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ABSTRACT

Previously microspheres containing metformin hytitoide were prepared by using two different methed.
ionotropic gelation and solvent evaporation methlwdthis study, acute toxicity studies were ingggtd in male
albino rats following oral administration of the anospheres. The rats were carefully observed for éinical
signs for seven days, and gross observations ofripens were performed at 14 days. The blood gkiteel was
sustained to normal values till 12 h with microsgseusing carbopol 934P polymer (C3, prepared bingis
ionotropic gelation method) and the chitosan mipleres (CH3, prepared by using non-agueous solvent
evaporation method). No toxic symptoms or mortaligye observed for all the formulations up to daggkg body
weight. Treatment with all formulations for founre@ays significantly attenuated (p<0.01) the eledatotal
cholesterol and triglyceride levels in comparisaitivthe vehicle treated diabetic rats.
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INTRODUCTION

Diabetes is major causes of death and disabilithenworld. The latest World Health OrganizationH®) estimate
for the number of people with diabetes worldwiae2000, is 171 million, which is likely to be atk 366 million
by 2030. The focus of medical community is on thevpntion and treatment of the disease, as is etfdem the
rising number of research papers on the subjectNtidroencapsulation is an accepted process usexth@ve
controlled release and drug targeting for manys/2ir

Metformin hydrochloride (MTF) is an antidiabeticudr used to treat Non-insulin dependent diabeticlitug|
NIDDM [3] and is indicated as an adjunct to dietldaaver blood glucose in cases where hyperglyceraimot be
controlled satisfactorily on diet alone. MTF had goshort half-life of about two hours. The seldctaulti-unit
MTF microspheric drug delivery system in previotisdges is expected to provide clinicians with a redwice of

an economical, safe and more bioavailable formatain the management of type Il diabetes mellidighough
much literature is available on tlirevitro studies of metformin microspheres [4-5], compaglyi less work has
been done on assessing thwivo activity of the prepared microspheres [6]. Theref@an attempt is made to assess
thein-vivo studies of the prepared microspheres containirtfpnmein hydrochloride on experimental animals.
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MATERIALSAND METHODS

MTF was a gift sample from Sun PharmaceuticalspBar Sodium alginate (CDH, New Delhi), Calcium clde
(Qualigens, Mumbai), diSodium hydrogen phosphateHCNew Delhi), potassium dihydrogen phosphate (CDH
New Delhi), NaOH (Merck Ltd, Mumbai), Hydrochloracid (Merck Ltd, Mumbai), Sodium Chloride (Merckd,t
Mumbai), Acetone and Liquid paraffin (Merck Ltd, khbai), Ethylcellulose was commercially obtainedir&.D.
Fine Chemicals, Mumbai. HydroxypropylmethylcellldogHPMC-E15) and Carbopol-934P was procured from
Central Drug House, Mumbai. Chitosan (medium viggagrade) was procured from Central Institute cfheries
Technology, Cochin.

Glutaraldehyde from Spectrochem Pvt. Ltd (Mumbd&jreptozotocin was purchased from Sigma Chemicals
(Germany). All other reagents and solvents useéxiperiment were of pharmaceutical or analyticadgrand
purchased from their respective commercial sources.

Test Animals

Randomly bred male albino rats of Wistar strainighiing about 250-300 g were purchased from Aniraallity
division, Defence Research and Development Estabbkst (DRDE) and used for the study. The animalsewe
maintained in the animal colony of IPS, CollegeRéfarmacy and further used for the experiments. Rate
allowed to acclimatize to the experimental room ditons for a period of seven days prior to preasyre
examination for gross motor activity and appearabeging the acclimatization period, the rats webserved for
clinical signs of disease. Prior to the experimardgetailed physical examination was performedchenainimals.

The animals were maintained in an environment-odlett room. They were housed in rooms maintained at
temperature of 25 + 2°C with humidity at 50-55%otighout the experimental period. The experimerdahr
temperature and humidity were monitored daily. Aotplperiod of 12 h light and 12 h dark was maintdine
throughout the duration of experiment. They weradaal in polypropylene cages, four per cage, wiyhatid dust-
free rice husk as the bedding material. The ricekhwas changed every alternate day. They were ¢hdvi
commercial pellet feed (Lipton feed, Bombay, Indiajl watead libitumduring the experimental period.

The care and maintenance of animals were as peapgpmved guidelines of the “Committee for the Pgip of
Control and Supervision of Experiments on Anima¥PCSEA), India (No. 1039/AC/07/CPCSEA). All animal
procedures were approved by the Ethical CommittéleeoEstablishment.

Preparation of microspheres

Metformin microspheres were prepared by using i@mpdt gelation method and solvent evaporation nugtho
respectively in our previous studies [7-8] usinffedent polymers such as ethylcellulose, HPMC, opdb 934P and
chitosan. A comparative release profile for micreses (at 1:3 alginate: polymer concentration) pced by using
ionotropic gelation method showed that the formatatcontaining alginate: carbopol 934P (1:3) gave most
sustained effect [7]. Drug release rate at 1:3 dpalymer for microspheres produced by solvent evaon
method at a stirring rate of 1200 rpm was in thiéofdng order: carbopol 934P > HPMC > ethyl cellsgo>
chitosan [8].

Induction of Diabetes

Experimental diabetes was induced in the rats usirgptozotocin (60 mg/kg). Streptozotocin wasalig=sd in 0.5

ml of citrate buffer (pH 4.5) and injected intraipp@neally into rats that had been fasted overniglitwith access to
waterad libitum. The extent of diabetic induction was monitored &#aded on blood glucose levels and weight
decrease. Blood glucose levels greater than 18@Imagere accepted as the basal level for diabetbis Blood
glucose level was achieved after 2-4 day of treatmith streptozotocin.

Acute toxicity evaluation in rats

The selected formulations from both the methodgsl dse the preparation of microspheres were testedatute

toxicity (if any) in rats. To determine the acuteitity of a single oral administration, differedbses of the
formulation (0.5, 1.0, 1.5 and 2.0 g/kg body wejghére administered to different groups of ratg (ats were used
for each group). Mortality and general behaviotha animals were observed continuously for thealiour hours
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and intermittently for the next six hours and tlagain at 24 hrs and 48 hrs following dose admiziistn. The
parameters observed were grooming, hyperactivigdason, loss of righting reflex, respiratory ratad
convulsions.

Antidiabetic activity evaluation

Diabetes was induced in albino rats with adminigiraof single dose of streptozotocin (60 mg/kg yeeight,
i.p.). After 72 hrs, the animals with fasting blogldicose level > 180 mg/dl were considered diab@tie diabetic
rats were randomly divided into eleven groups doirtg six rats in each group. One group of six rats kept
without streptozotocin administration as normaltoain The groups were made as follows:

Group I: Normal, receive normal rat feed and watad, libitum

Group II: Diabetic control, receive streptozoto&f mg/kg body weight, with normal rat feed and watd libitum

Group llI: Diabetic standard, treated with Metform{500 mg/kg, p.o.)

Group IV: Diabetic test, treated with the microspgbdormulation A3

Group V: Diabetic test, treated with the microspbdéormulation B3

Group VI: Diabetic test, treated with the microspbdéormulation C3

Group VII: Diabetic test, treated with the microgpic formulation D3

Group VIII: Diabetic test, treated with the micrdgric formulation E3

Group IX: Diabetic test, treated with the microspgbdormulation H3

Group X: Diabetic test, treated with the microsphdormulation CA3

Group XI: Diabetic test, treated with the microspgbdormulation CH3

Biochemical parameters

After the completion of 14 days, blood samples weskected from retro orbital sinus in micro-cefitge tube
presaturated with heparin. It was centrifuged @0fpm for 20 min; the serum thus obtained was re¢pa and
used immediately for the further estimation [9].eTtollowing biochemical parameters such as totatgin, total
cholesterol and triglyceride levels were studieidgisliagnostic kits (Merck Limited, Mumbai).

Statistical analysis

The data obtained in present investigation wasestdyl to statistical analysis. All results wereregped as Meanz+
S.D. The data were analyzed using Analysis of wagg ANOVA) and the group means were compared bgledtt-
Newman Keule’s test. Values were considered silbt significant when p<0.01. Graph Pad Instat&s used for
the analysis of data.

RESULTSAND DISCUSSION

I n-vivo studies of microspheres

Based on then-vitro release profile for the selected formulations ngmA3, B3, C3 and D3 (prepared by
ionotropic gelation method) and E3, H3, CA3 and Gpi&pared by non-aqueous solvent evaporation rdethere
studied for theiin-vivo effect (Table 1). Intravenous injection of 60 mgkf Streptozotocin in male adult Wistar
rats, makes pancreas swell and at last causesategien in Langerhans islet beta cells and ind@g®rimental
diabetes mellitus in 2-4 days.

Table 1: Composition of metformin microspheres prepared using ionotropic gelation method (A3, B3, C3, D3) and solvent evapor ation
method (E3, H3, CA3, CH3).

Code Drug: Polymer M ethod

A3 Drug:Alginate:ethylcellulose (1:1:3 lonotrogielation method
B3 Drug:Alginate:HPMC (1:1:3) lonotropic gelation method
C3 Drug:Alginate:carbopol 934P (1:1:3)  lonotropaaion method
D3 Drug:Alginate:chitosan (1:1:3) lonotropic gelation method
E3 Drug: ethylcellulose (1: Solvent evaporation meth
H3 Drug: HPMC (1:3) Solvent evaporation methogd
CA3 | Drug: carbopol 934P (1:3) Solvent evaporation method
CH3 | Drug: chitosan (1:3) Solvent evaporation methogd

Key: HPMC denotes hydroxypropyl methylcellulose, Dragdiin the study is metformin hydrochloride

Induction of experimental diabetes mellitus in malkult rats weighing 250-300 g is indeed the fstp in
decreasing Nicotinamide-adenine dinucleotide (NAD)pancreas islet beta cells and causes histopafical
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effects in beta cells which probably intermediatésbetes induction [10]. The use of Streptozotdoindiabetes
induction was done as it is claimed to have adgm#af greater specificity and lower toxicity owioxan [11].

The weight and blood glucose level changes in #te treated with 60 mg/kg body weight of streptoeit were

significant. This is a good way of assessing thiergxof diabetes induction in the animals and #pproach has
been described by other workers [12].

Acute toxicity studies

In acute toxicity study no toxic symptoms were ated for all the formulations up to dose 2 g/kg peight. All
animals behaved normally. No neurological or betvabieffects could be noted. No mortality was founpdto 14
days study. Streptozotocin (60 mg/kg) administraticesulted in significant reduction in body weight.
Administration of various microspheric formulatioat equivalent dose of 500 mg/kg administered vedale to
correct this aberration significantly (p<0.01). Tdéfeange in body weight observed is representecbieF 2.

Effect on blood glucose

Streptozotocin (60 mg/kg) administration resultedignificant elevation of glucose levét-vivo evaluation of the
selected formulations of metformin microspheregpared by both the methods i.e. ionotropic gelatod non-
agueous solvent evaporation method were carriedirodtealthy normal male Wistar rats by measuring th
hypoglycemic effect produced after their oral adsimation at a dose equivalent to 500 mg/kg of oretfn in
comparison with pure metformin hydrochloride at #zene dose. When pure metformin was administerealid
reduction in blood glucose level was observed witBih which rapidly reached to the diabetic levexjuiring
further dosing.

In case of microspheres prepared by the ionotrgplation method, the reduction in blood glucoseslewas
slower which sustained over longer periods of tifdeximum reduction was observed with microsphergsgi
carbopol 934P polymer (Figure- 1) whereas the blgladose level was sustained to normal valued &lh in case
of the chitosan microspheres prepared by usingagureous solvent evaporation method (Figure- 2).sLiséained

hypoglycemic effect observed over longer periotime was due to the retardant effect of the polgmesed in the
microspheres.

Figure- 1

In-Vivo comparative study of blood gluose level of rats in various
formulations of metformin microspheres prepared by lonotropic gelation
method
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Effect on biochemical parameters

Diabetes leads to various metabolic aberrationthénanimals namely increase blood glucose, deateisrein
content and increased level of cholesterol andytggide. There was a marked decrease in the plaswotain
content of untreated diabetic group (p<0.01) whemmared with that of the control. All the selecfedmulations
were able to correct this metabolic disturbanceiBantly. Total cholesterol and triglyceride lésevere found to
be significantly (p<0.01) increased in the vehitileated diabetic group in comparison with the aangroup.
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Treatment with all formulations for fourteen daygnsficantly attenuated (p<0.01) the elevated tetalesterol and
triglyceride levels in comparison with the vehitleated diabetic rats given in Table- 2, Figure- 3.

Figure- 2
In-Vivo comparative study of blood glulose level of rats in various
formulations of metformin microspheres prepared by solvent
evaporation method
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Figure-3
Effects of various formulations on some biochemical parameters in
Streptozocin-induced diabetic rats
160 ~
140
120 4
9 100 + @ Cholestrol (mg/dl)
% 80 - B Triglyceride (mg/dl)
> 60 - O Total protein (g/dl)
40
20 4
oA
> & O % > % % % > %
6& o@‘& 60\& xY~ xQ’ xo xo x<// sz xOvrb xo‘b
R R R N SV SN A
0@“ N & & & & & & & @
& b’é Q Q Q Q Q Q Q'<<> <')<<>
06\,&\
R
&
o\
Groups

Table 2: Effects of various formulations biochemical parameter sand changein body weight in Streptozocin-induced diabetic rats

SNo. Group (9 Cr(‘r?:;tﬁ)r ol Tréglq)&:;)l de Tota(llg;)drl?tan Changein body weight (g)
1 Normal 111.69+5.32 80.52+2.78 7.79 £0.48 0463
2 Diabetic Control 144.7 +5.02 105.7 +4.35 4.00.24 -33.75
3 Diabetic Standard (Metformin| 108.06 + 31 843501 6.59 +0.13 +28.54
4 Diabetic + A3 114.4 +5.85 86.7 +0.28 5.51 £30.2 +10.12
5 Diabetic + B3 117.7 £ 4.57| 88.5+0.01 6.97 0.1 +11.34
6 Diabetic + C3 116.9+7.27 84.06 +£0.02 6.4 #0.6 +14.85
7 Diabetic + D3 112.1 +8.13 92.4 +0.08 6.5+ 0.44 +11.86
8 Diabetic + E3 117.9 + 3.87 88.4+0.12 5.73+0.32 + 1491
9 Diabetic + H3 116.2 +5.87 87.5+ 0.63 5.82 +0.52 +11.43
10 Diabetic + CA3 118.3+3.19 84.6 + 0.08 6.27.270 + 14.36
11 Diabetic + CH3 113.74 £ 0.6 85.6 + 0.0p 6.16250 +11.24

Values are given as Mean +S.D.
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CONCLUSION

The microspheres of metformin hydrochloride pregaby using ionotropic gelation and solvent evaporat
method were capable to lower the blood glucosel imrel2 h. The sustained hypoglycemic effect obsdrover
longer period of time was due to the retardantceftd the polymers used in the microspheres. Mjaneses using
carbopol 934P polymer and chitosan demonstratenifisignt blood glucose reduction. Thus, the micteses
produced by both methods were not only promisirrgtie sustained oral delivery of metformin hydraxtde in-
vitro but also produced sufficient hypoglycemic effecekperimental animals.
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