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Therapy
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Abstract. Being a candidate of BCS class II, dolutegravir (DTG), a recently approved
antiretroviral drug, possesses solubility issues. The current research was aimed to improve
the solubility of the DTG and thereby enhance its efficacy using the solid dispersion
technique. In due course, the miscibility study of the drug was performed with different
polymers, where Poloxamer 407 (P407) was found suitable to move forward. The solid
dispersion of DTG and P407 was formulated using solvent evaporation technique with a 1:1
proportion of drug and polymer, where the solid-state characterization was performed using
differential scanning calorimetry, Fourier transform infrared spectroscopy and X-ray
diffraction. No physicochemical interaction was found between the DTG and P407 in the
fabricated solid dispersion; however, crystalline state of the drug was changed to amorphous
as evident from the X-ray diffractogram. A rapid release of DTG was observed from the
solid dispersion (>95%), which is highly significant (p<0.05) as compared to pure drug
(11.40%), physical mixture (20.07%) and marketed preparation of DTG (35.30%). The drug
release from the formulated solid dispersion followed Weibull model kinetics. Finally, the
rapid drug release from the solid dispersion formulation revealed increased Cmax (14.56 μg/
mL) when compared to the physical mixture (4.12 μg/mL) and pure drug (3.45 μg/mL). This
was further reflected by improved bioavailability of DTG (AUC: 105.99±10.07 μg/h/mL) in
the experimental Wistar rats when compared to the AUC of animals administered with
physical mixture (54.45±6.58 μg/h/mL) and pure drug (49.27±6.16 μg/h/mL). Therefore, it
could be concluded that the dissolution profile and simultaneously the bioavailability of DTG
could be enhanced by means of the solid dispersion platform using the hydrophilic polymer,
P407, which could be projected towards improved efficacy of the drug in HIV/AIDS.

KEY WORDS: Dolutegravir; solid dispersion; solvent evaporation technique; solid-state
characterization; pharmacokinetics study.

INTRODUCTION In the past few decades, acquired immunodeficiency
syndrome (AIDS) has been considered to be one of the
world’s most devastating health challenges, which is
known to cause by a specific etiologic agent human
immunodeficiency virus (HIV). This causative retrovirus
directly or indirectly destroys the vital components of the
human immune system, which includes depletion of native
and memory CD4+ T cells, inhibiting T helper cell,
macrophages and dendritic cell activity (1). The World
Health Organization intensified their advocacy in recently
published guidelines on the provision of antiretroviral
therapy for managing persons living with HIV (2).
According to the 2018 reports by Joint United Nations
Programme on HIV/AIDS, the numbers of global popu-
lation infected with HIV were 36.9 million, including 1.8
million children under the age of 15 years. Out of the
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huge number, approximately 25% of them were newly
infected in 2017 (3). Patients with HIV are at high risk for
different numbers of non-infectious comorbid diseases,
such as osteoporosis, type 2 diabetes mellitus, chronic
kidney disease, cardiovascular disease and cancer (4).
Currently available antiretroviral treatments include pro-
tease inhibitors (e.g. indinavir, ritonavir, saquinavir,
nelfinavir, amprenavir), nucleoside reverse transcriptase
inhibitors (e.g. zidovudine, didanosine, zalcitabine, stavu-
dine, lamivudine, abacavir) and non-nucleoside reverse
transcriptase inhibitors (e.g. nevirapine, delavirdine and
efavirenz) (5). It has been reported that insufficient drug
exposure to the susceptible cells is probably one of the
main factors responsible for the inefficacy of conventional
antiretroviral therapy to completely eliminate the virus
from the host body (6). Furthermore, it is imperative to
maintain the steady-state level above the target drug
concentration during the entire treatment period to obtain
a successful treatment of an antiretroviral therapy in HIV
(7). Most of the antiretroviral drugs (e.g. HIV protease
inhibitors) inadequately penetrate the blood-brain barrier
(8). Reduced bioavailability of these drugs in the cellular
and tissue reservoirs can also be affected by various
factors, such as the efflux transporters (e.g. P-glycopro-
tein/P-gp), drug-metabolizing enzymes (e.g. cytochrome
P-450), rapid elimination and limited permeability (9).
Thus, there is an immediate requirement to bridge the
gap between the availability of most potent antiretrovirals
and effective disease management in a cost-effective
manner.

The integrase strand transfer inhibitors are the
currently approved class of drug that signify a major role
in HIV treatment. It blocks the functioning of HIV
integrase, which is an important component for HIV
replication. In particular, dolutegravir (DTG) is the
second-generation integrase strand transfer inhibitor with
remarkable benefits, like a high genetic obstacle to drug
resistance, once-a-day dose and low or no risk of any
drug-drug interactions (10). Thus, DTG is generally well
tolerated and well thought out to be metabolically
friendlier compare to other classes of drug-like protease
inhibitors. Initial investigations revealed that absorption of
sodium salt of DTG is primarily restricted by its poor
solubility and dissolution rate. It is a BCS class IIa drug
with water solubility below 50 μg/mL between the pH
ranges of 1 and 7 (11). Solubility enhancement of such
drugs is an important area of drug delivery research due
to the inherent difficulty of developing it as a successful
dosage form. To overcome the solubility issues of drug
components, many formulation techniques were developed
during the last few decades such as miniaturization (12),
surface modification (13), complexation (14), solid lipid
nanoparticles (15) and solid dispersion (16). Among these
methods, solid dispersion is considered as an excellent,
low cost and feasible approach to improve the drug
solubility, which allows a decrease in particle size which
equals to molecular size, thereby enhancing particle
wettability with increase in porosity, reduction in aggre-
gation, transformation to amorphous state and subsequent

improvement in drug solubility (17). In the present
investigation, solid dispersion formulation of DTG was
formulated with Poloxamer 407 (P407) using the conven-
tional solvent evaporation technique. P407 is a widely
used polymer in the pharmaceutical field, possessing
advantages of thermoreversible properties, increasing
bioadhesion, compatibility with other substances,
immunomodulation, cytotoxic promotion, enhanced solu-
bilization of poorly soluble drugs and extended-release
profiles in drug delivery applications and low toxicity (18).
Phase solubility study between DTG and P407 was
performed to measure the impact of polymer and its
concentration on drug solubility. Fourier transform infra-
red spectroscopy (FTIR), X-ray diffraction (XRD) and
differential scanning calorimetry (DSC) analyses were
carried out to characterize the solid-state properties of
DTG and the formulated solid dispersion formulation.
Finally, the oral bioavailability of the developed solid
dispersion system was performed in male Wistar rats.

MATERIALS AND METHODS

Materials

DTG, Lutrol F 68, P407, Kollidon 90F, Kollidon CL and
polyethylene glycol 6000 were provided as a gift sample from
Emcure Pharmaceuticals Ltd., Ahmedabad, India. HP-β-
cyclodextrin was supplied as a gift sample from Gangwal
Chem, Boisar, India. Quinoxaline was acquired from Sigma
Aldrich, Mumbai, India. Acetonitrile and 2-propanol were
procured from SD Fines Chemicals Limited, Mumbai, India.
All other chemicals and reagents employed in the research
were analytical grade of purity and quality.

High-performance Liquid Chromatography (HPLC) Analysis
of Dolutegravir

Quantification of DTG in various samples was done
by Jasco HPLC (Jasco LC–4000, Easton, MD, USA)
system containing degasser unit, a pump, an automatic
injector and an MD-4010 UV-Visible detector, at wave-
length of 260 nm for the detection of DTG and internal
standard (quinoxaline). Chromatographic separation of
DTG was carried out on Discovery C18 HPLC column
(250 mm× 4.6 mm, i.d, 5 μm). Gradient elution was
carried out using mobile phase prepared using acetonitrile
and 50 mM solution of acetate buffer (pH 4.5) and the
flow rate was adjusted to 1 mL/min by means of gradient
dilution method with 50-μL volume injected (19). The
gradient elution was done with acetonitrile:acetate buffer
(40:60) until 4 min and followed 70:30. DTG content in
plasma was determined after protein precipitation by
adding identical amount of acetonitrile and 2-propanol
(20). Moreover, the validation of analytical method was
also performed in accordance with the procedure referred
to in the International Council on Harmonization (ICH)
guidelines. The validated method showed a retention time
of 6.2 min and has linearity from 50 to 2000 ng/mL (R2 =
0.9992). The limit of detection of the method was found
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to be 20 ng/mL, while the limit of quantitation noticed
was 50 ng/mL after the system suitability test.

Screening of Polymer

Briefly, 5 mg of drug plus 25 mg of polymers (P407,
Lutrol F 68, HP-β-cyclodextrin, Kollidon 90F, Kollidon CL,
Polyethylene glycol 6000) was mixed in 5 mL of phosphate
buffer (pH 6.8). It was kept in a thermostatically controlled
(25±1°C) shaker incubator for a period of 24 h (21). After the
equilibration period, the dispersion was filtered using syringe
membrane filter having a pore size of 0.2 μm and immediately
estimated for DTG by the HPLC method.

Estimation of Dolutegravir-Poloxamer 407 Miscibility

Solubility of DTG in P407 was assessed by the procedure
mentioned by Higuchi and Lach (22). An excess quantity of
DTG was taken in a separate glass tube, and 20 mL of
phosphate buffer (pH 6.8) having different concentrations of
P407 (up to 0.18 Moles) was added. All dispersions were
rotated in water-jacketed flasks at constant temperature (25
±0.5°C) for 24 h. Thereafter, the suspensions were filtered
through a syringe membrane filter (pore size of 0.2 μm) and
diluted with the media to determine the amount of drug
dissolved using the developed HPLC method. The stability
constant (Kc) was estimated by plotting the moles of DTG
dissolved against the moles of polymer as described in the
literature (23).

Preparation of Physical Mixture

Samples of a DTG and P407 were initially sieved from a
40-mesh (425 μm) and then blended, weighed and stored in a
desiccator maintained at room temperature condition (25
±1°C and 70±5%) (24).

Preparation of solid dispersions by solvent evaporation
method

Being higher soluble in methanol, sodium salt of
DTG was used for preparation of solid dispersion. The
composition of prepared solid dispersion is summarized in
Table I. Briefly, DTG and P407 were taken and dissolved
in a suitable quantity of methanol until the solution
becomes completely clear. Methanol was evaporated using
rotary evaporator under vacuum at 32±1°C to form a
highly viscous mass and air-dried at room temperature (25

±1°C) to obtain a solid fragile powder. It was pulverized,
sieved through different sieves and sized and finally stored
in a desiccator kept under the same conditions as
discussed in preparation of physical mixture section above
until further investigations.

Characterization of Solid Dispersion

Saturation Solubility Study

This study was performed to measure the improvement
in drug solubility in the prepared solid dispersions. Excess
quantity of powder from the prepared solid dispersions was
mixed with distilled water (10 mL) in glass vials. The
prepared solutions were kept on a shaker water-bath for
48 h and the temperature was maintained at 37±0.5°C.
Thereafter, the mixture was filtered out through 0.2-μm
membrane filters, further diluted and then analyzed by the
developed HPLC method.

Drug Content and Percent Yield

Weighed quantity of solid dispersions equivalent to
50 mg was dissolved in a suitable quantity of methanol and
then filtered through a 0.2-μm filter. The received filtrate was
diluted with phosphate buffer (pH 6.8) and amount of DTG
was quantified by HPLC method. The percentage yield of
DTG solid dispersions is computed using Eq. 1.

%Yield ¼ Practical yield
Theoretical yield

� 100 ð1Þ

Solid-state Characterization

FTIR

Spectra of DTG, P407, physical mixture (drug and
polymer) and the formulated solid dispersion were noted
using an FTIR spectrometer (FT/IR-6100, Jasco, Tokyo,
Japan). Previously ground and sieved samples were prepared
by intimately mixing with potassium bromide (1:10) and the
discs were formed by compression employing a hydraulic
press (25), and were scanned at a resolution of 2 cm−1 and the
IR spectra were developed in the range of 400–4000 cm−1.

DSC

The thermal behaviour of DTG, P407, physical mixture
(drug and polymer) and the formulated solid dispersion were
determined by DSC (Perkin-Elmer DSC7, USA). Weighed
samples (6.5–10 mg) were kept in aluminium curled pans and
sealed non-hermetically, while a blank pan was taken as a
standard reference during study. Recording of thermogram
was carried out at a heating speed of 10°C/min in presence of
nitrogen and at a heating range of 25–400°C.

Table I. Composition Used for Preparing Dolutegravir Amorphous
Solid Dispersion

Composition Content

Dolutegravir sodium (mg) 10
Poloxamer 407 (mg) 200
Drug: polymer ratio 1:1
Methanol (mL) 15
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XRD

Powder XRD patterns of DTG, P407, physical
mixture (drug and polymer) and the formulated solid
dispersion were studied on an XD-6000 (Shimadzu,
Tokyo, Japan) powder X-ray diffractometer. The sieved
samples were filled in an aluminium sample container and
analyzed with radiation under a voltage of 40 kV and a
current of 40 mA (26). The scanning rate was maintained
1°/min over a 2θ range of 1–50°.

Dissolution studies

The in vitro dissolution of DTG from the formulated
solid dispersion was determined using type-2 USP disso-
lution apparatus with a slight modification of earlier
method reported (27). The study was carried out using
900 mL of phosphate buffer (pH 6.8) as dissolution
medium at temperature 37 ± 0.5°C and stirring speed at
50 rpm for 2 h. Weighted amount of solid dispersion
equivalent to 50 mg of DTG was used for the study. The
samples (5 mL) were taken at specific intervals and
analysed for the amount of DTG release. Samples
collected at specific time points were passed through a
0.2-μm syringe membrane filter (Millipore Corporation,
Bedford, MA, USA) and readily quantified using the
developed method by HPLC. Dissolution profile of DTG
solid dispersion was compared with marketed product,
physical mixture and pure DTG.

Furthermore, the cumulative release data were
checked to determine release rate kinetics by employing
various mathematical models including zero, first, Hixson
Crowell, Higuchi diffusion and Korsmeyer-Peppas using
the equation described in the literature (28, 29). The
release mechanism and model that best fitting to the
release data is chosen by taking into consideration of the
higher regression coefficient (r2), low squares of residuals
and minimum Fischer ratio. The squares of residuals and
Fischer ratio are two added factors that are widely used
to decrease the inaccuracy in calculating a good fit of the
model (30). Furthermore, the measurement of dissolution
efficiency of various samples like pure DTG, physical
mixture and solid dispersion is done using Eq. 2 (31).

Dissolution efficiency DEð Þ ¼ ∫t2t1y:dt
y100 � t2−t1ð Þ � 100 ð2Þ

where dissolution efficiency is the area under the
dissolution curve within time points; t1 and t2 are defined as
a percentage of the curve at maximum dissolution, y100, over
the same time period.

Stability

Solid dispersion was kept in a sealed polyethylene vial
and stored in a desiccator for 3 months at stability condition
maintained at 40±2°C and 75%±5% RH (32). Stability of the
solid dispersion was checked by assessing the drug content

and drug release during storage. The release of DTG from
the solid dispersion prior to the storage and after storage was
compared using similarity factors (f2). The formulation was
also studied for its DSC and XRD pattern after the stability
period.

Oral pharmacokinetic studies

The pharmacokinetic studies were performed on male
Wistar rats (225–250 g) to examine the oral bioavailability
differences between the optimized DTG solid dispersion
with the pure drug (control). A separate room with
proper ventilation was used to house experimental ani-
mals. The animals were kept in standard polypropylene
cages at 25±5°C with a 12-h day/12-h night cycle with free
access to food and water (33). Animals refrain from
eating for 12 h were split into three groups, each
comprised of six rats. Animal studies were conducted
according to the standards and guidelines mentioned in
the institutional animal ethical committee (Protocol No.
IP/PCEU/FAC/23/2018/030). A dose equal to 5 mg/kg of
pure DTG or physical mixture or solid dispersions was
suspended separately in 0.5% w/v carboxymethyl cellulose.
The dose was calculated from the standard daily human
dose of 50 mg using the equation mentioned in the
scientific literature (34). The respective suspensions were
administered orally as a single dose by intragastric gavage
in respective experimental groups. Blood sample (200 μL)
was collected from retro-orbital plexus of each experi-
mental rat under anesthesia (thiopentone sodium 30
mg/kg) using dry heparinized tubes at the specified time
intervals post dose. The collected samples were protein
precipitated and were centrifuged (10,000 rpm for 10 min)
and the top layer was filtered (0.2 μm). The filtrate (50
μL) was immediately injected into HPLC while consider-
ing the sample withdrawn at zero time point as the
baseline value.

Data analysis

The software used for Statistical data analysis was
GraphPad Prism software (version 6, GraphPad, San Diego,
CA, USA). The difference in values at p < 0.05 is considered
statistically significant.

RESULTS AND DISCUSSION

Development of Dolutegravir Solid Dispersion and
Characterization

The extent of miscibility among the pharmaceutical
active (drug) and the excipient (polymer) can be judged
based on the variation in the solubility parameters of drug
and polymer. It has been reported that the miscible
compounds are possessing equivalent solubility parame-
ters, whereas compounds with significant solubility differ-
ences are unable to become miscible (35, 36). Solubility
profile of the drug in different polymers is presented in
Fig. 1, where the highest solubility of sodium salt of DTG
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was obtained with P407 (123 μg/mL) followed by Kollidon
90F (99 μg/mL). Other tested polymers, Lutrol F 68, HP-
β-cyclodextrin, Kollidon CL and PEG 6000, showed a
slight increase in solubility, ranging between 60 and 65 μg/
mL. The highest solubility in P407 might be explained by
the surfactant property and their inherent tendency to
self-agglomerate, hence generating micelles as well as
liquid crystalline phases with enhanced hydrophilicity, an
important factor responsible for the solubilization of
sparingly water-soluble drugs compared to Kollidon 90F
(37, 38).

As per the data obtained from the miscibility study, it
could be said that the P407 has a positive solubilizing
influence on DTG. The phase solubility curve of DTG
with different concentrations of P407 is presented in Fig.
2. The aqueous solubility of DTG at room temperature
( 25°C) is less than 50 μg/mL and thus this agent is
considered a water-insoluble agent (11). From Fig. 2, it is
evident that the apparent solubility of DTG was increased
with the rising concentration of the carrier (P407). Here,
the carrier shows an AL type of linear graph (with higher
r2=0.9953 and slope of 0.0095) referring to Higuchi and
Connors solubility figures (14). Moreover, the linear curve
observed also signifies 1:1 (mol/mol) ratio of drug to
polymer which is suitable for solid dispersion preparation.
The observed stability constant (Kc) value (81 M−1)
suggests drug and polymer dispersion possess adequate
stability, though have very weak binding (interaction)
between DTG and P407 (14). On the other hand, the
weak binding is advantageous as it helps the rapid release
of drug molecules and thereby facilitates drug absorption (23).

Development of Solid Dispersion of Dolutegravir

Technology of solid dispersion could be employed
between hydrophobic drugs and hydrophilic polymers,

where the ultimate goal of these formulations is to quickly
release the entrapped drug (39). We have employed
methanol as a common solvent. Furthermore, the solvent
evaporation method used to fabricate the solid dispersion
of DTG in the present study using a drug to polymer
ratio of 1:1, which can be considered as a simple and
straightforward approach to prepare solid dispersion with
uniform distribution of drug, with nearly 100% recovery
of the yield (40). The drug content of fabricated solid
dispersion formulations was established in the range of
98.2 ± 0.5%.

Solid-state Characterization

FTIR

FTIR is the most widely used technique in the
pharmaceutical field to establish drug-carrier interaction
in any physical mixture or in solid dispersion formulation
where the comparison on the spectra of the individual
components could be made with the mixtures of the
components (25). Absence of shift, or reduction or
abolition of spectra usually refers to have molecular
interaction between the components (41). FTIR is the
most extensively used technique to find drug-carrier
interaction in solid dispersion. It was revealed in literature
that absorption bands of the group involved in hydrogen
bonding, shift to lower wavenumber and if the bonded
group are high then new bend appears and if non-bonded
groups are dominating then slight broadening is observed
due to superposition of the two bands (42). FTIR of
sodium salt of DTG showed (Fig. 3) two predominant
peaks, one apparently assigned to the secondary amide
(3273 cm−1) and the other linked to carbonyl functional
group (1696 cm−1). The spectra also contain additional
peaks at 3165 and 1645 cm−1 characterizing amide and
carbonyl groups, respectively, and C=C stretching in the
structure at 2874 cm−1 and O-H at 2500–3000 cm−1.
Between the spectral region of 3000 and 2900 cm−1,
vibrational group frequencies depict the symmetrical and
asymmetric stretching of methyl and methylene groups.
The frequency wavenumber between the 1350- and 1000-
cm−1 regions displays axial distortion and band overlay
between C–N and C–H due to skeletal vibrations of
methylene group. The infrared spectroscopy is used to
exhibit the vibrational spectrum of the molecule and used
for identification by comparing with either a reference
spectrum or basic interpretation from the first principle
resulting in characterization of the sample. The non-
covalent bonding due to functional group interactions
between the polymer and drug typically show characteris-
tic peak shifts or change in the pattern of the spectra.
Apparently, the absorption spectra of physical mixtures
and formulated solid dispersions are very similar; never-
theless, there is a minor variation between them regarding
intensities. Solid dispersions showed low intensity in 1000–
2000 cm−1. The decreased intensities in those peaks can
be interpreted due to the hydrogen bond formation

Fig. 1. Screening of polymers to determine the solubility of
dolutegravir sodium. Data represented are mean ± SD (n =3)
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Fig. 2. Solubility diagram of dolutegravir-Poloxamer 407 in phosphate buffer (pH 6.8) at
25°C. Data represented are mean ± SD (n =3)

Fig. 3. FTIR spectra of pure dolutegravir, Poloxamer 407 (polymer), physical mixture of drug and polymer
and the formulated solid dispersion
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between carrier and drug. P407 consists of hydroxyl
groups that could result in hydrogen bonding where the
formation of bonding can shift to different wave numbers,
thereby they have reduced intensities and their peaks can
disappear.

DSC

The thermal characteristics of pure drug, P407,
physical mixture and solid dispersion were examined
utilizing DSC and the individual thermograms are illus-
trated in Fig. 4. Thermogram of pure DTG has shown a
distinctive melting endotherm at 335.7°C demonstrating its
characteristic crystalline nature. Furthermore, the DSC
thermogram for P407 indicated endothermic peak at
57.05°C. Thermogram of physical mixture exhibited char-
acteristic peak of P407 while the drug peak was slightly
broadened with reduced intensity and shifted to a little
lower temperature. The single endothermic peak due to
the fusion of DTG was not evident in the case of solid
dispersion, indicating the absence of crystalline form of
the drug and further confirmed that inclusion of drug in
the crust of polymer. It is presumed that the thermal
property of DTG was changed in the solid dispersion. The
available data disclosed that the pure drug and polymers
are non-interacting and therefore compatible. Moreover,
this study also confirms the transformation of drug
physical state from crystalline to amorphous.

XRD

In order to evaluate the change in crystalline charac-
teristics of the drug as a resulting effect of the solid

dispersion technique, an XRD experiment was conducted
(23). The diffraction spectra of DTG in Fig. 5 demonstrate
many characteristic peaks with two sharp peaks 6° and 9°
implying that the drug was present predominantly in a
crystalline state. The spectra of P407 displayed two domi-
nant peaks at 20° and 22°. The absence of the many unique
peaks of the drug and peak broadening in the solid
dispersion formulation confirming that a significant amount
of the drug was molecularly dispersed in the carrier matrix
as amorphous form. The diffraction patterns of all the tested
samples have retained typical peaks linked to P407 but the
standard crystalline peak of the drug was completely absent,
hence proving the amorphous state of DTG in solid
dispersions.

In Vitro Dissolution Studies

Obtaining faster release of the entrapped hydrophobic
drugs in the solid dispersion formulation is of prime interest
(40). It is a well-known fact for oral drug products,
dissolution data is considered as a crucial pharmaceutical
factor particularly for low aqueous soluble drug. This is
mainly because the absorption of these compounds is
mainly limited by dissolution rate (43). Therefore, the
in vitro dissolution experiments were conducted for pure
drug, solid dispersion, physical mixture of 1:1 ratio of drug
and P407, and marketed product (InstgraTM tablet
containing 50 mg of drug) in phosphate buffer (pH 6.8)
medium containing 0.2% Tween 80 (to keep sink condition)
at temperature of 37±1°C. The dissolution profiles of DTG,
solid dispersion, physical mixture and marketed preparation
are shown in Fig. 6. The dissolution rate of pure DTG was
low during the first hour demonstrating a maximum

Fig. 4. DSC thermograms of pure dolutegravir, Poloxamer 407, physical mixture of drug and polymer and
the formulated solid dispersion
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Fig. 5. X-ray diffractogram of pure dolutegravir (drug), Poloxamer 407, physical mixture of drug and polymer and the formulated solid
dispersion
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percentage released as 11.40%. The rationale for the limited
dissolution rate of pure drug could be directly attributed to
the non-wettability and subsequent poor aqueous solubility.
In vitro release studies disclosed that there was a pro-
nounced dissolution rate enhancement of DTG, about 95%,
from the formulated solid dispersion. Such increase in
release was statistically significant when compared to the
release of pure drug (p<0.05). Physical mixture showed
slightly higher release (20.07% in 60 min) than the pure
drug. The marketed formulation also showed moderately
higher release (35.30% in 60 min) when compared with the
pure drug or physical mixture; however, the release of DTG
from the marketed formulation was significantly low in
comparison to the formulated solid dispersion (p<0.05). In
general, the solid dispersion exhibits a faster dissolution
rate at the end of 1 h (99.15%) than pure drug. This could
be interpreted by the fact that drug was molecularly
dispersed in the fabricated solid dispersion and resultant
amorphization, where the hydrophilic polymer assisted
rapid release of the drug from the dispersion preparation.
Drug release data of solid dispersion showed higher r2

(0.9937), lowest squares of residuals value (19.9768) and
minimum Fischer ratio (3.9954), with Weibull model
kinetics, suggesting the DTG release from solid dispersion
followed Weibull diffusion-controlled mechanism. More-
over, the dissolution efficiency of solid dispersion (73.65)
was significantly higher than (p<0.0001) the marketed
formulation (60.71), physical mixture (64.75) and pure drug
(56.14). The probable reasons for the higher dissolution
efficiency in prepared solid dispersion could be due to the
creation of easily soluble matrix, reduction in the crystal-
linity of DTG and/or decrease in particle size (44).

Stability

Stability studies provide adequate indication of the
quality of the formulation with duration at various
environmental conditions. There was no significant differ-
ence in drug content or release profile during storage for
3 months. The observed f2 value (79) guarantees unifor-
mity/equivalency/performance of solid dispersion (as the
value is greater than 50) according to the literature (45).
The DSC and XRD studies performed after stability
period showed that the formulation was stable and
maintained the same spectra (Fig. 7) and prevent any
recrystallization of amorphous form of drug, observed
before the stability period. Overall, the stability study
demonstrated the prepared solid dispersion was stable
under the current experimental conditions.

Oral Pharmacokinetic Studies

The pharmacokinetic evaluation of amorphous solid
dispersion was carried out in Wistar rats in fasted
condition and compared against both physical mixture
(control) and pure drug comprised of a single dose. The
plasma drug concentration-time profiles of solid disper-
sion, physical mixture and pure DTG are illustrated in
Fig. 8, while the estimated pharmacokinetic parameters
are summarized in Table II. The pharmacokinetic param-
eters of interest included area under the plasma
concentration-time curve (AUC0−t), maximum concentra-
tion achieved (Cmax) and time to reach peak concentra-
tion (Tmax) (46). The pharmacokinetic parameters
obtained from non-compartmental analysis indicated Cmax

of physical mixture (4.12 μg/mL) as well as crystalline

Fig. 6. Cumulative percentage release of dolutegravir, formulated solid dispersion,
physical mixture and marketed formulation in phosphate buffer (pH 6.8) at 37±1°C. Data
represented are mean ± SD (n =6)
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DTG (3.45 μg/mL) simultaneously achieved at 3 h (Tmax)
while optimized amorphous DTG solid dispersion demon-
strated significantly higher Cmax (14.56 μg/mL) at the
same time. In addition, formulated solid dispersion of
DTG showed a higher rate and extent of absorption as
indicated by higher AUC (105.99±10.07 μg/h/mL) when
compared to the physical mixture (54.45±6.58 μg/h/mL)
and plain drug (49.27±6.16 μg/h/mL). Slight improvement
of bioavailability was noticed in physical mixture in

comparison to pure DTG but was statistically insignificant.
Thus, it could be inferred from the above findings that the
prepared solid dispersion could significantly enhance the
oral bioavailability of the drug when compared to both
physical mixture and pure crystalline drug. It further
endorsed the data from in vitro dissolution studies done
in phosphate buffer (pH 6.8). Alternatively, the fast
elimination of the drug from the plasma could be
explained by the rapid absorption of the drug because of

Fig. 7. DSC thermogram (a) and X-ray diffractogram (b) of formulated solid dispersion after stability studies for three months at 40±2°C
and 75%±5% RH
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immediate release in the aqueous environment from the
formulated solid dispersion. Following instantaneous ab-
sorption, the drug was eliminated rapidly, where there is
no further absorption of the drug from the gastrointestinal
tract.

CONCLUSION

The present study was investigated on miscibility of
sodium salt of DTG and P407, where concentration-
dependent miscibility of DTG was found. The solid disper-
sion of DTG was formulated using conventional solvent
evaporation technique. The solid-state characterization of
the solid dispersion revealed no interaction between DTG
and P407, where XRD analysis revealed transformation of
crystalline state to amorphous form, when formulated as solid
dispersion. A faster release of the drug was found in
phosphate buffer within the time frame of 1 h, which was
further reflected by the improved bioavailability of the drug
in experimental animals. In summary, solid dispersion of
DTG using P407 would provide a potential platform for
improving the solubility of the drug towards improved
bioavailability and therapeutic efficacy against HIV/AIDS.
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