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ABSTRACT

Objective: This project aims to develop and evaluate solid lipid nanoparticles (SLNs) of an antiviral drug to improve bio

side effects associated with conventional antiretroviral therapy.

Methods: SLNs of dolutegravir were prepared using high shear homogenization followed by ultrasonication. Bioco
monostearate were used as the lipid matrix, and Poloxamer 188 served as the stabilizer. To optimize the forp i0
concentration, and sonication parameters were systematically varied. The prepared formulations
entrapment efficiency, and in vitro drug release profile to determine the optimum conditions for;

Results: The optimized solid lipid nanoparticle (SLN) formulation exhibited a particle size in th
(ZP), indicating good physical stability and low aggregation tendency. A high drug entrap
incorporation of the drug within the lipid matrix. In vitro release studies demonstra
release followed by sustained drug release over 24 h. Differential Scanning Colorime
analyses revealed no significant drug-lipid interactions, confirming formulation compa
showed spherical nanoparticles with smooth surfaces and uniform morphology. Ove
release characteristics suitable for sustained drug delivery.

e zeta potential
85%) confirmed effective
, characterized by an initial burst
orm Infrared Spectrocopy (FTIR)

Conclusion: The study demonstrates that solid lipid nanoparticles (SLNs) are a
release, improved pharmacokinetic behavior, and reduced dosing frequency. H
efficacy and biodistribution profile.

Keywords: Solid lipid nanoparticles, Antiretroviral drug delivery, N
shear homogenization, HIV therapy, Drug targeting
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INTRODUCTION

Human nodeficiency virus (HIV) infection is still a big public health problem, especially
t (ART) has greatly improved the outlook for people with HIV by stopping the virus from

The fact that so many people throughout the
in low-and middle-income nations. Antiretr

pass metabolism, which signifi y eik systeémic bioavailability following oral administration [3]. Conventional formulations are often
insufficient to overcome the itations. This means that new drug delivery methods need to be devised that can improve drug
solubility, make the drugs m eep therapeutic levels for longer periods of time.

ome popular as a way to distribute drugs in a regulated and targeted way among several types of
carriers made of physiological lipids that are solid at room temperature and body temperature. They are
systems have several benefits, including better drug stability, better bioavailability, less toxicity, regulated release
both hydrophilic and lipophilic medicines [5, 6]. For antiretroviral therapy, SLNs provide additional benefits such

range in size from nanometers to micrometers. These particles are spread out in water or an aqueous surfactant solution [9]. The basic constituents
are water, solid lipids, and emulsifiers. One of the best things about SLNs is that the lipid matrix is created from lipids that are found in the body, which
lowers the risk of acute and chronic toxicity [10]. SLNs, which were first used in 1991, are a different type of carrier system than standard colloidal
carriers such as emulsions, liposomes, and polymeric micro-and nanoparticles [11].

The present study investigates the design and development of Dolutegravir’s SLNs. It is a highly promising antiretroviral drug from the HIV integrase
inhibitor class used for the treatment of HIV. These will make the medicine less harmful and make patients more likely to take it. The goal of this
project is to use high-shear homogenization and ultrasonication to create, synthesize, and describe SLNs that include a model antiretroviral
medication. The important formulation factors, such as lipid content, surfactant type, and process parameters are modified to get the right particle
size, zeta potential, drug entrapment efficiency, and sustained release profile. Techniques such as particle size analysis, Fourier Transform Infrared
Spectroscopy (FTIR), Differential Scanning Calorimetry (DSC), and Transmission Electron Microscopy (TEM) were used to look at the improved SLNs'
physicochemical features.
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MATERIALS AND METHODS
Materials

Dolutegravir -the drug sample was kindly gifted by Cipla Ltd., Vikhroli west, Mumbai, India. Soya phosphatidylethanolamine and Tween 80 (T80)
were procured from Solanki Enterprise, Pune, India. HPLC-grade methanol, acetonitrile, and all other solvents used in the study were purchased from
Merck Life Sciences Pvt. Ltd., Mumbai, India. All chemicals and reagents employed in the formulation and analytical work were of analytical grade and
used without further purification. Double-distilled water was used throughout all experiments.

Methods

SLN was made by first heating and then employing ultrasonication (Labline). 50 mg of Dolutegravir was weighed and put into Soya phosphatidyl
ethanolamine, which had already been melted at 80 °C. Then the Tween 80 was dissolved in double-distilled water to get a 0.5% and 1% solution.
Then the solution was heated in a beaker to 80 °C. After getting a clear, uniform lipid phase, the hot aqueous surfactant solution was introduced to the
hot lipid phase. A high-speed homogenizer (REMI) was used to mix the two at 1000 rpm for 30 min. During the homogenization process, the
temperature stayed at 80 °C. A probe sonicator (Misonix 3000) was used at 100W for 3 min to ultrasonify the obtained pre-emfilsion. To avoid the
problem of recrystallization during homogenization and ultrasonication, the temperature of the production was set at least 5 °C
point of the lipids. The nanoemulsion (o/w) was immersed in an ice bath for cooling, and here, the SLNs were formed. Fi
was added to make the volume up to 200 ml. The SLN dispersion was kept at 4 °C for the evaluation of several tests [12.44

Soya phosphatidyl ethanolamine was selected as the lipid matrix due to its amphiphilic, semi-solid characteristicsfatambi e and its
ability to form stable lipid-based nanostructures. Although commonly used as a phospholipid emulsifier, li te that
phosphatldylethanolamme -rich lipids exhibit a waxy to semi- solld consistency below 30 °C, enabllng the or SLN

transitions in the

range of 40 60 °C, supporting their use as semi-solid lipid matrices in nanoparticle systems (e. pid carriers).

Experimental design

The response surface methodology (RSM) was used to undertake the Quality by D
models with fewer experimental runs. Box-Behnken design of a 23(3-factor, 2-level) wa
how distinct independent variables affected different dependent variables. Y1, Y2, and
efficiency (%), and the drug release (%). Three independent variables: Soya phosphatid
(C) (rpm) were selected. Two levels for each of the variables, high and low were assi
response variables along with the batch suggested by Design of Experiment soft

ilding and testing the polynomial
ratic response surfaces by seeing
drug content (%), the entrapment

Table 1: List of Indepe endent Variables
Independent variables Low value (-1 High value (+)
Soya phosphatidyl ethanolamine (A) (mg) 250 500
Tween 80 (B) (%) 0.5 1
Homogenization Speed(rpm) 2000
Dependent variables
Drug Content (%)
Entrapment efficiency (%)
Drug release (%)

E suggested experimental batches

Formulation Dolutegravir Tween Homogenization Methanol Aqueous
code (mg) 80(%) speed (rpm) phase
DF1 50 0.75 2000 10 30
DF2 50 1 1500 10 30
DF3 50 0.5 1500 10 30
DF4 5 0.75 1000 10 30
DF5 0.75 1000 10 30
DF6 50 375 0.5 1000 10 30
D 500 0.75 2000 10 30
DF8 375 0.75 1500 10 30
DF9 250 1 1500 10 30
DF10 375 1 1000 10 30
DF11 375 1 2000 10 30
DF12 500 0.5 1500 10 30
DF13 50 375 0.5 2000 10 30

Evaluations of solid lipid nanoparticle
Drug content

A 10 mg SLN formulation was accurately measured and transferred into a 10 ml volumetric flask using a pipette. The volume was then made up to 10
ml with methanol to obtain the desired concentration for analysis. The solution was filtered through Whatman No. 1 filter paper or an appropriate
membrane filter to remove any particulate matter. The absorbance of the filtered solution was recorded at 259 nm using a UV-visible
spectrophotometer (Jasco UV-630) [15, 16].

Entrapment efficiency (EE %)
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The SLN dispersion was centrifuged at 15,000 rpm for 30-45 min at 4 °C to separate free drug from nanoparticles. The supernatant containing
unentrapped drug was collected and analyzed using a UV-Visible spectrophotometer at 259 nm against a standard calibration curve [16].
Added drug — Free drug

Entrapment efficiency (%) = Added X 100

This centrifugation-based method is widely reported in the literature for SLNs and other lipid-based nanocarriers, as it provides a simple and effective
means to quantify free drug and determine drug loading efficiency. Several studies support the use of ultracentrifugation for separating unentrapped
drug from nanosized lipid formulations due to its reproducibility and minimal interference with particle integrity [1, 2].

However, it should be noted that centrifugation may not always provide complete separation, especially when the drug is weakly bound to the particle
surface. More rigorous techniques such as dialysis, ultrafiltration, or size-exclusion chromatography are also recommended in literature for improved
accuracy and to avoid potential loss of nanoparticles during centrifugation. If these alternative methods are not employed, this should be
acknowledged as a methodological limitation.

In vitro dissolution study

In vitro drug release studies were performed using a USP Type II dissolution apparatus. Each test formulation, containing
to 50 mg, was placed in 900 ml of phosphate buffer (pH 6.8) and stirred at a paddle speed of 100 rpm at 37+0.5 °C for 8
withdrawn at predetermined time intervals (1, 2, 3, 4, 5, 6, 7, and 8 h) and analyzed using a UV-visible spectrophotom
Although phosphate buffer (pH 6.8) is widely used for routine dissolution studies, it may not fully replicate physiolog
better simulate the intestinal environment and ensure sink conditions, dissolution media often require the additio
sodium lauryl sulfate (SLS). Therefore, re-running the release study in phosphate buffer+0.5% SLS is rec
relevance [17].

Particle size, PDI, and zeta potential

A 10 mg SLN formulation was dispersed in distilled water and subjected to sonication for 30 mi e analysis w. cted at 25 °C, and the same
procedure was repeated for zeta potential measurement [18].

FT-IR spectroscopy

The drug-excipient compatibility study was performed by FT-IR spectroscopy. The pl
number range of 500-4000 cm ! with the diffraction reflectance scanning technique [1

d optimized batch DF11 were scanned over a wave

Differential scanning calorimetry (DSC)

DSC measurements were carried out on a modulated DSC (Mettler
aluminum pans were used, and they were hermetically covered with |
rate of temperature at 10 °C/min under a nitrogen atmosphere (50-6

optimized batch DF11 was weighed (2-8 mg), the
as 50-250 °C for the sample with a constant increasing
t thermograms of the formulation were obtained [20].

X-ray diffraction study

The data obtained from XRD was used to determine whet ew rmed cgmpounds are crystalline or amorphous: the following conditions were
used for the measurement: target metal Cu, filter K, 40kV A gurrent. Optimized batch DF11 Samples were scanned over a two-degree
range of 10-90 °C with a 0.2° phase scale [21].

Scanning electron microscopy

Electron microscopy is used to determine tl
central instrumental facility (YCIS SATARA)
(10,000%). The surface morphology of optimi

of fractred surface topography and texture. SEM (Carl Zeiss, supra55, Germany) at the
ry out the study. Photographs of samples were taken at a different magnification power
etermined [22].

Stability study

All SLN samples were maintai
chamber, as defined in earli
monthly basis [23].

Pharmacokinetic (P vir

Preparatio

Blo after the oral administration of Dolutegravir API, DF2, DF11 batches at a dose of 25 mg/kg to overnight fasted (~12 hr.)
rats. D free access to water. Blood samples (100 pl) were collected into labelled polypropylene tubes containing Na;EDTA
solution i ant at pre-dose time intervals of 0.15, 0.5,1,2,3,4,6,8 and 12 h from a blood vein and vortexed for approximately 10 min,
followed by t 4500 rpm at 20 °C. Supernatant from each sample was transferred to a label through a tube and evaporated at 40 °C until

dryness. These ere reconstituted with 500 ul of methanol and vortexed briefly, and then the sample was transferred into vials for injection.
Linearity

The concentrations of Dolutegravir were analyzed, AUC versus time was calculated using the linear trapezoidal rule, and the data was used to
determine the regression equation and R? value.

Pk data analysis

Pk Solver Version 2.0 pharmacokinetic software was used to analyz the plasma concentration of Dolutegravir, DF2, and DF11 using a non-
compartmental model following oral administration in rats. Plasma concentration vs. time data of Dolutegravir API, DF2, and DF11was analyzed by
Pk solver version 2.0 to derive various pharmacokinetic parameters, viz., AUCo-t, AUCo-w, Cinax, tmax and t%2.

RESULTS AND DISCUSSION

Drug content
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The drug content of all the formulated batches was more than 80%, but the most effective drug content was found in DF11 batch. The detailed results
are discussed in table 3. The batches were tested in DoE software for ANOVA which predicts the F-value and P-value for the first response is within
the standards. The counter, predicted vs actual plots is mentioned in fig. 1.

Table 3: Drug content of DF1-DF13

Formulation code Drug content (%)
DF1 86.2+0.12
DF2 95+0.36
DF3 88.69+0.01
DF4 83.27+0.48
DF5 86.68+0.24
DF6 82.47+0.59
DF7 93.22+0.09
DF8 90.1+0.18
DF9 88.38+0.33
DF10 80.73+£0.41
DF11 97.53£0.001
DF12 83.79+0.87
DF13 93.66£0.93

All values are expressed as mean+SD (n = 3).

The ANOVA results for the linear model of drug content indicated that the model was statistically ifi i alue of 4.62 and a p-value of
0.0321, confirming that the model adequately explains the observed variability in d there is only a 3.21% chance that
such a high F-value could occur due to random experimental noise.

Among the independent variables, homogenization speed (Factor C) exhibited a statistieally*significant influence on drug content, with a p-value of
0.0069, establishing it as the most critical variable affecting the response. In contras phatidyl ethanolamine (Factor A) and Tween 80
(Factor B) were not significant contributors (p>0.05), indicating their relatively sma

the model, model reduction by removing nonsignificant terms (Fact proyve the fit and reduce noise.

For dissolution profile comparison, the similarity factor (f;) should be
and meet regulatory acceptance criteria

A model is considered statistically significant when p<0.05, indic
than 5%. A lack-of-fit p>0.05 indicates that the model resid
ICH Q2 and Quality by Design (QbD) guidelines. Similarit
profiles (scale 0-100)

ility of the observed F-value arising from random noise is less
e to pure error and the model is adequate for prediction according to
/A and EMA guidance: f, 2 50 indicates similarity between dissolution

Fit statistics
The fit statistics showed a standard deviati 3.80, n value of 88.44, and coefficient of variation of 4.30%. The model exhibited an R? value of
0.6064, adjusted R? of 0.4152, and predicte £0.47 he adequate precision value was found to be 5.9885, indicating an acceptable signal-to-

noise ratio.

Final equation in terms of coded faei
Drug Content=88.44+0.6662

Final equation in terms of a

Drug Content (%)=6 0. phosphatidyl ethanolamine+6.515Tween 80+0.009365Homogezation speed
Predicted vs. Actual FicioriCoting: el Drug Content (%)
Drug Content 1
{adjusted for curvature) 100 Drug Content (%)
@ Design Points
Color points by value of
Drug Content : s073 [N 753 20
so73 [ 752 Xi=A
95 X2=8
Actual Factor _
- €=1500 & 08
8
o <
8
! :
o o7
85
06
80—
T T T T T o
80 a5 %0 9 100 25 500
Actual A: Soya phosphatidyl ethanolamine (mg)
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(a) (b)

Factor Coding: Actual 3D Surface

Drug Content (%)
Design Points

@ Above Surface
© Below surface

2073 [ 9753

Xi=A
X2=8

Actual Factor
C= 1500

Orug Content (%)

(c)
Fig. 1: (a) Counter plot (b) Predicted vs Actual plot (c) 3D Surface plot for drug con

Entrapment efficiency

atistics were' rd rangg, and all the plots
0.

The entrapment efficiency was found to be more than 80% for all the formulated batches. The fi
are mentioned in fig. 2, which indicates the change in the EE%. As per the results, the DF11 batch

Table 4: Entrapment efficiency (%) F13

formulation code Entrapment efficiency
DF1 84.21+0.12
DF2 89.16+0.63

DF3
DF4
DF5
DF6
DF7
DF8
DF9
DF10
DF11
DF12
DF13

All values are expressed as mean+SD (n = 3)*

Fit statistics

The results of the ANOVA for;
that the model reliably explai
a significant contribu

y indicate that the model is significant, with an F-value 0f3.90 and a p-value of 0.0488, suggesting
entrapment efficiency. Among the factors studied, homogenization speed (Factor C) was found to be
onstrating its strong positive influence on the response. Additionally, soya phosphatidyl ethanolamine
(Factor A) wed a positive effect on entrapment efficiency, although their contributions were comparatively smaller.
Overall, th that the formulation process is effective, with homogenization speed playing a key role in optimizing
entrapment effigi i er factors also contribute to improving the response. The model provides a reliable basis for understanding and
ters. Thus, Solid lipid nanoparticles protect drugs from degradation and provide controlled drug release by
encap i i stable lipid matrix [24].

Table 5: Fit statistics for the model describing entrapment efficiency (%)

Std. Dev. 3.95 R? 0.5653
Mean 84.78 Adjusted R? 0.4204
C.V.% 4.66 Predicted R? 0.4201

Adequate Precision 5.0481

Final equation in terms of coded factors
Entrapment Efficiency (%)=84.78+0.2212A+0.8300B+4.70C
Final equation in terms of actual factors

Entrapment Efficiency (%)=67.53231+0.00177 Soya phosphatidyl ethanolamine+3.32 Tween 80+0.009397 homogenization speed
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Factor Coding: Actual Entrapment efficiency (%) ) Predicted vs. Actual
1 Entrapment efficiency
Entrapment efficiency (%) (adjusted for curvature) 95
@ Design Peints
Color points by value of

744 -9382 " Entrapment efficiency:
X1=A 14 [l 25 90
X2=8
Actual Factor —
C=1500 g B

: 1

c =

o 3

$ 4

2

@ o7 80

75
06
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£ T T T T T T
250 300 350 400 450 500 10 7 80 1 %0 9
A: Soya phosphatidyl ethanolamine (mg) Actual
om N NJ

Factor Coding: Actual 3D Surface
Entrapment efficiency (%)
Design Points:

@ Above Surface

© Below Surface

74 [ o352 E

Ki=A
X2=8

Actual Factor
C=1500

Entrapment efficiency (%)

300 A: Soya phosphatidyl ethanolamine (mg)

(9

unter plot (b) Predicted vs actual plot (c) 3D Surface plot for entrapment efficiency %

Dolutegravir SLN formulations demonstrated a prolonged release pattern, with a gradual increase in drug release over
12h. A ions,'DF11 exhibited the highest cumulative drug release (91.33+0.06%) at 12 h, indicating superior performance compared
to the othe . initial burst release observed during the first 2 h may be attributed to the presence of surface-associated drug, followed by
d release phase due to diffusion of the drug entrapped within the lipid matrix.

The prolonged release behavior of DF11 highlights its potential to reduce dosing frequency and maintain effective plasma drug concentrations over
an extended period. Overall, the results confirm that DF11 is the most optimized formulation, providing high drug entrapment efficiency, good
stability, and a desirable release profile suitable for prolonged drug delivery applications.

Table 6: Drug release of DF1-DF7

Time (h) DF1 DF2 DF3 DF4 DF5 DFé6 DF7

0 0 0 0 0 0 0 0

1 5.86+0.120 7.49%0.06 10.86+0.96 9.17+0.72 9.99+0.96 7.03+0.34 11.50£0.01
2 19.14+0.01 14.27+0.21 12.37+0.48 17.30+0.96 18.35+0.02 12.35+0.87 12.20+0.03
3 29.00+0.03 31.88+0.36 28.41+0.02 26.57+0.04 24.83+0.04 22.00£0.67 22.54+0.47
4 52.32+0.25 40.19£0.01 34.37£0.97 32.58+0.178 34.96+0.14 24.27+0.03 28.42+0.05
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5 55.98+0.87 51.21+0.02 56.97+0.25 36.65+0.38 38.17+£0.36 37.29+0.45 31.53+0.06
6 60.24+0.62 66.65+0.03 59.38+0.79 47.93+0.45 45.04+0.887 42.19+0.06 46.40+0.45
7 72.70+0.14 73.91£0.56 66.44+0.01 52.82+0.42 53.40+0.02 56.16+0.81 56.14+0.78
8 80.42+0.69 81.80+0.08 74.23%0.01 67.27+0.41 62.27+0.09 67.86+0.01 68.30+0.03
12 86.15+0.04 88.56+0.01 81.49+0.15 75.64+0.32 70.06+0.06 77.38+£0.45 82.43+0.86

All values are expressed as mean+SD (n = 3).

Table 7: Drug release of DF8-DF13

Time (h) DF8 DF9 DF10 DF11 DF12

0 0 0 0 0 0

1 10.57+0.01 11.15+0.68 7.03+0.98 11.50£0.96 7.26x0.09
2 14.28+0.25 15.39£0.02 12.23+0.14 16.84+0.37 16.18+0.03
3 28.36+0.03 20.70£0.03 19.50+0.64 25.37+0.42 21.32+0.04
4 33.22+0.09 29.18+0.01 24.02+0.21 36.76x0.96 25.56+0.58
5 40.25+0.14 31.89+0.78 31.24+0.74 54.62+0.01

6 48.58+0.35 37.47+£0.95 41.11+0.63 68.98+0.36

7 54.08+0.06 46.61+0.02 51.38+0.87 75.33+£0.09

8 62.43+0.78 67.33+0.31 69.59+0.64 85.02+0.01

12 80.92+0.29 73.61£0.02 75.16%0.05 91.33+£0.06

All values are expressed as mean+SD (n = 3).

In vitro drugrelease of DF8-DF13

__100 100
£ 80 £ 80
2 60 s 60
g 2 40
2 20 2 20
30 g o
o 12 3 456 7 8 91011 1213 [ 01234567 8910111213
Time (hr) Time (h)
—o—DF8 —o—DF9 —o—DF10 —o—DF1—+—DF2 —o—DF3 DF4
DF11 —e— DF12 —e— DF13 —e—DF5—+—DF6 —o—DF7

(b)

ig. 3: Drug release of DF1-DF13

The ANOVA results for the linear mo
of 0.0129, suggesting that the model
occur due to random chance
found to be significant contri
A, p =0.0511) showed_a bor

e variation in drug release. There is only a 1.29% probability that such a high F-value could
udied, Tween 80 (Factor B, p = 0.0147) and homogenization speed (Factor C, p = 0.0494) were

which is slightly above the conventional significance threshold of 0.05. Overall, the results suggest that
e key factors controlling drug release, and consideration of model refinement by removing less significant
terms coul y. Hence, Nanoparticles provide sustained and controlled drug release, maintaining therapeutic druglevels
for a longer peri rug delivery efficiency [25].

Table 8: Statistics of model fitting parameter for drug release

Std. Dev. 3.82 R? 0.6816
Mean 84.28 Adjusted R? 0.5755
C.V.% 453 Predicted R? 0.5753

Adequate Precision 6.7305

Final equation in terms of coded factors
Drug Release (%)=84.28+3.04A+4.06B+3.07C
Final equation in terms of actual factors

Drug Release (%)=53.78038+0.02429 Soya phosphatidyl ethanolamine+16.255 Tween 80+0.00613 Homogenzation Speed
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Factor Coding: Actual Drug release (%) Predicted vs. Actual
= Drug release
Drug release (%) o (adjusted for curvature) 100
. Design Points
Color points by value of
7432 [l o501 Drug release: o]
Xi=A 73z [l 501
X2=8
Actual Factor ~ 5
C=150 g 2
8 kY
= = 85—
o T
]
H 5
p
[
7%
70
T
2% 300 3% a0 v} 50 ]
A: Soya phosphatidyl ethanolamine (mg)
Factor Coding: Actual 3D Surface
Drug release (%)
Design Points:
@ Above Surface
@ Below Surface
7432 [ 9501
X1=A
X2=8
Actual Factor
€= 1500

Drug release (5%)

B: Tween 80 (%) 300 A: Soya phosphatidyl ethanolamine (mg)

\ ©

icted vs actual plot (c) 3D Surface plot for in vitro drug dissolution

index (PDI), and zeta potential across various formulations reveals that DF11 exhibits the most favorable
ned in table 9, among all the batches, DF11 has the smallest particle size at 212.9 nm, indicating a finer

otential at -29.7 mV, suggesting good electrostatic stability and resistance to aggregation over time. In contrast,

ted larger particle sizes, higher PDI values, and less negative zeta potentials, which may compromise their stability and
s for DF11 are mentioned in fig. 4.

Table 9: Mean particle size, PDI and zeta potential

Formulation code Particle size (nm) PDI Zeta potential (mV)
DF1 289.2 0.321 -15.7
DF2 312.3 0.211 -21.9
DF3 257.9 0.341 -25.5
DF4 262.3 0.320 -24.3
DF5 285.4 0.318 -20.2
DF6 278.1 0.345 -17.2
DF7 350.4 0.400 -26.3
DF8 4129 0.389 -22.1
DF9 245.9 0.283 -27.4
DF10 342.5 0.344 -19.7

DF11 212.9 0.190 -29.7




A. H. Pagar et al.
Int ] App Pharm, Vol 18, Issue 3, 2026, ??-7?

DF12 275.2 0.374 -24.5
DF13 292.9 0.325 -18.7
i Calculation Results
Calculation Results eSS | 765 PR | SR TIomTy |
Paalk WD | SF-Arsa Rt | 1 T T ovE |
T T 7 —mV —Emavs
H = 3 =V —EmavS
- Zeta Potential (Mean) 1 -29.7mV
] L] Electrophoretic Mobility Mean  : -0.000205 cmlVs
Cumulant Operations
Z-Average : 2129 nm
Pl : 0190
=100
”" / w0 1.0~
| L b
fe- m\ 0 0.5 i
“'_ ||' ’. 0 0.6 “
s 1= s W o« 02 ‘
G il . - |
1 n S0 8 7 06 ‘
] - | R
s | |I t A0 'g £ 05 ‘
- ‘ iml { = | |
b= il || -0 0.4+ |
{ | L J
i i |‘ -0 0 ‘ | s
T || = . |
Al f | 0 05 1 |
J - ! 1 |
Oy v e SRR 044 J Ii
o1 1 10 100 1000 10000 i R
400 g0 200 d00 0 fon 200 300 400 0o
Dizmeter
$ Zeta Potential (ul)
Fig. 4: Particle size, PDI and z e of D

FTIR spectroscopy

O-H Stretch (Carboxylic Acid) a broad absorption band was obser; 8 cm”

, which falls within the characteristic range of 3300-2500 cm™*
ibuted to strong hydrogen bonding, indicating the presence of a
(In-ring). An absorption peak at 1430.92 cm™* corresponds to
hin the expected range of 1500-1400 cm™, supporting the presence
ected at 1640.15 cm™ is characteristic of the stretching vibration of a
carbon-carbon double bond (C=C), indicative of an e nal group. The observed wavenumber is consistent with the typical range of 1680—
1640 cm™ for isolated or conjugated alkenes. C- S rption bands were noted at 1227.42 cm™, 1209.15 cm™, and 1019.19 cm™

which are attributed to C-O stretching vibratighs. in the expected region of 1320-1000 cm™, suggesting the presence of ether
or ester linkages, or possibly alcohol or car ic aci ctlonalltles mvolvmg C- 0 bonds. =C-H Bendmg (Alkenes) Addltlonal bands at 974 84 cm™
and 873.60 cm™ are assigned to out-of-plane
of 1000-650 cm ™%, further confirmin se

N\

Vinpenede [cm 1]

Fig. 5: FTIR spectrum of DF11
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Differential scanning calorimetry

The DSC thermogram of DF11 shows a distinct endothermic peak at 192.35 °C, with an extrapolated peak temperature of 192.49 °C and an onset at
191.52 °C. The enthalpy changes of-647.78 m] indicates the thermal energy required for this phase transition. The peak width of 3.51 °C suggests a
slightly broader transition compared to the previous DSC thermogram, potentially due to variations in sample crystallinity or formulation.

Soya phosphatidylethanolamine, used as the lipid phase, exhibits a waxy to semi-solid consistency at ambient temperature (=25 °C) due to its high
phosphatidylethanolamine content and ordered gel-phase structure. Literature reports confirm that soybean-derived phospholipids possess gel-to-
liquid crystalline transition temperatures (Tm) in the range of 40-60 °C, which means they remain in a semi-solid or gel-like state below this
temperature. This supports their suitability as “solid lipids” in SLN fabrication, even though they are phospholipids rather than traditional fatty acids
or glycerides. If a fully solid lipid with well-established crystalline behavior is required, conventional alternatives such as glyceryl monostearate,
stearic acid, or Compritol 888 ATOmay be used; however, the thermal profile of the current formulation confirms that the selected phospholipid
maintains sufficient semi-solid structural integrity at 25 °C to function effectively as an SLN matrix.

faxo
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DF11, 3.2000mg
B e _'5"\—'!'—
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normalized 1107 Jgta
0 Ot 18152°C
W Poak Heignt 30,11 mw
Pisisk 162.35°C
Extrapol, Poak 19249 °C
Endsat 105.11°C
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1] B it ] Ldd Ho] o] oo 10 fo A
£ , i i f | " . . : 4 3
0 i 4 L L] L 12 5} L 1 min
Lab: METTLER STAR"SW12.10

Fig. 6: DSC t ogr: f DF1
X-ray diffraction study

The X-ray diffraction (XRD) analysis of Dolutegravir reve ntly/@morphous nature, with a broad halo and diffused, low-intensity peaks
rather than sharp, well-defined peaks typical of crystalli aks at 20 values of 15.2°, 16.9°, 18.3°, 20.1°, 22.3°, 24.3°, 27.2°, 27.6°,
29.1° and 35.2° are not intense or distinct enoug| i significant crystallinity, confirming the absence of long-range molecular order. In
contrast, the presence of sharp, intense peaks at R
pattern of pure Dolutegravir reveals a predo
15.2°,16.9°,18.3°,20.1°, 22.3°, 24.3°, 27.2°, . d 35.2°, suggesting the absence of long-range order. In contrast, the optimized formulation
DF11 shows sharp and intense peaks at 13.4
amorphous to crystalline form indicate

The XRD pattern indicates that the s
sharp, well-defined diffractio S\
range crystallinity.
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Fig. 7: XRD images of (a) Dolutegravir (b) D

icating that the material is mainly
crystal order, suggesting that the

The XRD pattern shows a broad diffuse halo between 15°-35° (26) along with seve
amorphous with very low crystallinity. The absence of sharp, intense diffraction peaks ce
sample is poorly crystalline or predominantly amorphous in nature.

Scanning electron microscopy

The Scanning Electron Microscopy (SEM) image of Dolutegravir reveals a heterg ticles with varying shapes and sizes, indicating
a non-uniform surface morphology. The particles appear mostly irregular and'a

nm as marked in the image. The surface texture is rough, suggesting pessible a eristics in line with the XRD results as per fig. 7. SEM

sample. The observed structure consists of rod-shaped
and irregularly shaped particles with varying sizes, indicating a hetero i iefly The particle sizes range from approximately 136.2 nm to
275 nm, confirming nanoscale dimensions. The presence of agglo ible particle interaction, which may influence the formulation's
stability and performance. Overall, the SEM analysis provides crit icrostructure and surface morphology of DF11, supporting its
potential for intended pharmaceutical or material applications.

to 590.4 nm.

ot HY x ND =
ETD | 10.00 kv | 2 3.5 | 5.0 mm Mova NanoSEM NPEP303
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(b)

Stability study
The stability study of the optimized batch DF11 conducted over a period of three months demon: n remained physically and
chemically stable. The drug content showed only a negligible decline from 97.53+0.001% at the Titi i .49%0.23%at the end of the third

variation (from 93.92+0.02% to
93.85+0.03%), confirming that the drug remained securely encapsulated within the s
slight increase in the drug release was observed over the study period, rising from 95.0

d batch DF11

Parameter Initial 2 3
Drug Content (%) 97.53+0.001 97.51+0.14 97.49+0.23
Entrapment Efficiency (%) 93.92+0.02 93.86+0.12 93.85+0.03
Drug release (%) 95.02+0.01 95.95+0.23 95.97+0.38
Physical appearance Milky type Milky type Milky type
All values are expressed as mean+SD (n = 3).
The results in table 10 confirm that the D n maintains its physicochemical integrity and therapeutic performance for at least three

months. However, the present study does n
real-time conditions (25 °C/60% RH)
to establish the formulation’s shelf i
Entrapment efficiency stability indicate
lipid matrix relaxation durin
Accelerated (40 °C/75% RH)

red a limitation. Extended accelerated or long-term stability studies are recommended
sively. Minor variation in drug content is acceptable within ICH stability guidelines (Q1A(R2).
ral disruption of lipid-based nanocarriers. Slight increase in drug release may occur due to
appearance suggests absence of instability phenomena such as aggregation or phase separation.
60% RH) conditions are recommended as per ICH Q1A(R2) stability testing guidelines.

PharmacoKinetic st

ied in order to evaluate its r impact on Dolutegravir bioavailability and release profiles over 12 h. for the
atches. Non-compartmental analysis of Dolutegravir API, DF2 and DF11 was performed after extravascular
zoidal method for AUC calculation. The concentration-AUC curves for Dolutegravir AP], DF2 and DF11 are shown
tration of Dolutegravir API, DF2 and DF11 in the plasma was approximately 570.06 pg/ml, 587ug/ml and 552pg/ml

Dolutegravir
admjmistration

and APL
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Fig. 9: (a) Linearity graph of Dolutegravir and (b) HPLC chromatogram - li ity
Dolutegravir API

h and MRT o

Dolutegravir exhibited a Cmax of 570.07 pg/ml at Tmax of 2 h with an elimination half-life (t;/;) o
pg-h/ml, indicating good systemic exposure, while apparent clearance (Cl/F) and vol(ithe
0.0376 (mg/kg)/(ng/ml)respectively.

.The AUCy-o0 was 6228.14
e 0.0040 (mg/kg)/(ng/ml)/h and

Table 11: Summary table-input and output

Time AUC Conc. Plasma drug conc.  In(C) R? AdjustedR?
0.15 14578 29225 166.42938 5

0.3 35684 50331 286.62301 10.193679

1 71454 86101 490.3246 211.90271

2 85457 100104 570.06834 1027.1333 -0.9768343 0.9427565
3 71265 85912 489.24829 2331.0741 -0.968789 0.9180695
4 68745 83392 474.89749 4014.7415 -0.9593046 0.8803981
6 55012 69659 396.69134 8294.4796 -0.922271 0.7011676
8 29854 44501 253.42255 12702.008

12 205.56948 21690.436

Dolutegravir DF11 Batch

Dolutegravir F1 formulation showed
pg-h/ml, and the apparent clearan
respectively.

0 at Tmax of 2 h with a half-life of 5.94 h and MRT of 9.39 h. The AUC,-o was 5701.05

ume of distribution (Vz/F) were 0.0044 (mg/kg)/(pg/ml)/h and 0.0376 (mg/kg)/(ng/ml),

: Summary table-input and output (Dolutegravir DF11)

sma drug conc.  In(C) AUC AUMC R R_adj
49.16856 5.005077 11.187642 1.6781464
251.67995 5.5281583 41.251281 9.0190917

483.26879 6.180573 298.48334 204.58956
2 587.13554 6.3752557 833.68551 1033.3595 -0.9729338 0.9332501
3 481.21868 6.1763218 1367.8626 2342.323 -0.9644608 0.9069127
4 439.58998 6.0858424 1828.2669 3943.331 -0.9490883 0.8511529
6 376.42938 5.9307305 2644.2863 7960.2672 -0.9040055 0.6344518
8 25474 40121 228.4795 5.4314465 3249.1952 12046.68
12 18477 33124 188.63326 5.2398047 4083.4207 20229.55

Dolutegravir DF2 Batch

Dolutegravir F2 formulation achieved a Cmax of 552.40 pg/ml at Tmax of 3 h with a half-life of 5.75 h and MRT of 9.22 h. The AUCy-c was 6244.09
ug-h/ml, while the apparent clearance (Cl/F) and volume of distribution (Vz/F) were 0.0040 (mg/kg)/(ng/ml)/h and 0.0332 (mg/kg)/(ng/ml),
respectively.

Table 13: Summary table-input and output (DF2)
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Time AUC Conc.  Plasmadrugconc. 1n (C) AUC AUMC R R_adj
0.15 17454 32101 182.80752 5.2084338 13.710564 2.0565846
0.3 34545 49192 280.13667 5.6352776 48.431378 10.416244
1 67541 82188 468.041 6.1485559 310.29356 203.64495
2 76985 91632 521.82232 6.2573272 805.22523 959.48777
3 82354 97001 552.39749 6.3142679 1342.3351 2309.9063 -0.9589593 0.892804
4 77154 91801 522.78474 6.2591698 1879.9263 4184.0721 -0.9492367 0.8515754
6 68544 83191 473.75285 6.1606858 2876.4638 9117.7281 -0.9143203 0.6719633
8 31547 46194 263.06378 5.5723965 3613.2805 14064.755
12 21248 35895 204.41344 5.3201446 4548.2349 23179.698
600 700
304 o o ,
Za00 / et
59004 N\,
§ 200 3 - g
g 3 =
S 100 1 3
04 : . 0
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Fig. 10: Time in (min) ncentration (ng/ml) for (a) Dolutegravir API (b) DF11 batch (c) DF2 batch
DISCUSSION

The findings of the presen
nanoparticles (SLNs). The op
sustained drug relea
antiretrovi,

agreement with previously reported investigations on antiretroviral drug-loaded solid lipid
; (DF11) showed a nanosized particle range (~213 nm), high entrapment efficiency (>93%), and
particle size ranges (200-400 nm) and high entrapment efficiencies have been reported for SLNs of
favirenz, and dolutegravir, prepared using high-shear homogenization and ultrasonication techniques,
or SLN preparation [15, 16].

at increased homogenization speed and surfactant concentration significantly influence particle size reduction
which correlates well with the present study, where homogenization speed was identified as a statistically significant

characteristic o stems and has been widely reported in the literature [4, 17]. The initial burst release may be attributed to drug adsorbed on
or near the nanoparticle surface, whereas the sustained phase results from diffusion of drug entrapped within the solid lipid matrix [5, 18]. Such
prolonged release behavior has been reported to improve therapeutic efficacy and reduce dosing frequency of antiretroviral drugs [3, 14].

The negative zeta potential value (-29.7 mV) obtained for DF11 is comparable with previously published SLN formulations and indicates good physical
stability due to sufficient electrostatic repulsion between particles [9, 21]. Furthermore, the enhanced in vivo pharmacokinetic performance of DF11,
reflected by increased AUC and prolonged plasma drug levels compared to pure dolutegravir, is consistent with earlier reports on SLN-based
antiretroviral delivery systems [18, 22]. This improvement has been attributed to lymphatic uptake, reduced first-pass metabolism, and sustained
drug release from lipid nanoparticles [7, 10].

Overall, comparison with previously reported studies clearly demonstrates that the present dolutegravir-loaded SLN formulation offers improved
entrapment efficiency, controlled drug release, enhanced stability, and better oral bioavailability, thereby emphasizing the significance and relevance
of the present work in the field of antiretroviral drug delivery [4, 15, 16].
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CONCLUSION

The study successfully developed Solid Lipid Nanoparticles (SLNs) of Dolutegravir using high shear homogenization and ultrasonication techniques.
Glyceryl monostearate and Poloxamer 188 were selected as the lipid and stabilizer, respectively, to achieve an optimized formulation. Among all
batches, DF11 was identified as the best formulation with the smallest particle size (212.9 nm) and the lowest PDI (0.190), ensuring uniformity. Its
highly negative zeta potential (-29.7 mV) confirmed good stability and resistance to aggregation. DF11 showed maximum drug content
(97.53£0.001%) and entrapment efficiency (93.92+0.02%). In vitro drug release studies revealed a sustained release profile, achieving 95.02+0.01%
release at 8 h. FTIR and DSC studies confirmed the compatibility of thedrug and excipients without chemical interactions. XRD and SEM analyses
indicated a crystalline nature and smooth, uniform morphology of nanoparticles. Stability studies over three months confirmed minimal changes in
drug content, entrapment efficiency, and release profile. Pharmacokinetic studies showed improved bioavailability of DF11 compared to the Pure
drug, suggesting its potential for enhanced therapeutic efficacy and reduced dosing frequency.
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