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Cabotegravir (CAB) is an antiretroviral therapy (ARV) used for Human Immunodeficiency Virus (HIV)
treatment. CAB has low solubility, which affects its bioavailability in oral therapy. Moreover, the injection
form of CAB has difficulty in the administration process. Therefore, it is essential to develop a new drug
delivery system for CAB. Vaginal drug delivery system offers many advantages such as a large surface
area, increased drug bioavailability, and improved drug delivery. CAB was developed in thermosensitive
and mucoadhesive vaginal gel preparations that provided optimal distribution in the vaginal mucosa. To
support the process of formulation development, in this study, UV-visible spectrophotometry method
was validated in methanol, simulated vaginal fluid (SVF) and vaginal tissue to quantify the amount of
CAB in the gel preparations, in vitro, and ex vivo studies, respectively. The developed analytical method
was subsequently validated according to ICH guidelines. The calibration curves in these matrices were
found to be linear with correlation coefficient values (R?) > 0.998. The LLOQ values in methanol, SVF
and vaginal tissue were 2.15 pg/mL, 2.22 pg/mL, and 5.13 pg/mlL, respectively. The developed method
was found to be accurate and precise without being affected by dilution integrity. These methods were
successfully applied to quantify the amount of CAB in gel preparations, in vitro, and ex vivo studies, show-
ing uniformity of drug content and controlled release manner in the permeation profile for 24 h for both
thermosensitive and mucoadhesive vaginal gels. Further analytical method is required to be developed
for the quantification of CAB in in vivo studies.

© 2021 Elsevier B.V. All rights reserved.
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1. Introduction quantifying numerous types of drugs in both in vitro and ex vivo

studies [12,13]. Follomng the development of analytlcal ploce-

potegravir (CAB) is-known as an HIV-1 integrase inhibitor,
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lity of CAB_in the aqueous solution_is limited to 4.8 pg/mL was subsequently validated according to the International Confer- solubi
irthermore, the log P value of CAB is 1.04 [4]. Currently, ence Harmonization (ICH) guidelines. Linearity, accuracy, preci- [3]. Ey
i available in tablef and injection forms. However, following  sion, limit of detection (LOD]J, limit of quantification (LOQJ were CAB i
iministration, many HIV patients were found to develop oral established. The validated method was finally applied to determine oral a(
liasis, causing difficulty in swallowing. [5]. On the other the drug content in vaginal preparations, as well as the in vitro and candi¢
the long-acting injectable form of CAB also possesses several ex vivo permeation profiles. hand,
tions. Despite having less frequency of administration, CAB limita
lon needs to be administered by healthcare professionals. 2. Materials and methods injecti
onally, the injection form is not comfortable and painful, Addit
| could lead to a decrease in the patient compliance to the 21. Materials which
ations [6]. medic
ureler to .increase patient compliance and obtain suseained Cabotegravir (CAB) was kindly provided by ViiV Healthcare Ltd. In
felivery, in this study, CAB was separately developed in the - (gesearch Triangle Park, NC, USA). Pluronic® F127 and F68 were drug «
':'f_ ehermusensmve and mucoadhesive vagu.la} gels. Ther- kindly gifted by BASF Indonesia, Jakarta. Other materials were ana- form
hsitive dosage forms would enable easy administration due lytical grade. moser
liquid form of the formulation, which would transform to to the
plid form in the vaginal temperature [7]. Furthermore, the i i i i semis
adhesive preparations offer the advantage, mainly due to 22. Preparation of simulated vaginal fluid MuCco:
ibility to prolong the contact of the drugs in the vaginal tissue ) . . L their z
e delivery of CAB through vaginal delivery can be an alterna- Simulated vaginal gpayC () was DiSRSSIN w eigvhmg sk [8]. Tk
. . > - . glucose, 04 g of urea, 351 g of NaCl, 2 g of lactic acid, 1.4 g of .
\erapy as it provides various advantages, including large sur- . | . tive tt
. A . h KOH, 1 g of acetic acid, 0.22 g of Ca(OH),, and 0.016 g glycerin.
area and rich blood supply, resulting in higher drug . . g face |
hilability. Importantly, due to the presence of receptors and Delonized water (8_0 0 ml) was added m d.1ssulve the mixire, bioav:
'ptors of HIV, such as CD4+ T cells and CCR5, vagina is the and the pH was adjusted to 4.2 .l 14]. Deionized water was then COorece
route of HIV infection [9]. Therefore, vaginal administration edded to uhtam‘] Bl ,in fhia seudy, as SVigmgypsed in thy main
i could be an alternative delivery approach for the treatment in vitro end X ing permeenun studlers ik WV, '?f mel:havnnl pvas of CAE
revention of HIV. added. into SVF to achieve the sink condition during the and pi
1g detection and quantification are essential parts of the experiment. D
ppment of novel drug delivery systems. Accordingly, an develc
priate analytical method is crucial to be developed for this 2.3. Preparation of CAB stock solution appro
se. In this study, calculation of drug content in the formula- purpo
ind measurement of drug concentration in in vitro and ex vivo An amount of 10 mg of CAB was carefully weighed and placed tions ¢
s were critical evaluations during the development of CAB into a 10 mL volumetric flask. Afterwards, methanol was added studie
osensitive and mucoadhesive vaginal gels. In vitro studies to dissolve CAB, obtaining the concentration of 1000 pg/mL. therm|
initial step to evaluate drug release behavior using a suitable are an
e medium. Besides, ex vivo studies are performed using tis- 2.4. Determination of maximum UV light absorption wavelength, releas
rom organisms by mimicking natural conditions. Ex vivo preparation of calibration standards and quality control samples sues |
s are advantageous for evaluating the drug behavior in speci- studie
[ans/tissues as they can eliminate other physiological factors, The maximum UV light absorption wavelength was determined fic org
ing in more controlled conditions compared to living organ- using a UV-Visible spectrophotometer (Dynamica, HALO XB-10). result
This indicates the importance of ex vivo experiments before CAB solutions, with the concentration of 50 pg/ml, in methanol isms. |
ding to in vivo studies [ 10]. As the gel was intended for vagi- (CAB-MeOH) and SVF (CAB-SVF) were scanned between 200 and procet
plication, the concentration of CAB was measured both in the 400 nm at room temperature. Furthermore, the calibration solu- nal ap
hted vaginal fluid (SVF) and vaginal mucosa. To the best of tions were prepared in six different concentrations in triplicate in simul
lowledge, analytical methods to quantify CAB in both of these the range concentration between 0.5 pg/mL and 16 pg/mL by spik- our kr
have not been reported previously. Various analytical meth- ing the stock solution with methanol and SVF. In addition, quality media
ave been developed to quantify CAB in various matrices, control (QC) samples were prepared using each solvent in four dif- ods h
ling HPLC-UV [11] and HPLC-MS/MS [3]|. However, the ferent levels, namely lower limit of quantification (LLOQ), low includ
led methods are expensive, time-consuming and require quality control (LQC), medium quality control (MQC), and high report
iticated equipment and, thus, are difficult to apply in the quality control (HQC). For CAB-MeOH, the QC samples included sophis
e- and low-income countries/laboratories. On the other hand,  LLOQ - 2.15 pg/mL, LQC — 4 pg/mL, MQC - 7.5 pg/mlL, and HQC middl
sible spectrophotometer for CAB detection and quantifica- — 12 g/mL. For CAB-SVF, the QC samples were LLOQ - 2.2 pg/mlL, UV-vi
1 in vitro and in vitro studies would be promising due to its LQC — 4 pug/mlL, MQC - 7.5 ug/mL, and HQC — 12 pg/mL. All samples tion iy
city, cost-effectiveness and high adaptability in small labora- were prepared and measured in triplicate. simpli
Therefore, in the present study, for the first time, CAB quan- To prepare the calibration standards of CAB in vaginal tissue tories.
ion methods were developed in SVF and vaginal mucosa (CAB-VT) for ex vivo studies, fresh vaginal tissue of porcine was tificat
a UV-visible spectrophotometer. Several previous studies used. Vaginal mucosa matrices were initially prepared by mixing using
reported the ability of UV-visible spectrophotometer in  vaginal tissue with deionized water (9:1) using UltraTurrax have
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homogenizer for 10 min. The calibration standard solutions were
made by mixing 200 mL of drug stock solutions into 1.8 g of blank
vaginal matrices to obtain the concentrations in the range of 1 pg/
mL - 32 pg/mL. In addition, Quality Control (QC) samples in vaginal
tissue include LLOQ - 5.13 pg/mL, LQC - 7.5 pg/mL, MQC - 15 pg/
mL, and HQC 24 pg/mL were prepared.

2.5. Sample preparation and CAB extraction from vagina samples

The preparation of the vaginal mucosa sample was carried out
to precipitate proteins and other molecules in the organ to avoid
any interferences during the measurement. The CAB extraction
method was performed using methanol and acetonitrile. The vol-
umes of methanol and acetonitrile used to extract the drug were
varied, as shown in Table 1. Initially, 1 g of the matrices-spiked
CAB were mixed with the extraction solvent. The mixture was then
homogenized for 10 min using a vortex mixer and centrifuged for
15 min, 14000 = g. The supernatant obtained was then placed at
room temperature to allow the evaporation of the organic solvent.
Finally, 1 mL of methanol was added to reconstitute the dry
extract, homogenized, and centrifuged as previously mentioned.
The supernatant obtained was then measured using spectropho-
tometry UV-visible.

2.6. Preparation of thenmosensitive and mucoadhesive vaginal gels

CAB thermosensitive gel was prepared by dissolving 16% w/w of
Pluronic® F127 and 4% w/w of Pluronic® F68 in cold water using a
magnetic stirrer to produce a gel base. Then, 1% w{w of CAB was
dispersed in 5% w/w of (poly(ethylene glycol} (PEG) 400 before
being added into the gel base. Finally, after all mixtures were
homogenous, 0.1% w/w of DMDM hydantoin was added into the
mixture and homogenized for 15 min at 1000 rpm.

CAB mucoadhesive gel was prepared by hydrating 0.5% w/w of
Carbopol 940 in distilled water for 24 h. Afterwards, 2% w/w of tri-
ethanolamine (TEA) was added into Carbopol 940, and the mixture
was homogenized for 15 min, 1000 rpm to obtain a gel base. The
1% w/w of CAB was first dispersed in 5% w/w of PEG 400 before
being added into the gel base. After all mixtures were homogenous,
0.1% wjw of DMDM hydantoin was added into the mixture and
homogenized for 15 min at 1000 rpm.

2.7. Validation of analytical method

2.7.1. Specificity

Specificity was determined by comparing the UV spectra of
blank thermosensitive gel, mucoadhesive gel and vaginal tissue
with appropriate CAB standard solution after scanning between
200 and 400 nm. This parameter was assessed to identify any pos-
sible interferences between the responses of the analyte and other
compounds at the relevant wavelength.

Table 1
Volume of organic solvent for CAB extraction from vaginal samples.

Organic Solvent Methods Volume {mL)
Methanol A 1

B 3

¢ 5

D 7
Acetonitrile A 1

B 3

G 5

D 7
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2.7.2. Linearity

Linearity was evaluated using six different concentrations of
each CAB-MeOH, CAB-5VF and CAB-VT. The sample solutions were
analyzed in triplicate using UV-Vis spectrophotometry at 276 nm
for CAB-MeOH, 278 nm for CAB-SVF and 305 nm for CAB-VT. The
calibration curve, which consisted of six different concentrations
versus absorbance was analyzed to obtain the value of correlation
coefficient (r?), slope, and y-intercept [15].

2.7.3. Limit of detection (LOD)

LOD expresses the smallest concentration of analyte which can
be identified in a sample [16]. LOD was determined by using Eq.
(1), where sy is the standard deviation of the blank (without ana-
lyte) and b is the slope obtained from the regression equation of
the calibration curve

(1)

2.7.4. Lower limit of quantification (LOQ)

LLOQ is expressed as the smallest concentration of samples
which can be determined accurately with satisfactory accuracy
and precision [15]. LLOQ was determined by using eq. (2]}, where
b is the slope obtained from the regression equation of calibration
curve and sy is the standard deviation of the blank (without ana-
lyte) [17].

10sy

LLOQ:TS (2)

2.7.5. Accuracy and precision

Accuracy and precision demonstrate the closeness to the refer-
ence value and degree of scattering between a series of measure-
ments attained from numerous testing in an analytical method.
These parameters were evaluated by intra-day and inter-day mea-
surements of QC samples (HQC, MQC, LQC, and LLOQ). Percentage
of relative error (RE) and relative standard deviation { ¥RSD) were
calculated to represent the values of accuracy and precision,
respectively [18].

2.7.6. Dilution integrity

Dilution integrity was evaluated by preparing 75 pg/mL for both
CAB-MeOH and CAB -5VF and 150 pg/mL for CAB-VT. Each of the
solutions was diluted 5 and 10 times with appropriate solvents.
The experiment was in triplicate and the absorbance of the analyte
was observed [16].

2.7.7. Extraction recovery

The extraction recovery determination was conducted by com-
paring the values obtained from all samples at LLOQ, LQC, MQC,
and HQC extracted from vaginal tissue with the measured values
of the concentrations of the same samples (LLOQ, LQC, MQC, and
HQC) [19].

2.8. Application of the analytical method

2.8.1. Drug content measurement

Atotal of 0.1 g of gel was dissolved in methanol up to 10 mL ina
volumetric flask, obtaining a CAB concentration of 100 pg/mL. The
solution was then diluted by taking 1 mL of the gel solution and
diluted with methanol up to 10 mL The absorbance of the final
solution was determined using UV-Vis spectrophotometry at
276 nm. Measurements were performed in triplicate.
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Table 4

The results of precision and accuracy evaluations of the UV-Vis spectrophotometry method for analysis of CAB in MeOH (mean + 5D, n = 3).

Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 267 (2022) 120600

Intra-day Precision and Accuracy

Replication Concentration added {pgfmL) Concentration found {pgf mL) + SD Precision (XRSD) Accuracy (¥RE)
1 215 207+ 010 463 3.50
4 3.91 £ 015 394 219
75 7.63 011 139 1.76
12 11.54+ 018 153 3.86
2 215 212 %012 587 1.23
4 4.13 £ 009 228 331
75 7.71 £ 018 232 2.80
12 12,19+ 018 146 1.60
3 215 2.18 £ 008 356 1.28
4 409+ 018 451 233
75 7.85+012 152 4.63
12 170G + N4R g q::q% 460 50 .
- 3 5 e 3567
4 4.5 451 33
75 75 i 5 463
' o6 4 355 5
Inter-day Precision and Accuracy
iracy (%RE) Day Concentration added (pg/mL) Concentration found (pg/ mL) £ SD Precision (%RSD) Accu|
5 1 215 241 008 335 1.9
4 423 +026 621 5.63
7 75 7.50+ 017 222 0.0
12 1243+ 035 281 3.56
6 2 215 2,10+ 015 7.00 23
4 402+ 024 5.86 0.62
75 7.63 £ 0.09 115 1.76
7 12 11.70+ 039 334 24
0 3 215 2,07+ 012 578 3.5
5 4 3.99 £ 019 486 0.3
75 7.66 + 041 532 2.09
4 12 11.90+ 038 3.16 0.8
Table 5
The results of precision and accuracy evaluations of the UV-Vis spectrophotometry method for analysis of CAB in SVF (mean + 5D, n= 3).
Intra-day Predsion and Accuracy
iracy (%RE) Replication Concentration added (pg/mL) Concentration found (pg/ mL) £ SD Precision (%RSD) Accu|
88 1 22 1.89+ 0.14 737 13.
8 4 3.97 + 0.08 200 0.6
0 7.5 743+ 012 166 0.9
12 12.20 £ 0.10 0.83 1.64
2 22 231+ 020 846 491
4 4.05 + 0.09 2n 1.28
0 7.5 748+ 012 161 0.2
12 12,16+ 018 145 1.33
3 22 228+025 10.79 3.56
4 4.15 + 0.07 162 3.79
75 768+ 025 327 238
12 12,10+ 014 117 0.86
Inter-day Precision and Accuracy
iracy (%RE) Day Concentration added (pg/mL) Concentration found (pg/ mL) £ SD Precision (%RSD) Accu|
6 1 22 211+ 015 692 4.0
8 4 3.97 + 0.08 200 0.6
7.5 7.66+ 037 4.80 218
12 1292+ 039 298 7.66
8 2 22 2,00+ 020 965 5.0
3 4 3.95+ 014 349 1.3
7.5 7.86 = 0.08 1.02 4.86
12 12,65+ 0.07 0.59 545
83 3 22 1.96 + 0.08 404 10.
4 4.08 + 0.08 192 1.93
0 7.5 748+ 0.10 129 0.3
12 12,14+ 031 252 117
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Fig. 4. (A) CAB recovery (%) from gels, (B) In vitro permeation profile of CAB from thermosensitive and mucoadhesive gel, (C) Ex vivo permeation profile of CAB from

thermosensitive and mucoadhesive gel, (D) Ex vivo retention of CAB {mean + 5D, n = 3)

to explain CAB release behavior from both thermosensitive and
mucoadhesive gels. For the in vitro permeation of CAB from the
thermosensitive gel, the value of coefficient correlation was
0.8613, 0.8936, 0.8240, 0.9247, 0.8836 for ZO, FO, Higuchi, KP,
and HC, respectively. For the in vitro permeation of CAB from the
mucoadhesive gel, the wvalue of coefficient correlation was
0.8116, 0.8461, 0.7977, 0.8850, 0.8354 for ZO, FO, Higuchi, KP,
and HC, respectively. Furthermore, the ex vivo permeation study
showed coefficient correlation values of 0.7794, 0.7939, 0.7338,
0.8318, 0.7892 for thermosensitive gel and 0.6838, 0.7015,
0.7036, 0.7689, 0,6957 for mucoadhesive gel for Zero order, First
order, Higuchi, Korsmeyer Peppas, and Hixson-Crowell, respec-
tively. The result obtained clearly showed that all formulations
tested in the in vitro and ex vivo permeation studies followed
Korsmeyer-Peppas kinetic models. This model has been used to
describe drug release from the polymeric matrix based on relax-
ation and diffusion |27].

Based on the results obtained, the validated analytical methods
using spectrophotometry UV-visible were successfully applied to
determine the amount of CAB in the thermosensitive and mucoad-
hesive gels. Moreover, the methods were also be able to determine
the concentration of CAB following in vitro and ex vivo permeation
tests, as well as ex vive retention tests. Moving forward, in vivo
studies using suitable animal models for both types of gels are
essential to be carried out to obtain pharmacokinetic and pharma-
codynamic profiles of CAB.

4. Conclusion

This study was conducted to develop and validate spectropho-
tometry UV-visible methods for the analysis of CAB. The proposed
method was validated in the parameter of selectivity, accuracy and
precision, linearity, LOD and LLOQ, and dilution integrity, as well as
extraction recovery of CAB and vaginal tissue. Additionally, the
suitable extraction method of CAB from vaginal tissue was also
determined. The results showed that all validation parameters
were well-established and met the requirements of ICH guidelines.
Moreover, the wvalidated analytical method was successfully
employed to evaluate the percentage recovery, permeation pro-
files, and retention of CAB following each appropriate study. In
conclusion, the validated method was able to be used for various
studies of CAB in thermosensitive and mucoadhesive gel
formulations.
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