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	 Dolutegravir (DTG), classified as an integrase strand transfer inhibitor received 
regulatory approval in 2013, prevents immunodeficiency and reduces transmission risk. 
DTG demonstrates high permeability but limited solubility in aqueous medium. The present 
investigation designed to improve its solubility and rate of dissolution by formulating as 
liquisolid compact for oral route. Capmul MCM:Tween 20 (1:1) is used as a non-volatile liquid 
vehicle based on DTG solubility whereas based on liquid retention factor Neusilin UFL2 
as carrier material and Aerosil 300 as coating material were selected.. The effect of % drug 
concentration in non-volatile solvent and ratio of carrier:coating on solubility and various 
dissolution parameters (Q10, T50 and Q60) were systemically optimized through 32 full-factorial 
design. Polynomial equations and surface response graphs served to illustrate the influence of 
independent variables. In-vitro DTG release was superior from liquisolid compact tablets than 
pure drug as reflected from Mean Dissolution Time, Mean Dissolution Rate and Dissolution 
Efficiency values due to improved contact angle, wetting and drug surface area. FTIR results 
showed no drug-excipient interaction, while DSC and PXRD suggested loss of DTG crystallinity, 
indicating molecular dispersion of DTG. The liquisolid approach proved promising in promoting 
solubility and dissolution characteristics of Dolutegravir, a Biopharmaceutical Classification 
System (BCS) class II drug.

Keywords: Aerosil 300; Dolutegravir; Dissolution rate; Dissolution parameters;
Liquisolid compact; Neusilin UFL2.

	 Solubility and rate of drug molecule 
dissolution define a medication’s bioavailability, 
which in turn determines how effective it is as a 
therapeutic agent. Solubility plays a pivotal role 
in ensuring sufficient systemic availability of drug 
needed to elicit a therapeutic effect. As a result of 
their restricted solubility within the GI contents, 
poorly water-soluble drugs are inherently released 
slowly. For BCS Class II and IV drugs enhancing 
rate of solubilisation remains a major challenge, as 
drug absorption is largely governed by how quickly 

the drug dissolves. Superior dissolution profile, 
consequently leads to improved absorption and 
bioavailability. Abundant chemical entities which 
hold the potential to be valuable are never rendered 
available to the public owing to their inadequate 
oral bioavailability, particularly is caused by 
insufficient dissolution.1 Numerous techniques 
for increasing solubility have been developed 
in the past few decades, such as pharmaceutical 
dispersion, prodrug methodology, solubilisation 
using micelles, use of hydrophilic carriers for 
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complexation, chemical modification, particle size 
reduction, drug-polyelectrolyte complexes and 
crystal modification.2-4 
	 For increasing solubility and dissolution 
rates, the liquisolid compact technique (a powder 
solution approach) seems to be the most promising. 
The liquisolid compact approach has proven 
effective in modifying solubility attributes of drugs 
with poor aqueous solubility and thus, increasing 
drug’s rate of dissolution. To create a free-flowing, 
non-adherant compressible powder mixture, drug 
particles are initially dissolved or dispersed in non-
volatile solvent which is then added to appropriate 
carrier and coating material component. Drug 
particles become trapped in the internal matrix of 
the excipients when they are combined with coating 
and carrier excipients, whether they are suspended 
or dissolved.5,6

	 Furthermore, many small-molecule drug 
candidates generated through chemical synthesis, 
biocatalysis, or other biotechnology processes are 
poorly water-soluble and lipophilic. Liquisolid 
compacts provide a simple, scalable, and cost-
effective way to enhance their dissolution and 
bioavailability, making them suitable for early-
stage formulation. For fine chemicals and secondary 
metabolites produced via biosynthetic routes, 
liquisolid systems allow effective oral formulation 
without relying on complex nanotechnologies. This 
approach is especially valuable for transitioning 
compounds from in-vitro testing to in-vivo animal 
studies.7,8

	 Dolutegravir (DTG), a very therapeutically 
effective inhibitor of HIV integrase strand transfer, 
is recommended as initial antiretroviral therapy 
line for HIV. Unification of viral DNA with host 
cell DNA is one of the key phases in the HIV 
lifecycle, is impeded by DTG, which also stops the 
virus from growing inside the host. DTG after oral 
administration is absorbed rapidly and extensively 
metabolised via glucuronidation by the phase II 
enzymes.9,10 
	 Quality by Design (QbD), is a methodical 
framework for designing and developing of 
pharmaceutical drug products with predetermined 
goals offering improved comprehension of the 
product and associated processes with a little 
expenditure of time, money and efforts. QbD 
is applied before the optimization to find out 
Quality target product profile (QTPP), Critical 

Material Attributes (CMA), Critical Quality 
Attributes (CQA) and Critical Process Parameters 
(CPP), Design space and also involves Risk 
assessments (RA). An integral element of QbD is 
Design of Experiments (DoE) since it facilitates 
the establishment of a cause-and-effect link 
between independent and dependent attributes by 
changing two variables at a time.11 In contrast to 
conventional experimental design, which varies a 
single variable at a time, DoE allows data collection 
with fewer runs, changes two or more variables 
at a time and shows the interaction between two 
excipients by using contour plots.12 During process 
development, it is important to recognize the 
variations among CQAs (Dependent Variables) 
and CMAs (Independent Variables). Most common 
risk assessment tools, e.g., FMEA (Failure Mode 
and Effective Analysis) and Ishikawa fishbone 
diagrams, are utilized to assess the degree of 
qualitative risk related to raw material, design space 
and process variables which can have an impact on 
a particular CQA.13

	 This study was undertaken with the 
aim to formulate liquisolid powder admixture of 
Dolutegravir sodium with improved flowability 
and compressibility by combining wet granulation 
and liquisolid techniques, aiming to enhance its 
solubility and dissolution profile.

MATERIALS AND METHODS

Materials
	 Dolutegravir Sodium was procured as a 
generous gift sample from Cipla, Mumbai. Capmul 
MCM C8 EP/NF (Abitec, Mumbai), Tween 20 
(Croda, Mumbai), Magnesium aluminometasilicate 
(Neusilin UFL2, Neusilin US2; Gangwal Chemicals 
Pvt. Ltd., Mumbai), Dibasic calcium phosphate 
anhydrous (Fujicalin SG; Gangwal Chemicals, 
Mumbai) Colloidal silica (Aerosil 300, Aerosil 200; 
Evonik, Germany), Mesoporous silica (Parteck 
SLC 500; Merck, India), were obtained as gift and 
were used as received. Analytical grade chemicals 
and excipients were used throughout the study. 
Selection of non-volatile solvent based on 
solubility study DTG
	 An excess quantity of DTG was introduced 
into fixed volume non-volatile solvent to prepare 
saturated solution. The mixture was vortexed for 
10 min to promote uniform dispersion of drug 
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within vehicle. The non-volatile solvents selected 
were propylene glycol, Capmul MCM C8 EP/ 
NF, Capmul PG 8-70 NF, Labrasol, Transcutol 
HP, Tween 80, Tween 20, Capryol 90, PEG 4000, 
Captex 200P, Glycerin & Plurol Oleque CC497. 
To reach equilibrium, the solvent-drug mixtures 
were maintained at 25 oC in a shaker incubator 
overnight. The dispersions were centrifuged to 
separate undissolved drug as sediment at 3500 
rpm for 15-20 min. The supernatants were diluted 
with methanol and analyzed for dissolved drug 
concentration by using UV-spectrophotometer 
(JASCO, V-630, Japan) at 264 nm.
Carrier material and coating material screening 
using optimal flowable liquid retention capacity
	 The flowable liquid-retention potential 
(Õ-number) represents the highest amount of 
liquid a powder can retain while still exhibiting 
acceptable flow properties. Furthermore, adequate 
compactibility refers to the ability of a powder 
to form uniform cylindrical tablets exhibiting 
compressive strengths in the range of 5–6 kg/
cm², while preventing any occurrence of liquid 
expulsion during compression. Upon saturation 
of inner matrix with liquid comprising drug, any 
remaining liquid forms a layer on external surface 
of the powder material, this surplus liquid is 
absorbed through introducing “coating material,” 
yielding completely non-cohesive, free-flowing 
and compressible powder.
	 Flowable Liquid Retention Potential/
Capacity (ÔCa and ÔC0), Excipient ratio (R or Ca/
Co) and Liquid Load Factor (Lf) were calculated 
using a computational framework described by 
Spireas and coworkers.5,14 Briefly, the maximum 
liquid-holding capacity(Ô-value) of every excipient 
used (Neusilin US2, Neusilin UFL2, Parteck SLC, 
Avicel pH 102, Fujicalin SG, Aerosil 200, Aerosil 
300) for the selected liquid system (Capmul 
MCM:Tween 20 in 1:1 ratio) wase assessed based 
on the angle of repose measurement.   
Formulation and optimization of Dolutegravir 
loaded liquidsolid compacts (DTG)
	 The requisite amount of the DTG was 
added to Capmul MCM:Tween 20 mixture (1:1) as 
non-volatile co-solvent to form liquid medication. 
This prepared liquid medication was uniformly 
added to and distributed with the required amount of 
carrier placed and mixed in glass mortar-pestle for a 
minute at one rps (rotation per second) followed by 

addition of coating materials. The uniform layer of 
the liquid/powder admixture was distributed across 
the mortar surface and then permitted to stand for 
nearly five minutes, allowing the drug solution 
to permeate and become incorporated into the 
powder’s internal structure. The processed material 
is carefully collected and stored in dry place or in 
desiccators till further processing. The developed 
liquisolid compacts were evaluated for solubility 
and powder characteristics. 
	 As per the Fishbone (Ishikawa) concept, 
critical quality attributes were identified for the 
development of liquisolid compact targeting 
enhancement of solubility and dissolution 
performance. Solubility, Q10 (percent of DTG 
release within 10 min), T50 (time to release 50 
% drug) and Q60 (percent of drug release at 60 
min) were selected as Critical Quality Attributes 
(CQAs). Effect of % drug loading (in non-volatile 
solvent) and Carrier:Coating Ratio (Ca:Co, R) as 
independent factors were evaluated on CQAs as 
dependent variables. Furthermore, risk assessment 
of independent factors was estimated using 
32 factorial design (Table 1) through multiple 
regression analysis and 3D-surface response plots.
	 To convert liquisolid compact powder 
into tablet, excipients such as diluent, super-
disintegrating agent, lubricant and glidant were 
added followed by evaluation for pre-compression 
parameters like angle of repose (è), bulk density, 
tapped density, Carr’s index and Hausner’s 
ratio for determining the flow properties of the 
liquisolid compact. Further, the liquisolid crystal 
was formulated as a tablet and further evaluated 
for thickness, hardness, friability, weight variation 
test, disintegration test, contact angle measurement, 
wetting time and in-vitro dissolution study.
Saturation solubility of DTG- liquidolid 
compacts
	 Solubility of the developed DTG-loaded 
liquisolid compacts were assessed by shake-flask 
method.15,16 Briefly, to flask with 10 ml of water 
excess of formulation was added and shaken in 
incubator shaken at 37 oC to achieve equilibrium. 
Then, the mixture was centrifuged for 20 min at 
3500 rpm and upper clear liquid after appropriate 
dilutions was analyzed as dissolved drug by UV-
Visible spectrophotometer at 264 nm.
Scanning Electron Microscopy (SEM)
	 SEM is very useful in determining 
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morphology and surface properties of liquisolid 
compact. Samples of pure DTG, physical mixture 
and DTG-liquisolid compact (DTG-3) were coated 
with a gold-palladium layer using sputter coater 
(VG. Microtech, UK) and monitored under SEM 
(Cambridge Instrument, Steroscan 120, UK) ran 
with an accelerated voltage of 10 kV.
Fourier Transform Infrared Spectroscopy 
(FTIR)
	 FTIR spectra of a pure DTG, dry physical 
mixture and optimized DTG-3 liquisolid compact 
were obtained to examine DTG and excipient 
chemical compatibility. Roughly five mg of sample 
was uniformly blended with 100 mg IR-grade KBr 
(potassium bromide) and compressed at 12,000 psi 
pressure for 3 min under vacuum to obtain a disk/
pellet. This pellet was placed in sample holder of 
PerkinElmer IR spectrophotometer for spectral 
acquisition over the range of 4000–400 cm{ 1. 17

	 Differential Scanning Calorimetry 
(DSC): DSC examinations were performed using 
a calibrated Shimadzu DSC-60 (Shimadzu, Kyoto, 
Japan) instrument. DSC thermograms of pure 
DTG, physical mixture and DTG-3 liquisolid 
preparations were obtained. Five miligrams of 
each sample material was enclosed in standard 
aluminium pans separately and were thermally 
scanned over the range of 25 oC–400 oC, with 
heating performed at 10 ‘“C/min under nitrogen 
flow of 20 mL/min. Identical empty pans served 
as reference. 17

	 X-ray powder diffraction (XRPD): The 
polymorphic features of a pharmaceutical can 
influence its dissolution rate, bioavailability, 
and overall therapeutic efficacy. As a result, 
studying the polymorphic properties of the drug in 
liquisolid formulations using XRD is crucial. X-ray 
diffractograms of pure DTG, physical mixture 
and DTG-3 liquisolid preparation were acquired 
through XRD instrument. With a voltage of 40 
kV and an electric current of 30 mA, the scanning 
range was adjusted from 5 to 60° on 2è scale at a 
rate of 5 degrees per minute. 17

	 In-vitro drug release study: The DTG 
dissolution from liquisolid tablets was analysed in 
relation to dissolution of the drug from Pure DTG 
tablets using a USP Type II paddle apparatus. The 
study employed 0.01 M phosphate buffer (900 ml, 
pH 6.8) with 0.25% w/v sodium dodecyl sulfate at 
37 ± 0.5°C and stirred at 50 rpm.18 Five milliliter 

aliquots were taken at regular intervals of 15, 30, 
45, and 60 minutes and replenished with an equal 
volume of fresh medium. These samples were 
filtered using a 0.45-micrometer filter and their 
absorbance measured at 264 nm with a UV–Visible 
spectrophotometer.

RESULTS

Solubility in various non-volatile solvents
	 Figure 1a records saturation solubility 
data of DTG in several non-volatile solvents. 
	 As depicted, in comparison to other 
non-volatile solvents evaluated, a solubility study 
revealed that DTG was highly soluble in Capmul 
MCM (25 mg/ml) (Figure 1a). In spite of Capmul 
MCM demonstrating higher solubility for DTG, a 
1:1 combination of Capmul MCM and Tween 20 
is used as non-volatile solvent.
Selection of Carrier (Ca; Q) and Coating (Co; 
q) material based on optimal flowable liquid-
retention potential/capacity
	 Carrier materials are chosen for their 
large and porous particles, aimed at enhancing 
compressibility, while coating materials, selected 
for their fine and highly adsorptive nature, 
contribute to improved flowability.19

	 Each gram of Neusilin US2, Neusilin 
UFL2, Fujicalin SG, Avicel PH 102, Parteck SLC 
500, Aerosil 200 and Aerosil 300 retained 1.053, 
1.4742, 0.2106, 0.4212, 0.9477, 1.2636 and 1.5795 
ml of Capmul MCM:Tween 20 combination (1:1), 
respectively while maintaining suitable flowing 
properties (Figure 1b). Neusilin UFL2 and Aerosil 
300 were preferred as carrier and coating material 
due to their high liquid loading ability which is 
beneficial for holding more amount of liquid and 
in turn more drug.
DTG Liquisolid Compact optimization with 32 
full-factorial design
	 Effect of DTG concentration in liquid 
vehicle (X1, %) and Neusilin UFL2:Aerosil 300 
as Carrier:Coating (X2, Ca:Co) each at three levels 
studied using 32 full-factorial design. Statistical 
analysis of the performance of developed batches 
is done using Design Expert 13 (trial verion). Effect 
of drug concentration in Capmul MCM:Tween 20 
(1:1) as non-volatile solvent is studied at 10, 20 and 
30 % whereas Ca:Co ratio (R-value) investigated 
was 10:1, 15:1 and 20:1. Effect of selected 
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independent variables is studied on solubility (mg/
ml, Y1), amount of DTG release at 10 min (%, Y2), 
time required to release 50 % DTG (min, Y3) and 
amount of DTG release at 60 min (%, Y4). Various 
DTG liquisolid compact batches prepared using 
10 mg of Dolutegravir and the responses obtained 
are depicted in Table 2 & 3, respectively. Table 
4 depicts models, fit statistics and ANOVA for 
dependent variables obtained for developed DTG 
liquisolid compact batches.
Effect on Solubility (Y1) 
	 The solubility of Pure DTG, as measured 
experimentally was 0.10 mg/ml. For all the nine 
factorial batches solubility varied in the range 
of 0.655 to 2.92 mg/mL with mean solubility 
of 2.46 mg/mL (Table 3). All liquisolid batches 
demonstrated higher solubility when compared 
with pure drug solubility in water, minimum 
6.55-times increase in solubility was observed. 
The responses obtained are subjected to statistical 
analysis using Design Expert ver. 13 (trial verion) 
software to assess the influence of each independent 
variable on selected outcomes and are reported in 
Figure 2a as 3D surface response graphs. Based 
on solubility, DTG-3 batch was further selected 
for development of final tablet and evaluation.
Effect on amount of DTG release at the end of 
10 min (Q10, Y2)
	 Q10 is the amount of DTG released at the 
end of 10min which is required to attain requisite 
plasma concentration of drug. The Q10 for DTG 
liquisolid tablets were observed in the range of 
24.52 to 51.22 % with average of 37.06 % drug 
released (Table 3). 

Effect on time required for 50 % DTG release 
(T50, Y3) 
	 The T50 for the DTG liquisolid compressed 
tablets were found in the range of 21.09 to 28.99 
min with average T50 value of 26.66 min (Table 
3). Faster drug release is reflected from lower T50 
values. The DoE shows that valid quadratic model 
was best fitted for dependent response Y3 with 
p-value of <0.0084, R2 of 0.9815 and predicted R2 

of 0.8320 were in logical agreement.
Effect on amount of drug release at the end of 
60 min (Q60, Y4)
	 The Q60 values were found to be in the 
range of 91.08 to 101.78 % with average release of 
96.22 % for all factorial DTG LC tablets (Table 3). 
The DOE shows that linear model was best fitted 
for dependent response Y4 with model p-value 
of <0.0001 demonstrating significant effect of 
selected variables on Q60 (R

2=0.9800 and adjusted 
R2=0.9734).
Solid-state characterization
Scanning Electron Microscopy (SEM)
	 The surface morphology and texture of 
the liquisolid compact were examined using SEM. 
Figure 3A showed that DTG possessed a high 
degree of crystallinity characterized by multiple 
planar surfaces. The drug crystals exhibited 
heterogeneous size and shape, predominantly 
cuboidal and rod-shaped forms. In contrast, SEM 
images of the liquisolid system indicated the total 
loss of DTG crystals, suggesting that the drug was 
uniformly and completely dispersed within the 
liquisolid matrix.

Table 1. 32 factorial design with coded levels and actual values for 2-factors at 
3-levels with dependent variables with their expected outcomes.

Factor (Independent Variables) X		  Levels
	 -1	 0	 +1

% Drug concentration (X1)	 10 %	 20 %	 30 %
Carrier : Coating ratio (X2)	 10:1	 15:1	 20:1

Dependent variables (Y)

Y1	 Solubility (mg/ml)	 Maximum
Y2	 Q10: DTG release at 10 min (%)	 Higher
 Y3	 T50: Time required to release 50% DTG (min)	 Minimum
 Y4	 Q60: Amount of DTG release at 60 min (%)	 Close to 100 %
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Fig. 1. (a) Dolutegravir solubility in various non-volatile solvents; (b) Measurement  of flowable liquid retention 
capacity of carrier and coating material based on angle of repose

Fourier Transform Infrared Spectroscopy 
(FTIR) 
	 The FTIR spectrum of DTG (Figure 3B) 
revealed characteristic peaks at 3068 cm{ ¹ and 
3047 cm{ ¹ for N-H stretching; at 2918 cm{ ¹ and 
2874 cm{ ¹ corresponding to C–H stretching, along 
with a prominent peak at 1641 cm{ ¹ indicating C=O 
stretching vibrations, along with a peak at 1592 for 

aromatic C=C and N-H bending. Additional peaks 
were also observed at 1362 cm{ ¹ (aliphatic C–H 
bending), 1101 cm{ ¹ (C–O–C stretching), and 
854 cm{ ¹ (C=O bending). FTIR spectrum for 
DTG showed well-defined characteristic multiple 
peaks between 1600-1000 similar to any ordered 
crystalline organic drug. Peaks at wave numbers 
of 3445 cm{ ¹ for adsorbed water, intense peak 
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Table 4. Model, Fit statistics and ANOVA for dependent variables 

Dependent 	 Model and 	 R2	 Adjusted 	 Predicted 	 Model 	 Coefficient	 p-value
variables 	 p-value		  R2	 R2	 terms

Y1: Solubility	 Quadratic	 0.9962	 0.9898	 0.9667	 Intercept	 2.46	 0.0008
(mg/ml)	 0.0042				    X1	 - 0.3298	 0.0025
					     X2	 + 0.8148	 0.0002
					     X1X2	 - 0.2110	 0.0156
					     X1

2	 - 0.4645	 0.0045
					     X2

2	 - 0.4345	 0.0054
Y2:Q10 (%)	 Linear	 0.9548	 0.9398	 0.9038	 Intercept	 37.06	 <0.0001
	 <0.0001				    X1	 + 0.8467	 0.4135
					     X2	 + 10.82	 <0.0001
Y3:T50 (min)	 Quadratic	 0.9815	 0.9507	 0.8320	 Intercept	 26.66	 0.0084
	 0.0084				    X1	 + 1.11	 0.0222
					     X2	 - 2.73	 0.0017
					     X1X2	 + 0.6125	 0.1426
					     X1

2	 + 0.6177	 0.2572
					     X2

2	 -1.83	 0.0251
Y4:Q60 (%)	 Linear	 0.9800	 0.9734	 0.9488	 Intercept	 96.22	 <0.0001
	 <0.0001				    X1	 -3.79	 <0.0001
					     X2	 + 1.29	 0.0015

Table 3. Responses obtained for Solubility (Y1), Q10 (Y2), T50 (Y3) and Q60 (Y4) 

Batch no.	 X1:	 X2: 	 Y1: 	 Y2: 	 Y3: 	 Y3: 
	 Drug 	 RCa:Co 	 Solubility 	 Q10 (%)	 T50(min)	 Q60 (%)
	 loading 	 ratio	 (mg/ml)
	 (%)

DTG-1	 10	 10	 0.91	 24.52	 27.62	 98.47
DTG-2	 10	 15	 2.26	 36.77	 26.13	 99.82
DTG-3	 10	 20	 2.92	 45.17	 21.09	 101.78
DTG-4	 20	 10	 1.13	 28.08	 28.02	 94.29
DTG-5	 20	 15	 2.54	 36.47	 26.08	 96.82
DTG-6	 20	 20	 2.83	 51.22	 22.22	 97.41
DTG-7	 30	 10	 0.655	 27.93	 28.28	 91.80
DTG-8	 30	 15	 1.638	 34.34	 28.99	 92.47
DTG-9	 30	 20	 1.823	 49.17	 24.2	 93.08

Q10: Percent of drug release within 10min; T50: Time to release 50% drug; Q60: Percent of drug release 
at 60min

near 1000 cm-1 for Si-O from Neusilin UFL2 and/
or Aerosil 30 were observed in FTIR spectrum for 
physical mixture. Other DTG characteristic peaks 
were still visible but with lowered intensity. FTIR 
spectrum for DTG-3 showed further weakened or 
broadened bands compared to physical mixture. 
The O–H/N–H region at 3430 cm{ ¹ is broader 
which indicates stronger hydrogen-bonding or 
interaction with surface silanols of Neusilin/
Aerosil. Also, fingerprint peaks of DTG in the 

1200–1600 cm{ ¹ region are attenuated or merged, 
and the silica band (~1100 cm{ ¹) becomes 
proportionally more prominent. 
Differential Scanning Calorimetry (DSC)
	 Figure 3C shows the thermal behavior of 
unprocessed DTG, which exhibited a prominent 
fusion endotherm at 351 °C with heat of fusion 
(ÄH) of 32.9mJ/g reflecting its melting transition 
for crystalline DTG. DSC thermogram of the 
physical mixture similarly displayed clear thermal 
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melting event of DTG at 358.8 °C (ÄH= 9.73mJ/g), 
with no significant shift or change in peak intensity, 
indicating that simple blending with Neusilin UFL2 
and Aerosil 300 did not alter crystallinity of the 
drug. Conversely, DTG-3 liquisolid formulation 

showed the total loss of characteristic melting peak, 
demonstrating complete solubilization, uniform 
molecular dispersion within the liquisolid matrix 
and possibly conversion into amorphous form. 
Additionally, two peaks were observed in physical 
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Fig. 2. 3D-Surface response graphs for (A) Solubility; (B) Percent of DTG release within 10 min (Q10); (C) Time 
required to release 50 % DTG (T50) and (D) Percent of DTG release at the end of 60 min (Q60).
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mixture and DTG-3 liquisolid compact. Peaks at 
53.0 °C (ÄH=5.46 J/mg) and at 213.3 °C (ÄH=8.49 
J/mg) were observed in physical mixture whereas 
as in DTG-3 liquisolid compact, endotherms at 
62.4 °C (ÄH=4.70 J/mg) and 247.3 °C (ÄH=6.08 
J/mg) were noticed.
Powder X-ray diffraction analysis (PXRD)
	 The XRPD analysis presented in Figure 
3D illustrates the physical state of DTG before 
and after incorporation into the liquisolid system. 
Pure DTG exhibited multiple sharp and intense 
diffraction peaks between 10–40° 2è, with 
prominent reflections at 11.88°, 14.08°, 15.39°, 
16.59°, 17.81°, 18.76°, 19.41°, 21.99°, 25.95°, 
28.15°, and 30.13°, confirming crystalline nature 
of DTG. The XRPD pattern of the physical mixture 
retained these characteristic peaks, indicating 
the continued presence of crystalline DTG and 
showing that simple mixing with Neusilin UFL2 
and Aerosil 300 did not alter the drug’s crystallinity. 
In contrast, the XRPD diffractogram of the DTG-
3 liquisolid formulation displayed a complete 
disappearance of the distinct DTG diffraction peaks 
and showed a diffuse halo pattern characteristic of 
an amorphous phase.
Development of DTG-liquisolid compact tablets
	 To the liquisolid compact admixture 
m i c r o c r y s t a l l i n e  c e l l u l o s e  ( d i l u e n t s ) , 
lactose (diluents), sodium starch glycolate 

(superdisintegrant) and magnesium stearate 
(lubricant) were added followed by direct 
compression to obtain tablets. This liquisolid 
powder blend for each formulation was analyzed 
for precompression parameters including the angle 
of repose, bulk density, true density, Carr’s index, 
Hausner’s ratio, and drug content.
	 The angle of repose reflects cohesion or 
internal friction among the particles; a low value 
indicates non-cohesive powder, while a high 
value signifies cohesive powder. The prepared 
formulations exhibited angles of repose ranging 
from approximately 26° to 28°, indicating good and 
acceptable flow properties of liquisolid powder.
	 The powder bulk density and tapped 
density was observed to be 0.3797g/ml to 0.569g/
ml and 0.461g/ml to 0.716g/ml, respectively. The 
Carr’s index (CI), or the ratio of bulk density to 
tapped density analyzes the flow characteristics and 
compressibility of liquisolid formulations which 
ranged from 13.53% to 20.53%. Additionally, the 
Hausner’s ratio for all formulations varied from 
1.156 to 1.258, further indicating favorable flow 
characteristics of the powder blend.
Drug content
	 The drug content (%) of all formulations 
ranged from 95.75% to 98.69%, confirming 
uniformity in drug distribution. These findings 
demonstrated that all formulations met the specified 
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Fig. 3. (A) Scanning Electron Microscopy (SEM); (B) Fourier Transform Infrared Spectroscopy (FTIR); 
(C) Differential Scanning Calorimetry (DSC) and (D) Powder X-ray diffraction analysis (XRD) for Pure 

Dolutegravir, Physical Mixture and Liquisolid Compact DTG-3. 



1739 Patil et al., Biosci., Biotech. Res. Asia,  Vol. 22(4), 1725-1745 (2025)

Fig. 4. (A) Wetting time (B) Contact angle of developed DTG-3 liquisolid compact. 

acceptance criteria according to the IP standards; 
(Limit: not less than 85 % and not more than 115 
%). 
Post-compression characterization of liquisolid 
tablets
	 All liquisolid tablets were white, biconvex 
with uniform round shape and thickness varied 
from 2.45 to 5.2 mm. The weight variation 
analysis ensures the uniformity of tablet and the 
observations of weight variation show that the 
developed tablets comply with the IP limits.
	 To ensure fast and constant drug release 
which assures optimum bioavailability and 
therapeutic efficacy, rapid disintegration is 
necessary for immediate release formulation. The 
disintegration times of all the liquisolid tablets 
ranged from 1 min to 7 min 15 sec.

Wetting time and Contact angle measurement
	 The internal structures of the tablet 
influence its wetting behavior, while the water 
attracting property powder excipients as well 
impacts wetting time. The wetting time of DTG-
3 liquisolid tablet was reduced by half time (2 
min 36 sec) relative to the conventional tablet (4 
min 30 sec) containing pure DTG (Figures 4A). 
Measurement of contact angle were performed on 
liquisolid and conventional tablets using saturated 
solution of drug in distilled water (Figures 4B).5 
The contact angle of liquisolid tablet (12.28 
±0.35 o) was found to be significantly less than 
conventional tablet (29.36 ±0.48 o) (p<0.001).
In-vitro drug release study
	 All liquisolid tablet formulations (DTG-1 
to DTG-9) showed improved dissolution profiles 
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compared with pure DTG, as illustrated in Figure 
5. Among them, DTG-3 demonstrated the highest 
drug release, reaching 101.78% within 60 minutes, 
while the pure DTG tablet released only 41.90% 
in the same time frame.
	 A decrease in solubilisation rate was 
observed as the drug concentration in Capmul 
MCM:Tween 20 mixture increased. Additionally, 
R-value modified dissolution behavior. Formulation 
DTG-3, with a higher R-value of 20:1, achieved 
101.78% drug release at 1 hour, whereas DTG-7, 
with an R-value of 10:1, showed lower release 
(91.79%).
	 For DTG-3, the MDT, MDR, and DE 
values were 20.60 min, 0.39 %/min, and 65.66%, 
respectively. In contrast, the pure DTG tablet 
exhibited an MDT of 26.77 min, an MDR of 0.16 
%/min, and a DE of 55.38%. These results confirm 
the markedly enhanced dissolution behavior of 
DTG-3.

DISCUSSION 

	 Drug solubility in non-volatile solvent 
is a crucial component for liquisolid approaches. 
Greater solubility of the drug in the liquid 
vehicle can improve its dissolution rate, as it 
allows for greater molecular distribution of 
the drug and a higher surface area available 
for interaction with dissolution medium. A 

higher fraction of molecularly dispersed drug 
results in faster dissolution rate. Capmul MCM 
(Glyceryl Monocaprylate) is medium chain 
mono- and diglycerides and most commonly 
used as carrier, solubilizers and emulsifiers with 
hydrophilic lipophilic balance of 4.7.19,20 It is 
used to produce stable emulsions, to modify 
viscosity, as a penetration enhancer and to enhance 
bioavailability.21 Initial liquisolid compact batches 
were developed using Capmul MCM as a non-
volatile solvent. However, saturation solubility 
of those liquisolids in water revealed that all the 
prepared formulations resulted into solubility 
less than solubility of pure DTG in water. This 
observation could be attributed to highest solubility 
of DTG in Capmul MCM failed to release the 
drug in water. Also, Capmul MCM being highly 
viscous compared to water failed to form uniform 
dispersion with water. 
	 Further, Tween 20 (Polyoxyethylene 
sorbitan monolaurate), hydrophilic non-ionic 
surfactant with HLB of 16.7, used in pharmaceuticals 
as solubilizer and o/w emulsifier demonstrated the 
second highest solubility of DTG (15 mg/ml).22 The 
weight of tablet and drug dissolving characteristics 
are significantly influenced by drug’s solubility 
in a non-volatile solvent. Higher solubility of 
the drug in non-volatile vehicles selected leads 
to requirement of smaller quantities of carrier 
and coating materials, ultimately enabling the 

Fig. 5. In vitro drug release study of developed DTG-3 liquisolid compact 



1741 Patil et al., Biosci., Biotech. Res. Asia,  Vol. 22(4), 1725-1745 (2025)

attainment of a lower tablet weight.23 Hence, if 
liquisolid batches were formulated solely with 
Tween 20 as solvent, it would have led to an 
increase in tablet weight. To avoid this outcome, 
a blend of Capmul MCM and Tween 20 (1:1) was 
employed in the study. Furthermore, Capmul acts 
as a lipophilic solvent with strong ability to dissolve 
poorly water-soluble drug due to its amphiphilic 
glyceride structure whereas Tween 20 provides 
hydrophilic surfactant action, enhancing drug 
wettability and facilitating micellar solubilisation.   
Carrier (Ca; Q) material and Coating (Co; q) 
material selection based on optimal flowable 
liquid-retention potential
	 The most appropriate carrier and coating 
material are mainly determined by their flowable 
liquid retention capacity  (Ö). The excipients’ 
Ö-value, required to compute Lf, is derived using 
the angle of repose. The carrier material ÖCA-
value and coating material ÖCO-value determines 
the optimum amounts of carrier and coating 
materials critical to transform a particular volume 
of liquid drug into a dry, free flowing and readily 
compressible liquisolid preparation.14 
	 As a carrier, Neusilin UFL2 has greater 
absorption capacity as it is available in powder form 
than Neusilin US2 which is in granular form and 
other carriers. Furthermore, Aerosil 300 has more 
absorption capacity than Aerosil 200 and therefore 
selected as coating. Neusilin® is a synthetic, 
amorphous magnesium aluminometasilicate. This 
multifunctional excipient finds application both in 
direct compression and wet granulation techniques 
for the preparation of solid oral dosage forms. It 
is majorly employed to improve the performance 
attributes of powders, granules, tablets and 
capsules.  Neusilin® has been an integral part of 
the pharmaceutical industry in Japan for over fifty 
years, featured in more than 500 pharmaceutical 
preparations. Globally recognized by formulators, 
it is used in formulations that include water-
insoluble APIs including antibiotics, oily actives, 
herbal ingredients and vitamins. Additionally, 
Neusilin® serves as an effective adsorbent for 
self-micro emulsifying and solid dispersion drug 
delivery systems. To obtain smaller tablets of 
liquisolid compacts, high Ö -value for carrier and 
coating material are prerequisite. These values are 
employed during the formulation of DTG liquisolid 
tablets.21,24

	 In the presented work using Capmul 
MCM:Tween 20 as non-volatile solvent, Neusilin 
UFL2 and Aerosil 300 were selected as carrier (Q) 
and coating (q) material, respectively. Neusilin 
UFL2 and Aerosil 300 despite infusing 1.8 ml 
and 1.5 ml of non-volatile solvent, respectively 
could maintain favorable flow characteristics. 
Neusilin UFL2 showed great potential to load the 
non-volatile solvent while maintaining good flow 
properties and helped to reduce the total tablet 
weight.
Optimization of DTG Liquisolid Compact using 
32 full-factorial design
Influence on Solubility (Y1) 
	 Solubility and dissolution are the critical 
factors for Biopharmaceutics Classification 
System (BCS) Class II and IV drugs in limiting 
bioavailability. Since BCS II drugs exhibit low 
solubility but high permeability, their absorption 
is primarily constrained by their dissolution in 
gastrointestinal fluids whereas bioavailability 
of BCS IV is minimal due to both solubility 
and permeability. Enhancing both solubility 
and dissolution rates augments the drug amount 
reaching the absorption site, thereby improving 
systemic bioavailability and therapeutic outcomes. 
	 As depicted, effect of selected independent 
variables fits quadratic model for solubility 
with p-value of 0.0042 suggesting valid model. 
The quadratic regression model demonstrated 
remarkable predictability, as indicated by R2 value 
of 0.9962 and predicted R2 of 0.9667 (Table 4). 
	 The negative sign for the coefficients of X1 
(main effect), X1X2 (interaction effect), X1

2 and X2
2

 
(quadratic effects) shows the significant negative 
effect on solubility while X2 (main effects) shows 
significant positive effect on solubility (p<0.05). 
As the concentration of drug (X1) is increased, 
solubility is decreased because the relative amount 
of solvent available to solubilize each drug molecule 
decreases which reduces the overall solubilisation 
efficiency of the system. As the Ca:Co ratio (X2) 
is increased surface area available for drug to be 
adsorbed increased allowing better interaction 
among DTG and dissolution medium facilitating 
augmented and faster wetting of particles at higher 
Neusilin UFL2:Aerosil 300 ratios (R values) 
resulting in higher solubility. Improvement in the 
drug’s solubility due to enhanced wettability also 
resulted in higher dissolution rate.



1742Patil et al., Biosci., Biotech. Res. Asia,  Vol. 22(4), 1725-1745 (2025)

Effect on amount of drug release at the end of 
10 min (Q10, Y2)
	 Effect of selected independent variables 
on Q10 follows linear model with p value of 
<0.0001, R2 value of 0.9548 and predicted R2 of 
0.9038 suggesting excellent predictability. As seen 
in Table 4 and Figure 2b, positive effect of X1 on 
Q10 is insignificant (p>0.05) whereas X2 depicted 
significant effect (p<0.05). As DTG loading in non-
volatile solvent increases, drug release in initial 10 
min was higher resulting in higher and faster drug 
release. The positive effect of X1 can be correlated 
to amount of super-disintegrating agent, sodium 
starch glycolate (SSG) added and disintegrating 
time (DT, data not given). Each liquisolid tablet 
batch contain fix concentration of SSG (5 %), 
however, the amount of SSG varied. Batch with 
30 % drug loading, liquisolid system required less 
Neusilin UFL2 and Aerosil 300 to convert liquid 
drug solution into free-flowing dry powder form 
compared to 10 % and 20 % drug loading. This 
ultimately increases the amount of SSG in that 
batch leading to faster disintegration. 
	 Similarly, as Ca:Co ratio increased, 
Q10 also increased which could be arising from 
higher surface area available for DTG dissolution 
and improved wetting properties demonstrating 
significantly higher drug release at Q10. A close 
similarity was found in Q10 studies carried out by 
Fahmy and Kassem25, describing superior amounts 
of drug dissolution achieved in initial 10 min from 
Famotidine liquisolid compressed tablets than 
the conventional directly compressed Famotidine 
tablets.
Effect on time required for 50% drug release 
(T50, Y3) 
	 As depicted in Table 4 and surface 
response graph (Figure 2c), the positive coefficients 
of terms X1, X1X2, X1

2 depicts positive effect on T50, 
however, X1X2 and X1

2 effect was non-significant 
(p>0.05). The significant negative coefficient for 
X2, X2

2 depicts the favorable decreasing effect on 
T50.  An increase in T… €  value with increase in % 
drug loading can be correlated to decreasing effect 
on solubility as explained earlier. Moreover, the 
dissolution process slowed down at the saturation 
point and may result in drug precipitation from the 
system. Increase in surface area, and wettability led 
to decrease in t50 when Ca:Co ratio was increased. 
The greater surface area and wettability facilitate 

a faster interaction with the dissolution medium, 
resulting in greater dissolution rate and thus 
reduced T… € .
Effect on amount of drug release at the end of 
60min (Q60, Y4)
	 As depicted in Table 4, X1 and X2 
demonstrated significant negative (p<0.0001) and 
positive impact (p=0.0015) on Q60, respectively. 
Decreasing effect of drug loading can be correlated 
with its negative effect of it on solubility, resulting 
in Q60 values. Similarly, positive effect of Ca:Co 
ratio on Q60 can be explained with the help of its 
positive effect on solubility (Figure 2d). Increasing 
the Ca:Co ratio enhanced drug dissolution by 
improving dispersion and wetting properties, 
reducing agglomeration, and increasing porosity. 
The greater availability of carrier material, drug 
was dispersed molecularly better, exposing a 
larger surface area to the dissolution medium. This 
improved wetting and reduced clumping, combined 
with a more porous structure, allow for faster and 
more efficient drug dissolution.
Solid-state characterization
Scanning Electron Microscopy (SEM)
	 The absence of visible DTG crystals 
in the liquisolid compact confirms that the 
drug transitioned from its crystalline form to a 
molecularly dispersed or amorphous state within 
the carrier system. Such transformation is known 
to enhance the surface area available for dissolution 
and promote improved wettability. Consequently, 
the molecular dispersion of DTG in the liquisolid 
system is likely responsible for the notable increase 
in its solubility and dissolution rate, ultimately 
contributing to enhanced biopharmaceutical 
performance.
Fourier Transform Infrared Spectroscopy 
(FTIR) 
	 Preservation of the major DTG peaks in 
both the physical mixture and DTG-3 liquisolid 
formulation indicates that no chemical interactions 
occur between the drug and the excipients
	 Lack of peak shifts, broadening, or new 
functional group signatures suggests that DTG 
remains chemically stable within the liquisolid 
matrix. Decreased intensity and band broadening 
especially in O–H/N–H and fingerprint regions 
point to hydrogen bonding and adsorption of DTG 
onto Neusilin/Aerosil surfaces with loss of long-
range order. This indicates that the formulation 
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process did not induce any structural modifications 
in the drug, supporting its compatibility with the 
selected excipients.
Differential Scanning Calorimetry (DSC)
	 As depicted in Figure 3C, distinct thermal 
event suggests that DTG existed in a well-ordered 
solid form with crystalline characteristics. The 
unchanged melting endotherm in the physical 
mixture confirms the absence of drug–excipient 
interactions during simple blending, indicating 
that the porous carriers did not adsorb or entrap 
the drug in its crystalline solid state. However, 
the complete loss of the DTG melting peak in the 
liquisolid system signifies a transition of DTG into 
an amorphous or molecularly dispersed form. This 
transformation is consistent with enhanced wetting 
and larger surface-area exposure of DTG, which 
collectively contribute to the improved dissolution 
performance observed in the liquisolid formulation.
	 Appearance of additional peaks at 53.0 
oC and 62.4 oC in physical mixture and DTG-3, 
respectively indicated desorption of adsorbed 
moisture. Borad endotherms at lower temperatures 
of 213.3 oC (physical mixture) and 247.3 oC (DTG-
3) can be attributed tofusion of amorphous fraction 
of DTG. 
Powder X-ray diffraction analysis (PXRD)
	 The preservation of DTG’s sharp 
diffraction peaks in the physical mixture confirms 
that blending with the amorphous carriers alone is 
insufficient to cause drug adsorption or entrapment 
within their porous structures. However, the 
transition to a halo pattern in the liquisolid 
formulation clearly indicates that DTG is converted 
from a crystalline to an amorphous or molecularly 
dispersed form. This transformation likely results 
from solubilisation of DTG in the non-volatile 
solvent, followed by absorption and adsorption 
onto the porous network of Neusilin UFL2 and 
Aerosil 300. Such amorphization and molecular 
dispersion increase the drug’s surface availability, 
which likely contributes to enhanced dissolution 
rate observed in liquisolid system.
Development of DTG-liquisolid compact tablets
	 The angle of repose values within 
26°–28° suggest that the liquisolid powder 
mixtures exhibited low interparticle friction and 
satisfactory flow behavior, suitable for direct 
compression. The moderate bulk and tapped 
density values imply adequate packing ability 

of the powder blends. Carr’s index (<21%) and 
Hausner’s ratio (between 1.1 and 1.25) further 
confirm good compressibility and flow properties, 
indicating that the incorporation of excipients 
such as microcrystalline cellulose and lactose 
effectively supported the handling and processing 
of the liquisolid powders. These pre-compression 
characteristics collectively demonstrate that the 
formulations possessed the necessary flow and 
packing attributes required for successful tablet 
manufacturing.
Post-compression characterization of liquisolid 
tablets
	 Hardness and friability result demonstrates 
sufficient tablet robustness and adequate tolerance 
to mechanical stress during handling, packaging, 
and transportation. 
	 As disintegration time values did not 
exceed 15 min, this confirms that the formulations 
complied with the disintegration criteria outlined 
by the Indian Pharmacopoeia. 
Wetting time and Contact angle measurement
	 Significant reduction in wetting time can 
be attributed to dispersion of DTG in the water-
miscible vehicle which also acts as cosolvent 
resulting in enhanced wetting properties of drug. 
Furthermore, the drug concentrate is evenly 
distributed and adsorbed onto the surface of coating 
material leading to tremendous increase in surface 
area which contributes to enhanced wetting ability 
of developed tablet. Conventional tablets have 
limited surface area as hydrophobic drug particles 
are merely mixed with the tablet excipients.26 
	 The low contact angle obtained can be 
attributed to present of the surfactants, Capmul 
MCM and Tween 20 in the system which expedites 
drug particles wetting by minimising surface 
tension between wetting liquid and tablet surface.27

In-vitro drug release study
	 The enhanced dissolution behaviour of 
the liquisolid system is due to molecular-level 
dispersion of DTG in the non-volatile solvent 
system, which enhances drug wettability and 
increases surface availability for dissolution. 
Higher drug concentrations in the liquid vehicle 
may reduce the proportion of molecularly dispersed 
drug, lowering dissolution efficiency.
	 The influence of R-value implies that 
increasing amount of carrier relative to the coating 
material improves drug release by enhancing 
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adsorption efficiency and providing larger porous 
surfaces for rapid solvent penetration. The 
enhanced release observed for DTG-3 suggests that 
an optimal excipient ratio promotes faster diffusion 
of the solubilized drug from the carrier particles, 
ultimately improving dissolution compared with 
both lower R-value formulations and the pure drug 
tablet.
	 The reduced MDT and increased MDR 
of the liquisolid formulation indicate a faster 
dissolution process, attributable to improved 
wettability and increased surface area resulting 
from molecular dispersion of DTG in the liquid 
vehicle. The higher DE value further highlights the 
efficient release of drug into the dissolution medium. 
Collectively, these parameters demonstrate that 
the liquisolid technique significantly enhances 
solubility-driven dissolution performance 
compared with the conventional tablet.

Conclusion

	 The study successfully developed and 
evaluated a liquisolid compact of DTG using 
a Capmul MCM C8 EP/NF:Tween 20 (1:1) as 
liquid vehicle, significantly enhancing the drug’s 
solubility and dissolution rate. With a 10% drug 
concentration and a 20:1 ratio of Neusilin UFL2 
to Aerosil 300, the formulation achieved a 17.47-
fold increase in solubility and a 101.78 % drug 
release within 60 minutes. This demonstrates that 
the liquisolid technique effectively improves the 
solubility, dissolution rate of APIs with limited 
aqueous solubility like Dolutegravir through 
enhanced wetting properties and molecular 
dispersion, making it a promising method for 
solubility enhancement. 
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