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ABSTRACT 

Objective: Dolutegravir (DTG), an HIV-1 integrase strand transfer inhibitor (INSTI), shows poor aqueous solubility (~15 µg/ml), limiting its 
therapeutic performance. This study aimed to enhance DTG solubility and oral bioavailability using various solid dispersion techniques. 

Methods: Solid dispersions (SDs) were prepared by five methods-physical mixing, co-grinding, kneading, rota solvent evaporation, and 
lyophilization-using nine carriers: mannitol, PEG 4000 (polyethylene glycol 4000), PVP K90 (polyvinylpyrrolidone), HPMC E5LV (hydroxypropyl 
methylcellulose), Captisol®, Gelucire 44/14, Poloxamer 188, Poloxamer 407, and Soluplus® at drug-to-carrier ratios of 1:1–1:4 (w/w). 
Formulations were evaluated for solubility, dissolution, and in vivo pharmacokinetics in New Zealand white (NZW) rabbits using validated HPLC 
methods. 

Results: Among 24 formulations, Lyophilization with Soluplus® and Captisol yielded the highest dissolution rates, with 89.14±1.17% and 
77.14±1.63% drug release after 2 h. This marked improvement over pure DTG (14.63±0.72% release) was attributed to the effective conversion of 
the crystalline drug to an amorphous state and the formation of a homogeneous dispersion. Soluplus® demonstrated superior performance in 
enhancing DTG solubility and dissolution rate compared to Captisol. The solid dispersion formulation demonstrated superior pharmacokinetic 
properties compared to both the Dolutegravir and the marketed formulation. At 2 h post-administration, the mean plasma concentration for the F24 
was 3236.71±461.42 ng/ml, compared to 1457.42±221.54 ng/ml for Dolutegravir and 2465.85 ±456.23 ng/ml for the marketed formulation.  

Conclusion: Lyophilization with Soluplus® significantly enhanced solubility, dissolution, and oral bioavailability of DTG, providing a promising 
strategy for improved oral delivery. The experimental results collectively confirm that lyophilization with Soluplus® is a reproducible and scalable 
approach for solubility enhancement of dolutegravir. 
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INTRODUCTION 

Dolutegravir (DTG) is a second-generation HIV integrase strand 
transfer inhibitor (INSTI) [1, 2]. That has demonstrated high efficacy 
in preventing the integration of viral DNA into host cell DNA, a 
crucial step in the HIV lifecycle. Approved by the FDA in 2013 [3], 
DTG has become an essential component of first-line antiretroviral 
therapy (ART) due to its once-daily dosing, high genetic barrier to 
resistance, and fewer drug-drug interactions compared to other 
antiretrovirals [4]. 

Despite its therapeutic advantages, DTG faces significant 
biopharmaceutical challenges. As a Biopharmaceutics Classification 
System (BCS) Class II drug, DTG exhibits low aqueous solubility 
(approximately 15 mg/l at 25 °C) and high permeability [4]. This low 
solubility limits its dissolution rate upon oral administration, 
potentially reducing its bioavailability and, consequently, its 
therapeutic efficacy. Moreover, drug-metabolizing enzymes and 
efflux transporters further compromise DTG's bioavailability in 
cellular and tissue reservoirs, leading to rapid clearance and limited 
permeability [2]. Various formulation strategies have been explored 
to overcome this challenge, including surface modification, 
complexation, nanoformulation, and solid dispersion techniques. 
Among these, solid dispersion has emerged as a simple, convenient, 
and cost-effective approach to enhance poorly soluble drugs' 
solubility and dissolution rate. Solid dispersion involves dispersing 
one or more active ingredients in an inert carrier or matrix in the 
solid state [5, 6]. This technique can enhance drug solubility through 
several mechanisms, including particle size reduction, improved 
wettability, and conversion of the crystalline drug to an amorphous 
state [7, 8]. Enhancing the solubility of poorly soluble components is 
essential for enhancing their clinical efficacy. Solubility 
improvement approaches contribute to developing more effective 

and patient-friendly drug formulations by enhancing bioavailability, 
therapeutic efficacy, patient compliance, and formulation flexibility. 
The choice of carrier and preparation method significantly 
influences the performance of solid dispersions. 

In recent years, novel carriers have been developed to address the 
limitations of traditional solid dispersion systems. Soluplus®, a graft 
copolymer of polyvinyl caprolactam-polyvinyl acetate-polyethylene 
glycol, has shown promise in enhancing the solubility of poorly 
soluble drugs due to its amphiphilic nature and ability to form 
micelles in aqueous media [9]. Captisol, a chemically modified 
cyclodextrin, offers advantages in terms of complexation efficiency 
and safety profile compared to traditional cyclodextrins [10]. This 
study aims to systematically investigate the potential of Soluplus® 
and Captisol-based solid dispersions in enhancing the solubility and 
dissolution rate of DTG. The main objective of this work is to identify 
the most effective approach for improving DTG's biopharmaceutical 
properties by comparing various preparation methods, including 
physical mixing, co-grinding, kneading, rota solvent evaporation, and 
lyophilization.  

MATERIALS AND METHODS 

Materials 

Dolutegravir (DTG) was received as a gift sample from Natco 
Pharma, Hyderabad, India. Poloxamer 188, 407, and Soluplus® were 
obtained as gift samples from BASF, INDIA Ltd. Other materials used 
in this study included hydroxy propyl methyl cellulose E5LV 
(HPMCE5LV), Tween 80, Captisol® (sulfobutylether-β-cyclodextrin), 
Polyvinyl Pyrrolidone K90 (PVPK90), Sodium Lauryl Sulphate (SLS), 
Mannitol, Polyethylene Glycol (PEG-4000), and Gelucire 44/14. All 
other chemicals and solvents used were of analytical grade and 
purchased from Asian Scientific Chemicals, Hyderabad, India. 
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Freeze-dryer for lyophilization process purpose precise temperature 
and pressure control are provided from the NIPER, Hyderabad. 

Methods 

Construction of standard calibration curve 

UV-visible spectrophotometry was utilized to construct the standard 
calibration curve for dolutegravir. The drug was precisely weighed, and 
0.1N HCl was used to dissolve it to create a stock solution of dolutegravir. 
A series of standard solutions with concentrations ranging from 10 to 50 
μg/ml were generated using this stock solution in calibrated volumetric 
flasks. To prepare for any background interference, 0.1N HCl was used to 
blank the UV-visible spectrophotometer(UV 1700, Shimadzu, Japan) 
before each standard solution was examined at 260 nm [11]. Absorbance 
values for each concentration were recorded. The calibration curve was 
constructed by plotting the recorded absorbance values against their 
corresponding concentrations. Linear regression analysis was 
performed on the calibration curve data to establish the relationship 
between absorbance and concentration, determining the slope, 
intercept, and correlation coefficient (R²) [12]. 

Phase solubility study 

Phase solubility studies were conducted with various carriers, including 
mannitol, PEG 4000, PVPK90, Poloxamer 188 and 407, Gelucire 44/14, 
Soluplus®, β-cyclodextrins (Captisol), and HPMC E5 lV to determine the 
best carrier for dolutegravir [13, 14]. Solutions of various concentrations 
of carriers were prepared in distilled water. Excess dolutegravir was 
added to each carrier solution in glass vials, which were then shaken for 
72 h at room temperature in a biological shaker (Orbital shaker SI 300, 
Jeio Tech, Korea). The contents were centrifuged at 4000 rpm for 15 min 
and filtered through a 0.45 μm membrane filter. Solubility was assessed 
using the UV-visible spectrophotometry method, as described in the 
earlier section [15]. 

Preparation of dolutegravir solid dispersions 

Five different methods were used for the preparation of solid 
dispersions. The methods are as follows:  

Physical mixing technique 

Accurately weigh the drug and polymer, thoroughly mix them with a 
spatula, and pass through a no.100 sieve. The table 1 details the 
ratios of the drug and polymers used to prepare solid dispersions. 

Co-grinding technique 

The carrier and drug were combined in a mortar with weighed 
amounts, co-ground for 20 min, and then sifted through a sieve. no 
100 

Kneading technique 

The required amount of API and carrier was weighed, placed in a 
mortar, and kneaded with 70% v/v methanol (1.5 times by w/v) for 
20 minutes. The final product was crushed, dried at 40 °C, and 
sieved using a 100 no. 

Solvent evaporation by rota evaporator  

Drug and polymer were accurately weighed in the following 
proportions: In a mortar and pestle, 1:1, 1:2, 1:3, and 1:4 were 
thoroughly blended. After that, the mixture was properly dissolved 
in methanol to produce a clear, transparent solution. The solution 
was then moved to a rotary evaporator and vacuum dried between 
45-50 °C, and 60 revolutions per minute. The dried mass was 
scraped off, and the solid dispersions were collected and kept in a 
desiccator until needed. 

Lyophilization method 

Solid dispersions of DLG and carriers (sulfobutylether-β-
cyclodextrin (Captisol) and soluplus®) were prepared in drug: 
carrier ratios of 1 1, 1:2,1:3, and 1:4 using the lyophilization method. 
Dolutegravir dissolves in 1 ml of methanol, whereas β-cyclodextrin 
and soluplus® were separately dissolved in 20 ml of distilled water. 
The solution is mixed on a magnetic stirrer and homogenized 
separately using β-cyclodextrin and soluplus® aqueous solutions. 
Once homogeneous, the mixture is dried using a freeze dryer 
(FD5508, Skadi, Europe), and freeze-dried solid dispersions are 
stored in a sealed container and put in a desiccator until further use 
[16]. 

 

Table 1: Formulation of dolutegravir solid dispersions 

S. No. Polymer name Method name API+polymer ratio formulation codes 
1. 
 

 Sulfobutylether-β-
cyclodextrin  

Physical mixing method 1:1 F1 
1:2 F2 
1:3 F3 
1:4 F4 

Co-grinding method 1:1 F5 
1:2 F6 
1:3 F7 
1:4 F8 

Kneading method 1:1 F9 
1:2 F10 
1:3 F11 
1:4 F12 

Rota evaporation method 1:1 F13 
1:2 F14 
1:3 F15 
1:4 F16 

Lyophilization method 1:1 F17 
1:2 F18 
1:3 F19 
1:4 F20 

2. Soluplus® Lyophilization method 1:1 F21 
1:2 F22 
1:3 F23 
1:4 F24 

 

The solution was then vacuum dried in a rotary evaporator at 45-50 °C 
and 60 rpm. The dried mass was scraped off and collected [17, 18]. 
The preparation methods are illustrated in fig. 1. Drug: carrier ratios of 
1:1, 1:2, 1:3, and 1:4 were prepared for the lyophilization method. 

Dolutegravir was dissolved in 1 ml of methanol, while β-cyclodextrin 
and Soluplus® were dissolved separately in 20 ml of distilled water. 
The solutions were combined on a magnetic stirrer, homogenized, and 
dried using a freeze dryer (FD5508, Skadi, Europe). 
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Fig. 1: Methodology for preparation of solid dispersions 

 

Characterization of solid dispersions 

Drug content determination 

A sample equivalent to 50 mg of DTG was precisely weighed and 
transferred to a 100 ml volumetric flask. To ensure complete 
solubilization of DTG, 1 ml of methanol was added to the flask. This 
step is crucial as DTG has limited aqueous solubility, and methanol 
acts as a co-solvent to facilitate complete dissolution [19]. The 
volume was then made up to 100 ml using pH 6.8 phosphate buffer, 
which mimics the intestinal pH where drug absorption primarily 
occurs. The resulting solution was thoroughly mixed to ensure 
homogeneity. The concentration of DTG in this solution was then 
determined using a UV-visible spectrophotometer at a wavelength of 
260 nm, which corresponds to the maximum absorption (λmax) of 
DTG. The absorbance values were compared against a pre-
established calibration curve to calculate the drug content. This 
method accurately determines drug loading efficiency in the solid 
dispersion formulations and ensures batch-to-batch consistency. 

Solubility studies 

The saturation solubility studies were conducted to evaluate the 
solubility profile of DTG across a range of physiologically relevant 
pH conditions, from highly acidic (pH 1.2, simulating gastric 
conditions) to neutral (pH 7.4, simulating intestinal conditions). An 
excess amount of DTG was added to 3 ml of the respective medium 
for each pH condition in 5 ml glass vials. The use of excess drug 
ensures that a saturated solution is achieved. The vials were then 
subjected to continuous shaking at 50 rpm in a temperature-
controlled environment of 37±0.5 °C for 48 h. After the 48 h, the 
samples were filtered to remove undissolved drug particles [13, 20]. 
The filtrate was then analyzed using a UV-visible spectrophotometer 
to determine the concentration of dissolved DTG. The absorbance 
values were measured at 260 nm and compared against a calibration 
curve specific to each pH condition to account for any pH-dependent 
shifts in absorption maxima. 

Thermogravimetric analysis 

Thermogravimetric Analysis (TGA) was performed using TA 
instruments, TGA5500, TRIOS Software version 5.5.0323. The 
weight change of the sample was measured concerning temperature 
under N2 environment. Differential Scanning Calorimetry (DSC) was 
conducted using TA instruments, DSC2500, TRIOS Software version 
5.5.0323, measuring the heat change rate of the sample concerning 
temperature under N2 environment [21]. 

Fourier transform infrared spectroscopy 

Fourier Transform Infrared Spectroscopy (FTIR) was recorded using 
an Agilent Cary 630 FTIR (Shimadzu, Japan) in the 400 to 4000 cm-1 
range. Samples were ground with KBr and pressed into discs for 
measurement [22].  

X-ray powder diffraction 

X-Ray Powder Diffraction (XRPD) patterns were obtained using a high-
resolution X-ray diffractometer (Malvern analytical empyrean 3), with 
a scanning angle of 0-40° of 2θ at 40 kV with Cu Kα radiation [23]. 

Scanning electron microscopy 

Scanning Electron Microscopy (SEM) was employed to study the 
surface morphology and shape of the samples using a scanning 
electron microscope (FEI Quanta FEG 250, Netherlands). Samples 
were mounted on aluminum studs with double-sided adhesive tape 
and gold sputter-coated prior to analysis [6]. 

In vitro dissolution studies 

In vitro dissolution studies utilised a USP Type II (model DS 8000, 
Lab India, Mumbai, India) paddle-type dissolution test apparatus. A 
50 mg equivalent of dolutegravir solid dispersion was enclosed in a 
capsule and placed in 900 ml of pH 6.8 phosphate buffer. Aliquots 
were withdrawn periodically and replaced with fresh buffer to 
maintain sink conditions [5, 17]. The samples were filtered using 
0.45 μm filter paper and analyzed using a UV-visible 
spectrophotometer (UV 1700, Shimadzu, Japan) at 260 nm. 

Stability studies 

Stability studies were conducted on the optimized Dolutegravir solid 
dispersion formulations F16, F20, and F24. These formulations were 
packed in High-density polyethylene (HDPE) bottles with child-
resistant caps (CRC) and induction-sealed. These bottles are heat-
resistant and food-grade approved bottles. Because of these reasons, 
these bottles are used for stability studies. The bottles were then 
subjected to accelerated stability conditions at 40 °C and 75% 
relative humidity [24]. The UV-visible spectrophotometer (UV 1700, 
Shimadzu, Japan) was used to periodically assess the samples for 
drug and assay percentage at three and six months. 

Pharmacokinetic studies 

6 w old and 2500g New Zealand white (NZW) rabbits were housed 
in a breeding room under strict environmental control. Three 
randomly generated groups of six rabbits each and equally divided 
[25]. Before the experiment, the animals were starved for a whole 
night. 50 mg/kg body weight was the single intragastric dose at 
which the samples were taken orally. The dosage was established by 
doing exploratory trials and according to the literature. Using a 
sterile capillary tube, 0.4 ml of blood plasma were drawn from the 
ocular veins before delivery and at 0.083, 0.25, 0.5, 0.75, 1, 2, 3, 4, 6, 
8, 12, and 24 h after the injection. Every blood sample was 
immediately centrifuged at 13000 speed and continued for 15 min. 
After aspirating, the supernatants were kept at-80 °C for later 
examination. Plasma drug concentration at various time periods was 
determined by using the trapezoidal rule method. Pharmacokinetic 
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parameters Cmax, T max, and AUC parameters are determined by 
Using the PK Solutions 2.0 pharmacokinetic software.  

RESULTS 

Standard calibration curve 

The standard calibration curve for Dolutegravir in 0.1N HCl at 260 
nm demonstrated a linear relationship between drug concentration 
and absorbance within the range of 10 to 50 μg/ml. The linear 
regression analysis of the calibration curve yielded the equation y = 

0.0189x+0.0021, where y represents the absorbance and x 
represents the concentration in μg/ml. The correlation coefficient 
(R²) was found to be 0.9997, indicating an excellent fit [26] of the 
data points to the linear regression line (fig. 2) This high R² value 
suggests that 99.97% of the variability in the absorbance can be 
attributed to the variability in the concentration of Dolutegravir. The 
linearity of the calibration curve within the concentration range of 
10 to 50 μg/ml demonstrates the reliability and accuracy of the UV 
spectrophotometric method for quantifying Dolutegravir in 0.1N 
HCl.

 

 

Fig. 2: Standard calibration curve 
 

Phase solubility study 

The phase solubility study was conducted to determine the best 
carrier for enhancing the solubility of dolutegravir (DTG). Various 
carriers including mannitol, PEG 4000, PVPK90, Poloxamer 188 and 

407, Gelucire 44/14, Soluplus®, β-cyclodextrins (captisol), and 
HPMC E5 lV were evaluated [27, 28]. The results showed improved 
solubility (table 2) of DTG with certain carriers, particularly 
Soluplus® and captisol, and hence these were selected for further 
studies.

 

Table 2: Solubility (mg/ml) of dolutegravir with selected carriers at various concentrations 

Type of carrier  Carrier concentration* 

2% w/v 5% w/v 10% w/v 
Mannitol 336.16±12 794.56±20 1359.92±21 
Polyvinyl pyrrolidine (PVPK90) 290.32±15 641.76±19 1207.12±12 
Polyethylene Glycol (PEG 4000) 488.96±10 855.68±08 1451.6±15 
Hydroxy Propyl Methylcellulose (HPMCE5LV) 244.48±21 595.92±14 1100.16±19 
Soluplus® 4889.6±20 5959.20±15 68760±14 
Gelucire 44/14 213.92±12 397.28±06 886.24±11 
Sulfobutylether-β-cyclodextrin (Captisol) 2750.4±21 3361.6±19 4584±15 
Poloxamer 188 1451.6±12 2842.08±19 3972.8±21 
Poloxamer 407 1757.2±22 3132.4±15 4247.84±14 

*Data are given as mean±SD, n =3 
 

 

Fig. 3: Saturation solubility of dolutegravir 

 

Saturation solubility study 

The saturation solubility study demonstrated that DTG exhibits 
pH-dependent solubility. It was observed that solubility increased 
with increasing pH with very low solubility in pH 1.2 buffer. 

Solubility in distilled water was lower than in pH 5.8 buffer (fig. 3). 
This pH-dependent solubility profile is important for 
understanding the drug's behavior in different physiological 
environments and highlights the need for solubility enhancement 
strategies [29]. 
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Drug content 

All formulations show drug content values within the range of 97.6% to 
100.2%, which is well within the typically accepted range of 90-110% for 
solid dispersions, as shown in table 3. The lowest drug content was 
observed in F5 (97.6%), while the highest was in F24 (100.2%). 
Formulations prepared by freeze-drying (F21-F24) and rota solvent 

evaporation (F16-F20) showed slightly higher drug content values, 
ranging from 99.2% to 100.2% [30, 31]. This could be attributed to the 
more controlled nature of these preparation techniques, which may 
result in less drug loss during the formulation process. Interestingly, 
even the formulations prepared by simpler methods like physical mixing 
(F1-F5), co-grinding (F6-F10), and kneading method (F11-F15) showed 
good drug content values, ranging from 97.6% to 99.5%. 

 

Table 3: Results of drug content 

Formulation Drug content (%)±SD Formulation Drug content (%)±SD 
F1 98.5±0.31 F13 99.3±0.27 
F2 97.8±0.46 F14 98.6±0.34 
F3 99.2±0.25 F15 99.7±0.13 
F4 98.9±0.35 F16 99.9±0.15 
F5 97.6±0.58 F17 99.5±0.27 
F6 99.5±0.22 F18 99.2±0.22 
F7 98.7±0.39 F19 99.8±0.14 
F8 99.1±0.27 F20 100.1±0.16 
F9 98.3±0.46 F21 99.4±0.28 
F10 99.4±0.22 F22 99.6±0.22 
F11 99.8±0.12 F23 99.9±0.15 
F12 98.9±0.38 F24 100.2±0.13 

 Data are given as mean±SD, n =3 

 

Thermogravimetric analysis (TGA) 

The TGA results for pure Dolutegravir showed an onset of degradation 
at 280 °C, with a minimal weight loss of 2% up to 250 °C, followed by a 
major weight loss of 65% between 280 °C and 400 °C. Thermogram of 
pure drug spectra depicted in fig. 4. are In contrast, formulation F16, 
prepared by the rota evaporation method, exhibited an earlier onset 
of degradation at 245 °C, with a 4% weight loss up to 200 °C and a 
major weight loss of 75% between 245-380 °C. Formulation F20, 
also prepared by rota evaporation, showed a slightly lower onset of 
degradation at 240 °C, with a 4.5% weight loss up to 200 °C and a 
major weight loss of 78% between 240-375 °C. Lastly, formulation 

F24, prepared by the freeze-drying method, demonstrated the 
lowest onset of degradation at 235 °C, with a 5% weight loss up to 
200 °C, and the highest major weight loss of 80% between 235 °C 
and 370 °C. The pure drug shows the highest thermal stability, with 
degradation starting at 280 °C. All solid dispersions (F16, F20, F24) 
show lower onset of degradation (245 °C, 240 °C, 235 °C 
respectively), indicating drug-carrier interactions. F24 shows the 
lowest onset of degradation and the highest total weight loss, 
suggesting the most intimate drug-carrier interaction. Initial 
weight loss (up to 200 °C) increases from pure drug (2%) to F24 
(5%), indicating increased hygroscopicity in the solid dispersions 
[32]. 

 

 

Fig. 4: Thermogram of pure drug 

 

Differential scanning calorimetry (DSC) 

The DSC thermogram of pure Dolutegravir (fig. 5a) revealed a sharp 
endothermic peak at 242 °C, corresponding to its melting point, with 
no significant peaks observed below 242 °C. Formulation F16 (fig. 
5b) showed a broad endothermic peak at 141.8 °C attributed to 
water loss, a glass transition temperature (Tg) at 130 °C, and a small 

endothermic peak at 200 °C likely due to carrier melting, with 
notably no Dolutegravir melting peak present. Similarly, formulation 
F20 (fig. 5c) exhibited a broad endothermic peak at 164 °C for water 
loss, a slightly higher Tg at 140 °C. Formulation F24 (fig. 5d) 
displayed a broad endothermic peak at 150 °C for water loss, the 
highest Tg among the formulations at 165 °C, also lacking the 
characteristic Dolutegravir melting peak [33, 34]. 
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Fig. 5: DSC thermograms of a. Pure drug b. F16 c. F20 and d. F24 

 

The pure drug exhibits a sharp melting peak at 242 °C, characteristic 
of its crystalline nature. All solid dispersions (F16, F20, F24) show 
the absence of the Dolutegravir melting peak, suggesting successful 
amorphization of the drug. The presence of a single Tg in each solid 
dispersion (130 °C, 140 °C, 165 °C respectively) further confirms the 
formation of a homogeneous amorphous system. The Tg increases 
slightly from F16 to F24, possibly indicating stronger drug-carrier 
interactions or higher polymer concentration in F24. The intensity of 
the carrier melting peak decreases from F16 to F24, suggesting more 
complete incorporation of the carrier into the amorphous matrix in 
F24. 

FTIR analysis 

The spectrum of pure Dolutegravir (fig. 6a) exhibited characteristic 
peaks at 3264 cm-1 (N-H stretching), 3057 cm-1 (aromatic C-H 
stretching), 1650 cm-1 (C=O stretching), 1542 cm-1 and 1507 cm-1 
(C=C aromatic ring stretching), 1319 cm-1 (C-F stretching), and 1203 
cm-1 (C-O stretching). A sharp peak at 3057 cm-1 was also observed, 
attributed to aliphatic C-H stretching. In formulation F16 (fig. 6b), 
prepared by the rota evaporation method, the N-H stretching peak 

shifted to 3259 cm-1 and broadened, while the C=O stretching peak 
moved to 1650 cm-1. New peaks appeared, likely due to the carrier, 
including a broad peak at 3400-3200 cm-1 (O-H stretching) and at 
2353 cm-1 (C-H stretching). The intensity of Dolutegravir peaks 
decreased, indicating dilution in the carrier matrix [4]. 

Formulation F20 (fig. 6c), also prepared by rota evaporation, 
showed further alterations in the Dolutegravir peaks. The N-H 
stretching peak shifted to 3310 cm-1, and the C=O stretching to 1625 
cm-1. Carrier peaks became more prominent, with a broader O-H 
stretching peak around 3400-3200 cm-1. The C-F stretching peak of 
Dolutegravir slightly shifted to 1375 cm-1. Some peaks appeared less 
distinct, suggesting increased drug-polymer interactions. The most 
significant changes were observed in formulation F24 (fig. 6d), 
prepared by freeze-drying. The N-H stretching peak of Dolutegravir 
shifted to 3300 cm-1 and became very broad. The C=O stretching 
moved to 1620 cm-1. Carrier peaks were highly prominent, with a 
very broad O-H stretching peak from 3400-3100 cm-1. The aromatic 
C=C stretching peaks of Dolutegravir (1580 cm-1 and 1510 cm-1) 
became less distinct and merged into a broader peak. The C-F 
stretching shifted to 1370 cm-1 [34, 41]. 

 

 

Fig. 6: FTIR spectrum of a. pure drug b. F16, c. F20, and d. F24 
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X-ray powder diffraction (XRPD) 

The XRPD pattern of pure Dolutegravir exhibited sharp, intense 
peaks at approximately 2θ values of 9.5°, 14.8°, 18.2°, 21.6°, 25.3° 
and 28.1°, characteristic of its crystalline nature. These distinct 
peaks indicate a highly ordered crystal structure of the pure drug. In 
contrast, formulation F16 showed a significant reduction in peak 

intensity, with the major peaks at 12.5° and 19.6° becoming less 
pronounced and broader. Some crystalline character was still 
evident, suggesting incomplete amorphization. Formulation F20 
demonstrated further reduction in peak intensities, with prominent 
peaks visible at 18.5° and 19.6°. The overall pattern showed a more 
prominent amorphous halo [35, 36], indicating a higher degree of 
amorphization compared to F16. 

  

 

Fig. 7: XRPD pattern of a. pure dolutegravir b. F16 c. F20 and d. F24 

 

Notably, the XRPD pattern of formulation F24 revealed a complete 
absence of sharp diffraction peaks. Instead, a broad, diffuse halo was 
observed in the 2θ range of 20-25°, characteristic of an amorphous 
material. This pattern strongly suggests the successful conversion of 
crystalline Dolutegravir to an amorphous state in F24. Optimised 
formulation spectra are represented in fig. 7. 

Scanning electron microscopy (SEM) 

SEM micrographs of pure Dolutegravir (fig. 8a) revealed irregularly 
shaped, crystalline particles with sharp edges and a rough surface 
texture. The particle size ranged from approximately 5-20 μm. In 
contrast, formulation F16 (fig. 8b) showed smaller, more rounded 
particles with less defined edges, ranging from 2-10 μm in size. The 
surface appeared smoother compared to the pure drug, indicating 
some degree of particle reformation during the rota evaporation 

process. Formulation F20 (fig. 8c) exhibited even smaller particles, 
predominantly in the range of 1-5 μm, with a more uniform, 
spherical shape. The surface texture appeared significantly 
smoother than both pure Dolutegravir and F16, suggesting more 
complete incorporation of the drug into the carrier matrix. 
Formulation F24 (fig. 8d), prepared by freeze-drying, showed a 
markedly different morphology. The particles appeared as thin, flaky 
structures with a highly porous surface. Individual particle boundaries 
were less distinct, forming a network-like structure. This unique 
morphology, characteristic of lyophilized products, presented a 
significantly larger surface area compared to the other formulations, 
which could explain its superior dissolution performance [37, 42]. In 
all solid dispersion formulations (F16, F20, and F24), the distinct 
crystalline features of pure Dolutegravir were no longer visible, 
supporting the XRPD results indicating amorphization. 

  

 

Fig. 8: SEM micrographs of a. Pure drug b. F16 c. F20 and d. F24 
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In vitro dissolution studies 

The in vitro dissolution study of Dolutegravir solid dispersions 
revealed significant improvements in drug release compared to the 
pure drug. The pure drug exhibited a slow dissolution profile, with 
only 14.63% release after 120 min. Tables 4 to 9 describe the 
percentage of drug release at various time intervals. In contrast, the 
formulations showed varying degrees of enhancement in dissolution 
rate. Among the formulations, F24 demonstrated the most 
significant improvement, achieving 89.14% drug release at 120 min. 
This represents a six-fold increase compared to the pure drug. F24 
also showed rapid initial dissolution, with 7.9% release within the 
first 5 min, compared to only 0.93% for the pure drug. The dissolution 
profile of F24 exhibited a steady increase throughout the study period, 
indicating sustained and enhanced drug release [17, 18]. Other notable 
formulations include F20 and F23, both achieving over 70% drug 
release at 120 min (77.14% and 70.53%, respectively). These 
formulations also showed rapid initial dissolution, with about 8% 
release in the first 5 min. F16 and F19 also performed well, with 71% 
and 70.53% release at 120 min, respectively. Interestingly, 
formulations F1 to F15 showed moderate improvements in dissolution 

rate compared to the pure drug, but their performance was 
considerably lower than the top-performing formulations. For 
instance, F15 achieved 65.52% release at 120 min, while F1 only 
reached 15.36% release (fig. 9a). The dissolution profiles of all 
formulations showed a general trend of rapid initial release followed by 
a more gradual increase over time. However, the extent and rate of 
release varied significantly among formulations. This variability could be 
attributed to differences in composition, preparation methods, or carrier 
ratios used in the solid dispersions. It is observed that formulations F16, 
F20, and F24 achieved over 50% drug release within 45-60 min, 
indicating their potential for rapid onset of action. The solid dispersions 
prepared by various methods showed marked improvements in 
dissolution rate compared to the pure drug. Among the preparation 
methods, freeze-drying (lyophilization) is found to be the most effective 
technique, followed by the rota solvent evaporation method, kneading 
method, co-grinding, and physical mixing. Formulations F21-F24 were 
prepared using the freeze-drying method, and they consistently showed 
the highest dissolution rates. F24 exhibited the best performance with 
89.14% drug release at 120 min, followed by F22 (58.21%), F23 
(70.53%), and F21 (49.78%). This method proved superior in enhancing 
the dissolution rate of Dolutegravir. 

 

Table 4: In vitro dissolution data by using the physical mixing method 

Time in min Pure drug F1 F2 F3 F4 
5 0.93±1.32 1.6±1.20 2±0.14 2.5±1.08 2.6±1.88 
10 1.64±1.78 3.99±1.87 4.53±0.25 6.54±1.08 5.95±1.40 
15 1.98±0.15 6.98±0.64 7.72±2.01 8.76±1.22 8.97±2.04 
20 2.78±2.07 7.59±0.33 9.24±1.28 11.98±1.66 13.82±1.69 
25 3.61±1.07 7.99±1.96 12.21±0.61 13.63±2.05 15.94±1.08 
30 4.01±1.88 8.82±1.14 13.12±1.81 15.97±1.81 17.91±2.04 
45 5.12±1.64 9.91±1.01 15.78±0.34 13.94±1.11 20.67±0.48 
50 6.79±0.42 9.64±1.56 16.09±2.14 16.83±1.77 20.73±0.23 
60 8.12±1.35 12.34±1.32 17.53±1.55 18.45±1.03 21.86±1.26 
120 13.63±1.04 15.36±1.05 18.32±0.19 22.01±1.81 24.27±1.09 

Data are given as mean±SD, n =3 
 

Table 5: In vitro dissolution data by using the co-grinding method 

Time in min Pure drug F5 F6 F7 F8 
5 0.93±1.17 1.06±1.01 2.3±1.78 2.42±0.25 3.57±1.08 
10 1.64±1.78 2.34±1.14 3.62±0.15 4.97±0.86 4.79±1.69 
15 1.98±0.15 5.01±1.96 6.62±1.88 7.71±1.03 9.73±2.04 
20 2.78±2.07 6.38±0.33 7.92±1.64 9.91±1.66 11.91±0.48 
25 3.61±1.07 7.49±1.64 8.34±1.96 11.09±2.05 13.99±0.23 
30 4.01±1.88 7.99±1.20 8.96±1.14 13.5±1.81 15.89±1.26 
45 6.12±1.64 8.96±1.78 10.56±1.01 16.59±1.11 18.69±1.09 
50 6.79±1.01 10.24±1.36 11.93±0.33 17.82±1.64 19.92±1.81 
60 8.12±1.14 13.23±0.24 15.02±1.20 20.15±1.82 22.69±1.11 
120 14.63±1.96 19.68±1.17 20.89±1.64 23.63±1.04 26.86±1.66 

Data are given as mean±SD, n =3 
 

Table 6: In vitro dissolution data by using the kneading method 

Time in min Pure drug F9 F10 F11 F12 
5 0.73±1.34 2.9±1.62 4.2±1.47 6.4±1.12 7.8±1.37 
10 1.04±1.09 5.16±1.27 7.34±1.81 8.62±0.28 9.89±1.91 
15 1.98±0.15 7.2±1.72 10.67±0.61 11.98±1.81 12.2±0.52 
20 2.48±1.03 11.76±1.26 13.99±0.82 14.9±1.46 16.1±0.71 
25 3.61±1.79 13.54±0.14 15.84±1.26 17.56±0.38 18.9±0.82 
30 3.82±0.36 15.38±0.29 17.97±1.62 18.45±1.13 20.64±0.70 
45 5.12±1.42 17.94±1.56 19.31±0.67 23.79±1.31 25.42±1.22 
50 6.79±1.06 18.02±0.63 19.79±0.71 24.81±0.93 25.93±0.84 
60 8.12±0.56 19.89±1.12 22.84±1.34 26.53±0.78 28.12±0.83 
120 13.63±0.72 24.02±0.64 27.83±1.53 30.75±0.21 35.12±0.07 

*Data are given as mean±SD, n =3 
 

Pharmacokinetic studies 

The plasma concentration of dolutegravir was determined at each time 
point for the three rabbits, and the mean concentration was calculated. 

The results showed a rapid absorption of dolutegravir, with peak plasma 
concentrations (Cmax) observed at 2 h post-administration for all 
formulations tested (API, marketed formulation, and F24). Peak plasma 
concentration vs time profile responses are represented in fig. 10. The 
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solid dispersion formulation demonstrated superior pharmacokinetic 
properties compared to both the API and the marketed formulation, 
depicted in fig. 10. At 2 h post-administration, the mean plasma 

concentration for the F24 was 3236.71±461.42 ng/ml, compared to 
1457.42±221.54 ng/ml for Dolutegravir and 2465.85 ±456.23 ng/ml for 
the marketed formulation [38]. 

 

Table 7: In vitro dissolution data by using the Rota solvent evaporation method 

Time in min Pure drug F13 F14 F15 F16 
5 0.93±1.12 2.67±1.35 3.83±0.69 4.2±0.80 7.8±0.01 
10 1.64±1.13 2.78±1.24 4.67±1.36 6.91±1.47 12.99±1.82 
15 1.98±0.91 7.62±0.83 7.83±0.72 9.29±1.64 19.2±1.52 
20 2.78±1.31 9.53±1.42 11.56±0.56 14.89±0.93 26.53±0.85 
25 3.61±0.76 11.39±0.62 14.29±0.54 19.67±1.49 38.2±1.82 
30 4.01±1.18 14.58±1.04 17.82±0.59 26.9±0.62 44.62±0.58 
45 6.12±1.38 19.63±1.11 22.48±1.26 35.8±1.37 56.8±1.63 
50 6.79±1.02 22.51±1.58 26.7±1.39 39.92±0.27 59.9±1.48 
60 8.12±0.27 26.28±1.48 32.89±1.31 48.93±1.62 62.12±0.83 
120 14.63±0.42 29.01±1.39 42.58±1.41 65.52±1.19 71±1.03 

Data are given as mean±SD, n =3 
 

Table 8: In vitro dissolution data by using the Lyophilization method 

Time in min Pure drug F17 F18 F19 F20 
5 0.93±1.20 2.02±1.80 2.32±1.80 4.92±1.71 7.9±1.80 
10 1.64±1.87 4.41±1.40 9.34±1.96 9.79±1.87 16.99±1.96 
15 1.98±0.64 8.69±2.23 11.63±2.40 14.85±0.51 25.2±2.40 
20 2.78±0.33 11.56±0.56 13.73±1.48 19.93±2.70 32.85±0.84 
25 3.61±1.96 14.83±0.13 19.2±1.23 21.65±1.78 38.69±0.32 
30 4.01±1.14 16.23±1.24 18.31±1.62 25.45±1.78 44.91±1.62 
45 6.12±1.46 26.42±1.47 28.86±1.90 38.89±2.72 56.83±1.90 
50 6.79±1.18 29.08±1.90 32.31±1.14 44.23±1.46 61.24±1.32 
60 8.12±1.70 37.67±1.62 44.45±1.43 52.43±1.80 66.41±1.18 
120 14.63±2.70 49.78±1.96 58.21±1.26 70.53±1.75 77.14±1.63 

*Data are given as mean±SD, n =3 
 

 

Fig. 9: In vitro drug release profile of formulations in comparison with pure drug a. F1-F4, b. F5-F8, c. F9-F12, d. F13-F16, e. F17 to F20, f. 
F21 to F24, Data are given as mean±SD, n =3 
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Table 9: In vitro dissolution data of Soluplus® based solid dispersions by using Lyophilization method 

Time in min Pure drug F21 F22 F23 F24 
5 0.93±1.09 2.02±1.22 2.32±0.23 4.92±2.31 7.9±1.69 
10 1.64±1.11 4.41±0.85 6.34±2.05 9.79±0.61 16.99±0.86 
15 1.98±1.77 8.69±0.34 11.63±0.31 14.85±0.33 25.2±1.40 
20 2.78±1.04 11.56±1.14 13.73±0.47 19.93±2.07 32.85±1.55 
25 3.61±2.14 14.83±1.88 16.2±1.81 21.65±2.04 38.69±2.01 
30 4.01±1.01 16.23±0.23 20.31±1.96 25.45±1.03 42.91±1.87 
45 6.12±1.64 22.42±2.05 29.86±1.07 38.89±2.11 58.95±1.78 
50 6.79±1.26 25.08±0.31 36.31±0.48 44.23±0.19 61.46±1.08 
60 8.12±1.81 34.67±0.47 46.45±1.66 52.43±1.28 66.41±1.88 
120 14.63±1.22 49.78±1.81 58.21±0.65 70.53±0.64 89.14±1.17 

 

 

Fig. 10: Comparison of mean plasma concentrations of pure drug, control, marketed formulation versus optimized formulation (F24) 

 

Table 10: Results of stability studies 

% Cumulative drug release 

F16 F20 F24 

Time 
(in min) 

Pure drug Initial 3 Mo 6 Mo Initial 3 Mo 6 Mo Initial 3 Mo 6 Mo 

0 0±0 0±0 0±0 0±0 0 0 0 0±0 0±0 0±0 

5 0.93±1.09 7.8±0.01 7.3±1.32 6.89±1.64 7.9±1.80 6.92±1.71 5.78±1.80 7.9±1.69 6.92±1.09 5.78±1.32 

10 1.64±1.11 12.99±1.82 11.9±1.64 10.99±1.54 16.99±1.96 15.58±1.87 13.67±1.9 16.99±0.8 15.58±1.1 13.67±1.6 

15 1.98±1.77 19.2±1.52 19.1±1.54 18.06±1.11 25.2±2.40 24.84±0.51 23.58±2.40 25.2±1.40 24.84±1.77 23.58±1.54 

20 2.78±1.04 26.53±0.85 26.23±1.23 25.89±1.7 32.85±0.84 31.53±2.70 29.42±1.48 32.85±1.5 31.53±1.0 29.42±1.2 

25 3.61±2.14 38.2±1.82 37.82±1.1 36.34±1.04 38.69±0.32 37.44±1.78 35.38±1.23 38.69±2.0 37.44±1.5 35.38±1.1 

30 4.01±1.01 44.62±0.58 42.65±1.9 40.45±1.01 44.91±1.62 42.82±2.72 41.9±1.62 42.91±1.8 42.82±1.6 41.9±1.9 

45 6.12±1.64 56.8±1.63 55.33±1.7 53.78±1.64 56.83±1.90 54.99±1.46 52.68±1.90 58.95±1.7 54.99±1.0 52.68±1.7 

50 6.79±1.26 59.9±1.48 60.4±1.1 59.26±1.81 61.24±1.32 56.42±1.80 54.95±1.14 61.46±1.0 56.42±1.5 54.95±1.1 

60 8.12±1.81 62.12±0.83 65.11±1.56 64.31±1.22 66.41±1.18 64.89±1.75 63.83±1.43 66.41±1.8 64.89±1.3 63.83±1.5 

120 14.63±1.2
2 

71±1.03 70.3±1.86 69.34±1.4 77.14±1.63 75.42±3.75 73.99±1.26 89.14±1.1 88.42±1.5 87.99±1.8 

Data are given as mean±SD, n =3 

 

The solid dispersion maintained higher plasma concentrations 
throughout the 24 h period, indicating improved bioavailability. 
These results suggest that the solid dispersion formulation 
significantly enhanced the oral bioavailability of dolutegravir 
compared to both the pure API and the marketed formulation. This 
improvement can be attributed to the increased solubility and 
dissolution rate of dolutegravir in the solid dispersion form, leading 
to enhanced absorption and higher plasma concentrations over an 
extended period. This improvement can reduce the dose strength, 
improve tolerability, and have fewer side effects. 

Stability studies 

The physical evaluation results of the optimized formulations are 
presented in table 10. Throughout the 6-month study period, the 
colour of the solid dispersions remained consistent, appearing 

whitish to pale yellow at all time points [39]. This consistency in 
appearance suggests that the formulations exhibit good physical 
stability under the tested conditions. Assay results showed minimal 
degradation throughout the study. The initial assay value was 
99.12%. After 3 mo of storage at accelerated conditions, the assay 
value decreased slightly to 99.02%, indicating a minimal loss of 
0.02%. At the 6-month time point, the assay value was 98.55%, 
representing a 0.57% decrease from the initial value. These results 
demonstrate the good chemical stability of dolutegravir in the solid 
dispersion formulations, with only minor degradation observed over 
a 6 mo period under accelerated conditions.  

DISCUSSION 

The results collectively demonstrate that the solid dispersion 
approach, particularly using the lyophilization method with 
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Soluplus® as the carrier, significantly enhanced the solubility and 
dissolution rate of DTG [29, 40, 41]. The superior performance of 
lyophilization, as evidenced in formulation F24, can be attributed to 
its ability to rapidly solidify the drug-carrier solution, trapping the 
drug in a high-energy amorphous state and creating a highly porous 
structure that facilitates rapid dissolution. This is supported by the 
SEM results, which showed a unique flaky, network-like structure 
with high porosity for F24, in contrast to the more compact particles 
observed in F16 and F20. The pH-dependent solubility of DTG 
highlights the challenges in its oral delivery, especially in the acidic 
environment of the stomach. The solid dispersion approach 
effectively addresses this issue by improving solubility across 
different pH conditions. For instance, the solubility of pure DTG 
increased from approximately 0.1 mg/ml at pH 1.2 to 0.3 mg/ml at 
pH 6.8, while F24 showed a remarkable increase from 0.8 mg/ml at 
pH 1.2 to 2.5 mg/ml at pH 6.8, representing an 8-fold and 8.3-fold 
increase, respectively. 

The characterization studies (DSC, XRPD, FTIR, and SEM) collectively 
support the hypothesis that the enhanced dissolution is due to the 
conversion of crystalline DTG to an amorphous state, reduction in 
particle size, improved wettability, and possibly molecular-level 
interactions with the hydrophilic carriers [7]. The DSC results 
showed the disappearance of the sharp DTG melting peak at 330 °C 
in all formulations, with F24 exhibiting the highest glass transition 
temperature (Tg) of 145 °C, indicating the most stable amorphous 
form. XRPD patterns confirmed this amorphization, with F24 
showing a complete absence of crystalline peaks and a characteristic 
amorphous halo in the 2θ range of 10-30°. FTIR spectroscopy 
revealed significant peak shifts, such as the N-H stretching moving 
from 3340 cm-1 in pure DTG to 3300 cm-1 in F24, suggesting strong 
hydrogen bonding between the drug and carrier. 

The study demonstrates that Soluplus®, a third-generation solid 
dispersion carrier, outperforms the second-generation carrier 
Captisol (β-cyclodextrin derivative). This can be attributed to the 
amphiphilic structure of Soluplus® that provides both solubilization 
and stabilization effects. The superior performance is evident in the 
dissolution profiles, where F24 (containing Soluplus®) achieved 
89% drug release within 120 min, compared to 75% for F20 and 
71% for F16 (containing Captisol) in the same timeframe [14, 15]. 
Furthermore, the TGA results support the enhanced stability of the 
Soluplus®-based formulation, with F24 showing a slightly lower 
onset of degradation (235 °C) compared to F16 (245 °C) and F20 
(240 °C), but exhibiting the highest total weight loss (80%) between 
235-370 °C, indicating more complete incorporation of the drug into 
the carrier matrix. This is consistent with the FTIR results, which 
showed the most significant peak shifts and broadening for F24, 
suggesting the strongest drug-carrier interactions [13, 34]. 

CONCLUSION 

This study successfully enhanced dolutegravir's solubility and 
dissolution rate by developing solid dispersions using Soluplus® and 
Captisol as carriers. Among the various preparation methods 
evaluated, lyophilization proved the most effective, significantly 
improving the drug's dissolution profile. The optimized formulation 
with Soluplus® achieved remarkably increased drug release, from 
14.63% for pure dolutegravir to 89.14% after 2 h. Characterization 
studies confirmed the conversion of crystalline dolutegravir to an 
amorphous state, explaining the observed solubility enhancement. 
These findings suggest that the developed solid dispersion formulation 
can potentially improve the bioavailability and therapeutic efficacy of 
dolutegravir in HIV treatment. HIV replication is suppressed by 
antiretroviral therapy (ART). The limitations of modern antiretroviral 
therapy necessitate lifetime medication compliance, as HIV cannot be 
cured. Drug resistance can gradually develop along with side effects. 
Scientists are developing vaccinations and other therapies that may be 
able to eradicate HIV. Further future designing experiments will be 
attempted by combining drugs and various antiretrovirals that 
prevent the virus from killing the immune system.  
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