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ABSTRACT

Amoxicillin is an antibiotic effective in treating certain bacterial infections. When taken orally, it is absorbed
slowly and minimally from the gastrointestinal tract. The aim of this study was to formulate and evaluate
Amoxicillin microspheres for sustained drug delivery. A variety of synthetic and natural materials can be used
to create microspheres. The natural polymer Kondagogu gum and additional components were used in this study
to create different batches of Amoxicillin microspheres using the solvent evaporation process. In vitro drug
release over 48 hours in phosphate buffer at pH 7.4, shape, surface morphology, particle size, polydispersity
index, zeta potential, and percentage drug yield and entrapment were all taken into consideration while
evaluating the produced microspheres. For six months, stability investigations were conducted on the top-
performing batch. According to the results, amoxicillin microspheres may be used in place of traditional dose
forms and other phytochemicals found in herbs. Considerable loading efficiency was shown by the improved

formulation.
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INTRODUCTION

Microspheres are a kind of multiparticulate drug
delivery  system  intended for  targeted
administration to certain locations, enhanced
stability, extended or controlled drug release, and
improved bioavailability. Microspheres are defined
as solid, almost spherical particles that range in size
from 1 to 1000 um and contain the medicine in
either a solution or microcrystalline form. These
microspheres offer good substitutes for traditional
dose forms. The emulsion solvent evaporation
technique, phase separation or coacervation
method, emulsification diffusion method, and spray
drying method are some of the frequently used
techniques to create microspheres [1].

The simple production procedure of the solvent
evaporation approach, which maintains
pharmacological activity, has attracted a lot of
attention. Compared to other preparation
techniques like homogenization, sonication, and
spray drying, this process has a number of
advantages because it works under mild

circumstances with continual stirring and room
temperature. As a result, a stable emulsion is
produced, and dispersed oil droplets carrying both
polymer and medicine evaporate an organic solvent
to form microspheres [2].

Microspheres, also known as microparticles, can be
made from a range of natural and synthetic
materials.  Glass, polymer, and ceramic
microspheres are examples of commercially
accessible choices. The density of solid and hollow
microspheres varies greatly, resulting in a variety
of uses. Solid microspheres have a variety of uses
based on their size and composition, whereas
hollow microspheres are usually employed as
additives to lower a material's density. Glass
microspheres have limited applications in medical
technology and are mostly used as fillers to reduce
weight, retro-reflectors for highway safety, and
additives in cosmetics and adhesives. The primary
use of ceramic microspheres is as grinding media.
Microspheres can differ greatly in terms of quality,
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sphericity, homogeneity, and particle size
distribution [3, 4].

Gums are naturally occurring polymers that are
mostly made of carbohydrates with trace amounts
of proteins and minerals. New plant-based
materials are being explored and developed due to
the growing desire for natural ingredients over
synthetic ones. India is the origin of gum
kondagogu (Cochlospermum gossypium), a tree
exudate belonging to the Bixaceae family.
Exudates from different tree species are used to
make natural gums, which have a variety of uses
and distinct physicochemical characteristics.

Gum arabic, gum karaya, and gum tragacanth are
tree gums with commercial significance. Gum
kondagogu (C. gossypium) and Karaya
polysaccharide (Sterculia urens) are used as food
additives. Gum kondagogu's physicochemical
characteristics and toxicity assessment have already
been determined. Recent studies have elucidated
the morphological, structural, and physicochemical
characteristics of gum kondagogu, indicating that it
belongs to the group of  substituted
rhamnogalacturonans [5].

For these gums to be used as food thickeners,
stabilizers, and emulsifiers, it is essential to
comprehend their rheological characteristics. In
both Gram-positive and Gram-negative bacteria, it
breaks  the cross-linking  between  linear
peptidoglycan polymer chains, which are the main
building blocks of cell walls. In its physiological
form, the medication has ionizable groups, namely
a carboxyl group and an amino group next to the
amide carbonyl [6-8].

This study's primary goals were to evaluate the
effects of the drug-to-polymer ratio and explore the
possibility of creating a sustained-release
formulation of Amoxicillin microspheres utilizing
the solvent evaporation method with gum
kondagogu.

MATERIAL AND METHOD

Material

Amoxicillin  was procured from Highnoon
Laboratories, Bhopal (MP). Kondagogu Gum
procured from local pansaar store. Span 80, Tween
80, Glutaraldehyde, liquid paraffin, Toluene were
purchased from Sigma Aldrich, Germany. All
chemicals used were of analytical grade.

Method

Preparation of Kondagogu Gum Microspheres:
Kondagogu Gum microspheres were prepared
using an emulsification method, with liquid
paraffin serving as the dispersing medium and
glutaraldehyde as the cross-linking agent. A 2.5%
w/v dispersion of Kondagogu Gum was created by
mixing the gum in double-distilled water with
Tween 80 at a concentration of 0.5% w/w. The
drug was previously dissolved in double-distilled
water.

Ten milliliters of the Kondagogu Gum solution
containing the drug was added dropwise to a beaker
containing 100 mL of liquid paraffin, mixed in a
50:50 ratio of light to heavy paraffin. Span 80 was
added to the liquid paraffin at a concentration of
1.0% w/v. A two-blade mechanical stirrer was used
to agitate the mixture at 30004000 rpm. 1.5 mL of
toluene-saturated glutaraldehyde was added to the
mixture after 30 minutes of stirring, and the
mixture was stirred for four hours at 40°C and 4000
rpm [9].

The microspheres were removed from the
dispersion media by centrifugation after being
stirred, and they were then twice cleaned with
acetone. To let the acetone evaporate, the
dispersion was transferred to a petri dish. The dried
drug-loaded microspheres were gathered and kept
in a sealed container for later analysis when the
acetone had totally evaporated [10].

Optimization of Microspheres

A number of dependent and independent process
and formulation variables had to be adjusted in
order to optimize the microsphere formulation.
particle size, polydispersity index (PDI), and
percentage drug entrapment were the basis for this
optimization, which was accomplished by changing
one parameter while holding the others constant.
Each  formulation employed a  constant
concentration of 1.5 mL of toluene-saturated
glutaraldehyde, and the temperature was kept at
40°C [11-14].

Microsphere Characterization in Vitro

A Zetasizer was used to measure the prepared
microspheres'  average  particle size and
polydispersity index (PDI). To measure average
size and PDI, the microsphere formulation was
diluted with deionized water (1:9 v/v).

Shape and Surface Morphology

Scanning electron microscopy was used to examine
the microspheres' surface morphology. A gold
sputter module in a high-vacuum evaporator was
used to coat the microspheres after they were
adhered to supports with carbon glue. The scanning
electron microscope was then used to examine
them at 10 kV [15].

Calculating the Drug Content

A UV spectrophotometer was used to measure the
amount of medication trapped in the microspheres.
For 48 hours, a weighed quantity of the
microspheres was incubated in PBS (pH 7.4). After
centrifuging the mixture for 30 minutes at 10,000 g,
the supernatant was diluted tenfold before being
analyzed at Amax 228 nm wusing a UV
spectrophotometer [16].

In-vitro Drug Release from Microspheres

The drug release study was conducted in PBS (pH
7.4) for Amoxicillin-loaded Kondagogu Gum
microspheres using the dialysis bag technique. A
suspension of microspheres equivalent to 20 mg of
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Table 1: Formulation of microsphere.

Formulation| Drug Conc. Particle Size PDI | % Drug
code (% wiw) (nm) Entrapment
AM-1 20 48.7+0.18 0.23 | 73.54+5.2
AM-2 30 74.9+£0.15 0.33 | 82.91+4.41
AM-3 45 142.3+0.26 0.34 | 84.62+3.71
AM-4 50 281.7+0.61 0.31 | 87.91+3.11

drug was placed in dialysis tubing and immersed in
a beaker containing 50 mL of PBS (pH 7.4).

The dialysis bag retained the microspheres while
allowing free drug to pass into the dissolution
medium. The temperature was maintained at 37 + 1
°C throughout the study. Samples were withdrawn
at specified time intervals (0.5, 1, 2, 3,4, 5,6, 7, 8,
12, and 24 hours) and replaced with the same
volume of fresh PBS (pH 7.4). The samples were
then analyzed for drug concentration using the UV
spectrophotometer at Amax 228 nm [17].

RESULT AND DISCUSSION

As the polymer content grew from 1.0% to 3.0%
w/v, the mean diameter of glutaraldehyde cross-
linked microspheres produced from Kondagogu gum
increased from 56.70£2.15 pm to 88.15+4.25 um.
To obtain the required microsphere size in this
investigation, a concentration of 2.5% w/v
Kondagogu gum was optimized. Because the
polymer solution created larger droplets due to
Concentration on average particle size and PDI of
microspheres

Effect of Kondagogu Gum Concentration
Microspheres were prepared wusing different
concentrations of Kondagogu gum, while keeping
the concentrations of Span 80, Tween 80,
glutaraldehyde, and stirring speed constant.

Effect of Tween 80 Concentration

Microspheres were prepared using varying
concentrations of Tween 80, while maintaining
constant concentrations of Kondagogu gum, Span
80, glutaraldehyde, and stirring speed.

Effect of Stirring Speed

Microspheres were prepared by varying the stirring
speed, with concentrations of Kondagogu gum,
Tween 80, Span 80, and glutaraldehyde held
constant [21].

Effect of Span 80 Concentration

Microspheres were prepared using different
concentrations of Span 80, while keeping the
concentrations of Kondagogu gum, Tween 80,
glutaraldehyde, and stirring speed constant.

Effect of Drug Concentration

Microspheres were prepared using varying
concentrations of the drug, while maintaining

REFERENCES
1. Dagale M, Gorde N, Shinde K, Karnakoti A,

Birajdar P. Current Trends and Challenges in
Sustained-Release Tablet Formulations: A

increasing viscosity, the average particle size of the
microspheres increased with higher polymer
concentrations. The improvement in the average
particle size was caused by this increase in viscosity.
To evaluate the effect of medication concentration,
mean particle size and size distribution were
examined. The microspheres' size distribution and
particle size did not significantly alter with different
amounts of the crosslinking agent, according to
earlier research, therefore this was maintained across
all formulations. As the polymer drug concentration
grew from 15% to 25% w/w, the encapsulation
efficiency percentage climbed to 81.37£3.54.
Nevertheless, entrapment efficiency did not
significantly improve with additional drug
concentration increases. Following matrix diffusion
Higuchi release kinetics, the improved formulation
(AMT-16) demonstrated an in-vitro dissolution
profile of 89.67+0.98 after 48 hours in PBS at pH
7.4 [18-20].

constant concentrations of Kondagogu gum, Tween
80, Span 80, and glutaraldehyde, as well as stirring
speed [22].

CONCLUSION

According to the study's findings, microspheres
made from kondagogu gum utilizing the
emulsifying solvent evaporation method can
efficiently and sustainably distribute the medication
amoxicillin throughout the gastrointestinal (GIT)
tract. The produced microspheres had a consistent
size within an acceptable range after being
optimized for a number of formulation and process
variables. They had a round, smooth form.
According to the matrix diffusion Higuchi release
kinetics, the improved formulation showed notable
loading efficiency for amoxicillin, which was
released in a sustained manner.

Author(s) Contribution: Conceptualization and
editing, I. Hamza; data collection, S. H. Filza.
Funding: Nill

Ethical Approval: NA

Conflict of Interest: There is no conflict of interest.
Consent for Publication: All authors approved
the manuscript for publication and agreed to
be responsible for all aspects of this article.

Comprehensive Review. International Journal
of Scientific Research and Technology. 2025
Jan 17.doi: IJSRT/250301053

81


https://www.ijsrtjournal.com/article/Current+Trends+and+Challenges+in+SustainedRelease+Tablet+Formulations+A+Comprehensive+Review

10.

Sun H, Luo W, Huang X. Recent Advances in
the Preparation of Protein/peptide
Microspheres by Solvent Evaporation Method.
Current Pharmaceutical Biotechnology. 2024
Oct 1;25(14):1807-17.doi:
https://doi.org/10.2174/0113892010261032231
214115415

Yadav M, Mandhare TA, Jadhav V, Otari K. A
Review on Microspheres as a Promising Drug
Carrier. Journal of Drug Delivery &
Therapeutics. 2024 Jul 1;14(7).

Mhadgut A, Nalawade VV. Oral extended-
release dry suspension of paracetamol loaded
microspheres. Int J Pharm Sci Res. 2017 Jul
1;8(7):2922-31.

Jebri S, Boughzala H, Bechrifa A, Jemal M.
Structural analysis and thermochemistry of
“A” type phosphostrontium  carbonate
hydroxyapatites. Journal of thermal analysis
and calorimetry. 2012 Mar 1;107(3):963-
72.doi:  https://doi.org/10.1007/s10973-011-
1598-2

Muhammad NA, Mahmood A. Development
of Tramadol Microparticles by Non-Solvent

Addition Method and their In-vitro
Characterization. Iranian Polymer Journal, 18
(12), 937-940, 2009.

http://journal.ippi.ac.ir/journals.php?tab=1&v=
18&n=12

Shujaat AK, Mahmood A, Muhammad NA,
Ghulam M, Fatima R & Muhammad. Study of
Nimesulide Release From Ethylcellulose
Microparticles and Drug-Polymer
Compatibility ~ Analysis. Latin American
Journal of Pharmacy, 29 (4): 554-61, 2010.
Shujaat AK, Mahmood A, Ghulam M,
Muhammad NA, Naveed A & Rozina K. Dual
Coated Microparticles for Intestinal Delivery
of Nimesulide. Latin American Journal of
Pharmacy 29 (5): 731-7, 2010.

Aamir MN, Mahmood A, Shujaat AK, Naveed
A, Ghulam M, Muhammad A & Fatima R.
Fabrication of Novel
Floating Microcapsules by Utilizing a
Combination of HPMC and EC and their
Physicochemical Assessment. Latin American
Journal of Pharmacy, 30 (5): 1010-5, 2011.
Shujaat AK, Mahmood A, Aamir MN, Fatima
R & Ghulam M. Design of Nimesulide-
Chitosan Microparticles by pH Change
Coacervation. Latin American Journal of
Pharmacy, 30 (7): 1260-6, 2011.

Gastro-Retentive

11.

12.

13.

14.

15.

16.

17.

Shahiq uz Zaman, Naveed A, Barkat AK,
Tariq M, Akhtar R, Arshad M, Naecem MA and
Atif A. Development of a sebum control cream
from a local desert plant Capparis deciduas.
Journal of Medicinal Plants Research Vol.

6(5), Pp- 744-748, 2012.
https://doi.org/10.5897/JMPR11.1259
Ahmad M, Ghafoor N, Aamir M N.

Antibacterial activity of mother tinctures of
cholistan desert plants in Pakistan. Indian J
Pharm Sci 74:465-8 (2012).
https://doi.org/10.4103/0250-474X.108429
Chengdong Wu, G Murtaza, Muhammad Arfat
Y, Aamir MN, Muhammad A, Abdul Malik,
And Yuhao Z. Permeation study through
bacterial cellulose membrane. Acta Poloniae
Pharmaceutica - Drug Research, Vol. 71 No. 2
pp. 297-300, 2014.
https://pubmed.ncbi.nlm.nih.gov/25272650/
Muhammad Zubair M, Mahmood A, Saleh
Muahammad and Muhammad NA.
Pharmacokinetic evaluation of anticancer
drugs in Hodgkin's lymphoma patients after
their simultaneous administration. Pakistan
Journal of Pharmaceutical Sciences, 29 (6),
2079-82, 2016.
https://pubmed.ncbi.nlm.nih.gov/28375127/
Muhammad Naeem A, Aimen UK, Qandeel
W, Sonia K, Maria M, Atif U. Trends and
statistics of drug addiction in a metropolitan
city of Pakistan. Journal of Contemporary
Pharmacy, 1(2), 51-53 2017.
https://doi.org/10.56770/jcp201708

Nabila AS, Muhammad NA, Nadia SM,
Muhammad Riaz, Shahiq Z, Masood R and
Fahmida A. Exploring the potential of
tianeptine matrix tablets: Synthesis, physico-
chemical characterization and acute toxicity
studies. Pakistan Journal of Pharmaceutical
Sciences, 33, (1), 269-79, 2020.
https://pubmed.ncbi.nlm.nih.gov/32122858/
Shujaat AK, Mahmood A, G Murtaza, Aamir
MN, Naveed A, and Rozina K. Formulation of
two-drug Controlled Release
Nonbiodegradable microparticles for Potential
Treatment of Muscles Pain and Spasm and
their ~ Simultaneous  Spectrophotometeric
Estimation. Acta Poloniac Pharmaceutica -
Drug Research, Vol. 67, No. 3, pp.299-306,
2010.
https://pubmed.ncbi.nlm.nih.gov/20524433/

82


https://doi.org/10.2174/0113892010261032231214115415
https://doi.org/10.2174/0113892010261032231214115415
https://doi.org/10.1007/s10973-011-1598-2
https://doi.org/10.1007/s10973-011-1598-2

18.

19.

20.

Fatima AS, Muhammad NA, Muhammad
Ajmal S, Liaqat A, Khaleeq A and Zeeshan J.
Formulation design, characterization and in
vitro drug release study of orodispersible film
comprising BCS class II drugs. Pakistan
Journal of Pharmaceutical Sciences, 33, (1),
343-53,2020.
https://pubmed.ncbi.nlm.nih.gov/32122867/
Liagat A, Mahmood A, Nacem MA,
Muhammad Usman M, Hassan HS and
S. Cross-linked pH-
acid based

delivery  of

Muhammad Ajmal
sensitive pectin and acrylic
hydrogels for controlled
metformin. Pakistan Journal of Pharmaceutical
Sciences, 33 (4), 1483-91, 2020.
https://doi.org/10.36721/PJPS.2020.33.4.REG.
1483-1491.1

Anam A, Muhammad NA, Muhammad Ajmal
S, Shahzada KS and Rabia M. Development,

21.

22.

characterization and evaluation of in vitro anti-
inflammatory activity of Withania coagulans
extract and extract loaded microemulsion.
Pakistan Journal of Pharmaceutical Sciences
34(1), 473-47, 2021.
https://pubmed.ncbi.nlm.nih.gov/34275796/
Kumar, A., Dixit, K. & Sinha, N. Fabrication
and characterization of additively
manufactured CNT-bioglass composite
scaffolds coated with cellulose nanowhiskers
for bone tissue engineering. Ceram Int.49,
17639-17649 (2023).

Nawang, R., Hussein, M. Z., Matori, K. A.,
Che Abdullah, C. A. & Hashim, M.
Physicochemical properties of hydroxyapatite
/montmorillonite nanocomposite prepared by
powder sintering. Results Phys.15, 102540
(2019).

83



