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ABSTRACT
Objective: Metformin hydrochloride(MH) is an anti-diabetic drug used to monitor type 2 diabetes mellitus patients,the aim of this work is to
formulate beads of extended drug release to ensure drug plasma concentration for a longer time capable of controlling blood glucose level.
Methods: Beads were prepared using chitosan as natural drug carrier using the inotropic gelation process.beads were evaluated for their
morphology and surface structure,average particle size,yield,drug loading efficiency,infrared spectroscopy(FTIR),differential scanning
calorimetry(DSC),X ray diffractometry (XRPD),scanning electron microscope(SEM) and release study.The sodium pyrophosphate(SPP)
concentration and drug:polymer ratio were found to influence the drug loading efficiency.
Results: Results from infrared spectroscopy,differential scanning calorimetry showed an interaction between the drug and the polymer chain.The
sodium pyrophosphate concentration and the drug to polymer ratio were found to influence the time required for 50% of the drug to be released.
Conclusion: Preparation of beads using chitosan polymer resulted in retardation of drug release of the highly water soluble metformin hydrochloride.
Keywords: Metformin Hydrochloride,Chitosan,Beads,Extended Release,Particle size analysis

INTRODUCTION
Metformin hydrochloride is a highly water soluble hypoglycemic
agent in the treatment of Type-2(Non insulin dependent) diabetes
mellitus[1].The drawbacks being high dose(1.5-2 g/day),low
bioavailability (40-60 %),short biological half life (0.9-2.6 hour)
requires repeated administration of high doses to maintain effective
plasma concentrations[2].Bioavailability decreases as the dose
increases, suggesting some form of saturated absorption process
and need for twice to three times administration which can also
reduce patient compliance and bringer more successful
therapy[3].Furthermore, metformin HCl presents formulation
challenges due to its inherently poor compressibility, high dose and
high water solubility (> 300 mg/ml at 25 ºC). It belongs to class III of
Biopharmaceutical Classification System (BCS) having high water
solubility and low. permeability.[4].For drugs that are highly water
soluble, both hydrophilic and hydrophobic matrix systems are
widely used in oral controlled release drug delivery to obtain a
desirable drug release.
The aim of this work was to prepare beads containing metformin
HCl, as a model water soluble drug, using hydrophilic polymer

chitosan as a cationic drug carrier to extend the drug release aiming
to reduce the frequency of administration of metformin in solid drug
delivery dosage forms.
MATERIALS AND METHODS
Materials
Metformin
Hydrochloride(MH),Chitosan
C-3646
Cs;sodium
pyrophosphate SPP; gluteraldehyde(GH); acetic acid(HAC) were
purchased from Sigma Chemical Co., St.Louis,All water used was
distilled de-ionized .All other chemicals were of reagent grade and
used as received.
Methods
Design of the formulations
Factorial design 32 was applied to formulate MH coated Chitosan
beads.The study design involved the investigation of the effect of
independent variables (Chitosan and SPP) in three different levels
(concentration %) (Chitosan: 0.75, 1, 1.25 _SPP: 1 , 2 , 3) and
constant incubation time (90 min.).The combination of these trials is
presented in table1

Table1: Different formulations of metformin hydrochloride beads prepared using chitosan,Sodium pyrophosphate,1% drug,1%
gluteraldehyde at 90 minute incubation time
Formulation
F1
F2
F3
F4
F5
F6
F7
F8
F9

Chitosan Concentration (%)
0.75
1
1.25

Sodium Pyrophosphate Concentration (%)
1
2
3
1
2
3
1
2
3

F10: representative formulation not treated with gluteraldehyde(D:P:SPP 1:1:1) but all formulae F1-F9 were treated with 1% gluteraldehyde
Preparation of Chitosan Beads
The beads were prepared according to the method of Bodmeie[5]r.
MH 1% was dispersed in a solution of chitosan in HAC (1%V/V).The
beads were formed by dropping the bubble free dispersion through

a disposable syringe into a gently agitated SPP solution using
magnetic stirrer(Thermolyne Corporation, USA).For hardening, the
beads were treated with 1%v/v gluteraldehyde solution, left for the
90 min as incubation time, then separated, washed with distilled
water and air dried overnight .
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Evaluation of the Prepared Beads
Particle Size Analysis of Metformin Hydrochloride Beads
The dried beads were weighed and sized using USP standard sieves set
shaker( 0.5,0.63, 0.8,1.0 and 1.25 mm sizes Julabo, India).The fractions of
beads remaining on each sieve was collected and the mean particle size
of the beads was assigned as the percentage of beads retained at each
sieve multiplied by the average size of this sieve.

Kinetic Analysis of the Release
Hydrochloride from Its Beads

Data

of

Metformin

The release of drugs from the matrix tablets can be analyzed by
release kinetics theories. [6-10].To describe the kinetics of drug
release from tablet matrix, release data was analyzed according to
Korsmeyer- Peppas equation

Determination of the Yield of the Beads

Mt/M∞ = Ktn

Yield(%) = (Calculated yield/Theoretical yield) 100

log Mt/M∞ = log k + n log t

The above equation is used to calculate yield (%).

where log k is y-intercept and n is the slope.

Where the calculated yield value is the weight of the beads
produced, and the theoretical yield is the total weight of the
ingredients used to prepare such beads.

Mt/M∞ = fraction solute release

Determination of Drug Content in Beads

K = kinetic constant characteristic of the drug/ polymer system

30 mg of beads were accurately weighed and dispersed in
Sorensen,s buffer solution pH 7.4 in a 100 ml flask , left for 2 hours
then sonicated to ensure that all encapsulated MH and the carrier
were completely dissolved in buffer. The volume was adjusted to
100ml then filtered and assayed using UV double beam
spectrophotometer(Shimadzu , Kyoto , Japan) at 232 nm against
Sorensen,s phosphate buffer as a blank.

n = exponent coefficient that characterizes the mechanism of release
of traces

Scanning Electron Microscopy(SEM)
Beads were mounted on metal stubs with conductive silver paint
and sputtered with 150 A thick layer of gold in a Bio-Rad
apparatus(SEM ,Jeol LTD., Japan).
Infrared Spectroscopy(FTIR)
IR spectra of MH plain drug, beads loaded with MH were determined
by the KBr disc technique using Burker FT Infrared
Spectroscopy(Shimadzu IR-345-U-04, Japan).
Differential Scanning Calorimetry Studies(DSC)
Samples weighing approximately 5mg were sealed in aluminum
pans and analyzed using a Shimadzu DSC-60 (Kyoto, Japan).The
samples were heated in an atmosphere of nitrogen and
thermograms were obtained by heating at a constant heating rate of
50°C/min in the range of 50–300°C.Thermograms for plain MH ,
plain beads, and beads loaded with MH were obtained.
X-ray Powder Diffraction Analysis(XRPD)
X-ray diffraction experiments were performed in a Scintag x-ray
diffractometer (USA) using Cu K α radiation with a nickel filter, a
voltage of 45 k, and a current of 40 mA. Diffraction patterns for plain
MH, plain beads, and beads loaded with MH were obtained.
In Vitro Release Study in pH Gradient Solutions
The release of MH from the beads was studied using dissolution
tester(VK 7000 Dissolution Testing Station, Vankel Industries,
Inc.NJ) using basket method. In Vitro release studies were carried
out at 37±0.5oC in 900 ml of HCL pH1.2 for a period of 2hrs followed
by release in Sorensen,s buffer solution pH 5.4 for 3 hrs, then
Sorensen,s buffer solution pH 7.4 for 5 hrs. Accurately weighed
samples of beads containing the equivalent of 1000 mg of MH were
used in the dissolution study. The basket was rotated at 100 rpm
and aliquots of 5ml of the dissolution medium were withdrawn at
predetermined time intervals.
The withdrawn samples were replaced with equal volumes of the
release media,filtered and assayed for MH spectrophotometrically at
232 nm.All experiments were run in triplicates. The same procedure
was conducted for plain beads as a control (to test interference due
to the polymer) as well as for MH powder. The cumulative MH%
released was plotted against time.
Analysis of Data
The time required for 50% release(T50% )was calculated and was
taken as indicator for extended release of different formulae.

t = release time

Based on various mathematical models, the magnitude of the release
exponent “n” indicates the release mechanism (i.e. Fickian diffusion,
case II transport, or anomalous transport). In the present study, the
limits considered were n = 0.5 (indicates a classical Fickian diffusion
controlled drug release) and n=1 (indicates a case II relaxational
release transport; non-Fickian, zero-order release).Values of n
between 0.5 and 1 can be regarded as an indicator of both
phenomena (drug diffusion in the hydrated matrix and the polymer
relaxation) commonly called anomalous transport[10]
RESULTS AND DISCUSSION
Particle Size Analysis of Metformin Beads
Figures(1) illustrates the frequency distribution data of the
prepared beads using the sieve analysis method.The data revealed
that the weight distributions of beads were found to change within
comparatively narrow ranges.The mean particle of all formulations
was between 0.911 – 1.03 mm and that the highest percentage of
beads were retained on 1 – 0.8 mm sieve size.beads of 0.8 – 1 were
taken for dissolution experiment
Yield of the Beads
Table(3) illustrates that the yield value was found to be between
76.45% and 93.45%
Drug Content
The results of drug content are shown in table(3).
This table shows that chitosan concentration, sodium
pyrophosphate concentration have a significant effect on the drug
content. Concerning chitosan concentration (0.75%)was found to
significantly increase the drug content when compared to1 and
1.25%(6) .
It was reported that as the chitosan concentration increased the
total drug content decreased [11,12]. Concerning the pyrophosphate
concentrations used(the counter ion solution),1% gave higher drug
content than 2 and 3% respectively. The results were in accordance
with Bodmeier et al [13] who found that the tripolyphosphate
solution to chitosan solution ratio should be kept to a minimum for
maximum drug entrapment.
Scanning Electron Microscope
The SEM images of the beads before dissolution showed intact
surface without any perforations, channels, or troughs. After
dissolution, revealed many pores with increasing diameter. The
solvent front enters the matrix and moves slowly toward the center
of the beads. The drug diffuses out of the matrix after it comes in
contact with dissolution medium, which clearly indicates the
involvement of both erosion and diffusionmechanisms to be
responsible for sustaining the release of MH from formulated matrix
beads fig(2)
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Fig.1a:Frequency distibution for metformin hydrochloride beads prepared with
chitosan.mean sieve size(mm) : 1=1.25 ; 2=1.125 ; 3=0.9 ; 4=0.715 ; 5=0.63
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Fig.1b: Average % of frequency distibution of metformin hydrochloride beads prepared
with chitosan
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Table 3: Dug content of metformin hydrochloride beads prepared from chitosan and sodium pyrophosphate at 90 minutes incubation
time
Formula

D:P ratio

Theoretical Drug Content
(%w/w)

Actual drug
Content(%w/w)Mean±SD

1
2
3
4
5
6
7
8
9

1:0.75
1:0.75
1:0.75
1:1
1:1
1:1
1:1.25
1:1.25
1:1.25

36.36
26.67
21.05
33.33
25.00
20.00
30.77
25.53
19.05

32.72±0.456
19.11±0.532
14.95±0.622
22.98±0.338
17.5±0.521
13.50±0.335
19.82±0.265
15.54±0.446
11.21±0.452

Fig. 2a:SEM of beads (F4) before dissolution

Infrared Spectroscopy(FTIR)
Figure(3a) showed FTIR spectra.MHshowed two typical bands at
3369 and 3296 cm–1 due to N-H primary stretching vibration and a
band at 3170 cm–1 due to N-H secondary stretching, and
characteristics bands at 1626 and 1567 cm–1 assigned to C=N
stretching.No significant shifts or reduction in intensity of the FTIR
bands of MH were observed which depicts no chemical interaction
between the drug and Chitosan.The fingerprint regions of drug
andF1 are superimposed(fig3b). This indicates that there is no
change in physical characteristics of MH.
Differential Scanning Calorimetry(DSC)
DSC analyses were performed in order to evaluate possible solidstate interactions between the components and,consequently,to
assess the actual drug-excipient compatibility in all the examined
formulations.Thermograms of MH,Chitosan ,F1,F2 and F4 are shown
in Fig 4.The DSC thermogram of pure Metfrmin exhibited an initially
flat profile, followed by a single sharp endothermic peak
representing the melting of the substance in the range 223–237
ºC.The DSC thermograms of Chitosan exhibited a flat thermal
profile.The thermograms F1,F2 and F4 showed broad endothermic
peaks and reduction in melting point.This indicates solid-solid
interaction and homogenous distribution of drug in Chitosan matrix
X-ray Powder Diffraction Analysis(XRP
Figure(5) depicted the x-ray diffraction pattern of the pure
drug(fig5a).The drug exhibits its characteristic diffraction peaks at
various diffraction angles indicating the presence of crystallinity.The

Drug incorporation
Efficiency(%w/w)
mean±SD
90.00±0.981
71.65±1.24
71.02±0.621
68.95±0.786
70.00±0.533
67.50±0.432
64.41±0.523
60.87±0.781
58.85±0.268

Total yield(%wlw)
93.45
76.91
82.99
88.34
76.45
89.23
83.56
91.22
93.12

Fig. 2b:SEM of beads (F4) after dissolution

diffraction study of the drug with Chitosan (F1) showed the peaks
corresponding to the crystalline drug molecules present in the
mixture, although their intensity was lower due to the high
polymer–drug ratio employed.The diffraction pattern of F1 showed
absence,broadening,and reduction of major MH diffraction peaks
indicating that mostly an amorphous form (disordered state) existed
in Chitosan matrix(fig5b).These results could explain the
homogenous distribution of MH in the matrix.
In vitro Release Study in pH Gradient
Since the hypoglycemic metformin hydrochloride beads are
intended for oral use,the release patterns were studied in pH
gradient which represents the condition of GIT.
Fig(6) illustrates the release patterns of different formulae.Plain MH
showed a fast dissolution at pH 1.2, 100% after 1 hr.This is due to
the inherent solubility of the drug .Formula 10 is a representative
prepared with 1% drug,1%Chitosan,1% sodium pyrophosphate and
stabilization time 90 min.Formula prepared without gluteraldehyde
depicted a rapid drug release at pH 1.2,about 89.35% was released
after 2hrs.This may be explained on the basis that the drug release
from chitosan beads depending on the penetration of the dissolution
medium into the beads,the eventual swelling,dissolution and
subsequent diffusion of the drug through the swollen and unswollen
chitosan matrix.The swelling of the chitosan beads was dependent
on pH of the dissolution medium.The beads when wetted with the
acidic dissolution medium swelled extensively,and formed a
hydrogel matrix before they dissolve completely at the low
pH(cationic chitosan dissolves below pH 6).Conversely they did not
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dissolve in simulated intestinal fluid.After hardening of chitosan
beads with gluteraldehyde only 6.64% of drug was released after
two hours.This is due to formation of coating film of Schiff
base,which closely linked the chitosan chains,cross linking
interaction involved in bridging of polymeric chains at free amino
group positions by the aldehydic functional group in gluteraldehyde
and also due to higher molecular weight of the
polymer[14].Formulation4 released about 68.4%(about 684mg MH)
after 10 hrs which represents a good release pattern for the drug in
reducing blood glucose in diabetic patients

Int J Pharm Pharm Sci, Vol 6, Suppl 2, 433-441

Formulations showed a significant difference in T50%(P<0.05)
Kinetic Analysis of the Release Data of Metformin from Its
Beads
Table(4) illustrates the mechanism of drug release from chitosan
matrix, release data was analyzed according to different kinetic
equations . All formulations depicted zero order kinetics which
was confirmed by applying Korsmeyer-Peppas equation.All
formulations except MH(diffusion) and F10(first order) showed
values of n greater than 1.So in these formulations,the release is
non Fickian that is not depending upon the concentration
gradient i.e zero order kinetics.The value of n is more than 1 so
this is supra case II transport[15].

Analysis of Data
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Fig. 4: DSC of Plain Metformin Hydrochloride,F1,F2 and F4

Fig. 5a: XRPD of MH

Fig. 5b: XRPD of Chitosan
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Fig.5c: XRPD of F4
Table 3: Time required for 50% of metformin hydrochloride to be released
Formulation Number

T50%(Mean±SD)

1

5.56 h

2

6.97 h

3

5.80 h

4

8.02 h

5

9.46 h

6

8.48 h

7

10.27 h

8

11.22 h

9

10.79 h

Table4: Kinetic analysis of the release data of metformin hydrochloride from beads prepared using chitosan,sodium pyrophosphate at 90
min. as stabilization time.
Formulation

Model

R2

Slope

Y-Intercept

n

Mechanism of Release

Drug

Zero
First
Diffusion

0.142
0.145
0.230

0.244
-0.092
2.544

96.58
-1.35
93.60

0.03

Diffusion

F1

Zero
First
Diffusion

0.976
0.828
0.911

10.510
-0.129
41.54

-8.414
2.269
-43.790

1.08

Zero

F2

Zero
First
Diffusion

0.978
0.889
0.908

8.322
-0.066
32.80

-8.017
2.116
-35.82

1.20

Zero

F3

Zero
First
Diffusion

0.973
0.864
0.904

10.360
-0.111
40.890

-10.100
2.225
-44.830

1.10

Zero

F4

Zero
First
Diffusion

0.962
0.904
0.881

7.418
-0.051
29.040

-9.467
2.091
-33.83

1.30

Zero

F5

Zero
First
Diffusion

0.954
0.912
0.868

6.183
-0.037
24.120

-8.496
2.064
-28.630

1.35

Zero

F6

Zero
First
Diffusion

0.956
0.892
0.869

7.065
-0.047
27.560

-9.877
2.087
-32.880

1.41

Zero

Zero

0.957

5.654

-8.063

439

Nafady et al.

F7

First
Diffusion

0.923
0.872

-0.033
22.080

2.057
-26.51

F8

Zero
First
Diffusion

0.940
0.904
0.846

5.191
-0.029
20.150

F9

Zero
First
Diffusion

0.946
0.910
0.856

F10

Zero
First
Diffusion

0.484
o.781
0.645

Int J Pharm Pharm Sci, Vol 6, Suppl 2, 433-441
1.43

Zero

-8.224
2.055
-24.900

1.50-

Zero

5.370
-0.031
20.900

-7.925
2.054
-25.300

1.42

Zero

4.052
-0.466
19.190

70.450
1.654
49.920

0.28

First

Fig. 6: Release pattern of different formulations of MH in pH gradient solutions( HCl pH 1.2 ; SØrensen’s phosphate buffer pH 5.4 and pH 7.4).

CONCLUSION
Preparation of beads using chitosan,sodium pyrophosphate and
gluteraldehyde resulted in retarding of a highly water soluble MH
from chitosan matrix.F4 showed an ideal drug release extended for a
longer period of time i.e reduces the frequency of administration of
MH which to great extent contributes in controlling blood glucose
level in patients with Type 2 diabetes mellitus.
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