimpresion,
mejorar el disefio de tejidos complejos y avanzar significativamente en el campo de

la ingenierfa de tejidos.
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Resumen

Elabordaje convencional paraestudiar la causa de la muerte debido a una intoxicacién
por opioides involucra el uso extensivo de animales de experimentacion, planteando
no solo preocupaciones éticas, sino limitaciones en la interpretacién de resultados
desde un contexto legal. El objetivo de esta investigacién fue identificar posibles
biomarcadores y rutas metabdlicas asociadas al uso de opioides como alternativa
al uso de modelos animales, mediante técnicas de bioinformdtica para analizar la
expresion diferencial de genes asociada a la toxicidad de dichas sustancias. El estudio
se centr6 en datos obtenidos a través de repositorios como GEO DATASETS, que
reune informacién de muestras animales, humanas y de lineas celulares expuestas a
diferentes concentraciones de opioides, utilizando plataformas de microarreglos y
secuenciacion de préxima generacion para obtener perfiles detallados de expresion
génica. Los datos recopilados, se analizaron mediante algoritmos avanzados para la
identificacién de patrones de expresion, mediante técnicas estadisticas robustas para
la validacién de la significancia de los genes diferencialmente expresados, aplicando
a su vez, un andlisis completo de enriquecimiento funcional, para explorar las vias
biolégicas afectadas. Este enfoque permitié identificar genes clave como DDR2,
importante para la via de la recompensa y algunos asociados a la interaccién con
los receptores opioides mu que pueden estar involucrados en la respuesta tdxica a
los opioides. Ademds de proporcionar una metodologia mucho mds acorde con
los lineamientos éticos en el uso de animales en la investigacion, los resultados

promueven la comprensién de la toxicologfa de los opioides a nivel molecular,
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facilitando la interpretacion de casos forenses relacionados con muerte por opioides.
Este proyecto no solo subraya la viabilidad de los métodos alternativos en la
investigacion toxicoldgica, sino que también establece un precedente para futuros
estudios en diversas dreas de la farmacologfa y toxicologia que tradicionalmente

dependen del uso de modelos animales.
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'Departamento de Farmacia, Universidad Nacional de Colombia, Sede Bogota.
*Correo electrénico: mcanonr@unal.edu.co

* Departamento de Quimica, Universidad Nacional de Colombia, Sede Manizales

Resumen

Entre los diferentes cdnceres de seno, el triple negativo (TNBC) persiste como el
mis desfavorable por su elevada propension a desarrollar metéstasis. Dentro de las
subclasificaciones del TNBC, destacan los tumores mesenquimales por su menor
cobertura terapéutica; asi como una alta asociacién con marcadores metastdsicos.
En este contexto, la modulaciéon de vias como la Wnt-Betacatenina, a través de
Tankirasa 1 y 2 podria ser una opcidn terapéutica relevante. Por ende, el presente
trabajo consistid en una fase inicial de investigacion de inhibidores de Tankirasas
mediante un cribado virtual basado en la estructura. Para ello, se obtuvo una libreria
de productos naturales derivados de microorganismos a partir del Lichen DB, el
NPAtlas, y moléculas del grupo de investigacién GRIQUIMED. Se efectud un tami-
zaje basado en reglas extendidas de Lipinski y PAINS, seguido de un acoplamiento
molecular empleando AutodockVina y Glide en un ensamble de 4 estructuras; fina-
lizando con un filtro de cardiotoxicidad, hepatotoxicidad y mutagenicidad. De las
33863 moléculas iniciales, se destaca la Fellutanina A (NPA012964) por su afinidad

estimada, as{ como sus caracteristicass ADMET.
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Rutas para evaluar la permeacién cutdnea utilizando el
modelo experimental de piel humana nativa (COL001)

Barbara de Freitas Carli

Grupo Kosmoscience. Correo electrénico: barbara@kosmoscience.com

Resumen

Los principios activos utilizados en el tratamiento de las dermatosis ejercen sus
efectos biologicos en los tejidos més profundos de la piel. Para eso, deben poder atra-
vesar el estrato cérneo. Por otra parte, por razones de seguridad, la permeacién de la
piel es indeseable para sustancias como, por ejemplo, protectores solares y repelentes
de insectos, que ¢jercen su efecto sélo en la superficie de la piel. El método estanda-
rizado para evaluar la permeacion de la piel se describe en la directriz del ensayo 428
de la OCDE y consiste en aplicar la sustancia en estudio, en la superficie de una piel
humana acoplada al aparato de difusién de Franz. La permeacién se puede evaluar
analizando la presencia de la molécula objetivo en las diferentes capas de la piel,
utilizando técnicas analiticas cuantitativas, como cromatografia, espectrometria de
masas, ensayo inmunoenzimdtico, entre otras. Para ampliar y diversificar las pruebas
de permeacién cutdnea, utilizamos la técnica de espectroscopia infrarroja (FTIR-
ATR), basada en el principio de absorcién de IR, caracteristicos de la molécula obje-
tivo. Esta técnica se presenta como una herramienta menos costosa y mds rdpida para
mediciones cualitativas, donde el objetivo es evaluar si la molécula permea o no el
estrato corneo, alcanzando la epidermis viable. Otro recurso disponible consiste en
evaluar la permeacién marcando la molécula con un fluoréforo. Con este recurso es
posible visualizar la profundidad de permeacién de la molécula y semi cuantificar
la intensidad de fluorescencia de esta permeacién. El uso de piel humana nativa ex
vivo es una ruta experimental bien establecida en nuestro laboratorio, es una herra-
mienta estdndar de oro para predecir pruebas de permeacién y otras relacionadas
con la seguridad y eficacia de productos tépicos, ya sean cosméticos, farmacéuticos,

sanitarios o otro, por representar fielmente la diversa fisiologfa de la piel humana.
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Evaluacién de la permeacion transepidérmica de productos
lipoliticos con cafeina en Colombia: impacto en la seguridad

del consumidor (COL009)

Heinny Estefanfa Ledn-Merchén, Liliana Astrid Martin-Reyes, Yolima Baena-Aristizabal*

Universidad Nacional de Colombia - Departamento de Farmacia— Grupo de investigacion
Sistemas para la liberacién controlada de moléculas biolégicamente activas (SILICOMOBA) -
Carrera 30 # 45-03, Bogotd, Colombia. *Correo electrénico: ybaenaa@unal.edu.co

Resumen

En Colombia se comercializan productos de aplicacién tépica que deben permear
la piel para cumplir su propésito en capas més profundas. Es el caso de algunos
productos con proclamas lipoliticas que contienen cafeina, un activo que acttia sobre
los mecanismos de acumulacién de grasa en los adipocitos, lo que ademds implica
que la cafeina pueda llegar a la circulacién sistémica, contribuyendo al riesgo de
alcanzar su concentracién téxica. El objetivo de esta investigacion fue estudiar el
comportamiento de permeacién de la cafeina incluida en estos productos, en un
modelo basado en difusién pasiva empleando como barrera piel de cerdo. Se selec-
cionaron siete productos del mercado colombiano que prometen un efecto lipolitico
para evaluar la liberacién de la cafeina y su permeacién empleando celdas de difusién
de Franz. Previo a estos ensayos, los productos se caracterizaron fisicoquimicamente
evaluando pH, contenido de cafeina, pardémetros reoldgicos, microestructura, para
establecer relaciones entre el comportamiento de permeacion y las caracteristicas del
producto. Los resultados muestran que tres de los productos contienen cafeina en
un porcentaje inferior al 0,009 [%w/w], mientras que los restantes tiene concentra-
ciones superiores al 0,39 [%w/w]. Los ensayos de liberacién y permeacién demos-
traron que, en la mayoria de los casos, la cafeina se libera del producto, pero menos
del 1% de la dosis aplicada alcanza la hipodermis. Este valor es menor a la concentra-
cién de cafeina reportada 7z vifro que causa un efecto lipolitico, lo que podria signi-
ficar una ausencia de la actividad prometida y al mismo tiempo, aportar al aumento
de los niveles plasmdticos del activo. La caracterizacién de los productos y el compor-
tamiento de permeacién de la cafeina a capas més profundas de la piel contribuyen
a un mejor entendimiento de la relacién entre la eficacia del producto y el riesgo

toxicolc’)gico asociado a su uso.
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to replace the Draize test completely (COL011)

Martina Daniela Benedetti
Gutierrez 1*

! CONICET (Consejo Nacional de Investigaciones Cientificas y Técnicas, Argentina). 'E-mail:
martina_benedetti97@hotmail.com

? Instituto de Farmacologfa, Facultad de Medicina, Universidad de Buenos Aires, Argentina.

3 Hospital Dr. Julio Méndez, Ciudad de Buenos Aires, Argentina.

Summary

One of the requirements for the registration of substances such as agrochemicals is
to provide evidence about their potential eye damage. The Draize test performed
in rabbits allows the products to be classified into four categories, considering both
the severity of the lesions produced in the animal’s eye as well as its healing time.
The available alternative methods to this live animal test do not allow documenting
the damage reversibility, nor the time necessary for such reversibility to occur, as
required by the Global Harmonized System classifications (GHS). Our proposal is
to complement the 7 vitro model that uses the bovine cornea as a substrate to predict
whether a substance is irritating or non-irritating (BCOP), with a strategy that
allows predicting if the observed irritation is reversible and the time it takes to revert.
This is necessary to finally replace the Draize test completely. Limbal stem cells play a
crucial role in repairing corneal injury. Therefore, we isolated these cells from bovine
corneas to evaluate their sensitivity to reference chemicals. A wound healing assay
was performed to determine whether these substances affect the replication and
migration capacities of the cells. Additionally, a limbal tissue explant culture model
was implemented to study if chemical exposure differentially alters cell replication,
migration, and overall wound healing. These were evidenced using crystal violet
staining and histopathological analysis. In both, the wound healing assay and the
limbal tissue explant culture, differences were observed among the different refer-
ence chemical treatments. However, these assays alone were insufficient to discrimi-
nate effectively between the four categories. While these methods individually were
inadequate for accurate category discrimination, a comprehensive approach is being
implemented to replace the Draize test. We are evaluating a combination of these
methods along with others to assess their effectiveness in detecting the different

categories of GHS.

, Mariela Lenze 2, Romina Martinez?, Maria Laura

Eye damage reversibility in an in vitro model of bovine cornea
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El valor de la certificacién cruelty free en la industria
cosmética (COL010)

Camila Cortinez ', Nicole Valdebenito %, Daniela Medina *, Marisol Queupumil **

'ONG Te Protejo-Alemania
2ONG Te Protejo-México

3ONG Te Protejo-Chile. *Correo electronico: marisol@ongteprotejo.org

Resumen

El mercado cosmético latinoamericano crece a paso firme, se espera que su valor
para el afo 2025 alcance los 45.440 millones de délares. Sin embargo, esta tendencia
implica un aumento de animales utilizados para experimentacién. Si bien algunos
paises han fortalecido sus leyes para regular el testeo animal en cosmética, mientras
éstas no se implementen y se permitan estas pricticas en otras zonas del mundo, la
tnica herramienta efectiva que poseen los consumidores para asegurarse de que los
productos no han sido testeados en animales, es la certificacién Cruelty Free. Este
proceso inspecciona la cadena de suministro de las empresas para verificar que los
proveedores de ingredientes y productos no encargan ni realizan pruebas en animales.
Esta acreditacion resulta valiosa para los consumidores ya que, una encuesta realizada
el afo 2019 en Chile, mostré que el 74% de los encuestados no compraria productos
testeados en animales, y en consecuencia, hoy el atributo Cruelty Free estd consoli-
dado en los principales retails del pais. Marcas como Petrizzio y Ballerina se vieron
impulsadas a acreditarse por las demandas de la ciudadania, y ahora destacan como
pioneras en certificarse con Te Protejo, Unica organizacién de origen latinoameri-

cano que ofrece este sello.

Mis de 500 marcas en la region son Cruelty Free, entre las que destacan Natura, L'bel,
Esika, Cyzone; y a nivel internacional, empresas o conglomerados como Lush, The
Body Shop y Unilever, han demostrado un gran compromiso con la causa: generan
instancias de aprendizaje, fomentan el avance de los proyectos de ley (campafia finan-
ciada por Lush en 2021 para impulsar la aprobacién boletin 19.966-11 que busca
prohibir el testeo animal para cosméticos en Chile), campanas de concientizacién
(campana Forever Against Animal Testing en 2017 financiada por The Body Shop),
y apoyan el desarrollo de métodos alternativos (Unilever ha desarrollado al menos
8 prucbas ensayos NAM’S para la evaluacién de la seguridad de sus ingredientes,
desde 1990 se cuenta con el SEAC, equipo de 160 cientificos que utilizan el Enfoque
Basado en Evidencia para acreditar la seguridad de productos e ingredientes, desde el

2023 es miembro de ICCS, coalicién que evaltia y desarrolla enfoques de evaluacién
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de seguridad libres de testeo animal) . Los métodos alternativos. Estos tltimos son
altamente respaldados por los consumidores de cosmética, es por ello que resulta
fundamental seguir impulsando el cambio y ayudar a las marcas a transitar hacia una

cosmética segura para las personas y respetuosa hacia los animales
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Rutas para evaluar la permeacién cutdnea utilizando el
modelo experimental de piel humana nativa (COL001)

Barbara de Freitas Carli

Grupo Kosmoscience. Correo electrénico: barbara@kosmoscience.com

Resumen

Los principios activos utilizados en el tratamiento de las dermatosis ejercen sus
efectos biologicos en los tejidos més profundos de la piel. Para eso, deben poder atra-
vesar el estrato cérneo. Por otra parte, por razones de seguridad, la permeacién de la
piel es indeseable para sustancias como, por ejemplo, protectores solares y repelentes
de insectos, que ¢jercen su efecto sélo en la superficie de la piel. El método estanda-
rizado para evaluar la permeacion de la piel se describe en la directriz del ensayo 428
de la OCDE y consiste en aplicar la sustancia en estudio, en la superficie de una piel
humana acoplada al aparato de difusién de Franz. La permeacion se puede evaluar
analizando la presencia de la molécula objetivo en las diferentes capas de la piel,
utilizando técnicas analiticas cuantitativas, como cromatografia, espectrometria de
masas, ensayo inmunoenzim4tico, entre otras. Para ampliar y diversificar las pruebas
de permeacién cutdnea, utilizamos la técnica de espectroscopia infrarroja (FTIR-
ATR), basada en el principio de absorcién de IR, caracteristicos de la molécula obje-
tivo. Esta técnica se presenta como una herramienta menos costosa y mds rdpida para
mediciones cualitativas, donde el objetivo es evaluar si la molécula permea o no el
estrato corneo, alcanzando la epidermis viable. Otro recurso disponible consiste en
evaluar la permeacién marcando la molécula con un fluoréforo. Con este recurso es
posible visualizar la profundidad de permeacién de la molécula y semi cuantificar
la intensidad de fluorescencia de esta permeacién. El uso de piel humana nativa ex
vivo es una ruta experimental bien establecida en nuestro laboratorio, es una herra-
mienta estidndar de oro para predecir pruebas de permeacién y otras relacionadas
con la seguridad y eficacia de productos tépicos, ya sean cosméticos, farmacéuticos,

sanitarios u otro, por representar fielmente la diversa fisiologfa de la piel humana.
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PRESENTACIONES POSTER

Integracion académica de la 3Rs en la educacién superior:
Implementacién y desafios en la formacién en Ciencias

Farmacéuticas (COL022)

M. Pilar Vinardell*, Adriana S. Maddaleno, Montserrat Mitjans

Fisiologfa, Departamento de Bioquimica y Fisiologfa, Facultad de Farmacia y Ciencias de la

Alimentacién, Universidad de Barcelona, Espafia. *Correo electrénico: mpvinardellmh@ub.edu

Resumen

A pesar de que en Europa desde 2010 el seguimiento del principio de las 3Rs es un
requisito previo a cualquier experimentacién con animales, atin persiste un consi-
derable desconocimiento en el 4mbito académico ya que actualmente no existe
ninguna asignatura dedicada a las 3Rs en los programas de grado, lo que subraya
la necesidad de una formacién adecuada sobre el tema. En este contexto, hemos
trabajado para integrar este principio en cursos de master y en algunas asignaturas
del grado de Farmacia. Hemos impartido clases y/o cursos de méster entre 2 y 30
horas de duracién para un total de entre 15 y 30 estudiantes. Todos los estudiantes
superaron satisfactoriamente la asignatura. A nivel del grado de Farmacia, hemos
incorporado el principio de las 3Rs en los trabajos de fin de grado consistentes en
trabajos bibliogréficos. En cada curso participaban 2-3 estudiantes bajo nuestra
directa supervision. Los estudiantes debian realizar busquedas sobre metodologfas
alternativas a experimentos tradicionalmente realizados con animales de labora-
torio. El resultado ha sido exitoso ya que los estudiantes implicados obtuvieron muy
buenas calificaciones ademds de manifestar un elevado grado de satisfaccién por
tener la oportunidad de aprender sobre un tema del que no tenfan formacién previa.
Asimismo, hemos formado a estudiantes en una asignatura experimental optativa
denominada “Trabajo Dirigido” En esta asignatura los estudiantes se incorporan
durante un semestre a un grupo de investigacién colaborando en las tareas del grupo
y son evaluados mediante una presentacién oral y la memoria escrita. En nuestro
laboratorio, los estudiantes (2 por curso) se formaron en técnicas in vitro alternativas
en estudios de toxicologia y en el principio de las 3Rs. Se continuaré con estos cursos
que constituyen lainica manera que existe actualmente ya que no existen asignaturas
de grado donde se trate el tema, ni se han planteado a nivel institucional para un

futuro plan de estudios.
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Creacién de un centro especializado en métodos alternativos

en la Universidad de Costa Rica (COL017)

Freddy Arias Mora

Director Laboratorio de Ensayos Biolégicos de la Universidad de Costa Rica. *Correo
electrénico: Freddy.arias_ m@ucr.ac.cr

Resumen

El Laboratorio de Ensayos Biolégicos de la Universidad de Costa Rica (LEBi-UCR)
es una unidad especial de investigacién que tiene mas tres décadas de trayectoriaen la
conduccién de ensayos empleando diversos modelos animales, como ratas, ratones,
conejos y hamsters. Se realizan una gran variedad de pruebas que incluyen modelos
de seguridad y eficacia de medicamentos para humanos o animales, agroquimicos y
productos naturales. En el LEB, se creard la seccion de métodos alternativos, la cual
tendrd un laboratorio de cultivo celular, un acuario de investigacion y un laboratorio
de toxicologfa computacional e inteligencia artificial. La creacién de estos laborato-
rios permitird reducir el nimero de animales que se requicren para pruebas de toxi-
cidad. Por medio de modelaje molecular, algoritmos de prediccién de log P, pruebas
in vitro se podrd obtener perfiles de seguridad en menor tiempo y también con una
cantidad de animales menor. Ademds de las predicciones i silico y pruebas in vitro, el
uso de peces cebra permitird reducir el uso de roedores. Se podra sustituir el uso de
congjos para la determinacién de la irritabilidad dérmica y ocular. Los laboratorios
realizan acciones tendientes a disminuir el uso de animales, sin embargo, es necesario
una integracion en el funcionamiento y desarrollo de modelos que sustituyan de
manera certera los modelos bioldgicos 7 vive. Dentro de los principales retos estd la
necesidad de capacitacién en distintas técnicas. Desarrollar modelos utilizando inte-
ligencia artificial requiere equipos y software especializado, pero también colabora-
cién de muchas instancias nacionales e internacionales. Para seguir avanzando en el
desarrollo de métodos alternativos, se requiere adaptaciones de las estructuras admi-
nistrativas y organizacionales, ademds de inversiones que deben ser incorporadas en
la planificacidn estratégica de la Universidad. Indudablemente las inversiones que se

realicen en esta linea, mejorard la calidad de las investigaciones y el bienestar animal.
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Validacién de sistema de simulacién de intubaciéon
orotraqueal en caninos (COL034)

Grace Echeverri-Lugo ', Ivin Martin-Abatinza %, Andrea Uribe

'Fundacién Universitaria San Martin. *Correo electrdnico: grace.echeverri@sanmartin.edu.co

2Universidad de La Salle

Resumen

La aplicacion de multiples técnicas de intervencion médicas requiere entrenamiento
repetitivo y curvas de aprendizaje para validar el dominio e implementacién por parte
del profesional en su practica clinica. En Medicina Veterinaria el uso de animales
vivos para la formacidn, presenta desafios éticos, logisticos y econdmicos, ademds
de necesitar supervision especializada en pro del bienestar animal. Por esta razén la
busqueda de opciones sustitutas para el aprendizaje de estas técnicas, se enfoca cada
vez mis en el uso de herramientas alternativas en el 4mbito de la simulacién clinica.
Amparados en tecnologias como la segmentacién de imdgenes médicas y manufac-
tura aditiva se pueden fabricar simuladores que permiten replicar de manera realista
modelos anatémicos, que emulen técnicas y procedimientos médicos, facilitando el
aprendizaje prictico y la mejora continua de habilidades especificas en quienes los
usen. Este estudio evaltia un simulador de sondaje oro-traqueal canino fabricado con
impresion 3D, con el cual 60 Médicos Veterinarios y estudiantes de tltimo semestre
de pregrado con experiencia en clinica veterinaria, realizaron la técnica antes descrita
para luego proceder a completar una encuesta tipo Likert. Los resultados prelimi-
nares indican que el 21% de los encuestados (13 participantes) no estdn familiari-
zados ni capacitados en la técnica de intubacién oro-traqueal. También se destaca
la dificultad en comprender el modelo anatdmico, en contraste con aquellos que ya
conocen y estdn familiarizados con la técnica, quienes consideran 1til el simulador
para adquirir destreza. Se concluye que los simuladores como método de ensefianza
alternativa pueden optimizar el aprendizaje a través de la repeticién controlada,
fomentando la adquisicién de patrones precisos y memoria muscular, cruciales en la
atencion de pacientes caninos, aunque es necesario realizar estudios longitudinales
para evaluar la efectividad de los simuladores clinicos, analizando cémo impactan

en la precisidn técnica, la toma de decisiones clinicas y los resultados en pacientes.
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The AFSA Master Class provides instruction to address
information needs in animal-free safety assessment of
cosmetics and cosmetic ingredients (COL050)

Bianca Marigliani

Humane Society International Research & Toxicology. Brazil. E-mail: bmarigliani@hsi.org

Summary

The Animal-Free Safety Assessment (AFSA) Collaboration Master Class in animal-
free risk assessment of cosmetics and cosmetic ingredients (chemicals) is an in-depth,
free, online course — avaliable at www.afsacollaboration.org/masterclass — that
covers all aspects of performing a human health safety assessment for cosmetics and
cosmetic ingredients (chemicals). The course is designed in 9 modules: an introduc-
tion on animal-free risk assessment; problem formulation, including developing an
aim, hypothesis, and initial literature review; consumer exposure including oral,
dermal, respiratory exposure, deterministic and probabilistic modeling, and aggre-
gate exposure; predictive chemistry, which is in two parts - in silico tools and read-
across —and includes detailed descriptions of the types of data and modeling tech-
niques used; exposure-based waiving for the three major routes of exposure, oral,
dermal and respiratory; safety of botanicals (complex mixtures/extracts), including
history of safe use; bioactivity assessment including descriptions and examples of
various types of in vitro methods and how to combine these methods to address
the major toxicological information needs; internal exposure (dosimetry) inclu-
ding a description of the data and modeling used in physiologically-based kinetic
modeling, in vitro-to-in vivo extrapolation, and integration into risk assessment;
and a module discussing the process of reaching a risk conclusion with a detailed
walk-through of eleven case examples describing different problem formulations
(chemicals, products, toxicological endpoints). A separate module discusses the
global regulatory landscape for cosmetics and chemicals. AFSA invites all interested
stakeholders to register and contribute to a more effective, efficient and ethical safety

paradigm for cosmetics and chemicals.
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Physiology-Based Pharmacokinetic modeling of tafenoquine:
Promoting alternatives to animal and clinical testing

(COL036)

Luisa Oliveira Santos !, Izabel Almeida Alves '*, Diana Marcela Aragon Novoa ?, Francine
Johansson Azeredo '

!Laboratory of Pharmacokinetics and Pharmacometrics, Faculty of Pharmacy, Federal University

of Bahia, Salvador, Bahia, Brazil. *E-mail: izabel.alves@ufba.br
% Departamento de Farmacia, Facultad de Ciencias, Universidad Nacional de Colombia, Bogota.

3 Center for Pharmacometrics & Systems Pharmacology, Department of Pharmaceutics, College
of Pharmacy, University of Florida, Orlando, Florida, FL, United States of America.

Summary

Physiology-Based Pharmacokinetics (PBPK) utilize models and simulations
combining physiology, population, drug substance, and product characteristics to
mechanistically describe the pharmacokinetic behaviors of a drug. PBPK has become
a promising tool to answer some pharmacological questions, to promote the use of
in silico approaches as alternative methods for animal and clinical studies. Malaria is
an acute febrile infectious disease transmitted by the bite of the female Angpheles.
In South America cases are related to the etiological agent Plasmodium vivax. This
species has evolutionary forms that remain dormant in the liver. Tafenoquine (TQ)
is an 8-aminoquinoline analog of primaquine that appears promising due to its
single-dose administration. However, being a prodrug, there are concerns regarding
its drug-drug interactions. A PBPK model for TQ was developed in the PK-SIM®
software(v.11) utilizing previously published studies of physiological characteristics
and pharmacokinetic studies of plasma concentrations of tafenoquine in humans
and animals. The model was created based on a healthy male European individual
considering CYP2D6 as the predominant metabolizing enzyme. For some param-
eters that could not be determined or were found to be relevant after sensitivity
analyses, parameter identification based on plasma concentration-time profiles was
performed using a subset of the available clinical studies (training dataset) for model
optimization. The model was evaluated qualitatively by comparing observed and
predicted data with good data fitting, and quantitatively by calculating mean rela-

tive deviations (MRD) with a mean value of 0.18, and geometric mean fold errors
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(GMEFE) of the area under the concentrations-time curve (AUC) and maximum
concentration(Cmax) of all the simulations, which were 1.67 for AUC and 1.83 for
Cmax. The mean values were all within the acceptance range of 0.5-2.0. In summary,
the model showed satisfactory descriptive and predictive power and could be used to
evaluate drug-drug interactions, reducing the need for animal use and new clinical

studies
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PBPK Modeling as an approach to support the 3Rs in
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Summary

The use of animals in biomedical research is a practice that continues to prompt
ethical and scientific debate due to animal suffering, reliability, and limitations for
extrapolation of data to humans. An alternative to traditional methods for inters-
pecies extrapolation is Physiologically Based Pharmacokinetic (PBPK) modeling.
This approach simulates the anatomical structure of species using a computational
model in which organs or tissues are represented as compartments interconnected
by arterial and venous flows and are described by differential equations to predict
the change in the concentration of the evaluated molecule. The aim of this syste-
matic review was to analyze published articles that used PBPK models for interspe-
cies extrapolation in drug development and health risk assessment. For this, a syste-
matic search was performed in PubMed using the following search terms: “PBPK”
and “Interspecies extrapolation,” and the review was conducted following PRISMA
guidelines. It was determined that the main application of the PBPK models was to
evaluate the dose-response assessment for toxic agents (47%). The main source for
obtaining the anatomical and physiological parameters required for the development
of the models was literature data (64%), and rats and mice were the most used animal
models (82%). PBPK modeling demonstrated a comprehensive application of the 3R
concept (Replacement, Reduction, and Refinement). The use of animals was replaced
by employing i vitro or in silico methodologies and utilizing parameters reported in the
literature. Iz vivo studies were conducted only when necessary to validate the model or
obtain input parameters that could not be acquired by other methods, thereby redu-
cing the number of animals. Finally, PBPK models allowed the determination of toxi-
city endpoints and the establishment of humane endpoints, refining methodologies in

animal studies for interspecies extrapolation.
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Efecto neuroprotector en células CAD del incarnatésido y
el stachysésido C aislados de las raices Scutellaria incarnata

(COL024)

Carlos A. Visquez-Londono !, Gonzalo Arboleda ?, Maritza A. Rojas-Cardozo '*

! Universidad Nacional de Colombia-Sede Bogotd, Facultad de Ciencias, Departamento de
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% Universidad Nacional de Colombia-Sede Bogota, Facultad de Medicina, Departamento de
Patologia - Instituto de Genética, Bogotd, Colombia.

Resumen

La muerte neuronal es un proceso central en patologias neurodegenerativas como
la enfermedad de Alzheimer y de Parkinson. Las terapias existentes para su preven-
cién o tratamiento son limitadas en la actualidad. La C2-ceramida es un andlogo
de la ceramida que induce cambios apoptéticos observados en determinadas enfer-
medades neurodegenerativas y es empleada en modelos in vitro para la evaluacién
del efecto neuroprotector de nuevos agentes terapéuticos, permitiendo el screening
de extractos, fracciones y/o moléculas con potencial actividad neuroprotectora.
Especies del género Scutellaria han demostrado ser biosintetizadoras de metabo-
litos secundarios con efecto neuroprotector. Sin embargo, la accién farmacolégica
de los metabolitos presentes en especies colombianas de Scutellaria estd por ser
explorada. Esta investigacion tiene como objetivo evaluar en células CAD (Cath.-a-
diferenciadas) la citotoxicidad y el efecto neuroprotector frente a la C2-ceramida de
extractos, fracciones y metabolitos aislados de las raices de la especie vegetal Scute-
laria incarnata. Las estructuras de metabolitos aislados se elucidaron mediante
resonancia magnética nuclear, espectrometria de masas y espectroscopia infrarroja.
El pretratamiento con el extracto etanélico de la raiz (25-200 pug/mL), con las frac-
ciones polares (25-200 pg/mL) y con los feniletanoides glicosilados incarnatésido
y stachysésido C (12,5-50 ug/mL), exhibieron un efecto neuroprotector en células
CAD expuestas a C2-ceramida, sin inducir citotoxicidad. Este es el primer reporte
deaislamiento del incarnatésido y del efecto neuroprotector de ambos feniletanoides
glicosilados. Este estudio fue apoyado por la Universidad Nacional de Colombia-
Sede Bogota [proyecto 41529, 2018] y por el Ministerio de Ciencia, Tecnologia e
Innovacién de Colombia-Colfuturo [Beca de Doctorado 647-2015].
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Andlisis conformacional de la proteina CBX4 canénicay su
interaccién con ligandos antioxidantes mediante simulacién
por dindmica molecular (COL019)

Janer Zabaleta*, Giomara Gomez, Antistio Alviz
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Resumen

Las proteinas CBX de Polycomb regulan la expresién génica al dirigir el complejo
represor de Polycomb 1 (PRC1) a sitios de las histonas H3K27me3 mediante sus
cromodominios, desempenando un papel clave en el desarrollo de diversas enferme-
dades como la presbiacusia y el cancer. En este trabajo se evalué mediante docking
y dindmica molecular, los cambios conformacionales de la proteina CBX4 indu-
cidos por antioxidantes y el inhibidor UNC3866. Para ello se realizé un estudio iz
stlico, iniciando con la bisqueda de la estructura cristalogréfica de CBX4, seguido
por la identificacién de ligandos con actividad comprobada. Los ligandos fueron
optimizados mediante el método de Hartree-Fock 6-31G, utilizando Gaussian. Se
realizd acoplamiento molecular usando Auto Dock Vina. Por tltimo, se llevaron a
cabo simulaciones por dindmica molecular con trayectoria de 1 microsegundo con
andlisis de energfa libre, RMSD, RMSE, SASA, ROG y PCA usando el software
AMBER. El acoplamiento molecular y la dindmica molecular determinaron que el
oridonin y la curcumina son los ligandos con mayor afinidad y estabilidad conforma-
cional incluso superior al inhibidor natural UNC3866, lo cual fue demostrado en
los célculos de energia libre. Ademds, los valores de RMSD (1,5-3 A) indicaron un
comportamiento similar de CBX4 a otras proteinas de Polycomb CBX2 y CBX7,
validando el uso de dindmicas moleculares como un método robusto y ético para
estudiar interacciones proteina-ligando. Se logré evaluar los cambios conforma-
cionales de la proteina CBX4 mediante Dindmica Molecular. La curcumina vy el
oridonin demostraron una mayor afinidad y estabilidad conformacional con CBX4
en comparacién con UNC3866, evidenciando su potencial como alternativas tera-
péuticas. Los resultados subrayan la eficacia de los métodos computacionales como

un enfoque alternativo y ético frente a modelos murinos.
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Empleo de esferoides como modelo para evaluar la accién

anticancerigena de venenos de origen animal y moléculas
derivadas. Revisién 2010-2022 (COL00S)

Juan Daniel Hernandez Vargas

Escuela de Ciencias Bésicas y Aplicadas Universidad de La Salle. Correo electrénico:
juandanihv@gmail.com

Resumen

El cancer es una de las principales causas de muerte a nivel mundial y regional, con
indices de incremento elevados, siendo esta morbilidad un gran desafio para el
sistema de salud. Actualmente se han encontrado firmacos oncolégicos que cumplen
con las especificaciones de las fases de esta patologia, aunque presentan altos niveles
de toxicidad ocasionados por poca especificidad. Para enfrentar esta problematica
se ha dado relevancia a la busqueda de terapias naturales que puedan ser utiles en el
tratamiento de las neoplasias, entre estas destaca el veneno animal, ya que contienen
moléculas bioactivas con inminente capacidad terapéutica en el tratamiento del
céncer. Recientemente, se ha optado por emplear modelos de cultivo 3D como los
esferoides para evaluar moléculas con actividad anticancerigena, ya que tienen la
capacidad de simular microambientes semejantes a entornos tumorales in vivo. Por
lo que este estudio pretende establecer la importancia de los esferoides para la iden-
tificacién de moléculas provenientes de venenos animales como alternativa terapéu-
tica al cdncer, a partir de una revisién sistematica comprendida entre 2010-2022. Se
realizd una busqueda y seleccién de articulos a partir de la gufa PRISMA en cuatro
bases de datos con los términos: “Spheroid” y “Venom”. Se seleccionaron los arti-
culos segun criterios de inclusion y exclusion, para posteriormente organizar la infor-
macién relevante para la revisién. La busqueda arrojé 81 articulos y se definieron
14 como base para la construccion de la revisién. Sobresalieron las moléculas deri-
vadas de venenos de serpientes, arafias, escorpiones y abejas. Estas moléculas fueron
evaluadas en diversos métodos de obtencion de esferoides y destacaron efectos cito-
téxicos que inhibieron la formacién de esferoides ¢ incluso afectaron procesos de
invasion y migracion. La evidencia encontrada sugiere que los modelos de cultivo
3D en combinacién con sustancias derivadas de venenos representan una estrategia

preclinica prometedora para el desarrollo de terapias alternativas.
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Resultados del ensayo fenotipico iz vitro parala busqueda de
nuevos agentes antimalaricos en el Departamento de Farmacia

(COL044)

Jorge Enrique Hernandez-Carvajal **, Maritza Rojas-Cardozo !, Pilar Ester Luengas-
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'Departamento de Farmacia, Facultad de Ciencias, Universidad Nacional de Colombia. *Correo

electrénico: yahatau@unal.edu.co

*Facultad de Ciencias Basicas, Universidad Santiago de Cali.

Resumen

La malaria es la enfermedad parasitaria mas importante del mundo. En el 2022 se
estimaron 249 millones de casos y en el periodo comprendido entre 2020 y el 2022
se calcularon 2.1 billones de casos de malaria y 11.7 millones de muertes [1]. Medi-
camentos, seguros y efectivos para tratar lograr su control y eventual eliminacién son
indispensables [2] y la necesidad de encontrar nuevos firmacos s6lo puede suplirse
mediante el proceso de investigacién y desarrollo (I&D). Una de sus primeras ctapas
es la realizacion de tamizajes. Para el caso particular de enfermedades parasitarias,
el tamizaje fenotipico # vitro ha sido mucho més exitoso que otras aproximaciones,
como lo es el uso de dianas farmacolégicas [2]. En el presente trabajo se presenta
parte de la experiencia que el Departamento de Farmacia, de la Universidad Nacional
de Colombia ha tenido en el tamizaje de plantas medicinales, con usos etnofarma-
colégicos relacionados con la malaria, para encontrar compuestos y/o extractos,
mediante el ensayo fenotipico de inhibicién del desarrollo de Plasmodium falciparum
in vitro. Se presentan, en particular, dos ejemplos, Abuta grandifolia'y Curarea toxico-
fera, utilizadas en la regién amazonica para el tratamiento de fiebres, que mostraron
actividades promisorias en el tamizaje fenotipico y lograron ser seleccionadas para
realizar estudios posteriores, dentro del proceso de I&D, con el fin de avanzar a la

potencial estandarizacion de su extracto.
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HaCat and human fibroblast spheroid: strategies to reduce
the fetal bovine serum in cell culture (COL002)
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Summary

While monolayer cell culture offers valuable insights into cell behavior, it fails to
replicate crucial iz vivo conditions, such as cell-cell and cell-extracellular matrix
interactions. To address this limitation and reduce reliance on animal experi-
mentation, emerging models with greater physiological relevance, such as 3D cell
culture, particularly spheroids, are garnering attention. Spheroids, formed by single
or multiple cell types, offer enhanced relevance by facilitating those interactions.
Despite the progress achieved with spheroids, there is a pressing need to move away
from animal-derived reagents, notably Fetal Bovine Serum (FBS), due to ethical
concerns and practical limitations. In this study, we propose a co-culture spheroid
system involving HaCaT and human fibroblast cells, formed through auto-aggre-
gation in non-adherent U-bottom shaped plates. To address FBS dependency, we
systematically reduce its concentration (from 10% to 2.5%) during spheroid forma-
tion and evaluate resultant structures quality using viability parameters while inves-
tigating the potential delay in spheroid formation due to Fetal Bovine Serum depri-
vation. The results indicate the feasibility of the auto-assembling spheroid formation
process, with a noted retardation in the absence of Fetal Bovine Serum. Different
approaches have been made to optimize the spheroids’ formation using smaller Fetal
Bovine Serum concentrations. The integration of these approaches could lead to the

replacement of animal experimentation and more reproducible i vitro research.
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Efecto del tratamiento de Mycoplasma sp. en la proliferacién
y citotoxicidad de la linea celular de Fibroblastos L-929
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Resumen

Los cultivos celulares en las industrias cosméticas y farmacéuticas requieren un
control estricto de pardmetros, especialmente para garantizar la ausencia de Myeo-
plasma sp. En caso de contaminacién, Mycgplasma sp. puede afectar la viabilidad
celular, alterar caracteristicas genémicas y producir resultados erréneos en ensayos de
citotoxicidad y produccién de biofdrmacos. Por ello, este estudio evalué el efecto del
tratamiento para erradicar Mycoplasma sp. en células L-929 contaminadas. Se utili-
zaron tres métodos de deteccién (PCR, luminiscencia bioquimica y tincién DAPI)
para detectar Mycoplasma sp. y determinar la concentracién necesaria del trata-
miento. Ademds, se compard la velocidad de crecimiento de las células tratadas y se
realizd un ensayo de viabilidad con diferentes concentraciones de SDS para analizar
la respuesta tras el tratamiento. Se detectd contaminacién en células L-929 y se
confirmo la efectividad de los tratamientos con Plasmocin® y Mycoplasma Removal
Agent (MRA) para erradicar el patdgeno. A pesar del éxito de los tratamientos, la
presencia de micoplasma provocé disminucién en la velocidad de crecimiento de
las células, particularmente entre 120 y 144 horas. Durante este periodo, se observé
una diferencia en la velocidad de crecimiento en las células tratadas con MRA,
mientras que las tratadas con Plasmocin® lograron recuperar su velocidad de creci-
miento. Ademds, el ensayo de viabilidad celular indic6 que el tratamiento propor-
ciond proteccién adicional contra los efectos de la toxicidad celular, especialmente
en concentraciones mds bajas de SDS. Sin embargo, se observaron ligeros cambios en
la morfologta celular, lo que indica alteraciones irreversibles debido a la contamina-
cién a pesar de la eficacia del tratamiento. Finalmente, estos resultados permitieron
la seleccién de un método répido para el uso rutinario en la deteccién de micoplasma
en el laboratorio y la posibilidad de usar células tratadas en futuros estudios, conside-
rando que puede conllevar a variaciones en los resultados de citotoxicidad y prolife-

racion celular en respuesta al tratamiento.
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In vitro study of the genotoxic and antigenotoxic effects
against UVB radiation of bioactive compounds from
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Summary

Photoprotection is a preventive strategy to defend human skin against cancer and
photoaging. The use of sunscreens is among the most popular strategies in photopro-
tection. Plants are sources of sunscreen ingredients that prevent cellular mutations
involved in skin cancer and aging. In this work, the genotoxic and antigenotoxic
effects against UVB radiation of a Rosa centifolia hydroalcoholic extract (RCHE) and
two major compounds into extract (kaempferol and kaempferol 3 glucoside) were
studied. The chemical composition of the RCHE was determined using UHPLC-
ESI*-Orbitrap-MS. Genotoxicity and antigenotoxicity against UVB radiation of
the RCHE (46.8 and 750 pg/mL), kaempferol (31.2 and 500 pg/mL) and kacmp-
ferol 3 glucoside (19.7 and 315 pg/mL), were studied in MRC5 human fibroblasts
using Comet assays. The major compounds into RCHE were as follows: quercetin-
3-rhamnoside (49 + 2 pg/mL), kaempferol-3-glucoside (70 + 12 pg/mL), kaemp-
ferol-rhamnoside (64 + 8 ug/mL), quercetin (160 + 26 pug/mL), and kaempferol
(146 + 5 ug/mL). The RCHE resulted genotoxic in human fibroblasts only at 750
ug/mL; while this extract was significant antigenotoxic at concentrations between
46.8 and 187.5 pg/mL. Kaempferol exhibited genotoxicity at concentrations up
to 500 pg/mL, while significant antigenotoxic effects were observed between 31.2
and 125 pg/mL. On the other hand, kaempferol-3-glucoside resulted not geno-
toxic, but was antigenotoxic at all evaluated concentrations. Our study showed the
antigenotoxic properties of the RCHE and their phytochemicals (kaempferol and
kaempferol-3-glucoside) against UVB radiation. Therefore, these results support the

potential of Rosa centifolia phytochemicals as ingredients for sunscreen formulations.
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Summary

Introduction: Skin overexposure to solar radiation has been a serious public health
concern because of its potential carcinogenicity. Therefore, preventive protection
strategies using DNA protective agents are essential to counteract the harmful
effects of solar radiation. Plants may be a source of photoprotective compounds. In
this context, phytochemicals that modulate DNA repair mechanisms against UV
radiation emerge as promising agents for mitigating these adverse effects. This work
evaluated the antigenotoxic effects against UVB radiation of a Posogueria latifolia
Mower extract (PLFE) and their potential to modulate DNA repair post-irradiation.
The chemical composition of the PLFE was determined using UHPLC-ESI+-
Orbitrap-MS. We studied the genotoxicity and antigenotoxicity against of PLFE
(between 250 to 750 pg/mL) in MRCS human fibroblasts using Comet assay. Cells
were irradiated (875 mJ/cm?) using irradiation chamber BS-02 with a UV radia-
tion controller UV-MAT (Dr. Grobel UV-Elektronik GmbH, Etlingen, Germany).
The PLFE ability for stimulate DNA repair post-irradiation of this PLFE was evalu-
ated using the Comet technique. The major compounds in the extract of P. Jatifolia
were as follows: chlorogenic acid (35 + 1 pg/mL), ecdysterone (64 + 8 ug/mL),
rhamnetin-rutinoside (17 + 1 pg/mL), cis-resveratrol-diglucoside (140 + 7 pg/mL),
and trans-resveratrol-diglucoside (280 + 16 pug/mL). The PLFE was not genotoxic

at the studied concentrations, obtaining in all the doses evaluated a genetic damage
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index lower than 1.56 £ 0.09. However, it showed antigenotoxic effect between 250
and 375 pg/mL, reducing genetic damage caused by UVB in 62% and 58%, respec-
tively. The PLFE prepared at 250 pg/mL increased DNA repair post-irradiation in
human fibroblasts. The PLFE showed a significant antigenotoxic effect against UVB
radiation and stimulated DNA repair after irradiation. Thus, its phytochemicals

could be used as an ingredient in a sunscreen formulation.
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chemicals: An iz vitro comparative analysis (COL023)
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Summary

Several chemical compounds used in pharmaceuticals and cosmetics have been
reported to cause phototoxic side effects. Therefore, regulatory authorities require
an assessment of the phototoxic potential of newly developed drugs and cosmetic
products. Current legislation for photosensitive products, such as sunscreens,
mandates ensuring safety against photogenotoxicity. Due to the limitations of animal
models and recent international regulations emphasizing ethical considerations,
there is an urgent need to develop in vitro assays to identify potential human safety
hazards. The objective of this study was to develop a reliable and fast in vitro assay
for photogenotoxicity testing using a commercial line of human keratinocytes
(HaCat). Five chemicals with well-known toxic properties—sodium dodecyl sulfate,
chlorpromazine, benzophenone-3, 8-methoxypsoralen, and chlorhexidine—were
tested. Cells were incubated with the test compounds for 1 hour and irradiated with
4 J/em® UV-A. After irradiation, treatment was removed and fresh medium was
added. Cell viability was measured using the MTT and LDH assays, and a comet
assay was performed 24 hours after irradiation at non-cytotoxic concentrations of
the compounds and their vehicles, using a medium-high throughput format with
8 minigels per slide. Methyl methanesulfonate, a known alkylating agent, was used
as a positive control for the comet assay. Sodium dodecyl sulfate and chlorhexidine
were classified as non-phototoxic, while the other tested chemicals showed PIF
values above 5 or MPE values above 0.15. None of the chemicals showed increased
DNA damage 24 hours after irradiation, likely due to DNA repair during this
period. As experimental design, including treatment conditions, can impact results,
further studies are underway to establish the optimal conditions for detecting
photogenotoxic chemicals. This assay shows promise as a straightforward method
for identifying both photosensitizers and photogenotoxic chemicals, potentially

enhancing the safety assessment of new pharmaceuticals and cosmetic products.
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Estudio de metaloproteinasas como indicadores de
fotosensibilidad i% vitro: hacia una discriminacién precisa
entre sustancias fotoirritantes y fotoalérgicas (COL020)

M Pilar Vinardell*, Adriana S Maddaleno, Montserrat Mitjans

Fisiologfa, Departamento de Bioquimica y Fisiologfa, Universidad de Barcelona, Espana. *Correo
electrénico: mpvinardellmh@ub.edu

Resumen

Algunas de las sustancias quimicas presentes en diversos productos (cosméticos,
medicamentos, fragancias...) pueden inducir reacciones de fotosensibilidad desenca-
denadas por la exposicién a la radiacién ultravioleta. Entre ellas, la fotoirritacién se
manifiesta como una reaccién aguda tras la aplicacién tdpica o sistémica de una subs-
tancia quimica, combinada con la exposicién a radiacién ultravioleta. Otra manifes-
tacion es la foroalérgia, que se origina cuando una sustancia, después de la exposicion
a la luz ultravioleta, forma un hapteno produciendo una hipersensibilidad retar-
dada de tipo IV. Actualmente no existen métodos alternativos a la experimentacion
animal para discriminar entre sustancias fotoirritantes y fotoalérgenas. Aunque son
menos estudiadas que otras alteraciones producidas por la luz ultravioleta, también
son importantes y representan un problema de salud publica en aumento. Ademas,
el desarrollo de nuevas técnicas in vitro es crucial, dado que desde 2013, las pruebas
de ingredientes y productos acabados cosméticos en animales de experimentacion
estan prohibidas tanto en la Unién Europea como en otros paises. En este estudio,
presentamos una técnica 7z vifro basada en la gufa de la OCDE 432, para discri-
minar entre sustancias fotoirritantes y fotoalérgenas mediante la identificaciéon de
metaloproteinasas como marcadores. Para ello, expusimos queratinocitos humanos
HaCaT a diferentes substancias con cardcter fotoirritante o fotoalérgeno conocido,
seguido de una exposicién a 4 J/cm? de luz UVA y se determind la viabilidad celular.
Los sobrenadantes se analizaron con una matriz multiplex con el objetivo de iden-
tificar y medir semicuantitativamente los niveles de metaloproteinasas y estudiar su
utilidad como marcadores para discriminar entre fotoirritantes y fotoalérgenos. Los
resultados indicaron que las sustancias fotoalergenas incrementaban la secrecién de
MMP-1 y MMP-10, al contrario que la sustancia fotoirritante, lo que sugiere que

estas metaloproteinasas podrian ser potenciales marcadores para tal discriminacion.
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Avaliacao fotoprotetora de flavonéides in vitro (COL030)
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*Programa de Pés-graduacio em Ciéncias da Satde, Universidade Federal de Sergipe, Aracaju,
Sergipe, Brasil.

3SejaPhD, Brasil.

Summary

Os testes 7 vivo sio considerados padrio ouro para avaliagio da atividade foto-
protetora, contudo envolvem a exposi¢iao dos individuos & radiacio ultravioleta
e apresentam como desvantagens, alto custo e limitagoes ¢éticas. Sendo assim, os
métodos 7 vitro surgem como uma alternativa econdmica e ética para triagem de
formula¢des fotoprotetoras e fornecem resultados padronizados sem a necessidade
de testes em humanos. Diante do exposto, o objetivo desse trabalho foi avaliar o
efeito fotoprotetor de formulagdes contendo flavonéides i vitro. Para tal, foi utili-
zado o teste de fotodegradacio do resveratrol que analisa a capacidade das amostras
em prevenir a fotodegradagio do resveratrol sob radiagio UV. Para o experimento,
foram utilizadas placas de Petri protegidas da luz, exceto na parte superior. Na drea
desprotegida, foram aplicados homogeneamente 300 mg das formulagoes semissd-
lidas (veiculo, silimarina, silimarina + diéxido de titinio, hesperetina e hesperetina
+ didxido de titanio). Dentro das placas de Petri, adicionou-se 10 mL de solugio
de resveratrol (10 pg/mL). Como o resveratrol ¢ fotoinstavel, a radiagio UV que
atravessar a formulagio aplicada na placa provocard a degradagio do composto. Nos
tempos de 10 e 60 minutos, o teor de resveratrol na solugio foi quantificado por
Cromatografia Liquida de Alta Eficiéncia, com método previamente validado. Uma
placa de Petri sem formulagio foi usada como controle (sem protecio) para garantir
a eficiéncia do método. A fotoprotegio /2 vitro foi determinada em triplicata e calcu-
lada pela relagao entre a concentragio de resveratrol na amostra e a concentragio de
resveratrol no controle. Como resultado, diferencas significativas (p < 0,001) foram
observadas para todas as formula¢des em comparagio com o controle negativo ¢ o
veiculo nos perfodos de 10 ¢ 60 minutos, indicando que as formulagdes apresen-
taram efeito fotoprotetor frente as radiagoes UVA e UVB. Portanto, os flavondides

silimarina e hesperetina possuem efeito fotoprotctor n vitro.
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Implementacion de la determinacién del tamaiio de particula
(TP) por microscopia electrénica de barrido como método

para realizar la exencién del ensayo de toxicidad aguda por
inhalacién (TAI) OECD 433 de sustancias s6lidas (COL016)

Edwin Leén-Mora*, Mariano Pacheco-Salazar

Laboratorio de Ensayos Bioldgicos, Universidad de Costa Rica. Correo electrénico: eflm75@
gmail.com

Resumen

Uno de los temas mds importantes en la toxicologia regulatoria actual es demostrar
a los reguladores que no es necesario realizar un ensayo toxicolégico debido a que
este no es necesario para la evaluacién de riesgo por las caracteristicas intrinsecas de
una sustancia, esto con un criterio que brinde seguridad al tomador de decisiones
que la exencién de un ensayo estd debidamente justificada Las consideraciones sobre
el tamafio de las particulas (determinadas, por ejemplo, mediante pruebas de granu-
lometria, OECD TG 110) pueden ser utiles para determinar si es necesario o no
realizar ensayos de TAI debido a que el tamano de particula supera los 4 pm de masa
media aerodindmica (MMAD) o los 100 pm de tamafio de particula pues no serfa
posible que la sustancia pudiera ingresar de forma uniforme en las vias respiratorias. Se
siguié la metodologia descrita en el documento gufa 39 (OECD, 2009) documento
de orientacién sobre pruebas de toxicidad aguda por inhalacién, para determinar
el MMAD tedrico y la determinacién del tamafio de particula se realizé usando un
microscopio electrénico de barrido donde se tomaron imagenes de las particulas
solidas y estas fueron medidas su tamano de particula por el equipo. Con la imple-
mentacién de la determinacién del tamafio de particula de las muestras sélidas se ha
evitado realizar 6 ensayos de toxicidad aguda por inhalacién pues la muestra presen-
taba particulas mayores de 100 um, por lo que al calcular el MMAD teérico este era
mayor de 4 um y segtin los criterios de la norma OECD 433 el ensayo no debia ser
ejecutado. Un resultado importante es que al no realizar este ensayo no se utilizaron
al menos 66 animales Este método puede ser utilizado en un esquema de toxicidad
por evidencia y asi poder justificar el no realizar ensayos con animales para la toxi-

cidad aguda por inhalacién.
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Innovative development of inclusion complexes

with microbiological and toxicological assessment free

of animal tests (COL038)
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Summary

Farnesol has demonstrated potential as an antibacterial agent in inhibiting the
proliferation of certain microorganisms. Despite that, farnesol presents limited
water solubility and inadequate retention, which has hindered its application in
medicine. Recent advancements in pharmaceutical technology, such as inclusion
complexes, have provided solutions to address the challenges related to its limita-
tions. An essential aspect of introducing new drugs to the market is ensuring their
safety. The Tenebrio molitor model has emerged as a reliable tool for investigating the
impacts of drugs and obtaining initial insights into LD50 (median lethal dose)
values. Therefore, this study aimed to prepare the farnesol inclusion complex,
proposing its toxicity, and evaluating its 7z »/#ro antibacterial activity. Thus, farnesol
(FAR) and 2-Hydroxypropyl-B-cyclodextrin (HP-3-CD) compounded the inclu-
sion complex, prepared by the freeze-drying method. T. molitor larvae were used in
toxicity tests. The inclusion complex and free FAR were solubilized in saline and
injected on the hemocoel by administering each compound on the larvae dorsal side,
and mortality was recorded daily for five days. For the antibacterial assay against
Staphylococcus anrens ATCC, it was performed the Minimum Inhibitory Concen-
tration (MIC) and defined as the lower concentration that inhibits the bacterial
growth. Free FAR presented the toxic and LD50 doses as 200 mg/kg and 25mg/kg,
respectively, and the inclusion complex presented a toxic dose of 1000 mg/kg and
an LD50 of 350mg/kg. The inclusion complex exhibited a higher MIC (8 pg/mL)

, Anamaria Mendonga-Santos 2, Jos¢é Adio Carvalho-
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against . aurens ATCC 25923 compared to free FAR (16 pg/mL). Thus, HP-3-CD
provided a higher improvement of the FAR solubility and reduced the volatile loss
of the essential oil. Beyond that, the toxicity results proposed the higher safety of the
inclusion complex compared to the free FAR, suggesting that the inclusion complex

could be a better source for the pharmaceutical industries to develop new drugs.
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Tiempo de observaciéon de 6 horas en el ensayo

de neutralizacién de letalidad para la eficacia preclinica

de antivenenos ofidicos (COL031)

Gina Durin*, Gabriela Solano, Aarén Gémez, Daniel Cordero, Adriana Sinchez,

Mauren Villalta, Melvin Sdnchez, Cecilia Diaz, José Maria Gutiérrez, Guillermo Ledn

Instituto Clodomiro Picado, Facultad de Microbiologia, Universidad de Costa Rica, San José,
Costa Rica. *Correo electrénico: gduranblanco@gmail.com

Resumen

El ensayo de neutralizacién de letalidad en ratones es el estdndar de oro para evaluar
la eficacia preclinica y el cumplimiento de especificaciones de antivenenos ofidicos.
Normalmente, los resultados de este ensayo se calculan a partir de la cantidad de
ratones que sobreviven durante las 24/48 horas posteriores a la inyeccién de una
dosis letal de veneno mezclada con diferentes cantidades del antiveneno que estd
siendo evaluado. Debido al sufrimiento animal, este ensayo es candidato para ser
reemplazado por alternativas in vitro, o mejorado mediante la reduccién del nimero
de animales utilizados, la introduccién de analgesia y el refinamiento de la prueba
mediante la disminucién del tiempo de observacién. El objetivo principal de este
estudio es reducir el sufrimiento animal asociado a este ensayo mediante la disminu-
cién del tiempo de observacién. Para eso, los valores de dosis letal media (DLs,) de
varios venenos y de dosis eficaz media (DEs,) de dos antivenenos fueron estimados
usando tiempos de observacién de 6, 24 y 48 horas. Se encontré una fuerte corre-
lacién entre los valores de DLy, y DEs, estimados en los tres tiempos de observa-
cién. La implementacién del tiempo de observacién de 6 horas no compromete la
fiabilidad de los resultados. Por lo tanto, este estudio representa una contribucién
importante al refinamiento de los ensayos preclinicos de antivenenos ofidicos y
puede servir como base para el desarrollo de métodos alternativos mas éticos para la
evaluacién de antivenenos, avanzando en la reduccién del sufrimiento animal en la
investigacion preclinica. No obstante, la reduccién del tiempo de observacion debe

validarse para cada veneno y antiveneno antes de su implemcntaci(’)n rutinaria.
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Sustitucion de la prueba de pirégenos en conejos por el ensayo
de endotoxinas bacterianas para la evaluacién de antivenenos

ofidicos (COL032)

Gabriela Solano*, Aarén Gémez, Guillermo Leén

Instituto Clodomiro Picado, Facultad de Microbiologia, Universidad de Costa Rica, San José,
Costa Rica. *Correo electrénico: gabriela.solano@ucr.ac.cr

Resumen

Los antivenenos ofidicos son inmunobioldgicos de administracion parenteral, por lo
que su calidad microbioldgica debe ser estrictamente controlada. Tradicionalmente,
la evaluacién del contenido de endotoxinas bacterianas en antivenenos se ha reali-
zado mediante la prueba de pirdgenos en conejos. Sin embargo, el mejoramiento
de la sensibilidad en los reactivos para el ensayo de endotoxinas bacterianas por el
método de LAL Gel Clot brindan la oportunidad de implementar un enfoque mds
responsable y ético en el uso de animales de experimentacién, y promover los prin-
cipios de Reemplazo, Reduccién y Refinamiento. La comparacién entre la prucba
de pirégenos en conejos y la prueba de endotoxinas bacterianas por LAL Gel Clot,
evidencié que ambos métodos no difieren significativamente en su capacidad para
determinar concentraciones peligrosas de endotoxinas en solucion salina estéril o
antivenenos de origen equino, y que los antivenenos no contienen sustancias inter-
ferentes con ninguno de los dos ensayos, por lo que por el ensayo de LAL Gel Clot
puede sustituir la prueba de pirdgenos en conejos. Adicionalmente, la compara-
cién de la prueba de LAL Gel Clot con la de LAL Recombinante sugiere que las
propiedades analiticas de ambas metodologias permiten la adecuada determinacién
de endotoxinas en antivenenos ofidicos. Asi, la prueba de LAL Recombinante se

convierte en una valiosa alternativa que sustituye el uso de animales.
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Wound healing assay to evaluate corneal damage reversibility

in skinethic HCE model (COL033)
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Summary

Evaluation of chemicals for ocular toxicity is crucial for global product registration
and labeling, ultimately safeguarding consumers across all sectors. The traditional
Draize rabbit test, used for categorizing irritation severity, is deprecated due to
ethical concerns, in addition to low reproducibility and species differences. Despite
big advancements in alternative methods such as OECD TG 492 and 492B, a
robust 7z vitro test for assessing damage reversibility remains a critical need. Devel-
oping an 7 vitro model for corneal wound healing could address these challenges,
benefiting both regulatory compliance and testing ocular therapeutic products. The
SkinEthic HCE model presents a promising solution, offering a 3D reconstructed
tissue that mimics the structure, morphology, and functionality of the human
cornea epithelium. Meanwhile, cell migration emerges as a pivotal factor in corneal
wound healing. Our study aimed to investigate whether the SkinEthic™ HCE model
could effectively assess damage reversibility following exposure to various reference
chemicals known to induce different levels of ocular damage. To achieve this objec-
tive, a wound healing assay was implemented on the SkinEthic HCE model, incor-
porating both mechanical damage and chemical exposure to reference substances
under the hypothesis that the iz vivo healing capacity is related to the in vitro migra-
tion capacity. Cytotoxicity assays and histological tissue sections of the corneas at 0,
48, and 96 hours provided a detailed documentation of the wound closure process.
In summary, the ability to observe damage reversibility in this three-dimensional

epithelial model suggests a potential correlation with the four UN-GHS categories.
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The obtained results highlight the potential of this innovative strategy as the initial
step toward a novel human-relevant iz »i#ro method for evaluating ocular damage,
capable of distinguishing reversal times of the lesion and facilitating classification

into all relevant categories without animal use.
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Modelo experimental alternativo de inducio de inflamagao

em larvas de Zophobas morio (COL041)
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Resumo

O crescente apelo por métodos experimentais alternativos ao uso de animais vem
de encontro ao panorama internacional que fomenta e privilegia o principio dos
“3Rs” (Reduction, Refinement and Replacement); recomendando que mamiferos
quando possivel devem ser substituidos por animais com sistema nervoso menos
desenvolvido, como invertebrados. Diante disso, a utilizagio de larvas de Zophobas
morio se torna uma alternativa promissora em pesquisas experimentais, visto que o
sistema imune tem similaridades com dos mamiferos. Foram utilizados 18 grupos
(n=18) de larvas de Z. morio, e inoculagio de 10ul de solugio carragenina (0,5%);
dexametasona (25pg/mL) e salina a 0,9%; nos tempos: 30min, 60min, 120min,
24h, 48h e 72h. A linfa foi extraida e analisada por microscopia para contagem de
hemécitos. O perfil inflamatério foi determinado pelo quantitativo de hemécitos
presentes nas amostras de linfa. Os grupos tratados com carragenina apresentaram
valores médios (hemécitos/mL): 1458+671; 2467+321; 3158+1644; 7292+152;
8125+1426; 2080849571, nos respectivos periodos de tempo supracitados. J4 os
grupos tratados com dexametasona apresentaram médias: 2017+428; 792+215;
1142+232; 8754+499; 617+76; 4783+614, enquanto os grupos tratados com salina
apresentaram médias: 2525+888; 3775+895; 3208+842; 2342+893; 30084232
e 2767+52. A anilise estatistica por ANOVA de duas vias revelou significAncia
( p<0,0001) na interagio entre tratamentos e periodos de tempo. Em suma, verifi-
cou-se que a carragenina atuou como agente inflamatdrio, aumentando a quantidade
de hemdcitos nas larvas ao longo do tempo. Nos grupos de larvas tratados com dexa-

metasona, houve redugio esperada nas células de defesa, enquanto o grupo tratado
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com solucio salina nao mostrou alteracdes na contagem de hemécitos. Conclui-se
que a carragenina foi capaz de induzir inflamagio nas larvas, diferentemente de
dexametasona e salina que apresentaram diminui¢io e manutengio na contagem de
hemdcitos, respectivamente. Com isso, verifica-se que o experimento se encontra

apto a ser testado frente a novas substincias.
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alternativo para estudiar la patogenicidad de Candidas auris
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Resumen

Candida anris es un hongo multirresistente que representa una amenaza Signiﬁcativa
para pacientes inmunocomprometidos y puede causar brotes en entornos hospital-
arios. Los estudios in vivo son esenciales para comprender la patogenicidad y la resis-
tencia antiftngica de C. anris. Tenebrio molitor es un modelo de infeccidn ventajoso
por ser facil de criar en laboratorio, tener un sistema inmunoldgico bien caracter-
izado y permitir estudios de patogenicidad y respuesta inmune con costos relativa-
mente bajos comparados con otros modelos. Este estudio investigé el potencial de
la larva de Tenebrio molitor como modelo alternativo para estudiar los mecanismos de
patogenicidad y virulencia de C. auris. Se utilizaron nueve cepas diferentes de C. auris
de varias regiones: C. auris CBS 10913, C. anris Venezuela 150/23, C. auris Sudé-
frica 155/23, C. auris Londres 156/23, C. auris Paises Bajos 157/23, C. auris Kuwait
158/23, C. anris Corea 159/23, C. auris Espana 160/23 y C. auris Omén 161/23. Los
experimentos incluyeron pruebas de supervivencia en larvas inoculadas con 1x10*%
1x10°y 1x10° de la cepa estindar, evaluacién de la produccién de biofilm, examen
de melanizacién, recuento de colonias para determinar la carga tisular, andlisis
histopatolégico y comparacién de la virulencia de las diferentes cepas. Los resultados
mostraron que la tasa de mortalidad de las larvas de T. mo/itoraumenté con la concen-
tracion del indculo de C. anris, presentando diferencias significativas en comparacion
con el grupo de control con PBS. En cuanto a la virulencia, las cepas de Kuwait,
Omain y Londres causaron mayor mortalidad en las larvas, con tasas de 100%, 93%
y 87%, respectivamente, 24 horas después de la infeccion. Todas las cepas analizadas
demostraron capacidad de formacién de biofilm, con variaciones de virulencia entre
los aislados de diferentes regiones geogréficas. El analisis histopatolégico confirmé
la invasion de los tejidos larvales por C. anris. Ademds, se observd un aumento en la
melanizacion de las larvas infectadas, lo que indica la activacién del sistema inmu-

nolégico del insecto. Estos resultados destacan la eficacia de los modelos de inverte-
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brados para evaluar la patogenicidad de C. auris y proporcionan informacién valiosa
sobre la interaccién patdgeno-hospedador y la virulencia de este hongo emergente.
Este estudio contribuye a la comprensién de la infeccién por C. aurisy puede ayudar

en el desarrollo de terapias més eficaces contra esta grave patologfa.
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Evaluacidn iz vitro de la seguridad biolégica de productos
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Alejandra Acosta Peldez '*, Ana Marfa Lépez Villamizar 2, Daniel Felipe Pinilla Arroyo 2,
Rubén Dario Godoy Silva %, Ana Isabel Ramos Murillo !

! ntek Group SAS - SafeLab, Bogotd, Colombia. *Correo electrénico: alacostape.w@gmail.com

? Departamento de Ingenieria Quimica, Universidad Nacional de Colombia, Bogota.

Resumen

Convencionalmente, se han usado modelos animales para evaluar la seguridad de
productos quimicos con el fin de determinar efectos adversos para los humanos. Sin
embargo, el dilema ético detrds de estas practicas de experimentacion ha resaltado la
necesidad de desarrollar alternativas que reduzcan en lo posible el testeo en animales.
Se ha abordado esta problematica mediante la implementacién de ensayos 77 vitro en
cultivos celulares, basados en la medicion de la actividad metabdlica de las células
tras el contacto con la muestra cuya reactividad se desea evaluar, con la intencién
de reemplazar ensayos de Draize realizadas 7 vivo para evaluar irritacién dérmica,
ademids de estudios de toxicidad aguda. Estas medidas han representado diversas
oportunidades de mejora para la estandarizacién de estos protocolos, incluyendo:
la insolubilidad de muestras en soluciones acuosas y la reactividad de muestras con
MTT. Se empled lalinea celular CCL-1 NTCN clon 929 para realizar los ensayos de
citotoxicidad de contacto directo e indirecto con la muestra, utilizando los reactivos
MTT (bromuro de 3-(3,4-dimetiltiazol-2-il)-2,5-difeniltetrazolio) y resazurina para
observar la actividad metabdlica de las células como marcador de viabilidad celular.
Se concluyé que es mds conveniente emplear resazurina en lugar de MTT en casos
donde el reactivo requiere lectura de absorbancia, pues el pigmento de trazas de la
muestra interfiere con los valores de absorbancia del formazén producto del MTT
metabolizado, mientras que el producto obtenido de la resazurina al ser medido por
fluorescencia reduce este error, sin mencionar que el MTT es mds reactivo con las
muestras para el tiempo en el que se hace la lectura. Por otra parte, es mas favorable
el uso de MTT en pruebas cualitativas de citotoxicidad por contacto indirecto, ya
que al formar cristales insolubles permite observar el halo de reactividad a través del
agar. Adicionalmente, se hall6 un posible abordaje para evaluar la citotoxicidad de
muestras insolubles en medios acuosos, obteniendo aproximaciones del grado de
citotoxicidad con “extractos” de las muestras, pues representaba una dificultad no
poder preparar diluciones de la muestra en medio de cultivo sin la separacién en dos

fases imposibilitando el contacto entre las células y la muestra.
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Potencial sensibilizante dérmico de formulaciones cosméticas
empleando KeratinoSens™ (COL006)

Liseth Yamile Diaz Rojas

Belcorp. Correo electrénico: lisethydiaz@belcorp.biz

Resumen

La valoracién del potencial sensibilizante de moléculas y formulaciones resulta de
gran importancia durante el proceso de evaluacion de seguridad de productos en
la industria cosmética, ya que se trabaja con formulaciones complejas y no es facil
la determinacién del potencial sensibilizante final mediante métodos 7 silico. Esta
observacion se hace especialmente relevante cuando se trata de productos con filtros
solares de origen organico, los cuales dada su naturaleza y caracteristicas quimicas
poseen un potencial intrinseco como desencadenantes de dermatitis atdpica por
contacto (DAC). Dichas caracteristicas resultan retadoras cuando se emplean
métodos alternativos de evaluacién en animales tales como KeratinoSens™, ya que
el riesgo real de estas férmulas se puede ver incorrectamente estimado debido a un
disefio experimental equivocado. Hemos implementado una modificacién al proto-
colo estandar descrito por la OECD en la gufa TG 422D, que nos permite hacer
una mejor estimacion del riesgo de sensibilizacién dérmica de manera especifica
para formulaciones que contienen filtros solares. Este ajuste metodoldgico facilita la
inclusién de un estdndar interno a las muestras con el objetivo de evaluar los efectos
sinérgicos de las moléculas y los cambios dentro del potencial riesgo como sensibili-
zante cutdneo, enmarcado en la tendencia de que ningtin consumidor utiliza solo un
producto cosmético dentro de sus rutinas de cuidado personal, este hecho aumenta

el riesgo de experimentar eventos adversos por acumulacidn bioldgica.
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Resumen

La adherencia expresada como trabajo de adhesién utilizando formulaciones de
plaguicidas, se ha venido trabajando ampliamente sobre la superficie de las hojas. Sin
embargo, hasta el momento no se ha evaluado sobre la superficie de un insecto utili-
zando bioplaguicidas como producto de control bioldgico y tampoco se han desa-
rrollado modelos 7 vitro de evaluacién. Para la elaboracién de la pelicula se tuvo en
cuenta los 4cidos grasos presentes en la cuticula de las especies de Diatraea saccharalis
y Chloridea virescens. Se elaboraron con fuentes de hidrocarburos (animal, vegetal y
mineral), mediante la técnica casting himedo; se usé una fuente derivada de celu-
losa y plastificante un alcohol. Para su evaluacién se prepararon 18 emulsiones tipo
(con y sin conidios de Beauveria bassiana), desde W/O hasta O/W. Se determiné el
dngulo de contacto mediante el uso de la técnica de gota sésil, tensién superficial
(gota pendante) y se calculé el trabajo de adhesién. Una vez determinado el trabajo
de adhesion tanto sobre las cuticulas de ambos insectos y sobre la pelicula seleccio-
nada para cada insecto se realizé una Correlacién de Pearson. La tension superfi-
cial se encontré en un rango de 33,91 — 41,58 mN/nm para las O/W, mientras que
las W/O entre 22,64 — 39,03 mN/m. Las emulsiones con proporciones de aceite
entre 70% (emulsién tipo 13) y mds del 80% de aceite (emulsién 15 a 18), humec-
taron completamente las cuticulas de las larvas de las 2 especies. Observando que
la presencia de conidios disminuye los 4ngulos de contacto y aumenta el trabajo de
adhesién independientemente del tipo de emulsién. Los valores encontrados sobre
las peliculas desarrolladas se encontraron dentro del rango encontrado sobre las
larvas de las 2 especies, Finalmente, se encontrd una correlacién de 0,69 y 0,66; indi-

cando una nueva alternativa de reemplazo del modelo 77 vivo.
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Bogot4, D. C., Colombia, septiembre 19 de 2024

A los Gobiernos de América Latinay el Caribe,

El Congreso Latinoamericano de Métodos Alternativos al Uso de Animales de Experi-
mentacion (COLAMA) es un espacio que desde 2012 retine a la comunidad cientifica
y al publico en general interesado en reemplazar, reducir y refinar el uso de animales en
diversas dreas de investigacion y educacion.

Los investigadores, estudiantes, profesionales, representantes de la sociedad civil y otros
interesados reunidos en el V COLAMA realizado en Bogotd Colombia entre el 16y 20
de septiembre de 2024, considerando el creciente interés colectivo por la aplicacion de
précticas éticas y humanitarias en los ensayos con animales y también los progresos tec-
noldgicos alcanzados por la ciencia, solicitan a todos los Gobiernos de América Latina
y el Caribe que fomenten el desarrollo de métodos libres de animales para ser utilizados
en la investigacion y la docencia.

Cuando no es posible reemplazar completamente a los animales y necesitan ser utiliza-
dos, debe ser con rigor ético, se deben respetar como seres vivos y se debe garantizar su
bienestar empleando los principios de refinamiento y reduccion.

El estimulo al desarrollo solicitado debe ser entendido en sentido amplio, considerando
los aspectos financieros, de formacion, difusién, investigacién y uso de estos métodos
con el fin de garantizar el respeto a la vida de los animales.

Firman,

Participantes en el Quinto Congreso Latinoamericano de Métodos Alternativos al Uso

de Animales de Experimentacién (V COLAMA).
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NORMAS PARA
PUBLICACION

La Revista Colombiana de Ciencias Qui-
mico Farmacéuticas es editada por el
Departamento de Farmacia de la Uni-
versidad Nacional de Colombia (Sede
Bogotd), con una periodicidad cuatri-
mestral y tiene como objetivo publicar
articulos originales de diversos tépicos re-
lacionados con las ciencias farmacéuticas
como recursos naturales, atencion farma-
céutica, evaluacion clinica y preclinica, y
los relacionados con la industria farma-
céutica, la salud y los medicamentos.

Ademas de articulos completos, la revista
acepta revisiones, comunicaciones bre-
ves y cartas al Editor. Las contribuciones
pueden enviarse en espafol, portugués
o inglés, en letra Times New Roman,
tamafo 12, al correo electrénico rcci-
quifa_fcbog@.unal.edu.co o a través del
sistema QOJS en el sitio web: https://revis-
tas.unal.edu.co/index.php/recquifa.

Todo el material propuesto para publi-
cacion serd revisado por el Comité Edi-
torial, y luego de su aceptacién para
evaluacién, serd sometido a revisién
por pares académicos. Las evaluaciones
recibidas por el Comité Editorial seran
remitidas al autor para que se realicen los
ajustes sugeridos. Los autores tendran un
lapso de tres semanas para responder cada
una de las observaciones, introducir en el
texto las modificaciones del caso y retor-
nar el documento corregido al Comité
Editorial. Después de que los evaluado-
res 0 el Comité Editorial lleven a cabo
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una segunda revisiéon del manuscrito, la
revista comunicard a los autores la deci-
sion sobre la publicacién o no del mismo.
Los manuscritos deberdn acompanarse de
una carta firmada por todos los autores en
la cual se declare que el trabajo es inédito;
es decir, que el articulo ni parte de este ha
sido publicado o estd en via de publica-
cién en otra revista, y en la que se respon-
sabilizan por la informacién publicada.
Se entiende claramente que los trabajos
enviados no estdn siendo considerados
para su publicacién en otros medios.

Criterios para la presentacién de
manuscritos

e La fuente de los manuscritos debe ser
Times New Roman tamano 12.

e No se admiten notas a pie de pagina.
e Titulo, centrado y en mintscula.

o Autor(es) con su respectiva filiacién
institucional y correo electrénico del
autor principal.

e Resumen, Summary o Resumo. Incluye
la justificacién del estudio y los princi-
pales hallazgos y conclusiones, debe
tener entre 50 y 200 palabras. Se debe
incluir el titulo del articulo y el resu-
men en inglés (Summary) indepen-
diente del idioma del manuscrito.

o Keywords (debajo de Summary) y Pala-
bras clave (debajo del Resumen) o Pala-
vras chave (debajo de Resumo). De tres
a seis palabras en minuscula, excepto la
primera, y separadas por coma y espa-
cio. Preferiblemente tomadas del Index
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Medicus
mesh/meshhome.htm).

(http://www.nlm.nih.gov/

e En los manuscritos en espafiol y por-
tugués se empleard la coma (,) como
separador decimal, en inglés se utili-
zard el punto (.).

¢ Losarticulossedividirinenlassiguientes
secciones: Introduccién, Metodologia,
Resultados y Discusién, Conclusiones
(si las hay), Agradecimientos, Conflicto
de intereses y Referencias. Los titulos
deben estar separados por dos espacios
en sus partes superior e inferior, centra-
dos y en negrilla. Los detalles acerca de
la metodologia experimental utilizada
deberdn ser lo suficientemente claros
como para repetir la experimentacion.

e Las tablas deben llevar numeracién
ardbiga de acuerdo con el orden de
aparicién en el texto. El titulo debe ir
en su parte superior y las notas en la
parte inferior. En los encabezamientos
de las columnas se deben anotar los
simbolos de las unidades utilizadas.

o Lasfotografias, grificas, dibujos y esque-
mas se denominan ‘figuras’ y deben
llevar numeracién ardbiga de acuerdo
con el orden de aparicién en el texto. El

titulo debe ir debajo de las figuras.

De otro lado, los articulos relacionados con
experimentacion con animales deben ajus-
tarse plenamente a los lineamientos éticos
trazados por la Organizacién Mundial de
la Salud. Los extractos o fracciones evalua-
dos in vitro o in vivo deben definirse qui-
micamente, cuando menos en cuanto a la

clase de constituyente. EI material vegetal
deberi estar clasificado botdnicamente.

Las abreviaturas de pesos y medidas seran
las indicadas por la Farmacopea de los Esta-
dos Unidos en su edicién oficial o unida-
des SI. Los datos espectroscopicos se deben
presentar de la siguiente manera:

UV A max (solvente €) nm (log ¢€). Ej.:
UV A max (MeOH) 275 (log e 2,94).

IR ¥ max (medio) cm™. Ej.: IR ¥ max
(KBr) 1740, 1720 cm™.

EM m/z (% intensidad relativa). Ej.: em 72/z
(%): 340 (M, 100), 295 (10), 134 (26) ..

RMN 'H (solvente, frecuencia de regis-
tro) 0 ppm (integracién, multiplici-
dad, J en Hz, asignacién). Ej.: RMN 'H
(CDCIL, 400 MHz) 3,84 (1H, 4] = 10,3
Hz, H-30).

RMN BC (solvente, frecuencia de regis-
tro) O ppm (multiplicidad, asignacién).
Ej.. RMN BC (CDCI,, 600 MHz) 16,60
(t, C-12).

Las abreviaturas usadas para describir la
multiplicidad de las sefiales en RMN son:
s = singlete, d = doblete, ¢ = triplete, 72 =
multiplete, dd = doble de dobletes, ddd =
doble de doble de dobletes.

Las abreviaturas para los solventes y
reactivos mds comunmente usados son:
FtOH= etanol, MeOH = metanol,
CI—ICI3 = cloroformo, CH, = benceno,
AcOEt = acetato de etilo, EP = éter de
petréleo, Me,CO = acetona, DMSO =
dimetilsulféxido, AcOH = 4cido acético.
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Se evitara el uso excesivo de tablas y figu-
ras que estardn numeradas y que se ane-
xardn en hojas separadas con su respectiva
descripcién

Referencias en los manuscritos

Las referencias se citardn en el texto con
su respectiva numeracién. Solo se pueden
citar tesis y libros o articulos que hayan
sido publicados. Deben incluir: autor(es),
titulo de la publicacidn, afo, volumen y
paginas, asi:

Revistas: Iniciales del nombre y apellido
completo de todos los autores, titulo
completo del articulo, nombre abreviado
o nombre completo de la revista depen-
diendo si aparece en el Chemical Abstract
o en indices equivalentes. El nombre de la
revista debe ir en letra itdlica, volumen en
negrilla, paginas inicial y final, y afio entre
paréntesis. Ej.:

1. H.P. Baden, L.A. Goldsmith, B.
Fleming, A comparative study
of the physicochemical proper-
ties of human keratinized tissues,
Bioch. Biophys. Acta, 322,269-278
(1973).

Comunicaciones personales: Iniciales
del nombre, apellido completo e institu-
cién, seguido por las palabras comunica-
cién personal y el ano. Ej.:

2. AJM. Leeuwenberg, Agricultural
University, Wageningen, Holanda,
comunicacion personal, 1984.

Libros: Iniciales del nombre y apellido
completo de los autores, titulo del libro
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entre comillas, editorial, ciudad, afo, volu-
men y pagina. Ej.:

3. D.R. Morris, “The Biochemistry
of Disease”, Morris et Marton Eds.,
London, 1981, Vol. 8, p. 223.

Capitulos de libros escritos por varios
autores: Iniciales del nombre y apellido
completo del autor, titulo del capitulo,
seguido de: En: titulo del libro entre
comillas, editores, editorial, ciudad, ano,
volumen, péginas. Ej.:

4. A.D. Elbein, R.J. Molyneux, The
chemistry and biochemistry of sim-
ple indolizidine and related polyhy-
droxy alkaloids. En: “Alkaloids:
Chemical and Biological Perspec-
tives’, Ed. por SW. Pelletier, Wiley,
New York, 1987, Vol. 5, pp. 1-54.

Tesis: Iniciales del nombre y apellido com-
pleto de los autores, #itulo en cursiva, Tesis
de..., institucidn, ciudad, afo, péginas. Ej.:

S.  E Salcedo, Contribucion al estudio
de las Cinchonas colombianas, Tesis
de Grado, Universidad del Valle,
Cali, 1983, pp. 14-16.

Referencias de Internet: Iniciales del
nombre y apellido completo del autor,
titulo del documento, direcciéon URL y
fecha de revision. Ej.:

6.  Lipidat, Lipid thermotropic phase
transition database, Ohio State
University, URL: http://www.lipi-
dat.chemistry.ohio-state.edu, con-
sultado en septiembre de 2001.
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