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Abstract: Dolutegravir is a HIV-1 antiviral agent to control HIV/AIDS. In the present study Dolutegravir solid dispersion has
been subjected to improve the solubility and dissolution rate performance by formulating as fast dissolving tablets, in which PEG
6000 and Poloxamer 407 were used as polymers. Solid dispersions of Dolutegravir were prepared with different carriers in
different ratios of drug and carriers such as PEG 6000 and Poloxamer 407 (I:1, 1:2 and 1:3) by solvent evaporation and fusion
method. The pre-compression and post-evaluation parameters were studied and the results were shown. All the results were
within acceptable IP limits Finally, by comparing all the dissolution profile of solid dispersions , formulation F3 containing
Dolutegravir + PEG 6000 (1:3) showed better results by solvent evaporation method at the end of 60 min with maximum drug
release, hence it is selected as the best formulation. From the obtained optimized solid dispersion formulation, the fast dissolving
tablets were prepared by using different concentrations of various super disintegrants. The in-vitro drug releases of the
formulated Dolutegravir tablets were performed using a 6.8 pH Phosphate buffer as dissolution medium. The optimized DF3
formulation containing Sodium starch glycolate (SSG) (6% wi/w) as super disintegrant, and it showed 98.04£1.9 % percentage
drug release at 25 min. Characterization in solid-state were done by analytical methods such as UV-Visible, FT-IR studies. The
optimized formulation followed first order release kinetics.
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1. INTRODUCTION

The oral bioavailability of a medicinal substance is based on
its solubility and/or rate of dissolution and may be the rate of
bioavailability decides the treatment operation. Efforts are
also needed to improve drug dissolution. The methods used
for improving the dissolution rate includes the formation of
salt, micronization, and adding solvents or active agents to
the surface. Solid dispersion is one of the process which
include dispersion in a solid internal carrier or matrix
prepared by a melting process, dissolution by a solvent
system, or a melting solvent method of one or more active
ingredients. As an effective method to improve the
properties of dissolution and the bioavailability of poor
water-solution drugs, solid dispersions have been historically
used since 1961, and a number of researchers have
investigated poorly water-soluble Solid Dispersions (SDs) of
drugs with different pharmacologically inert carriers are
commercially useful to improve the dissolution and oral
absorption of poorly water-soluble drugs.'Dolutegravir? is an
important recent addition to the expanding list of
antiretroviral drugs for treating HIV-1 infection in adults and
adolescents. Dolutegravir (Active pharmaceutical ingredient)
inhibits HIV integrase by binding to the active sites and
blocking the strand transfer steps of retroviral DNA
integration. This is an essential step of HIV replication cycle
and results in an inhibition of viral activity. After oral
administration peak plasma Dolutegravir concentrations are
achieved in 2-3 hours*>The average terminal half-life is
approximately 14 hours and steady state is achieved after
approximately 5 days with repeated dosing. Dolutegravir
(DTG) is a medication in the BCS Class-Il category, as it has
low solubility and high permeability. It must be improved in
terms of solubility, dissolving rate, and oral bioavailability,
hence solid dispersion mechanisms are the recent trend
technologies for poorly soluble drugs as BCS Class Il and
BCS Class IV drugs to improve the solubility and rate of
dissolution.*® Solid dispersions (SDs) traditionally have been
used for improving the dissolution rate properties and
bioavailability of poorly water-soluble drugs.°Fast or
immediate drug dissolution from solid dispersions has been
observed due to increased wettability, improved dispersibility
of drug particles, and the existence of the drug in amorphous
form with improved solubility, and absence of aggregation of
drug particles. Literature study results showed that the
solvent evaporation method has been used for the
preparation of solid dispersions for dissolution improvement.
Earlier studies shown that solid dispersion systems increased
the drug dissolution due to improved solubility, wettability,
and dispersibility using hydrophilic carriers.” This method
requires a minimal amount of solvent in dissolving the drug.
The dissolution of a medicament depends upon its release
from the dosage form and subsequent mixing into
physiological fluids. It has been estimated that nearly 35-40 %
of the drugs effect from poor aqueous solubility, thereby
affecting their absorption from the gastrointestinal tract,
which leads to poor oral bioavailability, high intra-, and inter-
subject variability, enhance in dose, reduction in therapeutic
efficiency, and finally failure in formulation development. Solid
dispersions (SDs) are defined as the dispersion of one or
more medicaments in an active hydrophilic carrier or matrix
in a solid-state, and are prepared by the fusion, solvent-fusion
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method.? This technique enables decreasing particle size to a
nearly molecular level, offers a variety of processing and
excipient options that allow for flexibility when formulating
oral delivery systems of poorly water-soluble drugs that are
cost-effective and significantly reduced in dosage. It has been
widely demonstrated that a hydrophilic carrier dissolves
rapidly, exposing the drug particles to the dissolution
medium as fine particles facilitating fast dissolution and
absorption. The mechanisms for enhanced dissolution rate
may include reduction of crystallite size, solubilization effect
of the carrier, absence of aggregation of drug crystallites,
improved wettability, and dispersibility of a drug from the
dispersion, dissolution of the drug in the hydrophilic carrier,
or conversion of the drug to an amorphous state.’The
presented research study is aimed to develop fast
disintegrating solid dispersion solid unit dosage forms of
Dolutegravir using different water soluble polymers and
super disintegrants.

2, MATERIALS AND METHODS

Dolutegravir (DTG) was purchased from B.M.R. Chemicals,
Hyderabad, PEG 6000, Poloxamer 407 and Methanol were
purchased from SD Fine Chemicals, Remaining Excipients
Lycoat, Sodium starch glycolate, Lactose, Magnesium stearate,
and talc were purchased from Oxford Laboratories, Mumbai.
All the used ingredients and chemicals were analytical grades.

2.] Method of Preparation of Solid Dispersions of
Dolutegravir’'’

Dolutegravir Solid dispersions (SD’s) were prepared by
various methods such as solvent evaporation and fusion
method. In this connection, it is worth-mentioning that
polymers like PEG 6000 and Poloxamer 407 were used,
shown in Table I.

2.1.1 Solvent evaporation

In solvent evaporation method, the drug and carriers were
i.e Dolutegravir, PEG 6000 mixed in I:I, 1:2, and |:3 ratios
using methanol, Similarly the drug Dolutegravir and carrier
Poloxamer 407 mixed with [:1,1:2 and 1:3 ratios using
solvents as methanol. The solvent was removed by
evaporation under reduced pressure. The mass was
pulverized and passed through sieve # 60 and now the
obtained product was collected.

2.1.2 Fusion method

Carriers PEG 6000 and Poloxamer 407 were taken separately
and heated to a molten state at 60 °C and to this mass, the
weighed amount of the drug was added with continuous
stirring with a glass rod until dissolved. The different ratio of
drug was added and finally, solid dispersion (SD) was obtained
in 1:1, 1:2, and 1:3 w/w ratios of drug to carriers showed in
Table I. Solidification was allowed to occur at room
temperature. The product was stored in desiccators for 24 h
and then pulverized using a porcelain mortar and pestle. The
pulverized powder was passed through the #60 sieve to get a
uniform particle size.'®"!
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Table |: Solid dispersion codes of various methods and ratios of Drug: Polymers

Fusion method I:2and [:3

SD Code Solid Dispersion Method Drug : Polymer Drug Polymer ratios
FI,F2 & F3 Solvent evaporation method Dolutegravir : PEG 6000 I:1,1:2and 1:3
F4,F5 & F6 Solvent evaporation method Dolutegravir : Poloxamer 407 I:1, 1:2 and [:3
FFI, FF2 & FF3 Fusion method Dolutegravir : PEG 6000 I:1, I:2and 1:3
1,

FF4, FF5 & FF6 Dolutegravir : Poloxamer407 :

2.2 In vitro dissolution study of solid dispersions used as a dissolution medium and this medium was

The prepared solid dispersions containing 50 mg weight
equivalent of Dolutegravir was placed in a capsule and
subjected to in vitro dissolution. The dissolution test was
carried out using USP type | basket method [apparatus [].
The stirring rate was 50 rpm, 6.8 pH Phosphate buffer was

maintained at 37£0.5°C. 5 ml of samples were withdrawn at
regular intervals of time and replaced with same quantity of
fresh dissolution medium at each time, The collected samples
were analyzed using UV -Visible spectrophometry at 260
nm."

Table 2: Invitro drug release studies for formulations (F1-F6)

Time Percentage drug release
(Min) Dolutegravir : PEG 6000 Dolutegravir: Poloxamer 407
Fl F2 F3 F4 F5 F6
0 0 0 0 0 0 0
5 29.6610.5 38.21+0.9 45.75+2.5 26.65%1.6 30.17£0.8 39.72+1.8
10 43.74%1.2 49.78+1.8 59.33+2.0 35.19+1.9 43.74%1.3 56.31+2.1
15 49.78+1.9 61.8412.1 68.3813.2 45.25+2.1 56.31+2.1 63.851+2.4
30 61.84+2.1 7341124 83.46+2.7 56.31+2.4 65.86+3.2 79.44+1.5
45 75.4210.9 81.45%1.6 90.50%1.9 63.35%3.1 78.4312.4 86.48+2.9
60 86.48+1.4 91.51+1.4 98.54+1.5 734123 86.48+2.6 95.53+1.2

Values were meant SD; (n=3), P<0.0001

3. STATISTICAL ANALYSIS OF DATA

The values so obtained were reported in Table 2,using
Graph Pad Prism software, version 9.1.2 (226), the prepared
solid dispersions dissolutions were Fl- F6 used for analysis of
comparison studies, The obtained data were reported as

mean * standard deviation (SD), P value is <0.0001 was
considered as significant. Invitro drug release of Dolutegravir
solid dispersions'? by solvent evaporation method with PEG
6000 and Poloxamer 407 in various ratios were observed,
which shows at the end of 60 min, F3 formulation percent
drug releases 98.54+1.5%,showed in Table 2.

Table 3: In vitro drug release studies for formulations (FF1-FF6)

Time Percentage drug release
(Min) Dolutegravir : PEG 6000 Dolutegravir: Poloxamer 407
FF1 FF2 FF3 FF4 FF5 FFé
0 0 0 0 0 0 0
5 32.68+1.1 36.20+09 40.22%[.3 22.63+0.9 29.16%1.1 36.20+0.4
10 432414 46.76x1.1 55.31x1.4 35.191.6 40.22+1.9 49.27+0.6
15 50.28+2.1 52.79+2.1 65.36%2.2 42.74%1.9 49.27+2.3 56.31+1.4
30 59.33+2.6 60.33+1.5 76.42+3.| 50.28+2.1 56.81+1.8 68.38+1.6
45 65.36+2.8 69.38+1.6 83.46%l.6 59.33+2.0 65.36+2.0 76.42+1.9
60 69.89+1.0 7894%1.7 90.50%l.6 65.86+2.4 73.41£2.6 82.96x1.5

Values were meant SD; (n=3), P<0.0001

3.1 Statistical analysis of Dolutegravir solid

dispersions data

All the solid dispersions dissolution profile reports obtained
by the GraphPad Prism software, version 9.1.2 (226), and the
solid dispersions were tested in two way ANOVA with all
the formulations i.e. FFl to FF6 and have reported mean,
standard deviation, n and p values showed in table 3. The
level of significance for comparison was set as p less than
0.0001.Invitro drug release of Dolutegravir solid dispersions
by using fusion method with PEG 6000 and Poloxamer 407 in
various ratios were observed which showed at the end of 60
min, FF3 releases highest release 90.50+1.6% showed in
Table 3.From the invitro drug release of various Dolutegravir

solid dispersion methods, F3 formulation consists PEG 6000
by using solvent evaporation method which showed a
maximum of 98.54+1.5% at the end of 60 min. So that F3
formulation was considered as an optimized formulation, and
processed for further studies showed in Table 3.

4. RESULTS

4.1 Calibration curve of Dolutegravir in 6.8 pH
Phosphate buffer

10 mg of Dolutegravir was taken in a 10 ml volumetric flask.

The solution was made up to the mark with a 6.8 pH buffer
to give 1000 pg /ml concentration. From s solution | ml is
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diluted to 10 ml with, 6.8 pH buffer to give 100 pg /ml
concentration. From the above stock solution subsequent
dilutions containing 5 to 30 pg/ml solutions were prepared.
The absorbance of each test solution was measured at A,
ii,e. 260 nm of Dolutegravir in UV/Visible spectroscopy

Pharmaceutics

against blank,the linearity studies were carried out for pure
drug Dolutegravir. The coefficient correlation factor (r?) was
obtained, indicated the purity of drug with the
standards.Showed inFigure 1."*

1.2

Calibration curve of Dolutegravir

0.8

0.6

Absorbance

0.4

0.2

v=10.036x+0.016
R%=0.999

Concentration (pg/ml)

20 30 40

Fig I: Calibration Graph of Dolutegravir

4.2  Preparation of Dolutegravir Tablets:

Equivalent weight of Dolutegravir was added with suitable
excipients, and the tablets were formulated by direct
compression according to the formulae showed in the Table
4. All the ingredients were passed through #40 mesh
sieve separately. The drug, and Lactose were mixed by
adding small portion of each at a time and blending it to get a

uniform mixture and kept aside. Then the other ingredients
were mixed in geometrical order and passed through coarse
sieve (#40mesh) and the tablets were compressed using
hydraulic press. Compression force of the machine was
adjusted to obtain the hardness within the range of for all
batches."The weight of the tablets was kept constant for all
formulations DF| to DFé. tabulated in Table 4.

Table 4: Formulation of Dolutegravir tablets'®

Ingredients (mg) DFI DF2 DF3 DF4 DF5 DFé
Dolutegravir (weight equivalent to Solid dispersion) 50 50 50 50 50 50
Sodium starch glycolate (SSG) 5 10 I5 -- -- --
Lycoat -- -- -- 5 10 15
Lactose QS QS QS QS QS Qs
Magnesium stearate 2 2 2 2 2 2
Talc 2 2 2 2 2 2
Total weight(mg) 250 250 250 250 250 250
Mentioned values were meant SD; (n=3), P < 0.0001
Table 5: % Cumulative drug release of formulations DF|-DF6
Time (min)/%CDR DFI DF2 DF3 DF4 DF5 DF6
0 0 0 0 0 0 0
5 39.68+0.3 46.38+0.6 56.38+1.4 35.24+0.8 43.95+1.1 55.36*1.2
10 56.32%1.1 65.67+1.1 75.96x1.6 56.33+1.1 62.16x1.5 68.12+0.9
15 65.34+1 .4 79.35%1.6 88.07+1.8 69.83+1.6 73.95+1.7 75.63+0.5
20 70.61%2.1 86.81+1.8 95.18+0.9 7526%2.3 79.42+2.0 83.62+1.6
25 79.05+2.4 90.24+2.0 98.04+1.9 79.17+1.4 86.34+2.3 90.24+2. |
30 86.34+1.9 93.58+2.2 82.34+2.8 90.42+3.1 96.38+1.8

4.3 Statistical analysis of Dolutegravir tablets

dissolution profiles data

The observed reported values were analyzed by the Graph
Pad Prism software, version 9.1.2 (226), and the acquired

results of Dolute gravir tablets in-vitro dissolution profiles
(DFI to DF6) were tested two way ANOVA analysis with
reported mean, standard deviations (SD), n and p values
showed in table 5. The obtained p value is less than 0.0001
was considered as statistically significant.
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5. DISCUSSION

5.1  In Vitro Drug Release of (DFI-DFé)

Invitro dissolution study was performed by using USP Type I
apparatus (Paddle type) at 50 rpm. (Revolution per minute),
6.8 pH Phosphate buffer (900 ml) was used as a dissolution
medium which is maintained at 37+0.5°C. Aliquots of
dissolution medium (5 ml) were withdrawn at specific time
intervals and filtered. An equal amount of fresh dissolution
medium is replaced immediately following withdrawal of test
sample. The percentage of drug released at various intervals
was calculated by using Beer-lambert's law.'” From the
mentioned in vitro drug release studies of Dolutegravir
(DFI-DF6) fast dissolving tablet formulations'®it was
observed that formulations showed drug release at the end
of 30 mins, DFI| releases 86.34+1.9%, DF2 releases
93.58+2.2%, DF4 releases 82.34+2.8%, DF5 releases
90.42+3.1% , DF6 releases 96.38+1.8% but DF3 Dolutegravir
formulation was released 98.04%1.9% at the time of 25 mins
.The obtained cumulative percentage drug releases of
Dolutegarvir tablets formulations DFI to DF6 were showed
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in Table no 5.The formulations containing sodium starch
glycolate (SSG) as a super disintegrant in different
concentrations were 2%, 4%, and 6% (w/w) which reveals
that the increased in the super disintegrant concentration,
and decreases in the drug release time. The DF3 fast
dissolving tablets'’formulation containing Sodium starch
glycolate SSG) 6% concentration showed maximum amount
of 98.04£1.9 % drug release at the end of 25 min. Whereas
formulations containing lycoat as a super disintegrants in
different concentrations like 2%, 4%, and 6%, revealed that
the increase in  super disintegrant®®* concentration
decreases the drug release time and the DF6 formulation
containing lycoat 6% showed a maximum amount of drug
release (96.38+1.8%) at the end of 30 min. The obtained p
value is <0.0001 was considered as statistically significant
Therefore, a favorable formulation, which increases the
solubility and dissolution rate, hence it was used for the
treatment of HIV/AIDS.***? The reported percentage
cumulative drug releases comparative studies were showed
in the Figure no 2.

120

100

% Cumulative drugrelease

% Drug release of Dolutegravir Formulations (DF1-DF6)

=——DF1
=—DF2
=e=DF4
=te=DF5

—DF6

0 10

20

Time (mins)

40

30

Fig 2: Invitro drug release of formulations DFI1-DFé

5.2  FT-IR Studies

Drug and excipients compatibility”? was confirmed by
comparing spectra of FT-IR analysis of pure drug was showed
in Figure 3 and pure drug with that of various pharmaceutical
excipients used in the formulation were showed in Figure

4.Compatibility studies were performed using FT-IR
spectrophotometer. The characteristic absorption
peaks of Dolutegravir were obtained at different
wavenumbers in different samples. The FTIR spectral

investigations had been performed on Dolutegravir pure
drug, poloxamer 407, and in this analysis the pure drug
Dolutegravir  exhibited a sharp peak at 2123.67
cm—1,1383.32 cm-1, 846.65 cm—I, and 875.53 cm-—I|
evidencing the presence of C-N stretching, C=C stretching,
C-O-C stretching, C-H bending, and Ar-H bending. For

Poloxamer 407, sharp peaks at 2227.60 cm-—1, 2155.00
cm—1, and 852.23 cm-1 indicated C-N stretching, C=C
stretching, and C-H bending. For DF3 stable solid dispersion,
sharp peaks at 2127.12 cm—1, 2065.30 cm-1, 1291.18 cm-1,
and 852.24 cm—1 indicated C-N stretching, C=C stretching,
C-O-C stretching, and Ar-H is bending. The remaining peaks
were unaltered indicating that there has been no drug and
excipients interaction. The detailed spectral elucidations
were showed in Figure 3 and Figure 4 respectively. The peaks
obtained in the spectrum of each formulation correlate with
the peaks of drug spectrum. The mentioned FTIR studies
represents that the drug was physically,chemically and
therapeutically compatible with the pharmaceutical
formulated components.
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Fig 4: FTIR spectrum (Dolutegravir + Excipients)

From the drug excipient compatibility studies, we observed
that there are no interactions between the pure drug
(Dolutegravir) and optimized formulation (Dolutegravir:
excipients) which indicates that there were no physical
changes showed in Figure 4.

5.3  Drug release kinetics

The drug releases from the Dolutegravir fast dissolving
tablets were explained by using mathematical model

equations such as zero order, first order, Higuchi and
Peppa’s kosmeyer order of kinetics. Zero order of kinetics
and first order of kinetics curves were showed in Figure 5,
Figure 6 and Higuchi, Peppa’s kosmeyer order of kinetics
were showed in Figure 7, Figure 8 respectively. Based on
the regression values, it was concluded that the optimized
formulation DF3 follows first order kinetics correlation
factor (r?) value (0.995) was showed in Table 6. It is indicate
that the rate of drug release is concentration dependent.

Table 6 : order of kinetic values of Formulation DF3

Order of kinetics Zero Order First Order

Higuchi OrderPeppa’sKorsmeyerOrder

Regression values 0.908 0.995

0.971 0.858
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Fig 5: Zero order kinetics graph of DF3 formulation.
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Fig 6: First order kinetics graph of DF3 formulation.
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Fig 7: Higuchi order kinetics graph of DF3 formulation.
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Fig 8: Peppa’s korsmeyerorder kinetics graph of DF3 formulation.

6. CONCLUSION

In this present study, PEG 6000 and Poloxamer 407 polymers
were used in the preparation of Dolutegravir solid
dispersions by a solvent evaporation method, and Fusion

method. Hence, based on the investigation of research work
in comparison with fusion method, the solvent evaporation
solid dispersion technique was more effective in enhancing
the solubility, and dissolution rate of poorly soluble BCS class
Il drug i.e. Dolutegravir. All the prepared solid dispersions
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were evaluated and the results were explained in the above-
mentioned data. From that optimized formulation (F3), we
prepared the Dolutegarvir Fast dissolving tablets using solid
dispersion weight equivalent to 50 mg Dolutegravir, super
disintegrants like sodium starch glycolate (SSG), lycoat, and
other excipients. By observing the in vitro dissolution studies
of Dolutegravir with Polymer PEG 6000 using solvent
evaporation (I:3) ratio shown better drug release, and
mentioned drug release formulation (DF3) consists sodium
starch glycolate (6 % w/w) as super disintegrant showed
98.04+1.9 % of percent drug release at the end of 25 mins.
Hence, it can be concluded the kinetics of the drug studies,
optimized formulation (DF3) followed First order drug
release. Poorly soluble drugs are slowly absorbed as
compared with drugs with higher solubility. Consequently,
and these kinds of BCS class Il drugs had great challenges to
further develop in fast dissolving tablet dosage forms. Hence
it is important to enhance the aqueous solubility, dissolution
rate, and bioavailability of these drugs from its oral solid
dosage forms. In Solid dispersion techniques PEG 6000,
Poloxamer 407 polymers have been used to improve the
dissolution properties and bioavailability of poorly water
soluble drugs. This research study has demonstrated the
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