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Abstract 

Background: Short-half-life drugs must be dosed often since they are quickly excreted from the circulation and 
readily absorbed from the GIT. In order to gradually release the medication into the GIT and sustain a constant 
drug concentration in the blood for a longer length of time, oral controlled-release formulations have been 
developed. 
Aim:  The current study aim is to create an oral controlled release dosage form that not only delays drug delivery 
but also delays the passage of the dosage forms through the stomach and small intestine, allowing for the complete 
release of the drug over the chosen time.  
Method: In the current study, natural and synthetic polymers were used in various ratios to prepare and assess a 
microparticles drug delivery system for Nevirapine. The study includes 12 different Nevirapine microsphere 
formulations that were prepared using the ionotropic gelation technique 
Results: The results revealed that entrapment efficiency depends on the drug-to-polymer ratio. According to the 
particle size study, all formulations produced particles with sizes between 705.21, and 935.45 µm, which is 
appropriate for oral administration of the formulation. The formulation F8 was selected as the best one out of the 
twelve formulations because it had a good drug release profile in 12 hours (98.74%) and good entrapment 
efficiency (90.48%), when HPC and sodium alginate were combined (1:2). 
Conclusion: Formulation F8, which showed higher entrapment efficiency and provides the desired drug release 
rate. The F8 formulation was the best and optimized of all the remaining formulations. 
 
Keywords: Controlled Release Drug Delivery System, Drug Entrapment Efficiency, Hydroxy Propyl Cellulose, 
Micro particulate Drug Delivery System 
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1. Introduction 
Most researchers agree that the micro particle 
delivery method is a safe and effective way to 
deliver medication to specific target sites while 
maintaining the desired concentration in the 
area of interest. 1 A microcapsule is a sphere-
shaped particle with a diameter of between 50 
nm and 2 mm and a core material inside. In the 

strictest sense, microspheres are spherical 
empty particles.2 On the other hand, 
microcapsules and microspheres are frequently 
used interchangeably. In addition, certain 
similar terms are used, such as "micro beads" 
and "beads," which are used interchangeably.  
For rigid morphology, spheres and spherical 
particles are used.1-3  
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Microspheres are naturally biodegradable free-
flowing powders made up of natural or 
synthetic polymers that have a particle size of 
less than 200 micrometres. The controlled 
release of drugs is possible with solid 
biodegradable microspheres, including a drug 
disseminated or dissolved throughout the 
particle matrix.4-6 
Nevirapine, an antiviral drug used to treat 
HIV/AIDS and viral infections, is categorised as 
BCS class II, due to its poor water solubility and 
has low and variable oral bioavailability.7 A 
peptidomimetic inhibitor called Nevirapine 
blocks the HIV-1 and HIV-2 proteases. Because 
of its short biological half-life (3-5 hours), low 
bioavailability (65%), limited therapeutic index, 
and predominant stomach absorption, 
Nevirapine must be released in a controlled 
manner.8 Because of these drawbacks, 
mucoadhesive microspheres were developed to 
increase dosage form retention in the GI tract, 
allowing for full utilization of Nevirapine 
efficacy while lowering dose frequency and 
enhancing bioavailability.9 These results 
suggest that mucoadhesive microspheres 
appear to be a required choice for administering 
Nevirapine to treat HIV patients. 
The distinctive feature of this study is the use of 
mucoadhesive polymers to combine the benefits 
of particulate systems (microspheres) with 
mucoadhesive drug delivery systems.  
 
2. Materials and Method 
2.1 Materials 
Nevirapine was received from Aurobindo 
Pharma Ltd., in Hyderabad, as a gift sample. We 
bought Ethyl cellulose, Hydroxypropyl cellulose, 
and Hydroxypropyl methylcellulose K100 from 
Oxford Laboratory in Mumbai. Sodium alginate 
was received from S.D. Fine Chem. Ltd., Mumbai, 
as a gift sample. All additional compounds were 
of analytical grade. 
 
2.2 Preparation of microparticles 

Ionotropic external gelation approach was used 
to prepare the Nevirapine mucoadhesive 
microspheres10,11. Nevirapine and 
mucoadhesive polymers were each passed 
through #80 separately. In order to create a 
homogeneous polymer solution, the weighed 
amount of Nevirapine was added to filtered 
water that already included the mucoadhesive 
polymers. The mixture was then carefully 

stirred at 400 rpm. To get rid of any air bubbles, 
the resultant dispersion was sonicated for 30 
minutes. For the creation of mucoadhesive 
microspheres, the dispersion was extruded 
dropwise into an aqueous aluminium sulphate 
solution (10%) from a height of about 5 cm 
while being agitated at 400 rpm. To complete 
the curing process and create spherical, hard 
Nevirapine mucoadhesive microspheres, the 
additional droplets were kept in the aluminium 
sulphate solution for 30 minutes12. Then, 
Whatman filter paper was used to filter the fluid 
containing the Nevirapine microspheres that 
had developed. It took 12 hours for the 
mucoadhesive microspheres to dry out at 45 °C. 
Table1 listed the composition of various 
formulations of Nevirapine microspheres. 
Table 1: Preparation of Nevirapine Mucoadhesive 
microspheres 

Formulation Ratio of Polymer Drug: 
Polymer 

F1 0.25:0.25 (SA:EC) 1:0.5 
F2 0.5:0.5 (SA:EC) 1:1 
F3 0.75:0.75 (SA:EC) 1:1.5 
F4 1:1 (SA:EC) 1:2 
F5 0.25:0.25 (SA: 

HPC) 
1:0.5 

F6 0.5:0.5 (SA: HPC) 1:1 
F7 0.75:0.75 (SA: 

HPC) 
1:1.5 

F8 1:1 (SA: HPC) 1:2 
F9 0.25:0.25 (SA: 

HPMC K100) 
1:0.5 

F10 0.5:0.5 (SA: HPMC 
K100) 

1:1 

F11 0.75:0.75 (SA: 
HPMC K100) 

1:1.5 

F12 1:1(SA: HPMC 
K100) 

1:2 

 
SA-Sodium Alginate; EC- Ethyl cellulose; HPC-
Hydroxy Propyl cellulose; HPMC-Hydroxy 
Propyl methyl cellulose 
 
Preparation of a drug standard curve using a 
pH 7.4 phosphate buffer 
Aliquots of stock solution (100 g/ml) 
corresponding to 5–25 µg (5,10,15,20, and 25 
ml) were pipetted out into a series of 100 ml 
volumetric flasks and phosphate buffer pH 7.4 
was used to make the volume up to 100 ml. 
Using a UV-visible double beam 
spectrophotometer, the absorbance of these 
solutions was measured against a phosphate 
buffer pH 7.4 as a blank at 313 nm13. 
2.3 Evaluation of Micro particles 



Neuro Quantology | September 2022 | Volume 20 | Issue 9 | Page 5934-5942 | doi: 10.14704/nq.2022.20.9.NQ44692 
Ramu Samineni, Y. Ratna Sindhu Arumilli Swetha, Swathi Thumula, M. Sabareesh, Chinagani Akhila, Shaik firoz, Effect of Natural and 
Synthetic Polymers On The Controlled Release Of Nevirapine Mucoadhesive Microspheres 

 

5936 

5936 

2.3.1 % Yield  
The weight of the dried finished product in 
relation to the starting total weight of the 
Nevirapine and polymer used to prepare the 
Nevirapine mucoadhesive microspheres14 was 
used to calculate the percentage yield of 
Nevirapine microspheres of various batches. 
 
2.3.2 Particle Size  
The Nevirapine mucoadhesive microspheres' 
particle size and size distribution were 
determined using the sieve analysis technique15. 
The Nevirapine mucoadhesive microspheres 
were sieved for 10 minutes using conventional 
sieves with nominal mesh openings of 1.4 mm, 
1.2 mm, 1.0 mm, 0.85 mm, and 0.71 mm, and the 
mean particle size was calculated. 
 
2.3.3 Microspheres Morphology 
The Nevirapine mucoadhesive microspheres' 
surface morphology and shape were examined 
using scanning electron microscopy. (JEOL JSM-
5200). The microsphere sample was attached to 
an aluminium stub and coated with platinum 
particles using a sputtering process in an 
environment of argon.16  
 
2.3.4 Micromeritics Properties 
Microspheres that had been precisely weighed 
were gently put into a graduated cylinder at the 
10 ml mark using a glass funnel, initial volume 
was noted. Bulk density and tapped density 
were noted using tapping method using 
measuring cylinder (of 10 ml)17.  
Angle of repose of prepared microspheres (n=3) 
was determined by fixed funnel standing 
method. On a sheet of paper held flat, the 
granules were allowed to flow down a funnel 
opening to collect in a pile. The following 
formulae were used to compute the angle of 
repose (θ), Hausner's ratio (H), and Carr's index 
(percent C) to analyse the flow characteristics of 
microspheres. 
 

θ = Tan-1h/r               Equation 1 
 

H = Dt/Db     Equation 2 
 

% C = Dt-Db/Dt × 100   Equation 3 
 
Where h is the pile's height and r its radius. 
where Db is the bulk density and Dt is the tap 
density, respectively17,18. 

 
2.3.5 Drug Entrapment Efficiency  
The amount of Nevirapine entrapped was 
estimated by method of extraction of drug 
present in mucoadhesive microsphere. The 
dried Nevirapine mucoadhesive microspheres 
(100 mg) were taken and extracted in 100 ml of 
0.1N HCl for 24 hours in rotary shaker. The 
solution was filtered through a 0.45 μm filter 
and the concentration of Nevirapine present in 
filtrate determined spectrophotometrically at 
284 nm (LABINDIA UV-3092 PC) against 0.1 N 
HCl as a blank19. 
 
2.3.6 FTIR  
The optimal formulation and pure drug was 
scanned utilising the KBr disc technique, using 
the Fourier transform infrared spectroscopy 
(FTIR) spectra. The samples were examined in 
the range of wave numbers 4000 to 400 cm-1 20 
 
2.3.7 Mucoadhesive test  
Nevirapine microspheres' mucoadhesive 
property was assessed using the wash-off 
method, an in vitro adhesion testing technique. 
The freshly excised piece of the goat intestinal 
mucosa was mounted on the glass slide with 
cotton thread. Each prepared glass slide was 
covered with about 100 microspheres before 
the support was instantly hang from the arm of 
the USP disintegration machine. The intestinal 
mucosa was given a steady, regular up and 
down movement in the test fluid (0.1N HCL 
buffer) at 37±0.5°C when the test device was 
operating. The equipment was stopped every 60 
minutes to eight hours, and the number of 
Nevirapine microspheres remained adhered to 
the intestinal mucosa was counted and the 
percentage of mucoadhesion was measured21.  
 
2.3.9 In vitro dissolution  
Using a dissolution test paddle type at 37±0.5°C 
and a rotating speed of 50 rpm, the release of 
Nevirapine from the mucoadhesive 
microspheres was investigated in 0.1N HCl 
buffer pH 1.2 as the medium. In each test, a 
sample of mucoadhesive microspheres 
corresponding to 100 mg of Nevirapine was 
employed. Hourly for 12 hours, 5 ml aliquots 
were removed from the dissolving device using 
a 0.45 filter and replaced with an equal volume 
of new dissolution liquid. Utilizing a UV 
spectrophotometer, the samples' Nevirapine 
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content was determined at 284nm. 22 
(LABINDIA UV-3092 PC).  
 
2.3.10 Release kinetic studies 
By fitting the dissolution data into different 
kinetic models, such as zero order, first order, 
regression analysis of the aforementioned plots 
was used to obtain the korsemeyer peppas, 
Higuchi's model, and Coefficient of Correlation 
(r) values for the liner curves. The rate and the 
mechanism of Nevirapine release from the 
prepared mucoadhesive microspheres were 
then examined. 23. 
 
2.3.11 Thermal Analysis (DSC) 
With the use of a Shimadzu DSC 60, differential 
scanning calorimetry (DSC) was used to 
examine any potential interactions between the 
medicine Nevirapine and mucoadhesive 
polymers. Five milligrams samples were 
precisely weighed into aluminium pans and 
then sealed. DSC tests were carried out in 
nitrogen atmospheres over a temperature range 
of 40-300 °C at a heating rate of 10 °C/min.24-25. 
 
2.3.12 X-Ray Diffraction study (XRD)  
An X-ray diffractometer was used to measure 
the crystallinities of pure drug and Nevirapine 
loaded mucoadhesive microspheres. XRD 
studies were performed on the prepared 
samples by exposing them to Cuk α1 radiation 
(40 kV, 30 mA) and the scanning rate was 5° 
/min over a range of 4-90° and with an interval 
of 0.125-27. 
 
2.3.13 Stability study  
Nevirapine stability studies were completed in 
accordance with ICH (International Conference 
on Harmonization) standards. The best 
mucoadhesive microsphere formulation (F8) 
was kept for 90 days at 4 °C/ambient, 25 °C/60 
%, and 40 °C/75 % RH in closed bottles. The 
samples (F8) were evaluated for mucoadhesion 
% and entrapment efficiency every month for 
up to three months. 28-30. 
 
3. Results and Discussion 
3.1 Standard Graph of Nevirapine  
The concentration in µg/ml on the X-axis and 
the absorbance on the Y-axis were used to plot 
the calibration curve. represented in figure 1  

 
Figure 1: Standard graph of Nevirapine 7.4 Buffer (λmax 
at 313 nm) 

 
3.2 Percentage yield 
The percentage yields of Nevirapine 
microspheres generated by the ionotropic 
gelation technique were found to be between 
84.33 % to 94.28 % as indicated in table 3. It was 
discovered that the manufacturing yield of the 
microspheres made using HPMC K100 was 
higher than that of the grades HPC and EC. 
 
3.3 Particle size 
According to table 3, the Nevirapine 
microspheres' average particle size varied from 
705.21±2.00 to 935.45±2.07 μm The high 
viscosity of the mucoadhesive polymer solution 
may be the cause of the considerable rise in 
mean particle size with increasing 
mucoadhesive polymer concentration. 
 
3.4 Entrapment Efficiency 
According to table 3, the range of the 
entrapment efficiency in terms of a percentage 
was 64.52 to 96.42%. The Nevirapine 
microspheres made with HPMC K100 had a 
better entrapment efficiency than those made 
with HPC and EC grades. This could be explained 
by the fact that HPMC K100 has a larger 
molecular weight than HPC and EC grades. An 
increase in the molecular weight of the polymer 
enhances the entrapment efficiency of the 
mucoadhesive microspheres by creating a more 
complete matrix network. 
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Table 2: Physicochemical properties of Nevirapine Mucoadhesive 
microspheres 

Formulation 
code 

% 
yield a 

Entrapment 
Efficiency a 

Particle size 
[μm]a 

F1 84.33 64.52±0.75 705.21±2.00 

F2 88.15 73.27±1.11 723.33±2.42 
F3 90.80 78.42±1.62 749.38±1.25 
F4 91.08 86.66±1.67 785.80±2.61 

F5 86.46 72.72±0.75 774.58±1.70 
F6 89.84 80.06±1.00 816.49±1.10 
F7 90.04 85.45±1.54 863.13±2.54 
F8 93.38 90.48±1.67 901.08±1.91 

F9 88.12 92.87±0.79 920.58±1.91 
F10 90.38 94.88±1.00 925.52±2.21 
F11 92.58 95.52±1.18 930.92±2.09 

F12 94.28 96.42±1.67 935.45±2.07 

a Mean ± SD, n = 3. 
 
3.5 Micromeritics properties 
The micrometric characteristics of each 
formulation of Nevirapine microspheres were 
assessed. Results are shown in table 4. Angle of 
repose of all microspheres batch varied from 
22.72 to 30.61. Compressibility index varies 
from 9.76 % to 14.08 %. Hausner’s ratio varies 
from 1.10 to 1.16. Here all these formulations 
results revealed excellent (F1, F2, and F5) and 
good flow property and compressibility. 
 
Table 3: Micromeritics properties of Nevirapine 
Mucoadhesive microspheres 

 

a Mean ± SD, n = 3 
 
3.6 FTIR Studies: 
There was no significant difference in the 
pattern of peaks between the IR spectra of the 
pure drug sample of Nevirapine and those of 
Nevirapine-loaded microspheres, in figure.2. 
Hence there was no interaction seen in between 
Nevirapine and Mucoadhesive polymers. 

 
Figure 2: FTIR spectra of, (A): Pure Nevirapine; (B): 
Formulation containing SA+EC (C): Formulation 
containing SA+HPMC K100M; (D): Formulation containing 
SA+HPC 

 
3.7 SEM 
Scanning electron microscopy was used to 
analyse the morphology of the best formulation 
F8 mucoadhesive microspheres (SEM). The 
Nevirapine microspheres were seen in the SEM 
images to be distinct, spherical, and to have the 
rough surface morphology seen in figure 3. 

 
a. 50X 

 

 
b. 100X 
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c. 150X 

Figure 3: SEM images of optimised formulation  

 
3.8 Mucoadhesive test 
Table 4 displays the results of all Nevirapine 
microsphere formulations' in vitro 
mucoadhesion testing. The percentage of 
mucoadhesion in Nevirapine formulations rises 
along with the concentration of mucoadhesive 
polymers. The larger molecular weight of HPMC 
K100 than HPC and EC based microspheres may 
be the cause of the increased mucoadhesion of 
HPMC K100 based mucoadhesive microspheres. 
The Robinson et al. research backs up our 
finding.19 The pH of the in-vitro wash off 
medium affects the polymers' solubility, 
hydration, and mucoadhesiveness. The findings 
of the in-vitro wash-off test showed that the 
mucoadhesive characteristics of the Nevirapine 
microspheres had fairly good Mucoadhesive 
properties.  
 
Table 4: Results of in vitro wash off test 

ZF. 
Code 

1st  
Houra 

2nd  Houra 4th 
Houra 

6th  
Houra 

8th  Houra 

F1 96±1.52 86±2.08 55±0.57 34±1.15 05±0.57 

F2 97±1.15 88±1.52 62±0.57 40±1.00 14±1.15 
F3 98±1.00 94±1.52 68±1.15 48±1.52 24±1.73 
F4 100 99±1.15 72±1.00 56±0.57 36±1.52 
F5 100 90±0.57 74±1.52 57±0.57 38±1.15 

F6 100 98±0.57 82±1.00 64±1.15 46±1.52 
F7 100 99±1.53 83±1.00 67±1.15 48±0.57 
F8 100 99±0.57 87±1.15 70±1.52 50±0.57 

F9 100 100±0.55 88±1.15 73±1.00 55±1.55 
F10 100 100±0.57 90±0.57 74±1.00 62±1.52 
F11 100 100 93±0.57 80±1.00 64±1.53 
F12 100 100 95±0.57 82±1.52 70±1.00 

aMean ± SD, n = 3 
 
3.9 In vitro Drug Release:  
The in vitro Nevirapine release profile for all 
batches was shown in figure 4. These 
mucoadhesive microspheres released drugs 
slowly and under regulated conditions, 
depending on the nature and quantity of 
mucoadhesive polymers used22 23. When the 
amount of mucoadhesive polymer increased, it 
was observed that the release of Nevirapine 

decreased. This might be explained by the 
microspheres expanding more after being 
hydrated and having more mucoadhesive 
polymer in them, which lengthens the diffusion 
channel and delays medication release. Out of all 
the formulations, F8 was selected as the best 
formulation because it had an excellent drug 
release profile in 12 hours (98.74%) and 
contained sodium alginate and HPC (1:2). As a 
result, F8 is regarded as the best microsphere 
formulation and a promising for controlled 
release. 
 

 
Figure 4: Comparative Zero order plots for Pure drug and 
F1-F12 formulations 

 
3.10 Release Kinetics 
Table 5 displays the drug release kinetic data for 
the mucoadhesive microspheres of Nevirapine 
with regression values ranging from 0.920 to 
0.996, all of the microsphere formulations (F1 to 
F12) adhered to the Korsmeyer-Peppas model 
and zero-order release kinetics. The Nevirapine 
release mechanism was followed by case-II 
transport (Zero order Release) and super case-
II transport, according to Korsmeyer-Peppas 
plots, where the 'n' value ranged from 1.035 to 
1.476. 
 
Table 5: Release kinetic parameter of Nevirapine from 
Mucoadhesive microspheres 
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3.11Thermal Analysis (DSC) 
Figure 5 illustrates the study of the thermal 
behaviour of manufactured Nevirapine 
microspheres in relation to thermos grams of 
both pure Nevirapine and drug-loaded 
microspheres. The melting point of Nevirapine, 
245.6 °C, was clearly visible on the thermogram 
of the pure substance. The microspheres 
containing Nevirapine with HPC (1:2) F8 may 
easily be identified by their distinctive peak 
(240.9 °C) Nevirapine and the mucoadhesive 
polymers utilised to create the microspheres 
were compatible with one another. 
 

 
Figure 5: DSC thermogram A. Pure Nevirapine; B. 
Optimized formulation F8 

 
3.12 X-Ray Diffraction study (XRD)  
For the purpose of determining the crystallinity 
of Nevirapine in the mucoadhesive 
microspheres, the X-ray diffraction spectra of 
Nevirapine and Nevirapine loaded 
microspheres (F8) were recorded. Nevirapine 
X-ray diffractogram revealed high peaks at 
6000, which are shown in figure 6 as a typical 
crystalline form. However, mucoadhesive 
microspheres loaded with Nevirapine displayed 
peaks at low intensities (3000), indicating that 
some Nevirapine had been converted to an 
amorphous state. 

 
Figure 6: XRD spectra of A. Pure Nevirapine B. Optimized 
formulation F8 

 
3.13 Stability data 
The optimized F8 formulation were tested for 
stability by being stored for three months at 4 
°C/Ambient, 25±2°C/60±5% RH, 40±2°C/75±5 
% RH for 3 months. According to table 6, the 
optimized formulation (F8) exhibits negligible 
variation in percentage entrapment efficiency 
and percentage mucoadhesion. Therefore, it can 
be claimed that the HPC-prepared Nevirapine 
mucoadhesive microspheres are stable. 
 
Table 6: Percentage entrapment efficiency and 
mucoadhesion of the F8 formulation 

Condition Da
y 

% 
Entrapment 
Efficiencya 

% 
Mucoadhesi

ona 

 
4 °C/Ambient 

0 96.42±1.67 70.12±1.16 

30 96.38±1.53 69.24±1.45 

60 96.24±1.17 68.48±1.37 

90 95.89±1.12 67.54±1.35 

 
25±2°C/60±5

% RH 

0 96.42±1.67 70.12±±1.16 

30 96.24±1.35 68.28±1.35 

60 95.92±1.72 67.54±1.12 

90 95.74±1.21 66.45±1.35 

 
40±2°C/75±5 

% RH 

0 96.42±1.67 70.12±1.12 

30 96.12±1.28 67.32±1.18 

60 95.78±1.12 66.24±1.35 
90 95.64±1.72 65.45±1.45 

a Mean ±SD, n = 3. 
 
4. Conclusion 
In order to increase the drug's bioavailability, 
the current study has effectively developed a 
mucoadhesive system for oral delivery of 
Nevirapine. Ionotropic method used successfully 
to create natural polymer combined with 
synthetic polymer containing mucoadhesive 
microspheres of Nevirapine. The current 
procedure was quick, easy, and does not require 
the use of dangerous chemical solvent. The IR 
and DSC spectra showed that there was no 
interaction between polymers and Nevirapine, 
indicating that they are compatible, according to 
the experimental data. Nevirapine loaded 
mucoadhesive microspheres produced good 
Micromeritics parameters. According to the 
particle size study, all formulations produced 
particles with a size between 705.21 and 935.45 
m, which is appropriate for oral administration 
of the formulation. The formulation F8 was 
selected as the optimized one out of the other 
formulations because it had a good drug release 
profile in 12 hours (98.74%) and high 
entrapment efficiency (90.48%) when HPC and 
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sodium alginate were combined (1:2). As the 
plot of the Pappas model was discovered to be 
zero order drug release, the drug release was 
erosion regulated. The SEM analysis of the F8 
microspheres revealed that the formulation was 
abrasive and spherical with a nice surface shape. 
The type and concentration of mucoadhesive 
polymers in the polymer matrix affecting 
Nevirapine drug release rate. Thus, the findings 
show the possibility for using sodium alginate in 
combination with both natural and synthetic 
polymers to create microspheres that transport 
Nevirapine mucoadhesive and remain at the 
absorption site for an extended period of time. 
To improve patient compliance and providing 
regulated release, the produced mucoadhesive 
microspheres of Nevirapine will enhance 
therapeutic efficacy and overcome the 
limitations of traditional treatment. 
 
5. Acknowledgement 
The administration and personnel of Vignan's 
Foundation for Science, Technology and 
Research, Vadlamudi, Guntur, Andhra Pradesh, 
India, are to be thanked for their assistance in 
making the research project a success. 
 
6. Ethical Approval 
The study did not require ethics committee 
approval or patient informed consent because it 
did not focus on any clinical parameters and did 
not utilize any humans or animals for the 
processing of work. 
 
7. Conflicts Of Interest 
No conflict of interest was declared by the 
authors. The authors alone are responsible for 
the content and writing of the paper. 
 
8. References 
Elas J L and Longo N., Glucose transporters. Annu. Rev. Med 

1992; 43: 377- 393.  
Definition and diagnosis of diabetes mellitus and 

intermediate hyperglycemia, World Health 
Organization 2006: 1-46.  

Drug evaluations annual, American Mediacal Association 
1993; 109:35-38.  

Albeti K G M M and Zimmet P Z., Definition, diagnosis and 
classification of diabetes mellitus and its complications. 
Provisisonal report a WHO consultataion. Diabetic 
medicine 1999: 15: 1-66.  

American Diabetes Association. Type 2 Diabetes in 
Children and  Adolescents. Diabetes Care 2000; 23(3): 
381-389.  

Martindale. The complete drug reference. 33rd ed. London. 
Pharmaceutical press 2002: 313-334.  

S Ramu, G Ramakrishna, M Balaji, K Kondala, S Haranadh, 
D Kumar. Multiple unit drug delivery system: 
pelletization techniques. Am J Adv Drug Deliv. 2013; 
1(1):11-21 

Kadhe G and Arasan R E., Advances in drug delivery of oral 
hypoglycemic Agents.         Current Science 2002; 
83(12): 1539-1543. 

Langer O., Oral Antidiabetic Drugs in Pregnancy: The Other 
Alternative.Diabetes Spectrum 2007; 20(2): 101-105.  

Sacks S and Sacks D., Oral hypoglycemic agents. Sweet 
Success: Diabetes and Pregnancy Newsletter. CDAPP 
Regional Programs 2008; 6(3):1-8. 

Tripathi KD., Essentials of Medical Pharmacology 6th 
edition Jaypee Publications 2008: 254-274. 

Tonnesen H H and Karlsen J., Alginate in Drug Delivery 
Systems. Drug Development and Industrial Pharmacy 
2002; 28(6): 621–630. 

S Ramu, P Suresh, D Srinivasa Rao, G Ramakrishna. 
Formulation and Evaluation of Floating Microspheres 
of Rosiglitazone. International Journal of 
Pharmaceutical, Chemical & Biological 
Sciences.2015;5(4): 907-918 

Shilpa A, Agrawal S S and Ray A R., Controlled Delivery of 
Drugs from  Alginate Matrix. Journal of 
Macromolecular 2003; 43(2):187–221. 

Vasir J K, Tambwekar K and Garg S., Bioadhesive 
microspheres as a controlled drug delivery system. 
International Journal of Pharmaceutics 2003;255: 13–
32. 

Chickering D E and Mathiowitz E., Bioadhesive 
microspheres: I. A novel electro balance-based method 
to study adhesive interactions between individual       
microspheres and intestinal mucosa. Journal of 
Controlled Release 1995; 34: 251-261. 

D Srinivasa Rao, S Haranadh Reddy, S Ramu, E Rambabu. 
Preparation and Evaluation of Mucoadhesive 
Microspheres of Simvastatin by Ionic Gelation 
Technique. Drug Delivery.2014;2(5):594-608 

Duchene D and Ponchel G., Bioadhesion of solid oral dosage 
forms, why and how? European Journal of 
Pharmaceutics and Biopharmaceutics 1997; 44: 15-23.  

Robinson JR, Kelly P, Park H, Ching HS. Bioadhesive 
polymers as platforms for oral controlled drug delivery 
II: synthesis and evaluation of some swelling water 
insoluble bioadhesive polymers. J Pharm Sci 1985; 
74:399-405. 

Bernkop A and Schnurch., Mucoadhesive systems in oral 
drug delivery. Drug Discovery Today: Technologies 
2005; 2(1): 83-87. 

M.R.Shamili S.Ramu, M.Ravindra Babu, K.Latha Sri, 
M.Ishwarya. Formulation and Evaluation of Sustained 
Release Vildagliptin Microspheres. International 
Journal of Pharmacy and Pharmaceutical 
Research.2016;8(1): 275-294 

Klaus florey. Analytical profiles of drug substances 2005; 
10: 337-355.  21. Indian pharmacopoeia 2007, vol. 2, 
Indian Pharmacopoeia Commission, Ghaziabad 2007; 
1165-1167.  

K Saravanakumar, Ashok Thulluru, Ramu Samineni, M 
Ishwarya, Pommala Nagaveni, Nawaz Mahammed. 
Effect of sodium alginate in combination with natural 
and synthetic polymers on the release of verapamil HCl 
from its floating microspheres. Journal of 
Pharmaceutical Sciences and Research.2019;11(5): 
2028-2035 



Neuro Quantology | September 2022 | Volume 20 | Issue 9 | Page 5934-5942 | doi: 10.14704/nq.2022.20.9.NQ44692 
Ramu Samineni, Y. Ratna Sindhu Arumilli Swetha, Swathi Thumula, M. Sabareesh, Chinagani Akhila, Shaik firoz, Effect of Natural and 
Synthetic Polymers On The Controlled Release Of Nevirapine Mucoadhesive Microspheres 

 

5942 

5942 

British Pharmacopoeia 2005, Medicinal and Health care 
products Regulatory Agency (MHRA) London 2005; 
Vol. 2: 910-911.  

HH Gangurde, NV Chavan, AS Mundada, DV Derle, and S 
Tamizharasi. Biodegradable Chitosan-Based Ambroxol 
Hydrochloride Microspheres: Effect of Cross-Linking 
Agents. J Young Pharm, 2011; 3(1): 9–14.  

K. Saravana kumar, M. Ishwarya, S. Ramu. Floating micro 
spheres: A promising drug delivery. 
IJPPR.2017;11(1):375-388 

L Pachuau, S Sarkar and B Mazumder. Formulation and 
evaluation of matrix microspheres for simultaneous 
delivery of salbutamol sulphate and theophylline. 
Tropical Journal of Pharmaceutical Research, 2008; 7 
(2): 995-1002. 

N Manasa, G Ramakrishna, D Srinivasa Rao, S Ramu, D 
Varun. Formulation and Evaluation of Venlafaxine 
Hydrochloride Tablets as Controlled Release Modules. 
IJRPC.2014;4(4): 1086-1097 

Nelson kenneth, varadarajan parthasarathy, chikkanna 
narendra, prakasam kalyani. Development and 
evaluation of oral controlled release matrix tablets of 
lamivudine: optimization and in vitro-in vivo studies. 
Int J Pharm Pharm Sci 2015;7(1):95-101. 

G Rama Krishna, M Ravi, D Srinivasa Rao, S Ramu. 
Preparation and Evaluation of Mucoadhesive 
Microspheres of Atorvastatin by Ionic Gelation 
Technique. International Journal of Pharmaceutical, 
Chemical & Biological Sciences.2015;5(4):1-11 

 
Abbreviation 
Gastrointestinal Tract (GIT), Sodium Alginate 
(SA), Ethyl Cellulose (EC), Hydroxy Propyl 
Cellulose (HPC), Hydroxy Propyl Methyl 
Cellulose (HPMC), Controlled Release Drug 
Delivery System (CRDDS), Drug Entrapment 
Efficiency (DEE), Micro particulate Drug 
Delivery System (MPDS), Human 
Immunodeficiency Viruses (HIV), Acquired 
Immune Deficiency Syndrome     (AIDS), Fourier 
Transforms Infrared Spectroscopy (FTIR), 

Differential Scanning Calorimetry (DSC), X-Ray 
Diffraction (XRD), International Conference on 
Harmonization (ICH), and Scanning Electron 
Microscopy (SEM). 
 
List of Tables 
Table 1: Composition of Nevirapine 
Mucoadhesive microspheres 
Table 2: Physicochemical properties of 
Nevirapine Mucoadhesive microspheres 
Table 3: Micromeritics properties of Nevirapine 
Mucoadhesive microspheres 
Table 4: Results of in vitro wash off test in 0.1 M 
HCL (pH 1.2) a 
Table 5: Release kinetic parameter of 
Nevirapine from Mucoadhesive microspheres 
Table 6: Percentage entrapment efficiency and 
mucoadhesion of the F12 formulation 
 
List of Figures 
Figure 1: Standard graph of Nevirapine 7.4 
Buffer (λmax at 313 nm) 
Figure 2: FTIR spectra of, (A): Pure Nevirapine; 
(B): Formulation containing SA+EC (C): 
Formulation containing SA+HPMC K100M; (D): 
Formulation containing SA+HPC 
Figure 3: SEM images of optimised formulation 
a) 50x b) 100x c) 150x  
Figure 4: Comparative Zero order plots for Pure 
drug and F1-F12 formulations 
Figure 5: DSC Thermogram of (A): Nevirapine; 
(B): Best formulation F8 
Figure 6: XRD pattern of (A): Pure Nevirapine; 
(B): Best formulation F8 
 
 

 


