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ABSTRACT
Objective: The objective of this study was to encapsulate ibuprofen in microspheres made of Eudragit® RL100 as the polymer and evaluate it in vitro.

Methods: Microspheres were prepared by the solvent evaporation method. Significant parameters in the evaluation of microencapsulation are
yield, particle size, encapsulation efficiency, swelling index, uniformity factor and buoyancy. The in vitro release studies were carried out in
phosphate buffer solution pH 7.4 at 37+1 °C.

Results: Microspheres containing higher ratio of polymer had higher yields as high as 89.25%. The external diameter ranged from 300 to 550 p,
with geometric mean close to 420 p. Evidently, the formulation containing higher concentration of Eudragit® RL100 had a larger diameter,
indicating greater cross-linking and a larger sphere, signifying a higher loading capacity. The loading efficiency was above 81%, while the swelling
index was found to be between 29% to 36%, with buoyancy factor of 74.53% for the superior batch. The results suggest that ibuprofen was
successfully and efficiently encapsulated. The release rates of drug-loaded microspheres are related to the amount of polymer, thus, to get extended
drug release while reducing the ill effects of the drug in the stomach. In vitro release was compared with marketed product, divulging better data for
the indigenously prepared samples.

Conclusion: Data obtained by matching the in vitro release for the superior microspheres, so prepared and one of the commercial products showed
the indigenous preparation of ibuprofen microspheres to be a better performer in the simulated gastric environment of phosphate buffer solution

pH 7.4 at37+1 °C.
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INTRODUCTION

Smart drug administration is gradually replacing traditional drug
administration for therapeutic agents that cause stomach irritation.
Dosage forms that adheres to the stomach surface or float in the
gastrointestinal (GI) environment are the alternatives that allow
them to stay at the site for prolonged period and release the drug
over a long duration of time while also reducing stomach irritation
[1-5]. This permits the drug to be delivered to target site at a
predetermined rate and concentration while reducing side effects to
a minimum. Among the various approaches in delivering therapeutic
ingredients to the target site in a sustained and controlled release
fashion, microspheres hold a distinct place as carriers for drugs. The
therapeutic agents can be absorbed across the mucous membrane in
the stomach region and reach directly into the circulatory system.

Ibuprofen, an NSAID (non-steroidal anti-inflammatory drug), has
and analgesic and mild antipyretic action. However, Ibuprofen has
short half-life of 1-3 h, allowing quick elimination and hence selected
as a model drug [6]. Peptic ulceration, GIT (gastrointestinal tract)
discomfort and GI bleeding are all serious side effects of ibuprofen.
This can be corrected by maintaining a low and constant level of the
drug in the blood by administering site-specific drug delivery of
ibuprofen [7, 8].

Eudragit® RL100 (EU-RL), a positively charged polymer displays
unique property of pH-independent changes [9], enabling it to
remain intact during pH variations in stomach. In addition, EU-RL
exhibits several other features like low density (allowing it to
remain buoyant in gastric fluid), high permeability and intrinsic
swell ability, thereby contributing to increased bioavailability of the
encompassed drug [10].

The present work deals with the encapsulation of ibuprofen in
microspheres made of Eudragit® RL100 as the polymer. Because of

the unique and most suitable features of Eudragit® RL100, this work
is one of its kind where no other polymers are used in the making of
the microcapsules. The shape and the swelling index were
significant enough to give the formulation the required entrapment
efficiency and eventual release of the drug in a simulated gastric
environment. The sole role of the floating ability of the micro
balloons were well within the acceptable limits giving it an elevated
drug discharge relative to one of the similar marketed products.

MATERIALS AND METHODS
Material

Ibuprofen, the active agent and Polyvinyl Alcohol (PVA), as a cross
linking agent were procured from Balaji Drugs, India, whereas,
Eudragit ® RL100, a cationic polymer, was obtained from Yarrow
Pharma, India. Ethanol was used as a solvent and was bought from
Changshu  Hongsheng Fine Chemical Co. Ltd, China.
Dichloromethane (DCM) was obtained from RANKEM, India.
Glycerol Monostearate, an emulsifying agent was obtained from
Loba Chemie Pvt. Ltd., India. Merck, India supplied isopropyl alcohol
EMPARTA®. All the chemicals were of analytical grade and was used
without further purification.

Preparation of the microspheres

Solvent evaporation technique was adapted for the preparation of
the microspheres [11]. Briefly, the required amount of Eudragit®
RL100 was added to 10 ml of the equi-volume ratio of
dichloromethane and ethanol (internal phase) to prepare the
polymer solution at room temperature. At 200 to 350 rpm, 200 mg
of Ibuprofen was added in this polymeric solution under magnetic
stirrer to form the drug-polymer solutions. A measured quantity of
Glyceryl monostearate was added into the drug polymer solution as
an emulsifying agent, while still under continuous stirring according
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to table 1. 1.5% w/v PVA (external phase) was added in a 100 ml of
distilled water to form a continuous aqueous phase. Further, this
drug polymer solution was poured slowly via 22G needle into 100
ml of water containing 1.5 % w/v PVA, which was maintained at a
temperature of 35 °C to 43 °C to get spherical beads. These beads
were kept in contact with PVA solution for 60 min and then removed
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from PVA solution by straining with Whatman® cellulose filter
papers. The microparticles were washed with distilled water,
centrifuged, dried and stored under a vacuum at room temperature.
The obtained microspheres were subjected to further studies. The
formulations were prepared under different names, F1 through F8,
varying the polymer ratio, according to table 1.

Table 1: Formulae of ibuprofen microspheres

S. No. Formulation Drug (mg) (Ibuprofen) Eudragit® RL100 (mg) Drug: polymer ratio
1 F1 200 50 4:1
2 F2 200 75 8:3
3 F3 200 100 2:1
4 F4 200 150 4:3
5 F5 200 200 1:1
6 F6 200 400 1:2
7 F7 200 600 1:3
8 F8 200 800 1:4

For all the formulations, Glycerol monostearate, as an emulsifying
agent, was kept constant. Polyvinyl alcohol, as a crosslinking agent,
was not altered. Dichloromethane was used as a solvent along with
the major ingredients mentioned in table 1.

Uniformity index
Uniformity index was calculated by using the formula
Ul = DW/Dn

Where DW is the weight, average diameter and Dn of particles
studied [12].

Swelling index studies

The swelling behaviour of a dosage unit was measured by studying its
weight gain [13]. The swelling index of microspheres was determined
by placing the microspheres in the basket of a dissolution apparatus
(USP type, Rotating Basket) using 0.1N HCI as the dissolution medium
at 37£0.5 °C. Every 30 min, up to 6 h, microspheres were withdrawn,
blotted with tissue paper to remove the excess water and weighed
using an electronic balance (BL-220H, Schimadzu, Japan). The
experiment was performed in triplicate, every time. Swelling index
was calculated by using the following formula:

Swelling index = (Wet wt. of microspheres-Dry wt. of
microspheres)/Dry wt. of microspheres

Measurement of buoyancy

Microballoons equivalent to 100 mg were weighed and transferred to
a beaker containing 300 ml of 0.1N HCL, pH 1.2 at 37 °C. Then the
mixture was stirred at 100 rpm for a period of 6 h using a stirrer and
the floating time was recorded [14]. This was called as buoyancy time.

Loading efficiency

For determining loading efficiency (LE), approximately 10 mg of
microspheres were weighed and dissolved in 10 ml of ethanol. The
solution was diluted to give a concentration of 20 pl of ibuprofen.
The absorbance was measured at 310 nm using a UV/Vis
spectrophotometer (UV 1800, Shimadzu, Japan), and a calibration
curve was used to calculate the actual amount of drug [15].

Morphology of the microspheres

The microspheres were visually examined using an optical
microscope (Magnus, MLX-B Plus, Olympus Opto Systems, India Pvt.
Ltd.), after calibrating the eyepiece reticle with a stage micrometre.
A homogenous aqueous dispersion of microspheres was used to
determine the particle size [16]. The mean was calculated and
plotted from the optimized batch. Magnification of 10x in the eye
piece and 10x in the objective lens was applied to sufficient micro
balloons from each batch to minimize error and the mean calculated.

Stability studies

Short-term stability studies were carried out following
International Conference on Harmonization (ICH) guidelines

[17]. The best formulation, F8 was stored at 40+2 °C/75+5%
relative humidity (RH) in closed high-density polyethylene
bottles for a period of 45 d in a stability chamber and tested for
any alterations after the predetermined period of short-term
stability test.

In vitro drug release

In vitro drug release was carried out in phosphate buffer solution, pH
7.4 at 37+1 °C dissolution apparatus (DS 8000, Lab India), maintaining
1000 rpm for 6 h. Approximately 10 mg of microspheres were placed
in the dialysis bag (grade 60) and threaded onto the meshed basket of
the USP Type I dissolution apparatus [18]. To simulate the GIT
environment, a buffer shifting approach was employed along with a
rotational speed of 100 rpm. 5 ml solution sample was taken at
predefined intervals up to 360 min. The withdrawn volume was
replaced with fresh media in an equal volume. The collected samples
were passed through a membrane filter and diluted to a sufficient
concentration with the same dissolution media, and absorbance was
measured at 310 nm using a UV spectrophotometer. A standard
calibration curve was used to quantify the cumulative percent of
drug release.

RESULTS AND DISCUSSION
Microsphere yield and morphology

The microspheres were prepared by the solvent evaporation
method, with constant stirring. The first four formulations, namely
F1 to F4, resulted in very low yields, owing to the incomplete
formation of the microspheres, and were treated as preliminary
batches. As the percentage of the polymer was much less than 50%
of the drug content, the rigidity of the spheres was appreciably low
and this resulted in the immature breakage of the micro-balloons
even before the formation and subsequent washing. Hence, these
batches were not considered for further studies. Batches, F5 to F8,
that had the least polymer ratio, the same as that of the drug, and
above, showed appreciable outcomes and were assessed further.
Spherical white, free-flowing microspheres were formed using the
solvent evaporation method. The percentage yield varied from
61.9% to 89.25%+5%, with the highest yield obtained with higher
polymer content. The results confirm that an increase in polymer
ratio increases product yield [27]. Prepared microspheres were
viewed under the light optical microscope for the optimized batch.
Majority of the microspheres looked spherical in shape with regular
outlines. Few microspheres (less than 5%) were fused or
aggregated. Micrographs were taken and they are shown in fig. 1.
The external diameter ranged from 300 to 550 p, with geometric
mean close to 42045 microns. The size distribution of microspheres
was generally fine at the speed used with the geometric mean of ~
420 p and a geometric standard deviation of 1.38 calculated from
50% undersized and 18% oversized particles.

Loading efficiency

Depending on the drug-to-polymer ratio, the entrapment efficiency
of the drug varied to a large extent, as evident from table 2. The
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analysis of drug content varied from 69.2-81.4+5%. The percentage
yield was the least for the lowest ratio of the polymer and
appreciably increased with the rising ratio for those batches that
were evaluated in terms of in vitro release studies and encapsulation
efficiency. It was found that an increased amount of polymer leads to
good encapsulation efficiency [15], table 2. This is probably
attributed to the fact that a higher concentration of the polymer gave
the structures more firmness so that they did not break up during
the process of preparation and wash. Also, the particle diameter
linearly increased when the polymer quantity was increased. This
could have been because of the reason that with the lesser diffusion
rate of non-solvent to the polymer solution, the larger size of
microcapsules was easily obtained [21, 22].

Additionally, the loading efficiency augmented gradually because of
the reason that cross-linking due to the polymer gave room for the
drug to get encapsulated into the microscopic balls [23-25].
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Swelling index and buoyancy

The swelling index of all the formulations was evaluated and it was
seen that for F5 through F8, this value was noteworthy and ranged
from 29.34% to around 36% for F8. Accordingly, buoyancy was
recorded as high as almost 75+2% for the same formulation, table 2.
This was attributed to the presence of the maximum amount of the,
polymer, which helped in gelling and permitting swelling of the
matrix, thereby increasing the buoyancy factor [26]. Therefore, F8
was chosen for the in vitro assay.

Stability studies

Short-term stability studies displayed that F8 was found to be quite
stable pertaining to physical attributes and in vitro drug discharge
pattern during the study period. There was no change in the size of
the microspheres and the cumulative release of these microspheres
was 88. 4+5% at the end of six hours of study in phosphate buffer
solution, pH 7.4 at 37+1 °C for 3 consecutive studies.

Frequency (%)

200 Size Distribution

0 5 10
Diamerer (mm)

Fig. 1: Microscopic images of Ibuprofen Eudragit® RL100 microspheres, [n = 5] (a) microspheres under microscope (b) uniformity of size
of the particles (c) measurement of the diameter of microparticles (d) size distribution, signifying uniformity

Table 2: Microsphere formulations, loading efficiency and particle diameter

Formulation Drug: "Percentage ‘Loading efficiency  *Particle diameter (um) % Swelling *Buoyancy (%)
polymer ratio  yield (%) (%) index*

F5 1:1 61.9+3.9 69.21+1.49 185.59+0.1 29.34+2.33 54.55+2

F6 1:2 65.6+3.1 74.56+1.22 277.42+0.1 30.66+1.30 61.43+2

F7 1:3 71.2+2.4 77.12+1.31 296.28+0.2 32.18+1.22 67.23+2.3

F8 1:4 89.25+1.9 81.36+1.08 338.20£0.1 35.91+2.13 74.53+2

“Data is given in mean*SD, n=5

In vitro drug release

The release profiles of ibuprofen microspheres for the batches F5,
F6, F7, and F8 are shown in fig. 2 and indicate that the proportion of
polymers greatly influenced the drug release. Formulations F7 and
F8, which had a greater amount of polymer, showed a linear initial
drug release followed by a prolonged ibuprofen release until six
hours of analysis. Fig. 2 highlights the highest percentage of
ibuprofen released of 88.6+5 % from F8 and the lowest release of
around 12.0£5 % from the same formulation at the 15 minute. An
aspect that might have influenced the discharge of ibuprofen is the
drug crystals adhering to the outer surface in addition to the
porosity of the particles of the microspheres owing to the presence
of higher percentage of polymer in that formulation [27]. The linear
initial release of the drug is often desirable in the case of extended
drug-release microspheres. Optimization of process conditions for
the preparation of microspheres and also the development of more

complex systems can be modulated further based on the
requirements. The porosity of these microspheres probably
facilitated the penetration of the dissolution medium and,
consequently, facilitated the ibuprofen dissolution. It has been
previously reported that Eudragit ® RL100 microspheres could
promote the fast release of ibuprofen due to its porosity [28].
Additionally, the gelling and swelling capacity of the polymer allowed
the drug to remain in the networked trap and later slow release of the
same, enabling gradual release over time [29, 30]. Thus, it was
concluded that formulation F8 was the most appropriate to prolong
the ibuprofen in vitro release for the oral route.

An assessment of the prepared sample F8 was made with a similar
product available in the drug stores, with respect to in vitro dissolution
for the same span of time under identical conditions. The findings are
plotted in fig. 3. The outcomes demonstrated that there was better
release capacity of F8 under identical conditions and hence was superior
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to the existing product found in the market, thereby concluding that the
prepared microspheres were of superior quality and proposing for
further in vivo and long-term stability tests. The overall comparison with
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the marketed sample indicated F8 to be better, with an average of above
88+5 % at the end of 6 h under similar conditions, compared to the
existing product available on the market.
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Fig. 2: Comparative release profiles for all batches (F5 to F8) of ibuprofen microspheres, [N = 3] for in vitro drug dissolution (from each
formulation) and the test was done for each formulation in triplicate. Data is given in mean
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Fig. 3: Comparative release profiles from F8 and marketed sample [N = 3] for in vitro drug dissolution and the test was done for each
formulation in triplicate. Data is given in mean

CONCLUSION

In the current study, ibuprofen-loaded Eudragit® RL100
microspheres were found to be an effective method in providing the
extended-release of ibuprofen for up to six hours. Sustained-release
microballoons were prepared with Eudragit ® RL100 which was
proven to be advantageous in the context of enhancing ibuprofen
dissolution characteristics in simulated gastric medium. Microspheres
prepared with Eudragit® RL100 as a delayed-release system for
Ibuprofen displayed satisfactory physical properties, swelling index,
buoyancy lag time and exhibited the required in vitro release pattern
that agrees with the purpose set for this study. Further, a comparison
of the release study of the optimized batch with a marketed product
with similar composition revealed better cumulative drug release in a
similar gastric environment when studied for 6 h and is proposed for
further in vivo and long-term stability tests.

ACKNOWLEDGEMENT

The authors would like to thank NSHM Knowledge Campus, Kolkata-
Group of Institutions for providing the facility and laboratory staff
help to conduct the experiments for this study.

FUNDING
Nil
AUTHORS CONTRIBUTIONS

All authors discussed the outcomes and contributed to the final
manuscript. AD conceptualized and drafted the manuscript prior to
correction and finalization of the same. A Das performed all the

experimental work, while R Ghosh did the data collection, plotting
and revision of the manuscript.

CONFLICT OF INTERESTS
Declared none
REFERENCES

1.  Waghule T, Singhvi G, Dubey SK, Pandey MM, Gupta G, Singh M.
Microneedles: A smart approach and increasing potential for
transdermal drug delivery system. Biomed Pharmacother.
2019;109(1):1249-58. doi: 10.1016/j.biopha.2018.10.078.

2. Jain A, Mohanty PK. Self-regulatory drug transport: an
intelligent drug delivery system. Ars Pharm. 2018;3(1):173-83.

3. Liu D, Yang F, Xiong F, Gu N. The smart drug delivery system
and its clinical potential. Theranostics. 2016;6(9):1306-23. doi:
10.7150/thno.14858, PMID 27375781.

4, Dhas SK, Deshmukh G. Formulation and evaluation of
meloxicam microspheres for colon targeted drug delivery.
Asian ] Pharm Clin Res. 2021;14(8):45-51. doi:
10.22159/ajpcr.2021.v14i8.38482.

5. Hua S. Advances in oral drug delivery for regional targeting in
the gastrointestinal tract-influence of physiological,
pathophysiological and pharmaceutical factors. Front
Pharmacol. 2020;11(1):524. doi: 10.3389/fphar.2020.00524,
PMID 32425781.

6. Saravanan M, Dhanaraju D, Sridhar SK, Ramachandran S,
Kishore Gran Sam S, Anand P, Bhaskar K, Srinivasarao G.
Preparation, characterization and in vitro release kinetics of
ibuprofen polystyrene microspheres. Indian ] Pharm Sci.
2004;66(3):287-92.


https://doi.org/10.1016/j.biopha.2018.10.078�
https://doi.org/10.7150/thno.14858�
https://www.ncbi.nlm.nih.gov/pubmed/27375781�
https://doi.org/10.22159/ajpcr.2021.v14i8.38482�
https://doi.org/10.3389/fphar.2020.00524�
https://www.ncbi.nlm.nih.gov/pubmed/32425781�

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

A.Dattaetal.

Bushra R, Aslam N. An overview of clinical pharmacology of
ibuprofen. Oman Med J. 2010;25(3):155-1661. doi:
10.5001/0m;j.2010.49, PMID 22043330.

Krishna SA, Anusha K. Preparation and evaluation of ibuprofen
loaded microspheres. Int ] Basic Appl Sci. 2015;5(3):30-8.
Papola V, Rajan G, Eudragit BS, Two Most CT. Promising
polymer for colon drug delivery. ] Med Sci Clin Res.
2013;1(2):38-82.

Dabhi MR, Sheth NR. Optimization of novel mucoadhesive in
situ film forming periodontal drug delivery system for
chemotherapeutic agents. ] Pharm Innov. 2014;9(2):83-94. doi:
10.1007/s12247-014-9175-4.

Singh V, Chaudhary AK. Preparation of Eudragit E100
microspheres by the modified solvent evaporation method.
Acta Pol Pharm. 2011;68(6):975-80. PMID 22125964.

Visht S, Kulkarni GT. Studies on the preparation and in vitro-in
vivo evaluation of mucoadhesive microspheres of
glycyrrhetinic acid isolated from liquorice. Bangla Pharma J.
2015;18(1):30-7. doi: 10.3329/bpj.v18i1.23511.

Singh R, Irchhaiya R, Manjulata ARK, Gupta AK. Development
and characterization of mucoadhesive microspheres of
ofloxacin. Biosci Biotechnol Res Asia. 2008;5(2):719-26.

Gharti KP, Thapa P, Budhathoki U, Bhargava A. Formulation
and in vitro evaluation of floating tablets of hydroxypropyl
methylcellulose and polyethylene oxide using ranitidine
hydrochloride as a model drug. ] Young Pharm. 2012;4(4):201-
8.doi: 10.4103/0975-1483.104363, PMID 23493037.

El-Say KM. Maximizing the encapsulation efficiency and the
bioavailability of controlled-release cetirizine microspheres
using draper-lin small composite design. Drug Des Dev Ther.
2016;10:825-39. doi: 10.2147/DDDT.S101900, PMID 26966353.
Gomez PG, Campo JC, Zahonero C, Fuente M, Lain AH, Mira H.
Controlled release microspheres loaded with BMP7 suppress
primary tumors from human glioblastoma. Oncotarget.
2015;1(1):1-14.

Puthli S, Vavia PR. Stability studies of microparticulate system
with piroxicam as model drug. AAPS PharmSciTech.
2009;10(3):872-80. doi: 10.1208/512249-009-9280-8, PMID
19568938.

Wan B, Andhariya ]V, Bao Q, Wang Y, Zou Y, Burgess D]. Effect
of polymer source on in vitro drug release from PLGA
microspheres. Int ] Pharm. 2021;607:120907. doi:
10.1016/j.ijpharm.2021.120907, PMID 34332059.

Gaur PK, Mishra S, Bajpai M. Formulation and evaluation of
controlled-release of telmisartan microspheres: in vitro/in vivo
study. ] Food Drug Anal. 2014;22(4):542-8. doi:
10.1016/j.jfda.2014.05.001, PMID 28911472.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Int ] Pharm Pharm Sci, Vol 14, Issue 12, 6-10

Nagpal M, Maheshwari DK, Rakha P, Dureja H, Goyal S, Dhingra
G. Formulation development and evaluation of alginate
microspheres of ibuprofen. ] Young Pharm. 2012;4(1):13-6.
doi: 10.4103/0975-1483.93573, PMID 22523454.

Pignatello R, Consoli P, Puglisi G. In vitro release Kinetics of
tolmetin  from tabletted Eudragit microparticles. ]
Microencapsul. 2000;17(3):373-83. doi: 10.1080/
026520400288337, PMID 10819424.

Karatas A, Sonakin O, Kili Carslan M, Baykara T. Poly (epsilon-
caprolactone) microparticles containing levobunolol HCI
prepared by a multiple emulsion (W/0/W) solvent evaporation
technique: effects of some formulation parameters on
microparticle characteristics. ] Microencapsul. 2009;26(1):63-
74. doi: 10.1080/02652040802141039, PMID 18608798.
Barkai A, Pathak YV, Benita S. Polyacrylate (Eudragit Retard)
microspheres for oral controlled release of nifedipine. I.
Formulation design and process optimization. Drug Dev Ind
Pharm. 1990;16(13):2057-75. doi: 10.3109/
03639049009023640.

Pongpaibal Y, Price JC, Whitworth CW. Preparation and
evaluation of controlled release indomethacin microspheres.
Drug Dev Ind Pharm. 1984;10(1):1597-616.

Jelvehgari M, Hassanzadeh D, Kiafar F, Delf Loveym B, Amiri S.
Preparation and determination of drug-polymer interaction
and in vitro release of mefenamic acid microspheres made of
cellulose acetate phthalate and/or ethylcellulose polymers.
Iran ] Pharm Res. 2011;10(3):457-67. PMID 24250377.

Salatin S, Barar ], Barzegar Jalali M, Adibkia K, Alami Milani M,
Jelvehgari M. Formulation and evaluation of Eudragit RL-100
nanoparticles loaded in situ forming gel for intranasal delivery
of rivastigmine. Adv Pharm Bull. 2020;10(1):20-9. doi:
10.15171/apb.2020.003, PMID 32002358.

Hassan AS, Sapin A, Lamprecht A, Emond E, Ghazouani F,
Maincent P. Composite microparticles with in vivo reduction
of the burst release effect. Eur ] Pharm Biopharm.
2009;1(1):337-44.

Shinde UA, Shete JN, Nair HA, Singh KH. Eudragit RL100 based
microspheres for ocular administration of azelastine
hydrochloride. ] Microencapsul. 2012;29(6):511-9. doi:
10.3109/02652048.2012.665088, PMID 22375685.

Ram A, Raj PM, Kumar N, Raj R. Comparative study of Eudragit
RS 100 and RL 100 nanoparticles as ophthalmic vehicle for
fungal infection. Pharm Nanotechnol. 2016;4(1):1-13.

Gulshan M, Sai MLS, Hemalatha T, Sri U], Ramarao N.
Formulation and development of microspheres for the
treatment of familial adenomatous polyposis. Int ] Appl Pharm.
2017;9(5):66-72. doi: 10.22159/ijap.2017v9i5.19731.

10


https://doi.org/10.5001/omj.2010.49�
https://www.ncbi.nlm.nih.gov/pubmed/22043330�
https://doi.org/10.1007/s12247-014-9175-4�
https://www.ncbi.nlm.nih.gov/pubmed/22125964�
https://doi.org/10.3329/bpj.v18i1.23511�
https://doi.org/10.4103/0975-1483.104363�
https://www.ncbi.nlm.nih.gov/pubmed/23493037�
https://doi.org/10.2147/DDDT.S101900�
https://www.ncbi.nlm.nih.gov/pubmed/26966353�
https://doi.org/10.1208/s12249-009-9280-8�
https://www.ncbi.nlm.nih.gov/pubmed/19568938�
https://doi.org/10.1016/j.ijpharm.2021.120907�
https://www.ncbi.nlm.nih.gov/pubmed/34332059�
https://doi.org/10.1016/j.jfda.2014.05.001�
https://www.ncbi.nlm.nih.gov/pubmed/28911472�
https://doi.org/10.4103/0975-1483.93573�
https://www.ncbi.nlm.nih.gov/pubmed/22523454�
https://doi.org/10.1080/026520400288337�
https://doi.org/10.1080/026520400288337�
https://www.ncbi.nlm.nih.gov/pubmed/10819424�
https://doi.org/10.1080/02652040802141039�
https://www.ncbi.nlm.nih.gov/pubmed/18608798�
https://doi.org/10.3109/03639049009023640�
https://doi.org/10.3109/03639049009023640�
https://www.ncbi.nlm.nih.gov/pubmed/24250377�
https://doi.org/10.15171/apb.2020.003�
https://www.ncbi.nlm.nih.gov/pubmed/32002358�
https://doi.org/10.3109/02652048.2012.665088�
https://www.ncbi.nlm.nih.gov/pubmed/22375685�
https://doi.org/10.22159/ijap.2017v9i5.19731�

	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	CONCLUSION
	ACKNOWLEDGEMENT
	FUNDING
	AUTHORS CONTRIBUTIONS
	CONFLICT OF INTERESTS
	REFERENCES

