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 Abstract 

The purpose of this research was to formulate and systematically evaluate in vitro and in vivo performances of 

mucoadhesive microspheres of glipizide. Glipizide microspheres containing chitosan were prepared using a simple 

emulsification phase separation technique, with glutaraldehyde as the cross-linking agent. Results of preliminary trials 

indicate that the volume of cross-linking agent, time for cross-linking, polymer-to-drug ratio, and speed of rotation affected 

the characteristics of microspheres. Microspheres were discrete, spherical, and free-flowing. The microspheres exhibited 

good mucoadhesive property in the in vitro wash-off test and also showed a high percentage of drug entrapment efficiency. 

A 32 full factorial design was employed to study the effect of independent variables, polymer-to-drug ratio (X1), and 

stirring speed (X2) on dependent variables percentage mucoadhesion, t80, drug entrapment efficiency, and swelling index. 

The best batch exhibited a high drug entrapment efficiency of 75% and a swelling index of 1.42; percentage mucoadhesion 

after 1 hour was 78%. The drug release was also sustained for more than 12 hours. The polymer-to-drug ratio had a more 

significant effect on the dependent variables. In vivo testing of the mucoadhesive microspheres in albino Wistar rats 

demonstrated a significant hypoglycemic effect of glipizide 

Keywords: Chitosan, Mucoadhesive microspheres, Glipizide, Factorial design, In vivo study.  

1. Introduction  

Microsphere carrier systems made from the 

naturally occurring biodegradable polymers have attracted 

considerable attention for several years in sustained drug 

delivery [1]. Recently, dosage forms that can precisely 

control the release rates and target drugs to a specific body 

site have made an enormous impact in the formulation and 

develop an important parts of such novel drug delivery 

systems [2]. They have varied applications and are prepared 

using assorted polymers.4 However, the success of these 

micro spheres is limited owing to their short residence time 

at the site of absorption [3]. It would, therefore, be 

advantageous to have means for providing an intimate 

contact of the drug delivery system with the absorbing 

membranes.5-8 This can be achieved by coupling 

bioadhesion characteristics to microspheres and developing 

bioadhesive microspheres [4]. Bioadhesive microspheres 

have advantages such as efficient absorption and enhanced 

bioavailability of drugs owing to a high surface-to-volume 

ratio, a much more intimate contact with the mucus layer, 

and specific targeting of drugs to the absorption site[5]. 

Chitosan (obtained by deacetylation of chitin) is a cationic 

polymer that has been proposed for use in microsphere 

systems by a number of authors [6]. Chitosan was selected 

as a polymer in the preparation of mucoadhesive 

microspheres because of its good mucoadhesive and 

biodegradable properties [7]. Glipizide is a second-

generation sulfonylurea that can acutely lower the blood 

glucose level in humans by stimulating the release of 

insulin from the pancreas and is typically prescribed to treat 

type II diabetes (non-insulin dependent diabetes mellitus). 

Its short biological half-life (3.4 6 0.7 hours) necessitates 

that it be administered in 2 or 3 doses of 2.5 to 10 mg per 

day[8]. Thus, the development of controlled-release dosage 

forms would clearly be advantageous. Researchers have 

formulated oral controlled-release products of glipizide by 

various techniques [9]. Moreover, the site of absorption of 

glipizide is in the stomach. Dosage forms that are retained 
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in the stomach would increase the absorption, improve drug 

efficiency, and decrease dose requirements [10]. Thus, an 

attempt was made in this investigation to use chitosan as a 

mucoadhesive polymer and prepare microspheres. The 

micro spheres were characterized by in vitro and in vivo 

tests, and factorial design was used to optimize the 

variables [11]. 

 

2. Materials and Methods  

2.1 List of drugs and excipients  

The list of drugs and excipients, their manufacturer 

and use in the present study are shown in Table 

Table No.1-List of drugs and excipients used 

Name of the material 
Name of the 

company 

Use in the 

formulation 

Glipizide Arvind Remedies, 

Chennai 

Active 

Ingredient 

Gelatin type B Bafna  Pharma, 

Chennai 

Polymer 

Liquid Paraffin Merck Laboratories, 

Mumbai 

Dispersion 

phase 

Glutaraldehyde Merck Laboratories, 

Mumbai 

Cross link 

ingagent 

Span 80 Merck Laboratories, 

Mumbai 

Stabilis 

ingagent 

Sodium hydroxide IRP , Chennai Reagent 

Potassium dihydrogen 

orthophosphate 

Merck Laboratories, 

Mumbai 

Reagent 

Petroleum 

Benzene 

60 -80˚C 

Nice Laboratories, 

Cochin 

Solvent 

 

2.2 Preformulation studies  

The preformulation studies are the first step in the 

rational development of any formulation. It can be defined 

as “investigation of physical and chemical properties of 

drug substance alone and combined with the excipients 

[12]. The overall objective of preformulation testing is to 

generate information useful to the formulator in developing 

stable and bioavailable dosage forms that can be mass 

produced. The goals of the study are, to establish physical 

characteristics [13]. 

2.3 Drug- polymer compatibility studies  

Fourier Transform Infra Red Spectroscopy, the 

compatibility between pure drug and polymer was detected 

by FT-IR spectra obtained. 1-2 mg of glipizide alone, a 

mixture of the drug and polymer was weighed and mixed 

properly with potassium bromide uniformly. The spectra 

were recorded over the wave number 4000-500cm-1 [14]. 

Table No. 2: Composition of drug and excipients for 

FTIR spectra 

S. No Ingredients 

1. Drug 

2. Gelatin 

3. Drug+ Gelatinmixture 

 

2.4 Calibration curve for Glipizide 

Preparation of pH 7.4 Phosphate Buffer An 

accurately measured 50ml of 0.2 M potassium dihydrogen 

orthophosphate was transferred to a 200ml volumetric flask 

and 39.14ml of 0.2M sodium hydroxide was added to it. 

Volume was made up to 200ml with distilled water, mixed 

and pH was adjusted to 7.4 with 0.2M sodium hydroxide or 

0.2M orthophophoric acid [15]. 

Preparation of 0.2 M Potassium Dihydrogen 

Phosphate An accurately weighed 27.21g of monobasic 

potassium dihydrogen phosphate was dissolved in 1000ml 

of distilled water and mixed (16).  

2.4.1 Preparation of 0.2 M Sodium Hydroxide Solution  

An accurately weighed 8g of sodium hydroxide 

pellets were dissolved in 1000ml of distilled water and 

mixed.  

2.4.2 Standard Curve in Phosphate Buffer pH 7.4  

An accurately weighed amount of 100 mg of 

Glipizide was transferred into a volumetric flask and 

volume was made up to 100 ml with 7.4 pH phosphate 

buffer. The resulted solution had the concentration of 

1mg/ml which was labelled as stock solution 1 [17]. From 

this stock solution 10 ml was taken and diluted to 100ml 

with 7.4 pH phosphate buffer which was given the solution 

having the concentration of 100µg/ml which was labelled 

as stock 2. Necessary dilutions were made by using second 

solution to give the different concentration of glipizide 2-

10µg solutions can be made. The volumetric solution 

10µg/ml was scanned in a UV-Visible double beam 

spectrophotometer to determine the λ max of the drug. The 

absorbance of the volumetric solution was recorded at λmax 

of 223nm and plotted graphically to the standard graph of 

glipizide [18]. 

2.5 Preparation of cross gelatin microspheres 

Gelatin microspheres were prepared by an 

emulsification cross-linking method. 10 ml of 15% (w/v) 

aqueous gelatin solution preheated to 60˚C [19]. The 

specified quantity of Glipizide was dissolved in phosphate 

buffer pH 7.4 preheated to 60˚C. Then the mixture was 

added dropwise to 50 ml of liquid paraffin with 1% w/v 

span 80 preheated to 60˚C and emulsified by stirring with a 

magnetic stirrer at rpm 1000 [20]. Then the stabilized 

emulsion is allowed to cool and cross cross-linking agent 

glutaraldehyde was added and the stirring was continued at 

room temperature for 6 hours. The cross-linked 

microspheres were cooled and washed with Petroleum 

benzene to remove unreacted glutaraldehyde and liquid 

paraffin. After washing, the microspheres were dried at 

room temperature and stored in a dessicator [21]. 
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Table No.3-Formulation table 

B
a

tc
h

  
N

o
 

G
li

p
iz

id
e 

(m
g
) 

G
el

a
ti

n
(g

) 

L
iq

u
id

 

P
a
ra

ff
in

 

(m
l)

 

G
lu

ta
ra

ld
e

h
y
d

e 
(m

l)
 

D
ru

g
: 

P
o
ly

m
er

 

ra
ti

o
 

F1 100 2.0 50 0.5 1:20 

F2 100 1.5 50 0.5 1:15 

F3 100 1 50 0.5 1:10 

F4 100 0.75 50 0.5 1:7.5 

F5 100 0.5 50 0.5 1:5 

F6 100 0.25 50 0.5 1:2.5 

 

2.6 Evaluation of microspheres 

2.6.1  Percentage Yield  

The total amount of dried microcapsules was 

weighed and the percentage yield was calculated by taking 

into consideration the total weight of the drug and polymer 

used for preparation of microspheres [22].  

                                   Practical yield    x 100 

Percentage Yield =    Theoretical yield 

2.6.2 Estimation of Drug Content 

100 mg of microspheres was weighed and 

suspended in phosphate buffer pH 7.4. The suspension was 

suitably diluted with phosphate buffer pH 7.4 in 100 ml 

standard flask and filtered to separate the fragments [23]. 

Drug content was analyzed after suitable dilution by UV 

spectrophotometer at a wavelength of 223 nm against 

phosphate buffer pH 7.4 as blank. All the studies were 

carried out in triplicate [24]. 

                      Actual Drug Content         X 100 

% EE    =    Theoretical Drug Content 

2.6.3 Drug Loading Capacity  

Drug-loaded microspheres were digested with 

phosphate buffer pH 7.4, at room temperature for 12 h. 

After filtration and suitable dilution, Glipizide present in 

the solution was determined. 

Drug loading (%) =  

Actual drug content in weighed quantity of powder X 100 

             Weighed quantity of the microspheres 

2.6.4 Particle Size Analysis  

Particle size analysis was carried out by using 

optical microscopy. About 200 microspheres were selected 

and their size was determined by using optical microscope 

fitted with standard micrometer scales. All the studies were 

carried out in triplicate [25].  

2.6.5 Scanning Electron Microscope  

Morphological examination of the surface of 

microspheres was performed using a scanning electron 

microscope (SEM) (Hitachi S-3400, Japan). The sample 

was sputtered with gold and the observations were made 

under vacuum [26]. 

 

3. Results and discussion 

3.1 Drug-Polymer Compatibility Studies 

3.1.1 FTIR Spectroscopy 

The compatibility between drug and polymer was 

confirmed by using FTIR spectroscopy. Infrared 

spectroscopic analysis for drug (Glipizide), Gelatin, Drug-

gelatin mixture was carried out. The principal IR peaks of 

pure Glipizide and Gelatin are shown in table 5. 

Table No. 4- FTIR spectrum interpretation 

Sample Characteristics 

bands 

Possible Functionalities 

G
li

p
iz

id
e 

3000-3700cm-1 

2700-3300cm-1 

1650-1700cm-1 

1650-1700cm-1 

1334-1442cm-1 

1157cm-1 

650-900cm-1 

NH-Stretching C-H 

stretching  

C=O stretching 

-CONH stretching 

C-H bend (Cyclohexane) 

S=O stretching 

C-H bend (Benzene) 

G
el

at
in

 

1689cm-1 

1527cm-1 

1157cm-1 

C=O stretching vibrations  

N-H bending vibrations 

C-N stretching vibrations 

 
Figure 1: FTIR Spectra of  Glipizide 

 

 
Figure 2: FTIR Spectra of Gelatin 
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Figure 3: FTIR Spectra of Physical Mixture 

 

 
Figure 4: FTIR Spectra of Optimized Formulation 

3.1.2 Standard calibration curve for Glipizide  

Table 5: Standard calibration curve for Glipizide 

Concentration (µg/ml) Absorbance 

0 0 

2 0.123 

4 0.230 

6 0.338 

8 0.452 

10 0.565 

The UV spectrophotometric method was used to 

standardize Glipizide at a wavelength of 223 nm. The 

standard graph was constructed using phosphate buffer pH 

7.4.  

Figure 5: Standard graph of  Glipizide in phosphate 

buffer pH 7.4 Inference 

3.2 Evaluation of Microspheres 

3.3.1 Percentage Yield 

After the preparation of microsphere practical 

yield and percentage yield were calculated. It was found 

that the percentage yield was in the range of 80.14 % to 

92.85 %. 

Table No. 6: Percentage yield 

Formulation Theoretical 

yield (g) 

Practical 

yield(g) 

Percentage 

yield (%) 

F1 2.1 1.950 92.85 

F2 1.6 1.447 90.43 

F3 1.1 1.057 96.09 

F4 0.850 0.797 93.76 

F5 0.600 0.576 96 

F6 0.350 0.280 80.14 

 

 
Figure 6: Percentage yield 

3.3.2 Drug Content  

The drug content was found in the range of 81 to 

87.35% w/w. 

Table 7: Drug content 

Formulation Drug content (%)w/w 

F1 81.76 

F2 85.75 

F3 87 

F4 83.20 

F5 87.35 

F6 82.84 

 

 
Figure 7: Drug content 
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3.3.3 Mean Particle Size by Microscopy: The particle size 

was found in the range of 520to752µm 

Table  8: Results of Microscopy Study 

Formulation Mean Particle Size(µm) 

F1 587 

F2 570 

F3 642 

F4 693 

F5 752 

F6 525 

3.3.4 Scanning Electron Microscopy 

Morphological analysis of the microspheres was 

carried out using optical microscopy and scanning electron 

microscopy (SEM). 

 
Figure 8: Scanning Electron Microscopy

 

3.4 In vitro mucoadhesion study 

Table 9: Results of in vitro mucoadhesion study 

Time 

(hours) 

% Microspheres adhered 

F1 F2 F3 F4 F5 F6 

0.5 92.67±1.15 94±2.00 94±2.00 90.67±2.0 95.33±1.15 91.33±1.15 

1 86.66±1.15 87.33±3.06 86±2.00 82.67±1.15 88±2.00 81.33±1.15 

2 76.67±1.15 81.33±3.06 78.67±2.31 70±2.00 82.67±1.15 74.67±2.31 

3 70.01±2.00 72.67±2.3 68.67±1.15 60.67±1.15 75.33±1.15 57.33±1.15 

4 56.67±1.15 60.67±1.15 54±2.00 44.67±1.25 64±2.00 40±2.00 

5 43.33±1.15 46±2.00 38.67±1.15 33.33±2.01 49±4.16 28.6±1.15 

 

 
Figure 8: In vitro mucoadhesion study 

3.5 In vitro  release study 

Table 10: Cumulative percentage drug release of Formulation F1to F6 

Time (hours) F1 F2 F3 F4 F5 F6 

1 9.88 5.89 9.74 7.29 9.24 9.24 

2 18.24 12.1 13.81 15.18 14.55 17.8 

3 24.51 17.88 20.2 21.21 24.47 23.21 

4 31.51 23.41 27.22 27.85 30.6 31.29 

5 37.72 27.86 30.92 36.72 36.8 38.25 

6 45.72 34.3 39.75 42.99 45.01 41.56 

7 52.07 38.22 44.15 49.29 48.75 52.01 

8 79.32 44.9 50.86 57 58.39 58.3 

9 86.25 50.67 59.33 61.52 63.57 65.55 

10 93.03 55.59 63.89 71.94 71.4 69.94 

11 100.75 67.37 67.37 76.6 75.06 74.77 

24 100.80 74.22 89.65 98.88 100.3 97.7 
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Figure 9: In vitro Drug Release Study of Formulations F1- F6 

 

4. Conclusion  

 In the present study, F1, F2, F3, F4, F5 and 

F6 formulations were prepared using gelatin as a polymer 

(1:20, 1:15, 1:10, 1:7.5, 1:5 and 1:2.5) in six different 

ratios. The effect of polymer, as well as decreasing 

concentration of gelatin on microspheres was studied by 

subjecting all the formulations to various evaluation 

parameters. The FTIR study was carried out for the drug, 

polymer, physical mixture and optimized formulation F5. 

In FTIR study, all characteristic peaks in the spectra 

appeared without any remarkable changes showing that 

there is no chemical interaction between the drug and 

polymer used in the preparation of microspheres. The in 

vitro mucoadhesion study was conducted for all the 

formulations and the results were found in the range of 28.6 

to 49%. The results revealed that the formulation F5 had 

49% mucoadhesion at the end of 5h. The in vitro drug 

release study was carried out for all the formulations and 

the formulation F5 (1:5) showed sustained release of 

75.06% at the end of 24 h. Results suggest that formulation 

F5 prepared using drug: polymer ratio1:5 showed good 

entrapment efficiency, sustained drug release and 

satisfactory mucoadhesion as compared to other 

formulations, so it was further subjected to the accelerated 

stability study. The formulation F5 was stable at the tested 

storage condition (40± 2˚C/75%RH) up to 3 months. 

 

References  

[1]. Chien YW. Novel drug delivery systems. 2nd edition New 

York: Marcel Dekker; 1992: p139.  

[2]. Brahmankar DM, Jaiswal SB. Biopharmaceutics and 

pharmacokinetics: A treatise 1st edition. New Delhi: Vallabh 

Prakashan; 2002: p 363-75.  

[3]. Robinson JK, Vincent HLL. Controlled Drug Delivery 

Fundamentals and Applications. 2nd edition. New York: 

Marcel Dekker Inc; 1968: p 346-74. 

[4]. Jain NK. Targeted drug delivery system. 4th edition. New 

Delhi: CBS Publishers and Distributors. p 236-83. 

[5]. Harshad Parmar, Sunil Bakliwal, Nayan Gujarathi, Bhushan 

Rane et al. Different methods of formulation and evaluation 

of mucoadhesive microsphere. IJABPT. 2010; 1(3): 1157-

67.  

[6]. Prashanth VV, Akash Chakraborty Moy, Sam T Mathew, 

Rinku Mathapan. Microspheres – An Overview. IJRPBS. 

2011; 2(2): 332-338.  

[7]. Hemalatha Kaurav, Hari Kumar SL, Amanpreet Kaur. 

Mucoadhesive Microspheres as carriers in Drug Delivery: A 

Review. Int J Drug Dev & Res. 2012; 4(2): 21-34. 

[8]. Imran Abdul Kayyum Tadwee, Sadhana Shahi, Thube M, 

Ankit S. Review of Microspheres. IJPRAS. 2012; 1(1): 24-

33.  

[9]. Tripathi KD. Essentials of Medical Pharmacology. 

5thedition. New Delhi: Jaypee Brothers Medical 

Publications; 2003: p 266-7. 

[10]. Ralph A. DeFronzo. Pathogenesis of type 2 Diabetes 

mellitus. Med Clin N Am.2004; 88: 787-835.  

[11]. Emily Loghmani Guidelines for adolescent nutrition 

services 2005; 167-82.  

[12]. Drugs bank. Glipizide. Available from : http:// 

www.drugsbank.com  

[13]. Raymond CR, Paul JS, Sian CO. Handbook of 

Pharmaceutical excipients.5thedition. Pharmaceutical Press; 

2006: p278.  

[14]. Vyas and Khar. Targeted drug delivery Novel carrier 

System. 1st edition. New Delhi: CBS Publishers and 

Distributors; 2002.p 419-24.  

[15]. Kondo A. Microcapsule Processing and Technology. New 

York: Marcel Dekker; 1979. p 18. 

[16]. Behera BC, Sahoo SK, Dhal S, Barik BB et al. 

Characterization of glipizide - loaded polymethacrylate 

microspheres prepared by an emulsion solvent evaporation 

method. Trop J Pharm Res.2008; (1): 879 – 85. 

[17]. Mukul Sengupta, Srinivasa Rao SK. Formulation and 

evaluation of ethyl cellulose microsphere of glipizide. 

IJPRBS. 2012; 1(3):391-95.  

[18]. Arora Neha, Khattar Himanshi, Parashar Deepa, Arora 

Nageen et al. Evaluation of entrapment efficiency of 

glipizide microsphere. IOSR Journal of Pharmacy. 2012; 2 

(2):180-81.  

[19]. Shailesh Lokhande, Aruna Birajdar, Amir Quazi, Atul 

Akunt. Design and Evaluation of glipizide containing 

microballoons for floating controlled drug delivery system. 

IJPI’s Journal. 2012; 2(8): 43-5.  

[20]. Gaikwad Abhijit, Pathode Parag, Pawar Amol. Formulation 

and evaluation of glipizide pellets by using fluid bed coating 

method. Int J Res & Pharm Sci. 2011; 2(2):359 -65.  

[21]. Sarode SM, Mittal M, Magar RM, Shelke AD et al. 

Formulation and evaluation of floating microsphere of 

glipizide. JOCPR. 2011; 3(3): 775-83.  

[22]. Cristina Pirvu. Evaluation of gelatin microspheres with 

Xantinol nicotinate. Romanian J. Biophys. 2004; 14(1-

4):81-8.  

[23]. Suja C Jayan, Sandeep AV, Mohammed Rifash, Mareema 

CM et al. Design and in vitro evaluation of gelatin 

microspheres of Salbutamol sulphate. Hygeia. March-April 

2009; 1(1): 17-20. 

[24]. Jeevana JB., Sunitha G. Development and evaluation of 

gelatin microspheres of Tramadol hydrochloride. J Young 

Pharm. 2009; 1(1): 24-7. 

[25]. Ohta S, Nitta N, Saroda A, Seko A et al. Cisplatin – 

conjugated degradable gelatin microspheres: fundamental 

study in vitro.Br J Radiol.2009; 8(2): 380-85.  

[26]. Wakode R, Bajaj A. Gelatin microspheres for topical 

delivery of Vitamin A palmitate. NSHM J Pharm Healthcare 

Manage. 2011; 2: 61-5.  

 

http://www.ssjournals.co.in/
http://www.drugsbank.com/

