
Metformin hydrochloride is used in the treatment of noninsulin-dependent diabetes
mellitus. Its biological half life is 2.5 to 3 hours. Due to its short biological half life and
narrow absorption window, it is incompletely absorbed in the small intestine. It is a strong
base (pKa = 11.5), protonated depending on the physiological pH of the human body. It
is also poorly absorbed in the colon. However, reduction of gastrointestinal motility enhanc-
es the drug absorption. Most of the drug is excreted unchanged in urine while accumu-
lation in the body causes toxicity. Bioavailability is 50 to 60 % due to its site specific
absorption in the body (1). Conventional oral dosage forms are the preferable route of
administration because of its reasonable cost, ease of administration and patient com-
pliance (2). Its disadvantages are that it delivers the drug to systemic circulation without
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controlling its release behaviour, short gastric residence time as well as fluctuation in the
plasma drug concentration (3). Moreover, most of the drug is released in the colon and
metformin hydrochloride has poor absorption in the colon. Sustained release formula-
tion is modulated to reduce the gastric motility time, increase the gastric residence time
and thus the bioavailability of the drug (4, 5). The release rates of microspheres are de-
pendent on many factors. The polymers used and the processing conditions during micro-
sphere preparation determine the properties of microspheres formed and also influence
the distribution and release behaviour of the drug. Hence, polymers that are biocom-
patible, biodegradable, easily available, having good mucoadhesive properties were used
in the study. Plant sources provide the largest amount of polysaccharides and therefore
plant sources were selected for extraction of polysaccharides. Plants and their parts used
in this study were fruits of Dillenia indica L. (Dilleniaceae) (DI), fruits of Abelmoschus escu-
lentus (L.) Moench (Malvaceae) (AE) and Bora rice flour (BRF). Natural polysaccharides
extracted from DI, AE and Bora rice flour were used to formulate microspheres. Fruits of
DI, AE are used as vegetables and Bora rice as grains or as flour is an occasional (tra-
ditional) food of the people of Assam.

High amylopectin content and traces of amylose in Bora rice (6) make it a suitable
polymer and binding agent in designing a sustained release drug delivery system. Com-
pressible behaviour of rice flour has been reported (7).

Extracts of DI and AE contain mainly pectous polysaccharides (8–10), which can be
extracted by precipitation with acetone. Natural mucoadhesive substances considerably
swell in water and form a gelatinous mass. These gelling and mucoadhesive properties
of the DI extract were first reported (11) for use in fabricating nasal gel. Pectin is used in
food industry as a thickening and gelling agent (8). Physicochemical properties of AE
pectin were reported by Sengkhamparn et al. (12) and the rheological behaviour of AE
mucilage was reported by Meister et al. (13). Pectin is a very promising biopolymer to
construct drug carriers for controlled drug delivery because of its gelling, film forming,
binding properties, biocompatibility and stability towards acidic media, and non-toxicity.
It would therefore be advantageous to have means of providing an intimate contact of
the drug delivery system with absorbing membranes.

EXPERIMENTAL

Materials

Metformin hydrochloride was received as a gift sample from Ozone Pharmaceutical
Ltd., India. Bora rice, DI and AE were procured from the local villages around Dibrugarh
University, Assam. All other chemicals used in the study were of analytical grade and
were procured commercially. They were used without testing and purification.

Extraction of polysaccharides from Dillenia indica and Abelmoschus esculentus

Extraction of polysaccharides was carried out by the methods described by Baveja
et al. (14) and Wahi et al. (15). Extraction of natural polysaccharides was carried out
using water as the extracting medium. The sample to menstrum ratio was 1:1.5 and the
extraction temperature was 60–70 °C, maintained for about 5–6 hours.
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Physicochemical characterization of the polysaccharides

Determination of various physiochemical characteristics of DI and AE extracts
included pH, bulk density, solubility in various aqueous and non-aqueous solvents as
well as the effect of various solvents on their swelling and adhesive properties (16).

Preparation of microspheres

Metformin hydrochloride loaded microspheres were prepared by the emulsion solvent
diffusion method (16). Aqueous dispersion of mixed natural extracts of Bora rice, AE and DI
in different ratios (Table I) was heated at 75 °C for one hour. Metformin hydrochloride (1 g)
was dispersed to an aqueous dispersion. The oil phase was prepared by blending methanol
(7 mL) and acetone (10 mL). To 15 mL of dichloromethane, 0.5 g of ethyl cellulose was ad-
ded and then added to the blend of acetone and methanol. The oil phase was kept under
mechanical stirring at 500 rpm. To the oil phase, the aqueous dispersion was added drop-
wise using a disposable syringe with a No. 22 needle in the 1:3 ratio to form a w/o emul-
sion. The emulsion obtained was allowed to stabilise for one hour, followed by heating at 30
to 40 °C, which temperature was maintained for 2 to 3 hours. The products with different
proportions of extracts and flour were collected in batches by filtration and were dried.

Characterisation of microspheres

Particle size determination. – Formulated microspheres were mounted in light liquid
paraffin, and the diameters of 100 particles were measured using an optical microscope
provided with a standardized ocular and stage micrometer. The mean diameter was de-
termined. Results of drug concentration and varying different concentrations of polymers
ratios on the average particle sizes were evaluated (18).
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Table I. Composition and formulation parameters of microspheres

Composition and for-
mulation parameters

Formulations

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13

Drug (g) 1 1 1 1 1 1 1 1 1 1 1 1 1

Bora rice flour (g) 1 2 1 1 3 1 1 2 1 3 2 3 1

Polysaccharide of A.
esculentus (g)

1 1 2 1 1 3 1 1 2 1 3 2 3

Polysaccharide of D.
indica (g)

1 1 1 2 1 1 3 3 3 2 1 1 2

Ethyl cellulose (g) 1 1 1 1 1 1 1 1 1 1 1 1 1

Methanol (mL) 7 7 7 7 7 7 7 7 7 7 7 7 7

Dichloromethane (mL) 10 10 10 10 10 10 10 10 10 10 10 10 10

Acetone (mL) 10 10 10 10 10 10 10 10 10 10 10 10 10



Drug entrapment efficiency. – Drug entrapment efficiencies of dried microspheres were
approximated by mashing dried microspheres and extracting the drug into aqueous me-
dium in phosphate buffer of pH 7.4 by dynamic shaking with a magnetic stirrer for 24 h; the
drug content was then examined. Entrapment efficiency of microspheres was calculated.

Swelling index. – Swelling indices of different batches of microspheres were analysed
by determining the percentage of water retained by the microspheres after 12 hours.
About 25 mg of microspheres were placed on an electronic balance and weighed. The
microspheres were then dispersed in 20 mL of distilled water, and also phosphate buffer
of pH 7.4 at a temperature of 37 ± 1 °C. After 12 hours, the microspheres were taken out
from their respective media, air dried and weighed. The swelling index was determined
by percent water uptake.

Mucoadhesive test. – Mucoadhesive properties of the formulations prepared with the
natural polysaccharides used were determined following the reported procedures (11, 19).

In vitro wash-off test. – In vitro wash-off test was carried out by the method described
by Lehr et al. at pH 7.4 with freshly excised goat intestinal mucosa (20).

Scanning electron microscopy (SEM). – The shape and surface morphology of micro-
spheres were examined using a Scanning Electron Microscope JSM-6360 (JEOL, Japan).
The microspheres were previously coated with a thin layer of gold under vacuum so as
to make them electrically conductive. Surface morphology of Bora rice powder, the DI
mucilaginous substance and the AE mucilaginous substance, metformin hydrochloride
loaded microspheres were examined by photomicrographs at an excitation voltage of 20 kV
under different magnification.

FT-IR spectroscopy. – The FT-IR spectra of the supplied drug (metformin hydrochlo-
ride), powdered Bora rice, powdered AE and DI extract, ethyl cellulose, physical mixture
of Bora rice and drug, physical mixture of DI and drug, physical mixture of AE and drug,
physical mixture of drug, ethyl cellulose, Bora rice, DI, AE, blank microsphere, drug
loaded microspheres were obtained in KBr pellets using a Shimadzu FT-IR 8400 infrared
spectrophotometer (Shimadzu, Japan) in the mid IR region (wavenumber from 200 to
4000 cm–1), to study the drug and polymer materials interaction.

X-ray powder diffraction study (XRPD). – The X-ray diffractograms of the drug, Bora
rice powder, AE, DI, ethyl cellulose, physical mixture of ethyl cellulose, Bora rice, DI, AE,
blank microspheres and drug containing microspheres were obtained by (X’Pert Pro, PAN
analytical, The Netherlands) to detect any variation in the crystallinity of the drug in the
formulation due to polymer so as to find out the possible drug polymer interaction.

Differential scanning calorimetry (DSC). – Possible drug and polymer interactions were
detected in the DSC thermograms of pure drug, Bora rice, AE, DI, physical mixture of
pure drug, Bora rice, AE, powdered DI, blank and drug loaded microspheres using a
JADE DSC System (Perkin Elmer, UK) with the N2 purge gas flow rate of 20 mL min–1

and heat flow rate at 10 °C min–1.

In vitro drug release study

Release of metformin hydrochloride from the microspheres was studied in phos-
phate buffer pH 7.4 using an IP/BP/USPXXVI dissolution rate test apparatus of basket
type (Campbell Electronics, India) at 37 ± 0.5 °C with the rotating speed of 100 rpm. The
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study was carried out in intestinal pH because of the presence of pectous matter in the
extract used in the formulation. Moreover, the polysaccharides showed a good swelling
property in alkaline pH. Dissolution test was carried out in triplicate to get reproducible
results and was carried out for 8 hours. A sample of microspheres equivalent to 80 mg of
metformin hydrochloride was used. At preset time intervals, 10 mL of the sample was
withdrawn and replaced with an equal volume of fresh phosphate buffer of pH 7.4
maintained at the same temperature. The withdrawn samples were filtered through a
membrane filter (0.45 mm) and were analysed for drug content spectrophotometrically at
233 nm using a UV-Visible spectrophotometer (UV-1800, Shimadzu).

Modelling and comparison of release profiles

Data obtained from in vitro release studies were inserted in various kinetic equa-
tions to find out the drug release mechanism of the microspheres. The kinetic models
used were the zero order equation, first order equation and the Higuchi and Korsmeyer-
-Peppas models.

RESULTS AND DISCUSSION

Preparation and characterization of microspheres

The microspheres of metformin hydrochloride were prepared by the emulsion solv-
ent diffusion technique according the procedure described in Experimental, with differ-
ent proportions of natural polysaccharides of DI, AE and Bora rice. The used polysaccha-
rides were found to be insoluble in organic solvents due to the presence of the acetone
insoluble precipitate. They formed colloidal mucilaginous dispersion in water, saturated
saline and showed a good swelling property in phosphate buffer of pH 7.4. The pH of 1 %
aqueous dispersion of DI and AE was found to be 5.0 and 6.1, respectively, which indi-
cated that it was compatible to the alkaline pH of the intestine. These properties were
significant for its use in controlled drug delivery.

Mean particle sizes of different batches of prepared microspheres were found to be
within the range from 77 ± 1 to 190 ± 10 mm, as shown in Table II. The microspheres
were found to be uniformly sized and spherical. Particle sizes were slightly bigger for
polymer blends containing a larger amount of Bora rice. The results also indicated a
more uniform distribution of particle size and shape at 500 rpm while increased rpm
caused non-uniform distribution. Variation in the concentration of polymers influenced
particle size and shape. Ethyl cellulose caused smoothening of the surface of prepared
microspheres. Increase in curing time decreased the particle size of microspheres. The
results also revealed that the size of microspheres was increased at lower rpm of the
mechanical stirrer.

Drug entrapment efficiency (DEE) of the drug loaded microspheres is shown in
Table III. It was found that the curing time as well as the mechanical stirrer rpm affected
the drug entrapment efficiency of microspheres. Maximum drug entrapment efficiency
of the microspheres was 84.7 ± 2.3 %. It was found that an increase in curing time caused
lower entrapment efficiency because the drug was highly water soluble and there was a
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Table II. Particle size and size distribution

Formulation Particle size (mm)a

F1 77 ± 1

F2 78 ± 1

F3 78 ± 2

F4 85 ± 3

F5 90 ± 5

F6 101 ± 2

F7 112 ± 1

F8 124 ± 4

F9 130 ± 2

F10 145 ± 1

F11 156 ± 2

F12 162 ± 2

F13 170 ± 1

F14 (blank) 152 ± 1

F15 (blank) 190 ± 02

a Mean ± SD (n = 100).

Table III. Drug entrapment efficiency (DEE) of microspheres

Formulation DEE (%)a

F1 60.7 ± 1.2

F2 80.7 ± 1.2

F3 66.7 ± 1.5

F4 73.7 ± 1.5

F5 82.0 ± 1.0

F6 62.7 ± 1.5

F7 74.0 ± 2.0

F8 77.3 ± 1.2

F9 77.3 ± 0.6

F10 84.7 ± 1.5

F11 63.7 ± 0.6

F12 84.7 ± 2.3

F13 64.7 ± 0.6

F14 Blank

F15 Blank

a Mean ± SD (n = 3).



chance of drug diffusion in water. Decreased curing time led to an increase in the drug
entrapment efficiency. Hence, an optimum curing time was selected. Increased mecha-
nical stirrer rpm also caused drug diffusion to the external fluid. Thus, optimum mecha-
nical stirrer rpm had to be selected.

Microspheres containing a high proportion of Bora rice in the physical mixture showed
the highest swelling property in water sorption study, as shown in Table IV.
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Table IV. Water sorption of microspheres after 48 hours

Bora rice/
A. esculentus/ D. indica

Sorption medium
mt

(mg)
m0

(mg)
Water sorption

(%)

1:1:1 HCla 55 50 10

Water 60 50 20

1:2:1 Phosphate buffer pH 7.4 75 50 50

HCla 54 50 8

Water 65 50 30

1:1:2 Phosphate buffer pH 7.4 80 50 60

HCla 56 50 12

Water 68 50 36

2:1:1 Phosphate buffer pH 7.4 78 50 56

HCla 58 50 16

Water 69 50 38

Phosphate buffer pH 7.4 81 50 62

a c = 0.1 mol L–1

0

20

40

60

80

100

120

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Time (h)

M
i
c
r
o

s
p

h
e

r
e

s
a

d
h

e
r
e

d
t
o

t
i
s
s
u

e
s

(
%

)

F12

F11

F13

Fig. 1. In vitro wash off test of the microsphere formulations showing mucoadhesion at phosphate
buffer of pH 7.4.



Mucoadhesive properties of DI and AE have been reported (11, 19). In this study,
mucoadhesive properties of the formulations prepared with the natural polysaccharides
used were determined. The study indicated that microspheres possessed good mucoad-
hesive properties (Fig. 1). The polymer ratio and the pH of the medium also affected
mucoadhesivity, since an increase in polymer concentration increased the adherence time
of the microspheres to the intestinal mucosal surface. Also, higher concentration of Bora
rice in polymer blends displayed more mucoadhesion than other polymers. Its wash-off
in phosphate buffer pH 7.4 was not easy; it rather formed a gel and adhered to the in-
testinal mucosal surface for a long time. Mucoadhesivity of microspheres to the goat in-
testinal mucosa increased with increasing time (Fig. 2).
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Fig. 2. Ex vivo mucoadhesive study by the Park Robinson method of formulation F12.

Fig. 3. SEM of a metformin hydrochloride loaded microsphere.



The SEM of the drug loaded microsphere in Fig. 3 showes spherical and smooth surf-
aced microsphere. However, deepening was found due to loss of solvent during drying.
It was found that polymer concentration, rpm of the mechanical stirrer, temperature and
curing time affected the shape and size of microspheres. An increase in polymer con-
centration formed smooth surfaced microspheres and ethyl cellulose also smoothened
the surface of microspheres. Optimum mechanical stirrer rpm and curing time were re-
quired because an increase in rpm formed smaller sized microspheres with non-uniform
distribution while reduced mechanical stirrer rpm formed bigger sized microspheres.
The presence of small pores on the microsphere surface indicated solvent diffusion to
the external fluid.

Drug excipients compatibility

Drug excipients compatibility was studied by FT-IR spectroscopy. Characteristic peaks
of metformin hydrochloride appeared at 3367.34, 3298.05, 3169.04, 1627, 1222, 1064.63,
636.47 cm–1 in metformin hydrochloride loaded microspheres, showing C-N vibrations,
C=N vibrations, C=N stretching, N=N stretching, C-H stretching, as shown in Fig. 4a.
Disappearance of some of the metformin hydrochloride peaks in the formulated micro-
spheres, shown in Fig. 4b, was due to encapsulation of the drug in the physical mixture.

Thermal analysis was applied to study the physical state of the drug in the formu-
lation and to check the drug-excipient compatibility. DSC was done of the drug, DI, AE,
Bora rice, physical mixture of polymers, blank microspheres and the drug loaded micro-
spheres, as shown in Fig. 5. The sharp endothermic peak of metformin hydrochloride at
238.73 °C indicated relative purity. Bora rice also showed an endothermic peak at 108.03
°C, DI showed an endothermic peak at 120.23 °C, whereas AE showed an endothermic
peak at 126.12 °C. As AE and DI had close endothermic peaks, they consumed almost
the same quantity of heat flowing through, while Bora rice absorbed less heat than DI
and AE. Natural mucilaginous substances (NMS) of Bora rice, AE, DI were found to be
of relative purity. The physical mixture (DI, AE, Bora rice, ethyl cellulose and metformin
hydrochloride) showed an endothermic peak at 110.91 °C. The less intense endothermic
peak of the physical mixture (DI, AE, Bora rice, ethyl cellulose and metformin hydro-
chloride) was due to solid transitions. Decrease in the intensity of drug loaded micro-
spheres was due to conversion of the crystalline form of the drug to its amorphous form.
Disappearance of peaks in drug loaded microspheres showed that the drug was uni-
formly dispersed in the polymer matrix at the molecular level (4).

XRPD study was performed to study the phase transition of the drug in formulated
microspheres due to the effect of the polymers. The XRPD of metformin hydrochloride
and drug loaded microspheres are shown in Fig. 6. The result showed peaks of metfor-
min hydrochloride at 2q of 13, 18, 23, 24, 28, 29, 30, 32; the same diffraction was also ob-
served in the case of drug loaded microspheres, exhibiting similar peaks but with notably
decreased intensity of the signal, showing no signs of chemical interaction between the
drug and other formulation components. Reduced intensity of the diffraction signal was
probably caused by the dilution effect and decreased intensity of the drug was due to
encapsulation into the polymer matrix.

Metformin hydrochloride displayed sharp peaks showing the crystalline phase while
the drug containing microspheres showed less intense peaks indicating conversion of the
drug crystalline phase to its amorphous phase.
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Fig. 4. FT-IR of: a) model drug (metformin hydrochloride), b) metformin hydrochloride loaded
microspheres.



In vitro drug release

The in vitro release study (Fig. 7) of the drug loaded microspheres showed that ero-
sion of the microsphere surface caused diffusion of the drug to the dissolution fluid. How-
ever, a number of fluctuations were observed in drug release. Fluctuation, or release in
phases, was prominent in case of formulations F11 and F13 with the composition of 2:3:1
and 1:3:2 of Bora rice and extracted polysaccharides of DI and AE, respectively (Table I).
This indicated that erosion of the microspheres took place in phases and was related to
the amount and type of the polysaccharide incorporated. Incorporation of higher amount of
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Fig. 5. The DSC thermogram of metformin hydrochloride (A), Bora rice (B), Dillenia indica (C), Abel-
moschus esculentus (D), ethyl cellulose (E), physical mixture of metformin hydrochloride, Bora rice
flour, polysaccharides of Abelmoschus esculentus and Dillenia indica, ethyl cellulose (F), blank micro-
spheres (G), metformin hydrochloride microspheres (H).

Fig. 6. XRPD of: a) metformin hydrochloride, b) drug loaded microspheres.

a) b)



Bora rice flour caused comparatively sharper fluctuation than the other two polyssacha-
rides as indicated by F12 with the composition of 3:2:1.

In order to understand the mechanism and kinetics of drug release, the in vitro dis-
solution study data were analyzed using various kinetic equations (Table V). The release
profile followed all the kinetic models: zero order, first order and Higuchi model. The
best model with the highest correlation coefficient was shown in the Higuchi model fol-
lowed by a zero order equation. The obtained correlation coefficient values indicated that
drug release followed the diffusion control mechanism from the microspheres. The data
supported the findings that the drug incorporated in the swelling matrix device was
mainly released by a diffusion mechanism. The data obtained were inserted in the Kor-
smeyer-Peppas model in order to find out the n value. The release showed a high cor-
relation with the Korsmeyer-Peppas model. The n value ranged from 0.639 to 0.682, which
suggested that drug release from the mixture of polymers was non-Fickian diffusion con-
trolled and was influenced by both diffusion and swelling of the polysaccharides used.
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Fig. 7. In vitro release study of formulations F11–F13.

Table V. Results of the parameters of model equations for in vitro release kinetics

Formulation
code

Zero order First order Higuchi model
Korsmeyer-

Peppas model

R2 k0

(mg mL–1 min–1)
R2 k1

(mg mL–1 min–1)
R2 kn

(mg mL–1 min–1)
R2 n

F2 0.906 0.131 0.895 –0.002 0.911 2.503 0.838 0.654

F7 0.882 0.127 0.862 –0.005 0.940 2.379 0.822 0.643

F9 0.936 0.146 0.808 –0.004 0.913 2.667 0.864 0.666

F5 0.910 0.123 0.881 –0.004 0.887 2.344 0.923 0.639

F11 0.916 0.148 0.882 –0.004 0.831 3.143 0.663 0.643

F12 0.928 0.159 0.868 –0.004 0.925 3.077 0.919 0.682

F13 0.927 0.145 0.890 –0.002 0.829 3.080 0.657 0.631

R2 – regression coefficient, k0 – zero order release constant, k1 – first order release constant, kn – Higuchi
dissolution constant, n – release exponent, which characterises the release mechanism of drug.



CONCLUSIONS

Natural mucilaginous polysaccharides from edible sources possessed good swelling
properties in the intestinal pH and also exhibited good mucoadhesivity. They can be used
in encapsulating drugs which are sensitive to gastric pH, so as to deliver the drug at the
intestinal pH. Extracted polysaccharides may be also used as taste masking agents for
bitter drugs and hence may help improve paediatric formulations. The controlled release
behaviour may be attributed to amylopectin in Bora rice and pectous polysaccharides in
DI and AE extracts. Besides controlled release formulation, due to the presence of pectous
polysaccharides the extract may be considered, for colonic delivery of drugs.
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