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ABSTRACT

Drug delivery strategies including microspheres have been utilized to improve
effectiveness, reduce toxicity, and improve patient compliance. Additional benefits of
employing microspheres to deliver medications include targeted drug delivery at the intended
location, increased bioavailability, and controlled release. Microsphere formulations offer an
advantage over traditional tablet or capsule formulations in that they improve medicine
absorption and reduce drug dosage frequency by expanding the surface area exposed to the
absorption site. The corticosteroid deflazacort is used to treat Duchenne muscular dystrophy.
Deflazacort microspheres were generated using the ionotropic gelation approach with different
deflazacort to sodium alginate ratios and polymers such as chitosan, xanthan gum, and Eudragit
S100. The particle size and yield percentage of Deflazacort microspheres were investigated.
Drug content, flow properties, surface morphology, and entrapment efficiency were all found
to be within permissible parameters. When compared to the other formulations, in vitro
dissolving trials of the microspheres revealed that formulation F12, which comprises Eudragit
S100 as a polymer, has the maximum drug release after 12 hours. According to the enhanced
formulation's drug release kinetics, formulation F12 employs a Super case II transport
mechanism and zero order drug release.

Keyword: SEM, Eudragit S100, Deflazacort microspheres, and an ionotropic gelation method.

1.INTRODUCTION

Oral administration is the most widely accepted route for drug delivery due to its convenience,
ease of use, and improved patient compliance. However, conventional oral dosage forms are
often associated with drawbacks such as short biological half-life, frequent dosing
requirements, and fluctuations in plasma drug concentrations, which may compromise
therapeutic efficacy and increase the risk of adverse effects. Controlled release drug delivery
systems (CRDDS) have been developed to overcome these limitations by releasing the drug at
a predetermined rate, thereby maintaining steady plasma concentrations, reducing dosing
frequency, and improving patient adherence'?. Deflazacort, an oxazoline derivative of
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prednisolone, is a glucocorticoid widely used for the treatment of inflammatory and
autoimmune disorders such as Duchenne muscular dystrophy, rheumatoid arthritis, asthma,
and nephrotic syndrome®. Despite its therapeutic potential, Deflazacort exhibits limitations
including a relatively short half-life and the need for frequent administration, which may reduce
patient compliance and increase the likelihood of dose-related side effects. Developing a
controlled release formulation of Deflazacort, particularly in the form of microspheres, offers
a promising strategy to prolong its therapeutic action, reduce dosing frequency, and achieve
better disease management*>. Biodegradable natural polymers such as chitosan, gelatine, and
sodium carboxymethyl cellulose (NaCMC) have been extensively studied for microsphere
preparation due to their biocompatibility, safety, and ability to control drug release.
Incorporation of Deflazacort into such polymeric microspheres can protect the drug from
degradation, provide sustained release, and minimize inter-individual variability in drug
absorption™S. Therefore, the present work focuses on the formulation and evaluation of
Deflazacort-loaded microspheres using natural polymers. The study aims to optimize the
formulation parameters, characterize the microspheres in terms of size, morphology, drug
entrapment, and release kinetics, and evaluate their potential to provide an effective oral
controlled release delivery system for Deflazacort.

2.EXPERIMENTAL

Deflazacort is a synthetic glucocorticoid prodrug indicated for Duchenne muscular dystrophy
in patients >2 years. It is a white crystalline compound that is rapidly absorbed after oral dosing.
After oral administration deflazacort is de-acetylated by plasma esterases to the active 21-
deflazacort which is further metabolized to inactive metabolites; elimination is mainly renal
(~70%) with the remainder in feces, and most drug is cleared within 24 h.
Pharmacodynamically it acts via glucocorticoid receptor—mediated anti-inflammatory and
immunosuppressive effects and clinically has been shown (typical dosing ~0.9 mg-kg'-day™)
to preserve muscle mass and delay progression of DMD symptoms. The chosen excipients
support ionotropic-gelation microsphere formulation: chitosan ((CéH11O4N),) is a
biodegradable, cationic linear polyamine (pharmaceutical grade deacetylation ~90-95%)
insoluble in water but soluble in dilute acids, bioadhesive and readily ionotropically cross-
linkable with multivalent anions (e.g., TPP, alginate) and useful for sustained-release and
mucoadhesive microspheres; sodium alginate ((CsH7OsNa),) is a hygroscopic, water-soluble
polysaccharide that forms calcium-crosslinked gels and provides matrix integrity and
controlled release; calcium chloride (CaCl,, MW 110.98 g-mol™) is a highly water-soluble,
deliquescent salt used as the calcium source to induce alginate gelation; xanthan gum is a water-
soluble viscosity-building stabilizer employed to modify viscosity, suspension stability and
release; and Eudragit S100 is an anionic, enteric polymer that is insoluble in gastric pH but
dissolves at intestinal pH (>7), used for pH-dependent protection or delayed/targeted release.
Together these materials enable formation of stable, crosslinked alginate/chitosan/xanthan
microspheres with tenable entrapment efficiency and pH-dependent release characteristics
suitable for oral controlled delivery of deflazacort.
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3.MATERIALS AND METHODS

3. Materials and Methods

3.1 Materials

Deflazacort (pharma grade) was obtained from Glenmark Pharmaceuticals Ltd. Sodium
alginate, chitosan, xanthan gum, and calcium chloride (LR grade) were procured from S.D.
Fine Chemical Ltd., Mumbai. Eudragit S100 (LR grade) was purchased from Shreeji
Chemicals, Mumbai. All other reagents and solvents used were of analytical grade.

3.2 Buffer Preparation

3.2.1 Preparation of 0.2 M Potassium Dihydrogen Orthophosphate Solution

A total of 27.218 g of monobasic potassium dihydrogen orthophosphate was accurately
weighed and dissolved in distilled water, and the volume was adjusted to 100 mL.

3.2.2 Preparation of 0.2 M Sodium Hydroxide Solution

Eight grams of sodium hydroxide pellets were dissolved in distilled water and the final volume
was made up to 1000 mL.

3.2.3 Preparation of pH 6.8 Phosphate Buffer

A measured volume of 250 mL of the 0.2 M potassium dihydrogen orthophosphate solution
was mixed with 112.5 mL of the 0.2 M sodium hydroxide solution in a 1000 mL volumetric
flask. The final volume was adjusted to 1000 mL using distilled water.

3.3 Pre-Formulation Studies

Pre-formulation studies were conducted to evaluate the physicochemical characteristics of
Deflazacort and assess its suitability for microsphere formulation.

3.3.1 Melting Point Determination

The melting point of Deflazacort was determined to assess its purity and thermal stability. The
temperature at which the drug exhibited a solid-to-liquid phase transition was recorded.

3.3.2 Solubility Studies

Excess drug was added to 10 mL of different buffer systems and stirred at 150 rpm for 24 h at
25 °C to reach equilibrium. The suspensions were filtered through a 0.45 um PVDF membrane.
The filtrates were appropriately diluted and analyzed by UV-Visible spectrophotometry to
determine saturation solubility in each medium.

3.3.3 Determination of Absorption Maximum (Amax)

A primary stock solution of 1000 pg/mL was prepared by dissolving 10 mg of Deflazacort in
pH 6.8 phosphate buffer. Serial dilutions were prepared to obtain a 10 pg/mL working solution.
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This solution was scanned between 200400 nm using a UV-Visible double-beam
spectrophotometer. The Amax of Deflazacort was found to be 247 nm.

3.3.4 Evaluation of Flow Properties

Flow properties of the drug powder were assessed to ensure suitability for solid dosage form
processing. Parameters related to powder flowability were measured to predict uniformity in
mixing and filling operations.

3.3.5 FTIR Spectroscopic Analysis

Drug—polymer compatibility was evaluated using FTIR spectroscopy (Shimadzu 8400S). A
2% w/w sample with potassium bromide (KBr) was compressed into a transparent disc at
10,000 PSI. The disc was scanned ten times at a resolution of 2 cm™ using Happ—Genzel
apodization. Characteristic peaks were examined to identify possible interactions between
Deflazacort and the polymers.

3.4 Preparation of Calibration Curve

A 1000 ug/mL stock solution was prepared by dissolving 10 mg of Deflazacort in 10 mL of
pH 6.8 phosphate buffer. This was further diluted to obtain a 100 pg/mL secondary stock
solution. Aliquots of 0.5-3 mL were transferred to 10 mL volumetric flasks and diluted to
produce concentrations ranging from 5 to 30 ug/mL. Absorbance values were measured at the
Amax, and a calibration curve was constructed. Linearity was confirmed by calculating the
correlation coefficient (R?).

3.5 Preparation of Deflazacort Microspheres

Deflazacort microspheres were formulated using the ionotropic gelation technique. Sodium
alginate served as the primary polymer, while chitosan, xanthan gum, and Eudragit S100 were
used as co-polymers. Calcium chloride acted as the cross-linking agent.

Initially, the required amount of sodium alginate was dissolved in 25 mL distilled water to
obtain a uniform polymer solution. The weighed quantities of Deflazacort and selected co-
polymers were added to the alginate solution and stirred at 800 rpm until completely dispersed.
The mixture was extruded dropwise through a 22-gauge syringe needle into 100 mL of a 1%
w/v calcium chloride solution under continuous stirring. Cross-linking was allowed to proceed
for 60 minutes.

The formed microspheres were collected by filtration, washed with purified water, and dried
at 40 °C for 12 hours. Formulations were optimized based on entrapment efficiency and in vitro

drug release performance.
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Table 1: Formulation design for Deflazacort microspheres using different ratios of drug

and polymers

Formulation
code F1 |F2 |F3 |F4 |F5 |F6 |F7 |F8 |F9 |F10 | F11 | F12
Ingredients
Deflazacort |30 |30 |30 |30 |30 |30 |30 |30 |30 |30 |30 |30
Sodium 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
alginate
Chitosan 15 |30 |45 |60 |- |- |- |- |- |- [—= [-=
Xanthan
gum

Eudragit
$100

Calcium
chloride
Distilled
water

1% (1% [1% [ 1% [ 1% | 1% | 1% [1% | 1% | 1% | 1% | 1%

qQs |qs |qs |qs |9s |gs |gs [qs |qgs |qgs |qs |[qgs

4.RESULTS AND DISCUSSION

The solubility of the drug is more in 6.8 pH Buffer than the other buffers. The maximum
absorbance of the Deflazacort was found to be at 247 nm. Hence the Wavelength of 247 nm

was selected for analysis of drug in dissolution media.

0.600;

Figure 1: UV spectra of Deflazacort at 247 nm
From the drug excipient compatibility studies we observed that there are no interactions
between the pure drug (Deflazacort) and optimized formulation (Deflazacort+ excipients)

which indicates there are no physical changes.
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The formulations F1 to F12 found to have varying bulk density, tapped density, compressibility

index and Hausner’s ratio which ranged from 0.305+0.02gm/cc to 0.341+0.01gm/cc,
0.418+0.02gm/cc to 0.457+0.01gm/cc, 12.1241.18% to 20.27+1.12% and 1.12+0.01 to

1.19+0.02 respectively. The observed values were within I.P limits and also demonstrate good

flow property for the developed formulation

Table-2: Characterization of Deflazacort microspheres

Parameter Bulk density Tapped density Hausrfer’s Com[.)ressibility
(gm/cc) (gm/cc) ratio index
F1 0.305+0.02 0.418+0.02 1.18+0.01 20.27+1.12
F2 0.312+0.01 0.425+0.01 1.19+0.02 18.55+1.09
F3 0.327+0.02 0.439+0.02 1.17+0.01 17.46+1.08
F4 0.329+0.01 0.445+0.01 1.16+0.02 15.34+1.14
F5 0.310+0.02 0.410+0.01 1.21+0.01 18.42+1.15
F6 0.319+0.01 0.429+0.02 1.19+0.01 19.21+1.19
F7 0.326+0.02 0.436+0.01 1.17+0.02 18.58+1.12
F8 0.334+0.01 0.448+0.01 1.15+0.01 16.47+1.18
F9 0.318+0.02 0.421+0.02 1.18+0.02 17.98+1.12
F10 0.327+0.01 0.436+0.01 1.16+0.01 15.52+1.16
F11 0.335+0.02 0.446+0.02 1.14+0.02 14.34+1.11
F12 0.341+0.01 0.457+0.01 1.12+0.01 12.12+1.18

The formulations F1 to F12 found to have varying particle size, percentage yield, entrapment

efficiency and drug content which ranged from 200.01£1.54 pm to 230.62+1.67um,

91.19+1.48%

to 98.62+1.69%,

99.15+1.15% respectively.

48.47+1.42%

to 78.45+1.20%

and 92.56+1.42% to

Table -3: Particle size, Drug Entrapment Efficiency of Deflazacort microspheres

Formulation | Particle Size . Entrapment
Code (um) % Yield E fficﬁency Drug Content
F1 208.15+1.57 | 91.19+1.48 48.47+1.42 92.56+1.42
F2 210.74+1.25 | 93.43+1.57 54.48+1.36 94.48+1.54
F3 205.78+1.16 | 94.25+1.10 60.16+1.51 97.59+1.09
F4 220.15+1.67 | 95.18+1.06 66.24+1.48 97.78+1.10
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F5 215.15£1.48 | 92.64+1.25 52.454+2.20 93.46+1.45
Fé 210.18+1.57 | 94.75+1.18 58.16+£2.14 95.78+1.20
F7 230.62+1.67 | 95.02+1.37 66.38+1.24 97.11£1.48
F8 205.78+1.56 | 96.36+1.45 71.54+1.36 98.96+1.05
F9 201.18+1.29 | 95.24+1.12 58.26+1.48 95.15+1.46
F10 205.62+1.48 | 97.48+1.05 69.18+1.12 97.36+1.24
F11 205.45+£1.37 | 98.17+1.16 73.20+1.45 98.47+1.45
F12 200.01+1.54 | 98.62+1.69 78.45+1.20 99.15+1.15

The optimized formulation was evaluated for its surface morphology by using Scanning
electron microscopy. The outer surface of the microspheres was found to be smooth. The
surface topography revealed a spherical surface for all the formulations and a round cavity
enclosed by an outer shell composed of the drug and polymer. The particle size was found to

be 200um.

Figure 2 : Scanning Electron Microscopy analysis(SEM)

The formulations F1-F4 prepared with (ratios range 1:1, 1:2, 1:3 and 1:4) concentration of
polymer like Pectin and drug release as shown in Table. As the polymer concentration was
increases the time of drug release was increases. The formulations F4 showed burst effect and
released 97.12+0.23% at the end of 12%hrs. The formulations F5-F8 prepared with (ratios range
1:1, 1:2, 1:3 and 1:4) concentration of polymer like HPMC K15M and drug release as shown
in Table. The formulations F8, releases 98.41+1.07% at the end of 12% hr respectively.

The formulations (F9, F10, F11 and F12) were tried with Chitosan (ratios range 1:1, 1:2, 1:3
and 1:4) as retardant being insoluble in gastric pH. The formulations F12 was found to be
99.11+1.42% at the end of 12hrs The formulation F12 was made with the Chitosan in the drug
polymer ratio of 1:4 and drug release was found to be 99.11+1.42% at the end of 12hrs with

better drug release pattern, thus F12 was considered as optimized formulation.
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Figure-3 : In vitro dissolution profile of Deflazacort formulations F1-F12
The optimized formulation F12 has coefficient of determination (R?) values of Zero order, First
order, Higuchi and Korsmeyer Peppas of 0.933, 0.762, 0.990 and 0.616 respectively. A good
linearity was observed with the zero order. The slope of the regression line from the Higuchi
plot indicates the rate of drug release through mode of diffusion, and further confirms the
diffusion mechanism. The data fitted into the Korsmeyer Peppas equation which showed
linearity with slope n value of 1.160 for optimized formulation F12. This n value indicates the
coupling of (swelling, polymer relaxation) diffusion and erosion mechanism. Thus, it indicates
the drug release from the tablet follows Super case transport mechanism. The presence of
swelling and cross linked polymers within the matrix structure might be responsible for the
drug release controlled by more than one process. Thus, with regarded to release kinetics, the

optimized batch F12 follows best fitted for zero order drug release with Super case II transport

mechanism.
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Figure 4: Optimized formulation zero order Figure S : Optimized formulation first
Plot of Deflazacort(F12) order plot of Deflazacort (F12)
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Figure 6 : Optimized formulation Higuchi plot of Deflazacort (F12)
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Figure 7: Optimized formulation Peppas plot of Deflazacort (F12)

Table 4: Co-efficient of determination and 'n' values of optimized formulation (F12)

R? values n values
Formulations Zero First Higuchi Korsmeyer- Korsmeyer-
order order peppas peppas
13‘12. 0.933 0.762 0.990 0.616 1.160
Optimized

PAGE NO: 449



KRONIKA JOURNAL(ISSN NO-0023:4923) VOLUME 25 ISSUE 12 2025

REFERENCES

1. N. K. Jain, Controlled and Novel drug delivery, 04 Edition, CBS Publishers New Delhi,
India; 21,N236-237.

2. Chein YW. Oral Drug Delivery Systems: In Novel drug delivery systems. Vol.50, Marcel
Dekker, Inc., New York. 1992, 139- 177.

3. Mathew Sam T., Devi Gayathri S., PrasanthV.V., Vinod B; NSAIDs as microspheres, The
Internet Journal of Pharmacology.6(1), 2008, 67-73.

4. Li, S.P., Kowalski C.R., Feld K.M., Grim W.M. Recent Advances in Microencapsulation
Technology and Equipment, Drug Dev Ind. Pharm. 14, 1988, 353-376.

5. P.M. Dandagi, VS. Mastiholimath, M.B. Patil, M.K. Gupta, Biodegradable microparticulate

system of captopril. International Journal of Pharmaceutics. 307, 2006, 83-88.

6. Chinna Gangadhar B, Shyam Sunder R., Vimal Kumar Varma. M., Sleeva Raju M., Sai
Kiran M, Formulation and Evaluation of Indomethacin Microspheres using natural and

synthetic polymers as Controlled Release Dosage Forms. International Journal of Drug

Discovery, 2(1), 2010,8-16.

7. Rana mazumder, lila K. Nath, Anwarul, Haque, Tarasankar Maity, Prasant K. Choudhary,
Bhupendra Shreshta, Formulation and in vitro evaluation of natural polymers based
microsphere for colonic drug delivery, International journal of pharmacy and pharmaceutical

sciences, 2(1), 2010, 211-219.

8. Kavitha K, Chintagunta Pavanveena, Anil Kumar S. N., Tamizh Mani T, Formulation and
evaluation of trimetazine hydrochloride loaded gelatin microsphere. International Journal of

Pharmacy and Pharmaceutical Sciences, 2(3), 2010, 67-70.

9. Lorenzo-Lamosa ML. Design of microencapsulated chitosan microspheres for colon drug

delivery. J. Control. Release, 52(1-2), 1998, 109-118.

10. Sudha Mani T and Naveen Kumar K, At preparation and evaluation of ethyl cellulose
microspheres of ibuprofen for sustained drug delivery. International Journal of Pharma

Research and Development. 2(8), 2010, 120-121.

PAGE NO: 450



KRONIKA JOURNAL(ISSN NO-0023:4923) VOLUME 25 ISSUE 12 2025

11. Bunty Chanu Irom, K. Kavitha, M. Rupeshkumarl, SD. Jagadeesh Singh, Natural
Polymeric Microsphere for Drug Delivery: A Review. International Journal of Pharmaceutical

Research And Development. 4(07), 2012, 31-37.

12. Imran Abdul Kayyum Tadwee*, Sadhana Shahi, M. Thube, Ankit S. Review on
Microspheres. International Journal of Pharmaceutical Research Allied Sciences, 1(1), 2012,

24-33.

13. Saravana Kumar K., Jayachandra Reddy P., Chandra Sekhar K.B., A Review on
Microsphere for Novel drug delivery System. Journal of Pharmacy Research, 5(1), 2012, 420-
424,

14. Kataria Sahil, Middha Akanksha, Sandhu Premjeet, Ajay Bilandi and Bhawana Kapoor,
Microsphere: A Review, International Journal of Research In Pharmacy and Chemistry, 1(4),

2011, 1184-1198.

15. Sipai Altaf Bhai. M. Vandana yadav, Mamatha. Y, Prasanth V. V., Mucoadhesive
Microsphere An overview. American journal of Pharmtech Research, 2(1), 2012,237-258.

16. Akash Purohit, Mithun Bhowmick, Jagdish Rathi, Formulation and evaluation of

deflazacortloaded mucoadhesive microsphere for colon drug delivery system, Journal of Drug

Delivery & Therapeutics, 2019; 9(1):79-84.

17. Daisy Chellakumari, A. Selvapriya, C. Soniya, A. Dinesh Kumar, Formulation and
Evaluation of Deflazacort Loaded Gelatin Microspheres, [JPBS | Volume 7 | Issue 1|.

18.Sandeep Dagar, Ruchi Rawat, Pinki, Formulation and Evaluation of Deflazacort Loaded

Solid Lipid Microparticles, 2022| IJIRT | Volume 8 Issue 8.

19.Sarvesh Mishra, Neeraj Sharma, Shailesh Jain, Formulation Development and Evaluation
of Colon Targeting Nanosponges of Deflazacort Using Box Behnken Design, 451-459, Issue:
2021 - Volume 33 [Issue 63A].

20. S. Ramya Sri. Formulation and Evaluation of Nizatidine Microspheres. Research J. Science
and Tech. 2019; 11(1):14-26. doi: 10.5958/2349-2988.2019.00003.2

21. Sanjay Kumar Mishra and M. K. Gupta, Characterization And Evaluation Of Nizatidine
Floating Microspheres Based Drug Delivery System For Anti-Ulcer Activity, IJPSR (2019),
Volume 10, Issue 10, 4557-4567.

PAGE NO: 451



KRONIKA JOURNAL(ISSN NO-0023:4923) VOLUME 25 ISSUE 12 2025

22. Ramchandra Keny, Vijay Jagtap, Formulation and Evaluation of Buoyant Microspheres of
Nizatidine by Spray drying Technique, January 2018.

23. Shylaja Rani, U. Ashok Kumar, D.V. R. N. Bhikshapathi, Nizatidine Based Floating
Microspheres by Ionotropic Gelation Technique - Morphology and Release Characteristics,
2018; 10(3): 194-200.

24. Jain AK, Jain CP, Tanwar YS, Naruka, PS. Formulation characterization and in vitro
evaluation of floating microspheres of Famotidine as a gastro retentive dosage form. Asian J
Pharm 2009;3(3):222-6

25. Basavaraj BV, Deveswaran R, Bharath S, Abraham S, Furtado S, Madhavan V. hollow
microspheres of Diclofenac Sodium a gastro retentive controlled delivery system. Pak J Pharm

Sci 2008;21(4):451-4.

26 Klausner A, Lavy E, Friedman M, Hoffman A. Expandable gatroretentive dosage form. J
Cont Rel 2003;90:143-62.

27. Sunil KJ, Govind PA, Narendra KJ. Evaluation of porous carrier-based floating Orlistat
microspheres for gastric delivery. AAPS Pharm Sci Tech 2006;7(4):90.

28. Chavanpatil M, Jain P, Chaudhari S, Shear R, Vavia P. Development of sustained release
gastro retentive drug delivery system for Ofloxacin. Int J Pharm 2005;30:178-84.

29. Srivastava AK, Devendra NR, Wadhwa S. Floating microspheres of Cimetidine —

formulation, characterization and in vitro evaluation. Acta Pharm 2005;55:277-85.

30.Gupta N, Nagorny R. On the tensile properties of glass micro balloon-epoxy resin syntactic
foams. J Appl Polym Sci 2006:1254-61.

31. Deepaa MK, Karthikeyanb M. Cefpodoxime Proxetil floating microspheres formulation
and in vitro evaluation. Iranian J Pharm Sci 2009:5(2):69-72.

32. Sahoo SK, Mohapatra S, Dhal SK, Behera BC, Barik BB. Formulation of floating
microspheres of Ciprofloxacin Hydrochloride by crosslinking agent. Ind pharm 2007:
6(58):65-8.

33. Madhavi BB, Ravinder Nath A, Banji D, Ramalingam1 R, Naga Madhu M, Arjun G.,
SriharshaV. formulation and evaluation of venlafaxine hcl enclosed in alginate microbeads

prepared by iontophoretic gellation method. IJPRD 2009;8:1-11.

PAGE NO: 452



KRONIKA JOURNAL(ISSN NO-0023:4923) VOLUME 25 ISSUE 12 2025

34. Narendra C, Srinath MS, Balu G. Optimization of floating tablet containing Metoprolol
tartarate as a model drug for gastric retention. AAPS Pham Sci Tech 2006;7(2):E1-E7.

35. Joseph NJ, Lakshmi S, Jayakrishnan A. A floating-type oral dosage form for piroxicam
based on hollow polycarbonate microspheres: in vitro and in vivo evaluation in rabbits. J Cont

Release 2002;79:71-79.

36.Guerrero S, Teijon C, Muiiiz E, Teijon JM , Blanco MD. Characterization and in vivo

evaluation of ketotifen-loaded chitosan microspheres. Carbohydrate Polymers 2010;30:88-90.

37. Muzzarellia C, Stanicc V, Gobbic L, Tosib G, Muzzarellia RA. Spray-drying of solutions
containing chitosan together with polyuronans and characterisation of the microspheres.

Carbohydrate Polymers 2004;57:73-82.

38. Streubel A, Siepmann J, Bodmeier R. Floating matrix tablets based on a low density foam
powder: Effects of formulation and processing parameters on drug release. Eur J Pharm Sci

2002;241(2):279-92.

39. Li S, Lin S, Daggy BP, Mirchandani HL, Chien YW. Effect of HPMC and carbopol on the
release and floating properties of gastric floating drug delivery system using factorial design.

Int J Pharm 2003;253(1-2):13-22.

40. Sawicki W, Lunio R. Compressibility of floating pellets with Verapamil hydrochloride
coated with dispersion kollicoat SR 30 D. Eur J Pharm Biopharm 2005;60(1):153-7.

41. Sriamornsak P, Thirawong N, Puttipipatkhachorn S. Emulsion gel beads of calcium
pectinate capable of floating on the gastric fluid: Effect of some additives, hardening agent or

coating on release behaviour of Metronidazole. Eur J Pharm Sci 2005;24(4):363-73.

42. Rao MR, Borate SG, Thanki KC, Ranpise AA, Parikh GN. Development and in vitro
evaluation of floating Rosiglitazone maleate microspheres. Drug Dev ind pharmacy

2009;35(7):834-42.

43. Kamila M, Nitamondal, Gosh L, Gupta B. Multiunit floating drug delivery system of
Rosiglitazone maleate: Development, characterization, stastistical optimization of drug release

and in vivo evaluation. AAPS Pharm Sci Tech 2009;10(3):887-99

44, Senthilkumar SK, Jaykar B , Kavimani S. Formulation, Characterization and In vitro
Evaluation of Floating Microsphere Containing Rabeprazole Sodium. JITPS 2010;1(6):274-
82.

PAGE NO: 453



KRONIKA JOURNAL(ISSN NO-0023:4923) VOLUME 25 ISSUE 12 2025

45. Barhate SD. Rupnar YS,. Sonvane RM, Pawar KR, Rahane RD formulation and evaluation
of floating microspheres of ketorolac trometamol. IJPRD 2009;1(9):1-8.

Drug And Polymer Profile
46. https://go.drugbank.com/drugs/DB11921

47. Hand book of excipients. Second edition. Ainley Wade & Paul J Weller.American

Pharmaceutical Association. Washington. 1994.
Methodology

48. BM.Scirica, Bhatt, DL; Braunwald, E; Steg, PG; Davidson, J; Hirshberg, B; Ohman, P;
Frederich, R; Wiviott, SD; Hoffman, EB; Cavender, MA; Udell, JA; Desai, NR; Mosenzon, O;
McGuire, DK; Ray, KK; Leiter, LA; Raz, I; the SAVOR-TIMI 53 Steering Committee and,
Investigators (Oct 3, 2013). “Saxagliptin and Cardiovascular Outcomes in Patients with Type
2 Diabetes Mellitus”, The New England Journal of Medicine 369 (14): 1317-1326. PMID
23992601.

49. S.Ali , Fonseca V (January 2013). "Saxagliptin overview: special focus on safety and

adverse effects". Expert Opin Drug Saf 12 (1): 103—109. PMID 23137182.

50 . R.Sambathkumar, Venkateswaramurthy N, Vijayabaskaran M, Perumal P. “Formulation
of clarithromycin loaded mucoadhesive microspheres by emulsification-internal gelation
technique for anti-helicobacter pylori therapy”, Int J Pharm and Pharmaceutical Sci

2011;3(2):173- 179.

PAGE NO: 454



