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In our current research work,we primarily focused on the designing of
Published on: 16 Nov 2023 microspheres containing Entecavirusing PLGA (Poly lactic-co-glycolic acid)and
Chitosanas polymers to deliver Entecavir via oral route of adminstration. The results of
this investigation indicate that Inotropic gelation technique can be successfully
Published by: employed to fabricate Entecavir microspheres. In this work an effort has been made
DrSriram Publications toformulate microsphere of Entecavirby wusing different polymers.Prepared
formulations are evaluated for bulk density, tapped density, precentmucoadhesion,
Percent compressibility, hausners ration, percentage yield, sizeand interaction study by
FTIRand in vitro drug release. Formulation has shown significant results in all the
evaluation parametersand considered as best formulation of Entecavir. The
formulationsF1, F2, and F3 containing PLGA showed a maximum release 0f97.58% at

BY 10 hours, 98.12% 11 hours, 99.88% 12 hours respectively.The present study reveals
that Entecavir microsphere formulation by ionic gelation method could bea conducive

Creative Commons method which delivers an excellent bioavailability to the fabricated drug.
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INTRODUCTION

One of the most challenging areas of research in pharmaceuticals is the development of novel delivery
systems for the controlled release of drugs and their delivery at the targeted site in the body to minimize the side
effects and enhance the therapeutic efficacy ofdrugs®3. The basic principle behind the controlled drug delivery
system is to optimize the biopharmaceutic, pharmacokinetic and pharmacodynamics properties of drug in such a
way that its efficacy is maximized by reducing side effects, dose frequency and cure the disease in short time by
using low amount of drug administered with the most suitable route.
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Microspheres can be defined as solid, approximately spherical particles ranging in size from 1 to 1000
um. They are made of polymeric, waxy, or other protective materials, that is, biodegradable synthetic polymers
and modified natural products such as starches, gums, proteins, fats, and waxes.Microspheres are small and have
large surface to volume ratios. At the lower end of their size range, they have colloidal properties"”. The
interfacial properties of microspheres are extremely important, often dictating their activity.

As for as the preparation of microspheres is concern, various methods are available, however current
method of ionic gelation method has some Ionic gelation method has some advantages. The synthesis of
Microspheres, based on an electrostatic interaction between opposite charge types that contains at least one
polymer under mechanical stirring conditions.In Tonotropic gelation technique, the preparation of drug containing
microparticles is based on the principle of coalescence of colloidal polymer particles. Ionotropic gelation of the
anionic polysaccharide sodium alginate with oppositely charged calcium ions forms microparticles. Subsequent
curing step induces the fusion of colloidal polymer particles into a homogenous matrix®!D. During the coating
and drying process, the colloidal polymer particles coalesce and fuse into a homogenous film. It is a cost-effective
technique that establishes intimate contact of the drug with the release retardant.

MATERIALS AND METHODS

The materials exploited in this current research work are procured from reliable sources of Entecavir,
Free gift sample from Hetero Pharma limited Hyderabad,PLGA (Poly lactic-co-glycolic acid), Chitosan,
Sodiumalginate, CalciumChloride are procured from Merk specialties Pvt Limited. All other reagents used I this
research work are procured from most reliable vendors.

Spectroscopic studies

The absorbance of these samples were analyzed by using UV-Visible Spectrophotometer at 255nm
against reference solution 0.1N HCI (pH 1.2). The procedure repeated to pH 6.8 phosphate buffer and pH 7.4
phosphate buffer.

Method of preparation- Ionotropic gelation method

The microspheres were prepared by the Ionotropic gelationtechnique. The sodium alginate solution was
prepared bydispersing the sodium alginate in de-ionized water undercontinuous stirring for 30 minutes. The
weighed amount ofthe drug was thoroughly mixed with sodium alginatedispersion. By following the same
procedure, the alginatebeads of different ratios of drug: polymer were prepared.The resulted homogeneous
dispersion was extruded in tothe 5% calcium chloride solution through hypodermicsyringe with flat tip needle
(20G) and stirred for 15minutes at 100rpm using magnetic stirrer. The formed microbeads were allowed to cure
for 30 minutes in the calciumchloride solution to complete the gelation reaction. Themicrospheres were then
filtered and dried in hot air oven at60°C for 3 hr(>-!9, The formulation of microspheres with the ingredients and
their ratios are mentioned in the table 1.

Table 1: Prepared formulation of Microspheres

Ingredients Formulation codes
(mg) F1 F2 F3 F4 F5 Feé
Entecavir 05 05 05 05 05 05
PLGA 20 40 60 - - -
Chitosan - - - 20 40 60

Sodiumalginate(w/v) 3% 3% 3% 3% 3% 3%
CalciumChloride (W/v) 5% 5% 5% 5% 5% 5%

Micrometric properties
The micromeritics properties are evaluated fo r the prepared formulation of Particle size analysis, bulk
density, tapped density, Hausner’s ratio, drug entrapment efficiency and swelling study.

Compatibility studies

A proper design and formulation of a dosage form requires considerations of the physical, chemical and
biological characteristics of both drug and excipients used in fabrication of the product. Compatibility must be
established between the active ingredient and other excipients to produce a stable, efficacious, attractive and safe
product. If the excipient(s) are new and if no previous literature regarding the use of that particular excipient
with an active ingredient is available, then compatibility studies are of paramount importance'%-??. Hence, before
producing the actual formulation, compa-tibility of Entecavir with different polymers and other excipients was
tested using the Fourier Transform Infrared Spectroscopy (FT-IR) technique.
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Fourier Transform Infrared Spectroscopy (FTIR)

In order to check the integrity (Compatibility) of drug in the formulation,FT-IR spectra of the
formulations along with the drug and other excipients were obtained and compared using Shimadzu FT-IR 8400
spectrophotometer. In the present study, Potassium bromide(KBr) pellet method was employed. The samples were
thoroughly blended with dry powdered potassium bromide crystals. The mixture was compressed to form a disc.
The disc was placed in the spectrophotometer and the spectrum was recorded®2%.The FT-IR spectra of the
formulations were compared with the FT-IR spectra of the pure drug and the polymers.

RESULTS AND DISCUSSION

The calibration curve data of Entecavir in simulated gastric fluid pH 1.2 at 255 nm Fig.8.1 shows the standard
calibration curve with a regression value of 0.999, slope of 0.033 and intercept of 0.009 in simulated gastric fluid
pH 1.2. The curve was found to be linear in the concentration range of 5-25pug/ml. Claibration of Entecavir in
simulated gastric fluid pH 1.2 and pH 7.4 phosphate buffer has been shown in the figure 1&2.
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Fig 1: Standard graph of Entecavir in simulated gastric fluid pH 1.2
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Fig 2: Standard graph of Entecavir in pH 7.4 phosphate buffer
Evaluation and characterization of microspheres

The mean size increased with increasing polymer concentration which is due to a significant increase in
the viscosity, thus leading to an increased droplet size and finally a higher microspheres size. Microspheres
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containing PLGA as a polymer had a size range of 418.41pum to 452.14pum. Microspheres containing Chitosan as
polymer exhibited a size range between 421.65um to 460.15um.

The bulk density of formulation F1 to F6 containing PLGAand Chitosan formulation was in the range of 0.277 +
0.2+ 0.2 to 0.625 + 0.1 gm./cm? (as shown in table 8.3), tapped density 0.312 + 0.2 to 0.833 + 0.1 and Hausners
ratio 1.095 to 1.333. Characterization of microspheres are mentioned in the table 2.

Table 2: Micromeritic property of microspheres of Entecavir

Formulation = Mean particle Bul}( Tapp.ed Hausener’s Carr’s Angle of
code size density density ratio index repose
((gm./cm%)) (gm./cm®)
F1 452.14 0.434+0.2 0.476 + 0.3 1.095 8.695 23.2+0.2
F2 441.95 0.277+0.2 0.312+0.2 1.133 11.11 25.2+0.1
F3 41841 0.588 £ 0.3 0.666 + 0.4 1.333 11.76 27.1£0.1
F4 460.15 0.521+0.3 0.631+0.3 1.121 17.39 244+04
F5 430.96 0.625 +0.1 0.833+0.1 1.333 25.00 28.3+04
Fo6 421.65 0.476 +0.3 0.526 £ 0.2 1.105 9.52 25.1£0.1

Drug Entrapment Efficiency

Percentage Drug entrapment efficiency of Entecavir ranged from 84.45 to 91.72 % for microspheres
containing PLGA and HPMC K4M polymer, the drug entrapment efficiency of the prepared microspheres
increased progressively with an increase in proportion of the respective polymers as mentioned in the table 3.

Table 3: Percentage yield and percentage drug entrapment efficiency of the prepared microspheres

S.No. Formulation code % Yield Drug Content (mg) % Drug entrapment efficiency

1 F1 89.31 96.14 86.14
2 F2 91.12 98.65 88.91
3 F3 96.08 99.76 91.72
4 F4 90.74 98.14 75.58
5 F5 96.91 96.52 84.45
6 F6 98.24 100.04 89.87

Swelling studies

The swelling ratio is expressed as the percentage of water in the hydrogel at any instant during swelling.
Swell ability is animportant characteristic as it affects mucoadhesion as well as drug release profiles of polymeric
drug delivery systems. Swellability is an indicative parameter for rapid availability of drug solution for diffusion
with greater flux. The effect of drug to polymer ratio on percentage swelling is displayed in Figure 3&4.
Percentage swelling of the prepared microspheres. The percentage swelling of Entecavir microspheres containing
PLGA & Chitosan in the figure 3&4 respectively.
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Fig 3: Percentage swelling of microspheres containing PLGA
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Fig 4: Percentage swelling of microspheres containing Chitosan

Invitro mucoadhesion test

As the polymer to drug ratio increased, microspheres containing PLGA exhibited % mucoadhesion ranging
from 61 to 70%, microspheres containing Chitosan exhibited % mucoadhesion ranging from 75 to 95%. The
results of in-vitro mucoadhesion test are compiled in Table 8.6. Effect of polymer proportion on % mucoadhesion
is depicted in Figures and comparative depiction of % mucoadhesion were represented in Figure 5&6 Percentage
mucoadhesion of the prepared microspheres. The percentage mucoadhesion of Entecavir microspheres containing
PLGA & Chitosan in the figure 5&6 respectively.
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Fig 5: Percentage mucoadhesion of microspheres containing PLGA
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Fig 6: Percentage mucoadhesion of microspheres containing Chitosan

Invitro Drug Release Studies

Dissolution studies of all the formulations were carried out using dissolution apparatus USP type I. The dissolution
studies were conducted by using dissolution media, pH 1.2. The results of the in-vitro dissolution studies of formulations F1
to F6 are shown in table 8.7. The plots of Cumulative percentage drug release Vs Time. Figure shows the comparison of %
CDR for formulations F1 to F3, figure for formulations F4 to F6.The formulationsF1, F2, and F3 containing PLGA
showed a maximum release 0f97.58% at 10 hours, 98.12% 11 hours, 99.88% 12 hours respectively.The
formulationsF4,F5and  F6 containing Chitosanpolymer showeda maximum release of 97.14% 10
hours, 97.35% 12 hours, 91.17% 12 hours respectively. The invitro release profiles of Entecavir microspheres
containing PLGA & Chitosan in the figure 7&8 respectively.
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Fig 7: Invitro drug release profile of Entecavir microspheres containing PLGA
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Fig 8: Invitro drug release profile of Entecavir microspherescontaining Chitosan

Invitro Drug Release Kinetics

For understanding the mechanism of drug release and release rate kinetics of the drug from dosage form,
the in-vitro drug dissolution data obtained was fitted to various mathematical models such as zero order, First
order, Higuchi matrix, and Krosmeyer-Peppas model. From the coefficient of determination and release exponent
values, it can be suggested that the mechanism of drug release follows zero order release kinetics along with non-
Fickian diffusion mechanism which leading to the conclusion that a release mechanism of drug followed
combination of diffusion and spheres erosion as shown in the figure 9.
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Fig 9: Graph of zero order release kinetics of optimized formula
Compatibility studies

Drug polymer compatibility studies were carried out using Fourier Transform Infra-Red spectroscopy to
establish any possible interaction of Drug with the polymers used in the formulation. The FT-IR spectra of the
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formulations were compared with the FTIR spectra of the pure drug. The FTIR results are as shown in the figure

10&11 as there no interaction between the drug and the other ingredients of the formulation. The SEM images are

shown in the figure 12.
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Fig 10: FT-IR spectra of Pure drug
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Fig 11: FT-IR spectra of Optimised formulation
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Fig 12: Scanning Electron Microscopyof optimised formulation (F3)
CONCLUSION

In this context, the Microspheres were prepared with PLGA and Chitosan successfully bythe Ionotropic
gelation technique. Microspheres of Entecavir showed excellent mucoadhesivity,% yield, Drug Content, % Drug
entrapment efficiency and prolonged drug releaseup to 12 hours. Microspheres of different size and drug content
could be obtained by varying the formulation variables.Thus the prepared microspheres may prove to be potential
candidates for oral delivery devices. Formulation Batch F3 showed best appropriate balance between
mucoadhesivity and drug release rate, which can be considered as a bestfit for microspheres. The polymer ratio
(PLGA) of 1:3 were selected as bestformulation, The formulated system showed sustained release up to 12 hours
and the system has been potentially useful to overcomepoor bioavailability problems associated with Entecavir.
Analysis of drug release mechanism showed that the drug release from the formulations the best fit model was
found to be zero order release kinetics.Hence it can be concluded that Entecavir loaded PLGA Microsphere may
be useful to achieve sustained drug release profile suitable for oral administration prepared by ionic gelation
method.

ACKNOWLEDGEMENT

The Authors wish to express their sincere gratitude to Prathap Narender Reddy College of Pharmacy,
Peddashapur, Shamshad. Telangana, INDIAfor providing necessary facilities to carry out this research work.
&Hetero Labs Limited, Gandhinagar, Hyderabad, Telangana, INDIAfor providing samples for the research work.

CONFLICT OF INTEREST

We declare that we have no conflict of interest.

REFERENCES

1. Gao Y, Zhu CL, Zhang XX, Gan L, Gan Y. Lipidpolymer composite microspheres for colon-specific

drugdelivery prepared using an ultrasonic spray freeze-dryingtechnique. J Microencapsul. 2011;28(6):549-
56. doi: 10.3109/02652048.2011.599442, PMID 21767115.

617



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Syam Prasad Borra et al / Int. ]. of Pharmacy and Analytical Research. 12(4) 2023 [609-618]

Suvarna V. microspheres: a brief review. Asian J Biomed Pharm Sci. 2015;5(47):13-9.

Giri Prasad B, Gupta VRM, Devanna N, Jayasurya K. Sree. Microspheres Drug Deliv Syst Rev JGTPS.
2014;5(3):1961-72.

Patel JK. 24th Nov 2010. Www. Pharmainfo.Net/Reviews/Bioadhesive microspheres- review.
Najmuddin M, Ahmed A, Shelar S, Patel V, Khan T. Floating microspheres of ketoprofen: formulation
and evaluation. Int J Pharm Pharm Sci. 2010;2(2):83-7.

Yadav AV, Mote HH. Development of biodegradable starch microspheres for IntranasalDelivery. Indian J
Pharm Sci. 2008;70(2):170-74. doi: 10.4103/0250-474X.41450, PMID 20046707.

Saralidze K, Leo H, Koole ML, Knetsch W. Polymeric microspheres for Medical Applications. Materials.
2010;3:3357-64.

Trivedi P, Verma AML, Garud N. Preparation and characterization of AcclofenacMicrospheres. Asian J
Pharm. 2008;2(2):110-15. doi: 10.4103/0973-8398.42498.

Kreuter J, Nefzger M, Liehl E, Czok R, Voges R. Polymer sci. J] Pharm Sci. 1983;72(10):1146-9. doi:
10.1002/jps.2600721009, PMID 6644560.

Dandagi MP, Masthiolimath SV, Gadad PA, Iliger RS. Mucoadhesive microspheres ofPropanalol Hcl for
nasal delivery. Indian J Pharm Sci. 2007;69(3):402-07.

Mathew Sam T, Devi Gayathri S, Prasanthv VV, Vinod B. NSAIDs as microspheres. Internet J Pharmacol.
2008;6:11-5.

Pradeesh TS, Sunny MC, Varma HK, Ramesh P. Preparation of microstructuredhydroxyapatite
microspheres using oil in water emulsion. Bull Mater Sci. 2005;28(5):383-90. doi: 10.1007/BF02711223.
Nachts S, In MK. The microsponges a novel topical programmable deliveryformulation. New york: Marcel
Dekker Inc; 1990. p. 299.

Hafeli U. Physics and Chemistry Basic of Biotechnology: focus on biotechnology. Review: radioactive
microspheres for medical application;7:213-48.

Shabaraya AR, Parulkar AS, Shripathy D, Shetty P. Design and characterization of mucoadhesive
microspheres ofEtodolac. Int J Pharm Sci Drug Res. 2019;11(3):78-84.

Purohit A, Bhowmick M, Rathi J. Formulation and evaluation of deflazacort loaded
mucoadhesivemicrosphere for colon drug delivery system. J Drug Deliv Ther. 2019;9(1):79-84. doi:
10.22270/jddt.v9i1.2164.

Kumar S, Kaur R, Sharma RK. Formulation and evaluation of Microspheres for Colon targeted delivery
of ondansetron. IJRDPL. September-October 2018;7(5):3083-91. doi: 10.21276/IJRDPL.2278-
0238.2018.7(5).3083-3091.

Verma G, Mishra MK, Nayak K. Formulation and evaluation of nimeusulide microspheres usingdifferent
natural carriers. ejbps. 2017;4(01):362-5.

Mane Deshmukh PP, Archana, Barhate N. Formulation and evaluation of microspheres of glibenclamide
byionotropic gelation method. Vol. 7(09); 2017.

Shabani A, Narmada GY. Formulation and evaluation of topical dosage form containing microspheres for
model anti inflammatory drug. Vol. 7(01); 2017.

Brij Mohan Singh Meshram, Ashwani MishraandAnupam Pathak. Formulation and Evaluation of
microsphere of Rebiprazole sodium. Int J Adv Pharm. 2016;5(3).

Swarupa A, Revathi S, Pandu Rangam P, Sharma JVC. Formulation and evaluation of sustained
releasemicrospheres of finasteride. Int J Pharm. 2015;5(2):57-65.

Mokale V, Naik J, Wagh P, Khairnar G. Preparation and evaluation of sustained ReleaseVenlafaxine HCI
microspheres. Dhaka Univ J Pharm Sci. 2014;13(1) (June):83-91.

Samirkumar P. Tara. Chandl and Talsania Maulik. Formulation Development and Evaluation of
MicrospheresContaining Duloxetine Hydrochloride. April-June 2013;4(2).

Abdallah MH, Sammour OA, El-ghamry HA, El-nahas HM, Barakat W. Development and characterization
of ControlledRelease ketoprofen microspheres. J Appl Pharm Sci. 2012;02(03):60-7.

618



