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SUMMARY

Background: Self-nanomicellizing solid dispersion (SNMSD) is a method that integrates the advantages
of solid dispersion with nanomicelles, enhancing the oral bioavailability of poorly water-soluble phar-
maceuticals. This solid drug delivery system, when it comes into contact with GIT fluids, it forms na-
nomicelles. Canagliflozin (CFZ), a sodium-glucose co-transporter inhibitor, has become popular for
managing type 2 diabetes. CFZ faces biopharmaceutical challenges such as poor water solubility, poor
permeation, and susceptibility to P-glycoprotein mediated efflux, posing challenges for its pharmaceu-
tical development. This study aims to compare the in-vivo pharmacokinetic parameters of CFZ in rats
when prepared as SNMSD versus CFZ-suspension. Methods: The SNMSD formula was prepared using
a solvent evaporation method using soluplus as a nanocarrier in a drug-to-carrier ratio of 1:4. The in-
vivo studies were conducted on twelve male Wister rats with an average weight of 230+9.3 g. The rats
were divided into two groups. In Group 1, the rats were orally administered pure CFZ in 0.1% w/v
carboxymethylcellulose 2 mg/mL suspension. In Group 2, the rats were administered the identical dos-
age of the CFZ-SNMSD formula dissolved in water given orally. Results: The pharmacokinetics param-
eters in rats were obtained from plasma concentration/time data of the prepared CFZ-SNMSD formula,
and these parameters were significantly higher (p < 0.05) when compared with CFZ-suspension. Cmax
for the CFZ-SNMSD formula was 4109 ng/ml, and Tmax was 2 hours compared to the CFZ-suspension
Cmax value of 1401 ng/mL and 4 hours. The relative bioavailability of canagliflozin for oral SNMSD cap-
sule to oral suspension was equal to 204.7%. This is due to soluplus® dispersibility, solubilization, and
p-glycoprotein inhibitory effect, overcoming GIT membrane barriers. Conclusions: The utilization of
SNMSD demonstrated great promise as an oral delivery system to enhance the oral bioavailability of
canagliflozin.

Keywords: Self-nanomicellizing; pharmacokinetics; bioavailability; canagliflozin

RESUMEN

Evaluacion de la farmacocinética in vivo de la dispersion solida auto-nanomicelizante de canagli-
flozina en capsulas orales

Antecedentes: La dispersion sdlida auto-nanomicelizante (SNMSD) es un método que combina las ven-
tajas de la dispersion solida con nanomicelas, mejorando la biodisponibilidad oral de farmacos poco
solubles en agua. Este sistema de liberaciéon de medicamentos sélidos forma nanomicelas al entrar en
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contacto con los fluidos del tracto gastrointestinal (GIT). La canagliflozina (CFZ), un inhibidor del co-
transportador de sodio-glucosa, ha ganado popularidad para el tratamiento de la diabetes tipo 2. Sin
embargo, CFZ enfrenta desafios biofarmacéuticos, como baja solubilidad en agua, baja permeacion y
susceptibilidad a la expulsién mediada por la glicoproteina P, lo cual representa un reto para su desa-
rrollo farmacéutico. Este estudio tiene como objetivo comparar los parametros farmacocinéticos in vivo
de CFZ en ratas cuando se prepara como SNMSD en comparacién con una suspension de CFZ. Méto-
dos: La férmula SNMSD se prepar6 mediante un método de evaporacion de solvente utilizando solu-
plus como nanotransportador en una relacion farmaco-transportador de 1:4. Los estudios in vivo se
realizaron en doce ratas Wister machos con un peso promedio de 230 + 9,3 g. Las ratas se dividieron en
dos grupos: en el Grupo 1, las ratas recibieron oralmente CFZ puro en una suspension de 2 mg/mL en
carboximetilcelulosa al 0,1% p/v. En el Grupo 2, las ratas recibieron la misma dosis de la férmula CFZ-
SNMSD disuelta en agua por via oral. Resultados: Los parametros farmacocinéticos en ratas se obtu-
vieron a partir de datos de concentracién plasmatica/tiempo de la formula CFZ-SNMSD, y estos para-
metros fueron significativamente mas altos (p <0,05) en comparacion con la suspension de CFZ. El valor
de Cmax para la formula CFZ-SNMSD fue de 4109 ng/ml, y el Tmax fue de 2 horas en comparacion con
el valor de Cmax de 1401 ng/mL y Tmax de 4 horas de la suspension de CFZ. La biodisponibilidad relativa
de la canagliflozina para la capsula oral de SNMSD en comparacion con la suspension oral fue del
204,7%. Esto se debe a la capacidad de dispersion, solubilizacién y el efecto inhibidor de la glicoproteina
P de Soluplus®, superando las barreras de la membrana del GIT. Conclusiones: El uso de SNMSD de-
mostrd un gran potencial como sistema de liberacion oral para mejorar la biodisponibilidad de la cana-
gliflozina.

Palabras clave: Auto-nanomicelizante; farmacocinética; biodisponibilidad; canagliflozina

RESUMO

Avaliacao farmacocinética in vivo da dispersdo solida autonanomicelizante de canagliflozina como
formas de dosagem de capsulas orais

Contexto: A dispersao sdlida autonanomicelizante (SNMSD) é um método que integra as vantagens da
dispersao solida com nanomicelas, aumentando a biodisponibilidade oral de produtos farmacéuticos
pouco soluveis em agua. Este sistema de administragao de medicamentos sélidos, quando entra em
contato com fluidos do TGI, forma nanomicelas. A canagliflozina (CFZ), um inibidor do cotransporta-
dor de sddio-glicose, tornou-se popular no tratamento do diabetes tipo 2. A CFZ enfrenta desafios bio-
farmacéuticos, como baixa solubilidade em agua, baixa permeagao e suscetibilidade ao efluxo mediado
pela glicoproteina P, o que representa desafios para seu desenvolvimento farmacéutico. Este estudo tem
como objetivo comparar os parametros farmacocinéticos in vivo da CFZ em ratos quando preparada
como SNMSD versus suspensao de CFZ. Métodos: A férmula SNMSD foi preparada usando um mé-
todo de evaporacao de solvente usando Soluplus como nanocarreador em uma proporcao de farmaco
para carreador de 1:4. Os estudos in vivo foram conduzidos em doze ratos Wister machos com peso
médio de 230 + 9,3 g. Os ratos foram divididos em dois grupos. No Grupo 1, os ratos receberam CFZ
puro por via oral em suspensdo de carboximetilcelulose 0,1% p/v 2 mg/mL. No Grupo 2, os ratos rece-
beram a dosagem idéntica da férmula CFZ-SNMSD dissolvida em agua administrada por via oral. Re-
sultados: Os parametros farmacocinéticos em ratos foram obtidos a partir de dados de concentragao
plasmatica/tempo da férmula CFZ-SNMSD preparada, e esses parametros foram significativamente
maiores (p < 0,05) quando comparados com a suspensao CFZ. Cmax para a formula CFZ-SNMSD foi de
4109 ng/ml, e Tmax foi de 2 horas em comparagao com o valor Cmax da suspensao CFZ de 1401 ng/mL e 4
horas. A biodisponibilidade relativa da canagliflozina para capsula oral de SNMSD para suspensao oral
foi igual a 204,7%. Isso se deve a dispersibilidade, solubilizacao e efeito inibitorio da glicoproteina P do
Soluplus®, superando as barreiras da membrana do TGIL. Conclusées: A utilizacao de SNMSD demons-
trou grande promessa como um sistema de administragao oral para aumentar a biodisponibilidade oral
da canagliflozina.

Palavras-chave: Autonanomicelizacdo; farmacocinética; biodisponibilidade; canagliflozina
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1. INTRODUCTION

Self-nanomicellizing solid dispersion combines widely accepted solid dispersions and na-
nomicelles strategies to improve the oral bioavailability of challenging drugs. This novel strat-
egy offers the advantage of solid dispersion and nanotechnology-based approaches as it forms
nanosized micelles upon contact with an aqueous media. It combines an active pharmaceutical
ingredient with a single or multiple amphiphilic block copolymer. It can achieve high dissolu-
tion characteristics of poorly water-soluble compounds by its self-nanomicellizing potency [1,
2].

Canagliflozin (CFZ) is a new orally active sodium-glucose co-transporter (SGLT II) inhib-
itor that diminishes renal tubular glucose reabsorption and is extensively utilized for the man-
agement of type 2 diabetes mellitus (T2DM) via insulin-independent mechanisms [3].

CFZ has an absolute oral bioavailability of about 60-65%, with plasma protein binding of
99%. After a single oral dosage, CFZ terminal half-life was 10.6-13.1 hrs. It is practically insol-
uble in aqueous media with a significant volume of distribution of 119 L [4]

Despite its promising anti-diabetic activity, CFZ faces biopharmaceutical challenges such
as poor water solubility, poor permeation, and susceptibility to P-glycoprotein (P-gp) medi-
ated efflux. These challenges can lead to erratic bioavailability, which poses a significant ob-
stacle to developing a successful oral drug product [5].

Soluplus® is an amphiphilic copolymer utilized to improve the stability and bioavailabil-
ity of hydrophobic substances. It forms a micelle with the drug through interactions between
its hydrophilic and hydrophobic regions [6].

Patil et al. 2023 studied and evaluated in-vitro, in-vivo, and in-silico molecular docking
canagliflozin hemihydrate-loaded bilosomes using the solvent evaporation method. The opti-
mized formulation was tested for in-vitro drug release, in-vivo pharmacokinetic evaluation,
and in-silico molecular docking to determine sodium deoxycholate's ability to lower blood
sugar levels. The optimized CFZ-blossoms showed a 92.60% w/w EE and 177.40 nm vesicle
size, significantly increasing CFZ release compared to CFZ in aqueous dispersion. CFZ-Bilo-
somes increased Cmax by 1.5 times, increased bioavailability by 1.6-fold when formulated as
Bilosomes, and in-silico molecular docking demonstrated hypoglycemic potential when com-
bined with SDC, suggesting potential synergistic treatment for diabetes mellitus [7].

Singh et al. in 2021 focus on optimizing and evaluating a polymeric precipitation inhibitor-
based supersaturable self-microemulsifying drug delivery system for the biopharmaceutical
classification system (BCS) class IV drug CFZ. The selected formula (OSS 1), containing 781.1
mg supersaturable self-microemulsifying drug delivery system (SS SMEDDS) and 2.24% w/w
Poloxamer 188, showed negligible aggregation and physical stability under various stress con-
ditions. The formulation had an elevated solubility rate of CFZ compared to pure CFZ, and its
permeability across different excised regions of the rat intestine was much greater, exhibiting
a higher Cmax and AUC o4s h following oral treatment to Wistar rats. The research indicated
that the considerable absorption of CFZ in SS SMEDDS was due to its affinity for P-glycopro-
tein substrates and considerable lymphatic absorption [8].

This study compares the in-vivo oral bioavailability pharmacokinetic parameters of CFZ
when applied as SNMSD versus CFZ-suspension.

2. METHODS
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2.1. Materials

CFZ was purchased from Wuhan Senwayer Century Chemical. Co. Ltd, China. Soluplus®
from gifted BASF pharma. Dapagliflozin was gifted from Pioneer, Iraq. Ethanol 99 % (HPLC
grade) was purchased from Merck, USA; Acetonitrile-HPLC grade purchased from Biosolve
BV, France; and carboxymethyl cellulose and Magnesium stearate from Glentham, UK. All
other reagents in this research were of analytical grade.

2.2. Preparation of self-nanomicellizing solid dispersion capsules

A solvent evaporation method was selected to prepare CFZ-SNMSD. Briefly, 100 mg of CFZ
and 400 mg of soluplus were dissolved in 10 mL of ethanol using a 100 mL round-bottom flask
in a bath sonicator at 25.0 +0.5 °C. The ethanol was evaporated at 40 °C under reduced pressure
in a rotating evaporator ( Buchi, turkey) revolving at 220 rpm until a thin, dry film formed on
the flask's inner wall. The film was crushed and collected by spatula and screened through an
80-dimension mesh to obtain a solid system named CFZ-SNMSD and stored [9, 10]. Figure 1
shows the preparation method of CFZ-SNMSD using the solvent evaporation method.
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Figure 1. Solvent evaporation method of preparation of CFZ-SNMSD system

For the formulation of capsules, the capsule filler powder was prepared by mixing selected
CFZ-SNMSD formula powder with an excipient. The capsules were prepared using the man-
ual capsule-filling machine (Capsuline, Davie, FL, USA). The compositions of the CFZ - cap-
sules are described in Table 1

275



Nizar Awish Jassem

Table 1. Compositions of the CFZ-Capsules Formula

Materials Amounts

Powder equivalent to 100 mg CFZ-SNMSD | 515.5 mg powder of CFZ-SNMSD
Avicel PH102 229.5 mg

Magnesium stearate 5mg

Total weight 750 mg

2.3. Characterization of selected CFZ solid dispersion

2.3.1. Particle size and zeta potential analysis

Amounts of solid dispersion equivalent to 10 mg of CFZ were dispersed in 10 mL of deionized
water and stirred at 300 rpm with a magnetic stirrer for up to one hour, filtered by a 0.45-um
cellulose acetate syringe. The particle size (PS) and polydispersity index (PDI) of the devel-
oped CFZ-loaded nanomicelles were determined using a Malvern Panalytical Ltd Zetasizer.
The electrophoretic mobility of the selected formula was assessed and converted to zeta po-
tential. The zeta potential value indicates the charge on the nanomicelles [11].

2.4. In-vivo pharmacokinetic study

2.4.1. Animals

The in-vivo studies were conducted on male Wister rats (n=12) with an average weight of ap-
proximately 230+9.3 g. Upon procurement, the rats could acclimate for at least one week under
standard room temperature conditions (25 +3 °C). This acclimatization period guarantees that
the rats adjust to their new surroundings before the commencement of the study.

2.4.2. Dose calculation
The dose of CFZ for rats was estimated based on the body weight of the rats and the surface
area ratio. The animal dose can be calculated using equation 1 [12].

Animal dose (f—gg) = human dose (Il]:—gg) x conversion factor ....... Eq. (1)

The correction factor for rats weighing 0.080 - 0.250 kg is 6.17

When a typical rat weighs 230 g, the human weight is 70 kg, and the average human oral dose
of CFZ is 100 mg, converted to mg /kg by dividing it by human weight (70 kg), equal to 1.4285
mg/kg.

The oral dose of rats = 1.428 x6.17

Oral dose of rats = 8.81 mg /kg

The oral dose for each rat =2 mg

2.4.3. Study design

The rats were partitioned into two groups, each including six rats. In Group 1, the rats were
orally administered 8.8 mg/kg of pure CFZ in 0.1% w/v carboxymethylcellulose (CMC) sus-
pension to give 2 mg/mL. In Group 2, the rats were administered the same dose of the CFZ-
capsule dissolved in water to obtain 2 mg/mL, also given orally. Before the administration, the
rats were fasted overnight but had free access to water throughout the study. The formulation
was administered to the rats using a gavage tube. This method of administration ensures pre-
cise dosing of the drugs to the rats. Blood samples were obtained from the retro-orbital venous
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plexus before dosage administration to acquire a baseline measurement (time point zero) and
after administration at different time intervals at 0.5, 1, 2, 3, 4, 6, 8, 12, 24, and 48 hrs, in EDTA
vacuum glass tubes. The plasma was separated by centrifugation in the centrifuge (Hettich,
Germany) at 6000 rpm for 10 min and kept at 25 °C until analysis [13].

2.4.4. HPLC determination of canagliflozin

The Shimadzu HPLC system was used for this study. HPLC system with a UV detector, micro-
volume double plunger pump along 4.6 *150mm C-18 analytical column maintained at room
temperature. HPLC analysis was performed under the following conditions: The mobile phase
consists of HPLC grade of acetonitrile: 0.1% w/v orthophosphoric acid at a ratio of 50:50 %
v/v at ambient temperature. The mobile phase was filtered by a 0.45 um filter before use, and
the injection volume was 20 puL. The mobile phase was kept at a 1.0 mL/min flow rate. The UV
detector was employed to detect the substance at a wavelength of 290 nm, and the running
time was 10 minutes. The column was equilibrated for a minimum of 25 minutes before the
injection of the drug solution, with the mobile phase flowing through the system. The method
was validated using canagliflozin by ICH and FDA criteria regarding specificity/selectivity,
linearity, LOD, LOQ, accuracy, and precision [14].

2.4.5. Sample preparation

A simple liquid-liquid extraction technique was used to extract analyte and IS from plasma.
The plasma samples (stored at 20 °C) were allowed to be thawed before sample preparation.
An aliquot of 200 pL of plasma sample and 20 uL of IS solution (10 pg/mL of dapagliflozin)
was added into the tube and vortex-mixed for 30 seconds, followed by the addition of 2 mL of
acetone into each tube. The vortex mixing was conducted for 1 minute, subsequently followed
by centrifugation at 5000 rpm for 4 minutes. After centrifugation, the organic portion was
transferred to an acrylic tube, evaporated to dryness, and reconstituted with 200 uL of mobile
phase; from this, 20 uL was injected into the HPLC for analysis. The unknown concentration
of CFZ was calculated using the equation obtained from the spiked calibration curve [15].

2.4.6. Pharmacokinetic evaluation
Pharmacokinetic (PK) parameters were evaluated using conventional noncompartmental
methods with the aid of PK solver software. The plasma concentration-time data determined
essential pharmacokinetic parameters, including Cmax, Tmax, t 12, and AUCo-s of CFZ [16].
Relative bioavailability (F) is calculated by equation 2: [17].

AUC standard= dose test

F relative = UC tects dose standard x100 ...l Q(2)

2.4.7. Statistical analysis

The study employed one-way ANOVA to analyze results parameters, identifying statistically
significant differences between groups at p values of P < 0.05 and non-significant at P > 0.05
using Microsoft Excel 2016. The experimental results were presented as the mean samples =+
Sd. The PK parameters, such as Cmax, Tmax, and AUCo4s, underwent statistical examination by
a Student's t-test [18].
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3. RESULTS

3.1. Particle size and zeta potential analysis
In the selected CFZ- solid dispersion formula at a ratio of CFZ: Soluplus® 1:4, which gives PS
of 61.79+1.06 nm with PDI of 0.058+0.002, indicating good formulation stability upon dilution
in GIT. Figure 2 shows the average particle size for the selected CFZ- SNMSD formula. Zeta
potential determined for selected CFZ-solid dispersion. The result indicates a value of -9.4 mV
+0.2 of the Zeta potential d for selected CFZ- SNMSD as shown in Figure 2 which revealed the
intensity and position of the zeta peak for the selected formula.
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Figure 2. Average particle size for selected CFZ- SNMSD formula by Malvern zeta seizer
represents the intensity of particle size and the cumulative data
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3.2. Preparation of CFZ-SNMSD capsules

Hard gelatin capsules of 000 size were used in filling CFZ-capsule since they are the most
suitable size for the contents of dose encapsulation, according to calculation, depending on the
tapped density of the blending power for capsules obtained.

3.3. Validation of the HPLC method

The plasma sample demonstrated symmetric peaks with retention times of about 4.79 min for
CFZ and 2.92 min for dapagliflozin (IS), as illustrated in Figures 3A and B, respectively. In
contrast, Figure 3C is HPLC Chromatograms of CFZ in plasma spiked with IS (dapagliflozin).
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Figure 3. HPLC Chromatograms HPLC of A- canagliflozin in the mobile phase B- plasma
spiked with IS (dapagliflozin) C- canagliflozin in plasma spiked with IS (dapagliflozin)
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Figure 4 displays the calibration curves of CFZ by the HPLC method, obtained by plotting the
ratio of the peak area of the canagliflozin to the area of IS (dapagliflozin) against CFZ concen-
tration. These curves exhibit a straight line and a high correlation coefficient of 0.9999; the
regression equation was (Y= 0.1046X+0.0072).

LOD of canagliflozin = 3.3 X 0.002625/0.1046 = 0.0828 ug/mL

LOQ of canagliflozin = 10 X 0.002625/0.1046 = 0.25 pug/mL

y =0.1046x + 0.0072
R? = 0.9999
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Figure 4. Calibration curve of spiked plasma with canagliflozin and dapagliflozin as internal
standard

3.4. Determination of pharmacokinetic parameters

The in-vivo pharmacokinetics parameters of the selected CFZ-SNMSD formula were con-
ducted after oral administration in rats and compared with the oral suspension of the pure
drug. Figure 5 shows oral CFZ suspension's mean plasma concentration-time profiles versus
the CFZ -SNMSD oral capsule formula. The pharmacokinetic parameters of the oral CFZ-sus-
pension and selected CFZ-SNMSD formula were also presented in Table 2.
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Figure 5. Plasma concentration of CFZ-SNMSD capsules versus CFZ-suspension

Table 2: Pharmacokinetics Parameters of CFZ-SNMSD Formula versus CFZ-Suspension in
rats

Parameter Unit CFZ suspension CFZ - SNMSD
Crmax ng/mL 1401 4109
Tmax hr 4 2
AUC 0-48 ng/mLxhr | 19758.75 40440.75
Estimated ti2 hr 11.28 11.44

4. DISCUSSION

In the selected CFZ- solid dispersion formula at a ratio of CFZ: Soluplus® 1:4, the results show
better results in terms of PS and PDI due to the low CMC of Soluplus®. The CMC is an essen-
tial parameter influencing the stability of the nanomicelles in vitro and in vivo. Soluplus® is a
hydrophilic graft copolymer that can quickly form colloidal micelles with excellent solubiliza-
tion ability and stability due to its low value of CMC (0.0076 mg/mL). The low CMC value
ensures the CFZ self-nanomicellizing formula has high stability upon extreme dilution in GIT
[19].
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Optimized CFZ-SNMSD containing soluplus® formulation showed a slightly negative surface
charge; since pure Soluplus® micelles themselves reported have a slightly negative surface
charge, the absence of charge in this parameter upon loading CFZ would imply their complete
allocation within the core of the nanomicelles and not on their surface [20].

Good micrometric properties of the particles are obtained for the CFZ- capsules blend
powder, which may be due to the physical properties of the diluent. Avicel®PH102 is micro-
crystalline cellulose that possesses good flow properties [21].

The specificity of the HPLC method was verified by examining the chromatogram of
blank rat plasma spiked with the CFZ, plasma spiked with the internal standard (IS) (dapagli-
flozin), and plasma spiked with CFZ and IS (dapagliflozin). No interference was observed at
the retention time of the canagliflozin peak, confirming the method's specificity for accurately
quantifying CFZ in the presence of other components in the plasma samples. Dapagliflozin
was chosen as an internal standard due to its chemical structure similar to that of CFZ, its
consistent behavioral characteristics, and its physical and chemical properties, which align
with the chemical requirement for HPLC. Its commercial availability and high purity ensure
stability and avoid reactions with samples or mobile phases. While studying linear regression
analysis shows a linear relationship between peak areas and concentrations of CFZ in the
range of 0.1-15 ug/mL. The respective linear equation gives a high correlation coefficient
(0.9999). The study determined the LOD of CFZ was 0.0828 ug/mL, and the LOQ of CFZ was
0.25 pg/mL. The LOD and LOQ represent the lowest concentrations that yield a signal-to-noise
ratio of at least 3:1 and 10:1, respectively.

The Cmax of CFZ is (1401+ 5.7 ng/mL), and (4109+0.11 ng/mL) in oral suspension and oral
SNMSD capsule formula, respectively. The low Cmax of CFZ suspension indicates poor deliv-
ery of the pure drug from the oral route, while the Cmax of CFZ-SNMSD was much higher. In
other words, the Cmax of CFZ- SNMSD capsule was significantly (p <0.05) superior over oral
CFZ suspension. In addition, the Tmax value of CFZ- SNMSD was significantly less than that of
oral CFZ suspension; this may be attributed to the higher and rapid absorption of the SNMSD.
Furthermore, AUC o4s value of CFZ- SNMSD oral capsules was estimated to be (40440.75+21.2
ng/ml*h) which was significant (p < 0.05) compared to AUCo4s values of CFZ suspension
(19758.75 +12.3 ng /ml*h). The relative bioavailability (F) of canagliflozin (AUCo4soral SNMSD
capsule / AUCo4soral suspension) was equal to 204.7%. A high Cmax and a low Tmax in the CFZ-
SNMSD capsule indicated an enhancement in the bioavailability of the CFZ [22].

The results obtained in our study are higher in terms of pharmacokinetic parameters than
that obtained by Patil et al. (2023) who conducted a study on CFZ-loaded bilosomes, prepared
by solvent-evaporation method in which the optimized formula showed a 1.5-fold increase in
Cmax and 1.6-fold increase in relative bioavailability when formulated as bilosomes compare to
the pure drug [7].

The reasons for increased CFZ bioavailability in the SNMSD formula compared to pure
drugs in suspension are due to solubility enhancement by the presence of soluplus, which
increased the solubility of CFZ in water. The permeability and solubility of CFZ are enhanced
by soluplus due to nanomicelles formation, leading to increased drug absorption. Also, solup-
lus inhibits CFZ precipitation and crystallization, keeping drug supersaturation in the GIT.
Additionally, it improves drug wettability and stability, which is vital for improving drug dis-
solution and absorption [23, 24].

The study found that nanomicelle formulation significantly enhances intestinal permea-
tion by presenting CFZ in a solubilized form at its absorption sites, compared to the crystalline

282



In-vivo pharmacokinetics evaluation of canagliflozin self-nanomicellizing solid dispersion

state of a pure CFZ. The nanomicelles provide a large surface area for penetration, and na-
nosized particles can internalize cells through the endocytosis pathway [25].

Soluplus® is commonly studied for its solubilizing properties and ability to improve the
bioavailability of drugs with poor aqueous solubility. There have been several studies that
explore the use of Soluplus® as a nanocarrier to enhance the bioavailability of poorly soluble
drugs, including canagliflozin, and that investigate its potential effect on P-glycoprotein (P-
gp) inhibition. One study that supports the claim of solubilization and P-gp inhibition by
Rehman et al. (2017) examined the role of Soluplus® in the inhibition of P-gp activity. They
found that Soluplus® reduced the efflux of certain drugs mediated by P-gp, which could po-
tentially increase drug (Darunavir) absorption and bioavailability. This was assessed by
transport studies across Caco-2 cell monolayers, which are commonly used as a model for
intestinal absorption [26].

Another study by Jassem & Abd (2024) explored the development of nanodispersion for-
mulations of canagliflozin, using surfactants like poloxamers and Soluplus®. They found that
formulations with Soluplus® had a significantly enhanced dissolution rate and bioavailability
compared to the free drug [27].

5. CONCLUSIONS

The study concludes that the subsequent in-vivo pharmacokinetic study (Cmax, Tmax, and AUC
048) indicated valuable improvement in the oral bioavailability parameters of CFZ-SNMSD oral
capsules in rats as compared with pure CFZ in 0.1% w/v carboxymethylcellulose suspension.
This study was a suitable strategy for enhancing canagliflozin's dissolution and oral bioavail-
ability.
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