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ABSTRACT

The purpose of the current work is to formulate the floating microspheres of acyclovir, an antiviral drug, with an
intention to prolong the residence time in the stomach and to achieve the prolonged release of the drug. A 32 full
factorial design and solvent evaporation technique was utilized to formulate the floating microspheres. The
formulated microspheres were evaluated for the various post formulation parameters including percentage
encapsulation and in vitro drug release. The average particle size was found to be 175 um with the percentage drug
entrapment efficiency ranging from 64.92+0.763 % to 72.19+0.335% w/w. The total floating time of the
microsphere was more than about 12 hours with the floating lag time ranging from 17.33+0.577 seconds to
39.66+2.081 secconds. The in vitro drug release showed that the acyclovir was released from the formulation at
slow rate and sustained for more than about 12 hours. From the conducted study, it can be presumed that the
fabrication of floating microspheres can successfully exert sustained release of the drug.

KEYWORDS: Acyclovir, Solvent evaporation, Floating microspheres, Sustained release, in vitro drug release.

INTRODUCTION

The drug carrier system plays a crucial role in the
effectiveness of a drug. Amongst all other routes of drug
administration, oral route is most preferred due to patient
compliance, controlled delivery, and higher absorption.
However, drug absorption in the gut is complex and
challenging, with factors like uncertain gastric emptying
and limited release affecting efficacy. Over the past two
decades, various oral drug delivery systems have been
developed to release active substances at a controlled
rate over a defined time period. The main reason for this
is the influence of gastrointestinal transit on drug
effectiveness, with gastric residence time being a key
factor. To address these concerns, floating gastric
retentive drugs have been introduced, including tablets,
beads, pellets, granules, and microspheres. These
formulations are beneficial for drugs that need local
action, have a narrow absorption window in the small
intestine, and lower solubility at higher pH levels. %
Floating drug delivery systems, also known as
hydrodynamically balanced systems, have a lower bulk
density than gastric fluids, allowing them to remain
buoyant in the stomach for extended periods without
affecting gastric emptying rates. This results in a longer
gastric residence time and better control of plasma drug
concentration.
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Microspheres, also known as microparticles, are small
spherical particles ranging from Ipm to 1000um in
diameter. They can be made from various natural and
synthetic materials such as glass, polymer, and ceramic.
Floating microspheres, also referred to as microballoons
or floating microparticles, are empty particles without a
core that have diameters in the micrometer range.l* - ©
Acyclovir, a BCS class HI/1V drug, is commonly used to
treat herpes simplex and vericella zoster infections. It
shows poor water solubility and have short biological
half-life (2.5-3.3 h) and low bioavailability (10-20%)
from the upper part of the gastrointestinal tract (GIT),
making it a suitable candidate for floating drug delivery
systems due to its acidic pH and limited absorption in the
gastrointestinal tract.l” &

The study aimed to create, design, and assess
microspheres of Acyclovir to enhance its efficacy and
stability in the stomach, thereby extending gastric
residence time and increasing its bioavailability after oral
administration.

MATERIALS AND METHODS

Acyclovir was obtained as a gift sample from Lomus
Pharmaceuticals Pvt. Ltd and modified starch was
purchased from Surya Chemicals Pvt. Ltd. All the other
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excipients and reagents were of analytical grade. The
study was conducted in the laboratory of Pharmaceutics
located in the premises of National Academy for Medical
Sciences, Kathmandu, Nepal.
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stirring speed as independent variables and % entrapment
efficiency, time for 80% drug release, and particle size as
dependent variables. All the nine formulations (F1 — F9)
were prepared using three different levels of polymer to

drug ratio and stirring speed.!*)
Design of experiment: The experiments were designed
using a 3 full factorial, with polymer to drug ratio and

Table 1: Formulation table of acyclovir floating microspheres.

Code | Acyclovir | HPMC K4M | Chitosan | Modified Starch Ethyl Cellulose
M1 100 100 - - 100
M2 100 100 - - 150
M3 100 100 - - 200
M4 100 - 100 - 100
M5 100 - 100 - 150
M6 100 - 100 - 200
M7 100 - 100 100
M8 100 - 100 150
M9 100 - 100 200

Calibration curve of acyclovir: 100 mg of the drug,
was weighed in a 100ml volumetric flask and prepared
using 0.1 N hydrochloric acid. A stock solution
concentration of 100 pg/ml was prepared, and acyclovir
aliquots were prepared from 2-10 pg/ml by transferring
0.2-1.0 ml of stock solution into a series of 10 ml
volumetric flasks. !

Preparation of floating microspheres: Using a solvent
diffusion-evaporation method with varying ratios of
three different polymers and ethyl cellulose, floating
microspheres containing acyclovir were developed as per
the composition of formulations depicted in Table 1. A
clear solution containing the drug and polymers
dissolved in a mixture of 1:2 ratio of ethanol and
dichloromethane was slowly poured into a 1% polyvinyl
alcohol solution while continuously stirring for up to 5
hours at 27+2°C. The floating microspheres were
collected while the non-floating microspheres were
discarded. The microspheres were dried overnight and
stored in a desiccator.** 7]
Evaluation of microspheres*® -

Shape and Size: Optical microscopy method was used to
evaluate the shape and size of the developed
microspheres. The eye piece micrometer was calibrated
with the help of a stage micrometer. The particle
diameter of more than 50 microspheres was measured
randomly. The average particle size was determined by
using Edmondson’s equation

_an
- In

where, n = number of microspheres, and d = mean of the
size range.
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Drug entrapment efficiency: The drug content of
different batches of floating microspheres was assessed
by weighing and crushing microspheres equivalent to
50mg of Acyclovir. The resulting powder was dissolved
in 5ml of ethanol and volumetrically made up to 100ml
with 0.1N HCI. After filtering, the solution was diluted
and analyzed spectrophotometrically at An.x, using 0.1N
HCl as blank. The drug entrapment efficiency was
calculated using the following formula:
% drug entrapment efficiency =
content/Theoretical drug content) x 100

(particle drug

In-vitro drug release: Accurately weighed microspheres
equivalnet to 100 mg of the drug were placed in a gelatin
capsule and added to a dissolution wvessel. The
dissolution study took place in 900 ml of 0.1N HCI (pH
1.2), maintained at 37 £ 0.5°C and stirred at 100 rpm. At
specific intervals, 5 ml samples were withdrawn, filtered,
and replaced with an equal volume of dissolution
medium to maintain the sink condition. The
concentration of the drug in the dissolution medium was
analyzed spectrophotometrically at Apyax-

RESULTS AND DISCUSSION

Calibration curve

The UV Spectrum analysis of Acyclovir in the
wavelength region of 200 — 400 nm showed maximum
absorbance at 256 nm. Diluted solutions for calibration
curve were analyzed for absorbance at 256 nm using a
UV-VIS spectrophotometer, and a standard graph was
plotted between concentration and absorbance which
yield a coefficient of determination 0.9988.
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Fig. 1: Calibration curve of acyclovir.

Percentage yield

The dried microspheres were weighed and percentage
yield was calculated for each developed batches. The
percentage yield for the microspheres was found within
the range of 66.81+1.626 to 74.20+0.711. Among all the
formulations the highest yield was found to be of M3 All
the results of obtained percentage yield is depicted in
Table 2.

Angle of repose

The angle of repose was determined using the fixed
funnel method and the obtained data for each
formulation batch. The range of Angle of Repose varies
from 24.66+0.514 to 31.87+0.965 which implies that the
flow properties were excellent to passable as per USP
data. The best flow properties was illustrated by
microsphere M3. The overall results of angle of repose is
tabulated in Table 2.

Particle size analysis
The particle diameter of more than 50 microspheres were
studied using optical microscopy method and the average

particle size was determined. The formulated
microspheres average size ranged from 175 pm of
formulation M3 to 204 pm of formulation M4. The data
obtained by the optical microscopic studies is given in
Table 2.

Drug entrapment efficiency

After the determination of the drug content, the
microspheres were studied for the percentage drug
entrapment efficiency as per the formula mentioned
above in methodologies. Each batch of formulation were
studied which showed a maximum percentage of
72.19+0.335 whereas, the least was shown by M4 with
the efficiency of 64.92+0.763 %. The following results
were obtained from the percentage drug entrapment
efficiency.

Floating Lag Time: The time taken by the formulation to
rise to surface is termed as floating lag time. The floating
lag time of the prepared microspheres ranged from
17.33+0.577 seconds to 39.66+2.081 sec, which was
shown by M3 and M4 respectively.

Table 2: Evaluation studies of prepared floating microspheres.

Formulation | Percentage Angle of Average Particle | Drug Entrapment | Floating Lag
Code yield (%) Repose (°) Size (UM) Efficiency (%) Time (sec)
M1 70.92+0.704 | 30.93+0.169 183 68.25+0.658 19.66+1.154
M2 72.48+1.304 | 27.50+0.902 177 70.25+0.824 18.33+1.527
M3 74.20+0.711 24.66+0.514 175 72.19+0.335 17.33+0.577
M4 66.81+1.626 | 31.87+0.965 204 64.76+0.684 39.66+2.081
M5 67.02+0.588 | 30.58+0.141 198 64.92+0.763 32.33+1.527
M6 68.69+1.033 | 28.05+0.500 191 65.92+1.110 31.33+1.527
M7 69.97+0.106 | 30.01+0.606 194 67.10+1.214 24.66+1.154
M8 71.23+0.597 | 28.93+0.609 189 68.24+0.527 21.33+1.527
M9 71.56+0.245 | 26.01+0.593 180 69.14+0.514 20.66+0.577

In-vitro dissolution studies

The in vitro dissolution studies was carried out in
simulated gastric fluid of pH 1.2. The dissolution studies
was carried out for 12 hours with an intention to study
the percentage of drug release upto that duration. The
study showed that at least 74.845% was released during
the 12 hours interval. The formulation M3 conveyed a
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release of 99.16% at the end of 12 hours which can be
said that almost full drug loaded in microspheres was
released that signifies a sustained release of drug. The
data obtained from the in-vitro dissolution study of all
the nine formulations were revealed in a line graph as
shown in figure 2.
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Dissolution Profile M1 - M9
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Fig. 2: Dissolution Profile of Floating Microspheres (M1 — M9).

CONCLUSION

An attempt was made to design, formulate and evaluate
the floating microspheres containing acyclovir by solvent
evaporation method. Among all the formulations, with
reference to the evaluation parameters, M3 was
considered to be the optimized formulation, as it was
determined to have the best micrometric characteristics,
percentage yield, percentage drug entrapment efficiency,
floating lag time, and the highest in vitro drug release of
99.16% in a consistent and sustained manner over an
extended period of time.

Thus the study successfully developed efficient floating
acyclovir microspheres, concluding that the prepared
floating microspheres of Acyclovir may be a safe and
effective candidate for controlled drug delivery, reducing
dosing frequency over an extended period.

REFERENCES

1. Patra CN, P. D, J S, Rao MB. Floating
Microspheres: Recent Trends in the Development of
Gastroretentive Floating Drug Delivery System.
PCI- Approved-1JPSN, 2011; 31, 4(1): 1296-306.

2. Kumar A, Chanda S, Agarwal S, Singh M, Sharma
S, Vasant Bonde G, et al. Formulation and evaluation
of gastro-retentive Tinidazole loaded floating
microsphere for sustained release. Materials Today:
Proceedings, 2023; 80: 1810-5.

3. Chordiya M, Gangurde H, Senthilkumaran K,
Kothari L. Formulation development and in vitro
evaluation of gastroretentive hollow microspheres of
famotidine. Int J Pharma Investig, 2011; 1(2): 105.

4. Sahil K, Akanksha M, Premjeet S, Bilandi A,
Kapoor B. MICROSPHERE: A REVIEW. IJRPC
[Internet]. [2024, 9]; 2011(4). Awvailable from:
https://www.ijrpc.com/files/000055.pdf.

5. Saxena A, Gaur K, Singh V, Singh RK, Dashora A.
Floating Microspheres as Drug Delivery System.
AJPPS, 2014; 1(2): 27.

6. Mukund JY, Kantilal BR, Sudhakar RN. Floating
microspheres: a review. Braz J Pharm Sci, 2012;
48(1): 17-30.

7. Rajeev Garg, GD Gupta. Development and
Characterization of Cellulose and Eudragit
Gastroretentive Floating Microspheres of Acyclovir.

www.ejbps.com | Vol 11, Issue 7, 2024. |

10.

11.

12.

13.

14.

1SO 9001:2015 Certified Journal |

Research J. Pharm. and Tech: Jan.-Mar, 2009; 2(1):
101-105.

Vinodbhai PK, Gohel DMC, B DRKP, Suthar DSB
s RN. Sustained Release Floating Microspheres Of
Acyclovir: Formulation, Optimization,
Characterization And In Vitro Evaluation.
International Journal of Drug Development and
Research [Internet], 2011 [2024, 9]; 3(1). Available
from: https://www.ijddr.in/abstract/sustained-
release-floating-microspheres-of-acyclovir-
formulation-optimization-characterization-and-in-
vitro-evaluation-5553.html.

Rao M, Borate S, Thanki K, Ranpise A, Parikh G.
Development and in vitro evaluation of floating
rosiglitazone maleate microspheres. Drug
Development and Industrial Pharmacy, 2009 Jul;
35(7): 834-42.

Mule* SG, Patre NG, B Kharwade ADK and S. The
Estimation of Acyclovir in Bulk and Tablet Dosage
form by Using Specificity and Analytical Method
Development. Acta Scientific Pharmaceutical
Sciences [Internet], 2022; 18 [2024, 9]; 6(3): 09-12.
Available from:
https://actascientific.com/ASPS/ASPS-06-0856.php.
LASURE A, ANSARI A, KALSHETTI M. UV
SPECTROPHOTOMETRIC ANALYSIS AND
VALIDATION OF ACYCLOVIR IN SOLID
DOSAGE FORM. International Journal of Current
Pharmaceutical Research, 2020; 18: 100-3.
ARUMUGAM K, D. BORAWAKE P, SHINDE JV.

FORMULATION AND EVALUATION OF
FLOATING MICROSPHERES OF
CIPROFLOXACIN BY SOLVENT

EVAPORATION METHOD USING DIFFERENT
POLYMERS. Int J Pharm Pharm Sci, 2021; 1:
101-8.

Kharia A, Hiremath S, Singhai A, Omray L, Jain S.
Design and optimization of floating drug delivery
system of acyclovir. Indian J Pharm Sci, 2010;
72(5): 599.

Shahi S, Sonawane A, Vanamore S, Zadbuke N.
Formulation and In-Vitro Characterization of
Acyclovir Floating Matrix Tablets: A Factorial
Design Study. imsearsearowhoint [Internet], 2013; 1
[2024; 9]; Available from:

134


https://www.ijrpc.com/files/000055.pdf
https://www.ijddr.in/abstract/sustained-release-floating-microspheres-of-acyclovir-formulation-optimization-characterization-and-in-vitro-evaluation-5553.html
https://www.ijddr.in/abstract/sustained-release-floating-microspheres-of-acyclovir-formulation-optimization-characterization-and-in-vitro-evaluation-5553.html
https://www.ijddr.in/abstract/sustained-release-floating-microspheres-of-acyclovir-formulation-optimization-characterization-and-in-vitro-evaluation-5553.html
https://www.ijddr.in/abstract/sustained-release-floating-microspheres-of-acyclovir-formulation-optimization-characterization-and-in-vitro-evaluation-5553.html
https://actascientific.com/ASPS/ASPS-06-0856.php

Kharel et al. European Journal of Biomedical and Pharmaceutical Sciences

https://imsear.searo.who.int/items/e5¢c9fof8-9eca-
4397-a903-b5d276882b27.

15. Dhaliwal S, Jain S, Singh HP, Tiwary AK.
Mucoadhesive Microspheres for Gastroretentive
Delivery of Acyclovir: In Vitro and In Vivo
Evaluation. AAPS J, 2008; 10(2): 322—-330.

16. O'Donnell PB, McGinity JW. Preparation of
microspheres by the solvent evaporation technique.
Advanced Drug Delivery Reviews, 1997; 28(1):

25-42.
17. Kim BK, Hwang SJ, Park JB, Park HJ. Preparation
and characterization of drug-loaded

polymethacrylate microspheres by an emulsion
solvent  evaporation  method.  Journal  of
Microencapsulation, 2002; 19(6): 811-22.

18. Dandagi P, Mastiholimath V, Gadad A, lliger S.
Mucoadhesive  microspheres  of  propranolol
hydrochloride for nasal delivery. Indian J Pharm Sci.
2007; 69(3): 402.

19. El-Nahas HM, Hosny KM. Chitosan-based Floating
Microspheres of Trimetazidin Dihydrochloride;
Preparation and In vitro Characterization. PubMed,
2011; 1, 73(4): 397-403.

20. Srikrishna T et al., Development and
Characterization of Floating Microspheres of
Acyclovir As Gastroretentive Dosage Form. Am. J.
Pharm Health Res, 2016; 4(6): 67-83.

21. Ruiz-Caro R, Veiga MD. In vitro Evaluation of
Acyclovir/Chitosan Floating Systems. Materials,
2010; 6, 3(12): 5195-211.

22. Junyaprasert VB, Pornsuwannapha S. Floating
Properties and Release Characteristics of Hollow
Microspheres of Acyclovir. Drug Delivery, 2008;
15(5): 331-41.

23. KRISHNA, KUMAR A, SRIVASTAVA R. IN
VITRO IN VIVO STUDIES ON FLOATING
MICROSPHERES FOR GASTRORETENTIVE
DRUG DELIVERY SYSTEM: A REVIEW. Asian
Journal of Pharmaceutical and Clinical Research,
2021; 5: 13-26.

www.ejbps.com | Vol 11, Issue 7, 2024. | 1SO 9001:2015 Certified Journal | 135


https://imsear.searo.who.int/items/e5c9f9f8-9eca-4397-a903-b5d276882b27
https://imsear.searo.who.int/items/e5c9f9f8-9eca-4397-a903-b5d276882b27

