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SUMMARY

Bixa orellana L. is a native plant from Brazil, but it is also present in other trop-
ical countries such as Peru, Colombia, Ecuador, Mexico, Indonesia, India and East
Africa. It is popularly known as Urucum in Brazil. This review shows the potential
of bioactive compounds derived from B. orellana to treat infectious diseases due
their antimicrobial and antioxidant properties. This plant is also related as an anti-
inflammatory agent for treatment of pulmonary diseases, or even as eye drops for
redness. Its leaves are used for treatment of snakebite, diarrhea, gonorrhea, hepa-
titis, gastritis, diuretic, antipyretic, and for skin disease. This popular knowledge has
encouraged the identification of bioactive compounds in this plant. Compounds

as fB-cryptoxanthin, geranylgeraniol, lutein, procyanidin B2, procyanidin B3, ellagi-
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tannin isomer and ellagic acid deoxyhexose have been described. These compounds
inhibited pathogenic microorganisms such as bacteria, fungi, protozoan and viruses.
In addition, some compounds with anti-inflammatory and antioxidant activities
were also described. In this sense, B. orellana is a promising source of compounds
that could be applied in antimicrobial therapy. This review work may help in the
understanding and incentive of new research for antimicrobial discoveries using
different B. orellana compounds.

Key words: Natural products, antimicrobial activity, human pathogens, phytochem-

ical compounds.

RESUMEN

Compuestos aislados de Bixa orellana: avances basados
en la evidencia para tratar enfermedades infecciosas

Bixa orellana L. es una planta nativa de Brasil, pero también estd presente en otros
paises tropicales como Perti, Colombia, Ecuador, México, Indonesia, India y Africa
Oriental. Es conocida popularmente como Urucum en Brasil. Esta revision expone
el potencial de los compuestos bioactivos derivados de B. orellana para tratar enfer-
medades debido a sus propiedades antimicrobianas y antioxidantes. Esta planta
también estd relacionada como un agente antiinflamatorio para el tratamiento de
enfermedades pulmonares ¢ incluso como gotas para los ojos para el enrojecimiento.
Sus hojas se utilizan para el tratamiento de la mordedura de serpiente, diarrea, gono-
rrea, hepatitis, gastritis, diuréticos, antipiréticos y para enfermedades de la piel. Ese
conocimiento popular ha fomentado la identificacién de compuestos bioactivos en
esa planta. Los compuestos f3-criptoxantina, geranilgeraniol, luteina, procianidina
B2, procianidina B3, isémero elagitanino y 4cido eldgico desoxihexosa inhibieron
microorganismos patégenos como bacterias, hongos, protozoos y virus. En ese
sentido, B. orellana es una fuente prometedora de compuestos que podrian aplicarse
en la terapia antimicrobiana. Este trabajo de revision puede ayudar a comprender e
incentivar nuevas investigaciones para los descubrimientos de antimicrobianos que

utilizan diferentes compuestos de B. orellana.

Palabras clave: Productos naturales, actividad antimicrobiana, patdgenos humanos, com-

puestos ﬁtoquimicos.

INTRODUCTION

582



Compounds from Bixa Orellana to treat infectious discases

Bixa orellana L. is a plant native to Brazil, but it is also present in other tropical coun-
tries such as Peru, Columbia, Ecuador, Mexico, Indonesia, India and Fast Africa [1-3].
It is popularly named as “Urucum” in Brazil and “Annatto in United States of America
[2]. B. orellana is a tree that has between 3 and 10 meters of height, being more often
found of 3 to 5 meters, has the thin trunk with approximately 30 cm of diameter with
dark coloration. Its leaves have on average 15 cm in length, with 5 to 10 cm of width,
fine with green coloration [4, 5].

The seeds measure around 0.3 to 0.5 cm in length with an approximate diameter of 0.3
cm and often they have a conical shape with an elongated base [5, 6]. Seeds are rich in
carotenoids and are source of a natural dye with low toxicity [7, 8]. In this sense, the
seeds are considered the most important commercial part of the plant due their indus-
trial applications for production of fabrics and cosmetics [5, 9].

B. orellana is widely used in folk medicine to treat different pathologies. For example,
the tea seeds are often used as a laxative, cardiac tonic, hypotensive, expectorant, anti-
microbial agent and sometimes used as an anti-inflammatory formulation for treat-
ment of pulmonary diseases such as bronchitis. Products derived from seeds is also
used as eye drops for redness [2]. Its leaves are used for treatment of snakebite [10],
diarrhea, gonorrhea, [11], hepatitis [2], gastritis [12], diuretic, antipyretic, and for
skin problems [2]. These reports have encouraged other studies to provide scientific
evidences to the ethnopharmacological knowledge and also in order to identify and
isolate the active(s) substance(s).

Herein, we provided a review about the compounds with antimicrobial activity
obtained from B. orellana. The articles were searched on Pubmed database (1998 to
March 2019) scientific articles. Search terms were: ‘B. orellana’, ‘antimicrobial activity’
and ‘antibacterial. An exhaustive literature search was performed, but only urucum
extracts and isolated compounds with positive results were included. This review was
made due to the recent increase in published articles regarding B. orellana, as well
as the increase in the number of publications in this regard.

COMPOUNDS OF SEED WITH ANTIMICROBIAL ACTIVITY

The phytochemical compounds of the B. orellana seeds were described in the litera-
ture by Galindo-Cuspinera and Rankin (2005) [13]. After the discovery of these com-
pounds they were studied for their antimicrobial activity [14-18]. The compounds of
B. orellana seeds that exhibit some antimicrobial activity according to the literature are
described below. The chemical structure of the compounds can be visualized in table 1.

Table 1. Antimicrobial activity of phytochemical compounds isolated from the seeds and leaves
from B. orellana extract.
583
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Part of
the plant

Compound

Molecular structure

Antimicrobial
activity

Reference

Seeds

Cryptoxanthin

Staphylococcus
aureus,
Staphylococcus
epidermidis,
Salmonella
typhimurium,
Proteus vulgaris

Findlay and Patil
[15]

Geranylgeraniol

Mycobacterium
tuberculosis

Vik et al. [16]

Leishmania
aAMmazonensis

Lopes ez al. [22]
Vik et al. [16]

Mycobacterium
tuberculosis

Montero et al.

[29]

Lutein

Listeria
monocytogenes,

Liuetal [17]

Aspergillus
niger,
Trichophyton
mentagrophytes,
Candida

albicans

Ragasa et al. [33)]
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Table 1. Antimicrobial activity of phytochemical compounds isolated from the seeds and leaves

from B. orellana extract.

Parc of Compound Molecular structure Antlm.lc'roblal Reference
the plant activity
Porphyromonas | Schmuch ez al.
gingivalis (30]
Procyanidin B2
Influenza virus Yanger al. [34]
v Lik et al. []
s Staphylococcus Wang et al. []
Procyanidin B3 aureus Liuezal. [17]
Leaves Ell'fxgltanmn Eschevichia coli Voravuthikunchai
isomer etal [31]
H. (0]
"
o
‘ Escherichia coli,
Ellagic acid 0] Staphylococcus
deoxvhexose L aureus, Raga et al. [32]
Y Pseudomonas
aeruginosa
¢
H
(0]
H
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COMPOUNDS OF LEAVES WITH ANTIMICROBIAL ACTIVITY

The phytochemical profile of the leaves of B. Orellana was evaluated and it presented
the following compounds: Procyanidin B-2, Procyanidin B-3, Granatin B, Neostric-
tinin, Ellagirannin isomer, kaempferol-3-O-3-D-6-(p-coumaroyl) glucopyranoside,
ellagic acid glucoside, kaempferol-3-O-D-glucoside, ellagic acid deoxyhexose [19].
The following are listed which of these compounds present antimicrobial activity
according to the literature. The chemical structure of the compounds can be visualized
in table 1.

Activity against protozoan
Crude extract

Leishmaniasis is a neglected tropical disease caused by Leishmania protozoa. There is
currently no vaccine against leishmaniasis, and chemotherapy remains the only effec-
tive control. Some research on plants has shown a successful approach to obtain new
antileishmanial alternatives. Herein, the iz vitro and in vivo effects of the essential oil
from B. orellana seeds against Leishmania amazonensis were evaluated. The oil showed
activity against intracellular amastigote form (IC50 =8.5 pug/mL), while the cytotoxic
concentration was sevenfold higher for the host cells. The ability of Bixa oil to con-
trol disease progression of established cutaneous leishmaniasis in BALB/c mice was
demonstrated, after a treatment with 30 mg/kg by intraperitoneal administration over
14 days [20]. Other study performed with Leishmania amazonenses was demonstrated
similar results[21].

Geranylgeraniol

Lopes ez al., (2012) demonstrated the activity of geranylgeraniol, the major bioactive
constituent from seeds of B. orellana, against L. amazonensis. Geranylgeraniol was iden-
tified through (1)H and (13)C nuclear magnetic resonance imaging and DEPT. The
compound inhibited the promastigote and intracellular amastigote forms, with IC (50)
of 11 + 1.0 and 17.5 + 0.7 ug/mL, respectively. This compound was also more toxic to
parasites than to macrophages and did not cause lysis in human blood cells [22].

Activity against bacteria

Several studies provide scientific evidences about the action of B. orellana crude extracts
against different bacteria. These extracts were obtained from both seeds [2, 23-26] and
leaves [27], against bacteria of different species. Among the species of bacteria described
in the literature are: methicillin-resistant Staphylococcus anrens (MRSA) (23, 25, 27];
Bacillus cereus[24,25); Escherichiacoli[24,27]; Streptococcus thermophilus, Lactobacillus
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casei subsp. casei, Lactococcus lactis, Paenibacillus polymyxa; Clostridium perfringens
(25]; Bacillus subtilis; Streptococcus pyogenes; Salmonella typhi; Pseudomonas aeroginosa
[27]; Mycobacterium abscessus subsp. massiliense [19].

Crude extract

As mentioned above, the seeds of B. orellana is used to prepare tea and infusions for
treatment of infections due their antimicrobial and anti-inflammatory activities [2]. In
this sense, crude extracts and essential oils were targets of some studies to prove their
pharmacological potential. The hydroalcoholic extract of B. orellana seeds was able to
inhibit the growth of bacteria: S. thermophilus, Lactobacillus casei subsp. casei, L. lactis,
and P polymyxa, microorganisms of significance in food fermentation, food preserva-
tion, and human health [25].

Another research has also demonstrated the activity of the essential oil of B. orellana
against other species of pathogenic bacteria. In this work the MIC of the hidroal-
colic extract was evaluated, the different bacteria and their respective MICs are listed
below: B. cereus (MIC: 0.08 ug/mL); C. perfringens (MIC: 0.31 ug/mL) [24]. In other
study carried out in Nigeria, the antimicrobial activity of extract of B. orellana seeds
and Piper Guinean fruit extract was evaluated, demonstrating antimicrobial activity
against Pseudomonas aeruginosa UCH 655 strain at 5 mg/mL [26].

Research developed iz vitro evaluating the antimicrobial activity of medicinal plants
used in Colombia, showed the activity of the hydroalcoholic extract of seeds of B. orel-
lana against bacteria causing non-nosocomial infections. These results demonstrate a
minimum inhibitory concentration (MIC) was 0.8 pg/mL against E. coli and also a
MIC was 0.2 pg/mL against B. cereus, which were lower than the values found for
other plants tested in this study [24].

The high antimicrobial potential of extracts obtained from B. orellana promoted other
research in order to endorse the biotechnological applications of them. An interest-
ing work demonstrated B. orellana seeds powder could maintain the physicochemical
properties of pork patties. This effect was related to the antioxidant and antimicrobial
abilities of B. orellana seeds. The authors reported that the meat exposed to B. orel-
lana seeds powder lower microbial counts for Enterobacteriaceae than control group.
Therefore, B. orellana seed powder might be a good source of natural antioxidants for
the production of meat products [28].

In other study, with tocotrienols from hydroalcoholic extract of B. orellana seeds was
shown as an effective agent against MRSA in experimental infection model using
BALB/c mice. In this work the bacteria were inoculated by subcutaneous injection, at
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a concentration of 5x10° CFU per animal. The results demonstrate a significant delay
in the growth of MRSA in mice treated with B. orellana seed extract in contrast to the
infected and untreated group [23]. The authors also reported the extract improved
the iz vivo activity of daptomycin in the treatment of MRSA infection [23].

The hydroalcoholic extract (BoHE) and the ethyl acetate fraction (BoEA) from
B. orellana leaves also showed activity against pathogenic bacteria [19, 27]. The action
of leaves extracts against infection by fast growing mycobacteria (RGM), specifically
Mycobacterium abscessus subsp. massiliense. The MIC of the extract against M. abscessus
was obtained resulting in 2.34 mg/mL for BoHE and 0.39 mg/mL for BoEA. When
comparing the cytotoxicity also evaluated in this work, the result of the Selective Index
0f 19.8 for BoEA and 3.2 for BoHE was obtained. This shows an important antimicro-
bial activity for this mycobacterium [19].

Other studies using the ethanolic extract of the leaves of B. orellana were carried out
with the purpose of evaluating the antimicrobial activity through observation of the
colonies growth. These works demonstrated good activity of the extract against

the bacteria: B. subtilis, S. aureus, S. pyogenes, S. tythi, P. aeruginosa and E. coli [27].

B-cryptoxanthin

Cryptoxanthin is not a unique compound of B. orellana seeds, it can also be found
in other plant species, such as Navicula delognei L. [15]. The main activities of
B-cryptoxanthin as described in figure 1a. The evaluations of the antimicrobial activity
of cryptoxanthin from N. delognei were performed by the same author, and demon-
strated an important antibacterial activity against Staphylococcus aureus, Staphylococcus
epidermidis, Salmonella typhimurium, and Proteus vulgaris through the evaluation of
zone of inhibition [15].

Geranylgeraniol

Geranylgeraniol is a compound of the terpenes family. This was evaluated for its anti-
microbial activity against Mycobacterium tuberculosis in vitro. For this, their capacity to
inhibit pathogen growth was evaluated, which resulted in a MIC of 1.56 pg/mL, show-
ing its capacity as a growth inhibitor of M. tuberculosis [16]. Other studies shown that
geranylgeraniol regulates negatively caspase-1 implication in the Th1 response against
Mycobacterium tuberculosis [29).

Lutein

Lutein is a small natural molecule present in fruits and vegetables that demonstrates
good activity as an inhibitor of listeriolysin-O-oligomerization (LLO), an important
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virulence factor of the bacteria Listeria monocytogenes. It is in vitro and in vivo activity
against L. monocytogenes bacteria was evaluated. The results demonstrate a significant
reduction in bacterial growth as well as an important specificity for the bacteria, show-
ing no toxicity to BALB/c mice [17].

Procyanidin B2

Procyanidin B2 is not a compost exclusive of B. orellana leaves, it is also present
in other plant species, such as Rumex acetosa L. The antimicrobial activity of procy-
anidin B2 of R. acetosa was evaluated against Porphyromonas gingivalis, an important
pathogen causing gingivitis as well as other systemic infections. The results demon-
strate a bacteriostatic effect against the colonization of this bacterium, as well as the
loss of the adhesion capacity of the bacteria in vitro [30].

Procyanidin B3

Procyanidin B3 is not a compound exclusive of B. orellana leaves. It is also present
in the flowers of Rbododendron formosanum. Its bactericidal activity was evaluated
against S. aureus infections. Their results showed a MIC of 4 pg/mL, in addition to an
important antioxidant activity [17].

Ellagitannin isomer

Ellagitannin isomer is a compound present in several plant species, among them
B. orellanaleaves [19] and Quercus infectoria [31]. The antimicrobial activity of ellagi-
tannin isomer was evaluated in mice infected with E. co/i. The results of this study dem-
onstrate an important reduction of the microbial load in comparison with the control
group, as well as activity as renal protector [31].

Ellagic acid deoxybexose

Ellagic acid deoxyhexose is a sesquiterpenes present in leaves of B. orellana that has
activities of gastric, analgesic, hypoglycemic and antimicrobial protector, being proven
to inhibit the growth of E. coli; S. aureus and P, aeruginosa [32].

Activity against fungi
Lutein

Blumea balsamiferaleaves similar to B. orellana seeds also have Lutein in their composi-
tion. In evaluating the antifungal activity of B. balsamifera compounds, the fungistatic
action of lutein resulted in low growth of Aspergillus niger, Trichophyton mentagro-

phytes, and Candida albicans [33].
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Activity against viruses
Procyanidin B2

Influenza poses a particular risk of severe outcomes in the elderly, the very young and
those with underlying diseases. Tea polyphenols are the natural phenolic compounds
in teas, and principally consist of catechins, proanthocyanidins, flavonols, and the
aflavins, which antiviral activities have been reported recently. Some studies shown a
significantly damage in viral structures and antiviral activity of procyanidin B2 [34, 35].

Lutein

Despite the availability of an effective vaccine, the hepatitis B virus (HBV) infection
and its treatment remains one of the foremost public health problems in the world.
The anti-HBV activity of lutein 77 vitro was investigated. The antiviral activity of lutein
was examined by detecting the levels of HBsAg, HBeAg and extracellular HBV DNA
in stable HBV-producing human hepatoblastoma HepG2 2.2.15 cells. It was found
that lutein effectively suppressed the secretion of HBsAg from HepG2 2.2.15 cells in
a dose-dependent manner, and it also suppressed the amount of extracellular HBV

DNA [36].
Anti-inflammatory and immunomodulation activity

Crude extract

Some studies shown an important anti-inflammatory activity against acute and chronic
inflammations in rats. Acute inflammatory reactions induced in rats paws by carra-
geenan, histamine, serotonin, and bradykinin were all inhibited by the oral adminis-
tration of 50 and 150 mg/Kg of B. orellana leaves extract. In the same study chronic
inflammation was induced and treated with B. orellana extracts when administered
150 mg/Kg of extract [25]. It was confirmed four years later by Keong ez 4/. [37], in
their research was evaluated the anti-inflammatory effects of B. orellana in rats with
edema induced by bradykynin. In that study Bixa leaf extract shown a significantly
suppressed the inflammatory markers. The extract also decreased nitric oxide produc-
tion, indicating that the anti-inflammatory effect may be related to a reduction in reac-
tive oxygen species [37, 38]. The antioxidant and free radical scavenging activities of
extracts of Bixa leaves were also demonstrated by several authors [38, 39].

Yong ¢t al. evaluated the anti-inflammatory activities of aqueous extract of B. orellana
leaves and its possible mechanisms in animal models. The anti-inflamatory activity
of the extract was evaluated using serotonin-induced rat edema, increased peritoneal
vascular permeability, and evaluation of leukocyte infiltrations. Was evaluated the
nitric oxide (NO) production, as well the vascular growth endothelial growth factor
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(VEGF). That research showed the anti-inflammatory activity of B. orellana extract,
indicated by the suppression of increased vascular permeability and leukocyte infiltra-
tion. The authors concluded the inhibition of these inflammatory events are probably

mediated via inhibition of NO and VEGF formation and release [40]

B-cryptoxanthin

The anti-inflammatory activity from cryptoxanthin was evaluated in mice with nonal-
coholic steatohepatitis. That study evaluated the anti-inflammatory effects on lipopoly-
saccharide (LPS)-induced inflammation in mice. The results showed that significantly
inhibited LPS-induced decreases in cell viability and in the percentage of apoptotic
cells. The same study shown an up-regulation of tumor necrosis factor-a (TNF-a),
interleukin-10 (IL-10), interleukin-6 (IL-6) and interleukin-18 (IL-18) in Sertoli cells,

and down-regulation of NF-kB resulting in suppression of inflammation [17].

Other studies shown an immunomodulation action, being a significantly increase
IFN-g production and NK cytotoxic activity in human KHTG-1 natural killers (NK)
cells [41] and KHYG-1 NK cells [42]. Studies performed in rabbits shown an impor-

tant increase to CD4* lymphocytes count and humoral immunity [43].

The antioxidant activity of B-cryptoxanthin was evaluated in non-alcoholic fatty liver
disease by several authors [44-47]. That’s studies shown an important reduction in
lipogenesis 3-oxidation [48-50], and reduction in lipid peroxidation [48, 51] showing a
protective response in steatohepatitis and cirrhosis. In addition that compound shown an
influence in macrophage polarization, increasing the polarization for macrophages M2,
and reducing the polarization for macrophages M1 [9]. For more information on the
antioxidant activity of B-cryptoxanthin we recommended the review of Niez 4. [17].

Geranylgeraniol

The anti-inflammatory activity of geranylgeraniol was evaluated by Giriwono ez /. In
that study rats were fed a diet supplemented with or without geranylgeraniol for 10
days. Then, these animals were submitted to intraperitoneal injection of 0.5 mg/Kg
LPS or vehicle. The results shown that animals with supplementation demonstrated a
significantly suppression of NF-kB in liver. The authors concluded the supplementa-
tion with geranylgeraniol was sufficient to inhibit inflammation in liver [52, 53].

In other study, geranylgeraniol isolated from fruit oil of Prerodon pubescens was evalu-
ated in rabbits. That shown a significantly inhibition of platelets aggregation induced
by U-46619 and thrombin, associated with the fruit oil and geranylgeraniol suppres-
sion of prostaglandin E, and thromboxane A,. That demonstrate the geranylgeraniol
was involved in the metabolization by inhibiting the cyclooxygenase enzyme [54]. In a
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study performed by Silva ez al., the evaluation of efficacy of encapsulated geranylgeraniol
shown an important antioxidant activity [55]. The main activities of geranylgeraniol are

described in figure 1b.

Lutein

In a study performed by Karakurt ez 4/, rats with induced retinal injury was submitted
by treatment with lutein. In that study was observed a statistical significantly higher
(p<0.001) reduction of IL-13 and TNF-¢ levels in animals submitted by lutein, in
addition was observed the antioxidant activity [56, 57]. Some studies shown an anti-
oxidant activity[58-60]. Other several studies shown that lutein was an important
anti-inflammatory activity [58, 60-62].

Tan et al. investigated the effect of lutein against severe traumatic brain injury (STBI)
and examined the mechanism of this protective effect. In that study was observed that
a treatment with lutein effectively down-regulated the expression of NF-xB p65 and
cyclooxygenase-2 (COX-2), intercellular adhesion molecule (ICAM)-1 protein,
and upregulated nuclear factor erythroid 2 like 2 (Nrf-2) and endothelin-1 protein
levels in STBI rats. These findings demonstrated that lutein protects against STBI it
has anti-inflammation and antioxidative effects and alters ICAM-1/Nrf-2 expression,

which may be a novel therapeutic for STBI the clinic [18].

Other study evaluated the effects of lutein and conjugated linoleic acid (CLA) on
growth performance and immune response of broiler chickens were evaluated in the
presence and absence of Salmonella lipopolysaccharide (LPS) immune challenge. That
study shown that CLA decreased broiler chicken growth performance, but lutein could
prevent this negative effect (depending on CLA dose). Lutein had an anti-inflamma-
tory effect, and a 2% CLA supplementation improved the humoral immune response
[63]. The main activities of geranylgeraniol were described in figure 1c.

Procyanidin B2

Procyanidin B2 shown a significantly reduction in NF-kB and decrease of TNF-,
IL-6 and IL-10. Other studies shown a significantly antioxidant activity [64, 65].

CONCLUSION

Bixa orellana is a plant present in Latin America, mainly in tropical regions, with
important antimicrobial capacity. It possesses activity against both gram-negative
and gram-positive bacteria. In addition, to activity against BAAR bacteria such as M.
tuberculosis, M. abscessus and human pathogenic bacteria. Therefore, it is an important
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Figure 1. Compounds pharmacological activities: a) §-cryptoxanthin; b) geranylgeraniol; ¢) lutein.

target of future studies, since it can represent an important advance in the treatment
of bacterial infections. This becomes important as it opens up the possibility of treating
bacteria resistant to commercial antibiotics. We believe that this review work may help
in the understanding and incentive of new research for antimicrobial discoveries using
different B. orellana compounds. Facilitating scientific development.
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Resumo

A PEGuilagio, reagio quimica de conjugagio com a molécula de polietilenoglicol
(PEG) ou polietilenoglicol metil éter (mPEG), tem sido amplamente aplicada pelas
industrias farmacéuticas como estratégia de melhoria das propriedades farmaco-
cinéticas de compostos bioativos. O PEG ¢ um polimero que possui um esqueleto
de poliéter quimicamente inerte ¢ que apresenta grupos hidroxilas (-OH) em suas
extremidades. Assim, o PEG para tornar-se apto como reagente de conjugagio deve
ser ativado com um grupo funcional que seja reativo. Nesse sentido, a bromoaceti-
lagdo apresenta-se como uma alternativa para a funcionalizagio do PEG. Portanto,
nesse trabalho objetivamos descrever em detalhes os procedimentos e o mecanismo
de reacio envolvida na funcionalizagio do mPEG, através da reacio de bromoaceti-
lagao. Além do mais, estudamos a aplicagio do MALDI-ToF para a caracterizag¢io do
produto ativado. Apés a bromoacetilagao, por um procedimento adaptado, obteve-
se o bromoacetil-mPEG-éster, com rendimento bruto de 56,78%. Analises poste-
riores, por espectrometria de massas por MALDI-ToF, possibilitaram identificar
e caracterizar o produto bromoacetilado. Entre as condi¢ées de reacao, o controle
de temperatura (-10 °C a 0 °C) mostrou-se eficaz favorecendo a adicio nucleofilica
essencial a bromoacetilagio. Assim, concluimos que o controle da baixa temperatura
reacional ¢ um fator chave para o favorecimento da adicio nucleofilica a carbonila
e, portanto, essencial na obtengio do mPEG funcionalizado via bromoacetilacio.
Estudos posteriores serdo necessarios, no entanto, para confirmar se o mPEG esteri-
ficado, nessas condigoes, poderd ser utilizado na conjugagio com moléculas de natu-
reza proteica ou peptidica, por meio de substitui¢ao nucleofilica bimolecular.

Palavras-chaves: Polietilenoglicol (PEG), PEGuilagio, bromoacetilagio, adigio
nucleofilica.
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SUMMARY

Poly(ethylene glycol) methyl ether functionalization by
bromoacetylation reaction: Activation, characterization by
MALDI-TOF and reaction mechanism

PEGylation, a chemical reaction of conjugation with the polyethylene glycol mole-
cule (PEG), has been widely applied by the pharmaceutical industries as a strategy to
improve the pharmacokinetic properties of bioactive compounds. PEG is a polymer
that hasa chemically inert polyether backbone and hydroxyl groups (-OH) atits ends.
Thus, PEG to become fit as a reagent for conjugation must be activated with a func-
tional group that is reactive. In this sense, bromoacetylation presents itself as an alter-
native for the functionalization of PEG. Therefore, in this study we aim to describe
in detail the procedures and reaction mechanism involved in the functionalization
of mPEG through the bromoacetylation reaction. In addition, we used the spectro-
metric technique, by MALDI-ToF, for the characterization of the activated product.
After applying an adapted bromoacetylation procedure, bromoacetyl-mPEG-ester
was obtained with a yield of 56.78%. Subsequent analyzes of MALDI-ToF mass
spectrometry were able to correctly identify and characterize the bromoacety-
lated product. Among the reaction conditions, temperature control (from -10 °C
to 0 °C) was effective in favoring the essential nucleophilic addition to bromoacety-
lation. Thus, we conclude that the control of the low reaction temperature is a key
factor in favoring the nucleophilic addition to carbonyl and, therefore, obtaining a
favorable conversion to functionalized PEG via bromoacetylation. Further studies,
however, will be necessary to confirm whether PEG esterified with these conditions
can be used in conjunction with molecules of a protein or peptide nature by means

of bimolecular nucleophilic substitution.

Keywords: polyethylene glycol (PEG), PEGylation, bromoacetylation, nucleophilic
addition.

RESUMEN

Funcionalizacién de polietilenglicol metil éter mediante
reaccién de bromoacetilacion: activacién, caracterizacién

por MALDI-TOF y mecanismo de reaccion

La PEGilaci6n, una reaccién quimica de conjugacion con la molécula de polieti-
lenglicol (PEG), ha sido ampliamente aplicada por las industrias farmacéuticas como

una estrategia para mejorar las propiedades farmacocinéticas de los compuestos
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bioactivos. El PEG es un polimero formado por un esqueleto de poliéter quimica-
mente inerte con grupos hidroxilo (-OH) en sus extremos. Por lo tanto, para usar
el PEG como reactivo de conjugacion debe activarse con un grupo funcional que
sea reactivo. En este sentido, la bromoacetilacion es una alternativa para la funcio-
nalizacién de PEG. De esta manera, en este trabajo nuestro objetivo es describir en
detalle los procedimientos y el mecanismo de reaccién involucrados en la funciona-
lizacién de PEG a través de la reaccidn de bromoacetilacion. Ademais, estudiamos la
aplicacién de MALDI-ToF para la caracterizacién del producto activado. Después
de aplicar un procedimiento de bromoacetilacién adaptado, se obtuvo bromoacetil-
mPEG-éster con un rendimiento bruto de 56,78%. Los anlisis posteriores de espec-
trometria de masas por MALDI-ToF pudieron identificar y caracterizar correcta-
mente el producto bromoacetilado. Entre las condiciones de reaccién, el control
de la temperatura (desde -10 °C hasta 0 °C) fue eficaz para favorecer la adiciéon
nucleofilica esencial a la bromoacetilacién. Asi, concluimos que el control de la baja
temperatura de reaccién es un factor clave para favorecer la adicién nucleofilica al
carbonilo y, por lo tanto, esencial para obtener el mPEG funcionalizado mediante
la bromoacetilacién. Sin embargo, serdn necesarios més estudios para confirmar si el
mPEG esterificado en estas condiciones puede usarse junto con moléculas de natura-

leza proteica o peptidica por medio de la sustitucién nucledfila bimolecular.

Palabras clave: Polietilenglicol (PEG), pegilacién, bromoacetilacién, adicién nu-

cleofilica.

INTRODUCGAO

A prospecgio de novas moléculas com potencial efeito terapéutico, frente a diversas
doengas na atualidade se faz necessaria, em resposta a demanda por tratamentos mais
inovadores, seguros e efetivos [1]. Assim, para que tais moléculas se viabilizem como
firmacos, sao necessdrias etapas de avaliacio de suas viabilidades de aplicacio terapéu-
tica, dentre as quais se destaca o delineamento farmacocinético, que aponta fatores
associados A absorcio, distribuicio, metabolismo, excre¢io e toxicidade (ADMET)
destes potenciais agentes terapéuticos [2]. Vale destacar que, grande parte das molécu-
las com atividade farmacoldgica promissora nos ensaios pré-clinicos falham em ensaios
clinicos, muito em virtude de caracteristicas farmacocinéticas inadequadas, como
baixa estabilidade plasmatica, rapida excrecio e biodistribuicao ineficaz [1-3]. Nesse
contexto, com o intuito de superar as limitagdes farmacocinéticas de determinadas
moléculas (como os peptideos e proteinas), sistemas bioconjugados tém sido propos-
tos. Esses sistemas empregam polimeros que, a exemplo do polietilenoglicol metil éter
(mPEG-OH), resultam em aumento do tempo de meia-vida da molécula de interesse,
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reducio do seu clearance renal, melhora da solubilidade e prote¢io contra inativagao
proteolitica [2, 3].

O policetilenoglicol (PEG) foi muito difundido na industria como aditivo na produgio
de papel, agente de controle de viscosidade e precipitacio de proteinas, e excipiente de
formula¢oes medicamentosas. Porém, foi somente na década de 70 que se explorou a
conjugacao deste polimero anfifilico com proteinas, com o pioneirismo do estudo de
Abuchowski e Davis (1977) que resultou na conjugagao da albumina bovina sérica com
o mPEG-OH. A partir de entio, a técnica da PEGuilagao passou a ser mais explorada
na bioconjugagio de peptideos, proteinas e oligonucleotideos. De fato, o sucesso da
PEGuila¢ao levou ao langamento de moléculas bioativas conjugadas na clinica, como
o caso do Oncaspar® (Pegaspargase) ¢ Cimzia® (Certolizumab pegol), que sao atual-
mente empregados na terapia da leucemia e artrite reumatéide, respectivamente.

A polimerizacio de unidades de oxietileno (-CH,CH,0O) pode resultar na formagio dos
polimeros de polietilenoglicol (PEG) ou polictilenoglicol metil éter (mPEG) de diversos
tamanhos. Os indices de polidispersao variam de 1,01 para polimeros de PEG com massa
molar entre 2-10 kDa e 1,2 para polimeros de alta massa molar. Por se tratar de polime-
ros com unidades monoméricas 6xido de etileno, cada unidade monomérica ¢ capaz de
coordenar a 3-5 moléculas de 4gua, o que aumenta o volume hidrodindmico do polimero
de 10-15 vezes, retardando a excregao renal e prolongando a meia vida das moléculas con-
jugadas. A conjugagio com tais polimeros também confere protecio frente a degradagiao
quimica, reducao da imunogenicidade, opsonizacio e agregagio (2, 3].

Enquanto o PEG ¢ um diol, i.e., tem dois sitios de reagao; o mPEG contém um grupo
metoxila e um grupo hidroxila que corresponde ao sitio de reagio e que deve estar devi-
damente ativado para servir de agente de PEGuilagao (figura 1). Assim, para conjuga-
¢3o do mPEG com o potencial alvo ¢ necessario que o polimero esteja funcionalizado
com um grupo reativo ao firmaco. O presente trabalho descreve a obtengao do poli-
mero bromoacetil-mPEG-éster via bromoacetilagao, com potencial aplicabilidade na
conjugacao com peptideos e proteinas por reagao de substitui¢io nucleofilica bimole-

cular (Sy2) [2-11].
METODOS

A funcionalizagao do polimero mPEG-OH via reagao de bromoacetilagio foi realizada
conforme metodologia de Benincasa ez 4/. [8], com modifica¢des. Foram empregados
151 pL (0,3 mmol) de mPEG-OH (Sigma Aldrich®) de 550 Da, os quais foram solu-
bilizados em 2,5 mL de tolueno seco (Synth®). O solvente foi evaporado sob vicuo, a
80 °C até formagio de um filme marrom. Posteriormente, o sistema foi mantido sob
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Figura 1. Estrutura quimica geral dos polimeros PEG-OH ¢ mPEG-OH.

resfriamento a -10 °C, e em seguida foram adicionados 9 mL de diclorometano seco
(DCM; Carlo Erba®) contendo 413 pL (2,5 mmol) de N,N-diisopropiletilamina
(DIPEA; Sigma Aldrich®). A solugio foi vigorosamente agitada por cerca de cinco
minutos e, em seguida, foi adicionada sob gotejamento, solugiao contendo 413 pL
(3 mmol) de brometo de bromoacetila (BrCH,COBr; Sigma Aldrich®) em 2 mL de
diclorometano seco. A seguir, a solugao foi agitada por 15 minutos a -5 °C e depois por
1 hora & temperatura ambiente (figura 2) [3].

Apos agitagio A temperatura ambiente, 15 mL de isopropanol (Quimica Moderna®)
foram adicionados ¢ o diclorometano foi evaporado sob pressao. A solu¢io em banho de
gelo foi entdo submetida ao gotejamento de 10 mL de éter etilico (Dindmica®) ¢ man-
tida sob agita¢iao em resfriamento durante 1 hora. Em seguida, o produto foi filtrado
sob vicuo e submetido a duas lavagens com cada um dos seguintes solventes, sequen-
cialmente: 5 mL de isopropanol gelado, 5 mL de isopropanol:éter etilico (1:1) ¢ 5 mL
de éter etilico. O residuo restante foi dissolvido em 7 mL de acetonitrila (Honeywell®),
precipitado em éter etilico gelado sob centrifugagao a 6600 rpm por cinco minutos e
secado sob fluxo de nitrogénio (figura 2). Finalmente, o produto obtido foi caracteri-
zado por espectrometria de massas por ionizac¢ao/dessor¢ao assistida por laser e anélise
por tempo de voo (MALDI-ToF; Bruker Daltonics Autoflex SmartBeam, MA) em
matriz de 4cido sinapinico [3].

RESULTADOS E DISCUSSAO

Apesar de que atualmente se dispdem de diversos mPEG’s funcionalizados comercial-
mente como o mPEG-succinato de succinimidila, mPEG-maleimidil, mPEG-carbo-
nato de succinimidila, e mPEG-iodoacetamida, a ativagio do mPEG iz house ainda
tem sido frequentemente empregada por industrias quimicas e farmacéuticas de todo
o mundo. O procedimento adaptado de Benincasa ez 4l. [8] e proposto nesse traba-
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lho foi eficaz na obtencio do produto bromoacetil-mPEG-éster (mPEG-Br). Macros-
copicamente, o mPEG-Br foi obtido como um sélido cristalizado amorfo (figura 3)
e um rendimento bruto de 56,78 %. A verificagio da forma¢io do mPEG-Br se deu
pelo espectro de massas MALDI ToF, demonstrando um sinal intenso correspon-
dente ao fon molecular com razao massa carga igual a 671,644 [M+H"] (massa tedrica
670 g.mol™). Outro aspecto que corrobora este resultado ¢ a diferenca caracteristica de

44 unidades entre os picos adjacentes, correspondendo & unidade monomérica (oxieti-

leno) do mPEG-OH (figura 4).

Figura 3. Produto amarronzado precipitado com éter etilico, obtido pela reagio de bromoacetilagio.

Benincasa ez 4/. [8] utilizaram mPEG-OH 20 kDa e nesse trabalho foi funcionalizado
mPEG-OH com massa 36 vezes menor (550 Da). Nesse sentido, para se obter o pro-
duto precipitado foram utilizados dois ciclos utilizando éter etilico gelado e centrifu-
gacio a 6600 rpm (figura 2), adaptacdes feitas a técnica de Benincasa ez a/. [8]. Esses
dois ciclos favoreceram a obtengio do polimero funcionalizado, pois o choque tér-
mico induziu a precipitagao e a centrifugacio possibilitou a concentragio do produto
funcionalizado [12].
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Figura 4. Espectro de massas obtido por técnica MALDI-ToF, evidenciando o sinal intenso corres-
pondente ao fon molecular de massa carga 671,664 [M+H"], confirmativo da obten¢ao do produto

de interesse (bromoacetil-mPEG-éster).

O brometo de bromoacetila tem dois sitios eletrofilicos susceptiveis ao ataque da
hidroxila, a carbonila e o metileno, tal que as condi¢oes de reagio empregadas favore-
cem a formagao do produto esterificado [13, 14]. Considerando os mecanismos envol-
vidos nas duas possiveis reagoes, a etapa lenta da reacio de adigio a carbonila envolve
um intermedidrio quaterndrio que mediante a saida do ion brometo leva a formagao
do produto esterificado [15]. Ja na reacio de substitui¢io nucleofilica bimolecular, o
mecanismo seria concertado com o ataque ¢ simultinea saida do fon brometo, levando
a formagao do respectivo éter (figura 5).

Nesse estudo mostramos, através da proposicio do mecanismo de reagao, que o con-
trole de baixa temperatura favorece a reacao de adi¢ao nucleofilica a carbonila em detri-
mento da reagio de substitui¢io nucleofilica bimolecular (figura 5) [13]. Isso resulta
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Figura 5. Mecanismo proposto da reagio de bromoacetilagio do mPEG-OH, evidenciando a for-

macio do produto esterificado em etapa de precipitagio com éter etilico gelado [14].

na disponibilidade do bromometil frente aos peptideos e proteinas passiveis de reagao,
tendo em vista a susceptibilidade & reagao com grupamentos nucleofilicos como sul-
fidrila (-SH) e amina (-NH,) levando a formagio de ligagio covalente estdvel com
biomoléculas.

Uma vez que a reatividade do polimero mPEG-OH frente a peptideos e protei-
nas depende da funcionalizag¢io da hidroxila com grupos eletrofilicos, o mPEG-Br
destaca-se como um produto funcionalizado que pode ser empregado na conjugagao
com peptideos e proteinas. A susceptibilidade dessas biomoléculas a conjugagio com
o mPEG-Br se d4 pelo fato de que peptideos e proteinas tém residuos de aminoacidos
contendo grupamentos nucleofilicos como -OH, -NH,, -SH, os quais sao passiveis de
reagirem com os grupos eletrofilicos presentes. Entretanto, vale destacar que para a rea-
¢ao de PEGuilagao ocorrer normalmente, as reatividades dos grupamentos eletrofilico
e nucleofilico devem ser compativeis em termos reacionais com o pH, a temperatura, a
concentragao salina, e condigées termodinamicamente favoraveis. Sendo assim, a ati-
vaciao do PEG nao deve ser considerada isoladamente durante a conjugacio com as
biomoléculas [2].

CONCLUSAO

Com esse trabalho concluimos que, a exposi¢ao do mPEG ao brometo de bromoacetila
(BrCH,COBr) em meio bésico anidro, possibilita, mediante o controle de tempera-
tura (-10°C a0 °C), a correta bromoacetilagio do mPEG. Posteriormente, mostramos
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que o espectro de massas do MALDI-ToF foi capaz de caracterizar com eficiéncia o
bromoacetil-mPEG-éster e que o controle da baixa temperatura reacional ¢ essencial a
obtencao do produto de interesse. Estudos adicionais deverdo confirmar se o PEG este-
rificado nessas condi¢des, poderd ser utilizado na conjugagio com moléculas de natu-
reza proteica ou peptidica por meio de substituicio nucleofilica bimolecular. Assim,
esse trabalho destaca as etapas ¢ mecanismos envolvidos na ativagaio do mPEG por bro-
moacetilagio, o que pode contribuir no desenvolvimento biofarmacéutico ¢ melhora
das propriedades terapéuticas de moléculas promissoras.
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SUMMARY

Bixa orellana L. is widely used as a dye, and other properties are still little studied,
especially in relation to leaves. This article evaluates how drying B. orellana L. influ-
ences the properties of essential oils (EOs) extracted from their leaves. The collected
plant material was submitted to convective air-drying oven at temperatures of 35,
45 and 55 °C. Chemical profiles were determined by Gas Chromatography-Mass
Spectrometry (GC-MS). Mathematical models were applied to represent the drying
process and statistical analysis performed using Statistica 10 software. The EO's
were obtained through the hydrodistillation technique with verification of physi-
cochemical properties and antimicrobial activity by the Disc Diffusion Method.
For the toxicity test, the bioassay was applied to Artemia salina. Through the results
obtained it was possible to determine that the mathematical model of Verma was the
one that best fitted the experimental data. Significant differences in the properties of
EQ's were observed. The temperature of 45 °C allowed obtaining the best EO yield,
still presenting the most efficient antimicrobial activity. This study states through the
activities analyzed that the drying temperature influences the physicochemical and
biological properties of the EO's, thus requiring studies such as this one that evaluate
the best mathematical model to predict drying as well as the specific temperatures
that influence the properties of the product obtained.

Key words: Essential oil, kinetic, antimicrobial, B. orellana L.
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RESUMEN

Cinética de secado de las hojas de Bixa orellana Labil (annatto) e
influencia de la temperatura sobre las propiedades fisicoquimicas y
bioldgicas de su aceite esencial

Bixa orellana L. es ampliamente utilizado como un tinte y tiene otras propie-
dades que han sido poco estudiadas, especialmente en relacion con las hojas. Este
articulo evaltia cémo el secado B. orellana L. influye en las propiedades de los aceites
esenciales (EOs) extraidos de sus hojas. El material vegetal recogido se sometié al
horno de secado por aire convectivo a temperaturas de 35, 45 y 55 °C. Los perfiles
quimicos fueron determinados por GC-MS. Se aplicaron modelos matemdticos
para representar el proceso de secado y el andlisis estadistico realizado utilizando el
software Statistica 10. Las EO se obtuvieron a través de la técnica de hidrodestilacién
con verificacion de propiedades fisicoquimicas y actividad antimicrobiana. Para el
ensayo de toxicidad se aplic el bioensayo a Artemia salina. A través de los resul-
tados obtenidos fue posible determinar el modelo matemdtico que se ajustaba mejor.
Se observaron diferencias significativas en las propiedades de los EO. La temperatura
de 45 °C permitié obtener el mejor rendimiento de EO, porque la actividad antimi-
crobiana fue mas eficiente. Este estudio afirma a través de las actividades analizadas
que la temperatura de secado influye en las propiedades fisicoquimicas y bioldgicas
de las EO. Estudios como este evaltian el mejor modelo matemdtico para predecir
el secado, asi como las temperaturas especificas que influyen en las propiedades del

producto obtenido.

Palabras clave: Aceite esencial, cinético, antimicrobiano, B. orellana L.

INTRODUCTION

Medicinal plants are one of the oldest forms used for the treatment of diseases, due to
the healing properties of substances present in certain species [1]. A plant is considered
as medicinal when it has active substances that provoke in the human body reactions
that can range from cure to disease relaxation. Medicinal plants have a promising world
market in the face of growing demand [2].

However, there is a lack of studies that is reflected in the frequent lack of quality of
the product offered, making it commercially less competitive [3]. The medicinal plant
of the species B. orellana L., family Bixaceae, produces fruits called annatto, whose
popular name originates from the Tupi word “uruku”, which means “red”. It is a shrub
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originating in Central or South America, more specifically from the Amazon region,
which grows spontaneously from Guyana to Bahia [4].

In this sense, aiming at postharvest quality, including the durability of the compounds, it
is important that B. orellana L. has its water content reduced soon after harvest. Drying,
therefore, is one of the fundamental stages of post-harvest, being directly linked to the
quality of medicinal plants. In the case of medicinal plants in which they have the pres-
ence of essential oils (EOs), drying has a direct influence on sensitive components [5].

Dryingand storage are fundamental steps among the post-harvest processes for obtain-
ing quality products, which are the basis for the manufacture of herbal medicines.
Dryingis a complex procedure due to the structure and composition of the material, the
transport phenomena involved and the biological variability. The drying rate depends
on variables such as temperature, speed, relative humidity of the drying air and product
characteristics. Thus, mathematical modeling and simulation of this process are useful
tools to deal with its complexity and obtain adequate operating conditions [6, 7].

Therefore, the positive and negative effects of the drying process depend on the condi-
tions and according to the sensitivity of the chemical substances, which can be lost by
volatilization, as is the case of Eos [8, 9]. In order to obtain greater knowledge about
the effect of drying on the chemical composition of medicinal plants, it is necessary
to make use of specific analyses. In the case of EQ, it is regularly recommended to use
the gas chromatography system coupled to the mass spectrum (GC/MS), in order to
identify substances derived from secondary metabolism [10, 11]. Therefore, it is of
fundamental importance to know the sensitivity of the active ingredient of plants and
the adequacy of drying conditions to their quality in the final product.

In addition, EO’s are used in topical formulations. Because they have antimicrobial
action, they can inhibit bacterial growth and promote the wound healing process,
providing a better alternative to treatment [12]. EOs extracted from medicinal plants
have been widely used successfully in research aimed at controlling phytopathogens. It
presents as secondary metabolites with naturally volatile substances that interact with
cach other, forming classes of compounds with microbial potential, especially terpenes,
monoterpenes, sesquiterpenes, aromatic compounds, phenols, aldehydes, ketones,

alcohols and esters [13, 14].

These various combinations of chemical constituents presented by EOs can control
food oxidation and bacteria that have consistently high resistance to antimicrobial
agents such as Salmonella cholerasuis, Listeria monocytogenes, Staphylococcus aurens and
Escherichia coli. Although the EO’s represent an interesting possibility for the preser-
vation of food, it is necessary to know its antibacterial and antioxidant properties [15,
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16]. In this context, this work aimed to evaluate in an unprecedented way the influ-
ence of drying air temperature, as well as to adjust and statistically model the drying
curves of the leaf, in addition, to estimate the yield and toxicity of the EO of the leaf by
B. orellana.

MATERIALS AND METHODS

Collection of plant material

The fresh leaves of B. orellana L. to perform the drying kinetics were collected in the
Herbarium Atico Seabra of the Federal University of Maranhio under the register of
n° 00815, in the city of Sao Luis-MA in July 2019. The leaves were collected manually
in the morning, presenting water content in 54.16%. The material was transported in
thermal packaging to the Laboratory of Research and Application of Essential Oils of
the Federal University of Maranhio (UFMA) for screening, determination of water
content and drying in a digital greenhouse of convective air FANEM 520.

The collected leaves were analyzed in the laboratory and selected for visual aspects,
using only undamaged plant material. Manual cuts were made, with caution in the
standardization of the cuts. The cuts were performed transversely in parts of a maxi-
mum of 5 ¢m in length and 2 ¢cm in width.

Chemical profile of B. orellana L.

To identify the constituents, present in the fresh leaf of B. orellana L., we used the
gas chromatography technique coupled to Mass Spectrometry (GC-MS) in the Fuel,
Catalysis and Environmental Center (NCCA) of the Federal University of Maranhao
(UFMA). The identification was also made in the dry leaf and EO constituents that
presented the best results regarding antimicrobial and toxicity assays.

The conditions of analysis were as follows: Method: Adams. M; Injected volume:
0.3 uL; Column: Capillary HP-SMS (5% diphenyl, 95% dimethyl polysiloxane)
(Equivalent DB-5MS or CP-Sil 8CB LB/MS), in dimensions (30 m x 0.25 mm x
0.25 um); Drag gas : He (99.9995); 1.0 mL/min; Injector : 280 °C, Split mode (1:10);
Oven: 40 °C (5.0 min) up to 240 °C at a rate of 4 °C.min", from 240 °C to 300 °C
(7.5 min) at a rate of 8 °C.min"’; t = 60.0 min; Detector : EM1; EI (70 €V); Scan mode
(0.5 sec/scan); Mass range: 40 - 500 daltons (one); Line transfer: 280 °C; Filament: off
0.0 to 4.0 min; Linear quadrupole mass spectrometer. The AMDIS (Automated Mass
spectral Deconvolution Mass & Identification System) program was used to identify
the compounds in the sample.
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Determination of the initial moisture percentage (%) and dryin
p g ying

The determination of the initial humidity (%) of the leaves of B. orellana L. was
obtained through a Quimis moisture scale. For each replicate of the assay, approxi-
mately 1gof the plant material with a temperature of 105 °C per 10 min was used. As a
comparison, the gravimetric method was used, using approximately 2 g of the samples
previously weighed on an analytical scale and packed in a drying oven at 105 °C, for
5 h, until it reached constant mass, in three replications according to the ANVISA [17].

The drying of the leaves of B. orellana L. was conducted digital greenhouse of convec-
tive air FANEM 520, with standard air velocity in 1 m/s, on alternate days using the
temperatures of 35, 45 and 55 °C and the relative humidity (RH) of the ambient air
was monitored through a digital thermohygrometer (model INS-28 Intrusul).

A mass of 200 g was used for each drying temperature and about 3g of the samples
were placed on plates coated with aluminum of dimensions 90 x 15 mm, and the mass
was monitored throughout the process by discontinuous weighing at intervals of 5,
10, 20, 30 and 60 min by means of a Shimadzu AUY220 analytical scale, until the end
of the process. The weighings were performed until the mass variations were insignifi-
cant. Completed when there was no mass variation in 0.0100 g between five successive
weighings. Equation (1) was used to determine the moisture ratio (RU) during the
drying of annatto leaves for the different drying temperatures:

Ubs-Ue
RU  =——— 1
(adm) UbS - -UC ( )

init

Note: RU: moisture ratio, non-dimensional; U, annatto water content, decimal b.s.; Ubs,,;,;: initial water

content, decimal b.s; Ue: equilibrium water content, decimal b.s.

Mathematical modeling

The RU values obtained for each drying air temperature were analyzed through six
different empirical and semiempirical equations and nonlinear regression, traditionally
used in the description of the drying process of agricultural products [18-21], accord-
ing to table 1.
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Table 1. Mathematical models of nonlinear regression to predict the drying phenomenon of
B. orellana leaves.

Model RU,,. Eq.
Two terms ae™® +be " (2)
Logarithm ae™™ +c (3)

Newton e (4)
Henderson and Pabis ae ™ (5)
Logisti . (6)
ogistic
8 1+ ae™
Verma ae™" + (l - ﬂ) et (7)

Note: £, k, = drying constants (s7); 2, 49, b, ¢ = coefficients of the models.

For the adjustment of mathematical models, nonlinear regression analysis was per-
formed using the QuasiNewton method and the statistical program Statistica 10.0.

The criteria adopted to determine the best fit of the models to the experimental data
were the coefficient of determination (R?) and the mean quadratic deviation (DQM)
by equation (8). Subsequently, the residuals and the standard error for each model was
analyzed.

>(RU_,RU, ) (8)

DQM=
Q N

Note: RU.,,: value observed experimentally; RU,,.4: value calculated by the model; N:
number of experimental observations.

Extraction of Eos

The leaves of B. orellana L. dried in the convective air-drying oven at temperatures
of 35 °C, 45 °C and 55 °C were individually crushed in an electric knife mill (Fritsch
Pulverisette 14, Oberstein, Germany), and subsequently stored for extraction of their EOs.

For the extractions of the EOs, the hydrodistillation technique was used, with a modi-
fied glass Clevenger extractor, coupled to a round bottom balloon of 6000 mL packed
in an electric blanket as a heat generating source. The leaves in each extraction routine
were packed in the round bottom flask, adding distilled water in a ratio of 1:10.
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Hydrodistillation was conducted at 100 °C for 3h, collecting the extracted EOs. After
extraction, the EO’s were dried with sodium anhydrous sulfate (Na,SOy) and stored
in amber glass ampoules under 4 °C refrigeration to avoid possible losses of volatile
constituents.

The physicochemical parameters of the EO extracted from dry leaves at 35, 45 and
55 °C were analyzed for density, refractive index, alcohol solubility 70% (v/v), color
and appearance as described by the Brazilian Pharmacopoeia [22].

Toxicity

This test was performed according to the methodology described by Meyer ez al. [23].
In a rectangular container, with a partition containing holes of approximately 0.02 cm
thickness spaced by 0.5 cm and evenly distributed, artificial saline solution (60 g L of
distilled water) were added (60 g of sea salt/ 1L of distilled water). The container was
placed inside an incubator illuminated by a fluorescent lamp, with aeration. On one
side of this container, about 64 mg of Artemia salina cysts were added, taking care that
they did not cross the partition. The part of the system containing artemia saline cysts
was covered with aluminum foil, so that the organisms, at birth, were attracted by light
on the other side of the system, forcing them to cross the partition. This procedure
aims at homogenizing the physical conditions of the test organisms. Incubation was
performed for a period of 48 h. Throughout the test the temperature was monitored.

For the evaluation of the lethality of Artemia salina Leach, a saline solution was pre-
pared stock of each EO in the concentration of 10000 mg L and 0.02 mg of Tween
80 (active tense). Rates of 5, 50 and 500 pL of this were transferred to test tubes and
supplemented with saline solution previously prepared up to 5 mL, obtaining at the
end concentrations of 10, 100 and 1000 mg L, respectively. All tests were carried out
in triplicates, where ten larvae in the nauplium phase were transferred to each of the
test tubes. For white control, 5 mL of the saline solution was used for positive control
K,Cr,0; and for negative control 5 mL of a4 mg L solution of Tween 80. After 24 h
of exposure, the count of the live larvae was performed, considering dead those that did
not move during observation or with the slight agitation of the vial.

The criterion established by Dolabela ez al. [24] was adopted for classification of EOs
toxicity, being considered highly toxic when LCy, < 80 mg L, moderately toxic to
80 mg L' < LCy, 2 250 mg L' and slightly toxic or nontoxic when LCy, 2 250 mg L.
Statistical analysis of the data for the toxicity test was performed according to the Reed
and Muench [25].
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Antimicrobial activity

Four strains of bacteria were used: Escherichia coli (ATCC® 25922™) and Staphylococ-
cus anrens (ATCC® 25923™). These were previously identified and confirmed by bio-
chemical tests. Pure microbial cultures maintained in TSA Agar were peaked for brain
and Heart Infusion Broth (HIB) and incubated at 35 °C until they reached exponen-
tial growth phase (4-6 h). After this period, the cultures had their cell density adjusted
in 0.85% sterile saline solution, in order to obtain turbidity comparable to that of the
standard McFarland solution 0.5, which results in a microbial suspension containing
approximately 1.5x10° CFU mL" according to Clinical and Laboratory Standards
Institute [26].

The disc diffusion technique was performed according to the Clinical and Laboratory
Standards Institute [26], which standardizes the sensitivity tests of antimicrobials by
disc-diffusion. First, the plates were prepared with the Mueller Hinton Agar (MHA)
culture medium after its solidification was distributed to the microbial suspension on
the surface of the agar and left at room temperature for 30 min. Soon after the discs
containing 50 pL of EOs and discs with defined concentrations of antibiotics. Using
sterile tweezers, the discs were distributed on the surface of the agar. The plates were
incubated in a bacteriological greenhouse at 35 °C for 24 h. The diameters of the inhi-
bition halos were measured, including the diameter of the disc. These trials were done
in triplicate. The values of the inhibition halos were the mean measurements of the
three results. Tests performed in triplicate.

RESULTS AND DISCUSSION

Chemical profile of fresh leaves and drying

Figure 1 shows the chromatogram obtained for the fresh leaves of B. orellana L. Thirty
compounds were identified in the fresh leaf of B. orellana, listed in table 2, of which
are predominantly sesquiterpenes and hydrocarbons. The major components were iso-

caryophillene (26.58%), 1R-a-pinene (19.49%) and B-pinene (12.04%).

B-caryophillene present in the composition was described as being responsible for the
anti-inflammatory, antibacterial, anti-endemic and antifungal action, analgesic and
anti-inflammatory 8-bisabolen [27]. And the karyophyllene oxide described as acting
directly in the inhibition of fungi [28]. The compoundsy-muurolene and -bisabolene
were described as being responsible for microbial inhibition [29].
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Figure 1. Chromatogram of fresh B. ore/lana leaves (annatto).

Figure 2 shows the drying curves of the annatto leaves B. orellana L. at temperatures
of 35, 45 and 55 °C, represented by the moisture ratio as a function of time. It is pos-
sible to observe the influence of temperature on drying curves, presenting consistent
reduction in drying times with temperature increase, providing curves with a typical
exponential trend, behavior reported in products [18-21].
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Figure 2. Drying curves of annatto leaves B. orellana L. at different temperatures.
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Table 2. Chemical constituents identified in the fresh leaf of B. orellana (annatto).

Order RT (min) % Compounds NIST08 Ret. Index
1 3.547 19.49 1R-a-pinene 948
2 5.583 12.04 (-)-B-pinene 943
3 8.063 0.80 f-myrcene 958
4 8.153 0.29 cyclobutanemethanol -

5 8.726 0.14 limonene -
6 9.452 0.16 n-hex-trans-2-enal -
7 9.784 3.35 trans-ocimene -
8 9.831 112 y-terpinene :
9 10.108 413 cis-B-ocimene -
10 11.361 0.21 cis-3-hexenyl acetate -
11 12.452 444 y-hexenol ;
12 13.932 1.08 copaene -
13 15.189 0.35 a-bergamotene -
14 15.297 5.39 caryophyllene -
15 15.868 1.11 a-guaiene -
16 16.121 0.30 a-bergamotene -
17 16218 1.40 B-garnesene .
18 16.682 1.30 isoledene -
19 16910 26.58 isocaryophillene -
20 16.959 3.85 elixene -
21 17.238 0.71 a-himachalene -
22 17.397 4.44 isocaryophillene -
23 20.242 0.18 nerolidol -
24 20.785 0.23 ethyl tetradecyl ester 2832
25 21.245 0.16 phenoxethol 1212
26 22.524 0.13 di-epi-a-cedrene 1403
27 22.779 0.32 dimethyl phthalate; 1440
28 23.582 4.50 palatinol A 1639
29 26.100 0.98 pentadecanoic acid 1869
30 26477 0.82 n-hexadecanoic acid 1968
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This behavior is due to the higher rate of water removal from the product due to the
higher energy transfer in the form of heat, caused by the increase in temperature [30].
This is based on the principle that by increasing the temperature the heat transfer to
the leaves is increased, so the rate of migration of water from the interior to the surface-
environment will be higher. In addition, there is a high correspondence between the
data observed experimentally and the data estimated by the model, evidencing that
the statistical indexes employed were effective to select the model.

Maximum drying times were around 11am for the temperature of 30 °C, 7 h for the
temperature of 45 °C and 2 h for the temperature of 55 °C. Table 3 shows the statistical
indices of the adjustments obtained through nonlinear regression using the Statistica
10 software of the mathematical models of Two Terms, Logarithm, Newton, Hender-
son and Pabis, Logistic to the experimental data of the kinetics of drying of annatto
leaves and their respective coefficients of determination (R?) and mean quadratic devi-
ations (MDD). Used in the selection of mathematical models.

Table 3 presents the statistical criteria used to choose the models that best describe the
drying process of B. orellana L leaves [31]. All adjusted models presented an adjusted
coefhicient of determination higher than 99%, except for the temperature of 45 °C
where only the Verma model was higher than 0.9900.

Table 3. Adjustment of the analyzed models to the experimental data of the drying kinetics of the

leaves of B. orellana L.

Model 35°C 45°C 55°C
R? DQM R’ DQM R? DQM
Two terms 0.9962 | 0.0335 0.9647 | 0.0973 | 0.9943 0.0496
Logarithm 0.9963 | 0.0334 | 0.9808 | 0.0808 | 0.9977 | 0.0318
Newton 0.9960 0.0346 0.9440 0.1208 0.9936 0.0526
Henderson and Pabis 0.9962 | 0.0335 | 0.9647 | 0.0973 | 0.9943 | 0.0496
Logistic 0.9962 | 0.0335 | 0.9647 | 0.0973 | 0.9943 | 0.0496
Verma 0.9965 0.0322 0.9912 0.0472 0.9943 0.0496

Thus, this being a criterion for selecting the models we could infer that the satisfac-
tory models to predict the drying of the species would be the Verma and Logarithm
models. As emphasized by Madamba ez 4/. [32] and Almeida ez /. [33], in addition
to the coefficient of determination (R*) to better predict the most satisfactory model,
the NDMD (deviation for estimation) applies. Based on this, it can be seen that for the
same models this parameter remained acceptable.
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Figure 3 presents examples of waste distribution observed in this work, being a random
distribution (a) and a biased (b) for the Verma and Logarithm models for drying at 35
°C, respectively, in the adjustment of b drying data.

Modelo: Verma (35 °C) (a) Modelo: Logaritmo (35 °C) (b)

0.00 0.20 0.40 0.60 0.80 1.00 0 01 0.2 0.3 04 0.5
RU (pre) RU (pre)

Figure 3. Distribution of residues randomly (a) and a biased (b) for Verma and logarithm models

at 35 °C.

In figure 4 and figure 5 show the distribution of residues for the temperatures of 45 and
55 °C, respectively, for both models. The results found are similar to the temperature
of 35 °C, with random distribution (a) and a biased (b) for the Verma and logarithm

models.

Modelo: Verma (45 °C) (a) Modelo: Logaritmo (45 °C) (b)

0.00 0.20 0.40 0.60 0.80 1.00 01 0.2 0.3 0.4 0.5 0.6
RU (pre) RU (pre)

Figure 4. Distribution of residues randomly (a) and a biased (b) for verma and logarithm models

at 45 °C.
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Modelo: Verma (55 °C) (a) Modelo: Logaritmo (55 °C) (b)

0.00 0.50 1.00 0 010203040506 070809 1
RU (pre) RU (pre)

Figure 5. Distribution of residues randomly (a) and a biased (b) for Verma and logarithm models
at 55 °C.

The distribution of residuals is a subjective evaluation, but usually a model is consid-
ered acceptable if the residual values are in a horizontal zone close to zero, forming
random distributions. If the distributions of the residues form geometric figures, pres-
ent regions in which the model underestimates or overestimates the actual condition
or tends to accumulate at a point outside the axis, the distribution of its residues is
considered biased and the model is to represent the phenomenon in question [34].

One of the criteria also commonly used for model selection is the standard error of the
analysis of the residues and according to Reis ez al. [35] values lower than 1 indicate a
good fit of the models. Both Verma and Logarithm models were also within this crite-
rion since the parameter values observed in table 4 were relatively low.

Table 4. Standard error obtained for adjusting the models.

Model Standard error
35°C 45°C 55°C
Two terms 0.0655 0.0425 0.0745
Logarithm 0.0652 0.0517 0.0626
Newton 0.0659 0.0664 0.0685
Henderson and Pabis 0.0682 0.0425 0.0745
Logistic 0.0682 0.0425 0.0745
Verma 0.0695 0.0465 0.0745
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The aim was to recommend a model that had the widest possible scope to describe the
drying kinetics. Thus, among the recommended models, Verma was selected, since it
was the only model with adequate adjustment to describe drying in all proposed con-
ditions. The Verma model is a traditional model, often recommended to describe the
drying of agricultural products in works similar to this [34, 36, 37].

According to Coradi e al. [38], the increase in drying air temperature causes the dete-
rioration of the material and consequently alters the integrity of the cell structure.
Thus, possibly at a temperature of 45 °C, the cell membrane system remained intact,
and was more resistant to water removal, explaining the drying time. Because of this
the temperature of 45 °C made it possible to obtain the smallest error for the models
tested among this one of Verma, which was the model chosen for the representation.
Since the drying process can interfere with the biologically active principle of medici-
nal plants, greater knowledge about the chemical properties of B. orellana L becomes
necessary.

Chemical profile of dry leaves at 45 °C

Figure 6 shows the chromatogram obtained for dry leaves at 45 °C of B. orellana L.
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Figure 6. Chromatogram obtained for dry leaves of B. orellana L. at 45 °C.

Twenty compounds were identified in the dry leafat 45 °C of B. orellana (table 5). The
major components were B-bisabolene (42.45%), 1R-a-pinene (11.82%), B-farnesene
(9.54%), caryophyllene (9.01%), B-pinene (5.84%) and a-guaiene (5.15%).
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Table 5. Chemical constituents identified in EO of dry leaves at 45 °C of B. orellana (annatto).

Order RT (min) % Compounds NIST08 Ret. Index
1 3.547 11.82 1R-a-pinene 948
2 5.601 5.84 (-)-B-pinene 943
3 10.112 0.79 cis-B-ocimene 976
4 13.934 2.30 copaene 1221
5 14.574 0.24 isoledene 1419
6 15.191 1.28 bergamotene 1425
7 15.299 9.01 caryophyllene 1494
8 15.871 5.15 a-guaiene 1490
9 16.121 1.36 @-cedrene 1398
10 16.218 3.85 (Z)-B-Farnesene 1440
11 16.386 0.48 (-farnesene 1440
12 16.682 1.78 isoledene 1419
13 16.782 0.29 valencene 1474
14 16.927 42.45 (-Bisabolene 1500
15 17.241 1.28 a-patchoulene 1403
16 17.399 9.54 (-farnesene 1440
17 20.239 0.88 trans-nerolidol 1564
18 21.056 0.25 spathulenol 1536
19 22.521 0.21 a-bergamotene 1430

20 23.580 1.20 palatinol A 1639

Therefore, when comparing these results to the studies by Amorim ez 4/[39] and
Viuda-Martons e# al. [40] on the composition of the EO of B. orellana L. leaves,
differences were found in relation to the chemical substances present and their concen-
trations. Rather e# 4/ [41] also studied the chemical characterization of B. orellana L.
seeds and found twenty-four substances, among them, the ones with the highest con-
centrations were: ishwarane (18.6), p-farnesene (10.52%) and caryophyllene (8.01%).
These variations of substances and their quantities can be attributed mainly to environ-
mental conditions, plant age and harvesting methods. Possibly the habitat of the plant
contributed to the different substances and their concentrations, since the climate and

soil type [42].
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Due to the drying conditions of 45 °C temperature, some substances showed variation
in their concentration, such as 1R-a-pinene oxide and B-pinene (5.84%) that showed
an increase in the mean concentration with the increase in drying temperature, iso-
caryophyllene was not found with the drying of the leaf at 45 °C, possibly, with the
increase in temperature and speed of the drying air, the volatilization of some sub-
stances, causing their concentrations to be reduced, evidencing the thermosensitivity
of these substances. It is believed that the stress caused by drying induces an increase in
the terpene content in dry plants, compared to the fresh plant [43].

Physicochemical parameters of Eos

After drying at established temperatures, The EO’s were extracted and their physico-
chemical properties were determined. The physicochemical parameters of EOs are
important not only for quality determination, but also for the control of their purity.
The results are presented in table 6.

Table 6. Physicochemical EO parameters of B. orellana L. leaves (annatto).

EO Density Refractive index Color Yield
EO 35°C 0.9998 (gmL™") 1.4200 (7, 25 °C) Yellow 0.21 %
EO 45°C 1.0779 (gmL™") 1.5300 (7, 25 °C) Yellow 223 %
EO 55°C 1.0500 (g mL™") 1.4900 (7, 25 °C) Yellow 0.38 %

A small change in density and refractive index was observed, with the increase in
temperature. Unlike the other parameters, the color did not present visual differen-
tiation of the extracted EOs. The drying temperature mainly influenced the yield of
the applied process, and a yield of 2.23% was observed for the EO obtained from the
dry leaves at 45 °C, being an extremely significant increase. Martins ez al. [44] reports
that temperatures above 45 °C damage plant organs and their contents, as they cause a
“cooking” of plants and not a drying. Thus, reflecting that even with the temperature
of 55 °C processing the product faster, part of it is quantitatively lost.

EO’s are heat-sensitive substances, so increasing the temperature of the drying air can
volatilize these compounds, resulting in lower extractive yield [45, 46]. In relation to
the yield of the EO obtained from the leaves dried at 45 °C, according to what was also
reported by Souza e al. [30] the grinding facilitated the extraction, because it exposed
the structures that contained the EO to the process and increased the contact surface
of the leaves with the water used hydrodistillation. Giwa-Ajeniya ez 4/. [47] found simi-
lar results when they evaluated the yield of EO through hydrodistillation of B. orellana

leaves in the Alimosho area, Lagos State, Nigeria.
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Schimitbertger ez al. [48], Ahmed et al. [46], Memarrzadeh ez al. [49] and Sefidkon
et al. [50] made a visual evaluation of the staining of EOs obtained in their studies.
Regarding the color, it was visually verified that the color of the extracted EO pre-
sented pale yellowish coloration. This difference in color was justified by differences
in chemical composition. Comparing the values for the EO studied with those of
the literature, it can be observed that there was a similarity in the temperature range
35-55 °C, with regard to the parameters analyzed. The small differences in the values
found can be attributed to factors such as collection time, different soil types, condi-
tions and storage time.

Antimicrobial activity of EO’s

The Disc Diffusion Method was evaluated for each of the EOs obtained their bacteri-
cidal potentials. The result of this assay is visualized by an inhibition halo formed by
the ability of EO to inhibit microbial growth. The diameters of the inhibition halos for
the action of The EO’s against the bacteria are presented in table 7.

According to Moreira ez al. [51], bacteria are considered sensitive to the action of EO’s
when they present inhibition halos greater than 9 mm in view of the action of these
natural products. From this classification, it was possible to verify that E. co/i was sensi-
tive only to the action of EO extracted by drying B. orellana L. at 45 °C. For S. aureus
only the EO of 55 °C showed no bactericidal activity and the temperature of 35 °C was
not sensitive.

Table 7. Diameter of inhibition halos (mm) for EO action against the tested microorganisms.

Microorganisms GEN (30 ug) EO 35°C EO 45°C EO55°C
E. coli (ATCC 25922) 25 mm NI 12 mm NI
S. aureus (ATCC 25923) 27 mm 7 mm 21 mm NI

Note: *NI: there was no inhibition of the microorganism by the action of the EO tested.

The results observed in the disc diffusion test presented in table 7 show that EO
obtained by drying B. orellana L. at 45 °C was more efficient in inhibiting . aureus
bacteria, revealinga 21 mm inhibition halo, comparing to EO obtained using the tem-
perature of 35 °C where it inhibited the same bacterium by only 7 mm, while the EO
obtained from the dry plant at 55 °C did not present bactericidal biological potential.
Therefore, the bactericidal potential was definitive in the choice of drying temperature.

For the Bacterium E. coli, the drying temperature again influenced the biological

potential of the EO. The EO obtained from the dry leaves at 45 °C presented the best
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bactericidal performance with a halo of 12 mm and again the EO of 55 °C did not pres-
ent bactericidal potential as well as the EO of 35 °C.

Studies have already reported the inhibitory action of annatto on S. aureus. Gongalves
etal. [52] performed tests with commercial annatto seed extract on Gram-positive bac-
teria including S. aureus and proved that it presented antimicrobial activity inhibition
halos of 15 mm. In another research done by Silva ez 4/. [53] confirmed antimicrobial
activity of mature seed extract on the bacterium S. aureus and E. coli with halo of 18
mm and 12 mm in diameter, respectively.

Several authors have analyzed the bactericidal activity of leaf EO for the bacteria
S. aureus and E. coli. Enciso-Diaz et al. [54] using the extract of Eucalyptus globulus
(eucalyptus), observed that the inhibition halos were similar to that of annatto at
45 °C, being 22.5 mm for S. aureus and 8 mm for E. coli. Moreover, with the aqueous
extract of Eucalyptus globulus Gonzalez-Burgosa ez al. [55] reported that there was no
longer inhibition for E. coli, having only inhibition in the growth of S. aureus with a
halo of inhibition of less than 15 mm. The potential for inhibition in annatto is justi-
fied by Majolo ez al. [56], which explains that the potential of the plant is due to the
presence of artemisin (sesquiterpcne), known for its anti-malarial properties, which
have the ability to complex proteins and bacterial cell wall, causing its lysis.

Toxicity of Eos

The results obtained in the toxicity assay of The EO’s are presented in table 8, respec-
tively, where it is possible to observe that the increase in lethal concentration increases
with increasing temperature. At all temperatures, the EO of B. orellana leaves showed
Nnontoxic.

Table 8. LCy, for EOs action against Artemia salina.

EO LC,, Classification
EO 35°C 261.11mgL'+5.10 Nontoxic
EO 45 °C 280.25 mgL"'+2.30 Nontoxic
EO55°C 31544 mg L'+ 4.44 Nontoxic

The in vitro toxicity assay against Artemia salina is a fast and low-cost bioassay and has
been one of the most used tools for preliminary toxicity assessment and can be used
in the screening of new antispasmodic drugs and antimalarials [57, 58]. Toxicity is
classified from obtaining LCs, (Lethal Concentration 50%) for the action of The EO
against larvae of Artemia salina Leach. A LCs,. Many studies have shown that the tox-
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icity of a compound against Artemia salina correlates with cytotoxic activity against
human tumors, McLaughlin ez /. [59] reported that this bioassay led to the discovery
of a new class of agents active antitumor (Annonaceous acetogenins), and is also related
to activity against Trypanosoma cruzi, a protozoan causing chagas disease [60, 61], with
viruscidal, antifungal and antimicrobial activity [62].

In a study conducted by Kumar ez 4/ [63] when using extracts from the leaves of
B. orellana showed a non-toxic effect against Artemia salina, demonstrating that
extracts from other parts of the same plant may contain different active ingredients,
which can toxically effect against the same tested species. Vilar ez al. [64] found that
the roots showed negative results for toxicity for Artemia salina.

Chemical EO profile of dry leaves at 45 °C

Figure 7 shows the chromatogram obtained for EO from the leaves of B. orellana L at

45 °C.
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Figure 7. Chromatogram obtained for EO from the leaves of B. orellana L at 45 °C.

Twenty compounds were identified in the EO of the dry leaf at 45 °C, listed in table
9, of which are predominantly sesquiterpenes and hydrocarbons. The major compo-
nents were 1R-o-pinene (26.5%), p-bisabolene (19.71%), caryophyllene (10.42%) and
B-pinene (9.23%).
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Table 9. Chemical constituents identified in EO of dry leaves at 45 °C.

Order RT (min) % Compounds NIST08 Ret. Index
1 3.569 26.50 1R-a-pinene 948
2 5.777 9.23 (-)-B-pinene 943
3 9.431 2.55 2-trans-hexenal 814
4 10.141 1.55 (-cis-ocimene 976
5 13.670 2.83 a-chamigrene 1512
6 13.944 4.28 copaene 1221
7 15.197 0.60 a-bergamotene 1430
8 15.260 1.20 (-clemene 1398
9 15.309 10.42 caryophyllene 1494
10 15.443 0.61 allo-Aromadendrene 1386
11 15.876 3.28 y-gurjunene 1461
12 16.127 0.59 (-Cedrene 1398
13 16.207 4.05 a-Caryophyllene 1579
14 16.686 2.92 isoledene 1419
15 16.923 19.71 (-bisabolene 1500
16 16.965 3.95 a-chamigrene 1512
17 17.238 0.93 d-cadinene 1469
18 17.399 3.26 (-cedrene 1398
19 20.241 0.86 Nerolidol 1564
20 21.058 0.68 Spathulenol 1536

Pino and Correa [65] analyzed the chemical constitution of EO from annatto seeds by
GC/MS, 73 compounds were detected, of which 65 compounds (80.1%) were identi-
fied, ishwarane was the main component, constituting 18.6% of the composition of
The EO, followed by geranylgeraniol (9.1%), bicyclogermacrene (8.4%), germacrene
D (6.9%) and 3-selinene (6.2%).

Discordant results were found by Giwa-Ajeniya ez al. [47], who verified in EO samples
of B. orellana leaves, from Nigeria, higher a-guaiene contents (49.3%), together with
guaiol (8.1%), valenceno (7.7%) and B-clemeno (5.9%). As well as Silva ez al. [66]
under study with the EO of the roots. The major constituents were a-guaieno (25.0%),
espathulenol (12.0%) and B-cayophyllene (9.7%). However, several monoterpenes
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were found in the annatto extracts of the seeds, with a higher amount of monoterpene
hydrocarbons (45.0%). Among the major constituents a-pinene (29.1%), -pinene
(14.5%), germacreno D (10.0%) and espatulenol (9.0%) compounds [67].

It is noteworthy that ishwarane, one of the main compounds of leaf oils and seeds of
B. orellana was not present in the study sample. This can be explained by environmen-
tal factors such as location of the species and climate of the region. In the literature
there are still few studies published, with the need for further studies of the EO of the

leaves of B. orellana L.

Through the results obtained, it is possible to conclude that the increase in drying
temperature promoted a reduction in dehydration times. The Verma and logarithm
models presented the highest coefficients of determination (R* > 0.98) and the lowest
mean quadratic deviations (DQM < 0.10), however, the Verma model was the only
one with random distribution of the residues of the studied temperatures. The drying
temperature at 45 °C is the most indicated for the species Bixa orellana L., in this study.
Since, at this temperature, it presented the best yield, the best bactericidal activity of
the essential oil obtained, thus encouraging its application potential.
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REsumo

Este estudo avaliou a toxicidade ¢ a atividade antimicrobiana frente a Escherichia
coli e Staphylococcus aureus dos Sleos essenciais de Pimenta dioica Lindl. ¢ Citrus
sinensis L. Os bleos essenciais (OE) foram extraidos por hidrodestilagio, com carac-
terizagio quimica através de cromatografia gasosa acoplada a espectrometria de
massas (CG-EM). Os parimetros fisico-quimicos foram determinados de acordo
com a Farmacopeia Brasileira. O ensaio de toxicidade seguiu o bioensaio com
Artemia salina Leach, os OF aprovados neste ensaio seguiram para avaliagio das suas
propriedades bioldgicas. A atividade antimicrobiana seguiu a metodologia descrita
pelo Clinical and Laboratory Standards Institute utilizando o método de difusio de
disco, dilui¢io em caldo para concentragio inibitéria minima (CIM) e posterior
concentragio bactericida minima para avaliar a agio dos OE frente a Escherichia
coli e Staphylococcus aureus. Ambos os OF apresentaram toxicidade baixa, ¢ assim
foram avaliados quanto as propriedades bioldgicas antimicrobianas. Ambos os OE
apresentaram potenciais bactericidas frente aos microrganismos testados, exibindo
resultados satisfatdrios para a agao deles. Os resultados indicam que os OE avaliados
si0 compostos por substincias que propiciam e incentivam sua aplicagio em virtude
de seus potenciais para atividade bioldgicas moluscicida e antimicrobiana.

Palavras-chave: Oleos essenciais, atividade antimicrobiana, Pimenta dioica Lindl.,
Citrus sinensis L., toxicidade.
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SUMMARY

Chemical characterization, antimicrobial activity, and toxicity
of the essential oils of Pimenta divica L. and Citrus sinensis L.

Osbeck (laranja doce)

This study evaluated the toxicity and antimicrobial activity in the face of Escherichia
coli and Staphylococcus aureus of essential oils of Pimenta dioica Lindl. and Citrus
sinensis L. The essential oils (EO) were extracted by hydrodistillation, with chemical
characterization by gas chromatography coupled and mass spectrometry (GC-MS).
Physicochemical parameters were determined according to the Brazilian Pharma-
copeia. The toxicity test followed the bioassay with Artemia salina Leach, the EO
approved in this assay followed to evaluate its biological properties. The antimicro-
bial activity followed the methodology described by the Clinical and Laboratory
Standards Institute using the disc diffusion method, broth dilution for minimum
inhibitory concentration (MIC) and subsequent minimum bactericide concentra-
tion for to evaluate the action of EO against Escherichia coli and Staphylococcus aureus.
Both OE showed low toxicity, and thus were evaluated for the biological antimicro-
bial properties. Both OF presented bactericidal potential against the microorganisms
tested, showing satisfactory results for their action. The results indicate that the evalu-
ated OE are composed of substances that provide and encourage their application

due to their potentials for biological molluscicide and antimicrobial activity.

Key words: Essential oils, antimicrobial activity, Pimenta dioica Lindl., Citrus sinensis L.,

toxicity.

INTRODUCAO

Os dleos essenciais (OE) sao misturas complexas de compostos volateis de baixo peso
molecular e insoltveis em dgua [1] extraidos a partir de diferentes técnicas de extragao,
tais como a destilagao que inclui a destilagio por arraste & vapor, prensagem a frio e
maceragao [2]. Estes OE constituem um dos mais importantes grupos de matérias pri-
mas para as industrias de alimentos, farmacéutica, perfumaria e afins.

Nos tltimos anos, plantas aromdticas ¢ seus produtos tém sido avaliados quanto a
sua eficicia em relagdo a seguranca alimentar. Grande parte das suas propriedades sao
atribuidas aos dleos essenciais ¢ outros componentes do metabolismo secundério das
plantas [3], que tem despertado interesse na industria de alimentos devido a sua ativi-
dade antioxidante e antimicrobiana [4].
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Dentre vérias espécies de plantas compostas por OE em que se podem encontrar
estas propriedades encontram-se a Pimenta dioica Lindl. e Citrus sinensis (L.) Osbeck
(laranja doce). A P, divica recebe maior destaque como especiaria, mas também ¢ muito
utilizada para o tratamento de certas doengas por possuir propriedades anti-hipertensi-
vas, anti-inflamatérias, analgésicas, antimicrobianas e antioxidantes [5].

O OE de C. sinensis pode ser classificado como uma mistura de terpenos, hidrocarbo-
netos e compostos oxigenados, considerados quimicamente instaveis. O OE de laranja
doce ¢ constituido por aproximadamente 98% de R-limoneno sendo os 2% restantes
referentes a uma mistura de outros terpenos ¢ aldeidos alifaticos [6].

Ao longo dos tltimos anos vem sendo procuradas alternativas naturais aos produtos
sintéticos, os produtos naturais so uma op¢ao com menor toxicidade em comparagao
a outros produtos de natureza sintética. Assim, o presente estudo caracterizou quimi-
camente, avaliou a toxicidade ¢ a atividade antimicrobiana dos OE de P, divica e C.
sinensis, com a perspectiva de oferecer uma alternativa natural ao uso de antimicrobia-
nos sintéticos.

METODOLOGIA

Obtencao dos dleos essenciais

As folhas de P, dioica L. utilizadas neste estudo estao registradas nos arquivos botanicos
do Instituto Biodinamico (IBD) de Botucatu de acordo com certificado n° CA021205.
As cascas de C. sinensis L foram registradas no Instituto Federal do Maranhao pelo
setor de fruticultura, como D-25 (laranja doce, variagio: pera).

Obtencao dos dleos essenciais

As folhas de P dioica L. e cascas de C. sinensis L. foram coletadas e transportadas para
o Laboratério de Pesquisa e Aplicagio de Oleos Essenciais da Universidade Federal do
Maranhio (UFMA), onde foram secas em temperatura ambiente, trituradas e armaze-
nadas para extragao do OE.

Para extra¢io dos OE, utilizou-se a técnica de hidrodestilagio com um extrator de Cle-
venger de vidro acoplado a um balao de fundo redondo acondicionado em manta el¢-
trica como fonte geradora de calor. Foram utilizadas 30 g das folhas secas de P divica e
120 g das cascas C. sinensis, adicionando-se 4gua destilada (1:10). A hidrodestilagio foi
conduzida a 100 °C por 5 h recolhendo-se o OE extraido. Cada OE foi seco por per-
colagio com sulfato de sédio anidro (Na,SO,) e centrifugado. Essas operagdes foram
realizadas em triplicatas e as amostras armazenadas em ampolas de vidro ambar sob
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refrigeracio de 4 °C. Posteriormente submetido as andlises. O procedimento experi-
mental ¢ apresentado na figura 1.

‘ Material vegetal em um balio de fundo redondo (6000 mL)

‘ Adigio de H,O destilada no balao de fundo redondo (1:10)

Hidrodestilagao (3h/100 °C): extrator clevenger,
balao de fundo rendondo ¢ manta aquecedora

Secagem do dleo obtido com Na, SO, ¢ armazenamento (4 °C)

Figura 1. Esquema experimental da extracao dos OE.

Os parametros fisico-quimicos dos OE foram determinados: densidade, solubilidade,
cor ¢ aparéncia de acordo com a Farmacopeia Brasileira [7]. O rendimento do OE foi
expresso em porcentagem na relagio massa/volume pela medida de densidade.

Anilises quimicas

Os constituintes dos OE foram identificados por cromatografia gasosa acoplada a
espectrometria de massas (CG-EM) na Central Analitica do Instituto de Quimica da
Universidade Estadual de Campinas. Foi dissolvido 1,0 mg da amostra em 1000 pL de
diclorometano (pureza 99,9%). As condi¢oes de analise foram as seguintes: método:
Adams. M; volume injetado: 0,3 uL; coluna : capilar HP-SMS (5% difenil, 95% dime-
til polisiloxano) (equivalente DB-5MS ou CP-Sil 8CB LB/MS), nas dimensées (30 m
x 0,25 mm x 0,25 ym); gas de arraste: He (99,9995); 1,0 mL.min"; injetor: 280 °C,
modo split (1:10); forno : 40°C (5,0 min.) até 240 °C numa taxa de 4 °C min’, de
240 °C até 300 °C (7,5 min) numa taxa de 8 °C min™); t; = 60,0 min; detector: EM; EI
(70 eV); modo varredura (0,5 seg scan); faixa de massas: 40-500 daltons (uma); linha
transferéncia: 280 °C; filamento: desligado 0,0 a 4,0 min; espectrémetro de massas
tipo quadrupolo linear.

Para a identificacio dos compostos na amostra utilizou-se o programa AMDIS (Auto-
mated Mass spectral Deconvolution Mass & Identification System).
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Toxicidade

Para a avaliacdo da letalidade de Artemia salina Leach, foi preparada uma solugio salina
estoque de cada OE na concentragio de 10000 mg L ¢ 0,02 mg de Tween 80 (tenso
ativo). Aliquotas de 5, 50 ¢ 500 pL desta foram transferidas para tubos de ensaio e
completados com solugao salina jé preparadas anteriormente até 5 mL, obtendo-se no
final concentragées de 10, 100 ¢ 1000 mg L, respectivamente. Todos os ensaios foram
realizados em triplicatas, onde dez larvas na fase nduplio foram transferidas para cada
um dos tubos de ensaio.

Para o controle do branco utilizou-se 5 mL da solugao salina, para o controle positivo
K,Cr,O; e para o controle negativo 5 mL de uma solucio 4 mg L' de Tween 80. Apds
24 h de exposicio, realizou-se a contagem das larvas vivas, considerando-se mortas aque-
las que nao se movimentaram durante a observagao e nem com a leve agitacio do frasco.

Adotou-se o critério estabelecido por Dolabela [8] para classificagao da toxicidade dos
OE, sendo considerado altamente téxico quando CLs, < 80 mg L7, moderadamente
téxico para 80 mg L' < CLy, 2 250 mg L' e levemente tdxico ou atéxico quando

CLs, > 250 mg L.

Padronizacao do indculo microbiano para ensaios de sensibilidade

Foram utilizadas duas cepas de bactérias: Escherichia coli (ATCC 25922) e Staphylo-
coccus aurens (ATCC 25923). Foram identificadas e confirmadas pelas provas bioqui-
micas: citrato de Simmons (CIT), vermelho de metila (VM), Voges-Proskauer (VP),
malonato (MAL), fermentagio de carboidratos, descarboxilagio de aminodcidos, indol
(IND), motilidade (MOT) e produgio de H,S, teste de catalase, teste de coagulase e
coloragio de Gram e teste da urease (UR).

Culturas microbianas puras mantidas em 4gar TSA foram repicadas para caldo de infu-
sio de cérebro e coragio (BHI) ¢ incubadas a 35 °C até atingirem fase exponencial
de crescimento (4-6 h). Apés esse periodo, as culturas tiveram sua densidade celular
ajustada em solugao salina 0,85% estéril, de modo a se obter uma turbidez comparével
a da solugao padrio de McFarland 0,5, o que resulta em uma suspensio microbiana
contendo aproximadamente 1,5 x 10* UFC mL™" de acordo com as normas do Clinical
and Laboratory Standards Institute [9).

Método de difusio de disco (MDD)

A técnica de difusao de disco foi realizada segundo Clinical and Laboratory Standards
Institute [9] que padroniza os testes de sensibilidade de antimicrobianos por disco-
difusio. Primeiro foram preparadas as placas com o meio de cultura Agar Mueller Hin-
ton (AMH) apds sua solidificagao foi distribuido a suspensio microbiana na superficie

645



Gustavo Oliveira Everton, Rebecca Jemima Pereira Aratjo, Ana Beatriz da Silva dos Santos, Paulo Victor Serra Rosa, ez 4.

do 4gar e deixado em repouso a temperatura ambiente por 30 min. Logo apds sao pre-
parados os discos contendo 50 pL dos OE ¢ os discos com concentragoes definidas
dos antibidticos. Utilizando-se pinga esterilizada, os discos foram distribuidos sobre
a superficie do dgar. As placas foram incubadas em estufa bacterioldgica a 35 °C por
24 h. Os diAmetros dos halos de inibi¢ao foram mensurados, incluindo o didmetro do
disco. Esses ensaios foram feitos em triplicata. Os valores dos halos de inibi¢ao foram as
médias das medidas dos trés resultados. Ensaios realizados em triplicata.

Concentragao inibitéria minima (CIM) e concentragio bactericida minima (CBM)

O ensaio de concentragio inibitéria minima (CIM) foi realizado empregando-se a téc-
nica de dilui¢io em caldo, proposta pela Clinical and Laboratory Standards Institute [9].

Primeiramente foram preparadas solug¢des dos OE utilizando-se dimetilsufoxido
(DMSO) a 2%, sendo preparadas diluicoes seriadas em Caldo MH, resultando nas
concentragoes de 10 a 1000 ug mL". A cada concentracio foram adicionadas suspensao
microbiana contendo 1,5 x 10° UFC mL" das cepas E. coli e S. aureus. Os tubos foram
incubados a 35 °C por 24 h. Foram realizados os controles de esterilidade e crescimento
para o ensaio realizado.

Apés o periodo de incubagio, foi verificada CIM dos OE, sendo definida como a menor
concentragio que visivelmente inibiu o crescimento bacteriano (auséncia de turvacio
vistvel). Ensaios realizados em triplicata.

Para o ensaio de concentragao bactericida minima (CBM) empregou-se uma aliquota
de 100 pL das dilui¢oes provenientes do caldo MH que visivelmente inibiram o cresci-
mento microbiano. As aliquotas foram inoculadas em Agar Mueller Hinton (AMH)
com posterior incubagio a 35 °C por 24 h. A CBM foi determinada como a menor
dose que visualmente no ensaio de CIM apresentou inibi¢ao de crescimento e que na
cultura em AMH também nao apresentou crescimento bacteriano.

RESULTADOS E DISCUSSAO

Propriedades fisico-quimicas

Os parimetros fisico-quimicos dos OF sao importantes nao apenas para determinagao
da qualidade, como também para o controle da sua pureza e estes sao apresentados na
tabela 1. Observa-se que o OE de C. sinensis obteve um rendimento de 2,47% superior

ao OF de P, divica de 1,80%.
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Tabela 1. ParAmetros fisico-quimicos dos OE.

Parametro fisico-quimicos P. dioica C. sinensis
Densidade (g mL") 0,9820 + 0,0012 0,8500 + 0,0053
Indice de refragao (12,25 °C) 1,5185 £ 0,020 1,4760 £ 0,0063
Solubilidade em alcool a 70% (v/v) 1:3 1:3
Cor Amarelo Incolor
Aparéncia Limpido Limpido
Rendimento (%) 1,80 £ 0,35 2,47 +0,15

Ao compararmos individualmente o rendimento do OE de C. sinensis aos resultados
obtidos por Silva ez al. [10] que extraiu os OE da casca de frutos secos e frescos, os
autores perceberam seu rendimento variando entre 1,80-2,00%, sendo que este estudo
obteve um rendimento de +0,47% acima do rendimento méximo obtido pelos autores,
visto que a densidade dos mesmos autores variou entre 0,8480 a 0,8490 g mL", densi-
dade essa que estd semelhante este trabalho em uma variagao de +0,0010 g mL™.

Mesmo o rendimento do OE da P, divica sendo menor que o rendimento do C. sinensis
¢ importante enfatizar que para os OF rendimentos acima de 1,5% sao de extrema sig-
nificAncia. Em estudo realizado Voris ez 4. [11] ao extrair esse mesmo OE do fruto
adquirido em um mercado varejista do Rio de Janeiro (R]), os autores empregaram
um periodo de 4 h em sua hidrodestilagio, mas seu rendimento méaximo foi de 1,60%,
comparando-se ao estudo atual que empregou um tempo menor de hidrodestilagao
(3h-100 °C) ¢ obtivemos um rendimento de 1,80% utilizando uma parte regenerativa
da planta, torna-se de extrema importincia e significAncia para a visualizagao do seu
potencial de aplicacio.

Comparando os valores para o OE estudado com os da literatura, pode-se observar que
houve uma similaridade entre eles, no que diz respeito aos parimetros analisados. As
pequenas diferencas nos valores encontrados podem ser atribuidas a fatores tais como
época de coleta, diferentes tipos de solo, condi¢des e tempo de armazenamento [12].
Sendo importante enfatizar o rendimento de 2,47% para o OE de C. sinensis que foi
observado em resultados superiores a literatura, incentivando sua produ¢ao em virtude

do aproveitamento de cascas que sao comumente descarte em feiras publicas ou bairros
locais de Sao Luis-MA.

Caracterizagao quimica dos dleos essenciais

Os picos cromatogrificos foram identificados através da comparacio dos respectivos

espectros de massa com os dados das espectrotecas (1) WILEY 139; (2) NIST107 ¢ (3)
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NIST21. De acordo com os resultados obtidos sao apresentados na tabela 2 os com-
postos identificados no OE extraido das cascas de C. sinensis ¢ na tabela 3 os compostos
identificados no OEF extraido das folhas da P divica.

Como pode ser observado na tabela 2 foram identificados 15 componentes na amostra
do OE de C. sinensis, sendo o constituinte majoritirio do OE d-limoneno com 81,50%

da composicao, seguido do linalol (6,36%) e do B-Mirceno (2,95%).

Tabela 2. Constituintes quimicos na amostra do OE de C. sinensis, sendo tr*: Tempo de retencio

dos compostos na coluna em minutos.

Pico tr* (min) Componentes Teor (%)
1 5,155 a-Pineno 0,33
2 6,350 (-Mirceno 2,95
3 6,861 Octanal 1,93
4 7,610 d-limoneno 81,50
5 8,287 1, Octanol 0,46
6 8,919 Linalol 6,36
7 8,959 Nonanal 1,08
8 9,866 Citronelal 0,06
9 10,523 Terpineol 0,12
10 10,873 a-Terpineol 1,39
11 10,926 Decanal 0,25
12 11,352 p-Citronelol 0,08
13 11,643 Neral 1,13
14 12,210 Citral 1,17
15 12,496 1, Ciclohexano 1,20

O composto quimico d-limoneno ¢ confirmado como constituinte majoritdrio do OE
por Aratjo ez al. [13] que ao extrai-lo das cascas de frutos de C. sinensis do mercado
local de Aracaju, Sergipe realizou a caracterizagio quimica do mesmo através de CG/
EM e notou a presenga do constituinte em 91,88% de sua amostra.

Resultados semelhantes a este estudo também ¢ notificado por Martins ez 4. [14] que
ao realizarem a caracterizag¢io quimica de OE comerciais do género Citrus, observaram
a presenga do d-limoneno em 83,33% da composi¢ao do OE de C. sinensis.
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O d-limoneno ¢ um terpeno relativamente estavel que possui aplicagoes na litera-
tura para o desenvolvimento de bioprodutos vegetais [15]. Os OE do género Citrus
possuem esse componente como majoritirio em sua composi¢ao e propriedades como
a atividade antimicrobiana pode ser comprovada por Rodrigues [16], porém ao retra-
tarmos o C. sinensis seu potencial bactericida foi pouco estudado, sendo relatados mui-
tos trabalhos com relagio a sua acio antimicrobiana antifungica [17] e larvicida [13].
Assim, observa-se que o OE de C. sinensis possui potencial para explorarmos sua ativi-
dade bactericida neste estudo, sendo de vital importancia para o estado e para o pais um
produto natural obtido através da parte de um vegetal que ¢ comumente descartado ou
de aplicagoes superficiais.

Como pode ser observado na tabela 3 foram identificados 7 componentes na amostra,
sendo o constituinte majoritario do OE o eugenol com 85,673%, seguido do chavicol

(6,79%) € do mirceno (2,76%).

Tabela 3. Constituintes quimicos identificados em amostras do OE de P, divica, sendo tr*: tempo de

retencao dos compostos na coluna em minutos.

Pico tr* (min) Componentes Teor (%)
1 8,772 Octenol 1,19
2 9,164 Mirceno 2,76
3 10,488 Limoneno 1,73
4 13,251 Linalol 0,88
5 16,122 Terpineol 0,97
6 19,026 Chavicol 6,79
7 22,755 Eugenol 85,67

O teor de eugenol (85,67%) relatado neste estudo torna-se significante ao comparar-
mos com Oliveira [18] que extraiu o OE das folhas de P, dioica coletadas em Minas
Gerais também observou que o eugenol como o constituinte majoritério, porém o teor
observado foi de 44,9%. Outro fato relatado foi a presen¢a do limoneno em 10,1% da
composi¢io ¢ o chavicol sendo exibindo em um teor de 7,5%. Essa composi¢ao tam-
bém podera estar ligada ao rendimento inferior de 0,49% obtido por Oliveira [18],
ainda sendo ressaltado que os autores utilizaram um tempo de extragao de 4 h.

Resultados semelhantes foram relatados por Oliveira ez 4/. [19] utilizando plantas do
sul do estado da Bahia coletadas em 2006, onde obtiveram o eugenol (75,07%) como
constituinte majoritdrio da sua amostra do OE das folhas de P, divica, porém diferente

649



Gustavo Oliveira Everton, Rebecca Jemima Pereira Aratjo, Ana Beatriz da Silva dos Santos, Paulo Victor Serra Rosa, ez 4.

deste estudo componente secundério dos autores foi o mirceno com 8,19% ¢ o chavicol
esteve em seguida com 6,35%.

O cugenol ¢ uma molécula extraordinariamente versatil e foi incluida como um aroma
picante em sorvete, produtos de panificagio e doces em concentragdes restritas [20],
enxaguatdrios bucais, preparagoes farmacéuticas e dentdrias [21,22]. Além de possuir
propriedades bioldgicas comprovadas por Kamatou ez a/. [23], assim ¢ de vital impor-
tincia o estudo do OE extraido da P divica como uma fonte natural significativa de
eugenol tanto para aplicacoes bioldgicas quanto para as industrias em geral.

Toxicidade

Na tabela 4 sao apresentadas as concentragoes letais 50% referentes a agio dos OE
frente a Artemia salina L. e sua posterior classificagio segundo o critério de Dolabela

[8].

Tabela 4. Concentracio Letal 50% para acao dos OE frente a Artemia salina L. ¢ classificagio dos

éleos quanto a sua toxicidade pelo critério de Dolabela.

OE CL,, Classificagao
P, dioica 141,3 mg L Moderadamente téxico
C. sinensis 511,6 mgL! Atdxico

A concentragao letal 50% (CLs,) refere-se a0 ponto em que o nimero de animais sobre-
viventes ¢ igual a0 nimero de animais mortos, e seguindo o critério de Dolabela [8] ¢
possivel determinar a toxicidade de produtos naturais visando uma aplicacio especifica
do agente no organismo alvo, visto que 6leos com toxicidade elevada nao sao recomen-
dados para aplicagoes bioldgicas.

Na tabela 4 foi possivel observar que nenhum dos 6leos foi classificado como téxico,
logo, suas aplicagdes podem ser relativamente aceitéveis e sendo encorajadas. Desta
forma, os ensaios de atividade antimicrobiana foram iniciados. E importante ressaltar
que o OE de C. sinensis extraido das cascas do fruto apresenta até agora um rendimento
significativo e componentes quimicos de importincia biol6gica e neste ensaio de toxi-
cidade apresentaa CLs,de 511,6 mg L™, muito acima do critério que era de apenas 250
mg L para ser classificado como atdxico. Logo, este OE tem seu potencial de aplicagio
novamente incentivado.

E importante enfatizar que estudos relativos a toxicidade de produtos naturais sao de
vital importincia para aplicagoes bioldgicas e estudos da literatura ainda nio divulgam
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toxicidade das plantas em estudo em um teste especifico como o bioensaio frente a
Artemia salina.

Os resultados referentes aos ensaios para determinagio da atividade antimicrobiana sao
apresentados na tabela 5. Todos os 6leos apresentaram atividade antimicrobiana frente
a Escherichia coli e Staphylococcus aureus.

Tabela 5. Halos de inibicio (HI), concentragao inibitéria minima (pg/mL) dos OE frente a

Staphylococcus aureus e Escherichia coli.

OE P. dioica OE C. sinensis

GEN 30| HI CIM CBM HI CIM CBM
pg (mm) | (mm) | (ugmL?) | (,gmL") | (mm) | (pgmL?) | (ugmL")

E. coli
(ATCC 25922)

Gram-negativa

25 15 25 50 15 75 100
+1,11 | £0,50 | (15-40) | (40-70) | +0,70 | (40-70) | (90-120)

S. aureus
(ATCC 25923)

Gram-positiva

27 25 10 25 30 10 25
+1,31 | £1,20 | (5-25) | (15-35) | £0,90 | (40-70) | (20-40)

Ao observarmos a tabela 5 notamos que o OE de P, divica foi mais eficiente ao inibir a
bactéria Staphylococcus anreus pelo método de difusio de disco se compararmos o seu
halo de 25 mm com o 15 mm resultado da agio do Sleo frente a Escherichia coli. Ambos
os halos de inibi¢ao permitem classificar as bactérias como sensiveis pelo critério esta-
belecido por Moreira ez al. [23]. O ensaio de concentragio inibitéria minima revelou
que o OE de P, dioica inibe o crescimento microbiano de Escherichia coli a partir de

25 ug mL" e de Staphylococcus aureus a partir de 10 ug mL™.

O estudo de Oliveira [18], onde a autora relata a atividade do mesmo dleo com uma
CIM de 5 ugmL" para E. coli ¢ 20 pg mL" para S. aureus retrata a diferenca deste estudo
onde o mesmo 6leo obtido em dois locais diferente possuem propriedades diferentes,
visto que o 6leo da autora foi mais eficiente frente a E. coli do que a S. aureus, enquanto
que, neste estudo ocorreu o inverso do observado pela autora.

Em um estudo recente Lorenzo-Leal ez 4/. [24] em Puebla, México, utilizou a técnica
de micropogos para determinar a CIM do OE da P, divica extraida de frutos comercia-
lizados e diferentemente deste estudo nao observou atividade do dleo frente a E. coli e
obteve uma CIM extremamente alta de 2000 ug mL"! para S. aureus, o que revigora os
resultados satisfatdrios obtidos neste estudo, onde para S. aureus obtivemos uma CIM

de 10 uygmL".
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Ao notarmos a tabela 5 podemos visualizar que o OE de C. sinensis também foi mais
eficiente ao inibir a bactéria Staphylococcus aureus pelo Método de Difusao de Disco
se compararmos o seu halo de 30 mm com o halo de 15 mm resultado da agio do 6leo
frente a Escherichia coli. Ambos os halos de inibi¢iao permitem classificar as bactérias
como sensiveis pelo critério estabelecido por Moreira ez al. [23]. O ensaio de concentra-
¢ao inibitdria minima revelou que o OE de P divica inibe o crescimento microbiano de
Escherichia coli a partir de 50 ug mL" e de Staphylococcus aureus a partir de 10 pg mL™.

E importante ressaltarmos que os estudos antimicrobianos no Brasil com a espécie
C. sinensis sao relativamente novos, destacando a importancia do estudo para obten-
¢ao de um produto natural com potencial biolégico obtido de uma parte comumente
descartada de um fruto de alto consumo local tanto para o estado quanto para o pais.

Desta forma, os resultados obtidos foram comparados aos dos autores Eldahshan e
Halim [25] que extrairam o OE das folhas de C. sinensis coletadas no Egito realizando
uma hidrodestilagao por 5 h. Os autores obtiveram um halo de 20,1 mm para a acio
do OFE frente a S. aureus e um resultado semelhante de 16,2 mm frente a E. coli, visto
que neste estudo obtivemos um halo de 15 mm empregando o OE obtido da casca.

Eldahshan ¢ Halim [25] ainda enfatizam que esse 6leo teve essa atividade pela pre-
senga dos compostos oxigenados em sua composicao. Os autores realcam o potencial
do OE para ser utilizado como aditivos antibacterianos em alimentos ¢ em produtos
cosméticos em a fim de reduzir a dependéncia de produtos quimicos sintéticos pre-
servagio de alimentos [25]. Por fim, destaca-se novamente o potencial bioldgico de
ambas as espécies estudadas neste trabalho como extremamente eficientes no controle
de microrganismos patogénicos, representados pela Escherichia coli como Gram-nega-
tiva e Staphylococcus anrens como Gram-positiva.

Através dos resultados obtidos nos estudos quimicos, na avaliagao da toxicidade e anti-
microbiana dos OE de P, divica e C. sinensis, conclui-se que os OE avaliados sdo com-
postos por substincias que propiciam e incentivam sua aplicagao em virtude de seus
potenciais para atividade biolégica antimicrobiana.
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REsumMmo

Neste estudo descrevemos a extragio, composi¢ao quimica e aatividade antibacteriana
do 6leo essencial extraido dos frutos da Pimenta dioica. Para isso, extraimos o 6leo
por hidrodestilagao; identificamos os compostos por cromatografia gasosa acoplada
ao espectrometro de massa ( CG/ EM); quantiﬁcamos 0 componente majoritario
por espectrometria UV-vis e voltametria; ¢ determinamos a atividade antibacteriana
contra Escherichia coli, Staphylococcus aureus, Proteus mirabilis, Pseudomonas aerugi-
nosa e Serratia odorifera pelo método de difusio em disco. Os resultados mostraram
que o 6leo ¢ composto em sua maioria por eugenol e sua quantidade estd em, aproxi-
madamente, 78,15%, cuja classe predominante foi a dos monoterpenos. Além disso,
as bactérias testadas com o 6leo essencial apresentaram halos de inibicio, variando de

11 a21 mm. Portanto, o 6leo ¢ um potencial agente antibacteriano.

Palavras-chave: Eugenol, hidrodestilagio, compostos volateis, Pimenta dioica, bactérias.
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SUMMARY

Chemical composition and antibacterial activity
of essential oil from fruits of Pimenta dioica

In this study we describe the extraction, chemical composition, and antibacterial
activity of the essential oil extracted from fruits of Pimenta dioica. For this, we
extracted the oil by hydrodistillation; we identified the compounds by Gas Chro-
matography coupled to the Mass Spectrometer (CG/MS); we quantified the major
component by vis-UV Spectrometry and Voltammetry; and we determined the
antibacterial activity against Escherichia coli, Staphylococcus aureus, Proteus mirabilis,
Pseudomonas aeruginosa, and Serratia odorifera, using the disk diffusion method.
The results showed that the oil is composed mostly of eugenol and its quantity is
approximately 78.15%, whose predominant class was that of monoterpenes. In addi-
tion, the bacteria tested with the essential oil showed inhibition halos, ranging from

11 to 21 mm. Therefore, the oil is a potential antibacterial agent.

Keywords: Eugenol, hydrodistillation, volatile compounds, Pimenta dioica, bacteria.

INTRODUCAO

As bactérias patogénicas de origem alimentar despertam o interesse na busca de agentes
antibacterianos. Os dados da Organizagio Mundial da Satde (OMS) mostram que
uma em cada dez pessoas adoecem quando ingerem alimentos contaminados ¢ 420 000
vém ao ¢bito a cada ano. Entre os principais fatores responsdveis por esses resultados
estdo as doengas transmitidas por bactérias e o processo de deterioragao alimentar [1-3].

Para conter este processo, a industria de alimento utiliza os agentes antibacterianos
sintéticos. No entanto, apesar destes possuirem eficdcia no controle de surtos destas
doengas, suas aplicag¢des provocaram acimulo de residuos no meio ambiente, resistén-
cia bacteriana aos produtos quimicos aplicados e efeitos colaterais na satde humana
[4, 5]. Além disso, outra desvantagem estd na preocupagio dos consumidores com os
efeitos colaterais a médio e longo prazo e com a seguranca destes produtos. Dentro
desta perspectiva, os pesquisadores precisam buscar novos agentes antibacteriano [6)].
Logo, uma alternativa vidvel estd nos estudos de produtos de origem natural, especial-
mente os Sleos essenciais, devido a sua alta biodegrabilidade e baixa toxicidade para os
mamiferos [7].

Os produtos extraidos de plantas, sejam extratos ou dleos essenciais, sobretudo da
Pimenta dioica, possuem aplicacoes em alimentos, na medicina tradicional ¢ em
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algumas atividades biol6gicas. Originaria da América Central, principalmente da Jamaica
e Cuba, esta planta ¢ utilizada como condimento justamente pelo seu aroma e sabor
picante. Por conta disto, a industria de alimentos o utiliza nio s6 para realcar sabor, mas
também como conservante de carnes, devido a sua capacidade antioxidante [8].

Na medicina tradicional os extratos obtidos da folha sio utilizados no tratamento da
flatuléncia e diarreia, ja os frutos pulverizados sio empregados no trato de calos, neural-
gia e reumatismo [8]. No que diz respeito as atividades bioldgicas, observamos relatos
da utilizagao do 6leo como antioxidante e citotéxico contra algumas linhagens de can-
cer [9], moluscicida contra Biomphalaria glabrata [10], acaricida [11], antibacteriano
em alimentos [12,13], larvicida e adulticida contra Aedes aegypti [14], antirradical [15]
e antifingico contra Fusarium oxysporum e F. verticillioides [16]. Apesar das inimeras
aplicagdes, no que diz respeito a atividade biolégica, observamos que a maioria dos
estudos se concentram mais em extrair o 6leo a partir das folhas do que frutos. Devido
aesta condi¢ao, neste estudo descreveremos a extracio, composi¢ao quimica e atividade
antibacteriana do 6leo essencial dos frutos da P dioica (L). Merr e do padrao do cons-
tituinte majoritario desse leo.

MATERIAL E METODOS

Obtencao e extracao do oleo essencial

A coleta dos frutos foi realizada na Cooperativa Agricola Mista do Projeto Onga
LTDA, municipio de Taperoa-BA, Brasil, em agosto de 2005, recebendo o certificado
organico pelo Instituto Biodindmico (IBD) de nimero CA0212/05. Apds a coleta, a
secagem foi feita através de ventilagao natural, posteriormente os frutos foram tritura-
dos no moinho elétrico (Tecnal, modelo TE-340) e armazenados em recipientes de
polietileno. Extraimos o éleo por hidrodestilagao e calculamos o rendimento médio a
partir das medidas de densidade e do peso do material bruto. Para isso, pesamos 30 gra-
mas das amostras e misturamos em 300 mL de dgua destilada. Em seguida colocamos
esta mistura em um frasco de fundo redondo de 1000 mL e o acoplamos ao extrator
de Clevenger sob aquecimento de 100 °C em uma manta elétrica por 3,5 h. Apés esse
tempo, o 6leo destilado foi coletado e seco por percolagio em sulfato de sédio ani-
dro. Realizamos essas operagoes em triplicatas e armazenamos as amostras em ampolas
de vidro Ambar sob refrigeragio para evitar possiveis perdas de constituintes volateis.
Medimos a densidade a partir de um picnémetro a 25 °C.

Andlise cromatogrifica CG/EM

Identificamos os componentes do 6leo essencial por cromatografia gasosa acoplada a
espectrometria de massas (CG-EM) em um cromatdgrafo a gas da marca Varian 2100,

658



Composicao quimica e atividade antibacteriana dos frutos da Pimenta dioica

acoplado a um espectrometro de massa por impacto de elétrons e analisador de zons
trap, utilizando hélio como gés de arraste com fluxo na coluna de 1 mL.min"; tempera-
tura do injetor: 270 °C, split 1:50; coluna capilar (15 m x 0,25 mm) com fase estacio-
néria VE-1ms (100% metilsiloxano 0,25 um) e programacao de temperatura do forno
de 60 2200 °C com taxa de aquecimento de 8 °C.min™, e de 200 ¢ 290 °C, com taxa
de aquecimento de 15 °C.min". Noespectrometro de massas, as temperaturas do main
fold fon trap e da linha de transferéncia foram de 50, 190 ¢ 200 °C. Injetamos aliquotas
de 1 pL (injetor automdatico CP-8410) das amostras diluidas na propor¢io de 20 pL
em 1,5 mL de hexano. Identificamos os componentes do éleo a partir da comparagao
destes com os dados obtidos de substancias auténticas existentes em bibliotecas de refe-
réncia a partir do tempo de retencgo.

Solucao tampao e padrao

Utilizamos o tampao Britton-Robson (BR) em todos os experimentos eletroquimicos,
onde foi ajustado ao pH desejado uma solu¢ao NaOH 1,0 mol L. Preparamos o tam-
pao a partir de dcido bérico 0,04 mol L, 4cido fosfoérico 0,04 mol L' e perclorato de
s6dio 0,10 mol L, o que resultou numa solugio de pH 1,8. O perclorato de sédio tinha
a func¢ao de manter a for¢a i6nica na casa de 10

As solugoes padroes de eugenol (98% de pureza e procedéncia Chem Service) foram
preparadas em diferentes concentragdes para cada técnica analitica aplicada. Para a
voltametria, utilizamos uma solu¢ao estoque de concentragio 5,79 x 10° mol L, a
qual foi preparada misturando-se 10 pL do padrio em balio de 10 mL e aferindo-se
com uma solugio etanol/tampao BR pH 3.3 2 55% (v/v). J4 para a espectroscopia no
UV, a solugio estoque apresentava concentragio de 5,79 x 102 mol L e foi preparada
acrescentando-se 100 uL do padrio de eugenol em um balao de 10 mL, aferido com
solugio etanol/4gua destilada a 60% (v/v). As solugdes estoque do dleo essencial foram
preparadas semelhantemente as do padrio de eugenol para cada método analitico, ou
seja, 10 uL e 100 pL, respectivamente.

Determinag(‘)es voltamétricas e espcctroscépicas UV vis para quantiﬁcagéo de eugcnol

As medidas eletroquimicas foram realizadas em um potenciostato, modelo CV50W,
da Bioanalytical Systems, acoplado aos eletrodos ¢ a um computador para captura
dos dados, além de uma célula eletroquimica de vidro de 10 mL contendo tampa com
entradas para os eletrodos e um agitador magnético. O eletrodo de trabalho utilizado
(drea = 0,06 cm?), o de referéncia ¢ o eletrodo auxiliar foram, respectivamente, de car-
bono vitreo, prata em solugio de cloreto de prata (Ag/AgCl) e platina. O eletrélito
suporte usado foi uma solugio etanol/tampao BR pH 3,3 a 55%.
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A quantificagio do eugenol, no dleo, foi determinada por voltametria de pulso dife-
rencial com o método da adi¢ao padrio, para o qual 10 mL de uma solugio contendo
0 6leo —preparada com 100 pL da respectiva solucio estoque e com eletrélito suporte
em um baldo volumétrico— foi adicionado a célula eletrolitica e o valor da corrente
da referida solugao foi lido. Em seguida, adicionaram-se volumes crescentes da solugao
estoque do padrio de eugenol, devidamente calculados, para resultar em concentragoes
de2x10°a1,4x10* mol L, ¢ as respectivas correntes eram lidas.

Para a quantifica¢io por espectroscopia UV-vis, realizamos os testes em comprimento
de onda de 280 nm e com as amostras diluidas em solugio de etanol/4gua destilada a
60% (v/v). A quantificagio do eugenol foi determinada pelo método da adi¢io padrao.
Para tanto, foram utilizados cinco balées volumétricos de 10 mL (contendo cada um 20
uL da solugio estoque do 6leo essencial), nos quais foram adicionados individualmente
volumes crescentes da solugao estoque do padrao de eugenol (0, 20, 40, 60 ¢ 80 uL);
sendo, em seguida, aferidos com a solugao etanol/4dgua destilada a 60%. A absorbancia
das novas solugoes assim obtidas foi lida, tendo como branco a solugao de etanol/agua.
Os espectros de absor¢ao observados, assim com a curva de adi¢ao padrao, foram obti-
dos por vérias concentragoes de eugenol no intervalo de 1,28 x 1042 5,12 x 10“mol L
em solucio de etanol/agua a 60%.

Testes da atividade antibacteriana

As cepas de Escherichia coli, Staphylococcus aureus, Proteus mirabilis, Pseudomonas aeru-
ginosa e Servatia odorifera utilizadas neste trabalho foram provenientes de alimentos e
isoladas no Laboratério de Microbiologia da Universidade Federal do Maranhio.

Avaliamos a atividade antibacteriana do dleo essencial e do padrio de eugenol a partir
do método de difusio em disco recomendado pela Clinical Laboratory Standards Insti-
tute (CLSI) [17]. Inoculamos as culturas bacterianas em caldo BHI (Brain and Heart
Infusion) e apds 24 h de incubagio a 37 °C, procedemos a diluigao até a obtengio de
uma suspensio padronizada pelo grau 0,5 da escala de McFarland (108 microrganismos
mL™"). Posteriormente, semeamos o inéculo de cada cultura bacteriana (0,10 mL) com
swab estéril na superficie das placas contendo dgar Mueller Hinton solidificado, e sobre
a mesma foram aderidos, com auxilio de uma pinga previamente flambada, pequenos
discos de papel de filtro com 6 mm de didmetro impregnados, individualmente, com
75 uL do 8leo essencial ¢ com o padrao (eugenol), sendo pressionados levemente sobre
a superficie do meio. Por fim, as placas foram incubadas a 37 °C por 24 h ¢ os halos de
inibi¢io foram medidos em uma régua milimetrada, certificada pelo Instituto Nacional

de Metrologia, Qualidade e Tecnologia INMETRO).
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Testamos o comportamento das cepas de Escherichia coli, Staphylococcus aureus, Proteus
mirabilis, Pseudomonas aeruginosa e Servatia odorifera frente a agio de antimicrobianos
comerciais seguindo o método de difusao de disco [17]. Os discos impregnados com os
antimicrobianos foram distribuidos nas placas com o auxilio de uma pinga previamente
flambada, sendo em seguida levemente pressionados contra a superficie do meio. Na
sequéncia, as placas foram incubadas a 37 °C por 24 h. Os antimicrobianos utilizados
foram escolhidos pela sua eficicia ao respectivo microrganismo conforme recomenda-
cao da CLSI [18], sendo estes: tetraciclina (TET 30 pg), vancomicina (VAN 30 pg),
cefoxitina (CFO 30 pg), ampicilina (AMP 10 pg), cloranfenicol (CLO 30 pg), eritro-
micina (ERI 15 pg), gentamicina (GEN 10 pg), sulfazotrim (SUT 25 pg) ¢ penicilina
(PEN 10 ug).

REsuLTADOS

Extragao do 6leo, andlise cromatogrifica GC/EM, UV-vis e voltametria de pulso

diferencial

Extraindo o dleo pela técnica de hidrodestilagao, obtivemos um rendimento médio e
densidade média, respectivamente, 2.16 % (m/m) ¢ 0.968 gmL". Da andlise cromato-
gréfica, identificamos a presenca de 17 compostos, o que observamos no cromatograma
(figura 1), onde o majoritdrio foi o eugenol ¢ o minoritério o a-cariofileno, enquanto a
classe predominante foi a dos monoterpenos, com 90,77% (tabela 1).

Tabela 1. Identificagio dos componentes presentes no dleo essencial.

Compostos Tempo de retengio (min) | Desvio padrio | Area normalizada (%)
1-Octen-3-ol 2,15 0,04 1,40
B-pineno 2,33 0,08 6,52
a-pineno 2,49 0,00 0,28
o-cimeno 2,66 0,04 1,94
Limoneno 2,77 0,05 4,09
Linalol 3,56 0,02 0,64
Cis-Hidrato de sabineno 4,64 0,01 0,22
a-terpineol 4,80 0,01 0,13
S-indanol 5,76 0,20 5,88

(Continue)
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Tabela 1. Identificacio dos componentes presentes no dleo essencial.

Compostos Tempo de retengio (min) | Desvio padrio | Area normalizada (%)
Eugenol 7,23 0,32 76,98
a-Cubebeno 7,80 0,01 0,35
Cariofileno 8,41 0,00 0,09
a-Cariofileno 8,90 0,00 0,08
y-muroleno 9,22 0,01 0,25
a-cadineno 9,58 0,00 0,19
a-muroleno 9,74 0,01 0,22
d-cadineno 9,88 0,01 0,76
Alcool 1,40
Fenol 5,88
Monoterpenos 90,77
Sesquiterpenos 1,94
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Figura 1. Cromatograma do dleo essencial dos frutos da Pimenta dioica Lindl.

No entanto, ao quantificarmos o eugenol pela técnica de adi¢io por padrao por espec-
troscopia de ultravioleta (UV-vis) ¢ por voltametria de pulso diferencial, observamos
pouca diferenga nos valores. Da andlise espectroscdpica, constatamos que o eugenol
estava presente em uma quantidade de 78,15% (figura 2) enquanto este valor foi de
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74,63% na voltametria (figura 3). Por fim, na figura 4, mostramos o comportamento
eletroquimico do padrio eugenol e do dleo essencial enquanto na figura 5 observamos
os voltamogramas de pulso diferencial da amostra e do padrao de eugenol.

20
161
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'S 1,24
& A 0,266
2 4=
_% 08 B 3148,437 6
< R 0,99859 (B)
04 1 S
00 , . 4
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T Concentragio de Eugenol (mol L") 3
2
«
2
£ 1
o1
)
< Comprimento de onda (nm)
T T T T T T T T T T T T
240 250 260 270 280 290 300

Figura 2. Determinagio quantitativa do eugenol por espectroscopia de UV foi acompanhada pelo
aumento da absor¢io da banda do anel aromético (A,;,=280nm), em fun¢io do aumento da concen-
tragio do eugenol no 6leo. A curva analitica de adi¢io padrio foi caracterizada pelo coeficiente de
correlagio linear igual a 0,9986 ¢ desvio padrio de 0,039. Nessa figura, mostramos a curva de adigio
padrio da solugio estoque do padrio sobre 20 pL de solugao estoque da amostra do dleo essencial
em solugio etanol/dgua a 60% (A); Em (B) Espectros de absorcio da mistura etanol/agua a 60%,
respectivamente, (1), da amostra (2) e das concentragdes do padrio de eugenol: (3) 1,28 x 10 mol

L1, (4)2,56x10* mol L, (5) 3,85 x 10 mol L' e (6) 5,12 x 10 mol L.
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Figura 3. Curva da adi¢io padrio obtida a partir do voltamograma de pulso diferencial da amostra
e do padrio de eugenol em solugio 55% etanol/tampao BR pH 3,3. Calculamos a concentragio de
eugenol no dleo essencial dos frutos da Pimenta dioica Lindl a partir da curva de adi¢io padrao para
o pico anédico. O valor da corrente lida para o 6leo foi de 1,978 x 10 mol L, o que resultou numa
concentragio inicial de eugenol na célula de 4,273 x 10° mol L que ao ser levado em consideragio
a pureza do padrio utilizado (98%) e as devidas correlagoes de diluicao, chegamos a um teor de

74,63% de eugenol presente no 6leo essencial.
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Figura 4. O comportamento eletroquimico do eugenol e o seu intervalo de potencial, nos quais
foram obtidos por voltametria ciclica, utilizando eletrodo de carbono vitreo versus eletrodo de Ag/
AgCl em solugio de etanol/tampao BR pH 3,3 a 55%. Ql{ando o eletrodo era apenas polido e
uma varredura de potencial era executada (A), nenhuma resposta eletroquimica era obtida na faixa
trabalhada, enquanto que na presenca do dleo da Pimenta dioica Lindl (B) apareceram dois picos
referentes & oxidagao (524 mV) e redugio (285 mV), indicando que o eugenol sofre processo redox

quasc I'CVCI'SiVCl.
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Figura 5. Inicialmente, leu-se a corrente de 100 pL da solugio estoque da amostra (1) no eletrélito e
no potencial de oxidagio de 524 mV. Em seguida, adicionamos volumes pré-determinados de solu-
¢do padrio de eugenol que resultou nas concentragoes: 2 x 10° mol L (2), 4 x 10° mol L (3), 6 x
10° mol L' (4), 8 x 10° mol L (5), 10 x 10° mol L' (6) ¢ 12 x 10° mol L! (7), obtidos em solucio
55% etanol/tampio BR pH 3,3. O tempo de deposicio foi de 100 s, amplitude de pulso de 100 mV

e velocidade de varredura de SO mV s\

Atividade antibacteriana

Na tabela 2 apresentamos o resultado da suscetibilidade microbiana do dleo essencial
dos frutos da Pimenta dioica (L). Merr ¢ padrao eugenol pelo método da difusio em
disco em relacio as bactérias Escherichia coli, Staphylococcus aureus, Proteus mirabilis,
Pseudomonas aeruginosa e Serratia odorifera. Na figura 6, mostramos as imagens dos
halos de inibi¢ao para dleo essencial. Deste resultado, observamos uma variagio nos
halos de 11 a21 mm para o dleo essencial e 13 a 19 mm para o padrao eugenol.
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Tabela 2. Sensibilidade das bactérias Escherichia coli, Staphylococcus aureus, Proteus mirabilis, Pseu-

domonas aeruginosa e Serratia odorifera ao dleo essencial dos frutos da Pimenta dioica (L.) Merr ¢ ao

padrio eugenol, utilizando-se 0 método de difusio em disco.

Bactérias (média das medidas dos halos em milimetro)

Escherichia | Staphylococcus Proteus | Pseudomonas | Serratia
Compostos : .. . .
coli aureus mirabilis aeruginosa odorifera
Oleo essencial 21 21 20 16 13
Padrao eugenol 19 15 15 16 11

E

Figura 6. Atividade antibacteriana do 6leo essencial da Pimenta dioica contra as bactérias (A)

Pseudomonas aeruginosa, (B) Staphylococcus aureus, (C) Escherichia coli, (D) Proteus mirabilis e

(E) Serratia odorifera.

Na tabela 3, observamos que os halos de inibi¢ao variaram de 8 a 40 mm para algumas
bactérias frente aos antibidticos, sendo a penicilina mais efetiva contra a S. aureus. Na

tabela 4, mostramos os parAmetros utilizados para considerar quando hé sensibilidade
alta, moderada ou resisténcia da bactéria ao antibiético. A partir disso, observamos que
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a bactéria P, mirabilis resistiu ao antibidtico ampicilina e cefoxitina. Enquanto a bacté-
ria Pseudomonas aeruginosa apresentou sensibilidade alta 4 gentamicina, moderada ao
clorafenicol e sulfazotrim e resistente a tetraciclina. Por fim, a Serratia odorifera resistiu
a tetraciclina, pouco sensivel ao cloranfenicol e moderadamente sensivel 4 ampicilina
e cefoxitina.

Tabela 3. Sensibilidade das bactérias Escherichia coli, Staphylococcus aureus, Proteus mirabilis, Pseu-

domonas aeruginosa e Serratia odorifera frente a alguns antibiéticos.

Bactéria*
Antibiético Escherichia | Staphylococcus | Proteus | Pseudomonas | Servatia
coli aureus mirabilis | aeruginosa odorifera
Ampicilina 16 nt 0 nt 15
Cefoxitina 23 nt 0 nt 16
Cloranfenicol 22 nt 21 13 21
Eritromicina nt 20 nt nt nt
Gentamicina nt 19 nt 15 nt
Penicilina nt 40 nt nt nt
Sulfazotrim nt nt nt 12 nt
Tetraciclina 16 nt 14 12 8
Vancomicina nt 16 nt nt nt

* halo medido em milimetro; nt: nio foi testado.

Embora a acdo inibitéria do dleo seja semelhante aos antibiéticos, observamos que
houve diferencas para algumas bactérias. Para Pseudomonas aeruginosa (halo igual a 16
mm) estes valores para o tratamento com dleo essencial estao acima dos obtidos pelos
antibi6ticos correspondentes. No caso da Serratia odorifera, este valor foi menor para
0 6leo e maior do que o teste com a tetraciclina, porém préximo ao resultado do teste
com a ampicilina e cefoxitina.

DiscussAo

Em decorréncia dos problemas provocados pelo uso dos antibacterianos quimicos, a
busca por produtos de origem natural incitou o interesse no desenvolvimento de novos
agentes antibacterianos. Portanto, neste estudo mostramos que o 6leo essencial extra-
ido dos frutos da Pimenta dioica, que possui em sua maior quantidade o eugenol, ¢ o
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Tabela 4. Adaptacio dos parimetros da Clinical and Laboratory Standards Institute (CLSI) para os

antibidticos testados.

Antibiético Cédigo Concentragio Zona de inibigio (mm)
(wg/L) R MS S
Ampicilina AMP 10 <13 14-16 >17
Cefoxitina CFO 30 <14 15-17 >18
Cloranfenicol CLO 30 <12 13-17 >18
Eritromicina ERI 15 <13 14-22 >23
Gentamicina GEN 10 <12 13-14 =15
Penicilina PEN 10 <28 - >29
Sulfazotrim SUT 25 <10 11-15 > 16
Tetraciclina TET 30 <14 15-18 >19
Vancomicina VAN 30 <9 10-11 212

S = sensivel; MS = moderadamente sensivel; R = resistente (CLSI, 2008 [17]).

padrio eugenol possuem atividade contra as bactérias Escherichia coli, Staphylococcus
aureus, Proteus mirabilis, Pseudomonas aeruginosa e Serratia odorifera.

Diversos fatores explicam as diferencas no rendimento e na composi¢ao quimica dos
dleos essenciais. Em nosso estudo, o principal componente da P dioica foi o eugenol.
Geralmente as quantidades deste composto nos frutos estao em torno de 85% para um
rendimento de 2 a 5% de dleo [19, 20]. Para explicar estas diferencas na composigao,
recorremos ao estudo realizado por Jiang ez al. [21] que obtiveram diferentes rendi-
mentos ao extrair o 6leo essencial dos frutos da P. divica por hidrodestilagio e hidro-
destilagio assistida por micro-ondas. De acordo com os autores, esta diferenca ocorre
devido as facilidades de infiltragio, difusdo e troca entre as células do tecido vegetal
durante a radiagio com micro-ondas. Como este processo ¢ mais lento na hidrodes-
tilagio convencional, as perdas de alguns constituintes também sao afetadas quando
a extragdo acontece de forma répida ou lenta [22, 23]. Além do método de extragio,
outros fatores influenciam na diminuicio do rendimento e, consequentemente, na alte-
ragao da composi¢ao dos constituintes do 6leo sao elas: as diferencas de temperatura, a
geologia e a altitude [21].

Apesar do eugenol estd em grande quantidade no dleo essencial da P divica, sabe-
mos que a atividade antibacteriana estd mais relacionada com o sinergismo do que
com a classe funcional, a poténcia de grupos funcionais ou a0 componente em si. Os
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achados do nosso estudo estao concordantes com o estudo realizado por Wang ez
al. [24] quando estes avaliaram que os 6leos essenciais N. chinensis ¢ V. officinalis da
China, cujos componentes pertenciam em sua maior parte a classe dos monoterpe-
nos e sesquiterpenos, apresentaram atividade antimicrobiana em trés tipos de bactérias
Gram-positivas (Bacillus subtilis, Staphylococcus aureus e Staphylococcus haemolyticus),
e cinco Gram-negativas (Agrobacterium tumefaciens, Escherichia coli, Pseudomonas
lachrymans, Salmonella typhimurium e Xanthomonas vesicatdria).

Bactérias Gram-negativas diferenciam-se das Gram-positivas a partir da camada dual
que estas possuem e as protege da agio de agentes antimicrobianos. Para penetrar
na célula, a parte hidrofébica do 6leo essencial devera atingir a membrana celular de
modo a partir a camada lipidica. Quando isto ¢ provocado, a permeabilidade aumenta
e, consequentemente, a célula bacteriana ¢ desestabilizada. Embora isso aconteca com
a maioria dos compostos, esta agio ¢ menor nos sesquiterpenos devido a baixa solubi-

lidade deste em dgua [25-27].

No que diz respeito a poténcia do grupo funcional, sabemos que constituintes fenéli-
cos tais como eugenol e timol sao efetivos contra bactérias de origem alimentar [28].
A razio para isto estd relacionada com a parte hidrofébica do composto; as interagoes
da ligagao de hidrogénio dos fendis com a dgua e, por conseguinte, sua constante de
acidez; e a inativagio de enzimas e materiais genéticos [29]. Como os componentes
do 6leo neste estudo pertencem a diferentes fungoes, a atividade antibacteriana nao ¢
exclusiva de um ou outro composto, mas sim da a¢ao conjunta de todos, em um pro-
cesso chamado de sinergismo [30].

E fato que a atividade antibacteriana de um 6leo essencial é comprovada pelo tamanho
dos halos de inibi¢io. Em nosso estudo mostramos que o tamanho dos halos de inibi-
¢ao das bactérias tratadas com dleo essencial foi um pouco menor (variagio de 11 a 21
mm) em relagdo aos antibiéticos (variagio de 8 a 40 mm). Apesar de baixos valores nos
halos, ¢ consenso entre os autores considerarem um composto com atividade antibac-
teriana aquele que possui um valor minimo no didmetro dos halos de inibi¢ao entre 8 e
10 mm em testes feitos pelo método de difusio em disco [31-33].

Geralmente, os valores baixos obtidos neste método estio relacionados com a veloci-
dade de difusao. Como o 6leo essencial ¢ viscoso e possui baixa polaridade, este encon-
tra dificuldade em se difundir no 4gar, cuja natureza ¢ hidréfila. Assim, por menor que
sejam os valores dos halos, um 6leo essencial sempre serd considerado um bom agente
antibacteriano [34].

Enquanto o agente antibacteriano a base de éleo essencial pode ter qualquer valor no
tamanho dos halos, os antibidticos possuem um padrao. Como mostramos na tabela 3,
a resisténcia das bactérias dependera do tipo de antibidtico.
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Em nosso estudo, observamos que algumas bactérias apresentaram resisténcia, concor-
dando assim com os dados da literatura. O estudo realizado por Ferndndez-Delgado ez
al. [35] mostrou que a bactéria Proteus mirabilis isolada de ostras da costa Venezuelana
resistiu 2 maioria dos antibidticos testados, entre eles a ampicilina, cefoxitina e tetraci-
clina. J4 o estudo realizado por Stock e al. [36] mostrou a baixa sensibilidade da Serra-
tia odorifera A tetraciclina, estreptomicina e espectinomicina. Enquanto os estudos de
Gongalves e 4l. [37] mostraram que a Escherichia coli foi sensivel a vancomicina e resis-
tente A tetraciclina, e o Staphylococcus aurens a vancomicina, cefoxitina e cloranfenicol.

Esta resisténcia acontece devido as sucessivas mutagdes que alteram a permeabilidade
celular, & degradagio celular dos antimicrobianos e as alteragdes de alvos celulares [38].
Apesar da resisténcia de algumas bactérias aos antibidticos, neste estudo mostramos
que o uso do 6leo essencial apresentou resultados de inibi¢ao semelhantes aos antibi-
dticos. Portanto, devido a estas pequenas diferengas, concluimos que o dleo essencial
da P, dioica tem potencial atividade antibacteriana e que pode ser utilizado tanto na
industria de alimentos quanto na farmacéutica.

CONCLUSOES

Destilamos o 6leo essencial das folhas da Pimenta dioica por hidrodestilagao e con-
cluimos que este ¢ constituido em sua maior parte por monoterpenos e pelo com-
posto eugenol, no qual apresentou atividade antibacterianas contra a Escherichia coli,
Staphylococcus aureus, Proteus mirabilis, Pseudomonas aeruginosa e Servatia odorifera.
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SUMMARY

This paper presents the thermodynamic analysis of solubility of gatifloxacin in
the N,N-Dimethylformamide (DMF) + methanol (MeOH) cosolvent system at
10 temperatures. From the solubility data, the thermodynamic functions of solu-
tion, mixing, and transfers are calculated and analyzed using the Perlovich graph-
ical method. On the other hand, an enthalpy-entropy compensation analysis is
performed and the preferential solvation parameters are calculated using the inverse
Kirkwood-Buff integral (IKBI) method. The result of the performed calculations
indicates that the gatifloxacin solution process is endothermic with entropic favor,
where the addition of DMF has a positive cosolvent effect in all cases. Regarding
preferential solvation, the results are not entirely conclusive, since in all cases the
values of the preferential solvation parameter are less than 0.01, so that, negligible

preferential solvation takes place.

Key words: gatifloxacin, solubility, N, N-dimethylformamide, 1B, preferential solvation.
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RESUMEN

Analisis termodindmico y solvatacién preferencial de gatifloxacina
en mezclas cosolventes DMF + metanol

Este articulo presenta el andlisis termodindmico de la solubilidad de gatifloxacina
en el sistema cosolvente de N,N-Dimetilformamida (DMF) + metanol (MeOH)
a 10 temperaturas. A partir de los datos de solubilidad se calculan las funciones
termodindmicas de solucién, mezcla y transferencia. Para el andlisis ademds se utiliza
el método gréfico Perlovich. Por otro lado, se realiza un andlisis de compensacion
entalpia-entropia y se calculan los pardmetros de solvatacion preferencial utilizando
el método de las integrales inversas de Kirkwood-Buff (IIKB). Los resultados del
andlisis termodindmico indican que el proceso de solucién de gatifloxacina es endo-
térmica con favorecimiento entrépico, donde la adicién de DMF tiene un efecto
cosolvente positivo en todos los casos. En cuanto a la solvatacion preferencial, los
resultados no son del todo concluyentes, debido a que en todos los casos los valores
del pardmetro de solvatacién preferencial son menores a 0,01 indicando una solva-

tacién insignificante.

Palabras clave: gatifloxacina, solubilidad, NN,N-dimetilformamida, 11kBI1, solvatacién
preferencial.

INTRODUCTION

Gatifloxacin (1-cyclopropyl-6-fluoro-8-methoxy-7-(3-methylpiperazin-1-yl)-4-oxoquin-
oline-3-carboxylic acid; CAS: 112811-59-3) (figure 1) is an antibiotic agent and a mem-
ber of the fourth-generation fluoroquinolone family. It works by inhibiting the bacterial
enzymes DNA gyrase and topoisomerase IV [1, 2]. Gatifloxacin is effective against a broad
spectrum of bacteria that may cause ocular infections in humans including endopthalmitis
and conjunctivitis. Melo ¢ 4/. found that gatifloxacin was effective against a range of both
Gram positive and Gram negative microorganisms including anaerobes when tested in
vitro, which transforms this drug into a dangerous agent for the aquatic systems, if used
indiscriminately [3].

In addition, the pharmaceutical industry is a potential source of contamination, since
most processes, such as synthesis, purification of raw materials, chemical analysis for
quality assessment, and pre-formulation and formulation studies, tend to produce
large masses of waste containing these chemical agents [4, 5].
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Figure 1. Molecular structure of gatifloxacin.

In this sense, the development of strategies that lead to the design of more environmen-
tal-friendly methodologies, focused on environmental management systems supported
by ISO 14001, and leading to promoting the development of cleaner production prac-
tices have been consolidated as an important tool for the prevention and correction
of contaminating processes [6, 7]. Thus, the generation of experimental data and the
development of mathematical models that allow predicting properties such as solubility
contribute greatly to reducing experimental tests, which in turn decreases the mass of
pollutants (e.g., drugs, solvents, disposable material, and energy) produced in processes
of the pharmaceutical industry [8, 9].

In this context, mathematical models tending to predict the solubility of drugs in dif-
ferent solvents and/or cosolvents mixtures at different temperatures have become an
important tool for the pharmaceutical industry [10], not only for drugs but also for
other large organic molecules, such as polycyclic aromatic hydrocarbons, which, like
drugs, are also a source of contamination by the oil industry [11, 12]. Thus, based on
thermodynamic properties, models such as the “nearly ideal binary solvent” approach
by Acree ez al. allow to successfully determine solubility in some types of cosolvent
mixtures [13, 14]. Another model, which is an improvement of the previous one, is
that proposed by Jouyban ez /., which involves polar and non-polar solvents [15, 16].
Other models based on area surfaces, contribution of UNIFAC groups, Hildebrand
solubility parameters, and Kirkwood-Buff integrals have been proposed and refined to
improve their predictability [17-20].

Thus, based on the solubility data of gatifloxacin in N,N-Dimethylformamide +
methanol cosolvent mixtures, published by Wu ez 2/. [21], and some data on the physi-
cochemical properties of the drug (table 1) [22], the objective of the present work is
perform a thermodynamic analysis and of preferential solvation.
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Table 1. Physicochemical information of the gatifloxacin.

molar mass / | Melting point Melting enthalpy /
g mol™! /K kJ mol™!
Gatifloxacin 112811-59-3 375.39 43515 34.95

Chemicals CAS reg. no.

*Ref[22).
RESULTS AND DISCUSSION

Solubility of Gatifloxacin in DMF + methanol cosolvent mixtures

Figure 2 show the solubility of gatifloxacin (3) in DMF (1) + methanol (2) cosolvent
mixtures, in this plot, can look an increase in solubility, as a consequence of an increase
in temperature, which implies that the solution process in DMF (1) + methanol (2)
cosolvent mixtures is favored by supplying energy to the system. This demonstrates
that the process is endothermic [23, 24], where we can obtain the lowest solubility
in pure methanol at 273.15 K (1.9 x 107%) and the maximum solubility in pure DMF
(9.891 x 10) at 318.15 K.

0.012
0.01
0.008

0.006

X3

0.004

0 0.1 02 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Figure 2. Solubility of gatifloxacin (3) expressed in molar fraction (x;) in DMF (1) + methanol (2)
cosolvent mixtures as a function of mass fraction at different temperatures. -: 273.15, x: 278.15 K;
A:283.15K;A:288.15K; ¢:293.15K; 0: 298.15 K; =: 303.15 K; 0: 308.15 K; @: 313.15 K; and
0:318.15K.
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According to Hildebrand’s theory, it would be expected that the maximum solubility
would be reached in a cosolvent mixture and not in a pure solvent, as it happens in this
case, because the polarity of la gatifloxacin (28.08 MPa'/?[25, 26]) (table 2) is between
the polarity of DMF (24.1 MPa'?[25]) and the polarity of methanol (29.7 MPa'?) [25].

Table 2. Application of the Fedors’ method to estimate internal energy, molar volume, and Hildeb-

rand solubility parameter of gatifloxacin (3) [25, 26].

Group Group number V°/ cm® mol™ U°/ kJ mol™*
-NH- 1 45x1=4.5 84x1=84
>N- 2 9x2=-18 42x2=84
-CH, 2 33.5x2=67 471x2=942
-CH, 5 16.1x5=280.5 4.94x5=247
>CH- 3 -1x3=-3 3.43x3=10.29
>C= 1 -5.5x1=-5.5 43x1=43
-C=0 1 10.8x1=10.8 174x1=174
-COOH 1 28.5x1=28.5 27.6x1=27.6
-O- 1 38x1=338 34x1=34
-F 1 18x1=18 419x1=4.19
Phenyl (pentasubstituted) 1 4.6x1=-4.6 319x1=31.9
o it ot bond ! : 02x419=-0.84
il:ri:losurc > or more 2 16x2=32 1.05x2=2.10
Ring closure 3 or 4 atoms 1 18x1=18 3.14x1=3.14
Total 232.0 156.04
Solubility parameter 25.93 MPa'”
Activity coeflicients

From the activity coefficients, the possible molecular interactions that govern the pro-
cess of gatifloxacin solubility in the DMF + methanol cosolvent mixture can be inferior.

Table 3 presents the values of the activity coefhicients in the DMF + methanol cosol-
vent system at nine temperatures calculated according to equation 1 [27], from the
solubility data [21] and the ideal solubility calculated according to equation 2, which
can be analyzed based on the solute-solute (es3), solvent-solvent (e;;), and solute-
solvent (e,;) molecular interactions using equation 3 [28]:
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v, =x ) x, (1)

lnx;d _ _{[Aﬁ“H(TﬁU —T)HRTﬁ”T]il}+{ACPR71[(Tﬁf5 _T)T’1 _i_(lnT—lanm )]}(2)

here x; is the ideal solubility of the solute as mole fraction, Ag,H is the molar enthalpy
of fusion of the pure solute (at the melting point), 7%, is the absolute melting point,
T is the absolute solution temperature, R is the gas constant (8.314 ] mol! K1), and
AC, is the difference between the molar heat capacity of the crystalline form and the
molar heat capacity of the hypothetical super-cooled liquid form, both at the solution
temperature. Since AC, cannot be easy experimentally determined it is usual assuming
that it may be approximated to the entropy of fusion, Ag,S [29,30].

Iny, :<"11 +ey _2313)V3(p12 (RT)_I (3)

where V7 is the molar volume of the supercooled liquid solute, and finally, ¢, is the
volumetric fraction of the solvent. A good approximation, for relatively low solubilities,
is that the term V3p* /RT can be considered a constant, and therefore, In y; depends
solely on e, + ¢33 — 2¢13[31]. The ¢;; and ¢35 terms are unfavorable for drug solubility
and the term e,; favors the solubility thereof [32].

In all cases (table 3), the activity coefficients are greater than unity, which according to
equation 3 [33], indicates that the solute-solute (es;) and solvent-solvent (e,,) molecu-
lar interactions, which demerit the process of the solution, surpass the solute-solvent
interactions, which favor the process.

In general, with an increase in temperature, the activity coeflicients decrease and the
cosolvent system’s polarity decreases; thus, from pure methanol to the pure DMF,
the activity coeflicients decrease, showing a possible increase in the solute-solvent
interactions, due to increased solubility of gatifloxacin (e;3).

Thermodynamic functions of solution

The standard thermodynamic functions of the solution (table 4) are calculated from
the experimental solubility data and study temperatures. Thus, the mathematical
expressions of Gibbs and van’t Hoff, under Krug’s approach, are presented as follows

(4, 34, 35]:

T,,=n/Y /T, (4)
i=1
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Table 3. Cocflicient activity of gatifloxacin (3) in DMF (1) + methanol (2) cosolvent mixtures at
different temperatures and pressure p = 0.1 MPa.

T/K

273.15 | 278.15 | 283.15 | 288.15 | 293.15 | 298.15 | 303.15 | 308.15 | 313.15 | 318.15
0.00 | 58.6 | 57.1 53.6 | 51.8 | 503 | 488 | 47.8 | 474 | 462 | 453
0.10 | 45.6 | 42.6 | 424 | 39.7 | 40.1 39.7 | 377 | 380 | 362 | 341
0.20 | 344 | 333 | 325 | 31.8 | 312 | 302 | 303 | 29.8 | 284 | 282
0.30 | 26.8 | 257 | 255 | 258 | 248 | 25.1 244 | 24.1 22.7 | 223
040 | 205 19.2 19.7 | 203 19.3 19.5 18.7 18.6 17.8 17.7
0.50 15.8 15.5 15.9 15.8 15.8 15.6 154 | 146 | 142 14.1
0.60 11.9 12.0 12,5 124 | 12.0 12.1 11.6 11.6 | 11.1 11.1
0.70 9.4 9.3 9.7 9.9 9.4 9.6 9.5 9.1 8.8 8.8
0.80 7.2 7.4 7.4 7.6 7.4 7.5 7.3 7.3 7.1 7.1
0.90 5.6 5.8 5.8 5.9 5.9 5.9 5.9 5.9 5.8 5.8
1.00 43 43 4.4 45 45 4.6 47 47 48 4.9

* w), mass fraction of DMF (1) in the gatifloxacin -free DMF (1) + methanol (2) mixture.

a

wy

A H ==Rilnx, /0T =T;) (5)
A,,G° =—RT Xintercept (6)

A8t = T/;nl (AsolnHO - AsolnGo) (7)
En= (|AsolnH0 )(|ASO]HH° +|ThmAsolnSO )_1 (8)
ETS =1-&, (9)

where 7, is the harmonic temperature, A,,,G* is the standard Gibbs energy of solu-
tion, A,/7° is the standard enthalpy of solution, and A,,,S° is the standard entropy
of solution. £,y &/¢are the enthalpy and entropy contributions to the solution process
and the intercept corresponds to the linear equation of the plotInx;vs. (1/7 - 1/7},,,)

[36,37].
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Table 4. Thermodynamic functions of solution of gatifloxacin (3) in DMF (1) + methanol (2) co-
solvent mixtures at 294.95 K and pressure p = 0.1 MPa.

AnG°/ A H®/ AS°/ TAwS°/
i’ kJ mol™! kJmol! | Jmol*K™ | kJmol! b s
0.00 18.8 27.8 30.45 8.98 0.76 0.24
0.10 18.2 27.6 31.75 9.36 0.75 0.25
0.20 17.6 26.7 30.99 9.14 0.75 0.25
0.30 17.0 26.2 31.17 9.19 0.74 0.26
0.40 16.4 257 31.59 9.32 0.73 0.27
0.50 15.9 25.5 32.61 9.62 0.73 0.27
0.60 15.2 25.1 33.56 9.90 0.72 0.28
0.70 14.7 24.8 3451 10.18 0.71 0.29
0.80 14.1 242 3426 10.11 071 0.29
0.90 13.5 232 32.85 9.69 0.71 0.29
100 12.9 215 29.19 8.61 0.71 0.29
Ideal 9.2 23.7 49.07 14.47 0.62 0.38

* w) is mass fraction of DMF (1) in the gatifloxacin-free DMF (1) + methanol (2) mixture.

Gibbs energy is positive in all cases and decreases from pure methanol to pure DMFE.
As for the standard solution, it is positive in all cases, indicating an endothermic pro-
cess, and decrease from pure methanol to pure DMF, possibly due to an increase in
solute-solvent interactions, which is consistent with the gatifloxacin solubility increase
in DMF-rich mixtures and pure DMFE

Regarding the standard solution entropy, it is positive in all cases, presenting an entro-
pic favor to the gatifloxacin solution process in DMF + MeOH cosolvent mixtures.

From the results of equations 8 and 9, it can be concluded that the solution process
is favored in all cases by enthalpy. A graphical method that allows corroborating the
previously exposed is that developed by Perlovich (figure 3) (all values are within sec-
tor I: Ay H° > TA,,S° > 0[38, 39]). Thus, the contribution of the solution’s stan-
dard enthalpy to Gibbs energy values in all cases is greater than 71%, being greater in
methanol-rich mixtures and less in DMF-rich mixtures.

Although there is an enthalpy predominance, the solution entropy promotes a decrease
in Gibbs energy values, which generally favors the solution process.
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Figure 3. Relation between enthalpy (A,,,/°) and entropy (7'A,,,S°) terms of the process of gati-
floxacin solution in DMF (1) + methanol (2) cosolvent mixtures at 294.95 K. The isoenergetic

curves for A, G are represented by dotted lines.

Thermodynamic transfer functions

One way to identify the cosolvent effect on the thermodynamic behavior of the solu-
tion process is to analyze the transfer functions. Starting from a hypothetical transfer
process from a medium of greater polarity to a medium of lower polarity, the thermo-
dynamic transfer functions are calculated as [40]:

Alrfo = Asoln ﬁeoss polar - Asoln flr(n)ore polar (10)

where, frepresents thermodynamic functions, Gibbs energy, enthalpy, or entropy.

Table 5 shows the most representative values of the gatifloxacin transfer process from
pure methanol to pure DMF. From the results of equation 10, a Perlovich plot [39]
(figure 4) is drawn, which provides a good analysis of the results.

Thus, according to the Perlovich plot [4, 37, 39, 41, 42], from pure methanol to wj
(Sector III AH° < 0, TA,S° > 0, and |TA,S° > |A.H°|) the process is driven by
entropy; from wy, to w4 (Sector VA H° < 0, TA,S° < 0, and | TA,.S9 < |A.H?|) the
process is driven by enthalpy; from w5 to w4 (Sector IV A H* < 0, TA,S° > 0, and
|TAS°| < |ALH]), the process is again driven by enthalpy; from w4 to wys, (Sector
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Table 5. Thermodynamic functions of transfer of gatifloxacin (3) in DMF (1) + methanol (2) co-
solvent mixtures at 294.95 K and pressure p = 0.1 MPa.

More polarsless polar k?‘f(: L k?tﬁ) !, | A 15 A
o0 Woso 0.60 022 13 038
Wo.10~> Woao -0.60 -0.82 -0.8 -0.22
Woar> W 056 050 02 005
w030~ Wo 40 -0.63 -0.50 0.4 0.12
Wo 40> Wos0 -0.55 -0.25 1.0 0.30
Wosy> Woso 20.62 0.35 0.9 0.28
Wo.60> Wo70 -0.58 -0.30 0.9 0.28
Wo70~> Wo g0 -0.60 -0.67 -0.2 -0.07
Wosr> Wose 0.56 0.98 14 042
Wo.00~> Wigo -0.60 -1.67 -3.7 -1.07

W), mass fraction of DMF (1) in the gatifloxacin-free DMF (1) + methanol (2) mixture.
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Figure 4. Relationship between the enthalpy (A.H°) and entropy (7A,S°) terms of the transfer
process of gatifloxacin from more polar mixtures to less polar mixtures at 294.95 K. The isoenergetic

curves of A, G* are represented by dotted lines.
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HIAH° <0, TA,S°>0,and | TA,S°| > |A.H|) the process is driven by entropy; from
Wyso to Wy (Sector IV ALH® < 0, TA,S° > 0, and |TA,S°| < |AH’|), the process is
driven by enthalpy and from w5, to pure DMF (Sector V A, H° < 0, TA,S° < 0, and
|TA.S°| < |AH?|) the process continues to be driven by enthalpy.

So, in all cases there is an enthalpy favor (negative enthalpy), therefore there is an
enthalpy conduction in the whole process, however, from wj o to wy,, and from w4,
to DMF the entropy is negative, therefore, entropy disadvantages the transfer process.
In other cases, entropy is positive, indicating that the solution process is favored by
enthalpy and entropy.

Thermodynamic functions of the mixing

The solute behavior in the dissolution process can generally be divided into two stages,
the solute fusion and its subsequent mixing with the solvent, so this hypothetical pro-
cess can be represented according to the following scheme [43, 44]:

Solute s,y at 7'—> Solutespq) at T, —> Solute g,y at T, — Solutequg at 77
- SOlutC(Solution) ac T

In this way, thermodynamic solution functions can be represented by the following
equation:

Asoln.}po :Aff0+Amixf0 (11)

where, frepresents the thermodynamic functions (G, H or §) and the subscripts fand
mix represent fusion and mixing, respectively.

Thus, the mixing functions are determined as [45]:

Amix.}r0 :AsolnfO_Thm _Affo (12)

where A¢f* is replaced by the ideal thermodynamic functions, which are thus calcu-

lated as[46]

AmixGy0 = AsolnGw + AsolnGO_id (13)
Amix}i0 - Asoln}JO + Asolnfio_id (14)
Amix‘Sv0 = Asoln‘g0 + AssolnSO_id (15)
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Table 6 shows the thermodynamic mixing functions; from pure methanol to pure
DME, the mixing Gibbs energy decreases in value as the DMF concentration increases,
whereby the DMF addition has a positive cosolvent effect, favoring the solvent-sol-
vent interactions (e;3). As for the mixing enthalpy, it is positive from pure methanol to
w,; = 0.8, this factor it does not favor the dissolution process, it is observed that the
enthalpy is greater in methanol-rich and intermediate mixtures possibly due to the fact
that the formation of the cavity (required for solute accommodation) in these mix-
tures requires more energy. The foregoing may indicate that MeOH-MeOH interac-
tions are stronger than those of DMF-DMF, In DMF-rich mixtures (0.90 < w, < 1.00),
the enthalpy is negative, which favors the mixing process.

Regarding the entropy of the mixture, it is negative in all cases, which unfavors the
mixing process.

Table 6. Thermodynamic functions of mixing gatifloxacin (3) in DMF (1) + methanol (2) cosol-
vent mixtures at 294.95 K and pressure p = 0.1 MPa.

. A G°/ A H°/ ALiS°/ TA,S°/
“ kJ mol™! kJ mol™! J mol ' K! kJ mol™!
0.00 9.6 4.1 -18.6 -5.5
0.10 9.0 3.9 -17.3 -5.1
0.20 8.4 3.1 -18.1 -5.3
0.30 7.9 2.6 -17.9 -5.3
0.40 7.2 2.1 -17.5 -5.2
0.50 6.7 1.8 -16.5 -4.9
0.60 6.1 1.5 -15.5 -4.6
0.70 5.5 1.2 -14.6 -4.3
0.80 4.9 0.5 -14.8 -4.4
0.90 4.3 -0.5 -16.2 -4.8
1.00 3.7 2.1 -19.9 -5.9

), mass fraction of DMF (1) in the gatifloxacin -free DMF (1) + methanol (2) mixture.

From Perlovich’s analysis (figure 5), it is concluded that in all cases the process is driven
by entropy, both in the sector VII, from pure methanol to w, = 0.80 (sector VII: A, H°
< TA,S°and |TA,;,S° > |AniF°]), and in the sector VI, from w, = 0.90 to pure DMF
(sector VI: A, H° <0, TA,,,S° < 0,and |TA,;, S > |Api))-
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Figure 5. Relationship between the enthalpy (A,,,/°) and entropy (7A,,,8°) terms of the mixing
process of gatifloxacin in DMF (1) + methanol (2) cosolvent mixtures at 294.95 K. The isoener-

getic curves of A,;,G° are represented by dotted lines.

Enthalpy-entropy compensation

An analysis that identifies changes in the mechanism that controls the cosolvent action
is that of enthalpy—entropy compensation, which is performed by plotting A, H°
vs. Ay,,G°, where in most cases, a nonlinear behavior is observed. Thus, this graphic
analysis allows to identify the thermodynamic consequences of bond formation and
rupture, where the hydrogen bond is the most relevant interaction [42, 47].

The plot interpretation (A, H° vs. A,,G°) is based on the sign of the slopes; thus,
negative slopes indicate that the process is entropy-driven, which may be a consequence
of the system’s molecular rearrangement, while positive slopes indicate that the process
is enthalpy-driven, which could be a consequence of changes in intermolecular interac-
tions between the drug and solvents through hydrogen bonds and van der Waals forces
such as the induced or permanent dipole—dipole interactions, and therefore, can be
considered as quantitative indicator of changes in the intermolecular bond energies
that occur during the interaction [48-50].

Figure 6 shows the behavior of gatifloxacin enthalpy-entropy compensation in the
DMF + MeOH system. Thus, in all cases the solution process is driven by enthalpy.
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Figure 6. Enthalpy-entropy compensation graph A,;,FH° vs. A,,;,G° for the solution process of gati-
floxacin (3) in DMF (1) + methanol (2) cosolvent mixtures at 294.95 K.

Preferential solvation

An analysis that allows a more precise evaluation of molecular interactions and solvent
composition in the immediate environment of solute molecules, is the mathemati-
cal model proposed by Ben-Naim denominating the inverse Kirkwood-Buff integral
(IKBI) [51-53], which expresses its results according to the preferential solvation
parameters dx; 3 and dx,, indicates the solute preference (3) for solvent (1) or (2)

according to [10, 54, 55]:
6x1,3 = le,3 X :—5x2’3 (16)

where x,is the mole fraction of 1 in the cosolvent mixture and x”, 5, is the local mole
fraction of 1 in the vicinity of the solute (3). If dx,; > 0, the solute is preferentially
solvated by 1, and if dx,; < 0, the solute is preferentially solvated by 2. However, if
|0x15] < 0.01, the values are probably within the error of determination, indicating
an insignificant preferential solvation. On the other hand, if dx, ; =x,, it means that
xf13 =1 or a complete preferential solvation of 3 by 1 [10, 54].

The application expressions of the IKBI approach given by Ben-Naim are [56, 57]:

6x1,3 :[’ﬂ (1_x1)(G1,3 =Gy, )Hlel,3 +(1_x1>G2,3 +V,, ]_1 (17)

«
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where G ;and G, are the Kirkwood-Buff integrals (in cm® mol™) and ¥, is the vol-

ume of correlation around 3 (gatifloxacin), within which preferential solvation occurs.
Thus, G, 3and G,;are calculated as [58, 59]:

G, =RTk,=V,+(1=x, )V,DQ" (18)

G,,=RTk,—V ,+xV,DQ"" (19)

and the correlation volume is calculated as [54, 60 ,61]:

V. . =25225

cor

= 013633 (177 ) + (x4 ) —o.ossr (20)

where x is the isothermal compressibility of DMF + MeOH mixtures (DMF: 0.698
GPa![62], Methanol: 1.248 GPa™![63]), V; and V; are DMF and methanol GadZurié
et al. [64] and Kijevéanin ez al. [65], V; is the molar volume of gatifloxacin (232 cm?
mol™), 7 is the radius of the gatifloxacin molecule (0.4476 nm), and D and Q (in
kJ mol™, as RT) are calculated using equations 21 and 22 [66, 67]:

D=dAGY, .., /dx, (21)
Q=RT +x(1-x,)(d’G}, / dx}) (22)
AG), ., is the transfer Gibbs energy of gatifloxacin from the methanol to each DMF

+ MeOH cosolvent mixture (equation 23), and G}, is the excess Gibbs energy of the
cosolvent mixture of DMF + MeOH free of gatifloxacin (equation 24) [54, 68]:

AGY, ., =0.6098x-6.5647x, +0.0228 (23)

G* =x,x,|-1264+67(1-2x, )] (24)

Thevalues of D, G, 5 G, 3, V., and dx, 5 are presented in table 7, and the behavior of dx, ;
is presented in Figure 7. The dx, ; values show that the preferential solvation of gatiflox-
acin by both methanol (from pure methanol to w, = 0.25, dx, ; has negative values) and
DMEF (From w, = 0.25 to pure DME, dx; ; has positive values) is insignificant, because
all the dx, 5 values are less than 0.01.

It could be expected (however, because the values of dx, ; are less than 0.01, the ana-
lyzes are not conclusive) that the gatifloxacin, it behaves as a Lewis base against the
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methanol-rich medium because the methanol (8 = 0.62 [69]) has a less basic character
than DMF (8= 0.71 [70]) according to the S-scale of Taft and Kamlet, and like a Lewis
acid against the DMF. Table 7. Some properties associated to preferential solvation
gatifloxacin (3) in DMF (1) + MeOH (2) cosolvent mixtures at 313.15 K and pressure
=0.096 MPa.

Table 7. Solubility and preferential solvation of gatifloxacin in DMF+ methanol mixtures at 313.15 K.

x* D/ ) G/ : Gos/ : Veo/ i 100 x5
kJ mol? cm’® mol! cm?® mol! cm® mol! ’
0.00 -6.56 -274.5 -228.8 1485.1 0.000
0.05 -6.50 -270.2 -235.4 1521.3 -0.129
0.10 -6.44 -266.3 -241.7 1557.8 -0.169
0.15 -6.38 -262.7 -247.6 1594.3 -0.143
0.20 -6.32 -259.5 -253.2 1630.7 -0.073
0.25 -6.26 -256.5 -258.6 1667.0 0.028
0.30 -6.20 -253.8 -263.8 1702.9 0.146
0.35 -6.14 -251.3 -268.8 1738.6 0.270
0.40 -6.08 -249.0 -273.8 1773.9 0.394
0.45 -6.02 -246.9 -278.7 1808.9 0.510
0.50 -5.95 -244.9 -283.7 1843.4 0.613
0.55 -5.89 -243.1 -288.7 1877.5 0.699
0.60 -5.83 -241.4 -293.8 1911.3 0.762
0.65 -5.77 -239.9 -299.2 1944.5 0.801
0.70 -5.71 -238.4 -304.8 1977 .4 0.811
0.75 -5.65 -237.0 -310.8 2009.8 0.789
0.80 -5.59 -235.6 -317.4 2041.7 0.731
0.85 -5.53 -234.3 -324.6 2073.2 0.631
0.90 -5.47 -233.0 -332.7 2104.1 0.482
0.95 -5.41 -231.6 -341.9 21345 0.276
1.00 -5.35 -230.2 -352.7 2164.3 0.000

2 x, mole fraction of acetonitrile (1) in the gatifloxacin-free DMF (1) + methanol (2) mixture.
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Figure 7. dx, ; values of gatifloxacin (3) in DMF (1) + methanol (2) mixtures at 313.15 K.

CONCLUSIONS

From thermodynamic analysis and preferential solvation of gatifloxacin in DMF +
MeOH cosolvent mixtures, it is concluded that the solution process is endothermic
with a marked enthalpy favor, which increases as the polarity of the cosolvent system
decreases due to the addition of DMF, presenting a positive cosolvent effect that leads
to increased gatifloxacin solubility. Finally, regarding gatifloxacin’s preferential solva-
tion, the results are not conclusive, because in all cases the values of the preferential sol-
vation parameter are less than 0.01, so that, negligible preferential solvation takes place.
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REsumo

O desempenho dos polimeros condutores dos corantes azoicos durante a detecgio
eletroquimica de indigo-carmim foi investigado do ponto de vista teérico, sendo o
modelo, correspondente ao caso, descrito ¢ analisado mediante a teoria de estabili-
dade lineal e da andlise de bifurcacoes. Foi mostrado que o sistema eletroanalitico
depende fortemente do pH, pois as concentragoes excessivas dos protons levam a
ineficiéncia eletroanalitica, haja vista o bloqueio dos centros ativos da reagio. No
entretanto, malgrado o supracitado, os polimeros dos corantes azoicos sio modifica-
dores eficientes para determinagio do indigo-carmim. A possibilidade das instabili-

dades oscilatdria e monotonica também foi verificada.

Palavras-chave: Polimeros condutores, sensores eletroquimicos, indigo-carmim,

corantes alimentares, corantes azoicos, estado estacionario estavel.
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SUMMARY

The theoretical study of the function of conducting polymers of
the azo-dyes in the electrochemical detection of indigo-carmine

The function of the conducting polymers of azo-dyes during the indigo-carmine elec-
trochemical detection has been investigated from the theoretical point of view. The
correspondent model has been described and analyzed by means of linear stability
theory and bifurcation analysis. It has been shown that the electroanalytical system
depends strongly on pH, as the excessive protons concentrations drive the system to
the electroanalytical inefliciency, as they block the reaction active sites. Nevertheless,
despite of the mentioned, the azo-dyes conducting polymers are efficient modifiers
for indigo-carmine electrochemical determination. The possibility of oscillatory and

monotonic instabilities has also been verified.

Keywords: Conducting polymers, electrochemical sensors, indigo-carmine, food

dyes, azo-dyes, stable steady-state.

INTRODUCGAO

Os polimeros condutores pertencem a uma classe de compostos, amplamente estudada
ao longo das cinco ultimas décadas [1-5]. Combinando as propriedades dos plasticos
com a condutividade dos metais, eles tém um espectro amplo, vasto e rico de uso, com
aplicagoes desde os revestimentos protetores de corrosio até os sensores ¢ biossensores.

Por outro lado, indigo-carmim (indigo-5-5’-dissulfonato de sédio, CAS: 860-22-0)
(figural) [6] é um corante natural, derivado do indigo. Ele existe em formas cetdnica e
enodlica, sendo a primeira a mais capaz de eletrooxidar-se. Ele ¢ capaz de ser indicador
de pH, tornando-se azul, se o pH ¢ inferior a 11,4 e amarelo, se o pH ¢ superior a 13,0.

0O o
Na* ] Q--H

S
-07]
0

Figura 1. fndigo-carmim.

700



Polimeros condutores dos corantes azoicos na detecgao de indigo-carmim

Tendo o sistema conjugado de ligagoes, ele é usado como corante [7-10]. E aprovado
como corante alimentar na Unido Europeia e nos Estados Unidos de América. O seu
cddigo na codificagao de suplementos alimentares ¢ E132. Ele ¢ usado, também para a
produgio de tintas, como contraste em andlises médicas e farmacéuticas, como agente
redox para a detecgao de nitratos e, também, como formador de complexos na detecgao
de metais pesados como cobre ¢ outros [11, 12] para colorir as formulacoes farmacéu-
ticas e até tecidos. E possivel o uso dele como dopante na sintese de polimeros condu-

tores [13, 14].

No entanto, este corante pertence ao grupo de substincias perigosas [7-9]. Ele também
pode provocar reagdes alérgicas, e, na sua presenca, podem ocorrer reagoes ideossin-
craticas. Outrossim, no organismo ele é capaz de transformar-se em indigotindisul-
fonato de sédio, um dos poucos sais insoltveis neste metal [7, 15], o que pode levar
ao decrescimento da concentragio de sédio no organismo. Destarte, o desenvolvi-
mento de métodos eficientes da deteccio eletroquimica do indigo-carmim ¢é realmente
muito atual [16-18].

Jé foram conhecidos virios métodos da detecgao eletroquimica de indigo-carmim na
presenca dos polimeros condutores [13, 19]. No entanto, o desenvolvimento de novos
métodos de andlise ¢, mesmo, a aplicacio dos existentes podem enfrentar os problemas
como:

- Indecisao quanto ao mecanismo do desempenho do analito e(ou) modificador
no sistema eletroanalitico (por exemplo, indecisao acerca do papel de certas subs-
tAncias, presentes na solu¢io, na geracio do sinal analitico).

- Aparigao de instabilidades eletroquimicas, capazes de piorar a sensibilidade do
processo ¢ a interpretagio da resposta eletroanalitica e caracteristicas para os
processos afins [20-24].

- Apossivel concorréncia dos mecanismos paralelos do processo eletroquimico do ana-
lito, ou a presenga de duas ou mais reagdes eletroquimicas ou quimicas sucessivas.

Diante do exposto, faz-se necessario desenvolver e analisar um modelo matematico,
capaz de descrever adequadamente o comportamento deste sistema. A modelagem
também providenciard a compara¢io do comportamento deste sistema com o dos
semelhantes sem ensaios experimentais. Assim, o objetivo geral deste trabalho ¢ uma
andlise mecanistica tedrica da possibilidade da eletrooxidacio da indigocarmina em
meio 4cido, assistida por um polimero de um corante azoico. Para alcanga-lo, resolve-
mos objetivos especificos como:
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- Apropostade um mecanismo da sequéncia de reagoes eletroanaliticas, que levam
a formagao da nova camada polimérica e 4 apari¢ao do sinal analitico.

- O desenvolvimento do modelo de equagdes de balango, correspondente ao sis-
tema eletroanalitico.

- Anilise e interpretagao do modelo.

- Investigacao de estabilidade do estado estaciondrio e das instabilidades eletroqui-
micas neste sistema.

- Comparagao do comportamento deste sistema com o dos semelhantes [25-27].
O SISTEMA E O SEU MODELO

E possivel prever que, durante a oxidagio, o indigo-carmim perde os dois prétons,
transferindo-os para o grupo diazo do Sudao I, tranformando-o no grupo hidrazo,
conforme a equagao:

H,Ind + R-N=N-R — Ind + R-NH-NH-R (1)
A forma reduzida vem, depois, sendo oxidada conforme (2):
R-NH-NH-R - 2¢ — R-N=N-R + 2H" 2)

Os prétons atacam o polimero, conforme o mecanismo diferente, o que pode acarretar
a eletrooxidacio do polimero conforme um mecanismo hibrido. Destarte, para descre-
ver o comportamento do sistema, ¢ preciso introduzir as trés varidveis:

¢: a concentragio de indigo-carmim na camada pré-superficial;
h: a concentragio dos prétons na camada pré-superficial;
$: o grau de recobrimento da forma reduzida do polimero.

Para simplificar a modelagem, supomos que o reator esteja agitando-se intensamente
(para menosprezar o fluxo de convecgio), que o eletrélito de suporte esteja em excesso
(para menosprezar o fluxo de migragio). Também ¢ suposto que a distribui¢ao con-
centracional na camada pré-superficial seja lineal, e a sua espessura, constante, igual a d.
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E possivel mostrar que o comportamento do sistema pode ser descrito pelo conjunto
classico de trés equagoes diferenciais de balango:

de  2(A
AU
dh  2(A
e CRCREE ®
o 1
@ ~gltrn)

em que A ¢ o coeficiente da difusdo, ¢, ¢ a concentragio do corante no interior da
solugio, 4, ¢ a concentragio dos prétons no interior da solugio, G ¢ a concentragio
superficial mdxima do polimero na forma reduzida e protonizada, 7, 7, 7, 74 s3o velo-
cidades correspondentes, que se podem calcular como:

= (1-)cexpl(—ad @
r, =k, (I—H)hz cxp(—ﬂh) (5)
2F
7, = k,0exp Rio (6)
vFop
=£k.0 0 7
7, = k,Oexp 2T (7)

Sendo os parAmetros £ as constantes de velocidades de reagdes correspondentes, z e 8 as
varidveis, que descrevem as influéncias da apari¢io-desapari¢io de compostos idnicos
durante a etapa quimica na dupla camada elétrica (DCE), v ¢ o ntimero de elétrons,
transferidos durante a realizagio do mecanismo da oxidagao paralela do polimero, F ¢
o namero de Faraday, ¢, ¢ o salto de potencial na DCE, relativo ao potencial da carga
zero, R ¢ a constante universal de gases e 7"a temperatura absoluta do vaso.

Neste caso, contrariamente aos semelhantes [25-27], a hibridez do mecanismo da ele-
trooxidagao aumenta a probabilidade da realizagao de instabilidades eletroquimicas,
explicadas pela mudanca constante ¢ ciclica da estrutura e da composi¢ao (e, por con-
seguinte, a capacitincia) da DCE. Malgrado o supracitado, o poli(sudio I) pode ser
considerado eficiente para a determinagao eletroanalitica de indigo-carmim, conforme
exposto abaixo.
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RESULTADOS E DISCUSSAO

Para investigar a determinagao eletroanalitica do corante alimentar indigo-carmim
sobre o polimero do corante Sudio I, analisamos o conjunto de equagoes diferenciais
(3), haja vista as relagdes algébricas (4-7) mediante a teoria de estabilidade linear. Os
elementos estaciondrios da matriz funcional de Jacobi expor-se-ao conforme:

421 422 423 (8)
em que:
a, = %[—%—kl (1—0)cxp<—ac)+akl (l—@)cexp(—ac)] (9)
=0 (10)
(k cexp(—ac) ) (11)
4, =0 (12)
a,, :%[_g—z/@ (1—0)h exp(—Bh)+ Bk, (1—6)h* exp(— ﬁh)] (13)
6[/6 exp— 2Fp —]/e Hexp —i—k b exp(— ﬁlﬂ)] (14)
as, :é(kl (1—9)6}(})(—045)—04/61 (1 —H)CCXP(—ac)) (15)
= {24 (1=0)b exp(—38) — Bk, (1= 0)1* exp(—30) (16)

1 2F 2F
as, :5[—klccxp(—ac)l_k3 €xp R;O +]'k39€XPR—;0~O_/eth CXP(_ﬂh)] (17)

Avaliando as expressoes (9), (13) e (17), podemos ver que, dentro dos elementos da dia-
gonal principal da matriz, existem elementos positivos, relacionados a positiva conexao
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de retorno. Destarte, confirma-se a possibilidade da realizagao da Bifurcagao de Hopf,
o que significa que o comportamento oscilatdrio neste sistema ¢ passivel de realizar.

Além do elemento + jk,Oexp ZII;?O

latério, causado pelas influéncias da etapa eletroquimica nas capacitincias da DCE,

>0, se >0, que define 0 comportamento osci-

caracteristico, também, para os sistemas semelhantes, na diagonal principal da matriz
confirma-se também, a presenga dos elementos 3k, (1—6)h* exp(—3h) >0, se >0 e
ak, (1—0)cexp(—ac) >0, se 2>0, o que define o comportamento oscilatério, causado
pela mudanca da composi¢io dos compostos idnicos na DCE aquando das etapas qui-
micas ¢ a sua influéncia nas capacitincias da DCE. As oscilagdes se esperam frequentes
e de pequena amplitude.

Aplicando o critério Routh-Hurwitz, obtemos o requisito de estabilidade do estado
estaciondrio.Para simplificar a andlise da matriz, introduzimos as novas varidveis, para
dar ao seu determinante a forma:

4 —Kk—A 0 Q

0 -A—X i) (18)
§G

A X B O )

Abertas os parénteses e aplicada a condi¢ao Det J<0, saliente do critério, o requisito de
estabilidade descrever-se-4 conforme:

—k(AQ+XQ+AD) — AAD <0 (19)

O que, como em sistemas semelhantes [25-27], descreve um sistema, em que o estado
estaciondrio se torna estdvel facilmente. O comportamento do sistema ¢ controlado

pela difusio.

Do ponto de vista eletroanalitico, porém, adiciona-se o critério de eficiéncia eletroa-
nalitica, dependente do pH, j4 que, & medida que o pH decresce, diminui o nimero
de centros reacionais disponiveis na superficie, por causa dos ataques constantes dos
protons na camada polimérica. Assim, o sistema tornar-se-d insuficientemente ativo
do ponto de vista eletroanalitico, malgrado que o estado estaciondrio siga sendo estavel.
Destarte, o melhor desempenho eletroanalitico neste sistema deve ser observado com o
pH levemente 4cido a neutro.
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Satisfeitas estas condigoes, a estabilidade do estado estaciondrio corresponder-se-4 a
linearidade da dependéncia entre o parimetro eletroquimico e a concentragio do
corante.

A instabilidade monoténica, correspondente ao limite de detecgio, ¢ possivel neste sis-
tema. A condigio principal para a sua realizagio ¢ Det J=0, ou seja:

—k(AQ+XQ+AP) - AXD =0 (20)

Além dos corantes azoicos, existe, também, a possibilidade de usar, também os com-
postos fosfazoicos [25], bases de Schiff [26] como modificadores individuais e mond-
meros. Nestes casos, o comportamento do sistema reger-se-a por este mesmo modelo.

Quanto ao indigo-carmim, este também pode, em principio, ser utilizado como modi-
ficador de elétrodo para eletroandlise ¢ como mondmero de polimero condutor. Este
tipo de seu uso, que envolve a sua sensibilidade ao pH, bem como as transformagoes das
suas formas idnicas em vérios meios, serd descrito num dos nossos préximos trabalhos.

CONCLUSOES
A anélise do sistema com a detecgio eletroanalitica do indigo-carmim, assistida pelo

polimero condutor de um corante azoico deixou concluir que:

- Se trata de um sistema eletroanalitico, cuja eficiéncia ¢ dependente do pH do
sistema. O melhor desempenho consegue-se nos valores, correspondentes aos
meios ligeiramente 4cido e neutro.

- O processo eletroanalitico ¢ controlado pela difusao — tanto dos prétons, como
do corante.

- O comportamento oscilatério, neste caso, ¢ mais provével que nos casos afins,
haja vista a influéncia da transformacao de ions aquando da etapa quimica nas

capacitancias da DCE.

- O mesmo modelo também pode ser referente ao processo eletroanalitico, assis-
tido por outros corantes conjugados semelhantes.
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REsuMmo

Um processo eletroanalitico da detecgao quantitativa dos fons de zinco bivalente
sobre as novas bases de Schiff no modo galvanostitico tem sido simulado teori-
camente. O respectivo modelo matematico tem sido desenvolvido e analisado
mediante a teoria de estabilidade linear ¢ da analise de bifurcacoes. Foi estabelecido
que o sistema ¢ eficiente tanto do ponto de vista eletroanalitico, como do ponto de
vista eletrossintético, por ser facilmente estabilizado o estado estaciondrio. Todavia,
o comportamento oscilatério, neste sistema ¢ mais provavel que no caso cldssico do
desempenho de sensores, baseados em polimeros condutores e outros materiais org-
nicos, por haver influéncias na dupla camada elétrica, causadas pela reagio quimica

da formagio de complexo.

Palavras-chave: Zinco, elétrodos quimicamente modificados, bases de Schiff,complexos,

eletropolimerizagio estado estaciondrio estével.
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Detecgio eletroanalitica dos fons de zinco em formas farmacéuticas de uso oftdlmico

SUMMARY

The mathematical description for the electroanalytical detection
of zinc ions in ophthalmic pharmaceutical forms, based on zinc
complexation with some Schiff bases

An electroanalytical process of the quantitative determination of bivalent zinc ions
over the novel Schiff bases in galvanostatic mode has been theoretically simulated.
The correspondent mathematical model has been developed and analyzed by means
of linear stability theory and bifurcation analysis. It was shown that the system is
efficient from both electroanalytical and electrosynthetical points of view, as the
steady-state is easily stabilized. Nevertheless, the oscillatory behavior in this system is
more probable than in the classic case of the sensors, based on conducting polymers
and other organic materials, as there are double electric layer influences, caused by

complex formation.

Key words: Zinc, chemically modified electrodes, Schiff bases, complexes, electropo-
lymerization, stable steady-state.

INTRODUCAO

Zinco ¢ um dos microelementos, que, em concentragdes minimas, ¢ necessirio para
a manuteng¢ao da homeostase [1, 2]. Os compostos de zinco sao usados durante a ati-
vagio do sistema protetor do organismo contra vérias doencas. A falta de zinco no
organismo pode provocar deficiéncia no crescimento, diarreia em criangas e lentidao
no fechamento de cicatrizes [3, 4].

Na medicina oftalmica, o zinco ¢ utilizado no tratamento de degeneragiao macular, da
cegueira noturna, durante a “sindrome de olho digital” e para a prevencio de cataratas
[5, 6]. Outros usos farmacoldgicos incluem a prevengio da doenca de Alzheimer, ali-
viagao da sindrome de hiperatividade e falta de atencdo [7, 8]. Nada obstante, o zinco,
como qualquer outro metal pesado e, ainda por cima, pertencente a0 mesmo grupo do
cddmio e do merctrio, forma compostos, que soem ser altamente téxicos no organismo
humano [9, 10]. A toxicidade de zinco pode levar, predominantemente, 4 insuficiéncia
renal. Outrossim, a mudanca da composi¢ao de lipoproteinas e a reducao da concentra-
¢ao0 de compostos cupricos também podem ser observadas. Destarte, o desenvolvimento
de um método, capaz de determinar as concentragoes de zinco em diferentes meios,
¢, deveras, uma tarefa atual, ¢ os métodos eletroanaliticos, envolvento a determinagao
direta e indireta, providenciar-lhe-iam uma boa solu¢ao [11-15].
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Virios métodos da determinagio de zinco, baseados na formagio de complexos, tém
sido desenvolvidos [16-20]. Além disso, os complexos de zinco podem ser usados como
mondmeros em polimeros condutores, o que faz possivel reunir, num s6 process, os fins
eletroanaliticos com os eletrossintéticos.

Nao obstante, para o desenvolvimento pratico de um processo eletroanalitico, ¢ preciso
realizar, a priori, uma investigacao teérica comportamental do sistema, com a anélise do
modelo matemdtico correspondente. Esta andlise dar-nos-4 resposta a perguntas, que
surgem da indecisdo acerca do mecanismo mais provavel do desempenho eletroanalitico
do sistema, da possibilidade das instabilidades eletroquimicas, que nao necessariamente
estio aquém do atual desiderato da eficiéncia eletroanalitica [21-24] e, outrossim, da
mera comparagao entre este processo eletroanalitico e os ja descritos [25, 26].

Destarte, o objetivo geral do nosso trabalho ¢ avaliar, do ponto de vista tedrico o pro-
cesso da detecgao eletroanalitica de zinco por um 4nodo, modificado por uma base de
Schiff com a subsequente eletropolimerizagao do complexo resultante. A sua realizagao
far-se-4 mediante o desenvolvimento e a analise comportamental de estabilidade do
modelo matemdtico, correspondente ao sistema. Ademais, comparar-se-ao este sistema
¢ os andlogos, com énfase as diferencas mecanisticas ¢ do desempenho [25, 26]. Neste
trabalho avalia-se o comportamento durante as medidas potenciométricas no modo
galvanostatico.

O SISTEMA E SEU MODELO

Reagindo com as bases de Schiff, descritas em [27, 28], o zinco forma o complexo,
conforme a figura 1:

O CleH

3)3

C(CH,); e A N

Figura 1. Exemplo de um complexo de zinco com uma base de Schift.
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Noutras condigoes, a formagio do complexo realizar-se-4, também, pelos grupos -SH.
Haja vista o efeito doador de elétrons dos ions Zn?*, o complexo séi polimerizar-se a
potenciais inferiores aos caracteristicos para os triazdis e outros compostos andlogos.
Isso ¢ especialmente relevante, em se tratando do modo galvanostatico, em que o poten-
cial do 4nodo depende da intensidade da reacio eletroquimica e do valor escolhido da
densidade da corrente.

Assim, sendo, para descrever o desempenho do sistema eletroanalitico, nés introduzi-
mos as trés variaveis:

z: a concentragao dos fons de zinco na camada pré-superficial.

% o grau de recobrimento do complexo de zinco com a base de Schiff na sua
forma monomérica.

g :a carga do elétrodo.

Para simplificar a modelagem, supomos que o reator esteja agitando-se intensamente,
o que nos deixa menosprezar o fluxo de conveccio e as suas influéncias. Outrossim,
supomos que o eletrdlito de suporte esteja em excesso, o que nos permite menosprezar
o fluxo de migra¢io ¢ as suas influéncias. Além disso, supomos que o perfil da distribui-
¢ao de concentragdes das substancias na camada pré-superficial seja lineal, e a espessura
da camada, estével, igual a .

E possivel mostrar que o comportamento do sistema pode ser descrito pelo conjunto de
equagdes diferenciais a seguir:

dz  2(A

o
do 1

| @ gt W
d
P

em que 2, ¢ a concentragao dos fons de zinco na camada pré-superficial, 7, e 7, sao as
velocidades da complexagio e da polimerizagao, G ¢ a concentragio superficial maxima
do complexo no 4nodo, 7 ¢ a corrente de entrada e 75, a corrente de Faraday.

As velocidades dos respectivos processos ¢ a corrente de Faraday podem ser calculadas
conforme:

r.=kz(1-0) exp(10) 2)
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2nF~0

r, =k,0" exp 3)

2nF~0

ip =2nFk,0" exp (4)
em que os parAmetros £ sao as constantes de velocidade das respectivas reagoes, 7 ¢ o
numero de unidades monoméricas no polimero complexo, ¥ ¢ uma varidvel, que des-
creve as influéncias entre a capacitincia da dupla camada elétrica (DCE) ¢ o grau de
recobrimento da superficie pelo mondmero complexo, F ¢ o numero de Faraday, R ¢ a
constante universal de gases e 7, a temperatura absoluta.

O comportamento do sistema no modo potenciostitico ¢ mais dindmico que no modo
galvanostético, o que sera descrito abaixo.

RESULTADOS E DISCUSSAO

Para investigar o comportamento do sistema com a determinagio eletroquimica de
zinco no modo galvanostatico no 4nodo, modificado por uma base de Schiff, com a
eletropolimerizagao subsequente do complexo resultante, investigamos o conjunto de
equagoes diferenciais (1), mediante a teoria de estabilidade linear. Os elementos esta-
ciondrios do Jacobiano expor-se-ao conforme:

ﬂll 422 423 (5)
em que:
_2_A  (1-60) exp(0
ay =3 -5~k 10 explt) ©
iy =5 (2k2(1-6) exp(16)— 7k (1-0) exp(0) ?)
a3 =0 (8)
ayy == (k (1-0)"exp(10)) 9)
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—2k z(1—0) exp(~0)+~k (1— 9)2 exp(70)— nklﬁ”*l exp 2nF6
2= . 2nF~0
—ynk,0 CXPT (10)
1 . 2nF~0
ayy :5[—)\nkp9 exp—fy] (11)
a3, =0 (12)
ay, = ZnF[—n/ePQ"I exp 2nF6 ynk,0" exp ZnF”y@] (13)
RT

ay, = 271F[—)\nkp(9” exp ZnF'yG] (14)

Observando as equagdes (6), (10) ¢ (14), observamos que os elementos da diagonal
principal da matriz contém os elementos positivos, que descrevem apositiva conexao de
retorno. Destarte, o comportamento oscilatdrio, neste caso, ¢ possivel. Otrossim, gragas
\ . A . 4 . - ’ . !

a presenca da influéncia da reagio de ligagio na DCE, ela ¢ mais provavel que em casos
mais simples da determinagao eletroquimica assistida. Além disso, no modo galvanos-
tético, essas influéncias podem também influenciar a carga do elétrodo.

nkF~0

2
Além do elemento k0" exp >0, que descreve as influéncias desestabiliza-

doras do rearranjo da composi¢io da camada pré-superficial, outro elemento posi-

tivo ¢é o akyel/(1—0)exp(—ab) >0, que descreve as influéncias na mesma camada da
formagao das novas formulagoes idnicas. Outro elemento, que pode ser positivo,
2nF~0

> 0. As oscilagoes, neste caso, se esperam frequentes e de pequena

¢ —Ank,0" exp
amplitude.

Para investigar a estabilidade do estado estaciondrio, aplicamos ao conjunto de equa-
coes diferenciais (1) o critério de Routh-Hurwitz. Evitando as expressdes grandes,
introduzimos as novas varidveis, de modo que o determinante se descreve como:

inF -k, =X, -1l 0
c;;a X, I,-T, -M (16)
0 ~, -M

3

Que, aplicada a condigio Det J<0, saliente do critério, serd reescrita, conforme:
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—(k, +X,)2IL,M <0 (17)

E esta condi¢io ¢ correspondente a um processo eficiente do ponto de vista eletroa-
nalitico, capaz de ser controlado, de igual maneira, pela difusao ou pela reagao. Mas,
visto que a formagio de complexo ¢ um processo relativamente rapido nas condigoes da
andlise, ser-nos-a possivel concluir que o processo eletroanalitico sera controlado pela
difusio dos cations de zinco.

A sua satisfacao ¢ correspondente & dependéncia linear entre a concentragao dos fons
de zinco e o potencial do Anodo e realiza-se com certeza, desde que os parimetros I1, e
M, que incluem as influéncias das etapas quimica e eletroquimica do processo na DCE
e na carga de elétrodo, tenham valores positivos, isto ¢, as influéncias se enfraquecam.

A instabilidade monoténica, correspondente ao limite de detecgao do ponto de vista
eletroanalitico, também ¢ possivel para este sistema, ¢ as suas condi¢des descrevem-se
como:

—(r, + X, 2II,M =0 (16)

No caso da formagao de dois tipos de complexo, de fato, ocorre a copolimerizagao deles
ois, o que faz o comportamento do sistema ainda mais dinimico. Este fenomeno, em

d f: t to do sist d d Este f

que 0 comportamento oscilatério é ainda mais frequente, sera descrito num dos nossos

préximos trabalhos.

CONCLUSOES

Da simulagio tedrica da determinagio de zinco em firmacos oftdlmicos no elétrodo,
modificado por uma base de Schiff, junto com a eletropolimerizacio do composto
resultante, ¢ possivel concluir que:

- A base de Schiff ¢ um modificador eficiente de elétrodo durante a quantificagao
de zinco em farmacos oftalmicos. O estado estacionirio no Sistema ¢ facil de
obter e manter.

- O processo eletroanalitico no modo galvanostatico ¢ controlado pela difusao.

- O comportamento oscilatério, no modo galvanostatico, ¢ mais provével que no
potenciostatico, podendo, além das influéncias das reagdes quimicas e eletroqui-
micas na DCE, ser causado, também, pela eletropolimeriza¢ao do complexo na
carga do elétrodo.
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SUMMARY

Ultrasonic velocity, density and viscosity of Lacosamide were measured in various
alcohols at 298.15 K. From these measured experimental data, various acoustical
parameters such as Specific acoustical impedance (), Adiabatic compressibility
(x,), Intermolecular free path length (Z,), Rao’s molar sound function (R,,), Molar
compressibility (77), van der Waals constant (4), Solvation number (S,), Thermal
conductivity (K},,), Relaxation strength (r) have been calculated for understanding

the molecular interactions occurring in the solution.

Key words: Lacosamide, ultrasonic velocity, alcohols, acoustical parameters.

RESUMEN

Investigacion ultrasénica de lacosamida en varios alcoholes a

298,15 K

Se midieron la velocidad ultrasénica, la densidad y la viscosidad de soluciones de
lacosamida en varios alcoholes a 298,15 K. A partir de estos datos experimentales,
se calcularon varios pardmetros actisticos para comprender las interacciones molecu-
lares que ocurren en la solucidn, tales como la impedancia actstica especifica (Z), la
compresibilidad adiabética (x,), la longitud del camino libre intermolecular (L)), la
funcién molar de sonido de Rao (R,,), la compresibilidad molar (), la constante de
van der Waals (), el namero de solvatacién (S7), la conductividad térmica (Kj,), y

la fuerza de relajacion (7).

Palabras clave: Lacosamida, velocidad ultrasdnica, alcoholes, pardmetros acusticos.
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INTRODUCTION

Ultrasonic technology has a wide range of applications in the fields of biology [1-3],
pharmacy [4], polymer [5, 6], civil engineering [7], nuclear power generation [8], sono-
chemistry [9], medical [10], material science [11], agriculture [12], navigation system
[13] etc. Due to its non- destructive nature [14], it is also used in various industries
such as plastic [15], cement [16], soap [17], paper [18], petrochemicals [19], glass [20],
food [21], dairy [22] etc. Further, ultrasonic and related thermodynamic parameters of
solid substances provide useful information related to structure of molecules, molecular
packing and inter and intra molecular interactions [23]. In liquid mixtures [24, 25] and
solutions [26], these parameters help to interpret type of molecular interactions [27].

Lacosamide is an amino acid derivative; N-methyl-D-aspartic acid and is non-hygro-
scopic white to yellow crystalline compound of molecular weight 250.294 g.mol™" and
of molecular formula C,;H3N,Os. It is R-enantiomer of [UPAC name (R)-2-acet-
amido-N-benzyl-3-methoxy propionamide [28].

The preclinical and clinical result of the drug has demonstrated an excellent anticon-
vulsant activity [29-32] and is used for the treatment of both epilepsy and diabetic
neuropathic pain [33]. Further, drug was found to be more potent than sodium chan-
nel blocking drug phonation and barbiturate phenobarbital [34] and is used in combi-
nation with other agents as therapy of partial onset seizures.

Ultrasonic study of drugs in various solvents are provide valuable information related
to interactions of drug with the solvent which is useful to prepare appropriate con-
centrated dose for tablets, injection and oral dose in appropriate solvents [35-37].
The ultrasonic data and related thermoacoustic parameters are also useful to study the
pharmacodynamic and pharmacokinetics of drugs [38].

In the present study, various acoustical properties of lacosamide in various alcohols
have been studied at 298.15 K over a wide range of concentrations by measuring ultra-
sound velocity, density and viscosity. The results are interpreted to understand the
interactions of lacosamide in alcohols. The evaluated data may be useful for further
research and development of drug lacosamide.

EXPERIMENTAL

The solvents selected for the study were alcohols such as methanol, ethanol, 1-pro-
panol, 1-butanol and1-pentanol.The drug lacosamide was recrystallized before use.
Figure 1 shows the structure of lacosamide.
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Figure 1. Molecular structure of lacosamide.

The solutions of lacosamide of various concentrations were prepared in all selected
alcohols by using weight balance (Mettler Toledo AB204-S, Switzerland).

Measurements of ultrasonic velocity and density

The Ultrasonic velocity and density of all the pure alcohols and solutions were mea-
sured at 298.15 K using Anton Paar density and sound velocity meter (Model DSA
5000M). The accuracy of ultrasound velocity and density are +0.5 m.sec” and
+0.005 kg.m™’ respectively.

Measurements of viscosity

The Ubbelohde viscometer with 25 ml capacity was used for the viscosity measure-
ment. In the viscometer, milli Q-water/pure solvent/solution were filled, and flow
time of liquid was measured at 298.15 K. The digital stopwatch (Model: RACER
HS-10W), with an accuracy of +0.01 second was used to determine flow time of solu-
tions. The temperature stability was maintained by circulating water from a thermostat
(NOVA NV-8550 E, accuracy of + 0.1 K around the viscometer. The accuracy of vis-
cosity is + 0.05 %. Using the flow time of water and solution/ pure solvent and viscos-
ity of standard water sample, viscosity of solvent/ solution was determined according
to equation:

i:t_l& (1)
n 5P

where #, and 7, are viscosities of water and solution/pure solvent, respectively. £, and
t, are the flow time for water and sample solution/pure solvent whereas p, and p, are
density of water and solution/pure solvent, respectively.

722



Ultrasonic investigation of lacosamide in various alcohols

RESULTS AND DISCUSSION

The experimental data of density, viscosity and sound velocity of pure solvents are
given in table 1 along with theoretical values taken from literature.

Table 1. Experimental values of density, sound velocity and viscosity of pure solvents at 298.15 K*.

Liquid Density (kg-m>) | Viscosity (mPa-s) Ultrasonic velocity (m-s™")
Methanol | 787.37 (787.20) |  0.549 (0.545) 1104.90 (1104.00)*

Ethanol 805.94 (790.00)" |  1.124 (1.105)° 1204.92 (1207.00)°
1-Propanol | 80022 (800.80)¢ |  1.946 (1.943)" 1206.13 (1205.80)¢
1-Butanol | 807.88 (806.60)° |  2.581 (2.585)s 1243.92 (1240.60)°
1-Pentanol | 811.67 (811.00)" |  3.348 (3.412) 1275.32 (1275.33)"

*The values in parenthesis are from literature (

i: [47]).

a: [39], b: [40], c: [41], d: [42], e: [43], f: [44], g: [45], h: [46],

Table 2 shows the experimental data of density, viscosity and sound velocity of all the

solutions in different solvents. It is clear from table 2 that ultrasonic velocity increases

with increase in concentration in all selected alcohols. Further, it is minimum for

methanol and maximum for 1-pentanol.

Table 2. Experimental values of density, viscosity, and ultrasound velocity of lacosamide in different
alcohols at 298.15 K.

Conc. (M) Density (kg-m™) Viscosity (mPa.s) Ultrasonic velocity (m-s™")
Methanol
0.00 787.37 0.5499 1104.90
0.01 788.59 0.5697 110591
0.02 789.45 0.5761 1107.06
0.04 791.28 0.5854 1109.10
0.06 792.77 0.5957 1110.96
0.08 794.75 0.6073 1112.85
0.10 796.88 0.6141 1115.16
(Continued)
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Table 2. Experimental values of density, viscosity, and ultrasound velocity of lacosamide in different
alcohols at 298.15 K.

Conc. (M) Density (kg-m™) Viscosity (mPa.s) Ultrasonic velocity (m-s™")
Ethanol
0.00 805.94 1.1240 1204.92
0.01 807.38 1.1370 1205.85
0.02 808.17 1.1602 1206.64
0.04 810.36 1.1855 1208.05
0.06 812.05 1.2213 1209.29
0.08 813.65 1.2682 1210.60
0.10 815.21 1.3041 1211.73
1-Propanol
0.00 800.22 1.9466 1206.13
0.01 800.95 1.9922 1207.09
0.02 802.08 2.0498 1208.18
0.04 803.80 2.1091 1209.72
0.06 805.36 2.1572 1211.04
0.08 806.91 2.1945 1212.64
0.10 808.29 2.2424 1213.89
1-Butanol
0.00 807.29 2.5816 1243.92
0.01 807.88 2.6056 1244.15
0.02 808.55 2.6409 1244.75
0.04 810.12 2.6903 1245.62
0.06 811.56 2.7506 1246.56
0.08 812.91 2.8218 1247.62
0.10 814.00 2.8812 1248.57
1-Pentanol
0.00 811.67 3.3484 1275.32
0.01 812.10 3.3921 1275.99
0.02 813.25 3.4493 1276.43
0.04 814.40 3.5172 1277.37
0.06 816.09 3.5771 1278.23
0.08 817.31 3.6457 1279.30
0.10 818.78 3.6944 1280.17

724



Ultrasonic investigation of lacosamide in various alcohols

The graphical presentation of concentration dependence of ultrasonic velocity in dif-
ferent alcohols is shown in figure 2. It is clear from figure 2 that there is linear increase
of ultrasonic velocity with concentration in all the alcohols. The order of ultrasound
velocity in alcohols is: methanol > ethanol > 1-propanol > 1-butanol > 1-pentanol.
However, there is overlapping in velocity values for ethanol and 1-Propanol. This may
be due to the fact that the ethanol in the present study used was only 99% pure. So, the
presence of impurity affects the velocity. Overall, ultrasound velocity increases with
increase in CH, group of alcohols.
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Figure 2. The variations of sound velocity of lacosamide with concentrations in alcohols at
298.15 K. ¢: Methanol; m: Ethanol; A :1-Propanol; @:1-Butanol; ¢:1-Pentanol.

From the experimental data of density (), viscosity () and sound velocity (U), follow-
ing acoustical parameters were calculated.

Specific acoustical impedance (Z) [48]:

z=U @)
Adiabatic compressibility (x,) [49]:
1
Kk, = U? p (3)
Intermolecular free path length (Z)):
L=k, KD @

where K is the Jacobson constant (= 2.0965 x 10°) at 298.15 K.
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Rao’s molar sound function (R,,) [50]:
1
R, = [ﬁ]w (5)
p

where M is the molar mass of solution and can be calculated by following equation:
M =MW, +MW,.

Molar compressibility (7):

Van der Waals constant (5):

b:%{l_[ﬁgz] } ?)

where R is the gas constant (8.3143 J.K™".mol™") and 7"is absolute temperature.

MU?
3RT

-1

Solvation number (S,,):

M

Kﬂ

2

) !

n

Mlll_
X

al

where X is the number of grams of solute in 100 g of the solution. M, and y;, are the
molar masses and x,jand x, are adiabatic compressibility of solvent and solution respec-
tively.

Thermal conductivity (K},,) [51]:

2
K, :3[’)']{4\[4]3/%U 9)
where N, is the Avogadro’s number (6.0221 x 10%), k, is the Boltzmann constant

(k, = 1.38064852 x 102> m~kg2.K™') and M is the molar mass of solution.

Relaxation strength (7):
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where U_=1.6 x 10° m.s™!

Some of these evaluated acoustical parameters are reported in table 3. The variation

of specific acoustical impedance with concentration is shown in figure 3. The specific

acoustical impedance is the measurement of opposition in acoustical flow by acoustic
pressure in the solution [52]. It is observed from figure 2 that specific acoustical imped-

ance (Z) increases with increase of concentration. Further, as CH, group increases in

alcohols, Z increases i.e., it is maximum in 1-pentanol and minimum in methanol. The

increase in specific acoustical impedance indicates the existence of solvent-solute inter-
actions in solutions.

Table 3. Some evaluated acoustical parameters of lacosamide in different alcohols at 298.15 K.

Conc. R, K, b
o) 7 @t | wakctm) | (mtmol)
Methanol
0.00 0.5231 4207 x 104 - 0.2759 7.812x 107 | 5.725x 107
0.01 0.5222 4292x10 74 0.2725 7.973x107* | 5.944x 10
0.02 0.5212 4.380x 10 7.7 0.2692 8.136x10*| 6.170x10°°
0.04 0.5194 4.553x 10 8.0 0.2629 8.459x 10| 6.627x10°
0.06 0.5179 4726x 10 8.5 0.2570 8.783x10*| 7.096x 107
0.08 0.5162 4.895x 10 8.6 0.2516 9.099x 1074 | 7.570x 107
0.10 0.5142 5.062x 10 8.7 0.2466 9.411x10°%| 8.055x10°
Ethanol
0.00 0.4329 6.083x 10 - 0.2398 1.129x 1072 | 1.190x10**
0.01 0.4320 6.157 x 104 5.1 0.2381 1.143x 1073 | 1.217x10*
0.02 0.4313 6.236x10 6.1 0.2363 1.157x107% | 1.245x 10
0.04 0.4299 6.386x 1074 6.4 0.2329 1.186x1073 | 1.300x 10
0.06 0.4288 6.540x 104 6.9 0.2295 1.215x 1073 | 1.356x10™*
0.08 0.4275 6.693x 104 7.3 0.2263 1.243x1073 | 1.413x10*
0.10 0.4264 6.845x 10 7.7 0.2232 1.272x107% | 1.470x 10
(Continued)
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Table 3. Some evaluated acoustical parameters of lacosamide in different alcohols at 298.15 K.

Conc. R, K,, b
& |7 @t | k)| ol
1-propanol
0.00 0.4317 7.993x 10 - 0.2002 1.482x107 | 1.876x 10
0.01 0.4308 8.067x 10 4.2 0.1991 1.495x 1072 | 1.908x 10
0.02 0.4298 8.137x 10 4.6 0.1982 1.509x 1073 | 1.938x 10
0.04 0.4284 8.280x 10 S.1 0.1962 1.535x 1073 | 2.000x 10~
0.06 0.4271 8.422x 10 5.5 0.1943 1.562x1073 | 2.062x 10
0.08 0.4256 8.565x10°* 5.6 0.1924 1.589x107 | 2.125x 10
0.10 0.4244 8.708 x 10~ 5.8 0.1905 1.616x1073 | 2.189x10*
1-butanol
0.00 0.3956 9.874x 10 - 0.1805 1.830x 1073 | 2.742x 10
0.01 0.3953 9.940x 1074 5.5 0.1798 1.842x107 | 2.774x 10
0.02 0.3948 1.001x 1073 6.3 0.1791 1.855x1073 | 2.807x 10
0.04 0.3939 1.013x 107 6.8 0.1777 1.879x1073 | 2.871x 10
0.06 0.3930 1.026x 1073 6.7 0.1764 1.903x1073 | 2.936x 10
0.08 0.3920 1.039x 1073 6.7 0.1751 1.927x 10| 3.001x10*
0.10 0.3910 1.052x 1073 6.8 0.1738 1.952x 107 | 3.068x10™*
1-pentanol
0.00 0.3647 1.178 x 1073 - 0.1655 2.182x1073 | 3.739x10*
0.01 0.3640 1.184x 10-3 4.5 0.1650 2.193x 107 | 3.774x 10
0.02 0.3636 1.189x 1073 4.7 0.1646 2.203x 107 | 3.805x 10
0.04 0.3626 1.201x 1073 5.4 0.1637 2.226x1073 | 3.872x10*
0.06 0.3618 1.212x 1073 5.4 0.1628 2.246x 107 | 3.937x 10
0.08 0.3607 1.224x 1073 5.5 0.1619 2.269x 107 | 4.005x10°*
0.10 0.3598 1.235x 1073 5.5 0.1611 2290x1073 | 4.071x10*

728



Ultrasonic investigation of lacosamide in various alcohols

1.1E+06
> o * * ¢ ¢
e o L] hd . *
= n
I n n ! A
L 7 ! 2 A A
=< 95E+05
N
L 2
¢ o . ¢ ¢
8.5E+05 ' ' ' ' ,
0.00 0.02 0.04 0.06 0.08 0.10

Concentration (M)

Figure 3. The variations of specific acoustical impedance of lacosamide with concentrations in
alcohols at 298.15 K. ¢: Methanol; m: Ethanol; A :1-Propanol; @:1-Butanol; 4:1-Pentanol.

The variation of adiabatic compressibility (x,) and intermolecular free path length (Z,)
with concentration are given in figures 4 and 5 respectively. Both these parameters are
observed to decrease with concentration. Further, as number of CH, group increases,
these parameters decrease. The decrease of intermolecular free path length suggests
that distance between solute i.c., lacosamide and solvent molecules decreases with con-
centration. So, when distance decreases, velocity increases (ﬁgure 2).

The compressibility of the solution is mainly due to free solvent molecules around
solute i.e., drug molecules. So, when there is strong interaction between solvent and
lacosamide molecules, compressibility decreases which is the case in present study.
By increase in concentration of lacosamide, molecular associations are enhanced and
newly formed aggregates cause adiabatic compressibility to decrease.

Table 3 shows the decrease in relaxation strength (r) also with concentration which
also suggests the predominance of solvent-solute interactions in studied solutions.

It is also observed from table 3 that Rao’s molar sound function (R,,), molar compress-
ibility (/) and van der Waals constant (/) increase with increases in concentration.
The variation of Rao’s molar function (R,,) with concentrations is also shown in figure
6 for all the studied alcohols and is found to increase linearly. The least square equation
and correlation coefficient (y) values for some of the evaluated parameters are given
in table 4. It is observed that for Rao’s molar sound function, van der Waals constant
and molar compressibility, correlation coefficient is almost unity. This indicates that
although there are interactions between drug molecules with alcohol molecules, there
is no complex formation.
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Figure 4. The variations of adiabatic compressibility of lacosamide with concentrations in alcohols
at 298.15 K. 4: Methanol; m: Ethanol; A :1-Propanol; @:1-Butanol; ¢:1-Pentanol.

6.8E-11

* o TS
L 4 V'S *
6.4E-11
£
'S
6.0E-11
5.6E-11 L L L L )
0.00 0.02 0.04 0.06 0.08 0.10

Concentration (M)

Figure 5. The variations of intermolecular free path length of lacosamide with concentrations in
alcohols at 298.15 K. ¢: Methanol; m: Ethanol; A :1-Propanol; ®:1-Butanol; ¢:1-Pentanol.

The type of interactions of lacosamide drug with alcohols is further confirmed by
another parameter known as solvation number (S,). This gives information regarding
structure forming or structure breaking capacity of a solute in different solvents. The
solvation number can be positive or negative. For the studied alcohols, solvation num-
ber of lacosamide is plotted against concentrations as shown in figure 7. It is observed
from figure 7 and table 3 that the solvation number is positive for all the alcohols.
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For all the alcohols, it increases with increase in concentration. However, in some cases,
it becomes almost constant at higher concentrations. The positive solvation number
indicates structure forming tendency of lacosamide in alcohols. This again proves
strong molecular interactions between lacosamide and alcohol molecules.
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Figure 6. The variation of Rao’s molar sound function of lacosamide with concentrations in alco-
hols at 298.15 K. ¢: Methanol; m: Ethanol; A :1-Propanol; @:1-Butanol; 4:1-Pentanol.
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Figure 7. The variations of solvation number of lacosamide with concentrations in alcohols at
298.15 K. ¢: Methanol; m: Ethanol; A :1-Propanol; @:1-Butanol; 4:1-Pentanol.
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The thermal conductivity of solution is also found to decrease linearly with concen-
tration as given in table 3. The variation in thermal conductivity with concentration
is attributed to various factors such as Brownian motion, clustering etc. [S51]. The
decrease of thermal conductivity with concentration is similar to decrease of intermo-
lecular free path length. As solute-solvent interaction increases with concentration,
thermal conductivity is found to decrease which may be due to decrease in Brownian
motion. In different alcohols, order of thermal conductivity is: methanol > ethanol
> 1-propanol > 1-butanol > 1-pentanol i.c., it decreases with increase of CH, groups

of alcohol.

The predominance of solute- solvent interactions in studied alcohols is further proved
by the increases in viscosity with concentration which is shown in table 2. The experi-
mental viscosity data have also been analyzed using the Jones-Dole equation [53]:

1
L —14.4C* +BC (11)
U8

Where 7 and 7, are the viscosity of solutions and pure solvents, respectively. C is the
molar concentration of lacosamide. The parameters 4 and B are characteristic of sol-
vents and lacosamide. The coefficient A represents the contribution from interionic
electrostatic forces and is a measure of solute-solute interactions whereas B is an
empirical parameter which gives information related to ion solvent interactions and
structure factors [54]. The values of 4 and B parameters have been evaluated from the
intercept and slope of plots of (3/7, — 1). C"*vs. C"* and are reported in table 5. It is
observed that A4 values are small and are negative for two alcohols whereas B values are
positive and for some alcohols, it is larger as compared to other alcohols. However, no
regular trend is observed for both 4 and B coeflicients in selected alcohols. The smaller
or negative A4 values proves that ion-ion interactions i.e. solute-solute interactions
are weak in studied solutions whereas positive B coefficient indicates the presence of
strong solute-solvent interactions [55] i.e., structure forming tendency of lacosamide
[56]. Thus, evaluated acoustical parameters and Jones-Dole coefficients both confirm
the structure forming tendency of lacosamide in studied alcohols.
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Table 5. Jones-Dole equation parameters 4 and B for lacosamide in alcohols.

Solvents A B
Methanol 0.175 5.556
Ethanol -0.075 1.600
1-Propanol 0.285 0.471
1-Butanol -0.009 1.073
1-Pentanol 0.100 0.629
CONCLUSIONS

In the solutions of drug lacosamide in studied alcohols, solute-solvent interactions
dominate. These interactions increases from methanol to 1-pentanol i.e., interactions
increase with increase in CH, group of alcohols. Thus, lacosamide exhibited structure
forming tendency in studied alcohols due to predominance of solute- solvent interac-
tions.
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RESUMEN

Objetivo: conocer la prevalencia de enfermedades segun el grupo sanguineo de la
poblacién estudiada en la provincia de Cuenca (Espafia). Métodos: estudio observa-
cional, descriptivo, corte transversal y base poblacional. La muestra de 73 personas
(39 varones, 34 mujeres), mayores de 60 afios. Se identificaron todos los grupos
sanguineos, estudidndolos por edad y género. Resultados: los porcentajes de grupos
sanguineos de la poblacién estudiada por género son 42,6% (grupo A); 42,4% (O);
13% (B) y 1,4% (AB). Predomina el A+ (35,6%), seguido del O+ (27,4%). Se estudia
la prevalencia de una determinada enfermedad en funcién del grupo sanguineo. En
este sentido, se detectan diferencias dentro de un mismo grupo, segtin el fator Rh.
Los grupos Rh positivos padecen mds de HTA, insomnio y depresion que los Rh
negativos. Los grupos A y O padecen mayor aumento de colesterol que los del grupo
B. Los del grupo O tienen mds HTA que el resto y el O+ padece mayor porcentaje
de anemia (Fe), mientras que los A+ anemia (B12). La osteoporosis es mayor en los
grupos negativos que en los positivos, salvo en el grupo AB+. Conclusiones: el grupo
sanguineo con el que nacemos puede condicionar las enfermedades que padecer-
emos a lo largo de nuestra vida. El ser 0 podria predisponerlos a tener HTA, anemia
(Fe), colesterol, enfermedades pulmonares e insomnio, mientras que el A depresién,

anemia (B12) y problemas de préstata en varones.

Palabras clave: Grupo sanguineo, enfermedades, poblacién mayor de 60 afos.
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SUMMARY

Main diseases according to blood group in population over
60 years of age in the province of Cuenca (Spain)

Objective: To know the prevalence of diseases according to the blood group of the
population studied in the province of Cuenca (Spain). Methods: An observational,
descriptive, cross-sectional, and population-based study. The sample is 73 people
(39 men and 34 women), over 60 years. All blood groups were identified, studying
them by age and gender. Results: The percentages of blood groups of the population
studied by gender are 42.6% (group A), 42.4% (O), 13% (B) and 1.4% (AB). A+
predominates (35.6%), followed by O+ (27.4%).The prevalence of a certain disease
based on blood group is studied. In this sense, differences are detected within the
same group, according to the Rh factor. Rh positive groups suffer more from hyper-
tension, insomnia and depression than Rh negative groups. Groups A and 0 O suffer
a greater increase in cholesterol than those of group B. Those in group 0 O have
more hypertension than the rest and the 00 + suffer a higher percentage of anemia
(Fe), while those A + anemia (B12). Osteoporosis is greater in the negative groups
than in the positive ones, except in the AB + group. Conclusions: The blood group
with which we are born can condition the diseases that we will suffer throughout
our lives. Being 0 could predispose them to have hypertension, anemia (Fe), choles-
terol, lung diseases and insomnia, while A could predispose them to have depression,

anemia (B12) and prostate problems in men.

Keywords: Blood group, diseases, population over 60.

INTRODUCCION

Karl Landsteiner investigd la genética de la sangre humana, respecto la de los simios
[1,2]. Observé que, al mezclar la sangre de dos personas, a veces, los glébulos rojos se
aglutinaban formando grumos visibles. Analizé la sangre de 22 personas, incluyendo
la suya. Separ6 el suero de la sangre total, lavé los glébulos rojos y los sumergi6 en
una solucioén de suero salino fisiolégico. Después, ensay6 cada suero con los diferen-
tes globulos rojos obtenidos y observé los resultados. Descubrié tres tipos distintos de
hematies, denominados A, By O, que generaban reacciones de aglutinacion. Dos afios
después, dos discipulos suyos analizaron 155 muestras y descubrieron un cuarto grupo,
al que llamaron AB.
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La sangre humana posee anticuerpos que reaccionan con los antigenos de los
glébulos rojos, produciendo, como resultado de la interaccién antigeno-anticuerpo,
su aglutinacién. Estos anticuerpos (que no existen en el tipo AB) son responsables de
la incompatibilidad de las transfusiones sanguineas. En 1911, Ottenberg acuié el tér-
mino donante universal para el grupo O, por carecer de antigenos en los eritrocitos [3].
En 1908, Epstein y Ottenberg sugieren que los grupos sanguineos son hereditarios.
En 1910, E. von Dungern y L. Hirszfeld descubrieron que la herencia de estos grupos
sanguineos sigue las leyes de Mendel, con un patrén dominante para los tipos A y B [4].

En 1940, Landsteiner y Alexander Wiener, descubrieron otro antigeno en los hematies
al que llamaron factor Rh, por haberse hallado en el suero de conejos inmunizados con
sangre procedente de un mono de la India, el macaco Rhesus (Macaca mulatta). Un
nifio que tiene el factor Rh es Rh+ y puede inmunizar a su madre Rh- durante la gesta-
cién [5-7]; esta desarrolla anticuerpos especificos anti-Rh que podrian, en su segundo
embarazo, atravesar la placenta y producir el aborto o una enfermedad hemolitica en el
recién nacido.

Por tanto, el grupo sanguineo es una clasificacién de la sangre segtin los antigenos
que estdn en la superficie de los glébulos rojos y en la sangre, se definen por el sistema
ABO y por el Rh. Existen cuatro tipos de grupos sanguineos: A (con antigenos A), B
(con antigenos B), O (sin ningtin antigeno y todas las aglutininas o anticuerpos) y
AB (con los antigenos A y By sin ninguna aglutinina).

Los Rh positivos son aquellas personas que presentan dicha proteina en sus glébulos
rojos, y negativos quienes no presenten la proteina. Un 85% de la poblacién tiene en esa
proteina una estructura dominante. Tener Rh- significa que se tiene la misma proteina,
pero con modificaciones en ciertos aminodcidos que determinan diferencias significa-
tivas en la superficie de los glébulos rojos, y disponer de anticuerpos en el plasma que
reaccionan contra los glébulos rojos Rh+ [7].

El principal antigeno Rh es el D y el anticuerpo presente en quienes carecen de anti-
geno D es el anti-D. Si el antigeno D estd presente el fenotipo es Rh positivo y si D estd
ausente (situacion representada como “d”) es Rh negativo. Se han identificado mas de
45 antigenos del sistema Rh, pero de todos ellos apenas cinco son frecuentes, son: D,
C,E, ¢, e. Los anticuerpos a los distintos antigenos Rh aparecen después de exponerse
un individuo Rh negativo a eritrocitos de sangre Rh positivo. La herencia de los anti-
genos Rh estd determinada por un complejo de dos genes, de los cuales uno codifica
la proteina transportadora de antigeno D y otro codifica la proteina transportadora
de antigeno «C» 0 «c», 0 de «E» y «e». Las personas Rh positivo poseen genes

RHD, que codifica la proteina transportadora de antigeno D y RHCE, que codifica la
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especificidad de la proteina transportadora de C y E. Mientras las personas Rh negativo
tienen Gnicamente el gen RHCE.

La transfusién de sangre de un Rh+ a un Rh- que no tiene dicho aglutinégeno induce la
formacién de anticuerpos, que en sucesivas donaciones puede aglutinar la sangre (for-
mar codgulos) [7]. De ahi su importancia en las donaciones. Al ser dominante el gen
+, se considera positivo + +, + — y — 4+ mientras que serd negativo si tiene los dos alelos
— — (es recesivo).

La distribucién mundial de los grupos sanguineos varfa en funcién de la raza [8] (tabla
1). Por lo anteriormente expuesto, en este trabajo, se pretende observar si existe rela-
cién entre tener un grupo sanguineo determinado y padecer ciertas enfermedades o
no, dado que no se ha encontrado ningun articulo que relacione dichos grupos con las
principales patologfas padecidas.

Tabla 1. Distribucién mundial de los grupos sanguineos en funcién de la raza.

Grupo Raza o etnia
sanguineo Caucisica Afroamericana Hispana Asidtica
O+ 37% 47% 53% 39%
O- 8% 4% 4% 1%
A+ 33% 24% 29% 27%
A- 7% 2% 2% 0.5%
B+ 9% 18% 9% 25%
B- 2% 1% 1% 0.4%
AB+ 3% 4% 2% 7%
AB- 1% 0,3% 0,2% 0.1%
METODOLOGIA

Es un estudio observacional, descriptivo, de corte transversal. Se elabor6 una encuesta
farmacoterapéutica especificando todos los medicamentos consumidos, asi se han
conocido los tratamientos y enfermedades que padecia cada paciente, dado que no se
tiene acceso a la historia médica. Este estudio se ha realizado en Buendia (Cuenca),
recogiendo datos de pacientes durante 2017 y 2018, previa firma del consentimiento
informado (anexo 1).

743



Ma. Carmen Batanero-Hernén, Begofa Escalera Izquierdo, Maria José Fresno Contreras, ef al.

La poblacién diana fueron todas las personas de 60 afios o mayores, varones o mujeres,
que residian en sus casas y acudian a la farmacia o en la residencia de ancianos ubicada
en lalocalidad y que voluntariamente decidieron participar en este trabajo. Para ello se
les citd individualmente y se rellend la encuesta farmacoterapéutica realizada ad hoc. La
medicacion fue obtenida a partir de la historia farmacoterapéutica. También se les hizo
el andlisis del grupo sanguineo y Rh mediante los reactivos Cromatest”. El calculo del
tamano muestral se estimé en 73 pacientes.

Las variables dependientes utilizadas fueron el porcentaje de consumo de medica-
mentos (respecto al total de los consumidos por esta poblacién estudiada) usando la
clasificacion ATC (Anatomical Therapeutic Chemical Classification) para la codifica-
cién de estos medicamentos. Las variables independientes fueron, entre las referidas
al paciente, el género (variable nominal dicotémica varédn/mujer) y la edad (variable
cuantitativa continuda estratificada en cuatro tramos de edad: 60-70 afios, 71-80 anos,
8-90 y pacientes mayores de 91 anos. Se ha querido estratificar asi para visualizar qué
tramo consume mas medicamentos de un grupo ATC u otro.

Tamano de la muestra

La poblacién mayor de 65 afos estimada en el pueblo de Buendia (Cuenca) en 2017
era de 417 habitantes, de ellos el 90% son mayores de 60 afos (INE, 2017), para este
tamano de poblacién el cdlculo del tamafio muestral se estima de acuerdo a la férmula:

Donde:

n = tamano de la muestra, z = valor de z correspondiente al nivel de confianza (95%,
que también se expresa asi: o = 0,05, y que corresponde az=1,96 sigmas o errores
tipicos), py q = varianza de la poblacién, que indican la proporcién esperada de pacien-
tes que consume o que no consume preparados de plantas medicinales; consideramos
la méxima diversidad posible, es decir el 50%, p.q = 0,25, p = la proporcién esperada
en la poblacién (en este caso, al ser dicotémico, o sea dos respuestas que se excluyen
mutuamente, es el 50% de sies), e= el error, que suponemos un 5%, o sea es 0,05. El
resultado fue de 73 pacientes.

Definicién de las variables
Variables dependientes

- Porcentaje de grupos sanguineos: consiste en calcular cudntos pacientes de cada
cien pertenece a cada uno de los grupos sanguineos y RH existentes.
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- Porcentaje de consumo de medicamentos: se usa la clasificacién ATC. Se calcu-
lan cudntos pacientes de cada cien consume algin medicamento de cada grupo
terapéutico siguiendo la clasificacién ATC.

Variables independientes

Hay dos variantes relacionadas con el paciente: género y edad. El género es una varia-
ble nominal dicotémica (varén / mujer). La edades una variable cuantitativa continta
estratificada en cuatro tramos de edad: 60-70 afos, 71-80, 81-90 y pacientes mayores
de 91 anos.

Andlisis de los datos

En este trabajo se utiliz6 la estadistica con los pardametros mds representativos: por-
centajes, intervalos de confianza 95%, riesgo relativo, Odds Ratio y p-valor. La infor-
macién obtenida se ingresé en una base de datos utilizando el programa Microsoft
Excel. El andlisis estadistico de tipo descriptivo se llevo a cabo utilizando este mismo
programa, expresando los resultados en forma porcentual y promedio. Las variables
recogidas se analizaron tomando como referencia el nimero de pacientes incluidos en
el estudio. Las variables cualitativas se describieron mediante el cdlculo de frecuencias
y porcentajes. Se calculé el porcentaje de enfermedades segtin el grupo sanguineo por
género y por tramos de edad. Igualmente se calcul6 el consumo de medicamentos de
cada grupo ATC. También se estimo la frecuencia relativa del consumo de los firmacos
de cada grupo y subgrupo ATC, asi como la relacidn existente entre grupo sanguineo y
medicamentos. Para identificar posibles relaciones grupo sanguineo-enfermedades se
ha hecho un estudio con las variables independientes, un andlisis bivariante. En todos
los andlisis se considerd significativo todo valor de p < 0,05, Odds Ratio (OR) supe-
rior a la unidad, IC 95% que no contenga la unidad y un riesgo relativo (RR) también
superior a uno.

REsuLTADOS

La caracterizacion de la muestra se incluye en la tabla 2, en esta se detalla poblacién por
tramos de edad, género y residencia. Hay 39 varones y 34 mujeres divididos en cuatro
tramos de edad. Se consumieron 629 medicamentos, que equivale a 8,6 medicamen-
tos/ paciente y dia.
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Tabla 2. Caracterizacion de la poblacién por género y tramos de edad.

Grupo sanguineo

Géneroy edad
A+ O+ O- B- A-- B+ AB+
Varones 17 14 2 4 1 1 0
Mujeres 9 6 9 4 4 1 1
Total 26 20 11 8 S 2 1
55-60 0 0 0 3 0 0 0
61-65 2 0 0 0 0 0 0
66-70 0 1 0 0 0 0 0
71-75 2 1 0 0 0 0 0
76-80 6 3 4 0 0 1 0
81-85 7 2 4 2 3 1 0
86-90 8 6 2 2 1 0 1
91-95 1 6 0 1 0 0 0
96-100 0 1 1 0 1 0 0

Los grupos sanguineos de la poblacién estudiada segun tabla 3 establecen porcentajes
del 42,6% del grupo A; 42,4% del O; 13% del By 1,4% del AB. El grupo predominante
es el A+ con un 35,6%, seguido del O+ con 27,4%. En la tabla 2 se muestra la distribu-

cién por edades en la poblacién estudiada.

Tabla 3. Porcentaje de los distintos grupos sanguineos en la poblacién estudiada.

Grupo sanguineo

%

A 42,6

o 42,4

B 13
AB 1,4

Los porcentajes de las enfermedades mas prevalentes segtin el grupo sanguineo se

observan en la tabla 4. Los pacientes A+ respecto a A-- tienen mayor prevalencia de
enfermedad tiroidea, prostata, HTA, falta de B12 y Alzhéimer, mientras que los A--
tienen anemia (Fe), enfermedades pulmonares y osteoporosis. Los O+ respecto O- tie-

nen més anemia (Fe) y depresién, mientras que los negativos tienen mds problemas

circulatorios. Los B+ padecen mayor HTA, anemia (Fe), depresion y enfermedades
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pulmonares que los B-, estos tltimos también tienden a enfermarse més de diabetes
y osteoporosis.

Tabla 4. Relacién grupos sanguineos y enfermedades mas frecuentes (en %).

Enfermedad o Grupo sanguineo
condicién A+ O+ 0- B- A-- B+ AB+
Tiroides 4 15 0 0 0 0 0
Insomnio 50 65 63 25 20 100 0
Hipertension 77 70 72 12 100 S0 100
D¢éficit de hierro 15 35 27 0 60 50 0
Estrenimiento 30 35 36 100 80 0 100
Déficitde B12 50 20 10 100 20 0 0
Alzheimer 4 20 27 100 20 0 0
Circulacién 15 15 54 100 20 S0 100
Depresién 40 30 0 0 0 100 100
Glaucoma 4 0 0 0 0 0 0
Préstata 30 15 0 0 0 0 0
Epilepsia 4 0 0 0 0 0 0
Parkinson 4 5 27 0 0 0 0
Gota 0 15 0 0 20 0 0
Diabetes 15 0 27 38 0 0 100
Pulmén 27 35 36 50 80 100 0
Colesterol 40 35 72 100 80 0 0
Alergia 4 5 27 0 0 0 100
Osteoporosis 4 5 9 38 60 0 100
Cilculos 4 5 0 0 0 0 0

En la tabla 4 se observa que los grupos A y O padecen mayor aumento de colesterol que

los del grupo B.

Los del grupo O presenté mayor porcentaje de enfermedad tiroidea (0,15), insomnio
(0,65) anemia (Fe) (0,35), Alzhéimer (0,2), gota (0,15) y enfermedad pulmonar (0,35),
mientras que los A+ presentaron anemia (B12) (0,6 casi el triple que el 0), depresion

(0,4), colesterol (0,4), glaucoma (0,04), prostata (0,3) y diabetes (0,15); los grupos O 'y
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A tienen porcentajes similares de HTA, Parkinson, alergia, osteoporosis, cdlculos rena-
les y problemas circulatorios. Los grupos B y AB no se tienen en cuenta, dado que el
porcentaje existente en la poblacién estudiada es bajo.

En general los grupos Rh positivo padecen mayor HTA, insomnio y depresién que los
Rh- (tabla 5). Se observa que los grupos A y O padecen mayor aumento de colesterol
que los del grupo B. Los del grupo O tienen mds HTA que el resto y el O+ padece
mayor porcentaje de anemia (Fe), mientras que los A+, anemia (B12). Respecto a
osteoporosis es mayor en los grupos negativos que en los positivos (tablas 6 y 7).

Tabla 5. Relacién Rh y enfermedades més frecuentes.

Enfermedad o condicién s Rh
Tiroides 19 0
Insomnio 100 95
Hipertension 100 100
Déficit de hierro 50 87
Estreqimiento 65 100
Déficit de B12 70 41
Alzheimer 24 59
Circulacién 30 86
Depresion 70 20
Glaucoma 4 0
Préstata 45 0
Epilepsia 4 0
Parkinson 9 27
Gota 15 20
Diabetes 1 6

En cuanto al estudio estadistico de todas estas asociaciones (tabla 7) se observa:

- Grupo A/colesterol: el valor de Odds Ratio es 0,283, inferior a 1, el riesgo rela-
tivo es superior a 1, por tanto los pacientes del grupo A son mds propensos a
padecer colesterol, el IC 95% no comprende en su intervalo la unidad lo que nos
sugiere que no existe una independencia de las hipé6tesis y p-valor no es significa-
tivo (p<0,05), por tanto podemos concluir a la vista de estos resultados (que no
son hechos independientes) existe una relacién directa no debida al azar..
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Tabla 6. Grupos sanguineos y porcentaje de osteoporosis en mujeres.

Grupo sanguineo Osteoporosis en mujeres

A+ 0,36
O+ 0,3
O- 0,81
B- 1,52
A-- 2,4
B+ 0

AB+ 1

Tabla 7. Tablas estadisticas.

Grupo/factor Odds Ratio | Riesgo relativo IC95% p-valor
Grupo A/colesterol 0,283 3,536 1,1328-11,0374 p<0,05
Grupo O/colesterol 0,91 1,0958 0,3973-3,0225 p=0,8
Grupo B/colesterol 7,676 0,1303 0,0156-1,0903 p<0,05

Grupo O/HTA 0,912 1,0958 0,3973-3,0225 p=0,8
Grupo A/HTA 0,283 3,536 1,1328-11,0374 |  p<0.,05
Grupo O/hierro 0,494 2,0238 0,6892-5,9426 p=0,2
Grupo A/hierro 1,265 0,822 0,2771-2,4380 p=0,7
Grupo A/B12 0,202 49412 1,6173-15,0964 p<001
Grupo O/B12 2,889 0,3462 0,1100-1,0894 p<0,05
Rh+/HTA 0,602 1,6615 0,5863-4,7089 p=0,3
Rh--/HTA 1,661 0,6019 0,2124-1,7057 p=0,3
Rh+/osteoporosis 6,314 0,1584 0,0367-0,6837 p<001
Rh--/osteoporosis 1,433 0,6977 0,1769-2,7508 p=10,6

- Grupo 0/colesterol:la razén de momios es muy préxima a la unidad indica que
no hay asociacién entre ambas variables. Respecto al riesgo relativo es mayor
que 1, hay una relacién entre grupo O y tener elevado el colesterol, el IC 95%
contiene la unidad nos sugiere independencia de las hipétesis y p-valor no es sig-
nificativo (p = 0,8), no se confirma, se deja para posteriores estudios.
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Grupo B/colesterol: el valor de Odds Ratio es 7,676, superior a 1, el riesgo
relativo no lo es, por tanto sugiere que no existe asociacién positiva, el IC 95%
contiene la unidad nos sugiere independencia de las hipdtesis y p-valor si es signi-
ficativo (p < 0,05), por tanto, podemos concluir a la vista de estos resultados que
esto no se confirma.

Grupo 0/HTA: respecto a Odds Ratio estd préximo a la unidad indicando que no
hay asociacién entre ambas variables, riesgo relativo es mayor que 1, hay una rela-
ci6n entre grupo Oy tener hipertension. El intervalo de confianza 95% contiene la
unidad, nos sugiere hipStesis no relacionadas y el p-valor no es significativo.

Grupo A/HTA: OR es inferior a 1, lo que indica accién protectora, riesgo rela-
tivo es mayor que 1, hay una relacién entre grupo A y tener elevado el hiper-
tension, el IC 95% no contiene la unidad, esto nos sugiere que la relacién entre
las hip6tesis y p-valor si es significativa p < 0,05, por tanto, existe una relacién
directa no debida al azar.

Grupo 0/hierro: OR es inferior a 1, riesgo relativo es mayor que 1, hay una rela-
cién entre grupo O y tener déficit de hierro, el IC 95% contiene la unidad, esto
nos sugiere independencia entre las hipdtesis y p-valor no es significativo, por
tanto, con estos resultados, no se confirma.

Grupo A/hierro: OR es superior a 1, lo que nos indica que existe asociacién
entre las hipétesis. El RR es inferior a 1 indicando que no hay relacién entre ser
del grupo A y padecer déficit de hierro, el IC 95% contiene la unidad, esto nos
sugiere independencia entre las hipdtesis y p-valor no es significativo, por tanto,
con estos resultados, no se confirma.

Grupo A/B12: OR es inferior a 1, riesgo relativo es mayor que 1, hay una rela-
cién entre grupo A y tener déficit de cianocobalamina, el IC 95% no contiene
la unidad, esto nos sugiere que larelacién entre las hipétesis y p-valor es signifi-
cativa, por tanto, con estos resultados, concluimos diciendo que no son hechos
independientes, sino que existe una relacién directa no debida al azar._

Grupo 0/B12: OR es superior ala unidad lo que nos indica que hay una relacién
2,289 a 1 de personas que, siendo del grupo O tienen déficit de vitamina B12. El
IC 95% contiene la unidad, esto nos sugiere independencia entre las hipétesis y
p-valor no es significativo, por tanto, con estos resultados, no se confirma.

Rh +/HTA: OR es inferior a 1, IC 95% comprende la unidad y p-valor no es
significativo, el RR es 1,665 lo cual indica que hay una relacién entre tener Rh+
y padecer hipertension, pero con estos resultados que no se confirma.
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- Rh-/HTA: OR es superior a 1, esto sugiere que hay una relaciéon de 1,661 a 1 de
personas que, siendo Rh negativo padecen hipertension. El resto de pardmetros
RR, IC 95% y p-valor no confirman esta hipétesis.

- Rh +/osteoporosis: tiene un OR de 6,314, un IC 95% que no comprende la
unidad y p-valor significativo (p<0,01), por tanto, se concluye diciendo que no
son hechos independientes, porque no existe una relacién directa.

- Rh -/osteoporosis: OR superior a 1 y un RR también superior a 1, hay una rela-
cién entre tener Rh negativo y padecer osteoporosis, pero no se ve confirmado

por IC 95% ni por p-valor.

DiscusioOnN

Uno de los principales factores relacionado con la obesidad es la alimentacién, que
influye de un 30% a un 60% en el desarrollo de este padecimiento, y a pesar de que se
han hecho intervenciones en la cuestién de los hébitos de alimentacién, se ha obser-
vado que no tienen un impacto importante porque no se sigue con una alimentacion
saludable con el paso del tiempo [9-11]. Estudios realizados en EEUU mencionan una
relacién potencial entre el tipo de alimentacién y grupo sanguineo. Varios estudios
indican que las personas con tipo de sangre O prefieren comidas ricas en carnes rojas.
En personas con el tipo de sangre A, la dieta éptima y recomendada son verduras y
carnes blancas. En el grupo sanguineo B tienden a preferir alimentos como frutas, ver-
duras y alimentos marinos (pescados y marisco). Por tltimo, en el grupo sanguineo A”
es una combinacién entre los alimentos recomendado en los dos grupos sanguineos
anteriores [12-14]. Debido a los antecedentes evolutivos de cada grupo sanguineo, las
proteinas de su sangre los hacen compatibles con determinados alimentos o incompa-
tibles con otros.

El grupo O al carecer del antigenos A, By H es “especial”. Poseer este grupo sanguineo
predispone a padecer ulcera estomacal, sin embargo, tienen un 23% menos de probabi-
lidad de enfermedad cardiaca [15] respecto alos ABy B (al inflamarse mds fécilmente).

Respecto al cdncer de péncreas el grupo O tiene un 50-70% menos riesgo de padecerlo
[16]. Las personas con sangre tipo O también tienen mayor riesgo de ataque cardiaco
o dolor torécico y de hematomas, pero menos de trombosis. El grupo O- tiene mayor
predisposicion a enfermedades autoinmunes degenerativas, siendo mdas vulnerables a
las enfermedades en general, por tener Rh-.

El grupo AB presenta mayores dificultades de memoria, lenguaje y atencion (82% res-
pecto al resto de grupos), y un 26% tiende a padecer cancer de estdmago, es decir, un
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20% mas que los grupos B o O [15, 16] debido a que 2/3 de la poblacién mundial
poseen Helicobacter pylori, pero que se activa en los grupos A 'y AB.

Una investigacién presentada en el IV Congreso Mundial sobre Insuficiencia Cardiaca
Aguda [17] concluyd, tras analizar mas de un millén de personas, que aquellas con sangre
tipo A, B o AB eran mds propensas a sufrir dolencia cardiovascular, como un infarto, que
aquellas con grupo sanguineo tipo O. Aunque el estudio no determiné claramente
qué factores hacfan a esas personas mas propensas a una dolencia del corazén, los cien-
tificos apuntan a que podria deberse a una mayor concentracion de la proteina factor de
von Willebrand. Esta proteina favorece el desarrollo de codgulos, lo que eleva el riesgo
de ataques cardiacos.

También explican que las personas con sangre distinta a O son mds propensas a
niveles de colesterol altos. El de menor riesgo en estudios genéticos es el O. Otro estudio
[17] identificé multiples factores de riesgo, como la recurrencia de trombosis venosa
profunda (TVP), el aumento de los niveles de factor VIII (FVIII) y de biomarcado-
res plasmaticos de inflamacién, como la molécula de adhesion molecular 1 (MAC-1)
y la persistencia de la obstruccién venosa que estin asociados con los grupos sangui-
neos distintos de O que, ademds, aumentan el riesgo de aparicién del SPT (sindrome
postrombético).

Hasta el momento, no se conoce ningn estudio que haya tenido en cuenta la posi-
ble asociacidn entre los grupos sanguineos distintos al O y la aparicién del sindrome
postrombético (SPT). Los antigenos ABO influyen sobre la hemostasia, principal-
mente a través del aumento de los niveles del factor de Von Willebrand (VWF) y FVIII,
esta serfa una explicacion adicional para comprender de qué manera se conjugan estos
3 factores para producir un mayor riesgo en el desarrollo del episodio tromboembélico
venoso. Ademds, los estudios previos mostraron que los pacientes con grupo sanguineo
noO tienen mayor riesgo de recurrencia de TVP (trombosis venosa profunda).

Un estudio reciente [18], realizado en China, con mas de 2000 participantes, encontrd
que las personas con grupo A pueden ser mds vulnerables al coronavirus, con mayor
tasa de infeccidn y sintomas mds graves, por ende necesita mayor proteccién personal,
segtin los investigadores dirigidos por Wang Xinghuan del Centro de Medicina Basada
en la Evidencia y el Hospital Zhongnan de la Universidad de Wuhan, mientras que
aquellos que tienen el grupo O son hasta un 20% mads resistentes, segun un articulo
que publicaron en Medrxiv.org el 11 de marzo [18], de los 206 pacientes fallecidos
en Wuhan por Covid-19, 85 pertenecian al grupo A, es un el 63% mas que los que
tenfan tipo O, que eran 52 pacientes. Este patrén se repetia en distintos grupos de edad
y género.
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De otro lado, se sabe que el factor Rh determina la resistencia a la enfermedad [19],
“Las personas con factor Rh- son mucho més vulnerables a las enfermedades”. En
cuanto a los individuos Rh+ se puso en evidencia que los heterocigotos, es decir, los
que heredaron de sus progenitores un factor positivo y otro negativo, son mucho mas
resistentes y caen enfermos con una frecuencia mucho menor’, esto corrobora nues-
tros resultados, dado que los pacientes Rh- poseen mayor porcentaje de padecer HTA,
déficit de hierro, estrenimiento, Alzheimer, problemas circulatorios, Parkinson, gota,
diabetes, enfermedades pulmonares, colesterol, alergias y osteoporosis. Tarde o tem-
prano estos datos podrian aprovecharse en la medicina personalizada. Es decir, que el
tipo de tratamiento y medicamento diferirfa segtn el genotipo del paciente.

CONCLUSIONES

- Los resultados muestran que se consumieron 629 medicamentos, lo que equivale
a 8,6 medicamentos por paciente/dia.

- Los grupos sanguineos de la poblacién estudiada segtin tabla 2 establecen un
porcentaje del 42,6% del grupo A; 42,4% del O; 13% del B y 1,4% del AB.
El grupo predominante es A+ con un 35,6%, seguido del O+ con 27,4%. Res-
pecto ala distribucion por edades en la poblacion estudiada se refleja en la tabla 2.

- El detalle de las enfermedades mds prevalentes segtin el grupo sanguineo se
observa en las tablas 4 y 5:

a) Los pacientes A+ respecto a A- tienen mayor prevalencia de tiroides, cincer
de prostata, HTA, falta de B12 y Alzheimer, mientras que los A- tienen ane-
mia (Fe), enfermedades pulmonares y osteoporosis.

b) Los O+ a respecto O- tienen més anemia (Fe) y depresién, mientras que los
O-tienen més problemas circulatorios.

c) Los B+ presentan més HTA, anemia (Fe), depresién y enfermedades pulmo-
nares que los B-, estos presentaron més diabetes y osteoporosis.

d) Se observa que los grupos A y O padecen mayor aumento de colesterol que
los del grupo B (solo demostrado estadisticamente la relacidon grupo A y
colesterol elevado).

e) Los del grupo O tienen més HTA que el resto, y el O+ presenta mayor por-
centaje de anemia (Fe), seguidos por el grupo A que estadisticamente padece
mds de anemia (B12).
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En general los grupos Rh positivo padecen mas de HTA, insomnio y depresion

que los Rh-.

Respecto a la osteoporosis es mayor en los grupos negativos que en los positivos
(tabla 6), aunque en este trabajo la relacién avalada estadisticamente es Rh+ y
padecer osteoporosis. La relacion con Rh- se deja para posteriores estudios.

Las asociaciones estadisticas encontradas en este trabajo son cuatro (tabla 7):
relacién grupo Ay colesterol elevado, grupo A e hipertension, grupo Ay déficit
de cianocobalamina y tener Rh+ y padecer osteoporosis.

LIMITACIONES DEL PROYECTO Y CONFLICTO DE INTERESES
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El trabajo se ha realizado en un drea geografica determinada, la provincia de
Cuenca, por ello, no es extrapolable a otras zonas. La limitacién mas importante
serd la reproducibilidad de los datos, por tratarse de un trabajo realizado en una
zonay en un tiempo determinado.

La muestra no se puede extrapolar ya que los pacientes se incluyeron a criterio del
investigador principal, sin un muestreo aleatorio al ser un trabajo observacional
no experimental. El disefio al no ser experimental, limitara establecer relacion
causa-efecto y solo establece relacién.

Al no tener acceso a la historia clinica, no pudimos establecer criterios stop/start.

No hay conflicto de intereses, dado que es un estudio realizado para la obtencion
del titulo de doctor, sin beca alguna, ni patrocinadores. Todo abonado tnica-
mente por la doctoranda.
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ANEXO 1

Hoja de informacién al paciente

Estudio: Principales enfermedades segiin el grupo sanguineo en poblacién mayor de 60
asios en provincia de Cuenca (Espaia)

Investigador: Carmen Batanero Herndn.

La farmacéutica M. Carmen Batanero Herndn le ha propuesto participar en el presente
estudio de investigacién. Lea con calma la informacién que a continuacién le propor-
cionamos y que le permitird decidir si quiere o no participar. No es necesario que dé
una respuesta en este momento, puede llevarse esta informacion que le proporciona-
mos y valorarla con calma. Puede consultarlo con sus familiares, amigos o su médico de
cabecera, si asi lo quiere. Puede hacer cuantas preguntas quiera. La farmacéutica le con-
testard y resolverd todas las dudas que respecto al estudio puedan surgirle. Debe saber
que su participacion es completamente voluntaria y que, si decidiera no participar, su
decisién no modificara en absoluto su relacién con el equipo de salud ni los tratamien-
tos que se le tengan que aplicar ahora o en el futuro.

¢Por qué se realiza este estudio?

Para conocer el grupo sanguineo que posce relacionarlo con las enfermedades que
padece la poblacién mayor de 60 afios en la provincia de Cuenca.

¢Cudl es el objetivo del estudio?

Los investigadores del presente estudio tienen como objetivo principal conocer la rela-
ci6én existente entre los diversos grupos sanguineos y las principales enfermedades que
padece la poblacién.

¢Cémo se va a realizar el estudio?

A todos los pacientes que participen en el estudio se les realizard una amplia encuesta
farmacoterapéutica.

¢Qué beneficios puedo obtener por participar en este estudio?

Con este estudio se pretende obtener una informacién que hoy en dia no tenemos. Pero es
importante que sepa que con su participacién en el mismo puede contribuir a un avance
cientifico que sirva para mejorar la calidad de vida de las personas en su misma situacién.

¢Qué riesgos o molestias puedo sufrir por participar en el estudio?
Ninguno.
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a%é datos se van a recoger?

Se recogeran datos personales (edad, sexo, talla, peso), ast como todos los medicamen-
tos que estd consumiendo y si padece alguna molestia. También se le pedirin datos de
su estado fisico, actividad, habitos saludables, habitos alimenticios.

¢Cémo se tratardn mis datos y cémo se preservara la confidencialidad?

Todos sus datos se tratardn confidencialmente por personas relacionadas con el inves-
tigador y obligadas por el deber de secreto profesional. También podrian tener acceso
las autoridades sanitarias y algiin miembro designado del Comité de Etica de Investi-
gacién Clinica que supervisa el estudio, si asi lo solicitaran. Estos controles se realizan
para garantizar que se han respetado los derechos de los pacientes. No se utilizard su
nombre y apellidos para guardar junto con la informacion registrada. En su lugar se uti-
lizard un cédigo (formado por nimeros y letras) y solamente el investigador principal
podra relacionar su nombre con el c6digo. De acuerdo con la Ley organica de protec-
ci6n de datos, debe saber que tiene derecho acceder alos datos que de usted se guarden,
arectificarlos, a cancelarlos y a oponerse a su uso, sin tener que dar ninguna explicacion.

¢Me puedo retirar del estudio?

La participaciéon en el estudio es totalmente voluntaria. Usted podrd retirarse en
cualquier momento si lo desea, sin tener que dar explicaciones y sin que por ello se pro-
duzca perjuicio alguno en la relacién con su médico ni en los cuidados que se le deban
administrar.

¢Quién supervisa el estudio?

El Comité de Etica de Investigacién y Experimentacién Animal de la Universidad de
Alcala, que es el organismo encargado de evaluar la seguridad de los pacientes y los
aspectos éticos y metodoldgicos de este estudio, ha aprobado el estudio, asi como la
presente hoja de informacién y el formulario de consentimiento informado.

¢Con quién puedo contactar en caso de duda?

Los siguientes investigadores serdn los responsables del estudio y de informar y contes-
tar a sus dudas y preguntas:

Dra. Begona Escalera Izquierdo, Profesora Titular de Ciencias Biomédicas de la Uni-

versidad de Alcala. Teléfono: 91 885 4675, Fax: 91 885 4680.

Dra. M?José Fresno Contreras, Profesora Titular de Ciencias Biomédicas de la Univer-

sidad de Alcala. Teléfono: 91 885 4675, Fax: 91 885 4680.

Dra. M* Carmen Batanero Herndn, farmacéutica y nueva doctoranda de la Universi-

dad de Alcala de Henares. Teléfono 600211736.
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RESUMEN

S. maxima y Kefir son conocidos y utilizados por sus propiedades antioxidantes ¢
inmunoestimulantes. El objetivo en este estudio fue evaluar los extractos naturales
de estos dos agentes con la técnica de manipulaciéon de ovocitos incluidos en foli-
culos preantrales (MFP), porque la técnica puede reemplazar el uso de animales de
laboratorio y también podria armonizar las leyes que intentan reducir y mejorar el
uso de animales para el estudio de nuevos fairmacos y para integrar a las buenas préc-
ticas de laboratorio. Los extractos naturales estudiados fueron obtenidos a partir de
S. maxima 'y Kéfir, las dos sustancias son conocidas en el mercado por su actividad
antioxidante e inmunoestimulante. Los dos extractos fueron evaluados en suspen-
siones de 10, 50, 100 and 200 pg.mL". Los resultados muestran que Spirulina
produjo disminucién en la sobrevivencia, el desarrollo y el didmetro folicular. Mien-
tras que Kéfir no mostrd influencias positivas o negativas sobre el crecimiento y desa-
rrollo de los foliculos preantrales, sélo la concentracién de 200 pg.mL"! disminuyd
la sobrevivencia folicular. La técnica MFP demostrd encajar en la politica de las 3R
(reemplazo, reduccién y refinamiento) y permitié evaluar la citotoxicidad mostrando

que la técnica puede ser usada como una prueba de seguridad en extractos naturales.

Palabras clave: pruebas sin animales, efectos adversos, suplemento dietético, probid-

tico, bienestar, foliculo preantral.
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SUMMARY

The model of artificial ovary as a cellular test to evaluate the safety
of Spirulina mdxima and Kefir extracts: a preliminary study

S. maxima and Kéfir are known and used for their antioxidant and immunostim-
ulant properties. This study aimed to evaluate the natural extracts of these two
agents with the technique of manipulation of oocytes included in preantral follicles
(MFP), because the technique can replace the use of laboratory animals and could
also harmonize the laws that try to reduce and improve the use of animals for the
study of new drugs and to integrate good laboratory practices. The natural extracts
studied were obtained from S. maxima and Kefir, both substances are known in
the market for their antioxidant and immunostimulating activity. Both were evalu-
ated in suspensions of 10, 50, 100 and 200 pg.mL". The results show that Spirulina
produced a decrease in survival, development, and follicular diameter. While Kefir
did not show positive or negative influences on the growth and development of
preantral follicles, only the concentration of 200 pg.mL"' decreased follicular
survival. The MFP technique proved to fit into the 3R policy (replacement, reduc-
tion, and refinement) and allowed to evaluate cytotoxicity, showing that the tech-

niquc can be used asa safcty test in natural extracts.

Key words: Non animal testing, adverse effect, dietary supplement, pre-biotic, wellness,
preantral follicle.

INTRODUCCION

El desarrollo de nuevos productos es importante para la continua promocién de la
salud humana y animal, sin embargo, es indispensable el estudio de metodologfas
alternativas que puedan evaluar la eficacia y la seguridad de estos productos. En este
contexto, identificar y promover la implementacién de métodos alternativos que pue-
dan reducir, refinar y reemplazar (3R) el uso de animales de laboratorio en la investi-
gacién es urgente y desafiante [1]. Esta necesidad se hace mds notoria con el continuo
crecimiento de los productos naturales en el mercado, por ejemplo el uso de S. maxima
y Kéfir como suplemento dietético [2-4]. Por otro lado en la biotecnologfa la manipu-
lacién de ovocitos, incluyendo los foliculos preantrales, es usada para estudiar el fend-
meno de la foliculogénesis y sus requerimientos metabdlicos en cultivo iz vitro [5-8] y
con ¢l propésito de tratar la infertilidad [9].
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La técnica de estudio de manipulacién de ovocitos incluidos en foliculos preantrales
(MFP) tiene diferentes ventajas ademds de los estudios fisiolégicos [8, 10, 11], esta
metodologia puede usarse como un método alternativo que implementa la politica de
las 3R, que se refieren al uso de animales de laboratorio en investigaciones preliminares
de varios farmacos y la evaluacién de sustancias como los antioxidantes, las hormo-
nas (FSH, LH, estradiol), los péptidos (péptido intestinal vasoactivo), y los factores
de crecimiento (activin, GDF-9, KGF) [8, 12, 13]. Entre las sustancias que se pueden
estudiar se encuentran los agentes téxicos como el tabaco y las drogas utilizadas en la
quimioterapia [10].

Un e¢jemplo de sensibilidad en los ovocitos a los compuestos naturales ha sido descrita en
el Ginkgo biloba, porque durante su administracién oral en ratones albinos suizos (Mus
musculus) se encontré disminucion de la fertilidad a la dosis de 14,8 mg/kg/ dia [14].

El Centro Interagencial para la Evaluacién de Métodos Toxicoldgicos Alternativos del
Programa Nacional de Toxicologfa de los Estados Unidos (NICEATM, por sus siglas
en inglés) afirma en su sitio web que las pruebas de toxicidad sistémica aguda se realizan
tradicionalmente con ratas y que los enfoques como los ensayos de cultivos celulares
reducen en gran medida el nimero de animales necesarios para estas pruebas.

En este articulo se estudiaron dos microorganismos: S. maxima y Kéfir. En el caso de
Spirulina sp., esta microalga es una cyanobacteria usada como suplemento nutricional
[15], también es conocida porque tiene dcidos fendlicos, tocoferol, betacaroteno y fla-
vonoides con propiedades antioxidantes y antiapoptdticas [2, 16]. Estos antioxidantes
han demostrado propiedades antiinflamatorias en ratas [15], asi como genotoxicidad
[17]. Estos eventos son reportados y monitoreados continuamente por el Comité
Experto en Informacién de Suplementos Dietéticos de los Estados Unidos [18].

Kéfir es un consorcio de microorganismos que incluye bacterias acido lcticas y levadu-
ras, que son usadas para fermentar productos licteos [4, 19]. Se sabe que Kéfir estimula
la respuesta inmune, es antiinflamatorio, antioxidante, hipoalergénico y con propieda-
des anti mutagénicas [20-24]. Kéfir contiene un exopolisacarido llamado Kéfiran que
estimula el sistema inmune y evita la proliferacién de células de cancer [25]. Las fun-
ciones bioldgicas son explicadas porque los productos fermentados contienen fenoles
y bioflavonoides clasificados como probidticos y bactericidas [26, 27]. Sin embargo,
muchos de estos estudios resaltan la necesidad de estudiar la seguridad bioldgica antes
de poder llamarse producto probidtico [23].

S. maxima and Kéfir son estudiados para diversas aplicaciones en salud, pero, se nece-
sita de estudios complementarios para evaluar su toxicidad y su eficacia. Una de las
directrices internacionales disponibles es la directriz ICH S6 [28], que facilita la
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realizacidon oportuna de los ensayos clinicos y reduce el uso de animales de acuerdo con
las 3R. Este apéndice justifica que varios métodos alternativos iz vitro como: las células
derivadas de mamiferos pueden predecir los efectos iz vivo de un determinado biofar-
maco. Por otro lado, la FDA y la Unién Europea también alientan el uso de metodo-
logtas sin animales [29] y la guia de la Agencia Europea del Medicamento (EMA) en
2008 recomienda el uso de lineas celulares derivadas de mamiferos para predecir la
actividad biofarmacéutica iz vivo.

El presente estudio utilizé la técnica de MFP para evaluar la citotoxicidad de los extrac-
tos obtenidos a partir de S. maxima y Kéfir, con el fin de presentar la técnica de MFP
como un posible método que puede contribuir con la politica de las 3R por ser un
método alternativo al uso de animales de laboratorio.

MATERIALES Y METODOS

Extracto de Spirulina mdxima

La cepa S. maxima fue proporcionada por la empresa Ouro-Fino de Ribeirao Preto en
Sao Paulo, Brasil. Estas microalgas fueron cultivadas en tanques Raceway de 10 000 cm?
con medio de cultivo Zarrouk al 50 %, bajo agitacién constante y con temperatura de
30 °C. Una vez que las microalgas fueron procesadas y secadas al sol, se utilizaron 10 g
de estas y se mezclaron con 100 mL de agua estéril. Luego, la solucién recibié 10 min de
sonicacion para causar lisis celular y la suspension resultante se centrifugé a 12000 g.
El sobrenadante fue separado, liofilizado y esterilizado con 6xido de etileno. Después
de esto el extracto se mantuvo a temperatura ambiente en un recipiente al vacio. Un dia
antes de su uso, se prepararon suspensiones con cuatro concentraciones diferentes del
extracto de S. maxima (10, 50, 100 y 200 pg.mL") y se almacenaron a -20 °C.

Extracto de Kéfir

Los granos de kéfir se fermentaron en 300 mL de suero de leche durante 48 h a 30 °C,
el medio fue suplementado con 30% (p/v) de glucosa, 2% (p/v) de peptona, 4% (p/v)
de fosfato y 4% (p/v) de citrato. Luego de la fermentacién los granos de Kéfir fueron
separados del medio liquido por centrifugacién a 80000 g para recuperar el sobrena-
dante. Posteriormente, se precipité el sobrenadante con etanol absoluto durante 24 h
a4 °C y se recuperd el precipitado por centrifugacién a 80000 g, el cual fue lavado
con agua destilada [27]. A continuacidn, se realizd una didlisis de 48 h, seguida de
liofilizacién. El extracto obtenido se esterilizé con 6xido de etileno y se almacen al
vacio. Un dia antes de su uso, se prepararon suspensiones con cuatro concentracio-
nes diferentes de extracto de Kéfir: 1,01 mg.mL"; 5,05 mg.mL’; 10,1 mg.mL" y
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20,2 mg.mL" para obtener una concentracion final dentro del ensayo experimental de:
10, 50, 100 y 200 {,Lg.mL'l. Posteriormente todas las suspensiones se almacenaron a
-20 °C hasta su uso en laboratorio.

Fuente de los ovarios

Los ovarios se colectaron en un frigorifico de Fortaleza-Ceara, Brasil. Se extrajeron
20 ovarios completos de diez cerdas jévenes preptiberes de raza Yorkshire (Sus scrofa
domestica). Los ovarios se lavaron una vez en etanol al 70% y dos veces en un medio
minimo esencial (MEM) que contenia 100 pug.mL" de penicilina, 100 pug.mL" de
estreptomicina. Para transportar los ovarios hasta el laboratorio se usé medio de cul-
tivo MEM a 37 °C [30]. En el laboratorio el cértex ovariano fue separado y cortado en
pequenas piezas cuadradas que fueron dejadas luego en medio de cultivo. Los grupos
estudiados se organizaron en: grupo control (sin adicién de extractos), grupo tratado
con extracto de S. maxima y grupo tratado con extracto de Kéfir; El tiempo de cultivo

fue de 1y 7 dias.

Protocolo experimental

El cértex de tejido ovariano fue cultivado de acuerdo la metodologia de Mao ez 4l.
[30]. Elmediode cultivo usado fue Alpha MEM, con pH entre 7,2 y7,4,con 100 mg.mL"
de 4acido ascérbico, 1000 mg.mL"' BSA, 200 pug/mL hipoxantina, 10 ug.mL" trans-
ferrina, 1 mM piruvato, 100 pg.mL" penicilina y 100 pg.mL"' de estreptomicina.
De acuerdo con varios protocolos en la literatura [12, 31] el cdrtex ovariano luego de
disectado debe ser dividido en piezas de un tamafio aproximado de 5 mm X 5 mm x
1 mm usando un bisturi y bajo condiciones estériles. En esta metodologia se debe tener
en cuenta que una muestra debe ir para andlisis histolégico (control en fresco) y las
otras muestras del mismo par de ovarios se colocan en un grupo cultivo de 1 dia y otro
grupo cultivo de 7 dias (cada muestra en pozo individual). Por tltimo, las muestras de
tejido cortical fueron transferidas a platos de cultivo de 24 pozos, los cuales contenian
1 mL de medio de cultivo y 10 uL de extractos de S. maxima o Kéfir. Se evaluaron cua-
tro concentraciones (10, 50, 100 y 200 pug.mL") de cada extracto y posteriormente al
término de los dias de cultivo las muestras se analizaron por histologfa.

Andlisis histoldgico

Las muestras se fijaron en una solucién de paraformaldehido al 4% en PBS con pH 7,2
durante 12 h a4 °C. Luego, se deshidrataron en concentraciones crecientes de etanol y
se incluyeron en parafina. Las muestras histolégicas se cortaron en secciones de 7 um
y se tifieron con é4cido periddico - Schiff (PAS) - hematoxilina. Cada seccién fue eva-
luada con un microscopio 6ptico (Nikon, Tokio, Japén) en aumento de 400x.
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Para realizar el analisis de las secciones histoldgicas, se evalud en los tejidos ovarianos
los foliculos preantrales. Estos se clasificaron segun su estado de desarrollo, el cual ya
fue definido [6] como: 1. Foliculos primordiales, los cuales tienen una capa de células
de la granulosa de forma aplanada alrededor del ovocito. 2. Foliculos en crecimiento,
donde se incluyen los foliculos primarios que poseen una capa de células de la gra-
nulosa de forma cuboidal y los secundarios que poseen dos o mas capas de células de
la granulosa.

Ademas de identificar el estado de desarrollo folicular, también los foliculos preantrales
se clasificaron en foliculos sin alteraciones morfoldgicas y foliculos con degeneraciones
(no viables). Los foliculos sin cambios en la morfologia se evaluaron con base en la inte-
gridad de los ovocitos y las células de la granulosa, la presencia o ausencia de cuerpos
picndticos, la retraccién ovopldsmica y la organizacién de las células de la granulosa

(figura 1).

Los foliculos con degeneraciones se identificaron como aquellos con un ovocito
retraido, ntcleo picnético o células granulosas desorganizadas que se desprenden de la
membrana basal. El porcentaje de foliculos con cambios morfoldgicos, antes (dfa 0) y
después del cultivo, indicé el porcentaje de supervivencia folicular (figura 1).

Figura 1. A) Foliculos preantrales: foliculo primordial sin cambios morfolégicos. B) Foliculo pri-
mario sin cambios morfoldgicos luego de 7 dias de cultivo iz vitro. C) Foliculo preantral con cam-
bios morfolégicos que indican degeneracién. (GC) células de la granulosa, (O) ovocito, (N) ntcleo.

Escala: 50 pm.

Analisis estadistico

Para cada uno de los extractos, los datos analizados contemplan una muestra control
mds cuatro grupos de concentraciones. De cada muestra se contaron 30 foliculos
(100%) y se dividié la poblacién en tres grupos: foliculos primordiales, foliculos en
desarrollo y foliculos no viables. Luego de obtener un promedio para cada grupo, los
valores fueron usados para el analisis estadistico. Las muestras control de los dias de
cultivo 0, 1y 7 se analizaron s6lo para establecer valores de referencia que pudieron ser
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comparados con los valores de los grupos tratados. Todos los datos fueron analizados
en el programa R Commander y la normalidad de las muestras se evalué mediante el
teste de Shapiro-Wilk. Para evaluar la homogeneidad de los datos se utilizé el teste de
Bartlett. El porcentaje de foliculos primordiales y la supervivencia folicular, asi como
los didmetros de ovocitos y foliculos fueron sometidos a andlisis de varianza (Anova)
realizando la prueba post hoc de Tukey para la comparacion entre grupos [31].

RESULTADOS Y DISCUSION

Los avances en salud en los tltimos afios han intentado disminuir el nimero de animales
usados en experimentacién. Para esto fueron creadas las 3R, reducir, refinar y reemplazar.
En este contexto la técnica MFP puede reemplazar los animales de laboratorio y dismi-
nuir el nimero de repeticiones en un estudio, contribuyendo asi con el bienestar animal y
con el desarrollo de un posible algoritmo para tener en cuenta en el estudio de sustancias
naturales (figura 2). Este algoritmo representa a MFP como una técnica para evaluar los
extractos naturales y diferentes sustancias obtenidas por nuevos procesos biotecnoldgi-
cos. En el caso de sustancias tdxicas ayudaria a ampliar la identificacién de las moléculas
citotdxicas y por el contrario si las sustancias son seguras, la técnica MFP puede ayudar a
dirigir los estudios hacia la caracterizacién de moléculas para uso medicinal.

‘ Extractos naturales |

MFP
Productos sin toxicidad ‘ < > Productos citotdxicos ‘
Caracterizacién quimica ‘ ‘ Investigacion de moléculas toxicas ‘

Identificacion de moléculas ‘

Posibles usos en medicina ‘

Figura 2. Algoritmo para la investigacién de toxicidad y seguridad en sustancias naturales o las ob-

tenidas por medio de biotecnologfa.

Analisis folicular

En el analisis realizado por la técnica MFP se encontré una disminucién en el nimero
de foliculos preantrales durante la adicién de los extractos de S. maxima y Kéfir. Esta
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baja en la poblacién folicular se observé durante el dia 1y 7 de cultivo iz vitro. A pesar
de que la reduccién en el nimero de foliculos del grupo control es un pardmetro espe-
rado [32], en los extractos estudiados esta pérdida fue mas marcada (tabla 1). Teniendo
en cuenta las concentraciones ascendentes evaluadas de los extractos, 10, 50, 100 y
200 pg.mL™", para el extracto de S. maxima los valores en la sobrevivencia folicular
fueron entre: 63,33 + 0,08 % a 48,66 + 0,05 % en el dia 1 de cultivo y para Kéfir
estuvieron entre: 63,33 + 0,08 2 50,00 + 0,07 %. Los resultados para el dia 7 de cultivo
in vitro para el extracto de S. maxima fueron los mis bajos variando entre: 47,33 +
0,11% a 6,66 + 0,07 % y para el extracto de Kéfir fueron entre: 43,33 + 0,08 220,00 +
0,03 %. Entre las dos sustancias naturales S. maxima fue el extracto con mas toxicidad
sobre la sobrevivencia folicular (p > 0,05), mientras que el extracto de Kéfir solo fue
significativo en la concentracién de 200 pg.mL"! (tabla 1).

Tabla 1. Porcentaje de sobrevivencia del foliculo preantral en las cerdas jovenes en los dias 0y 7 con

diferentes concentraciones de extractos de S. maxima, kéfir y grupos control.

Morfologia folicular normal (%)

Spirulina (pg.mL™) Dia 0 Dial Dia7
0 84,66+0,01* 63,33+00,08"* 47,33+00,11¢
10 62,00+£00,08%* 34,67+00,05**
50 55,33£00,095** 33,334+00,07<**
100 48,66+00,05%** 29,33+00,04**
200 56,66+00,108** 06,66+00,07¢***
(y:fni_l) Dia 0 Dial Dia7
0 73,33+00,06* 63,33+00,08%** 43,33+00,08<
10 48,66+00,10% 36,66+00,06
S0 52,00+00,085** 32,66+00,12¢*
100 50,66+00,075* 34,66+00,08**
200 50,00+00,078* 20,00+£00,03¢***

(*) El asterisco representa la igualdad entre las concentraciones de los extractos evaluados y las mayusculas

representan la similitud estadistica entre los dias de cultivo (p < 0,05).

Para analizar la activacion y el desarrollo de los foliculos preantrales se tuvo en cuenta
la poblacién de foliculos en desarrollo a partir de su estado primario hasta antes de la
formacién del antro folicular (tabla 2). Para el extracto S. maxima se presentaron varios
efectos adversos que indican toxicidad, el primer efecto negativo fue la baja activacién
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folicular vista en las concentraciones de 50, 100y 200 ug.mL" y el segundo efecto nega-
tivo fue la disminucién del desarrollo folicular en la concentracion de 200 pg.mL™. Por
otro lado, las concentraciones del extracto de Kéfir no influyeron de forma negativa
sobre la activacién y el desarrollo folicular porque no tuvieron diferencia con el grupo
control (tabla 2).

Tabla 2. El porcentaje de activacién de los foliculos primordiales y el desarrollo de los foliculos en

los dfas cero, uno y sicte con diferentes suspensiones de S. maxima y extracto de Kéfir.

Activacion de foliculos primordiales (%) Desarrollo folicular (%)

Esiglrzllinfl) Dia0 Dial Dia7 Dia0 Dial Dia7
0 57,50409,56* | 3927+15,99* | 04,38+07,23%* | 42,49+09,56* | 60,72£15,99** | 95,61+07,23%*
10 24,78+03,52%* | 19,27+08,93% 75.21+03,52% | 80,72+08,93%
50 36,99+12,064* | 22,19+12,825 63,00+£12,06* |77,80£12,8245*
100 32,33+10,81%* | 25,30+16,225** 67,66£10,81% | 74,69+16,22%*
200 43,01+£12,224 | 15,00+33,54%* 56,98+12,22% | 45,00£51,234**

(H;(Zfﬁ 1 Dia0 Dial Dia7 Dia0 Dial Dia7
0 5846 +14,86" | 46,91£09,69* | 07,04+12,37% | 41,53+14,86" | 53,08+09,69** | 92,95+12,37%
10 41,66+23,38% | 17,26+07,52¢* 58,33+23,385 | 82,73+07,52¢*
50 2571414945 | 19,67+17,30% 74,28+14,945* | 80,32+17,30%
100 31,44+1526% | 16,79+05,24™ 68,55+15.26% | 83,20+05,24%
200 06,72+10,215** | 02,85+06,38% 9327+10,21%* | 97,14+06,38"*

*) El asterisco representa la igualdad entre las concentraciones de los extractos evaluados y las maytsculas
p g y y

representan la similitud estadistica entre los dias de cultivo (p < 0,05).

El didmetro folicular y ovocitario fueron analizados porque permiten evaluar el creci-
miento y la maduracién de los foliculos preantrales. El tamano promedio para el grupo
control fue un didmetro folicular de 40,5 £ 7,3 um y para el didmetro ovocitario de
22,01 £ 2,8 um luego de los 7 dias de cultivo. Teniendo como referencia los anteriores
didmetros, el extracto de S. maxima disminuy¢ significativamente el didmetro folicular
(P<0,05) mientras que en el didmetro ovocitario no hubo diferencias estadisticas. Para
el extracto de Kéfir no se encontraron diferencias para ninguna de las concentraciones
evaluadas porque las concentraciones de 10, 50, 100 y 200 pg fueron estadisticamente
igual a los grupos control (tabla 3).
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Tabla 3. Didmetro de los foliculos preantrales de las cerdas después del cultivo in vitro de 1y 7 dias

con diferentes concentraciones (pg.mL") de S. mdiximas, Kéfir y grupo control.

Didmetro folicular (um) Didmetro ovocitario (pm)
?{Z’g”fﬁ”f; Dia 0 Dia 1 Dia7 Dia 0 Dial Dia7
0 |39.80+6814 | 332248128 | 40532731 |24,1943,024 | 204043,53% | 22,01+2,86™
10 30,8046,914% | 28,75+7,16%+* 19384248 | 17,86+4,71%
50 36274874 | 30,4148,03%* 17.75+181% | 184143,10"
100 32,968,874 | 36,33+9,904 19204230 | 19,66+4,34
200 31814444 | 3644814 19,1242,64" | 2464551
(;ﬁ_l) Dia 0 Dia 1 Dia7 Dia 0 Dia 1 Dia7
0 | 28944608 | 32,814424"% | 3805+830% |2229+373% | 2038+1,93* | 22,06+2,26™
10 25,5242,494%% | 36,6617,56™ 17,66£1,49% | 20,91+2,55%
50 35,144736™ | 42,12+496™ 20,5043,198 | 21454090
100 30334539 | 343147354 18.40+2,67% | 18,60+2,97%
200 35,854,814 | 34,0948 404 19.98+1,08% | 19,603,214

(*) El asterisco representa la igualdad entre las concentraciones de los extractos evaluados y las mayusculas

representan la similitud estadistica entre los dfas de cultivo (p < 0,05).

El andlisis estadistico muestra que a mayor concentracién de extracto de S. maxima
mayor toxicidad sobre la sobrevivencia y desarrollo folicular. Para el extracto de Kéfr
solo se presenta toxicidad sobre la sobrevivencia folicular con la adicién de 200 pg.mL".

Aunque no hay reportes de toxicidad para Spirulina spp., en varias investigaciones rea-
lizadas no se describe toxicidad sobre los tejidos como rifén, higado, cerebro, bazo y
eritrocitos [33]. En andlisis practicados en peces zebrafish que fueron alimentados con
S. platensis el nimero de huevos por desove disminuy6 y la calidad de los huevos fue
superior a los huevos del grupo control [34]. Sin embargo, en estos articulos no se eva-
lta la influencia de Spirulina spp. sobre la foliculogénesis. En este caso la técnica MFP
muestra que hay toxicidad sobre sobrevivencia y el desarrollo folicular, evidenciando
de esta manera la importancia de continuar ampliando los estudios de varios extractos
naturales y sustancias obtenidas por bioprocesos. La toxicidad encontrada también se
refuerza en los bajos didmetros ovocitarios encontrados (22,0 +2,8 umy 2,46 +5,5 um,
tabla 3) y el pobre crecimiento de las células de la granulosa (entre 36,3 £ 9,9 umy 3,6
+8,1 um).
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En relacién al extracto de Kéfir, algunos estudios describen toxicidad subcrénica
sin cambios histopatoldgicos [3, 35]. Esto puede confirmarse por la disminucién de
la sobrevivencia folicular con la concentracién de 200 pg.mL" y la ausencia de cre-
cimiento del ovocito durante la evaluacién de los didmetros. El ptimo desarrollo del
OVvOCito y sus estructuras anexas son importantes para que una vez maduro el évulo,
este pueda ser fértil y también permita un desarrollo adecuado del embrién [36-38].
En este caso la falta de crecimiento ovocitario se evidencia en los didmetros descritos
por Silva ez al. [39], donde el valor de referencia fue de 26,0 £ 2,5 umy 27,3 + 2,8 um.
Estos didmetros ovocitarios fueron superiores a los presentados en esta investigacion
y a pesar de que el didmetro folicular muestra un mayor crecimiento en células de la
granulosa, este comportamiento no justifica que los ovocitos puedan ser fértiles poste-
riormente, (crecimiento folicular fue de 42,1 + 4.9 um a 34,1 + 8,4 um y el ovocitdrio
de22,1 +22pmal8,6+2,9um).

Los resultados del extracto de S. 7axima muestran importantes efectos toxicos sobre
la foliculogénesis en todas las concentraciones evaluadas, mientras que para el extracto
de Kéfir la concentracién téxica encontrada fue sobre los 200 pg.mL". Ademds de este
resultado también se encontré alta variabilidad entre las repeticiones experimentales.
Este fenémeno se puede explicar por las diferencias individuales relacionadas a la dieta
y al estado fisioldgico reproductivo [40, 41]. Este punto se debe tener en cuenta porque
la mayoria de las muestras colectadas provienen de animales que son sacrificados en
frigorifico y de diferentes sistemas de cria. También se debe resaltar que en tratamientos
de superovulacién, el estado fisioldgico de cada hembra es altamente variable [42]. Por
tanto, se debe tener en cuenta que es normal la alta variabilidad entre muestras durante
los dias de cultivo y que aun asi la técnica MFP continta siendo ttil para la evaluacién
de la toxicidad.

Buenas pricticas de laboratorio

En la actualidad los modelos animales son usados en estudios de firmacos y diferentes
sustancias porque su fisiologia es similar a la de los humanos [1]. Debido a las nuevas
politicas de proteccién animal, varias organizaciones en todo el mundo impulsan los
estudios basados en metodologias diferentes al uso de animales, un ejemplo de esto son
las técnicas i vitro [28, 29]. Por tanto, es necesario estudiar técnicas como el MFP, téc-
nicas predictivas computarizadas [1] ,otras técnicas como el uso de bacterias y el cultivo
de células de mamiferos iz vitro [28] que podrian ofrecer alternativas.

A partir de este punto, se propone usar la técnica MFP en extractos de origen natural
y durante los procesos de separacién de moléculas para evaluar la seguridad y evitar el
uso de animales. La técnica MFP puede ser auxiliada con otras técnicas como el test de
Chopper, el cultivo de foliculos aislados, la electroforesis para evaluar la fragmentacién
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del ADN vy la inmunohistoquimica (TUNEL). Este tipo de pruebas complementan
los anélisis de marcadores celulares apoptdticos y la integridad del foliculo ovarico [31,

43-46).

Hoy en dia los requisitos éticos en el uso de animales de laboratorio se han resumido
en: reducir, refinar y reemplazar (3R) a través de la armonizacién de la declaracion de
Helsinki y las buenas précticas de laboratorio. Todo esto en un intento de controlar
el uso de animales en la investigacién de acuerdo con las recomendaciones de varias
organizaciones y leyes internacionales como: la directiva 2001/83/EC de la Agen-
cia Europea de Medicamentos (EMA 2008), el Comité de Medicamentos para el
Hombre (CHMP,) la regulacién 1394/2007/EC, la Administracién de Alimentos y
Medicamentos (FDA), el Comité Coordinador Interinstitucional para la Validacién
de Métodos Alternativos (ICCVAM), el NTP Centro Interinstitucional de Evalua-
cién de Métodos Toxicoldgicos Alternativos (NICEATM), la Organizacién Mundial
de la Salud (WHO) y la Organizacién de Cooperacién y Desarrollo Econémicos
(OECD). Sin embargo, a pesar de que varias de las anteriores organizaciones presentan
nuevas alternativas y regulan el uso de animales, las metodologias alternativas al uso de
animales aun son limitadas.

Se puede decir que la técnica MFP abraza la politica de las 3R, porque reduce el nimero
de animales sacrificados en los experimentos y aprovecha al méximo la unidad experi-
mental [47], ya que con cada unidad se evaluaron todas las concentraciones de cada
uno de los extractos. La técnica MFP también permitio refinar el uso de animales por-
que es una técnica menos invasiva, mejora las condiciones de bien estar animal y susti-
tuye las microtécnicas de andlisis de fluidos animales. La MFP es una técnica sensible
en la experimentacion, debido a que las células donadas con las que se trabajan no han
son modificadas y porque este ensayo requiere siete dias de cultivo, lo que es tiempo
suficiente para analizar y autorizar su uso en los ensayos clinicos (Directiva 2001/83/
EC) [48]. Finalmente, reemplaza la tradicional prueba con animales, por una prueba
basada en células donadas de los animales.
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RESUMEN

Este estudio investiga el conocimiento existente de ]a COVID-19 en ambos sexos y
propone una préctica para prevenir la COVID-19. Se realizé un estudio transversal
con una encuesta en linea recopilando datos en diferentes regiones de Colombia,
a través de un cuestionario validado estructurado y de disefio propio basado en el
asesoramiento publico general de la Organizacién Mundial de la Salud (OMS) sobre
la prevencién de la COVID-19. Este estudio ha empleado la técnica de muestreo
de bola de nieve, y contd con 445 participantes (46,5% hombres y 53,5% mujeres).
Se identificé que las mujeres no solo tienen un mejor conocimiento, sino que su
comportamiento en la prictica es mucho mejor que sus contrapartes masculinas.
Aunque los resultados entre hombres y mujeres son muy similares, la pregunta de
quedarse en casa es bastante concluyente a favor de las mujeres, quienes son mds
responsables. Finalmente, el estudio demuestra que las mujeres corren menos riesgo
en comparacion con los hombres, porque estas tienen mejores précticas de preven-
cién, como lo indican las estadisticas. Este estudio destaca atin mds la idea de que
las mujeres son menos propicias para contraer la infeccién de covid-19 debido a su
mejor comportamiento de prictica que los hombres.

Palabras clave: COVID-19, conocimiento preventivo, prictica, Colombia, género,

coronavirus.
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Conocimiento preventivo y su practica sobre el COVID-19: perspectiva de género

SUMMARY

Preventive knowledge and its practice among Colombian
population towards coronavirus disease (COVID-19):
A Gender-Based Perspective

This study investigates the existing knowledge of covid-19 among both genders and
a likely use of it in practice to combat COVID-19. Cross sectional study with an
online survey and data was collected from Colombia, through a structured, self-
design validated questionnaire was created based on the World Health Organiza-
tion (WHO) general public advice towards COVID-19 prevention. This study
has employed snow-ball sampling technique, counted on 445 participants (46.5%
male and 53.5% female). This study has found out that women not only carry better
knowledge, but their practicing behavior is far better than their male counterparts.
Although the results between men and women are very similar, the question about
staying at home is quite conclusive in favor of women, who are more responsible.
Finally his study proves that women are on a less risk in comparison to men on the
basis of prevention practices exercised better as the prevailing statistics indicate. This
study highlighted the notion further that women are less conducive to infection of

COVID-19 due to their better practicing behavior than men.

Key words: COVID-19, preventive knowledge, practice, Colombia, gender based,

coronavirus.

INTRODUCCION

El coronavirus SARS-CoV-2, es un nuevo virus zoonético de la familia coronaviridae
que genera la enfermedad por coronavirus 2019 (COVID-19), este virus fue detectado
por primera vez en diciembre de 2019 en la ciudad de Wuhan (China) [1], y desde
entonces hasta la fecha se han registrado 12476 028 casos de personas contagiadas en
el mundo y 559 998 muertes a causa del mismo, asi el coronavirus 2019 en una amenaza
importante para la salud publica mundial [2]. La Organizacién Mundial de la Salud
(OMS) lo declara pandemia el 11 de marzo de 2020 y establecié que el coronavirus
2019 causa infecciones respiratorias que pueden ir desde un resfriado comun, hasta
enfermedades més graves como el sindrome respiratorio agudo grave. Los sintomas
de esta patologia se han relacionado con los generados por el sindrome respiratorio
agudo severo (SARS) y con el sindrome respiratorio del oriente medio (MERS) [3],

enfermedades respiratorias causadas por especies de Coronavirus que se transmiten de
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persona a persona. Debido a que cuenta con un nivel alto de propagacién la OMS hace
un llamamiento a todos los paises en acoger medidas preventivas urgentes y agresivas
ante la pandemia [4].

Desde entonces organizaciones gubernamentales y no gubernamentales han iniciado e
incentivado lainvestigacion cientifica desde diferentes enfoques, pero con un tinico obje-
tivo: desarrollar la solucién que contrarreste la pandemia. La comunidad cientifica ha
generado diversos estudios que han proporcionado informacién importante, la cual
ha permitido identificar las variables directas e indirectas en la propagacion del virus,
ademds de avanzar en el desarrollo de un tratamiento antiviral efectivo o una vacuna
[5]. Esta solucién atn estd lejana, por ello, actualmente, varios paises han adoptado
medidas preventivas que permitan disminuir los contagios por COVID-19 de persona
a persona. En Colombia se ha acogido la técnica preventiva basada en el conocimiento
y la importancia de la practica de medidas de prevencién como el uso de mascarilla,
lavado frecuente de las manos y mantener el distanciamiento social, medidas preventivas
recomendadas por organizaciones como el Centros para el Control y la Prevencién de
Enfermedades [6], la Organizacién Mundial de la Salud [4] y el Ministerio de Salud

de Colombia [7], entre otras.

De acuerdo con la Asociacién Europea de Editores de Ciencia, la editorial de la revista
The Lancet y GlobalHealth50/50 es necesario investigar las enfermedades desde la
perspectiva de género, debido a que en brotes pasados como el SARS, MERS, ¢bola,
zika, se ha evidenciado la mortalidad en hombres y la vulnerabilidad de la enferme-
dad en mujeres [8]. Los expertos coinciden que es necesario contar con informacién
mas detallada que incluyan variables como sexo y edad para generar estrategias que
aporten al mejoramiento de atencién primaria y secundaria en emergencias sanitarias
por brotes. Segtin Lopez [9] “La experiencia de brotes pasados muestra la importancia
de incorporar un andlisis de género en los esfuerzos de preparacién y respuesta para
mejorar la efectividad de las intervenciones de salud y promover objetivos de equi-
dad de género y salud’, a su vez, segun la informacién suministrada por algunos entes,
se identifica que actualmente la COVID-19 registra mayor mortalidad en hombres,
debido a habitos no saludables como el tabaquismo, la ingesta de bebidas alcohdlicas,
que propenden a que los hombres sufran de hipertension, enfermedades cardiovascu-
lares y enfermedades respiratorias lo cual aumenta la probabilidad de mortalidad en el
mismo, por otro lado aunque no se establece qué género es el més vulnerable ante la
COVID-19 [10], estudios relacionados entre conocimiento y aplicacién de este, evi-
dencian que las personas con un conocimiento claro y amplio sobre enfermedades, eje-
cutan practicas adecuadas. Generalmente, las mujeres estdn mds informadas y adoptan
comportamientos mds favorables, que ayudan a la prevencién de enfermedades [11].
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METODOLOGIA

Este un estudio observacional cuantitativo de corte trasversal basado en encuestas dili-
genciadas en internet. Los datos para este estudio se obtuvieron de 17 departamentos
de Colombia: Antioquia, Atlantico, Boyacd, Caldas, Caquetd, Cauca, Cundinamarca,
Huila, Magdalena, Meta, Qljndio, Risaralda, Santander, Sucre, Tolimay Valle del Cauca

y Bogota D.C.,, utilizado la técnica de muestreo de bola de nieve no probabilistico.

Se desarrollé un cuestionario para el publico basado en la recomendaciones de la Orga-
nizacién Mundial de la Salud [4], estipulando medidas preventivas basicas contra el
COVID-19 como lavarse las manos frecuentemente, adoptar medidas de higiene res-
piratoria, mantener un distanciamiento social de minimo un metro, cuidados al toser,
permanecer en los hogares, entre otras.

La herramienta de recoleccién de datos esta divida en tres partes. La primera estaba
relacionada con la informacién sociodemogréfica como sexo, edad, formacién acadé-
mica y estrato socioeconémico. La segunda parte contenia preguntas relacionadas con
el conocimiento de la prevencién de COVID-19 y su practica en la vida cotidiana; este
apartado estd constituido por un total de 14 preguntas, de las cuales 7 eran para cono-
cimiento y otras 7 para medir la apropiacién de ese conocimiento en la vida cotidiana.
La tltima parte del cuestionario contiene 7 preguntas basadas en el conocimiento de
la persona, relacionado con la proteccion contra COVID-19 de acuerdo con las reco-
mendaciones de la OMS. Estas preguntas estin relacionadas con el tiempo de cuaren-
tena de personas que llegan del extranjero y las llamadas al nimero de emergencia 192
en caso de sintomas relacionadas con la infeccion.

7

Todas las respuestas se registraron como “Si” 0 “No”. Los datos se recopilaron mediante
un formulario en linea de Google Drive®. El objetivo del estudio se describié a los
encuestados antes del consentimiento y la participacién fue completamente voluntaria.
Se registraron un total de 445 respuestas (considerando una poblacién de 50100000
habitantes y, de acuerdo con los pardmetros de la férmula para calcular el tamano de la
muestra sobre una poblacion finita, con un nivel de confianza del 95 % se establece un
numero de muestra de 383). Los datos fueron recopilados desde el 8 hasta el 10 de julio
de 2020. Todos los datos se codificaron y transfirieron a Microsoft Excel’, y luego se
transfirieron a el programa RStudio versién libre para su andlisis. Se utiliz6 la prueba de
chi-cuadrado de Pearson para verificar la significacién estadistica. El valor de p <0,05
se considerd significativo.
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RESULTADOS Y DISCUSION

Se encuestaron a un total de 445 personas (hombres: 46,5%; mujeres: 53,5%), los
rangos de edad se establecieron de acuerdo con ciclo propuesto por el Ministerios de
Salud [12] que define que el 18% son jévenes de entre 18 y 26 afios de edad, el 77,1%
son personas adultas de entre 27 y 59 anos de edad y el 4,9% son mayores de edad
(>60 afos). En cuanto a la formacién académica la mayor proporcién son profesio-
nales (49,7) seguido de profesionales con maestria (24%) y educacién media (20,2).
Finalmente, en cuanto a informacién sociodemogréfica, la poblacién encuestada en su
mayoria pertenece a los estratos 2y 3 (41,8% y 31,5%) (tabla 1).

Tabla 1. Informacién sociodemogrifica de la poblacién encuestada.

Masculino Femenino Total
Variables (n=1207; 46,5%) (n=238;53,5%) (n =445)
n (%) n (%) n (%)
Edad en afios
18-26 31(7,0) 49 (11,0) 80 (18,0)
27-59 164 (36,9) 179 (40,2) 343 (77,1)
>60 12 (2,7) 10 (2.2) 22 (4,9)
Formacidén académica
Primaria 4(0,9) 4(0,9) 8(1,8)
Secundaria 32(7,2) 58 (13,0) 90 (20,2)
Profesional 100 (22,3) 121 (27.2) 221 (49,7)
Maestria 60 (13,5) 47 (10,6) 107 (24)
Doctorado 11(2,5) 8(1,8) 19 (4,3)
Estrato socioeconémico
1 6(1,3) 25 (5,6) 31(7,0)
2 94 (21,1) 92 (20.7) 186 (41,8)
3 69 (15,5) 71(16,0) 140 (31,5)
4 28 (6,3) 33 (7.4) 61(13,7)
5 8 (1,8) 11(2.5) 19 (4,3)
6 2(0,4) 6(1,4) 8(1,8)
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En general, la poblacién estd informada y respondié de manera correcta las preguntas
basadas en el conocimiento relacionadas con la propagacién de COVID-19, incluido,
el uso de mascarilla o tapabocas (P1. 96,9%) lavarse las manos durante 20 segundos
(P2.96,6%), estornudar o toser en el brazo/codo (P3. 85,9%) , el coronavirus se puede
transferir ddndose la mano (P4. 90,8%), manteniendo una distancia segura de al menos
1 metro (88,1%), tocando la cara puede transferir el coronavirus (P5. 95,1%), que-
darse en casa puede disminuir las posibilidades de contraer una infeccién (P6. 98,0%).
Los encuestados informaron el menor conocimiento acerca de la pregunta que refiere
que el coronavirus puede permanecer en los objetos durante algunas semanas o dias
(P10. 83,6%) y de la llamada al 192 para buscar atencién médica para el coronavirus
(P8.79,5%). Pese a que los porcentajes sobre aciertos en general son altos, preguntas
como la P1, P3 y P4 que implican interaccién social, presentan entre el 4% al 15 % de
desconocimiento, lo que pone en alto riesgo la poblacién.

Realizado un andlisis en funcion del género (tablas 2 y 3), los resultados muestran lo
siguiente: con respecto al “uso de mascarilla o tapabocas (P1)”, las mujeres tienen un
mejor conocimiento respecto a los hombres (F: 98%; M: 96%; p>0,05). En respuesta
al “lavado de manos durante minimo 20 segundo (P2)”, de nuevo las mujeres muestran
tener un mejor conocimiento respecto a los hombres (F: 98%; M: 95%; p>0,05). En
respuesta al conocimiento sobre “estornudar o toser en el brazo / codo (P3) las mujeres
estaban mejor informadas que los hombres y el valor “p” fue estadisticamente significa-
tivo (F: 92%; M: 79%; p<0,05), indicando una relacién entre la respuesta y el género.
Frente al conocimiento “sobre el contagio de COVID-19 por darse la mano (P4)”
las mujeres presentaron mayores aciertos (F: 93%; M: 88%; p>0,05). A la pregunta
sobre “distanciamiento social (P5)” las mujeres muestran un mejor conocimiento que
los hombres (F: 90%; M: 86%; p>0,05). En cuanto a la pregunta sobre “tocar la cara
puede transferir el coronavirus (P6)” las mujeres contintian estando mejor informadas
que los hombres (F: 97%; M: 93%; p>0,05). El conocimiento sobre “quedarse en casa
puede disminuir las posibilidades de contraer una infeccidn (P7)”, (F: 98%; M: 99%;
p>0,05) ambos géneros son conscientes del tema con un leve repunte en los hombres.
En respuesta a la pregunta sobre “puede llamar al 192 para buscar atencién médica
para el coronavirus (P8)”, de nuevo ademds de no haber una diferencia marcada entre
géneros ambos presentan un buen conocimiento sobre la linea telefénica (F: 79%;
M: 80%; p>0,05). El conocimiento sobre “las personas mayores tienen un mayor riesgo
de desarrollar coronavirus (P9) “continua la similitud en las respuestas entre hombres y
mujeres (F: 98%; M: 97%; p>0,05). En respuesta a “el coronavirus puede permanecer
en los objetos durante algunas semanas o dias (P10)”, ambos sexos, ofrecen respuestas
similares (F: 84%; M: 83%; p>0,05). Del mismo modo, para la pregunta “las perso-

nas que han viajado desde el extranjero no deben conocer a otras personas durante 2
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semanas (P11)”, la respuesta de ambos sexos es practicamente la misma (F: 100%;

M: 99%; p>0, 05) y es la pregunta de mayor acierto por parte de los encuestados.

Respondiendo a “evitar el contacto con personas que tienen tos/fiebre (P12)”, vuelve a

presentarse el consenso entre hombres y mujeres, con un alto grado de acierto de todas
las personas (F: 99%; M: 98%; p>0,05). En respuesta a la pregunta “debe buscar aten-
cién médica i tiene tos, fiebre y dificultad para respirar (P13)” la tendencia es la misma

entre sexos (F: 98%; M: 97%; p>0,05).

Tabla 2. Preguntas sobre el conocimiento de algunas medidas preventivas contra la COVID-19,

propuestas por la OMS.

P Pregunta Masculino n (%) | Femenino n (%) | Total n (%) | Valor-p
¢El uso de mascarilla o tapaboca Si 198 (95,6) 233(97,9) | 431(96,9)

1 |ayudaa prevenir el contagio de 0,2792
coronavirus? No 9(43) 5(2.1) 14(3,1)
¢Lavarse las manos durante 20 Si 196 (94,7) 234(98,3) | 430 (96,6)

2 | segundos, puede ayudar a prevenir 0,0636
el coronavirus? No 11(5.3) 4(17) 15(3.4)
¢Toser o estornudar en el brazo/ Si 164 (79,2) 218 (91,6) | 382(85,9)

3 |codo puede evitar la propagacion 0,0003
del coronavirus? No 43 (20,8) 20 (8.4) 63 (14.1)

4 :El coronavirus puede transferirse | St 183(88.4) 221(92,8) | 404 (90,8) 01456
por darse la mano? No| 24(11,6) 17 (7,2) 41(9.2) ’
¢Mantener una distancia minimade | Si | 177 (85,5) 215(90,3) | 392(88,1)

5 | 1 metro con otras personas ayuda al 0,155
no contagio del coronavirus? No| 30(145) 23(9.7) 53(11,9)

6 ¢Tocarse la cara puede transferir Si | 193(93.2) 230(96,6) | 423(95,1) 0151
el coronavirus? No 14 (6,8) 8 (3,4) 22 (4,9) ’
¢Permanecer en cuarentena (estar Si | 204(98,6) 232(97.5) | 436(98,0)

7 | en casa) disminuye la probabilidad 0,643
de contraer el coronavirus? No 3(1,4) 6(25) 9(2,0)
¢El gobierno nacional dispone dela | §j 166(80,2) 188 (79,0) | 354(79.5)

8 |linea gratuita 192 para orientacion 0,8449
sobre COVID-19? No | 41(19.8) 50 (21,0) 91 (20,4)
¢Las personas de la tercera Si | 201(97.1) 234(98,3) | 435(97.8)

9 |edad son mas vulnerables 0,5865
ante el COVID-19? No|  6(29) 4(17) 10(2,2)

(Continita)
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Tabla 2. Preguntas sobre el conocimiento de algunas medidas preventivas contra la COVID-19,

propuestas por la OMS.

P Pregunta Masculino n (%) | Femenino n (%) | Total n (%) | Valor-p

10 ¢El virus puede permanecer en los St 171(82,6) 201 (84.4) | 372(83,6) 0.6922
objetos durante dfas o semanas? No | 36(174) 37 (15,6) 73 (164) ’
¢Las personas que llegan del Si | 205(99,0) 237(99,6) | 442 (99,4)
extranjero deben permanecer

1 aisladas durante un periodo No 2(1,0) 1(0,4) 3(0,6) 0.9034
minimo de 14 dias?

1 ¢:Se debe evitar el contacto con Si | 203(98,1) 236(99.2) | 439(98,6) 05591
personas que presentan tos o fiebre? | 1 4(1,9) 2(0,8) 6(1,3) ’
¢Se debe buscar atencién médicasi | Si | 201 (97,1) 234(98,3) | 435(97.8)

13 | se presentan sintomas de tos, fiebre, 0,5865
problemas para respirar? No 6(29) 4(1,7) 10 (2,2)

Tabla 3. Preguntas sobre la prictica de algunas medidas preventivas contra la COVID-19, propu-

estas por la OMS.

P Pregunta Masculino n (%) | Femenino (%) | Totaln (%) | Valor-p
¢Usted utiliza siempre St 203 (98,1) 235(98,7) 438 (98,4)

14 | mascarilla o tapaboca 0,8523
al salir de su casa? No 4(1,9) 3(1.3) 7(16)
¢Usted lava sus manos Si 182(87,9) 217 (91,2) 399 (89,7)

15 | frecuentemente y 0,3328
minimo por 20 segundos? No 25(12.1) 21(338) 46(103)
¢Usted se cubre la cara Si 183 (88,4) 219(92,1) 402 (90,3)

16 | con el brazo/codo al toser 0,2605
o estornudar? No | 24(116) 19(7.9) 43(97)

17 ¢Usted al saludar a otra St 20(9,7) 22(9.2) 42(9.4) 10
persona da la mano o beso? | 7, 187 (90,3) 216 (90.,8) 403 (90,5) ’
¢Usted mantiene una Si 183 (88,4) 228(95,8) 411(92.3)
distancia minima de

18 o con o 00060
personas en estos dias de No 24(116) 10(42) 34(7.6)
pandemia?

(Continued)
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Tabla 3. Preguntas sobre la préctica de algunas medidas preventivas contra la COVID-19, propu-
estas por la OMS.

P Pregunta Masculino n (%) | Femenino (%) | Totaln (%) | Valor-p
i 180 (87,0) 221(92.8) | 401(90,1)
19 | ¢Usted evita tocarse la cara? 0,0548
No |  27(130) 17 (7,2) 44(9.9)
; Si 181 (87,4) 219(92,0) 400 (89,9)
20 ¢Usted perman::ce en 01499
casa a menudo? No 26 (12,6) 19 (8,0) 45(10,1)

En cuanto a las respuestas sobre preguntas que pretenden evaluar la apropiacion del
conocimiento (P14-P20) (tabla 3) la practica de usar mascarilla o tapabocas (P14) y
saludar a personas ddndoles la mano o un beso (P17), no hay diferencia significativa
entre las respuestas dadas por hombres y mujeres. Aunque P14 presenta un grado de
apropiacién, P17 muestra que un 10% de las personas contintan saludando, dando
la mano/beso, lo que se constituye en un factor de riego alto para la propagacién de
la pandemia. En cuanto a lavase las manos por minimo 20 segundos (P15), las muje-
res practicaban mds esta accion que los hombres (F: 91%; M: 88%; p>0,05). Respeto
a cubrirse la cara con el codo/brazo al estornudar o toser, de nuevo las mujeres son
mds consientes al realizar esta prictica (F: 92%; M: 88%; p>0,05). Al indagar sobre
el distanciamiento social de minimo 1 metro, las mujeres practican mas esta accién
que los hombres y presenta un p menor a 0,05 indicando una relacién entre el sexo
del individuo y la préctica (F: 96%; M: 88%; p<0,05); finalmente, a las preguntas
“evita tocarse la cara (P19)” y “permanece en casa a menudo (P20)” las mujeres vuel-
ven a tener un mayor grado de concienciacién (F: 93%; M: 87%; p<0,05)y (F: 92%;
M: 87%; p<0,05).

En la tabla 4 se presentan los porcentajes de aplicacién del conocimiento en la practica,
y se identificé un fenémeno que, aunque no se podria calificar como atipico, puede
llegar a ser interesante. Si bien las personas registran no tener conocimiento sobre una
préctica, sus acciones son correctas, por lo que se obtienen porcentajes mayores al 100%
como es el caso de las relaciones (R) 1, 3,4y 5. Lo anterior, podria deberse a que, si bien
las personas no tienen el conocimiento, o creen que estas practicas no contribuyen al
control de la pandemia, la obligacién de cumplir una norma juridica o social obliga
alos individuos a actuar de forma correcta.

Ahora bien, con respecto al uso de mascarillas (R1) o tapabocas los hombres practican
mds sus conocimientos que las mujeres (102,5 vs. 100,9), los hombres también practi-
can mds sus conocimientos respecto a poner su brazo o codo al estornudar (R3) (111,6
vs 100,4) y no estrechar la mano o dar besos (R4) (102,2 vs 97,7). Con relacién a
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Tabla 4. Apropiacién del conocimiento relacionado con practicas recomendadas por la OMS para
contrarrestar la pandemia de la COVID-19.

R Apropiacién del conocimiento Masculino % Femenino % Valor-p

L Influencia del conocimiento del uso de la 1025 100.9 0.9582

mascarilla o tapaboca al salir de su casa

5 Influencia del conocimiento de lavarse las 92.9 92.7 0.9519

manos en la prictica

3. Influencia cllel .conocumento de estornudos/ 1116 100.4 05105
tos en la préctica

4 Influencia del conocimiento de no estrechar 1022 977 0.8070

la mano en la practica

Influencia del conocimiento de la distancia 103.4 1060 0.9142

social en la prictica

Influencia del conocimiento sobre la
6. | propagacion de la infeccion al tocar la cara 93,26 96.01 0,8864

en la prictica

Influencia del conocimiento de quedarse en

88,7 94,39 0,7065

casa para prevenir infecciones en la practica

practicar su conocimiento del lavado de manos durante al menos 20 minutos (R2)
tanto hombres como mujeres presentan una apropiacién del 93%. En cuanto a las
relaciones 5 (distanciamiento social), 6 (tocarse la cara) y 7 (permanecer en casa),
las mujeres adoptaron mds estas practicas que los hombres.

El objetivo del presente estudio fue medir las diferencias especificas de género en el
conocimiento y la prictica para prevenir COVID-19 en la poblacién colombiana.
Actualmente, no hay una vacuna contra este virus y las opciones de tratamiento no
tienen respuesta efectiva. Las organizaciones mundiales de salud publica, incluida la
OMS [4], los ministerios de salud de diferentes paises y el Centro para el Control y
la Prevencion de Enfermedades de Estados Unidos [13] han recomendado al publico
adoptar medidas preventivas simples para limitar la exposicién y la propagacién del
virus. Estas recomendaciones son practicas de higiene, aislamiento y distanciamiento
social como la forma mis efectiva de detener la propagacion del virus. El Ministerio de
Salud de Colombia ha implementado programas de sensibilizacion publica y medidas
de prevencién y mitigacién. Estos programas contribuyeron con un papel integral para
concienciar al publico sobre los sintomas, la propagacién y las recomendaciones para la
prevencién mediante diferentes medios de comunicacion.

Engeneral, este estudio revelé que la mayoria delos encuestados tenian un nivel significa-
tivo de conocimiento y también seguian las instrucciones de prevencién recomendadas
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por la OMS. Sin embargo, las mujeres estin mejor informadas sobre las preguntas basa-
das en el conocimiento y también asimilaban mejor los conocimientos relacionados
con la prevencién del virus en comparacién con los hombres. La significativa apro-
piacién del conocimiento (tabla 4) puede ser consecuencia de varios factores como,
el impacto de las campanas de sensibilizacién, la exigencia en la aplicacién de normas
tendientes al control de la pandemia, entre otros. Esto muestra, que las mayorias de las
personas presentan un alto grado de sensibilizacién, ademas de permanecer bien infor-
madas pese al gran nimero de noticias falsas presentadas en redes sociales [14,15] que
pueden llevar a la poblacién a automedicarse, esto podria implicar mayores complica-
ciones en los sistemas de salud [16, 17].

Otro hallazgo interesante de este estudio es que las mujeres también presentaban una
mayor aplicacion de sus conocimientos en comparacién con sus homologos masculi-
nos. La mortalidad e infeccién por COVID-19 entre hombres es mayor en compara-
cién con las mujeres. Los datos de los 39 paises mas afectados no presentan un informe
contundete sobre quien padece més la infeccién entre hombres y mujeres, sin embargo,
la mortalidad de los hombres es mayor en comparacién con las mujeres [18]. Los resul-
tados adversos en los hombres estin relacionados con comorbilidades, que incluyen
enfermedades pulmonares, hipertension y problemas cardiovasculares, que estan rela-
cionados con el tabaquismo y el consumo de alcohol, en comparacién con las mujeres
(4,7% frente a2,8%) [19]. Estudios anteriores sobre el SARS, la gripe, el ébolay el VIH
han mostrado diferentes relaciones entre la infeccién, hombres y mujeres, demostrando
que los hombres corren mayor riesgo de infeccién [18].

La falta de conocimiento y précticas para prevenir la COVID-19, sumado a la tenden-
cia presentada por los estudios desarrollados por De Loyola Filho ez al, y Ortiz et al, en
Brasil y Colombia respectivamente [16, 20], los cuales documentan que los hombres
presentan mayor tendencia por practicas riesgosas como la automedicacién, aumentan
el riesgo de contagio. Como se constata en las tltimas recomendaciones de funciona-
rios como el presidente de los Estados Unidos, Donald Trump y el alcalde la Ciudad de
Santiago de Cali, sobre consumo de hidroxicloroquina, ivermectina y desinfectantes,
ademds del uso del diéxido de cloro [21, 22]. Estas préicticas pueden transformarse en
otro factor de riesgo que podria sumarse a la razén por la cual se presenta un mayor
potencial de tasa de muertes entre los hombres, por lo que una mayor concienciacion
hacia los hombres podria disminuir la mortalidad de los mismos. Asi mismo, estos
estudios sustentan la mayor responsabilidad por parte de las mujeres frente al cuidado
de su salud, lo que concuerda con los resultados obtenidos en el presente estudio.
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CONCLUSIONES

A partir de los hallazgos se puede observar que las mujeres no solo poseen un mejor
conocimiento que los hombres para la mayoria de los items, sino que también aplican
mejor las medidas précticas que ellos. Las mujeres que se quedan en casa estin menos
expuestas al virus en comparacion con los hombres, lo que puede ser un argumento
de consideracién vélida para futuros estudios. En general, este estudio es un esfuerzo por
contribuir con la comprensién de la nocién de por qué los hombres son mds
propensos para la infeccién que las mujeres. Ademds, este estudio, aunque con todas
sus limitaciones de solo enfocarse en la poblacién colombiana es una contribucién
sustancial para que los responsables de politicas publicas lo incluyan como una guia en
la emision de medidas practicas basadas en el conocimiento con perspectiva de género
en la prevencion la infecciéon de COVID-19.
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SUMMARY

The objective of the study was to develop and characterize the gel based on
Aloe vera for the Manoel Casado de Almeida Pharmacy School. The research was
done at the Education and Health Center off the Federal University of Campina
Grande, located in the city of Cuité (PB). For the quality control, chemical physical
tests were carried out as determine pH, apparent density, viscosity, spreadability and
centrifugation test. The gel demonstrated acceptable physicochemical characteristics
exhibiting pH 5, bulk density 0.1018 (+ 0.0008), viscosity above 10000 cP, and
adequate stability. Complementary studies on microbiological quality are suggested,

to give safety on their therapeutic potential in wound management.

Key words: Aloe, phytotherapy, medicinal plants, complementary therapies.
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RESUMEN

Gel de aloe: manipulacion y caracterizacion del ajuste
de la calidad fisico-quimica

El estudio tuvo como objetivo desarrollar y caracterizar el gel a base de Aloe vera
para la Escuela de Farmacia Manoel Casado de Almeida. La investigacion se llevé a
cabo en el Centro de Educacion y Salud, Universidad Federal de Campina Grande,
ubicada en la ciudad de Cuité (PB). Para el control de calidad, se realizaron las
siguientes pruebas fisico-quimicas: determinacién de pH, densidad aparente, visco-
sidad, capacidad de propagacién y prueba de centrifugacion. El gel mostré caracte-
risticas fisicoquimicas aceptables, con pH S, densidad aparente 0,1018 (+ 0,0008),
viscosidad superior a 10 000 cP y estabilidad adecuada. Por lo tanto, se sugieren estu-
dios complementarios con respecto a la calidad microbioldgica, lo que garantiza la

seguridad dado su potencial terapéutico en el tratamiento de heridas.

Palabras clave: Aloe, fitoterapia, plantas medicinales, terapias complementarias.

REsumo

Gel de babosa: manipulagio e caracterizagio de parAmetros
fisico-quimicos de qualidade

O estudo teve como objetivo desenvolver e caracterizar o gel a base de A4loe vera para
Farmidcia Escola Manoel Casado de Almeida. A pesquisa foi realizada no Centro de
Educacio e Satde, da Universidade Federal de Campina Grande, situado na cidade
de Cuité (PB). Para o controle de qualidade foram realizados os seguintes ensaios
fisico-quimicos: determinagio de pH, densidade aparente, viscosidade, espalhabili-
dade e teste de centrifugacio. O gel demonstrou caracteristicas fisico-quimicas acei-
téveis apresentando pH 5, densidade aparente 0,1018 (+ 0,0008), viscosidade acima
de 10000 cP e estabilidade adequada. Assim, sugere-se estudos complementares no
tocante a qualidade microbioldgica, garantindo a seguranga dado seu potencial tera-

péutico no manejo de feridas.

Palavras-chave: Aloe; fitoterapia; plantas medicinais; terapias complementarias.
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INTRODUCTION

Phytotherapy is an ancient practice that uses plants to treat diseases, being an alterna-
tive that does not use isolated active substances, preserving the original composition
of the original plant [1, 2]. It is still possible to notice a certain resistance from prescri-
bing professionals to the use of medicinal plants and herbal medicines. This low adhe-
rence occurs, often, due to the discredit in therapy and the lack of technical-scientific

knowledge [3, 4].

Due to the high consumption of medicinal plants/herbal medicines and insecurity
about their quality controls, on June 22,2006, the National Policy on Medicinal Plants
and Herbal Medicines [5] was created in Brazil, through a decree of the presidential
republic. This measure is of great importance for SUS, which aims in its guidelines to
ensure the effectiveness, quality and safety of these products, in addition to easy access
for treatment. It is also the aim of SUS that these treatments be a less costly alternative,
especially for poor communities.

Currently, the phytotherapy is experiencing a new level with recent publications, brin-
ging credibility and security to patients and health professionals. Thus, transforming
it not only in an alternative therapy, but in a possibility that the herbal medicines, in
some cases, are considered as treatment of first choice [4].

Skin lesions, burns, skin infections and chronic wounds, have a greater difficulty in
healing, impair the functions of the skin, and in more severe cases can lead to death.
Thus, they require greater care in the long term, increasing costs for health systems

worldwide [6].

In order to minimize costs, the use of medicinal plants and natural products is being
a new alternative for the treatment of wounds, especially in developing countries [7].
The search for alternative therapies to promote wound healing has been intensified,
while modern therapies with antibiotics and corticosteroids have been neglected due
to the side effects that conventional drugs can cause [8].

Aloe vera L. or Aloe barbadensis, popularly known as “babosa’, is one of the most impor-
tant medicinal plants in the treatment of wounds, considering that countless studies
report its healing and anti-inflammatory properties [9].

Considering the high consumption of medicinal plants and natural products as low-
cost treatments by the low-income population, and understanding that the lack of
uniformity of the chemical composition, together with the presence of contaminants,
cause deficiency in the safety of these products, it is important to develop formulations
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that ensure the quality of medicinal products of plant origin, since it directly interferes
with efficacy and may offer risks to consumer health.

In this context, the present study aimed to develop and characterize a formulation of
aloe gel as an alternative for the treatment of wounds, as well as to compose the portfo-
lio of formulations of the Pharmacy School Manuel Casado de Almeida of the Federal
University of Campina Grande, Education Center and Health, Campus Cuité (PB).

MATERIAL AND METHODS

The research was carried out at the Federal University of Campina Grande, campus
Cuité (CES), in the teaching laboratories of the Pharmacy course and in the Pharmacy
School Manoel Casado de Almeida.

Plant material

Initially, Aloe vera leaves were collected from the medicinal plant garden at the Educa-
tion and Health Center (CES), and then the material was prepared, which included:
washing, removing mucilage and crushing to prepare the glycolic extract.

Preparation of glycolic extract

The extract was prepared according to the steps shown in figure 1. After crushing, the
material was weighed and added in a wide-mouthed bottle. Separately, in a beaker, a
solution of 50% Ethanol and 5% Propylene Glycol was prepared, and then added to
the flask containing the mucilage, which was left to soak for eight days with daily sti-
rring. After this period, the material was filtered, stored in amber glass, in a dry place

and protected from light [10].

Preparation of Aloe vera gel

Table 1 shows the components present in the formulation of the Aloe vera gel, with
their respective quantities specified for 100 g.

To produce the Aloe vera gel, the carbopol 940 gel shown in figure 2 was prepared.

Chemical physical analysis
pH determination

The pH was determined directly in a calibrated pH meter, as described in the Brazilian
Pharmacopeia [12].
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Store in a
tightly closed
amber bottle,

dry and
protected
from light

Figure 1. Flowchart of preparation of the glycolic extract of Aloe vera. Source: Own authorship.

Table 1. Composition of Aloe vera gel.

Components Quantities
Carbopol 940 lg
Glycerin 5¢g
EDTA 0.10¢
Propylene glycol 270g
Methylparaben 020g
Triethanolamine LI5g
Glycolic extract 10 mL
Water qs.p100g

Source: Adapted from Formuldrio Nacional da Farmacopéia Brasileira [11].

Determination of apparent density

The apparent density was determined in triplicate using 10 g of gel in heavy empty and
filled beakers on an analytical balance and calculated from the formula [13]:

d=

m
v
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Phase B Dissolve the
EDTA in water, and
disperse the glycerin
together

Phase A
Dissolve methylparaben
in propylene glycol

Incorporate phase A into
B

h 2

Disperse carbopol in the
mixture resulting from
phases A and B

L 2

Reserve for 24 hours

¥

Gradually add
triethanolamine by For every 100 g of gel,
stirring, checking the pH, add 10 mL of aloe
in case it needs glycolic extract
correction

Figure 2. Flow chart of Aloe vera gel development. Source: Own authorship.

Determination of viscosity

The viscosity of the gel was evaluated by measuring the resistance to the rotation
movement of metal axes when immersed in the liquid in a Brookfield rheometer [12].
Rotors 2, 3 and 4 were used, with a speed of 6 rpm and the calculation was performed
using the following equation:

n=K.Q

where, 77 is the absolute viscosity, k is the coeflicient, & is the reading indicated by the
pointer.

Determination of spreadability

To determine the spreadability, the technique proposed by Knorst [14] was used,
which uses glass plates on a scale of graph paper to determine the surface that the sam-
ple covers by measuring perpendicular diameters, with subsequent calculation of the
area obtained in mm”. 1 g of the sample was deposited in the central space of the plate
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(20 x 20 cm), after which a glass plate of known mass was placed on the sample. After
three minutes, the diameters covered by the sample were read in a horizontal position,
using the graph paper and then the spreadability was calculated. This procedure was
repeated by successively adding 250 g, 500 g, and 750 g weights in intervals of three
minutes from one weight to another, the procedure was performed in triplicate. The
spreadability of the samples was determined according to the added weight, according
to the equation below [15].

Ei=d*xm/4

where, Ei: Sample spreadability for a given weight in square millimeter (mm?), d: Ave-
rage diameter in millimeter (mm).

The spreadability factor (FE) was also calculated by:
FE = Ei/P

where, Ei = maximum spreading area (mm?) and P = total added weight (g).

Centrifugation test

The centrifugation test produces stress in the sample, anticipating possible instabili-
ties of the product, through a simulation in the increase in the force of gravity, and
increasing the mobility of the particles [13]. 5 g of gel was weighed and placed in the
centrifuge at three different rotations, respectively, 1000 rpm, 2500 rpm, 3000 rpm.
For 15 minutes [16].

Organoleptic characteristics

The obtained gel was observed visually, in terms of appearance, color and odor [13].
RESULTS AND DISCUSSION

Organoleptic characteristics

Considering the suitability for the treatment of wounds by topical application, the gel
obtained was evaluated for its physical-chemical properties. Such a semi-solid formu-
lation is characterized as an aqueous vehicle with pleasant sensory and easy application
on the skin. The gel containing glycolic extract of Aloe vera obtained, was homoge-
neous, translucent, shiny, odorless and without lumps as observed in figure 3.
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Figure 3. Visual aspect of the obtained gel. Source: Research archives, 2019.

The gel formulation is the choice, among topical semi-solid manipulation options, because
in addition to ease of administration, it has high viscosity, good permanence, moisturizing
effect on scaly skin, greater bio-adhesion and less potential for irritation [17].

Physical-chemical characteristics

The physical-chemical characteristics of the gel obtained are shown in table 2.

Table 2. Physicochemical characteristics of Aloe vera Gel (n = 3).

Test
Apparent . . . . FE Spreadability
pH density (g/mL) Viscosity (Cp) | Centrifugation (mm>/g)
5.44 +0.00 0.1018 + 0.0008 > 10000 No change 840+3.6

Source: Research data, 2019.
pH

The pH value (5.44) was similar to that found by Borella ez 4/ [18], in which he
highlights small pH variations using Carbopol 940 in papain gels. The gel showed
values according to the cutaneous pH which is slightly acid varying from 4.6 to 5.8,
this acidity is a way of protecting the skin against microorganisms [19, 20]. The pH is
an important parameter with regard to acute wounds since they have an alkaline pH,
which predisposes to less healing, while acidic conditions help in this process [21, 22].

Apparent density
The apparent density of the aloe gel was 0.1018 + 0.0008 (g/mL) and represents the

relationship between the mass and the volume occupied by the sample. In liquids or
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semi-solids this parameter may indicate the incorporation of air or the loss of volatile
ingredients in the sample [13]. According to Pedrazzi ez al. [23] the measure of the
product density is dependent on the characteristics of the components present in its
formulation, and also on the existence or not of incorporated air during the mixing
process.

Viscosity

It was not possible to obtain an accurate viscosity value because it exceeded the maxi-
mum reading limit of the equipment used. Following the proposed formula and con-
sidering the maximum possible reading value (100), it can be said that the sample has
viscosity above 10000 cP. In addition, it is important to highlight that this finding is
expected, since, according to Handbook of Pharmaceutical Excipients, carbomers such
as Carbopol 940 have viscosity that can vary between 40 000 to 60 000 cP [24, 25].

The present study corroborates the research by De Aguiar [24] who tested gels based
on Carbopol at different temperatures, including body temperature, in which it had a
high viscosity, reinforcing that this group of gels has high consistency and good adhe-
rence. The evaluation of this component helps to define whether a product indicates
the appropriate consistency or fluidity and can show whether the stability is adequate
[13]. Thixotropy is a rheological characteristic referring to changes in viscosity with
time of application [26].

Topically applied formulations should preferably be viscous when inert and become
more fluid when administered to the skin [27]. The rheological characteristic referring
to the change in viscosity with the application time is thixotropy [26], and according to
Mateus ez al. [22], an increase in the viscosity of the gel prolongs the release of the drug
causing it to improve patient compliance with treatment as it will reduce the number
of applications.

The type of polymer and its concentration influence the thixotropic characteristic of
the gel. Base formulation with Carbopol presents a higher thixotropy, which is desi-
rable together with its high viscosity, due to deformation in the application and soon
after resuming its initial viscosity [28].

Spreadability

The expansion capacity of the semi-solid formulation against a given force (weight)
for a time is defined as spreadability. Its determination is essential, as it is related to the
case of topical application of the product [29]. Spreadability is based on resistance to
forced movement. The results correspond to the relationship between the spreading

area, which will be caused by a force applied on the gel [30].
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The graphical representation of the spreadability as a function of the applied mass
(figure 4) revealed rheological behavior ranging from 1994.65 mm?, when subjected to
the weight of the glass plate, to 4042.97 mm?” with the additional mass of 750 g.

5000 ¢
4500 |
4000 |
3500 |
g 3000 |
2500
2000 F

1500

1000 )
BRoard 250 o S00 o 750 o

Figure 4. Representative graph of Aloe vera gel spreadability (n = 3). Source: Research Archives, 2019.

The spreadability factor of the aloe gel obtained with 1% carbopol was 8.40 +
3.6 mm?*/g. Carbopol Ultrez hydrogels obtained by Paines e 4/ [31] containing
clotrimazole and tea tree oil showed spreadability factors around 4.6 mm?*/g, but it is
not clear the percentage of the polymer in the formulation.

Cordeiroezal. [30],ina technological development study and evaluation of the stability
of dermatological gel based on ginger essential oil, showed that gel based on Carbopol
940 maintains its spreadability without the product draining during administration,
even in the face of changes of temperatures, since it was exposed to a preliminary and
accelerated stability study showing good physical stability of the formulation which
contains Carbopol.

The uniform application of the gel on the skin depends on the spreadability, a good gel
will spread easily, the spreadability will help the patient’s adherence to the treatment
as well as an easier application [32]. A good criterion for the gel to meet the qualities
recommended by Organs regulatory bodies is the propagation capacity, which would
be the extension of the area where the gel spreads easily at the time of use [33].
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Centrifugation test

The centrifugation test represents a preliminary stability test, since, with increased gra-
vity, it is demonstrated in advance if the product will show any type of instability [34].
After centrifugation in all conditions established for the test, the sample remained sta-
ble and without change in coalescence, phase changes, color, or odor, showing itself
stable as seen in figure S.

Figure 5. Visual aspect of the gel after the centrifugation test. Source: Research Archives, 2019.

Cordeiro ez al. [30], and Coclho ez al. [34] obtained similar results in preliminary
stability in dermatological gel from ginger essential oil and gel containing guava leaf
extract, respectively. The stability research contributes to: Guide the development of
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the formulation and packaging material, serve as alternatives for improving the for-
mulations, help to also determine the expiration date and control of organoleptic,
physical-chemical and microbiological stability, producing information on the quality
of the product. On the other hand, rheology represents the study of the flow and defor-
mation properties of matter under the action of forces, whose behavior helps in the
carly detection of signs of instability in formulations, assuming paramount importance
for the evaluation of semi-solid formulations [35, 36].

CONCLUSIONS

The gel formulated from glycolic extract of Aloe vera showed satisfactory organoleptic
characteristics, with a homogeneous and shiny appearance, with no apparent odor and
translucent color, without altering these characteristics; slightly acid pH, compatible
with the skin, which favors wound healing; adequate rheological aspects with good vis-
cosity and spreadability; no changes related to stability, under the conditions evalua-
ted. The development of gels must be carried out consistently and taking into account
the therapeutic potential of the present formulation for the treatment of wounds, it is
suggested complementary studies regarding the microbiological quality, guaranteeing
the safety of a product that presented a pleasant appearance and rheological characte-
ristics, and promising stability.
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SUMMARY

Introduction: SARS-CoV-2 (Coronavirus 2 of the severe acute respiratory syndrome;
previously 2019-nCoV) and SARS-CoV (coronavirus of the severe acute respiratory
syndrome) are closely related viruses, which have no treatment so far. Therefore, the
search for new molecules is essential. Objectives: the objective of this study is to use
in silico approach to propose antiviral compounds potential for SARS-CoV-2 and
SARS-CoV and drug-like properties predictions. Materials and methods: Molecular
docking were performed using AutoDock Vina with the molecules that had previ-
ously demonstrated drug-like properties. Subsequently, amino acids and the type of
interaction involved in the protein-ligand complex were identified. Resuls: It was
possible to identify six potential candidates available in the PubChem database
capable of interacting with the 6U7 and 2GTB proteases, which bind to the same
active site that lopinavir and remdesivir. Conclusion: Small molecules with drug-like

properties could be used as antivirals, after experimental evaluations.

Key words: Coronavirus, small molecules, molecular docking, pandemic, antiviral

treatments.
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RESUMEN

Enfoque 7z silico de potenciales compuestos antivirales para

SARS-CoV-2' Y SARS-CoV y prediccion de propiedades drug-like

Introduccidn: los coronavirus SARS-CoV-2 (coronavirus del sindrome respiratorio
agudo grave de tipo 2; previamente identificado como 2019-nCoV) y SARS-CoV
(coronavirus del sindrome respiratorio agudo grave) son virus estrechamente rela-
cionados, que no tienen tratamiento hasta el momento. Por lo tanto, la bisqueda
de nuevas moléculas es esencial. Objetivos: el objetivo de este estudio es utilizar un
enfoque 7 silico para proponer potenciales compuestos antivirales para el SARS-
CoV-2 y el SARS-CoV y predicciones de propiedades “drug-like”. Materiales y
métodos: el acoplamiento molecular se realizé utilizando “AutoDock Vina” con las
moléculas que previamente habian demostrado propiedades similares a los firmacos.
Posteriormente, se identificaron los aminoécidos y el tipo de interaccién involucrada
en el complejo proteina-ligando. Resultados: fue posible identificar seis candidatos
potenciales disponibles en la base de datos PubChem capaces de interactuar con las
proteasas 6U7 y 2GTB, que se unen al mismo sitio activo al que se unen lopinavir
y remdesivir. Conclusiones: moléculas pequefias con propiedades similares a los

firmacos podrian usarse como antivirales, después de evaluaciones experimentales.

Palabras clave: Coronavirus, pequenas moléculas, acoplamiento molecular, pande-

mia, tratamientos antivirales.

INTRODUCTION

Coronaviruses are enveloped positive single-stranded large RNA viruses that infect
humans, but also a wide range of animals [1]. According to their morphology as spheri-
cal virions with a central nucleus and surface projections that resemble a solar corona,
they were called coronaviruses [2]. There are four subfamilies, namely alpha, beta,
gamma, and delta coronavirus [1]. The size of the genome varies between 26 kb and 32
kb [3]. Among the coronavirus subtypes that can infect humans, beta-coronaviruses
can cause serious illness and death, while alpha-coronaviruses cause asymptomatic or
mildly symptomatic infections [1]. Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) belongs to the B-lineage of beta-coronaviruses and is closely related to
the SARS-CoV virus [1]. There are four major structural proteins encoded by the coro-
naviral genome in the envelope, one of which is the spike protein (S) that binds to the
angiotensin-converting enzyme 2 (ACE2) receptor and mediates subsequent fusion
between the envelope and host cell membranes to aid viral entry into the host cell [2].
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The world is currently facinga SARS-CoV-2 pandemic, declared by the World Health
Organization (WHO) Emergency Committee on March 11, 2020, based on rising
case notification rates in different countries. This virus has spread to 188 countries as
of August 10 and has infected more than 19.995.057 people. The case detection rate
changes daily and can be tracked in near real-time on the website provided by Johns
Hopkins University and other forums [4]. Most worrying is that the disease has posed
a serious threat to global public health, by requiring the development of safe and effec-
tive prophylactic and therapeutic drugs against the infection of its causative agent,
SARS-CoV-2, also known as the new coronavirus 2019 (2019-nCoV) [3]. Therefore,
the lack of specific medications to prevent and treat an attack is an important need at
the present time, considering that the available treatment is clearly symptomatic [5].
Drug discovery can also be accelerated by applying new detection techniques, includ-
ing computational approaches, to identify antivirals that could be ready for large-scale
clinical trials in a matter of weeks [6].

The main pharmacological targets for coronavirus (CoV) are spike protein, envelope
protein, membrane protein, protease, nucleocapsid protein, hemagglutinin esterase,
and helicase, for which drug design can be considered. There are 16 other non-
structural proteins (NSP) that can also be considered from the perspective of drug
design including RNA-dependent RNA polymerase (RdRp), coronavirus main prote-
ase (3CLpro), and papain-like protease (PLpro). These proteins are important because
upon entering host cells, the viral genome is released as a single-stranded positive RNA.
Subsequently, it is translated into viral polyproteins using host cell protein translation
machinery, which is then cleaved into effector proteins by viral proteins 3CLpro and
PLpro. PLpro also behaves like a deubiquitinase that can de-position certain proteins
from the host cell, including interferon factor 3 and NF-xB, resulting in immune
suppression. RARp synthesizes a full-length negative-strand RNA template to be used
by RdRp to produce more viral genomic RNA [7]. 3CLpro is akey CoV enzyme, which
plays a key role in mediating viral replication and transcription, making it an attractive
drug target for this virus [7-8]. This protein was selected to be used as a pharmacologi-
cal target in this study. Lopinavir is an antiretroviral drug used in patients with HIV
and Remdesivir is an antiviral prodrugused to treat Ebola virus disease, currently these
two drugs have been proposed as antivirals for SAR-CoV-2. Lopinavir and remdesivir
are antiviral agents [7].

Therefore, the main structural proteins and NSP can play an important role in the
perspective of drug design. However, the occurrence of frequent recombination events
is an important deterrent towards the development of vaccines and medications
specific to CoV [9]. The objective of this study is to use iz silico approach to propose
antiviral compounds potential for SARS-CoV-2 and SARS-CoV and drug-like

properties predictions.
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METHODS

Equipment and Software

Drug Likeness Tool (DruLiTo 1) was used to detect molecules with ADME proper-
ties. AutoDock Vina was the primary docking programs used in this work [10]. The
preparation of the PDBQT files and determination of the grid box size was carried out
using Auto-Dock Tools version 1.1. Chimera was utilized to prepare protein struc-
tures. PyMol (DeLano Scientific LLC, USA) was employed to visualize protein-ligand
complex structures. The identification of protein residues that interact with small mol-
ecules was carried out employing LigandScout. Computational studies were carried
out using a machine running on Inter Core i7 40GHZ, a processor with §GB RAM
and 1TB hard disk.

Selection of molecules with properties drug-likeness

The database PubChem was used to download 3 million molecules deposited during
2015 and 2016. These chemicals were filtered considering those having characteristics
of drugs-like, to filter molecules were used free software Drug Likeness Tool (DruLiTo
1). The rules Lipinski that predict if a compound is more likely to be membrane-
permeable and easily absorbed by the body [11]. Veber rule, to predict good oral
bioavailability [12]. Ghose filter that defines drug-likeness constraints [13]. The
molecules that passed these filters were selected for molecular docking. The criteria
that were taken into account were: molecular weight < 500, Log P < 5, H-Bond donor
< 5, H-bond acceptor < 10, rotatable bond < 10, polar surface area < 140, Atom-
Count from 20 to 70 and refractivity from 40 to 130. Of the three million molecules
discharged in PubChem, only 997 passed the drug-like filters, that is, they possess
drug-like properties.

Protein structure preparation

The 3D structure of proteins: COVID-19 main protease and SARS coronavirus
main peptidase were downloaded from Protein Data Bank (PDB: 6LU7 and 2GTB,
respectively), both obtained by x-ray diffraction, and prepared with Chimera. The
water molecules and other ligands present in the proteins were eliminated. Proteins
were minimized using atomic partial charges by Kollman method, which describes the
potential of the system in terms of the energy positions of the atoms and is parameter-
ized for proteins and nucleic acids [14]. MGLTools 1.5.0 software was utilized to con-
vert structures from PDB to PDBQT format, adding polar hydrogens and assigning
Kollman partial charges [14].
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Protein-ligand docking

Molecular docking was performed using AutoDock Vina is a virtual molecular
dockingand screeningprogram. Vinausesasophisticated gradient optimization method
in his local optimization procedure. The gradient calculation effectively provides
the optimization algorithm with a “sense of direction” from a single evaluation. By
using multithreading, Vina can further speed up execution by leveraging multiple
CPUs or CPU cores. The docking site for ligands on evaluated proteins was defined
by establishing a cube with a sufficient dimension to cover the complete protein, with
a grid point spacing of 1 A for the proteins. Three runs were carried out by ligand, and
for each run the best pose was saved. Finally, the average binding affinity for best poses
was accepted as the binding aflinity value for a particular complex [14]. The three-best
protein-ligand complexes were selected, those that showed the highest affinity value.

Identifying interactions

Three ligand structures were selected and coupled with proteins to identify residues of
proteins that interact with small molecules, using Ligand scout software. This program
proposes the number and type of primary existing ligand—residue interactions on the
protein active site. For this, the coordinates generated during molecular coupling are
used, to identify the amino acids participating in the protein-ligand interaction.

REsuLTS

In this study of the 3 million new molecules selected, only 997 met drug-like proper-
ties (rules Lipinski, Veber rule, and Ghose filter), which were used to make molecular
docking. These molecules possess ADME properties and also have a high affinity for all
proteins (molecules with scores below -7.8 kcal/mol) (table 1 and figure 1), this value
represents the affinity of a protein for a ligand as a semi-quantitative parameter related
to the inverse of the dissociation constant. Therefore, only the three molecules for each
protein with higher affinity values were selected as possible candidates.

The three-best protein-ligand complexes were selected and are shown in figures 2 and
3 for each protein, SARS coronavirus main peptidase (2GTB), and COVID-19 main
protease (6LU7). 6LU7 is the main protease (MP*) found in SARS-CoV-2 and 2GTB
is the main protease found in the SARS-CoV [15]. With both proteins, blind molec-
ular docking was carried out, that is, docking over the entire surface of the protein.
Furthermore, molecular docking was performed using the same protocol with two
antiviral drugs, in order to validate the binding site of the ligands evaluated by com-
parison with lopinavir and remdesivir.
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PubChem database: 3
million of molecules

Drugs-like filters: 997 molecules

Molecular docking:
997 molecules

6 candidates (<
-7.8 Kcal/mol)

Figure 1. Flowchart for selecting the best protein-ligand complexes. Source: Own elaboration.

Table 2 shows the amino acids found in the active site pockets of 6LU7 and 2GTB in
the complex with two reported inhibitors (lopinavir and remdesivir) and the selected
new molecules selected.

The affinity values and three-dimensional view of the complexes with lopinavir and
remdesivir are shown in figure 4. Lopinavir and remdesivir are two antiviral drugs
against a clinical isolate of SARS-CoV-2 iz vitro (7). In this study, we have used them
to check the ability of the proposed new molecules to bind to the same active site of the
proteins evaluated to which these two antiviral agents used in the treatment of SARS-
CoV-2 and SARS-CoV bind. Being able to identify that the amino acid residues that
participate in the formation of the protein-ligand complex were also identified in the
protein-ligand complexes of the molecules with the best affinity values (table 1 and 2).
The predominant type of interaction was the hydrophobic type interaction.
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Table 1. Drug-like properties and AutoDock-calculated affinities obtained for docking of best mo-
lecules on proteins of COVID-19 (< -7.8 kcal/mol).

Protein
Drug-like properties affinity
Compounds (kcal/mol)
MW LogP | LRV | GFV | VRV 2GTB
(g/mol)
CID 90252773
(4-(Trifluoromethyl)-1-[5- 33122 | 2578 | O* 0 0 -8,2
(trifluoromethyl)pyridin-3-yl]indazole)
CID 90381721
(2-[10,12-Bis(trifluoromethyl)-
2,5,11,13-tetrazatricyclo[7.4.0.02,6] 373.21 | 1.963 0 0 0 -8,6
trideca-1(13),3,5,7,9,11-hexaen-4-yl]-
1,3-oxazole)
CID 90380837
( 1-[2-(5,6-Dichloropyridin-3-yl) 257.07 | 1.384 0 0 0 -8.5
-1,3-oxazol-4-yl]ethanone)
Lopinavir 628.35 | 3.688 1 1 1 -8.4
Remdesivir 602.23 | 0.336 1 1 1
6LU7

CID 90178936
(1-[2,3,5,6-Tetrafluoro-4-(2,3,5,
6-tetrafluoro-4-methylphenyl) 37822 | 2.63 0 0 0 80
phenyl]imidazole)
CID 90364642
(2-Pyridin-2-yl-4,6-bis(trifluoromethyl) | 331.22 | 2.735 0 0 0 -8,1
-1H-benzimidazole)
CID 90380837
( 1-[2-(5,6-Dichloropyridin-3-yl) 257.07 | 1.384 0 0 0 -7.8
-1,3-oxazol-4-yl]ethanone)
Lopinavir 628.35 | 3.688 1 1 1 -8.3
Remdesivir 602.23 | 0.336 1 1 1

MW: Molecular weight

Log P: Logarithm of octanol/water partition coefficient

LRV: Lipinski rule of 5 violations: Maximum is 4 violations

GF: Ghose Filter violation

VR: Vebers Rule violation

*This value refers to the number of violations found for each drug-like filter evaluated.
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Figure 2. 3D view and interacting residues present in proteins 2GTB. A: 2GTB -90252773, B:
2GTB-90381721, C: 2GTB -90380837. Source: Own elaboration.

DiscussioN

SARS-CoV-2 represents a pandemic threat to public health because there is no
treatment to counteract the virus [16]. So the search for new molecules with anti-
viral properties is imperative [7]. The present study focused on the main proteases
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Figure 3. 3D view and interacting residues present in proteins 6LU7. A: 6LU7 -90178936, B:

6LU7 -90364642, C: 6LU7 -90380837. Source: Own elaboration.

in CoVs (3CLpro/M?«), especially PDB ID 6LU7, as potential target proteins for
SARS-CoV-2 treatment [15] and is the main peptidase of the SARS coronavirus
(SARS-CoV M (pro)), which plays an essential role in the life cycle of the virus and is
a main target for the development of anti-SARS agents [17]. Xu e al. [18] mentioned
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Table 2. Interacting residues 2GTB and 6LU7 protein - inhibitor complex in comparison with

ligands studied.
Interaction 2GTB in complex with inhibitor
Interaction identified in the protein - ligand
Name | Aminoacid | Type of interaction complexes
90252773 90381721 | 90380837
Phe294 Aromatic ring X -+ X
Thr292 Hydrophobic X X X
Leu202 | Hydrophobic X X X
Lopinavir | Ile249 Hydrophobic X X X
Val297 Hydrophobic ; ; -
Ile106 Hydrophobic - - -
Val104 Hydrophobic
Phe294 | Hydrophobic X . X
Val297 Hydrophobic - - -
Leu253 Hydrophobic - - -
11249 Hydrophobic X X X
Remdesiye| 7292 | Hydrophobic X X X
Leu202 | Hydrophobic X X X
Gln110 H bond acceptor - - -
Asnl151 H bond donor - - -
Thrll1 H bond donor - - -
Ile106 Hydrophobic - - -
Interaction 6LU7 in complex with inhibitor
90178936 90364642 | 90380837
Val202 Hydrophobic : - :
1249 Hydrophobic - X X
Lopinavir | Phe294 | Aromatic ring . X X
Val104 Hydrophobic - - -
Ile106 Hydrophobic - - -
(Continued)
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Table 2. Interacting residues 2GTB and 6LU7 protein - inhibitor complex in comparison with

ligands studied.
Interaction 6LU7 in complex with inhibitor
Thr199 H bond acceptor X - -
Tyr239 H bond acceptor X - -
Leu286 Hydrophobic X - -
Leu271 Hydrophobic - - -
Remdesivir | Met276 Hydrophobic X - -
Leu272 Hydrophobic - - -
Tyr237 Hydrophobic X - -
Leu287 H bond acceptor X - -

Asp289 H bond donor - - -

*The presence of the amino acid in the protein-ligand complex of the proposed candidates was not identified.

that the main protease in 2019-nCoV shares 96% similarity with that in SARSO [14].
To make comparisons, these two proteins were used.

In the search for new molecules that can be used as antivirals, it is important to predict
the similarity of the drugs, as well as the intestinal absorption capacity and bioavailabil-
ity requirements [19]. In this study, the selected chemical compounds meet these. As
for the afhinities obtained, they are comparable with those obtained for lopinavir and
remdesivir. Khaerunnisa ez 4/., [15] reported that the binding energies obtained from
the docking of 6LU7 with native ligand, nelfinavir, lopinavir, kaempferol, quercetin,
luteolin-7-glucoside, demethoxycurcumin, naringenin, apigenin-7-glucoside, oleuro-
pein, curcumin, catechin, epicatechin-gallate, zingerol, gingerol, and allicin were -8.37,
-10.72, -9.41, -8.58, -8.47, -8.17, -7.99, -7.89, -7.83, -7.31, -7.05, -7.24, -6.67, -5.40,
-5.38,and -4.03 kcal/mol, respectively. As can be seen, the affinity values reported using
AutoDock and the same protein are comparable with those obtained in this study.

Several authors [15, 20, 21] have reported new molecules with antiviral properties
against SARS-CoV-2 through molecular docking with afhnity values comparable to
those obtained in this study. For the main peptidase of the SARS coronavirus, the
protein-ligand complex (2GTB -90252773, B. 2GTB -90381721, C. 2GTB
-90380837) show that all bind to the same active site includinglopinavir and remdesivir,
involving the same amino acids and the same type of interactions, being the interactions

of hydrophobic type the main ones found. The protein complexes binding to the 6LU7
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protein show that the 6LU7-90364642 and 6LU7-90380837 complexes bind to
the same site as lopinavir, but the 6LU7-90178936 complex interacts at a different
site together with remdenavir, which leads us to think of a possible allosteric site of
interaction, in which other amino acids with predominantly hydrophobic interactions
are involved. Chauhan [21], reported that remdesivir couples with 6LU7 with an affin-
ity value of -13.1. Khalifa ez a/. [22], reported that tellimagradin interacts within the
protease binding pocket with the amino acids Phe294, Thr292, Ile249, among others,
which were also identified in our protein-ligand complexes. These results suggest that
small molecules identified by iz silico approaches and with drug-like properties may
be useful candidates for the development of new antiviral drugs. These molecules are
available in the PubChem database and can be used to carry out experimental studies.

The results obtained are of great importance because they allow us to identify potential
molecules with antiviral characteristics using an iz silico approach, which reduces the
time and budget required in the laborious search for a treatment to stop the progres-
sion of this disease that is affecting millions of people in the world. In this study, it
is reccommended to continue to a next phase in drug development, which consists of
conducting in vitro and in vivo evaluation with the proposed candidates, to develop

new drugs against SARS-CoV-2 and SARS-CoV.

CONCLUSIONS

The protein-ligand complexes 2GTB -90252773, 2GTB -90381721, 2GTB
-90380837, 6LU7-90364642, 6LU7-90380837 and 6LU7-90178936 were those that
showed the highest affinity values (< -7.8), with the ability to interact in the same
binding sites for lopinavir and remdenavir, being potential candidates with drug-like
properties to act as antivirals against SARS-COV and SARS-CoV-2. These molecules

can be evaluated by pharmacological experimentation.
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SUMMARY

The experimental data of sulfadiazine in (methanol + water), (ethanol + water)
and (1-propanol + water) cosolvent mixtures at some temperatures were correlated
using non-ideal solution models, namely, the modified Apelblat and Buchowski-
Ksiazaczak equations and the van’t Hoff equation. The calculated results agreed well
with the experimental data. According to the Buchowski equation, the solubility
of sulfadiazine in the three co-solvent mixtures shows important deviations from

ideality, which is consistent with the literature.

Key words: Sulfadiazine, solubility, van’t Hoff model, Buchowski-Ksiazaczak 1/
model, Apelblat model.

RESUMEN

Prediccién de la solubilidad de la sulfadiazina en algunas mezclas
cosolventes utilizando modelos de solucién no ideales

Los datos experimentales de sulfadiazina en mezclas de cosolvente de (metanol +
agua), (etanol + agua) y (1-propanol + agua) a algunas temperaturas se correlacio-
naron utilizando modelos de solucién no ideales, a saber, las ecuaciones modificadas
de Apelblat y Buchowski y la ecuacién de van’t Hoff. Los resultados calculados
coincidieron bien con los datos experimentales. Segtin la ecuacién de Buchowski, la
solubilidad de la sulfadiazina en las tres mezclas de cosolventes muestra importantes

desviaciones de la idealidad, lo que concuerda con la literatura.

Palabras clave: Sulfadiazina, solubilidad, modelo de vant Hoff, modelo de Buchowski-
Ksiazaczak b, modelo de Apelblat.
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INTRODUCTION

Sulfadiazine (N'-2-pyrimidinylsulfanilamide) (figure 1) is a member of the sulfon-
amide family [1]. As one of the earliest antibacterial drugs used in the prevention and
treatment of bacterial infections, sulfonamides are widely used in the medical and live-
stock industries due to their broad antibacterial spectrum, stability and low-cost [2-4],
however, sulfadiazine solubility in ambient water is very low and it is considered as
practically insoluble [5-8]. Although the solid dosage form of sulfadiazine has been
widely used in therapeutics, the development of liquid dosage forms is important to
administer the drug to special groups of patients. To increase the solubility of sulfa-
diazine some cosolvents have been added to water [9, 10]. The analysis of sulfadiazine
in the pharmaceutical industry typically involves high-performance liquid chromato-
graph that consumes a large quantity of hazardous organic solvents and its waste needs

to be properly disposed of [11, 12].

Q.0
< > \//
H,N S N—
\
:/>

NH \
N
Figure 1. Molecular structure of sulfadiazine.

However, solubility measurement and optimization of the solvent composition for
dissolving a desired amount of a drug in a given volume of the solution in most of
the cases is a laborious and time consuming procedure which may cause some limita-
tions in discovering and development of new drugs [13, 14]. Mathematical model, as
an alternative method, could be used to estimate drug’s solubility especially when the
solid-liquid equilibrium measurements become impractical. Various numerical mod-
els proposed for the estimation of the solubility of drug and/or drug like compounds
in the cosolvency systems which in order of appearance include van't Hoff equation
[15], Yalkowsky model [5, 16, 17], the mixture response surface model, the double
log-log model, the modified Wilson model[18], the Jouyban-Acree model [19-21], the
Jouyban-Acree-van’t Hoft model, and modified Jouyban-Acree-van’t Hoff model. Van't
Hoft equation predicts solubility at different temperatures in each solvent composi-
tion [22, 23], whereas Yalkowsky model, the modified Wilson model [18], the double
log-log model and mixture response surface model predict solubility at different sol-
vent mixtures. Whereas, the Jouyban-Acree [24] and Jouyban-Acree-van’t Hoff models
[25] predict the solubility in various solvent composition at different temperatures.

823



Rossember E. Cardenas, Luz Elena Tinoco, Diana M. Galindres, Alejandro Beltrdn, Carlos D. Oviedo, Jhonny Osorio

The objective of the present work is to evaluate the application of the van't Hoff,
Buchowski-Ksiazaczak 15, and modified Apelblat models to the solubility of sulfadia-

zine in three cosolvent systems.

THEORETICAL

Modified Apelblat equation

From the Williamson equation, the solubility of non-electrolytes is expressed as [26]:

8ln<m/m”> A H(T)

_ soln —
or R[l—0.00llaMlm]f’f

Oln~,
3ln(m/m”) T’

(1)

where / denotes a number of water molecules in the hydrate, A,,,,F/(7) is the molar
enthalpy of solution, y; is the activity coeflicient of the solute, M, is the molar mass of
solvent, R is the gas constant and 72° = 1 mol.kg™".

If it is assumed that the enthalpy of solution depends linearly on the temperature, the
integral form of equation (1) is [27]:

In(m/m®)=A+BT ' +CInT 2)

So, expressing the solubility in mole fraction, the modified Apelblat equation, which is
a semi-empirical model derived from solid-liquid equilibrium is [28]:

Inx,=A+BT ' +CInT (3)

x, refers to measured mole fraction solubility of drug in selected solvent at absolute
temperature 7; A and B reflect the variation in the solution activity coefficient; C
represents the influence of temperature on enthalpy of fusion [29, 30]; The above
three parameters and experimental prediction values can be obtained by the nonlinear
regression method in Python.

Van’t Hoff equation

The van't Hoft equation is also a semi-empirical equation, which reveals the relation-
ship between the mole fraction solubility and the temperature in an ideal solution by
taking the solvent effect into account. The formula is shown as equation (4).
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B
lnx3 :ﬂ—i—? (4)

A and B are parameters, which can be related to thermodynamic parameters such as
dissolution enthalpy and dissolution entropy [22]. The above can be shown from the
two mathematical expressions for the Gibbs energy [31-34]:

A, G°=—RTInx, (5)

soln

AsolnGo = AsolnI—IO - TAsolnSO (6)

Solving for A,,;,G° from equation (5), subsequently replacing A,,,G° from equation
(6), we obtain,

A G A C—TA_ S°
ln x3 — _ solnG — solnH T solnS (7)
RT RT
A H® A_S°
lnxs — _ Tsoln + so[nS (8)
; RT R
So,
A — Asolnl{ ;B — AsolnS (9)
RT R

Buchowski-Ksiazaczak 1» model

In 1980, based on the generalized relationship, the Buchowski-Ksiazaczak 2/ equation
was first proposed, which contains two parameters and is widely used to correlate solu-
bility data. The Buchowski-Ksiazaczak 15 equation is shown in equation (10).

A(1—
IHI+M:)\]7 l_i (10)
bA r T,

where 4 and / are the two parameters of the 24 model, and 7} represents the melting
point of drug [35-37]. The model can be tested starting from the following identity [38]:

Oln(l—a) —a

= 11
Olng 1—a (1)
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Integrating the identity —equation (11)- into the equation of into the Gibbs-Duhem
equation, we obtain,

—a &:[(mn(l—al)] —) (12)

1—a, x, Olna,

In this way 2 is related to activity and therefore to the concept of ideality.

Buchowski showed that when graphingIn (1 —2) vs 1/7; alinear function was obtained
whose slope is 4/

dln(1—a,)

=M (13)

Integration of equation (13) from 7, to 7 gives equation (14).

~In(l-a,) = )\/J[l—L

=M Tm] (14)

where 7, is the melting temperature.

For the solubility curve, equation (14) is rearranged as:

)\(1—.9%): a, (15)

1—q

Hence,
—In(1=a,)=In[I+A(1—-x,)/x,] (16)
So, equations (14) and (16) give the solubility curve:

14—

In

:Ab[ii] (17)

Equation (17) is equal to equation (10).
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RESULTS AND DISCUSSION

The solubilities of sulfadiazine in mixtures of (methanol + water), (ethanol + water)
and (1-propanol + water) were provided by Delgado and Martinez [6-8].

The experimental solubility data were correlated with the van't Hoff equation, Apelblat
equation and Buchowski—Ksiazaczak 15 equation, using the software with the Python
version 3.8 using pandas and NumPy library, the parameters of the models were calcu-
lated with SciPy library and plots were made with Plotly library.

Table 1 shows the parameters of the equations of 15, van’t Hoft and Apelblat, for the
solubility of SD in (methanol + water) co-solvent mixtures. Although Delgado and
Martinez implements the van’t Hoft equation, the purpose is to calculate the thermo-
dynamic functions as shown in other references [39-42], and not, to use the equation
to calculate the solubility at different temperatures regarding the experimental ones
[43, 44]. The melting temperature data, necessary for the development of the 4/ model,
was taken from the literature (259.5 °C) [6].

Table 1. The 24, van’t Hoft and Apelblat equations parameters for sulfadiazine in (methanol +

water) cosolvent mixtures.

Ab van’t Hoff Apelblat

p) b a b A B C
0.0 0.012 453579.478 -5240.132 5.381 721.839 | -37592.530 | -106.700
0.1] 0.024 | 231338.674 | -5471.214 6.531 -450.653 | 15179.951 | 68.083
0.2] 0.048 | 117837.137 | -5637.581 7.547 -245.459 | 5818.116 | 37.662
0.3| 0.102 55545.250 -5641.050 8.306 -873.483 | 34189.980 | 131.315
0.4 0.091 58195.968 -5271.480 7.499 127.882 | -10687.332 | -17.940
0.5 0.071 67026.233 -4794.893 6.372 -636.382 | 24238.424 | 95.718
0.6| 0.065 68272.846 -4436.498 5.607 -453.188 | 16284.888 68.325
0.7] 0.055 74423.661 -4130.908 4.883 -1134.337 | 47356.976 | 169.635
0.8 0.048 80928.039 -3886.460 4.284 -591.953 | 23047.998 88.790
0.9 0.042 87512.255 -3735.108 3.886 -461.868 | 17310.056 | 69.356
1.0 0.033 | 105595.312 | -3502.490 3.205 44861 | -5385.482 | -6.203

w

Table 2 shows the calculated solubility using each of the exposed models, and the rela-
tive deviation, calculated using equation (18) [45-48].
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DR =100(|x7* — x{*

J(xtr )" (18)

Table 2. Calculated solubility of sulfadiazine in (methanol + water) mixtures expressed in mole

fraction (10%x;), from equations of 15, van’t Hoff and Apelblat.

Buchowski-Ksiazaczak 2/ equation

w, 1293.15K| RD |298.15K| RD | 303.15K | RD |308.15K| RD |313.15K| RD

00| 0375 |1326| 0506 |5.195| 0676 |4788| 0895 |1771| 1174 |2.988
01] 0538 |1459| 0736 |0.185| 0996 |2.230| 1335 |1045| 1772 |1.603
02| 0843 |0841| 1.163 |1791| 1589 |0202| 2149 |2.153| 2878 |0.960
03| 1780 |6404| 2457 |4582| 3357 |4.038| 4540 |0.833| 6.082 |2.702
04| 2801 |1866| 3786 |2549| 5.068 |0200| 6720 |0.015| 8831 |0.557
05| 4613 |2671| 6068 |0347| 7911 |3472| 10226 |1.072| 13.111 |2.139
06| 7291 |2672| 9396 |0.525| 12008 |4118 | 15227 |0.660 | 19.165 | 1223
0.7 10.019 |3.404 | 12.686 |1.356| 15940 |4.728 | 19.883 |4.183 | 24.632 | 3.907
0.8 | 12674 |2996| 15824 |1.819| 19.617 | 1.607 | 24.153 |1.704| 29.547 | 2.066
09| 14267 |0.861| 17.659 |1.638| 21.708 |2.939 | 26513 |1268 | 32183 | 1.657
1.0 | 15960 | 1356 | 19493 |1.955| 23.657 |0.316| 28538 |1.515| 34229 |0.633

van’t Hoff equation

00| 0375 |1328| 0506 |5.199| 0676 |4784| 0895 |1769| 1174 |2.980
01] 0538 |1464| 0736 |0.185| 09% |2.234| 1335 |1.049| 1772 |1.605
02| 0843 |0.838| 1.163 |1.790| 1589 |0.199| 2149 |2155| 2878 |0.962
03| 1779 |6410| 2457 |4582| 3357 |4.041| 4540 |0836| 6.082 |2.701
04| 2800 |1862| 3786 |2.546| 5.068 |0204| 6720 |0.013| 8831 |0.551
05| 4613 |2684| 6068 |0347| 7912 |3479| 10227 |1.079| 13.111 |2.140
06| 7290 |2.689| 9396 |0.526| 12.010 |4.129 | 15228 |0.650 | 19.164 | 1.226
0.7 10015 |3438| 12.685 |1.360| 15942 |4.742| 19.887 |4201| 24.633 |3.902
0.8 | 12670 |3.028 | 15.825 |1.820 | 19.620 | 1.625| 24.157 |1.721 | 29.546 |2.070
09| 14262 |0.893| 17.659 |1.635| 21713 |2.960 | 26518 |1285| 32.180 | 1.665
1.0 15955 | 1.384| 19.495 | 1.965| 23.663 |0.341 | 28542 | 1501 | 34221 |0.610

(Continued)
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Table 2. Calculated solubility of sulfadiazine in (methanol + water) mixtures expressed in mole

fraction (10%x;), from equations of 24, van’t Hoff and Apelblat.

293.15K| RD |298.15K| RD | 30315K| RD |308.15K| RD |313.15K| RD

wy

Apelblat equation
00| 0363 |4561| 0513 |6566 0695 |2.070| 0908 |0361| 1.143 |0.253
01| 0550 ]0.694| 0730 |1.007| 0978 |0.371| 1322 |0.048| 1.801 |0.032
02| 0857 |2502| 1161 |1.990| 1574 |1.133| 2135 |1499| 2895 |0.350
03| 1855 |2451| 2417 |2.888| 3239 |0376| 4452 |1.122| 6268 |0.276
04| 2794 |1624| 3802 |2148| 5.095 |0739| 6732 |0.159| 8774 |0.091
05| 4754 0309 5997 |0.829| 7.709 |0.823| 10.083 |0.340 | 13.404 | 0.052
06| 7446 |0.600| 9315 |0.338| 11.788 |2209 | 15.077 |1.638| 19474 |0.373
0.7 10.608 |2280| 12446 |3217| 15224 |0.024| 19359 |1436| 25527 | 0416
0.8 | 13.035 [0.233| 15.655 |0.728 | 19.153 |0.796 | 23.839 |0.382| 30.151 |0.065
09| 14594 | 1411 | 17519 |2416| 21310 |1.050 | 26239 |0221| 32.676 |0.149
1.0 | 15919 | 1.605| 19.506 |2.024| 23.700 |0.500 | 28.567 |1.412| 34.175 | 0472

In all cases, the DR of the data calculated with respect to the experimental data is
less than 7%. which indicates that the three models predict the solubility of SD in
(methanol + water) cosolvent mixtures with good precision. When graphing the
experimental data vs. the calculated data (ﬁgures 2,3y 4), linear holdings are obtained
with correlation coefhicients equal to 0.99, corroborating that these models show good
agreement with the experimental solubility data.

354 -
30
] 72 = 0.99897
20
15

104

5
10 T3—exp

0 5 10 15 20 25 30 35
105m3—cal
Figure 2. Experimental solubility us calculated solubility by 25 model of sulfadiazine in (methanol
+ water) mixtures.
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Figure 3. Experimental solubility vs calculated solubility by van’t Hoff model of sulfadiazine in

(methanol + water) mixtures.
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Figure 4. Experimental solubility vs calculated solubility by Apelblat model of sulfadiazine in

(methanol + water) mixtures.

Table 3 shows the parameters of the equations of b, van’t Hoff and Apelblat, for the
solubility of SD in (ethanol + water) cosolvent mixtures and table 4 shows the calcu-
lated solubility using each of the exposed models, and the relative deviation. As in the
(methanol + water) cosolvent mixtures, the three models predict the solubility data of
the SD, with good precision, in this case, the DR are less than 5%.
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Table 3. The 2/, van't Hoff and Apelblat equations parameters for sulfadiazine in (ethanol + water)

cosolvent mixtures.

w, b van’t Hoff Apelblat

2 h a b A B C
0.0 | 0.012 | 452082.860 | -5242.737 | 5.390 | 713.032 | -37197.056 | -105.387
0.1 | 0.017 | 298576937 | -5212.287 | 5.742 | -48.821 -2742.779 8.123
0.2 | 0.052 | 105393552 | -5505.28 | 7.387 | -459.017 | 15545.968 69.466
0.3 | 0.083 | 64173.623 | -5324.945 | 7.512 | -363.930 | 11469.983 55.305
0.4 | 0.041 | 108496.176 | -4467.030 | 5.208 | -203.729 4971.161 31.114
0.5 | 0.033 | 120784.624 | -4031.583 | 4.188 | -266.243 8182.280 40.273
0.6 | 0.035 | 110275998 | -3904.101 | 4.011 | -190.160 | 4868.094 28915
0.7 | 0.042 91475.436 -3893.641 | 4.175 | 312.345 -17810.217 -45.894
0.8 | 0.042 92808.419 -3869.417 | 4.110 | -118.671 1681.403 18.282
0.9 | 0.031 | 123363.288 | -3815.112 | 3.710 | 257.067 -15252.485 -37.734
1.0 | 0.016 | 220875.617 | -3652.567 | 2.785 193.870 -12282.134 -28.457

Table 4. Calculated solubility of sulfadiazine in (ethanol + water) mixtures expressed in mole frac-

tion (10%x;), from equations of A», van’t Hoff and Apelblat.

Buchowski-Ksiazaczak b equation
w, 1293.15K| RD [298.15K| RD | 303.15K | RD |308.15K| RD |313.15K| RD
00| 0375 |1341| 0506 |5.196| 0.676 |4771| 0895 |1.736| 1175 |2.948
0.1 0592 |0462| 0797 |1.131 1.063 1.363 | 1405 |1.017| 1.841 |0.305
02| 1128 |4139| 1545 |2761| 2095 |3.675| 2814 |0.790| 3742 |1.354
03| 2364 |0262] 3205 |0.558| 4303 |0.203| 5722 |2533| 7.541 | 1481
04| 4406 |0515| 5687 |1.153| 7281 |2.692| 9248 |0449| 11.658 | 0.544
05| 7.022 10893 | 8841 |0464| 11.048 |2.141| 13.710 |0.087 | 16.898 | 0.855
0.6| 9.082 |0400| 11.351 |0.003| 14.086 |0.039| 17.360 | 1.221| 21.258 | 0.854
0.7 | 11.087 |0.162| 13.849 |0.058| 17.177 |0.968 | 21.159 |2.789| 25.896 | 1.773
0.8 | 11285 |0.351| 14.077 | 1.180| 17.435 |0.594| 21.449 |0.785| 26.218 | 0.540
09| 9.107 |0.090| 11.325 |1.677| 13985 |2169 | 17.155 |0429| 20911 | 1.058
(Continued)
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Table 4. Calculated solubility of sulfadiazine in (ethanol + water) mixtures expressed in mole frac-

tion (10%x;), from equations of A4, van’t Hoff and Apelblat.

w, |293.15K| RD |298.15K| RD | 303.15K | RD |308.15K| RD |313.15K| RD
10| 6284 |0304| 7741 |0.023| 9474 |0.135| 11.521 | 1406 | 13.926 | 1.008

van’t Hoff equation
00| 0375 |1344| 0506 |5.199| 0676 |4766| 0895 |1735| 1175 |2.940
01| 0591 |0467| 0797 |1.133| 1063 |1358| 1405 |1.020| 1841 |0.310
02| 1128 |4145| 1545 |2761| 2096 |3.679| 2814 |0.786| 3742 |1.355
03| 2364 |0267| 3205 |0557| 4303 |0.199| 5722 |2536| 7540 |1483
04| 4405 |0528| 5688 |1.150| 7282 |2702| 9249 |0442| 11.657 |0.551
05| 7.020 |0915| 8841 |0460| 11.050 |2.157 | 13711 |0.099 | 16.897 |0.865
06| 9.080 |0422| 11.352 |0.003| 14.088 |0.056| 17362 |1233| 21.255 |0.867
0.7 | 11.085 |0.148 | 13.851 |0.049 | 17.180 |0.985| 21.160 |2781 | 25.891 |1.752
0.8 | 11.283 |0.330| 14.078 | 1.174 | 17439 |0.612| 21451 |0.797 | 26214 |0.555
09| 9.105 |0.105| 11.326 |1.688 | 13988 |2.151| 17.156 |0.421| 20.906 | 1.034
10| 6282 |0285| 7742 |0.012| 9476 |0.157| 11.522 |1.395| 13.923 | 0.982

Apelblat equation
00| 0363 |4561| 0513 |6566 0695 |2.070| 0908 |0361| 1.143 |0.253
01] 0550 ]0.694| 0730 |1.007| 0978 |0371| 1322 |0.048| 1801 |0.032
02| 0857 |2502| 1161 |1990| 1574 |1.133| 2135 |1499| 2895 |0.350
03| 1855 |2451| 2417 |2.888| 3239 |0376| 4452 |1.122| 6268 |0.276
04| 2794 |1624| 3802 |2148| 5.095 |0739| 6732 |0.159| 8774 |0.091
05| 4754 |0309| 5997 |0.829| 7709 |0.823| 10.083 |0.340 | 13.404 |0.052
06| 7446 ]0.600| 9315 |0.338| 11.788 |2.209 | 15.077 |1.638| 19474 |0.373
0.7 10.608 |2.280 | 12.446 |3.217 | 15224 |0.024| 19.359 | 1436 25.527 | 0416
0.8 | 13.035 |0.233| 15.655 |0.728 | 19.153 |0.796 | 23.839 |0.382| 30.151 |0.065
09| 14594 | 1411 | 17519 |2416| 21310 |1.050 | 26.239 |0221| 32.676 |0.149
1.0 15919 | 1.605| 19.506 |2.024| 23.700 |0.500 | 28.567 | 1412 | 34.175 | 0472

Figures 5, 6 and 7 show the correlation between the experimental solubility data of SD
in (ethanol + water) cosolvent mixtures and those calculated with the three models, in
all cases the correlation coeflicients are equal to or greater than 0.99.
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Figure S. Experimental solubility vs calculated solubility by 25 model of sulfadiazine in (ethanol +

water) mixtures.
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Figure 6. Experimental solubility vs calculated solubility by van’t Hoff model of sulfadiazine in

(ethanol + water) mixtures.
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Figure 7. Experimental solubility vs calculated solubility by Apelblat model of sulfadiazine in

(ethanol + water) mixtures.
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Table 5 shows the parameters of the equations of A5, van’t Hoff and Apelblat, for the
solubility of SD in (1-propanol + water) cosolvent mixtures and table 6 shows the cal-
culated solubility using each of the exposed models, and the relative deviation.

Table 5. The regression parameters of the Apelblat, van't Hoff, and 24 model for sulfadiazine in

(1-propanol + water) mixtures.

w, py/ van’t Hoff Apelblat
A b a b A B C

0.0 | 0.012 | 451771.183 | -5243.218 | 5.392 | 712.964 -37194.385 | -105.377
0.1 | 0.016 | 314684.946 | -4894.286 | 5.032 | 371415 -21443.827 -54.561
0.2 | 0.022 | 214826.896 | -4760.884 | 5.136 94.695 -8770.827 -13.357
0.3 | 0.043 | 107306471 | -4636.504 | 5.572 | 373.823 -21276.670 -54.836
0.4 | 0.055 | 83741.522 | -4605.045 | 5.754 | -172.781 3454.943 26.590
0.5 | 0.067 67398.827 -4537.686 | 5.831 -69.720 -1123.467 11.250
0.6 | 0.074 59687.244 -4436.373 | 5.741 166.048 -11686.808 -23.867
0.7 | 0.056 | 73997.588 | -4171.041 | 4.970 | -39.879 -2132.985 6.672
0.8 | 0.045 | 88738406 | -3996.161 | 4422 | -175.520 | 4134.765 26.795
0.9 | 0.029 | 132531458 | -3874.517 | 3.764 | 165295 | -11166.077 | -24.058
1.0 | 0.016 | 248491.514 | -3949.778 | 3296 | -427.185 | 15494.320 64.107

Table 6. Calculated solubility of sulfadiazine in (1-propanol + water) mixtures expressed in mole

fraction (10%x;), from equations of 25, van’'t Hoff and Apelblat.

Buchowski-Ksiazaczak 25 equation

w; 293.15K| RD [298.15K| RD | 303.15K | RD |308.15K| RD |313.15K| RD
00| 0375 |1.342| 0.506 5.197 0.676 4770 0.895 |1.736| 1175 |2.948
0.1 0860 |0.856| 1.138 0.643 1.491 0373 | 1938 2213 | 2498 |1.678
02| 1505 |1.653| 1976 1.035 2572 | 3.044| 3318 |2431| 4247 |0.091
03] 3556 |0.135| 4.635 0.915 5990 |0.090 | 7.678 |2591| 9764 |1.774
04| 4753 |1420| 6.184 1.561 7.978 0.055| 10.208 | 0.461 | 12961 |0.645
0.5] 6455 |2143| 8.368 3.534 | 10754 | 1.629 | 13.711 |0.533| 17.348 |0.214
0.6 8334 |1.577| 10740 |2.261 | 13.726 |0.651| 17.406 |2.347| 21.908 |1.072
0.7 9.537 10.496| 12.105 | 1.541 | 15.245 |2.492| 19.059 |1.882| 23.662 |0.382
(Continued)
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Table 6. Calculated solubility of sulfadiazine in (1-propanol + water) mixtures expressed in mole

fraction (10%x;), from equations of 24, van’t Hoff and Apelblat.

Buchowski-Ksiazaczak 2h equation

w; |293.15K| RD [298.15K| RD | 303.15K | RD |308.15K| RD |313.15K| RD

0.8 | 10.006 |1.358 | 12573 | 1.946 | 15.681 |1.178 | 19.422 |1.384| 23.896 |0.761
09| 7849 |1704| 9.795 |3.547 | 12135 | 1.733| 14.933 |1.002 | 18258 |0.980
10| 3801 [1935| 4764 | 1.137 5926 10934 | 7321 |1486| 8986 |1.596

van’t Hoff equation
00| 0375 |1344| 0506 |5200| 0.676 |4766| 0895 |1.735| 1.175 |2.940
01| 0860 |0.851| 1.138 | 0.640 1492 0380 | 1938 |2210| 2498 |1.669
02| 1505 |1.648| 1976 | 1.031 2572 |3.037 | 3318 |2435| 4247 |0.082
03| 3555 |0.142 4635 | 0919 5991 |0.098 | 7.678 |2.587| 9763 | 1764
04| 4752 | 1431 | 6184 | 1563 | 7979 |0.064| 10209 |0.468 | 12960 |0.651
05| 6455 |2154| 8368 |3.537 | 10755 |1.620| 13712 |0.539 | 17.347 |0.221
06| 8333 |1587| 10740 | 2265 | 13.728 |0.661 | 17.407 |2.341| 21.906 | 1.063
0.7] 9536 |0510| 12105 | 1.546 | 15247 |2479 | 19.061 | 1.890 | 23.659 |0.394
0.8 | 10.004 | 1378 | 12573 | 1.951 | 15.684 |1.162| 19424 |1.395| 23.893 |0.772
09| 7.848 |1.721| 9795 | 3556 | 12137 |1716| 14934 |0.993 | 18254 | 0.960
1.0 3.800 |1.962| 4764 | 1.140 5927 10952| 7.322 |1500| 8985 | 1.603
Apelblat equation

00| 0363 |4536| 0512 |6.551 0.695 [2.086| 0908 |0343| 1.144 |0.248
01| 0.845 |0911| 1145 | 0.006 1513 | 1.841| 1953 |1455| 2465 |0.356
02| 1507 |1769| 1986 | 0566 | 2583 |2.612| 3320 |2485| 4218 |0.589
03] 3490 |1992| 4662 | 1.508 6077 | 1546 | 7739 |1810| 9.642 |0.504
04| 4789 10662 6162 | 1.196| 7921 |0.661| 10.171 |0.097 | 13.046 |0.013
05| 6479 |1787| 8357 | 3401 | 10722 |1.923| 13.688 |0.360 | 17.388 |0.016
0.6| 8256 2490 | 10.761 | 2460 | 13.811 |1.272| 17471 |1.981| 21.801 |0.579
0.7 9573 ]0.116| 12108 | 1.567 | 15223 |2.633| 19.032 | 1.735| 23.666 |0.367
0.8 | 10.094 | 0492 | 12535 | 1.642 | 15571 | 1.871| 19.345 |0.984 | 24.035 |0.183
09| 7793 |2416| 9.826 |3.882 | 12215 |1.084| 14981 |0.683| 18.140 |0.327
10| 3878 |0.039| 4726 |0.341 5825 10789 | 7254 |0551| 9.121 |0.120
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According to the results shown in table 6 and figures 8, 9 and 10, in which the exper-
imental and calculated solubility are compared. the three solubility models, includ-
ing Apelblat model, Buchowski-Ksiazaczak 1/ equation and van't Hoff model, were
applied to fit with experimental data obtaining a good predictability of the experimen-
tal data, since the DR values do not exceed 5%.
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Figure 8. Experimental solubility vs calculated solubility by 25 model of sulfadiazine in (1-propanol

+ water mixtures) mixtures.
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Figure 9. Experimental solubility vs calculated solubility by van't Hoff model of sulfadiazine in

(1-propanol+ water) mixtures.

In general terms, from the results shown in tables 2, 4, 6 and figures 2-10, it can be
observed that the Apelblat model, Buchowski-Ksiazaczak 2/ equation and van’t Hoft
model gave almost the same goodness of fit to the experimental data. Error percent-
ages of the predicted solubility values obtained from calculations using both models
were below 5%, except for one point of SD solubility in (methanol + water) mixtures
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Figure 10. Experimental solubility vs calculated solubility by Apelblat model of sulfadiazine in

(1-propanol+ water) mixtures.

(wsat 293.15 K). The goodness of fit of these equations can also be seen from the r?
values listed in figures 2-10, which are almost unity. Buchowski ez /. [38] stated that
in an ideal solution, the value of X equals to 1. The values of the obtained equation
parameter (1) in tables 2, 4 and 6 showed that the SD in (methanol + water), (ethanol
+ water) and (1-propanol + water) cosolvent mixtures, understandably were nonideal.
This agrees with Delgado and Martinez [6-8], who reported that solution of SD in

some cosolvent mixtures are highly non-ideal.
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Da Silva-Barros Jr., Francisco Reivilindio 89

Da Silva-Castro, Marcelo Werneck 656
Da Silva-Ferreira, Rosilene Gomes 482
Da Silva-Lyra, Wellington 355
Da Veiga Jr., Valdir Floréncio 482
De Andrade Jr., Francisco Patricio 374,790

De Andrade-Tanobe, Valcineide Oliveira 70
De Aratijo-Morais, Danilo 581
De Brito-Pontes, Daniel 581
De Camargo-Eisinger, André Bernardo 5
De Carvalho, Julio Cesar 70

De Carvalho-Teles Jr., Gilmar Anténio 329
De Castro, Laurieny Eloina 218
De Freitas-Santos Jr., Anibal 329
De Lima, Maria Elena 602
De Lima-Yamaguchi, Klenicy Kazumy 482
De Melo-Pereira, Gilberto Vinicius 70
De Morais, Fernanda Bérbara 218
De Oliveira, Silvio C. 472,699,710

De Oliveira-Carvalho Jr., Rafael Gustavo 641

De Oliveira-Rezende, Aline 581
De Souza Dias, Fernanda 329
Delgado, Daniel Ricardo 234, 675
Dias dos Santos Jr., Wilson Saback 329
Diaz-Casanas, Elaine 280
Diaz-Jiménez, Jorge Luis 675
Diaz-Rodriguez, Viviana Andrea 17
Do Livramento de Paula, Maria 28, 89, 355,
656
Dominguez-Salgado, Maria del Mar 137
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Dos Reis, Luis F. C. 401, 432
Duarte de Lira, Priscila 482
Durin-Gonzélez, Alberto 101
Escalera-Izquierdo, Begona 740
Fajardo-Granados, David Eduardo 137
Ferndndez-Cervera, Mirna 306
Ferreira-Perez-Villar, José¢ Augusto 218
Ferreira-Watanabe, Julia 5
Fonseca-Gola, Antonio 306
Fonseca-Silva, Eduardo 656
Fresno-Contreras, Maria José 740
Galindres, Diana M. 822
Gallego-Gémez, Juan Carlos 114
Garcia, Alejandro 137
Garcia-Murillo, José Darwin 234

Gimenez, Maria Cecilia 159

Giraldo-Murillo, Carlos Eduardo 452
Girotto, Edmarlon 101, 183
Gongalves-Lima-Neto, Lidio 581
Gongalves-Rodrigues-Ferreira, Leticia 267
Goularte-Garso, Pedro Augusto 183
Gruszycki, Mabel Rosalia 159
Guedes-Coutinho, Gabrielle 581
Guidoni, Camilo Molino 183
Guilhon-Simplicio, Fernanda 482
Guimaraes da Costa, Myrcéia Carolyne 656
Hernandez-Cuellar, Camilo Eduardo 114
Herrera-Ramirez, Carolina 776
Holanda-Sales, Everton 614
Hoyos-Armero, Diana Patricia 776
Ibanez-Bersinger, Cristhian 806
Ivanushko, Yana G. 472,669,710

Karp, Susan Grace 70

Kornet, Maryna M. 472
Kushnir, Marta V. 472,669,710
Lava, Divyata 720
Ledn-Alfonso, Graciela Astrid 199
Ledn-Méndez, Glicerio 806
Lima, William Gustavo 218,267,602

Lima-Hunaldo, Virlane Kelly 28

Luganska, Olga V. 472,710
Lukanova, Svitlana M. 710
Macedo-Santiago, Luis Angelo 581
Machado-Gongalves, Leticia 581
Macke-Hellwig, Fernanda. 509

Malesuik, Marcelo Donadel 509
Malvarez-Fernandez, Yolanda 280
Marin, Oranys 70

Marques-Machado, Tallita 482
Martinez, Laura A. 291
Martinez-Pabén, Maria Cecilia 44
Martins de Sousa, Eduardo 581
Matos-Pereira, Ana Patricia 614
Mendes-Aciole, Italy Heibe 790
Molino-Guidoni, Camilo 101
Mondego-Oliveira, Renata 581
Moraes, Gabriel O. L. 401
Moraes-Neto, Roberval Nascimento 581
Moreira-Brito, Julio César 602

Mouchrek-Filho, Victor Elias 28, 89, 355, 614,

641, 656
Nascimento da Silva, Luis Claudio 581
Nascimento-Mouchrek, Adenilde 656
Netto, Manoel F. R. 401,432
Noseda, Miguel Daniel 70
Nufez, Maria Beatriz 159
Odyntsova, Vira M 472,710
Oliveira da Guarda-Souza, Marluce 329

28, 89,355,614,

Oliveira-Fverton, Gustavo

641, 656
Oliveira-Toledo, Silvia Leticia 267
Ortega-Cuadros,Mailen 44
Ortiz, Claudia Patricia 234,675,776
Oso, Babatunde Joseph 171
Osorio, Jhonny 822
Oviedo, Carlos D. 822
Oza, Swati 720
Paim, Clésio Soldateli 509
Paiva, Magna Cristina 267
Péjaro-Castro, Nerlis 806
Pampaniya, Rami 720
Parchenko, Volodymyr V. 472,710
Pereira B. Cordeiro, Lidia 602
Pereira de Souza, Julia Beatriz 790
Pereira-Aratjo, Rebecca Jemima 641
Pérez-Zamora, Cristina 159
Petterle, Ricardo 759
Piechnik, Claudio Adriano 759

Pinheiro-Soares-Ferreira, Rayana Larissa 581

Pishak, Olga V. 710
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Pontes-Albuquerque, Rafacla
Prates da Silva, Mayra Karla
Preciado-Correal, Gloria Marcela
Quigua-Medina, Yina Andrea
Quintero-Quimbaya, Juan Camilo
Quintino da Rocha, Cldudia
Quiroga-Luque, Clara Alejandra
Ramos-Carvalho Jr., Carlos Magno
Ramos-Jaramillo, Manuela

Reis, Jonas Batista

Ribeiro, Joelkson Diniz
Rivera-Diaz, Paola A.
Rivera-Ospitia, Sandra Milena
Rocha da Silva-Santos, Felipe

581
218
17
234
776
581
137
329
452
355
355,656
776
776
218

Rodrigues dos Santos, Isabella Cristina 267

Rodrigues-Nébrega, Jefferson
Rodriguez-Chamorro, Miguel Angel
Rojas-Motta, Jhon Edinson
Rojas-Motta, Ménica

Roll-Feij6, Adriane Lettnin
Romaniv, Lyudmyla V.
Rubiano-Daza, Henry
Saavedra-Plazas, Diana Carolina
Saborio-Ql_esada, Nathalie
Sanabria, Lina M.

Santos de Oliveira, Rayone Wesly
Santos, Gérsika B.

Santos-Junior, Paulo Sérgio

852

374
740
675
675
509
699
776
70,759
387
291
89,355
401, 432
614

Sarria-Cabrera, Marcos Aparecido 101
Serhata, Nataliia S. 669
Serra-Rosa, Paulo Victor 614, 641
Silva-Costa-Mafra, Nilton 614
Silva-Gongalves, Gisele Mara 5
Silva-Herrera, Karina Marjorie 218
Silva-Lima, Emerson 482
Silva-Mendonca, Caritas de Jesus 614
Silva-Sousa, Paula Mariane 374
Silva-Souza, Franscristhiany 614
Silveira-Silva, Renata Michelle 267
Siqueira-Ferre, Jaqueline Maria 218
Soares, Ana Caroline 602
Soccol, Carlos Ricardo 70
Souza de Lima, Helson 656
Teles, Amanda Mara 641
Thomaz-Soccol, Vanete 70
Tinoco, Luz Elena 822
Tkach, Volodymyr V. 472,699,710
Valenzuela, Gabriela Malena 159
Vallejos-Narvaez, Alvaro 17,137
Vasconcelos-Melo, Andréa 656
Vieira da Silva-Menolli, Poliana 183
Vilar-Cordeiro, Laisa 374,790
Yagodynets’, Petro L 472,669,710
Zhong-Lin, Carlos 137
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INDICE ANALITICO DE TERMINOS

Espafol

Aceite esencial

Aceite vegetal

Acido benzoico

Acido benzoico

Acidos grasos
Acoplamiento molecular
Actividad antibacteriana
Actividad antiftingica
Actividad antimicrobiana
Actividad antiviral
Actividad bioldgica
Actividad fungistdtica
Alcoholes

Aloe

Ambiente acudtico
Amirinas alfa y beta
Analisis quimico
Anticoagulantes
Antimicrobiano
Antioxidantes

B. orellana L.

Baja solubilidad en agua
Bienestar

Biomarcadores
Bryophyllum pinnatum Lam
Cancer en veterinaria
Céncer humano

Candida albicans

Caracterizacién fisicoquimica

Celdas de Franz

Cinético

Colombia

Complejos

Compuestos fendlicos
Compuestos fitoquimicos
Compuestos volatiles
Concentracién letal media
Conocimiento preventivo
Control de calidad
Coronavirus

COVID-19

615
159
292
306
172
807
219
219
582
219

71

90
720
791
268
483

71
137
615

71
615
330
759
114
172
453
453

219,403

330
292
615
776
292
219
582

90
235
776
330

776,807

776

Cromatografia gaseosa
Cucurbita mixta Pangalo
Deprescripcion
Descubrimiento de firmacos
Diabetes mellitus
Disolucién

Drogas

Efectos adversos

EGFR

Emulsién

Enfermedades

Enoxaparina

Errores de medicacién
Espana

Especies reactivas de oxigeno

306
159

17
114
103
330
330
759
453
159
740
137
199
498
403

Espectroscopia infrarroja por transformada de

Fourier
Estabilidad
Estatinas
Estructura molecular
Eugenol
Evento adverso
Extraccién de aceite
Ficus exasperata Vahl
Fitoquimicos
Fitoterapia
Fluconazol
Foliculo preantral
Ganodermataceae
Gatifloxacina
Género
Gossypium herbaceum Linn
Grupo sanguineo
HER2
Hidrodestilacién
Hilleria latifolia (Lam.) H. Walt
Iberoamérica
IIKBI
Indicadores de prescripcién
Inhibidores
Interacciones farmacoldgicas
Irritabilidad

Lacosamida

71
280
103
114

90
103
159
172

44
791
403
759

71
676
776
172
740
453

90
172
498
676
199
453

17
280
720
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Medicamentos 387 Reacciones adversas 17,137
Medios de comunicacién 387 Receta médica 498
Mentol 306 Régimen juridico 498
Microscopia confocal 114 Reglamento 387
Modelo de Abraham 235 Rendimientos de extraccién 483
Modelo de Apelblat 822  Resistencia a antibidticos 268
Modelo de Buchowski-Ksiazaczak 15 822 Resistencia a los antimicrobianos 403,433
Modelo de van’t Hoff 822  Salicilato de metilo 306
N,N-dimetilformamida 676  Salud bucal 44
Optimizacién de extraccién 483  Seguridad alimentaria 172
Oxacilina 433 Seguridad 292
Pacientes hospitalizados 137  Sericina 280
Pandemia 807 Solubilidad 235, 676, 822
Pardmetros actisticos 720  Solvatacién preferencial 676
Patégenos humanos 582 Sondas moleculares 114
Pequefias moléculas 807  Staphylococcus aureus 268, 433
Piel 292  Sulfadiazina 822
Pimenta dioica 90 Sulfonamidas 235
Plantas medicinales 791  Suplemento dietético 759
Poblacién mayor de 60 afios 740  Talinum paniculatum 403,433
Polifarmacia 17 Técnicas de rompimiento 71
Préctica 776  Técnicas in vitro 114
Prescripcién inapropiada 17  Terapias complementarias 791
Preservantes 292 Terpenos 44
Probiético 759  Timol 306
Productos naturales 582 Tratamientos antivirales 807
Protium 483  Validacién de métodos analiticos 306
Prueba D. 268 van’t Hoff 235
Pruceba de borde de zona de penicilina 268 Velocidad ultrasénica 720
Pruebas sin animales 759  Virus del dengue 219
Publicidad 387 Warfarina 137
Quinolonas 268
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Inglés

1-(2-pyridylazo)-2-naphthol

Abraham model
Acoustical parameters
Adverse drug reactions
Adverse effect
Adverse reactions
Advertising

Alcohols

Aloe

Alpha and beta-amyrins
Antibacterial activity
Antibiotic resistance
Anticoagulants
Antidepressants
Antifungal activity
Antifungals
Antimicrobial
Antimicrobial activity
Antimicrobial resistance
Antioxidants
Antiviral activity
Antiviral treatments
Apelblat model
Artemia salina
Association

Azo-dyes

B. orellana L.

Bacteria

Benzoic acid
Biological activity
Biomarkers
Biomphalaria glabrata
Blood glucose

Blood group

Bromoacetylation

Bryophyllum pinnatum Lam
Buchowski-Ksiazaczak A/ model

Candida albicans
Candida

Cassava liquor
Chemical analysis

Chemically modified electrodes

Citrus sinensis L.

356
234
720
101
760
17,138
388
720
790
482
218
267
138
184
218
375
614
582,642
402,433
70

218
806
822

29

375
700
614
657
291, 307
70

115

29

5

741
603
171
822
218,402
375
356

70

711
642

Citrus sinensis (L.) Osbeck
Colombia
Complementary therapies
Complexes

Conducting polymers
Confocal microscopy
Copper (II)
Coronavirus

Cosmetic

COVID-19

Cucurbita mixta Pangalo
Degradation products
Dengue virus
Deprescription
Diabetes mellitus
Dietary supplement
Diseases

Dissolution

Drug discovery

Drug interactions
Drugs

D-test

EGFR

Electrochemical sensors
Electropolymerization
Enoxaparin

Essential oil

Essential oils

Eugenol

Extraction optimization
Fatty acids

Ficus exasperata Vahl
Fluconazole

Food dyes

Food security

29

777
790
291,711
700
115
356
777,806
160
777
160
509
218

17

101
760
741
329
115

17

329
267
452
473,700
711
138
614
642
89,657
482
171
171
402
700
171

Fourier-transform infrared spectroscopy 70

Franz cells

Fungistatic activity
Ganodermataceae

Gas chromatography
Gatifloxacin

Gender based
Glibenclamide

Gossypium herbaceum Linn
Hepatoprotection

291
89
70

307

675

777

5

171

5
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HER2 452 Physicochemical characterization 329
Hilleria latifolia (Lam.) H. Walt 171 Phytochemical compounds 582
HPLC 509 Phytochemicals 44
Human cancer 452 Phytotherapy 790
Human pathogens 582 Pimenta dioica Lindl 642
Hydrodistillation 29, 89,657 Pimenta dioica 89, 657
Iberoamerica 498 Polyethylene glycol (PEG) 603
Ibuprofen 375 Polypharmacy 17
IKBI 675 Population over 60 741
Impurities 509 Practice 777
In vitro techniques 115 Preantral follicle 760
Inappropriate prescription 17 Pre-biotic 760
Indigo-carmine 700 Preferential solvation 675
Inhibitors 452 Prescription indicators 200
Inpatients 138 Preservatives 291
Insubosine 473 Preventive knowledge 777
Irritability 281 Protium 482
Kinetic 614 Quality control 329
Lacosamide 720 Quinolones 267
Legal regime 498 Reactive oxygen species 402, 433
Lethal median molar concentration 234 Regulations 388
Link compounds 473 Schiff bases 711
Longitudinal study 184  Schistosomiasis 29
Low water solubility 329 Security 291
Media 388 Self-rated health 184
Medical prescription 498 Sericin 281
Medication errors 200 Side effects 17,138
Medications 388 Skin 291
Medicinal plants 790 Small molecules 806
Menthol 307 Solubility 234,675, 822
Methyl salicylate 307 Spain 498
Molecular docking 806 Spore-breaking techniques 70
Molecular probes 115 Stability 281,509
Molecular structure 115 Stable steady-state 473,700,711
N,N-dimethylformamide 675  Staphylococcus anreus 267,433
Natural products 582 Statins 101
Non animal testing 760 Streptozotocin 5
Nucleophilic addition 603 Sulfadiazine 822
Oil extraction 160 Sulfonamides 234
Oral health 44 Supplement 5
Oxacillin 433 Susceptibility 402
Pandemic 806  Talinum paniculatum 402, 433
PEGylation 603 Terpenes 44
Penicillin zone-edge test 267 Thymol 307
Phenolic compounds 218 Tirofiban 509
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Toxicity 642
Triazoles 473
Ultrasonic velocity 720
UV molecular absorption

spectrophotometry 356
Validation of analytical methods 307
van’t Hoff 234
van’t Hoff model 822

Vegetal oil
Veterinary cancer
Volatile compounds
Warfarin

Water environment
Wellness

Yielding extraction
Zinc

160
452
29,89, 657
138
267
760
482
711
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Portugués

(1-(2-piridilazo)-2-naftol)

Adicio nucleofilica

Aguardente de mandioca

Aloe

Ambiente aquatico

Antidepressivos

Antifingicos

Artemia salina

Associagao

Atividade antibacteriana

Atividade antifingica

Atividade antimicrobiana

Atividade antiviral

Autopercepgio de saude

Bactérias

Bases de Schiff

Biomphalaria glabrata

Bromoacetilacio

Candida

Candida albicans

Citrus sinensis L.

Citrus sinensis (L.) Osbeck

Cobre(II)

Complexos

Compostos de ligacio

Compostos fendlicos

Compostos voldteis

Corantes alimentares

Corantes azoicos

Diabetes mellitus

D-teste

Elétrodos quimicamente modificados

Eletropolimerizagao

Espectrofotometria de absor¢ao
molecular UV

858

355
602
355
791
269
183
376
28
376
220
220
641
220
183
656
710
28
602
376
220
641
28
355
710
472
220
28,656
699
699
102
269
710
710

355

Esquistossomose 28
Estabilidade 510
Estado estacionirio estavel 472,699,710
Estatinas 102
Estudo longitudinal 183
Eugenol 656
Eventos adversos 102
Fitoterapia 791
Glibenclamida 6
Hidrodestilacio 28,656
HPLC 510
Ibuprofeno 376
Impurezas 510
fndigo-carmim 699
Insubosina 472
Oleos essenciais 641
PEGuilagio 602
Picolinato de cromo 6
Pimenta dioica Lindl 641
Pimenta dioica 656
Plantas medicinais 791
Polietilenoglicol (PEG) 602
Polimeros condutores 699
Produtos de degradagao 510
Quinolonas 269
Resisténcia a antibidticos 269
Sensores eletroquimicos 472,699
Silimarina 6
Staphylococcus aureus 269
Streptozotocina 6
Terapias complementarias 791
Teste da borda da zona da penicilina 269
Tirofibana 510
Toxicidade 641
Triazbis 472
Virus da dengue 220
Zinco 710
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NORMAS PARA
PUBLICACION

La Revista Colombiana de Ciencias Qui-
mico Farmacéuticas es editada por el
Departamento de Farmacia de la Univer-
sidad Nacional de Colombia (Sede Bogo-
td), con una periodicidad cuatrimestral
y tiene como objetivo publicar articulos
originales de diversos tépicos relaciona-
dos con las ciencias farmacéuticas como
recursos naturales, atencidn farmacéutica,
evaluacién clinica y preclinica, y los rela-
cionados con la industria farmacéutica, la
salud y los medicamentos.

Ademis 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 electronico reci-
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 tendrdn 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 o el Comité Editorial lleven a cabo
594

una segunda revisiéon del manuscrito, la
revista comunicard a los autores la deci-
sidén 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-
cidn 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 manus-
critos

e La fuente de los manuscritos debe ser
Times New Roman tamano 12.

e No se admiten notas a pie de pégina.
e Titulo, centrado y en mindscula.

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 (.).

e Losarticulossedividirinenlassiguientes
secciones: Introduccién, Metodologia,
Resultados y Discusion, 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
deberd estar clasificado botdnicamente.

Las abreviaturas de pesos y medidas serdn
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 4 max (McOH) 275 (log & 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
(CDCI,, 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, 4 = 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:
EtOH= etanol, MeOH = metanol,
CHCI3 = cloroformo, CH, = benceno,
AcOFt = 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
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