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SUMMARY

Dolutegravir, a newly approved anti-HIV drug, is insoluble in the
normal gastric pH range, resulting in a slow onset of action. The
research proposes cocrystallization process to increase the solubility of
the drug and hence dissolution. The cocrystals of dolutegravir were
Jormulated using methionine as coformers by solvent evaporation
method. The cocrystals were evaluated for solubility, in vitro drug
release, and solid-state characterization, study. The orodispersible
tablets of dolutegravir cocrystal were successfully prepared by direct
compression method. The solid-state characterization study showed
the compatibility and amorphization of the drug in the cocrystal
Jorm. The cocrystal of drug: methionine (1:2) was found to enhance
dissolution in pH 1.2 by 1.88 times compared to the pure drug. The
orodispersible tablets disintegrated ar 10.05+0.5 secs and 90+0.64%
of the drug was released in 20 min. Hence, it can be concluded that
the methionine-dolutegravir cocrystal can be a promising means to

improve the solubility of the drug.

Key Words: Dolutegravir, methionine, solubility enhancement,
orodispersible tablet, dissolution.

Dolutegravir - Metionin Kokristalinin Agizda Dagilabilen
Tabletinin Formiilasyonu ve Degerlendirilmesi

0z

Yeni onaylanmas bir anti-HIV ilag olan dolutegravir, normal gastrik
pH araliginda ¢oziinmez ve bu da etkisinin ge¢ baglamasina neden
olur. Arastirma, ilacin coziindirligiini ve dolaysswyla coziinmesini
artirmak icin birlikte kristallesme islemi Gnermektedir. Dolutegravirin
kokristalleri, ¢iziicii  bubarlagtirma  yontemiyle koformer olarak
metiyonin kullanilarak formiile edildi. Kokristaller coziiniirliik, in
vitro ilag salmimz ve kati hal karakterizasyonu calismalar: agisindan
degerlendirildi.  Dolutegravir - kokristalinin ~ agizda  dagilabilen
tabletleri dogrudan basim yontemiyle basarils bir sekilde hazirland.
Kati hal karakterizasyon caligmas, ilacin  kokristal formunda
wyumlulugunu ve amorfizasyonunu  gosterdi. IHacin lkokristali
metiyoninin (1:2), pH 1.2de ¢oziiniirliigii saf ilaca gore 1.88 kat
artirdigr bulundu. Agizda dagilabilen tabletler 10.05+0.5 saniyede
dagilds ve ilacin %90+0.64% 20 dakikada salinds. Dolayisiyla,
metiyonin-dolutegravir  kokristalinin ~ ilacin  ¢oziiniirligiinii
iyilestirmede wumut verici bir arag olabilecegi sonucuna varilabilir.

Anabtar Kelimeler: Dolutegravir, metiyonin, ¢oziiniirliik artis,
agizda dagilabilen tablet, ciziinme.
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INTRODUCTION

Dolutegravir is an integrase strand transfer inhibi-
tor (INSTI), recommended to be used in conjunction
with other antiretroviral agents in the management
of HIV-1 (Mattevi & Tagliari 2017). It is a newly ap-
proved BCS Class II drug and is insoluble over the
gastric pH range (Yu et al., 2017).The poor solubility
of the drug results in delayed onset of action and less
oral bioavailability (Buchanan et al., 2017). Therefore,
the requirement for a new form of the drug with re-

fined physicochemical properties is highly desirable.

Pharmaceutical co-crystals are composed of two
or more jonic or molecular compounds mixed with
a specific stoichiometric ratio with the active phar-
maceutical ingredient (API) to yield a neutral sin-
gle-phase system. They are a new and promising
method for enhancing the performance of pharma-
ceuticals by modulating their mechanical, optical, re-
lease profile, and chemical stability, thereby improv-
ing bioavailability, and therapeutic efficacy (Guo et
al., 2021).

Tesson et al, researched cocrystals of lorcaserin,
and patented the finding on the improvement of sta-
bility of the drug (Tesson et al 2017). Nanubolu et al
summarized the findings on the solubility improve-
ment of aripiprazole in their study (Nanubolu et al
2016).

Co-crystal components combine via non-covalent
interactions including hydrogen bonds, van der Waals
interactions, ionic bonds, or 7t-7t interactions (Bhat-
tacharyya & Manjunath, 2023). The co-crystallization
process arises from the molecular interaction between
similar molecules/homomers, and heteromers /differ-

ent molecular structures (Qiao et al., 2011).

Following USFDA regulations, an API and count-
er molecule must have a lower proton transfer po-
tential to be categorized as cocrystals. Therefore, to
restrict the salt formation, the difference in pKa be-
tween the two components must be less than 1(Food
and Drug Administration 2018).

The presence of polar groups in the structure of

amino acids capable of forming hydrogen bonds char-
acterizes them as novel coformer in the cocrystalli-
zation procedure. They support the “green method”
co-crystallization of active molecules. The zwitteri-
onic nature of the amino acids allows them to create
hydrogen bonds with the API that strengthens the
contacts and increases stability (Nugrahani & Jessica,
2021). They are also considered to be generally rec-
ognized as safe (GRAS), because of their low toxicity.
Therefore, amino acids can be a good choice and po-
tential co-former for co-crystallization of dolutegra-
Vvir.

The research work plans to use methionine as a
coformer for improving the solubility of dolutegravir
and formulate an orodispersible tablet of high effec-
tivity.

MATERIALS AND METHODS

Materials

Dolutegravir was procured as a gift sample from
Strides Arcolab, Bangalore. The amino acid methi-
onine was purchased from Sigma-Aldrich. Methanol,
hydrochloric acid, and other analytical grade chem-
icals used for the analysis and preparation of tablets
were purchased from SD Fine Chemicals, Bangalore,
India.

Method of preparation of Dolutegravir cocrystal

Cocrystals of dolutegravir were prepared by sol-
vent evaporation method using methionine, as co-
formers. The drug and the coformer solutions were
prepared separately using methanol and water. Both
the solutions were mixed on a magnetic stirrer poured
into the petri dish, and dried in the hot air oven at
50°C for 30 min. It was then allowed to cool at room
temperature, weighed, and stored for further studies.
Methionine was screened at two different ratios, drug:
coformer 1:1, 1:2 (Raheem Thayyil et al., 2020).

Determination of drug content

A known quantity (5 mg) of the sample was dis-
solved in a specific volume of diluting solution con-
sisting of phosphate buffer solution pH 3.0, acetoni-
trile, and methanol at a ratio of 50:20:30. An aliquot
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of 1 ml was withdrawn and diluted suitably and es-
timated spectrophotometrically at 322 nm. The same
process was repeated for the pure drug of the same
quantity (Bhattacharyya et al, 2022). A standard
graph was constructed previously in the range of 5-35
pg/ml using the diluting solution at 322 nm with an
accuracy of 99.98%, a regression coeflicient of 0.9998,
and a linearity equation of Y=0.0174X. Experimenta-
tion was carried out in triplicates. Using the following
formula the drug content was determined

Absorbance
Standard absorbance

%Drug content = X100

Determination of solubility in different pHs

The solubility of cocrystals of dolutegravir was
determined in three different pH buffers (pH 1.2, pH
4.5, and pH 6.8). Cocrystal equivalent to the maxi-
mum dose of the drug was dissolved in 250 ml of
three different buffers. The flasks were shaken in a
mechanical shaker for 24 h at room temperature, after
24 h a known volume of solution was transferred to
a centrifuge tube, and was centrifuged at 3000 rpm
for 15 min, filtered, diluted, and assayed spectropho-
tometrically at 322 nm. All the tests were carried out
in triplicates (Baka, Comer & Takacs-Novak, 2008).

Tukey’s test to select the best drug coformer ratio

Dolutegravir cocrystals were compared with the
pure drug and among themselves Tukey’s multiple
comparison tests (at a significance level of P < 0.05)
were used to identify the best combination of drug

coformer ratio of the selected amino acid.

Selection of dissolution media based on solubil-
ity at different pHs

The solubility of the best cocrystal of methi-
onine and dolutegravir was determined in entire GI
pH range buffers (pH 1.2, pH 3.0, pH 4.5, pH 5, pH
6.8, and pH 7.5). A maximum dose of the drug in
its cocrystals was dissolved in 250 ml conical flasks
containing different buffers. The solubility was deter-
mined by the same method as described earlier. The
solubility data was used to calculate the Gibbs free

energy and dose solubility ratio that helped to select

the dissolution media (Baka et al., 2008). The Gibbs
free energy of transfer (AG) was calculated using the

following equation

_ So
AG =-2.303RT log Ss
where S, and Ss are the solubilities of the drug in

water and dolutegravir cocrystal in the respective me-

dia respectively (Bhattacharyya et al, 2022).
Drug release study

USP paddle-type II apparatus was used to conduct
the dissolution study for the best cocrystal of dolute-
gravir. Dissolution media was selected after the sol-
ubility study using the concept of Gibbs free energy
calculation and dose solubility ratio and was carried
out in 900 ml of pH 1.2 HCl buffer. Cocrystal equiv-
alent to 50 mg of dolutegravir was used for the drug
release study stirring at a speed of 75 rpm, at 37+0.5°C
for 60 min. The sampling was done at regular intervals
(10 min) and was analyzed spectrophotometrically at
322 nm (Panzade P & Shendarkar G 2019). Three tri-

als were carried out for each measurement

Fourier Transform Infrared (FTIR) spectrosco-

py study

The sample was analyzed using BRUKER FTIR
Spectrometer Alpha II using the ATR technique from
a range of 3500 cm™ to 1000 cm™. The pure drug do-
lutegravir and the selected cocrystal were subjected to
the analysis (Raheem Thayyil et al., 2020).

Powder X-ray Diffraction (PXRD)

PXRD was used to identify the crystallinity of the
drug in pure drug and best cocrystal. The data in-
strument used to analyze PXRD patterns was Rigaku
Smartlab 3kW Japan. The powder X-ray diffraction
study was carried out for pure drug and best cocrystal
using Cu Ka radiation at 25°C and scanned from 2 to
80, 20 diffraction angle (Manjunath & Bhattacharyya,
2023).

Differential Scanning Calorimetry (DSC) study

The best cocrystal and reference standard drug are
maintained at constant temperature and subjected to

thermal analysis using the DSC Perkin-Elmer- 4000
3
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series. Test samples were placed in aluminum pans
and thematically sealed. Samples were heated from
20-400°C at an accelerating rate of 10°C per minute
under nitrogen atmosphere. The thermograms were

recorded.
Scanning electron microscopy (SEM)

The surface morphology of pure drug and the best
cocrystal was imaged by a scanning electron micro-
scope (Hitachi SU 3500) performed at an accelerating
voltage of 10 kV. The powder in a few pg was fixed
onto the stub, gold was sputtered, samples were ad-
hered with a double-sided sticky carbon tape and im-
ages were taken (Raheem Thayyil et al., 2020).

Nuclear Magnetic Resonance (NMR)

'"H-NMR measurements were performed at am-
bient temperature Bruker NMR spectrometer, USA.
The solid-state CP/MAS 'H-NMR spectra of pure
drug and DOLMET 1:2 were performed in DMSO
solvent system using the cross-polarization magic
angle spinning pulse sequence at measurement con-
ditions of spinning 100 MHz, pulse delay 5s, contact
time 10 minutes, and 24 h analysis time per sample.

The signals were recorded (Kumar et al., 2019).
Preparation of orodispersible tablets

Precompression characteristics of the powder
blend of best cocrystal and method of preparation
of tablet

Orodispersible tablets of Dolutegravir cocrystals
were prepared by direct compression method. Each
orodispersible tablet of 250 mg contains cocrystal of
30 mg equivalent dolutegravir, cross carmellose so-
dium (4%w/v), microcrystalline cellulose (46%w/v),
mannitol (22%w/w), and lubricant (0.01%).

The angle of repose, bulk density, tapped densi-
ty, Carr’s index, and % porosity were carried out to
get the precompression characteristics of the powder
blend of best cocrystal before compression to tablets.
All the tests were performed in triplicates (Martha et
al., 2017).

The drug and excipients were subjected to milling
followed by sieving, mixing, and compression into a
tablet using Rimek mini press-1 tablet punching ma-
chine with a compression force of 38+5 kN (Panzade
et al.,2017).

Post compression evaluation
Physical evaluation of tablets

The thickness of the tablets was determined us-
ing vernier calipers for randomly selected 30 tablets.
Hardness was determined using a Monsanto hardness
tester for 6 tablets selected randomly. Each of the 20
tablets was individually weighed using an electron-
ic balance and the average weight of the tablets was
checked. The % deviation of each tablet weight from
the average weight was also estimated (Martha et al.,
2017).

Wetting time

The wetting test was performed using amaranth
solution and cotton. The cotton was placed on the pe-
tri dish containing amaranth solution and the tablet
was placed on top of the cotton. The time taken for the

tablet to turn completely red was noted.
Disintegration test

The disintegration test was carried out for 6 tablets
in 900 ml of distilled water using LAB-HOSP tablet
disintegration test machine. The time taken for the
tablet to disintegrate completely was noted. The test

was performed in triplicates (Dey & Maiti, 2010).
Friability test

The friability test was carried out for 10 tablets
using Electrolab friabilator (USP) EF-1W. The tab-
lets were rotated at 25 rpm for 4 min. Initial and final
weights were noted and % friability was calculated af-
ter the test (Pawar et al., 2014). % Friability was calcu-
lated using the following equation
(W1 - W2)

Wi
Where, W is the weight of tablets before tum-

bling, and W2, is the weight of tablets after tumbling.

Friability(%) = * 100
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Drug release study of the orodispersible tablets

The same dissolution conditions as described pri-
or were kept for the study of the dissolution of orodis-
persible tablets. The dissolution was carried out for 20
min. 1 ml of the sample was withdrawn at 5 min in-
tervals and replaced with 1 ml of the fresh dissolution
media. The diluted samples were analyzed spectro-
photometrically at 322 nm. The analysis was carried
out in triplicates (Panzade & Shendarkar, 2019).

Stability studies of orodispersible tablets

The orodispersible tablets were stored at 40°+2°C
at a relative humidity of 75% £5% for 3 months in

sealed glass vials. The samples were observed for ap-

1.4

mn
= b2

Solubility (mg/ml)
oo oo
o

pearance, wetting, friability, disintegration, and in vi-
tro drug release every month (Panzade & Shendarkar,
2017).

RESULTS AND DISCUSSION

Determination of solubility of cocrystals in
different pH

Solubility studies of pure drug and Dolutegravir
cocrystals (DOLMET 1:1 and DOLMET 1:2) in dif-
ferent pH (pH 1.2, pH 4.5, and pH 6.8) were carried
out where the solubility of DOLMET 1:2 cocrystal
was found to be the highest at pH1.2 compared to the
pure drug and DOLMET 1:1 cocrystal as shown in
Figure 1.

4 1
;|
0
DOLMET 1:1 DOLMET 1:2 PURE DRUG
Formulation
m]2 m45 m6.8

Figure 1. Comparative solubility of cocrystals of DOLMET 1:1, DOLMET 1:2, and pure drug in different

pH (1.2, 4.5, and 6.8)

Dolutegravir is a weak acid and has a pka of 8.2.
As per pH partition theory, the drug with pKa>8, will
remain essentially unionized at all pHs, the entire gas-
trointestinal tract (GIT) thus serves as the absorption
site for such molecules. Hence solubility improve-
ment in the entire GIT is preferred for promoting ab-
sorption. The calculation of Gibb’s Free energy gives
an understanding of the improvement of solubility. A
negative Gibb’s free energy depicts the spontaneity of
the solution process. The calculated Gibbs free energy
of cocrystal DOLMET 1:2 predicted the dissolution
can be spontaneous in all the media, but the highest
might be in pH 1.2. The Gibbs free energy calculation
was minimal for DOLMET 1:2 at pH 1.2 as shown in

Table 1. Dose solubility ratio was lowest at a value of
51.32. Hence considering the solubility parameters of
DOLMET 1:2, pH 1.2 was selected as the dissolution

media for the cocrystal.

Table 1. Thermodynamic solubility analysis of
DOLMET 1:2

pH Solubility (mg/ Gibs’s Free | Dose solubility
ml) energy ratio
1.2 0.97+0.25 -10.54 51.32
3 0.66+0.15 -5.67 75
4.5 0.609+0.20 -7.19 82.07
5 0.51+0.04 -8.99 96.66
6.8 0.61+0.14 -6.87 81.69
7.4 0.88+0.18 -6.89 56.49
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Tukey’s multiple comparison test (p < 0.05) re-
vealed that DOLMET 1:2 was significantly better than
pure drug and DOLMET 1:1 as shown in Table 2.

Table 2. Tukey’s Multiple Comparison Test

Hence DOLMET 1:2 was selected as the best cocrystal

for further evaluations.

Tukey’s Multiple Comparison Test Mean Diff. Significant? P < 0.05? Summary 95% CI of diff
DOLMET 1:2 vs DOLMET 1:1 0.6657 Yes bt 0.6657 to 0.6657
DOLMET 1:2 vs PURE DRUG 0.7787 Yes b 0.7787 t0 0.7787
DOLMET 1:1 vs PURE DRUG 0.1130 Yes bl 0.1130 to 0.1130

Determination of solubility of best cocrystal in

the entire GI pH range

Solubility of the pure drug and best cocrystal
(DOLMET 1:2) in the entire GI pH range (pH 1.2, to
pH 7.4) was carried out where DOLMET 1:2 cocrystal
showed improved solubility than the pure drug in the
entire GI pH range with maximum solubility at pH 1.2

as shown in Figure 2.

1.4
1.2

0.8
0.6
0.4

Solubility (mg/ml)

0.2

In vitro drug release study

In vitro drug release of pure drug and DOLMET
1:2, cocrystal was carried out for 60 min and graph-
ically represented as % CDR v/s time profile. DOL-
MET 1:2 cocrystal showed remarkable improvement
in dissolution compared to pure drugs. The in vitro
dissolution rate of DOLMET 1:2 was more than 80 %

in 60 min as shown in Figure 2.
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EDOLMET 1:2 ®PUREDRUG

A
100
90
80
70
E 60
o 50
*# 40
30
20
10
0
0 10 20 30 40 50 60 70
TIME(min)
B —8—DOLMET 1:2 pH1.2  —@—Pure drug pH1.2

Figure 2. Solubility of DOLMET 1:2 and pure drug in the entire GI pH range (A)

In vitro drug release of DOLMET 1:2 and pure drug (B)
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FTIR

The compatibility of the drug and coformer was
established through the FTIR study, Major peaks were
found to be retained in the sample at a lower intensity
indicating the formation of H bond with the coformer.
The presence of peaks at 1640.73 cm™'(C=C), 1363.95
cm'(C=F), 1318.18 cm}(C=N), 1271.48 cm!(C-0),
854.50 cm'(C-H) and 3064.96 cm™(O-H) of the pure
drug was observed in the cocrystal of DOLMET 1:2 as
shown in Figure 3 (Mupparaju et al., 2021).

PXRD
The PXRD diffraction pattern of the pure drug

demonstrated high-intensity peaks, confirming the
crystalline nature of the pure drug. The major peaks
of the drug at 26 6.4, 14.62, 19.25, 23.38, and 29.96
were significantly lowered in DOLMET 1:2 indicating
amorphization of the drug in its cocrystal and sup-

porting the dissolution enhancement. The presence of

new peaks at 20 20.69, 23.10, 23.22,33.15, etc. con-
firms the formation of the cocrystal of dolutegravir.
The PXRD patterns of pure drug and DOLMET 1:2
are shown in Figure 3 (Mupparaju et al., 2021). The
reduction in the intensity of the peaks in the cocrys-
tals confirmed the amorphization of the drug which
supported the high solubility of the cocrystals com-
pared to the pure drug.

DSC

A broad endothermic peak of the pure dolute-
gravir at its melting point of 368.83 °C indicated
the crystalline nature of the drug. The thermogram
of cocrystal DOLMET 1:2 showed a reduced peak at
231°C that suggested the formation of the cocrystal.
The reduced intensity of the peak depicts its amor-
phization. The DSC thermograms are presented in
Figure 3 (Mupparaju et al., 2021). These observations
also supported the findings of PXRD studies and the

improvement of solubility.
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Figure 3. FTIR of Pure drug (A) and DOLMET 1:2 (B), PXRD of Pure drug (C) and DOLMET 1:2 (D), DSC
of Pure drug (E) and DOLMET 1:2 (F).
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SEM

The surface morphology study of the pure drug and DOLMET 1:2 at the same magnifications is shown in
Figure 4. The crystalline nature of the pure drug was observed in the images and the cocrystals were found to be
discrete nano-sized particles. A significant change in shape and surface topography was observed in the cocrys-
tal. The crystallinity of the drug was transformed into fine dispersed particles attached to the coformers. These

changes might have contributed to the flow properties of the cocrystals (Reham AK et al., 2019).
B

w R

S3400 46.0kV 6.6mmika.00k SE W m 24100um

11 el TR T

Figure 4. SEM images of Pure drug (A, B) and DOLMET1:2(C, D)

NMR picted in Figure 5, this interaction involves the amino

The formation of hydrogen bonds in dolutegravir ~ 8fOUP and dioxo groups, confirming cocrystal forma-
cocrystals was verified through NMR, which showed ~tion and excluding salt formation.

peak broadening at 3.321 for DOLMET 1:2. As de-
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Precompression evaluation of the powder blend

of cocrystal

The particle size, size distribution, shape, density,
and surface area influence precompression proper-
ties and flow of powder. Precompression evaluation
was carried out for the pure drug and powder blend
of the cocrystal before compressing into tablets. It
was observed that the powder blends of the cocrystal
possessed good flow properties and acceptable com-

pressibility index compared to the pure drug as shown

in Figure 6. An angle of repose of less than 25 was
observed for the cocrystals, which is indicative of the
excellent flow of the powder blend. Carr’s index was
found to be around 15, which indicated the compress-
ibility of the cocrystal was good compared to the pure
drug powder blend. % porosity was increased as it was
calculated from the bulk density and particle density
measurement. This might be the reason for the im-

provement in the dissolution (Sujitha et al., 2014).

% porosity

Carr'sindex %

Angle of repose

5 10

= TAB Pure drug

120
100
80

60

% CDR

a0

20

15 20 25 30 35
= TAB DOLMET1:2
A
15 20 25
Time(min)

—8—TAB DOLMET1:2

B

—&—TAB Pure Drug

Figure 6. Precompression characteristics of the powder blend of DOLMET 1:2 and pure drug (A), In vitro

drug release of orodispersible tablets of DOLMET 1:2 and pure drug

Post-compression evaluation of orodispersible
tablets

Post-compression studies such as weight variation,
friability, disintegration, hardness, and wetting were
carried out for orodispersible tablets. Weight varia-
tion was limited to the range of +0.5%, and friability

was found to be 0.00855 %. The tablets were disinte-

grated at 10.05+0.5 seconds. The hardness and wetting
time were found to be 3+0.87 kg/cm?and 13.62+0.05
seconds respectively. All the findings supported the
requirements of the orodispersible tablets. Hence the
suitability of cocrystals of dolutegravir for developing
fast-dissolving orodispersible tablets with excellent

transportability was established.

11
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In vitro drug release study of orodispersible tab-
lets

The in vitro drug release studies unequivocally
demonstrated the superior dissolution performance
of orodispersible tablets compared to pure drug tab-
lets. Orodispersible tablets showed promising results
in dissolution compared to pure drug tablets and
the % CDR for orodispersible tablets was found to
be more than 90% in 20 min as shown in Figure 6.
This rapid and enhanced drug release profile suggest-
ed the potential of orodispersible tablets to improve
bioavailability and accelerate therapeutic onset. The
optimized formulation and cocrystal technology

employed in these tablets successfully addressed the

limitations of pure drug tablets, paving the way for a
more efficacious and patient-compliant treatment op-

tion.
Stability studies of orodispersible tablets

Stability studies for the pure drug and orodispers-
ible tablet were carried out for 3 months (temperature
of 40° + 2°C and relative humidity of 75% + 5%) and
it was found that there was no significant change in
the appearance, weight, hardness, and friability. The
critical stability parameters are listed as shown in Ta-
ble 3. There were no significant differences (p<0.05)
observed in the tablets kept for stability study for 3

months.

Table 3. Stability studies of orodispersible tablets of DOLMET 1:2

Storage time(months) Wetting time (Sec) Disintegration time (Sec) %CDR
0 13.62+0.05 10.05+0.5 97.95£0.02
1 13.7£0.09 10+0.3 97.8£0.05
2 13.7+0.06 10.1+0.4 97.76£0.04
3 13.71+0.05 10+0.5 97.7+0.06
CONCLUSION AUTHOR CONTRIBUTION STATEMENT

The cocrystallization process of dolutegravir in the
presence of different amino acids was experimented
out and revealed that a new improved physiochemical
form of dolutegravir was obtained at a stoichiometric
ratio of 1:2 of the drug: methionine. Methionine was
found to be more effective in improving the solubility
of the drug as evidenced from the dissolution studies.
The solid-state characterization and surface morphol-
ogy of the cocrystal showed amorphization of the pure
drug. The orodispersible tablet formed with the crys-
tal showed good precompression, post-compression,
disintegration, and drug release. Hence the process of
cocrystallization of dolutegravir with amino acids was
found to be promising in overcoming the poor solu-
bility of the drug.

ACKNOWLEDGEMENT

No funding or other financial support was re-

ceived for the study.

12

All authors contributed to data collection, pro-
cessing, writing, revision of the draft, reading and ap-

proval of the final manuscript.
CONFLICT OF INTEREST

The authors declare that there is no conflict of in-

terest.
REFERENCES
Baka, E., Comer, J.E., & Takéacs-Novak, K. (2008).

Study of equilibrium solubility measurement by
saturation shake flask method using hydrochlo-
rothiazide as model compound. Journal of Phar-
maceutical Biomedical Analysis, 46 (2), 335-41.
https://doi.org/10.1016/j.jpba.2007.10.030.

Bhattacharyya, S., Adhikari, H., Regmi, D., & HVR,
R. (2022). A Study on solubility enhancement of
etravirine by crystal engineering method. Indian
Journal of Pharmaceutical Science, 84(3), 575-585.
https://doi.org/10.36468/pharmaceutical-scienc-
€5.952.



FABAD ]. Pharm. Sci., 50, 1, 1-14, 2025

Bhattacharyya, S., & Manjunath, A. (2023). Phar-
maceutical cocrystal-a deft technique for sol-
ubility enhancement, Pharmaceutical Sciences
Asia, 50(4), 361-370. https://doi.org/:10.29090/
psa.2023.04.23.618.

Buchanan, A.M., Holton, M., Conn, I., Davies, M.,
Choukour, M., & Wynne, B.R. (2017). Relative
bioavailability of a dolutegravir dispersible tablet
and the effects of low- and high-mineral-content
water on the tablet in healthy adults. Clinical Phar-
macology in Drug Development, 6(6), 577-583.
https://doi.org/10.1002/cpdd.332.

Dey, P, & Maiti, S. (2010). Orodispersible tablets: A
new trend in drug delivery. Journal of Natural Sci-
ence Biology and Medicine, 1(1), 2-5. https://doi.
0rg/10.4103/0976-9668.71663.

Food and Drug Administration, (2018). Regulatory
classification of pharmaceutical cocrystals, guid-
ance for industry, US. Department of Health
and Human Services Food and Drug Adminis-
tration Center for Drug Evaluation and Research
(CDER). Access date: 30 March 2024.

Guo, M., Sun, X., Chen, J., & Cai, T. Pharmaceutical
cocrystals: A review of preparations, physico-
chemical properties and applications. (2021). Acta
Pharmaceutica Sinica B, 11(8), 2537-2564. https://
doi.org/10.1016/j.apsb.2021.03.030.

Kumar, TN.V.G,, Vidyadhara, S., & Narkhede.
N.A. (2019). Study of dolutegravir degradation
and spectroscopic identification of products by
LCMS, 1H and 13C NMR techniques. Pharma-
ceutical Chemistry Journal, 53, 368-375.https://
doi.org/:10.1007/s11094-019-02007-x.

Manjunath, A., & Bhattacharyya, S. (2023). Assess-
ment of solid-state behaviour and in vitro release
of artemether from liquisolid compact using mes-
oporous material as an excipient. Indian Journal
of Pharmaceutical Education and Research, 57(1),
1321. https://doi.org/:10.5530/ijper.57.1s.3.

Martha, S., Nedanuri, A., Kalavathi, A., Vahini, B.S.,
Kumar, M.P, & Soumya, S. (2017). Design and in
vitro characterization of dolutegravir sustained re-
lease matrix tablets. International Journal of Phar-
maceutical Sciences Review and Research, 46(2),
136-141.

Mattevi, V.S., & Tagliari, C.E. (2017). Pharmacogenetic
considerations in the treatment of HIV. Pharma-
cogenomics, 18(1), 85-98. https://doi.org/10.2217/
pgs-2016-0097.

Mupparaju, S., Suryadevara, V., & Doppalapudi, S.
(2021). Preparation and evaluation of dolutegra-
vir solid dispersions. International Journal of Ap-
plied Pharmaceutics, 13(1), 193-198. https://doi.
org/10.22159/ijap.2021v13i1.40113.

Nanubolu, J.B., & Ravikumar, K. (2016). Correlating
the melting point alteration with the supramo-
lecular structure in aripiprazole drug cocrystals,
Cryst.Eng.Comm., 18(6), 1024-1038.

Nugrahani, I., & Jessica, M.A. (2021). Amino acids
as the potential co-former for co-crystal develop-
ment: A review. Molecules, 26(11), 3279. https://
doi.org/10.3390/molecules26113279.

Panzade, P, & Shendarkar, G. (2019). Superior sol-
ubility and dissolution of zaltoprofen via phar-
maceutical cocrystals. Turkish Journal of Phar-
maceutical Sciences, 16(3), 310-316. https://doi.
org/10.4274/tjps.galenos.

Panzade, P,, Shendarkar, G., Shaikh, S., & Balmukund
Rathi, P. (2017). Pharmaceutical cocrystal of
piroxicam: design, formulation, and evaluation.
Advance Pharmaceutical Bulletin, 7(3), 399-408.
https://doi.org/10.15171/apb.2017.048.

Pawar, H., Varkhade, C., Jadhav, P, & Mehra, K.
(2014). Development and evaluation of orodis-
persible tablets using a natural polysaccharide iso-
lated from Cassia tora seeds. Integrated Medicine
Research, 3(2), 91-98. https://doi.org/10.1016/j.
imr.2014.03.002.

13



Tamang, Tamang, Bhattacharyya

Qiao, N, Li, M., Schlindwein, W., Malek, N., Davies,
A., & Trappitt, G. (2011). Pharmaceutical cocrys-
tals: an overview. International Journal of Pharma-
ceutics, 419(1-2), 1-11. https://doi.org/10.1016/j.
ijpharm.2011.07.037.

Raheem Thayyil, A., Juturu. T., Nayak, S., & Kamath,
S.(2020). Pharmaceutical co-crystallization: regu-
latory aspects, design, characterization, and appli-
cations. Advance Pharmaceutical Bulletin, 10(2),
203-212. https://https://doi.org/.org/: 10.34172/
apb.2020.024.

Reham, A.K., Yacoub, A.B., & Aly, N. (2019). Dis-
solution enhancement of atorvastatin calcium
by co-crystallization. Advance Pharmaceutical
Bulletin, 9(4), 559-570. https://doi.org/10.15171/
apb.2019.064.

14

Sujitha, V., Sayani, B., & Geetha, T. (2014). Prepara-
tion and evaluation of orally disintegrating taste
masking tablet of paracetamol with Kollicoat
Smart Seal 30 D. Der Pharmacia Lettre, 6 (2), 82-
89.

Yu, J., Petrie, 1.D., & Levy, R.H. (2019). Raguene-
au-Majlessi 1. mechanisms and clinical signifi-
cance of pharmacokinetic-based drug-drug in-
teractions with drugs approved by the U.S. Food
and Drug Administration in 2017. Drug Metabo-
lism and Disposition, 47(2), 135-144. https://doi.
org/10.1124/dmd.118.084905.



