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Abstract-

Objective: The present study aimed to enhance the
solubility and dissolution rate of the poorly water-
soluble drug Nevirapine by formulating solid
dispersion tablets using the solvent evaporation
method and evaluating their physicochemical and
in-vitro performance.

Methods: Nevirapine solid dispersions were
prepared using various formulation ingredients and
incorporated into tablet dosage forms. A total of
seven formulations (F1-F7) were developed and
evaluated for pre-compression and  post-
compression parameters, including weight variation,
hardness, friability, drug content, drug availability,
and in-vitro drug release. The optimized formulation
was further compared with a marketed conventional
Nevirapine tablet.

Results: Among all formulations, formulation F7
exhibited the best overall performance and was
selected as the optimized batch. It showed the
highest drug availability of 96.62%, excellent
compatibility with formulation excipients, and
minimal weight variation within the acceptable USP
limit of £5% for 300 mg tablets. Hardness and
friability = studies demonstrated an inverse
relationship, with formulation F4 showing the
highest hardness (4.6 kg/cm?) and lowest friability
(0.1%). The optimized formulation F7 exhibited
excellent drug content (99.90%) and a high
percentage of in-vitro drug release (98.85%).
Comparative dissolution studies revealed that the
optimized solid dispersion tablet provided
significantly greater drug release than the marketed
conventional Nevirapine tablet within 6 hours.
Conclusion: The solvent evaporation technique
successfully improved the solubility and dissolution
characteristics of Nevirapine. The optimized
formulation F7 demonstrated superior drug
availability, acceptable tablet quality attributes, and
enhanced drug release compared with the marketed
formulation, indicating that solid dispersion
technology is an effective approach for improving
the oral bioavailability of Nevirapine.
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I.  Introduction

Nevirapine is a widely used antiretroviral
drug belonging to the non-nucleoside reverse
transcriptase inhibitor (NNRTI) class for the
treatment of Human Immunodeficiency Virus (HIV)
infection. ! However, Nevirapine exhibits poor
aqueous solubility, which can limit its dissolution
rate  and  consequently affect its  oral
bioavailability.?)

Enhancing the solubility of poorly water-
soluble drugs remains a major challenge in
pharmaceutical formulation development. Among
various approaches, solid dispersion technology has
emerged as an effective strategy to improve the
dissolution behavior and bioavailability of such
drugs. B! In this technique, the drug is dispersed
within a hydrophilic carrier matrix, resulting in
improved wettability, reduced particle size, and
possible conversion of the drug from a crystalline to
an amorphous state. [

Natural polymers have gained significant
attention as carriers in solid dispersion systems due
to their biocompatibility, biodegradability, non-
toxicity, cost-effectiveness, and environmental
friendliness. *'The use of natural polymers offers a
promising alternative to synthetic carriers for
enhancing drug solubility and dissolution. (¢!

The present research work focuses on the
design, formulation, and characterization of
Nevirapine solid dispersions using natural polymers
to enhance its solubility. ! The prepared solid
dispersions were further evaluated and compressed
into tablet formulations. ¥ Various physicochemical
and pharmaceutical parameters were investigated to
assess the effectiveness of the solid dispersion
approach in improving the solubility, dissolution
rate, and overall performance of Nevirapine tablets.
(91

Nevirapine (NVP) is one of the oldest
antiretrovirals (ARV) drugs for the treatment of HIV
infection and is still widely used. !9 More than one
million patient years of worldwide experience have
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provided a significant amount of data to better
understand  this non-nucleoside  antiretroviral
inhibitor (NNRTI). ['!]

Nevirapine is one of the most widely used
ARV drugs in Africa and Asia, giving it an
important role in the global fight against HIV
infection. ') As the first NNRTI approved by the
US Food and Drug Administration (FDA), NVP has
a well-understood and widely described safety
profile. '3 Although it may have some drawbacks,
recent data suggest that it may be an acceptable
regimen in certain populations. Health Care and
Personnel Management Guide. [

Nevirapine (NVP), sold under the brand
name Viramune among others, is a drug used to treat
and prevent HIV/AIDS, particularly HIV-1. !5 It is
usually recommended to be used in combination
with other antiretroviral drugs. ['°! It can be used to
prevent  mother-to-child  transmission  during
childbirth, but is not recommended after exposure to
others. It is taken orally. Common side effects
include rash, headache, nausea, fatigue and liver
problems. ['7]

Liver problems and rash may be serious
and should be monitored during the first months of
treatment. It appears to be safe to use during
pregnancy. "1 It is a non-nucleoside reverse
transcriptase inhibitor (NNRTI) and blocks the
activity of the reverse transcriptase enzyme.
Nevirapine was approved for medical use in the
United States in 1996. [ It is on the World Health
Organization's List of Essential Medicines. 2

II.  Materials

Nevirapine was used as the active
pharmaceutical ingredient (API) for the preparation
of solid dispersion tablets. Hydrophilic carriers
including Polyethylene Glycol 6000 (PEG 6000),
Microcrystalline Cellulose (MCC), and
Hydroxypropyl Methylcellulose (HPMC) were
employed to enhance the solubility and dissolution
characteristics of the drug. All other excipients used
in the formulation were of pharmaceutical grade and
were used as received. The tablet base was added in
sufficient quantity to obtain a final tablet weight of
300 mg.

Instruments

The formulation and evaluation studies
were carried out using various laboratory
instruments. A Programmable Microcentrifuge (Bio-
era Life Science Pvt. Ltd., Model PMC 260606),
Vortex Mixer (Bio-era Life Science Pvt. Ltd., Model
BE/VM/01), Magnetic Stirrer (Remi Elektrotechnik

Ltd., Model PA 401208), Disintegration Apparatus
(Bio-Technics India, Model BTI-44A), Dissolution
Apparatus (Electrolab, Model 80AK), pH Meter
(Bio-era Life Science Pvt. Ltd., Model PH032805),
Rotary Evaporator (Medica Instrument MFG. Co.,
Model 36RV), Digital Balance (Shimadzu), Tap
Density Apparatus (DBK Instruments, Mumbali,
Model 40BD806), Hot Air Oven (Scientific
Laboratory Instruments for School & College,
Model 40082H), and Distillation Apparatus (Bio-era
Life Science Pvt. Ltd., Model PDU310360) were
used during the study.

Formulation of Nevirapine Solid Dispersion
Tablets

Nine formulations (F1-F9) of Nevirapine
solid dispersion tablets were prepared using
different concentrations and combinations of
hydrophilic carriers. Each formulation contained 30
mg of Nevirapine. PEG 6000, MCC, and HPMC
were incorporated individually at drug-to-carrier
ratios of 1:1 (30 mg:30 mg) and 1:2 (30 mg:60 mg),
as well as in combined ratios of 1:1:1 (30 mg:30
mg:30 mg). The quantity of tablet base was adjusted
to obtain a final tablet weight of 300 mg.

Preparation of Solid Dispersion by Solvent
Evaporation Method

Nevirapine solid dispersions were prepared
by the solvent evaporation technique using PEG
6000, MCC, and HPMC as hydrophilic carriers. The
drug and carrier(s) were accurately weighed
according to the formulation design and dissolved in
methanol. The resulting solution was stirred
continuously using a magnetic stirrer to obtain a
homogeneous mixture. The solvent was then
removed under reduced pressure at 40°C using a
rotary evaporator. The obtained solid mass was
further dried under vacuum over silica gel for 12
hours at room temperature to ensure complete
removal of residual solvent. The dried solid
dispersion was pulverized gently and passed through
a 250 pm sieve to obtain uniform particle size. The
prepared samples were stored in a desiccator until
further evaluation.

Preparation of Tablets by Direct Compression
The prepared solid dispersions were
blended uniformly with the required quantity of
tablet base. The resulting powder mixture was
evaluated for pre-compression parameters and
subsequently compressed into tablets by the direct
compression method using a six-station tablet
punching machine. The compressed tablets were
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collected and stored in airtight containers for further
characterization and evaluation studies.

Preformulation Study —

Solubility Study

The capacity of a solid, liquid, or gaseous chemical
(referred to as a solute) to dissolve in a solvent
(typically a liquid) to produce a solution is referred
to as solubility. The solubility of a substance is
largely determined by the solvent employed, as well
as the temperature and pressure at which it is
dissolved. The saturated solution concentration is
used to determine a substance's solubility in a
specific solvent.

When adding more solute to a solution does not
raise the concentration of the solution, it is said to be
saturated. The degree of solubility varies greatly
between substances, ranging from endlessly soluble
(totally miscible) ethanol in water to slightly soluble
silver chloride in water.

Melting Point

The physical properties of the compound, such as
melting point and boiling point, may be useful.
Information is useful for identifying samples or
determining their purity.

UV Analysis of Drug (API) Sample

Molecules with bonding and non-bonding electrons
(n-electrons) can absorb ultraviolet or visible light
energy to excite these electrons to higher anti-
bonding molecular orbitals. The longer the
wavelength of light it can absorb depends on how
quickly the electrons are excited (smaller energy gap
between the HOMO and LUMO).

FTIR Study (Drug Excipients Study)
Fourier-transform infrared spectroscopy (FTIR) is a
technique used to obtain an infrared spectrum of
absorption or emission of a solid, liquid or gas. An
FTIR spectrometer simultaneously collects high-
resolution spectral data over a wide spectral range.
This confers a significant advantage over a
dispersive spectrometer, which measures intensity
over a narrow range of wavelengths at a time.

EVALUATION OF
DISPERSION

Determination of Nevirapine in Solid Dispersion:
Solid Dispersions equivalent to 10 mg of Nevirapine
was accurately weighed and transfer to 100 mL
volumetric flask. The solution was diluted up to the
mark with methanol. Suitably diluted solution was
measured spectrophotometrically at 280 nm.

PREPARED SOLID

Fourier Transform Infrared
spectroscopy-

FT-IR spectroscopy was carried out on an FTIR
Spectrophotometer (Alpha, Bruker, Germany). The
spectrum was reported. The spectra obtained for
drug, polymer, physical mixture and optimized solid
dispersion were compared.

Differential Scanning Calorimetry (DSC)-

The thermal behaviour of the samples was studied
by Differential Scanning calorimeter (DSC-PYRIS-
1, perkin elmer). DSC scan was carried out in an
atmosphere of dry nitrogen within the measuring
range of -2 mW to 20 mW. The samples were heated
at a rate of 10°C min—1 from room temperature to
the melting point using reference of an empty
aluminium pan.

In vitro Dissolution Study-

Dissolution of Nevirapine pure, solid dispersions
and physical mixtures equivalent to 10 mg of
Nevirapine was performed in 0.1 N HCI at 50 rpm
using USP basket type (ELECTROLAB, Mumbeai,
India) at 37+0.5°C. At fixed time intervals for 30
min, 5 mL of dissolution medium was pipette out
and filtered through Grade- 1 Whatmann filter
paper. Filtered dissolution media was assayed
spectrophotomerically at 280nm to calculate the
drug release. After each withdrawal, 5 mL of 0.1 N
HCI was introduced to maintain the constant volume
of dissolution media. Dissolution experiment was
performed in triplicate.

(FTIR)

PRECOMPRESSION STUDY
The angle of Repose (O)
The frictional force in a loose powder or granules
can be measured by the angle of repose. The angle
of repose is defined as the maximum angle possible
between the surface of a pile of the powder and
horizontal plane

Tan @=H/r
Were,
@= angle of repose is the height of the cone, R=
radius of the base of the cone
Different ranges of flow ability in terms of angle of
repose are given in the below table.
Bulk Density & Tap Density:
Loose bulk density (LBD) and tapped bulk density
(TBD) of dose form and the dosage form blends
were determined using bulk density apparatus. The
pure drug was passed through the #18 sieve to break
the clumps if any. Accurately weighed 5 g of the
drug or 25 g of polymers was placed in a 100 ml
graduated measuring cylinder.
The initial volume was observed. The cylinder was
tapped initially 100 times from a distance of 14 + 2
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mm. The tapped volume was measured to the
nearest graduated unit. The tapping was repeated
additional 100 times. Again, the tapped volume was
measured to the nearest graduated unit. The same
thing was done for powder blends of the dosage
form. The LBD and TBD were calculated in g per
ml using the following.
Bulk Density = weight of the powder/volume of the
packing
Tab Density = weight of the powder / tapped volume
of the packing

Hausner ratio:
The Hausner ratio of the powder was determined by
the following equation.

Hausner ratio =TBD / LBD
The lower Hausner ratio (<1.25) indicates better
flow properties than higher ones (>1.25).

POST-COMPRESSION PARAMETERS STUDY
Weight Variation & Content Uniformity:

The weight variation statistical quality control test is
used to confirm uniformity of the dosage unit and
therefore also to support product safety, identity and
quality. In the production of food and beverages,
checking the weight of packages provides fast
confirmation that fills quantities meet legal
requirements.

Thickness:

Thickness of tablets indicates the strength to
withstand compression force applied during
manufacturing process. Thickness of tablets was
measured by digital caliper.

Hardness:

Test Hardness (diametric crushing strength) is the
force required to break a tablet across the diameter.
The hardness of a tablet is an indication of its
strength. The tablets should be stable to mechanical
stress during handling and transportation. The
degree of hardness varies with the different
manufacturers and with the different types of tablets.
The hardness was tested using Monsanto tester.
“Hardness factor”, the average of the six
determinations, was determined and reported. The
force was measured in kilograms per centimeter
square.

Friability:

Test Friability is the loss of weight of tablet in the
container/package, due to removal of fine particles
from the surface. This in process quality control test
is performed to ensure the ability of tablets to
withstand the shocks during processing, handling,

transportation, and shipment. Permitted friability
limit is 1.0 %. Roche friabilator (Electrolab,
Mumbai) was used to measure the friability of the
tablets. Ten tablets were weighed collectively and
placed in the chamber of the friabilator. In the
friabilator, the tablets were exposed to rolling,
resulting free fall of tablets (6 inches) within the
chamber of the friability. It was rotated at a rate of
25 rpm. After 100 rotations (4 minutes), the tablets
were taken out from the friability and intact tablets
were again weighed collectively

% Friability = W1 — W2 /W1 x 100
Where, W1 is weight of the tablet before the test &
W2 is weight of the tablet after test.

Disintegration study:

Complete decomposition is defined as a state where
no residue, except for fragments of the tablet shell
or undissolved tablet shell, remains on the display of
the test apparatus or adheres to the bottom surface of
the dish if the disc is used; if there is still another
residue then it is soft mass without a core material.
The mean disintegration time of tablets containing
microcrystalline cellulose or dicalcium phosphate
dihydrate was 37 min and 44 min, respectively.
Tablets containing corn starch or sodium carboxy-
methylcellulose break down very slowly and adhere
firmly to the gastric mucosa. In the project, we have
to do the disintegration test in two different gastric
media i.e., acidic & basic media.

In vitro study:

Dissolution studies-

In Vitro dissolution studies for all the prepared
tablets and the marketed available tablets were
carried out using the USP paddle method at 50 rpm
in 900 ml of buffer solution 0.IN HCL as
dissolution media, maintained at 37 + 0.5°. 5 ml of
sample was withdrawn from the dissolution medium
at the specified regular intervals, filtered through
Whatman filter paper, and assayed
spectrophotometric at 280nm.

An equal volume of pre-warmed (37°C) fresh
medium was replaced with the dissolution medium
after each sampling, to maintain the constant
volume throughout the test. Then the cumulative
percentage of drug release was calculated and
represented graphically.
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III. RESULTS AND DISCISSION
PRE-FORMULATIONS

Solubility:
Table No. 1: The Table contains the Solubility of API with absorbance
Sr. No Solvent Absorbance

1 Ethyl acetate 0.0091

2 Chloroform 0.0257

3 Methanol 0.0417

4 Dimethyl Sulphoxide 0.0261

5 Methyl Chloride 0.0256

6 Ethanol 0.0231

7 Water 0.0115

Solubility of Nevirapine
0.045
0.04
| 0.035
Q

=| 0.03
Sl o.025
5| o0.02
&l o015
<| o.01
0

Ethyl acetate Chloroform Methanol Dimethyl Methyl Ethanol Water
Sulphoxide Chloride

Solvents

Graph No. 01: Solubility Graph of drug API -Nevirapine

As per the characterization study of solubility API (Drug) has the highest absorbance in methanol solvent,
according to the solubility studies, thus we choose methanol as our organic solvent for formulations.

Melting Point:
Table No. 2: The table contains the observation of the melting point.
O AP % PIC Refere C P °© Obse cd P° d P ©
246
Nevirapine 247-249 247 247
3 248

The melting point of Nevirapine is 247°C observed.
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UV Analysis of Drug (API) Sample:
For Acidic Gastric Media-
Table No. 3: The Table contains the absorbance of particular samples for acidic media (lambda max 298).

DP
0 0 0 ADSOroNd

1 2 ppm 0.0925
2 4 ppm 0.1414
3 6 ppm 0.1915
4 8 ppm 02424
5 10 ppm 0.2946
Nevirapine UV Anaysis
0.35
T — e S R Bl
2 025 o
5| o2 e
5o T
2 01 L LT y = 0.0505x + 0.0409
«° Y R = 0.9998
0.05
0
0 2 4 _ 6 _ 8 . 10

PPM solutions

Graph No. 02- The Graph Contains Nevirapine UV Analysis for Acidic Media
For Basic Gastric Media-

Table No. 04 - Table contains the absorbance of particular samples for basic media.

PPM Solution Nevirapine
1 2 ppm 0.2091
2 4 ppm 0.4164
3 6 ppm 0.6191
4 8 ppm 0.8092
5 10 ppm 0.9983
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Nevirapine UV Anaysis

1.2

....

0.8

.o
""""

0.6

X
.o
.o
X

0.4

Absorbnce

s S y =0.1971x + 0.0191
R =0.9995

2 4 6 8 10

PPM Solutions
Graph No. 03- The Graph Contains Nevirapine UV Analysis for Basic Media.

The Maximum wavelength (A max) of API (Drug) by spectra analysis is (Nevirapine) 298 nm.
The regression value of API (Drug) is as follows for different Media-

1] The regression value of the Drug of Nevirapine (Acidic) is R*=0.9998

2] The regression value of Drug of Nevirapine (Basic) is R?=0.9995

EVALUATION OF SOLID DISPERSION
Determination of Nevirapine in Solid Dispersion:

Graph No. 04: Maximum Wave length of Nevirapine solid dispersion

The Maximum Wave length of Nevirapine solid dispersion shows the 280nm contain pick & actual reference in
the range of 275-280 nm. Hence prove that the formulation contains the adequate quantity of presence of

Nevirapine drug.
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Detail FTIR Study of all excipient use in formulation in solid dispersion & API-Nevirapine:
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Graph No. 05: FTIR Graph of Nevirapine

Nevirapine + Polyethylene glycol(PEG6000)-

10040
!
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Graph No. 06: FTIR Graph of Nevirapine & polyethylene glycol (PEG6000)
Nevirapine + Macrocrystalline Cellulose -
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Graph No. 07: FTIR Graph of Nevirapine & Polyvinylpyrrolidone

Nevirapine + Hydroxypropylmethylcellulose-
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Graph No. 08: FTIR Graph of Nevirapine & Hydroxypropyl methylcellulose

Nevirapine solid dispersion of formulation-
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Graph No. 09: FTIR Graph of Nevirapine & solid dispersion of optimizes formulation

Optimize solid dispersion & Tablet Base-
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Graph No.10: FTIR Graph of Optimize solid dispersion & Tablet Base
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Overlapping graph of API & Solid dispersion-
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Graph No. 11: FTIR Graph of Overlapping graph of API & Solid dispersion.

Table No. 14: The FTIR Graph prediction observation
_ S=0 C-N C-H N-H

1 Nevirapine 1015.21 1283.15 276196 | 3187.20
Nevirapine + polyethylene glycol
7 (PEG3000) 1015.21 1283.15 2880.93 | 3284.53
3 Nevirapine + Macrocrystalline 1165.51 124481 | 283586 | 330522
Cellulose
4 Wesilimplie 1 186l pogl 1087.92 122176 | 2807.67 | 332127
methylcellulose
5 solid dispersion of optimizes 1181.16 1372.26 2795.60 3390.35
formulation
6 solid dispersion & Tablet Base 1065.70 1272.87 274510 | 3395.46

So as per observation & the interpretation of all
Drug & excipient graphs has been compatible as per
the mentioned table the Nevirapine drug graph show
at 1015.21cm-1 pick of S=O functional group As we
seen that the all excipient pick of S=O functional
group as same as Drug Nevirapine i.e., 1015.21 cm-
1, 1166.51 cm-1, 1087.92 cm-1 etc. while when we
see other functional group pick is as compatible as
drug Nevirapine. Therefore, that is why we conclude
that the drug having compatibles with all mention &
Formulation excipient.

Differential Scanning Calorimetry (DSC)-

The thermal behavior of the samples was studied by
Differential Scanning calorimeter. DSC scan was
carried out in an atmosphere of dry nitrogen within
the measuring range of -2 mW to 20 mW. The
samples were heated at a rate of 10°C min—1 from
room temperature to the melting point using

reference of an empty aluminium pan. The
compatibility and interactions between drug and
best formulation polymer were checked using
differential scanning calorimetry and the results
were shown in Graphs.

Dsc
mw

(/

l ‘ Pask 124C
0oo- Crset  1188E
‘ Endse  1250T

Hes! -g4.48mJ

-1.00-

\ -15.74ig

-3 7tallg

5000 100.00 15000
Temp [C]

Graph No. 12: DSC of Nevirapine Pure API
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Graph No. 13: DSC of Optimizes Solid
Dispersion formulation.

According to Figures and Table, DSC thermogram
showed that there was no major difference in onset
temperature and peak temperature when compared
with pure drug thermogram. Therefore, it could
indicate that there was no incompatibility between
drug and best formulation.

Table No. 15: DSC thermogram parameters of Nevirapine & the Optimize formulation.

Nevirapine

183.25 201.43

Optimize Formulation

179.52 203.41

According to Figures and Table, DSC thermogram showed that there was no major difference in onset
temperature and peak temperature when compared with pure drug’s thermogram. No interaction was found
between drug and used excipient in optimize formulation.

In vitro Dissolution Study-

Table No. 16: In vitro dissolution for various time intervals

F1 F2 F3 F4 F5 Fé6 F7 F8 F9

30 2.485 0.3733 3.459 6.982 2.5963 1.387 4.651 2.242 2.9523

60 6.098 1.2326 | 4.7465 9.348 9.2367 3.654 7.0684 3.990 6.2854

90 11.265 2.6153 7.359 12.349 12.245 5.743 9.991 6.0827 9.956
120 15.065 11.141 11.427 17.578 15.367 11.743 14.691 9.376 14.441
150 19.436 19.623 17.527 | 21.792 | 23.975 16.653 21.066 13.283 19.883
180 24.456 | 23.685 20.397 | 26.289 | 29.389 | 21.327 | 28.177 18.063 26.132
210 28.978 | 26.102 | 22.456 34.609 | 39.267 | 28.764 | 35.341 23.881 33.414
240 43438 | 29.954 | 27.498 37.628 | 48.975 32342 | 43315 31.355 40.225
270 64.593 32.437 33.568 | 41.893 52.846 | 45.872 58.897 | 38.815 48.176
300 83.764 | 58.967 81.367 83.623 62.456 | 57.562 74.612 54.205 64.119
330 86.380 85.546 84.735 86.478 | 73.289 | 69.376 94.554 | 78.138 80.0741
360 90.420 89.536 89.820 89.560 | 83.256 | 75.599 96.620 | 83.256 86.325
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Graph No. 14: the In vitro Dissolution Study of Solid dispersion of various batches

As per the graph we see that the all formulation of solid dispersion having adequate drug release capacity but as
compare to each other the formulation number, F6 (75.59%) having very low percentage Drug release whereas
the formulation number F7 (96.62%), having High percentage drug release. So, we conclude that the
formulation number F7 is the best formulation according to this formulation, but we try to ensure that the best
formulation from all batches as below formulation.

PRE-COMPRESSION PARAMETERS STUDY
Table No. 17: The Pre-compression parameter study in the table

Angle of repose Bulk Densi Tap Densit .
Sr. No ]g)egree (,I,)) (vl ty ‘ (Ir’ng /ml) Y Hausner’s Ratio
F1 27.94 0.291 0.825 0.250
F2 25.95 0.5861 0.7764 0.8045
F3 25.93 0.5773 0.7983 0.6944
F4 31.86 0.5802 0.8735 0.8019
F5 28.51 0.5914 0.7894 0.5883
F6 30.92 0.5679 0.5809 0.8327
F7 25.86 0.5706 0.9735 0.8092
F8 25.31 0.5836 0.8894 0.5888
F9 40.82 0.5869 0.8809 0.8357

According to the observation of mention pre- compression parameter study conclude that the all formulations
has passes the whole test for tablet formulation. The All formulation having good flow ability, filling capacity &
packing capacity.

POST -COMPRESSION PARAMETERS STUDY
Weight Variation-

Table No. 18: The weight variation of various formulation

Tablet s e s S e S B S E—
F1 F2 F3 F4 F5 Fo F7 F8 F9

1 T1 300 300 300 300 300 300 300 300 300
2 T2 299 298 300 301 301 300 300 299 300
3 T3 300 300 300 300 300 300 299 300 300
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4 T4 300 300 300 300 300 300 300 300 299
5 Ts 300 300 300 299 301 298 300 300 299
6 T6 300 300 300 299 298 300 300 300 300
7 T7 301 298 300 300 300 300 300 300 300
8 TS 298 300 298 301 300 300 300 300 300
9 9 300 300 300 298 300 300 300 299 300
10 TI0 300 300 300 298 300 300 300 298 300
11 TIl 300 300 299 300 300 300 300 298 300
12 TI2 300 300 299 301 300 300 300 301 300
13 TI3 300 300 300 300 300 300 300 300 299
14 T4 300 300 300 300 300 300 300 301 301
15 TIS 300 300 300 300 300 300 300 300 300
16 TI6 300 301 300 300 298 300 300 300 300
17 T17 298 298 300 300 298 300 300 299 300
18 TI8 300 298 300 300 300 300 301 300 301
19 TI9 300 300 300 300 299 300 299 300 299
20 T20 300 300 300 300 299 298 300 300 300
Total weight 5996 5993 5996 5997 5994 5996 5999 5995 5998
Avvv‘gglglfs 299.8  299.65  299.8  299.85 299.7  299.8  299.95 299.75  299.9
Upper limit 301 301 301 301 301 301 301 301 301
]i‘:zftr 298 298 298 298 298 298 298 298 298

% Variation = 1.00066 1.00117 1.00067 1.0005 1.001 1.00067 1.00017 1.00083 1.00033

By find out average weight, Total weight, Upper & lower limit of tablet the determination of weight variation of
all batches has been done in that as per specification the 7% weight variation is acceptable. As per that view the
all Formations is pass this test but from all formulations the formulation number F7 have very low variation &
Formulation number F2 having high variation.

Hardness-Table No. 19: The table contains the formulations hardness.

Formulation number Testing (Kg/cm?) Mean (Kg/cm?)
3.55
F1 3.56 3.55
3.56
2.15
F2 2.36 2.22
2.15
2.36
F3 2.59 2.82
3.52
5.66
F4 2.33 4.6
5.88
5.66
F5 2.33 4.5
5.55
F6 2.55 3.1
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3.66
3.2
3.99
F7 3.75 3.91
3.99
3.71
F8 3.58 3.74
3.95
3.89
F9 3.78 3.82
3.81
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Graph No. 15: The graph contains the formulations hardness

The tablet's hardness should be less than 4 Kg/cm3 in order to comply with USP standards. The formulation
with the very least hardness, F2, and the formulation with the most hardness, F4, are both available.

Friability Test-
Table No. 20: The table contains the Friability of different formulation
Formulation Number Inltl?ég)e ight Final Weight (gm) % Friability
F1 20 19.81 0.95
F2 20 18.42 7.9
F3 20 19.95 0.25
F4 20 19.98 0.1
F5 20 19.82 0.9
Fo6 20 18.85 5.75
F7 20 19.96 0.2
F8 20 19.52 2.4
F9 20 19.67 1.65
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Graph No. 16: The graph contains the Friability of different formulation

The friability of the tablet should be less than 1% in accordance with USP requirements. F4 is the formulation
with the very lowest friability, and F2 is the formulation with the highest friability.

Disintegration Test-
Table No. 21: The Disintegration time of various formulations in Acidic Gastric Media-Stomach

Time of Disintegration of Tablets (min) for Acidic Gastric Media-Stomach
Sr. No Tablet

C1 C2 C3 Mean
1 F1 20.1 21.56 20.2 20.62
2 F2 19.03 20.44 19.59 19.69
3 F3 22.56 21.55 20.59 21.57
4 F4 22.26 22.56 22.48 22.44
5 F5 22.56 22.56 21.46 22.19
6 F6 21.43 22.59 22.46 22.16
7 F7 21.49 22.48 22.55 22.17
8 F8 21.51 21.44 22.36 21.77
9 F9 22.16 21.41 22.46 22.01

Table No. 22: The Disintegration time of various formulations in Basic Gastric Media- Intestine

Time of Disintegration of Tablets (min) for Basic Gastric Media- Intestine
Sr.No  Tablet

C2 C3 Mean

30.45 30.19 30.54 30.39
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2 F2 28.42 29.2 28.59 28.74
3 F3 30.12 30.52 30.49 30.38
4 F4 32.4 31.56 32.12 32.03
5 F5 30.12 30.52 30.49 30.38
6 F6 30.31 30.4 30.32 30.35
7 F7 30.16 30.26 30.16 30.19
8 F8 30.55 30.39 30.44 30.46
9 F9 30.45 30.32 30.54 30.44

Disintigration Test

35

30
2
0
F1 F2 F3 F4 F5 F6 F7 F8 F9

Formulations

Time
= N
o (6] o (6]

]

M Seriesl M Series2

Graph No. 17: The graphical representation of disintegration time of formulation in two
different media

The Determination of disintegration time take place as per standard method & instrument take place in that due
to the extended-release tablet the method follows by two different mediums have to done i.e., Acidic media &
basic media form the Stomach & intestine respectively as per observation the tablet disintegrate in acidic media
in short duration & basic media in long duration.

Drug Content-
Table NO. 23: The Drug content in formulation in percentage
Sr no Formulations ‘ Drug Content (%) ‘
1 F1 92.83
2 F2 98.64
3 F3 95.45
4 F4 93.56
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Graph No. 18: The Percentage Drug content in formulation
By follow standard operating procedure of drug content find out of that has been done form that all concludes
that Formulation number F7 having highest (99.90%) drug content & Formulation number F9 having very low
(85.86%).

In Vitro Dissolutions study-
Table No. 24: the Percentage Drug Release Record of all Formulations.

Formulations
(min) e F2 F3 F4 F5 F6 F7 F8 F9
30 | 1007 | 947 | 1524 | 1065 | 864 | 128 | 1544 | 864 | 10.07
60 | 1527 | 1706 | 2571 | 2952 | 1800 | 2656 | 2571 | 1819 | 1527

920 27.64 25.90 35.18 40.40 28.97 33.42 35.18 28.88 27.64

120 35.14 30.06 45.48 48.10 39.87 4391 48.48 39.87 38.14

150 45.67 40.41 55.90 60.25 45.02 53.54 55.90 45.02 48.67

180 52.26 48.03 68.92 67.09 58.86 66.33 68.92 59.88 51.26

210 61.12 54.19 70.15 70.96 68.66 73.13 70.15 68.65 62.11

240 68.59 65.14 74.80 7591 72.52 79.98 74.80 72.62 70.59

270 72.16 74.88 78.56 80.34 84.46 81.92 78.56 84.47 74.16
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300 | 7842 | 80.69 | 82.18 | 82.82 86.43 86.90 | 84.18 | 8644 | 79.42
330 8421 | 8537 | 8742 | 86.29 90.85 9032 | 9742 | 90.85 | 8521
360 89.26 | 9545 | 9842 | 92.58 94.95 90.22 | 98.88 | 9498 | 90.26
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Graph No. 19: The graph contains the percentage of drug release of all the formulations against
specific time intervals.

According to graph & the Observation table we see that the all formulation of solid dispersion tablet having
adequate drug release capacity but as compare to each other the formulation number, F1 (89.26%) having very
low percentage Drug release whereas the formulationnumber F7 (98.88%), having High percentage drug
release. So, we conclude that the formulation number F7 is the Optimize formulation according to this
formulation.

COMPARATIVE STUDY

Table No. 25: The Comparative In-Vitro Study of Marketed & Optimizes Formulation (%
Drug Release)

10.028

30 15.4455
60 13.448 25.7168
90 16.612 35.1881
120 29.951 48.4851
150 33.662 55.901

180 39.095 68.9287
210 44.628 70.1584
240 65.773 74.804

270 75.525 78.5683
300 82.329 84.1822
330 89.671 97.4218
360 96.029 98.8854
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Graph No. 20: The Comparative In-Vitro Study of Marketed & Optimizes Formulation

The in-vitro comparative study of marketed
formulation & Optimize Batch (Dissolution Study/
Drug release Study) has been performed for 6 hr. by
USP II apparatus i.e., Paddle type of apparatus used
in that at normal body temperature this test has been
performed. At the end of study resulted that the
optimized Formulation having constantly increase &
highest (98.885 %) drug release capacity &
traditional marked formulation number having drug
release capacity (96.029 %). Hence according to
graph analysis, we can say that the optimized
formulation as good as marked formulation.

IV.  Conclusion

By using various ingredients, for increase
the solubility of drug (Nevirapine), the formulation
and evaluation of the Solid dispersion tablets by
solvent evaporation method have been done. In all
over study & development observed that the
formulation number F7 is the exhibit the optimized
formulation. compared to the other because of the
Tablet containing solid dispersion having high drug
availability (96.620%) with compatible with all
ingredient use in formulation. According to the
weight variation study as per USP pharmacopeia the
+ 5% weight variation is acceptable limit for the
300mg tablet so as we refer that the all-formulation
batches has been pass this test, where the
formulation number F7 have very low variation &
Formulation number F2 having high variation.

In hardness & the friability having
inversely proportion to teach other means when the
hardness of tablet is goes increases the friability of

tablets decreases. Same as the formulation number
F4 having very high hardness (4.6 kg/cm3) & very
low friability (0.1%).

Drug content (99.90%) & percentage of
drug release i.e., in vitro study (98.85%) of solid
dispersion tablet is giving ideal result than other
formulation.

A comparison study of the marketed
formulation (traditional Nevirapine tablet), and the
optimized formulation, Nevirapine Solid Dispersion
Tablet form, found that the optimised formulation
has the highest range of drug release capacity
compared to the marked formulation in 6 hours.
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