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ABSTRACT

The present study was performed toeval uate the effect of aqueous-methanolic extract of Osbeckia chinensis roots, on
the polyol pathway enzymes i.e., aldose reductase (AR) and sorbitol dehydrogenase (SDH) in normoglycemic and
diabetic mice of two different age groups (six- and one-month old). Polyol pathway under hyperglycemic condition
has been associated with the pathogenesis of diabetic complications. Varying doses (50-250 mg/kg b.w.) of extract
was administered intraperitoneally to six-month normoglycemic mice in alternate days for upto 4 weeks. The
optimised dose of 150 mg/kg b.w. was then administered to one-month old normoglycemic and diabetic mice. The
activities of AR and SDH was then measured spectrophotometrically in liver, kidney and eye tissues of
normoglycemic and diabetic mice of these two age groups treated with extract. Curcumin (20 mg/kg b.w.), a natural
product known to inhibit enzymes of the polyol pathway was used as reference.Extract of O. chinensis exhibited the
capacity to inhibit AR/SDH activity in selected tissues of both normoglycemic and diabetic mice in both age groups
when compared to the control group. However, OCE was more effective in reducing AR activity than SDH.
Curcumin showed significant inhibition against both AR and SDH in tissues of normoglycemic and diabetic mice of
both age groups.The extract showed differential pattern of AR and SDH inhibition as a function of age, tissue and
pathophysiologial condition. These results suggest that O. chinensis extract might contain active components which
could represent potential compounds for the prevention and /or treatment of diabetic complications.
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INTRODUCTION

Diabetes is a hyperglycemic condition that resdlie to abnormalities in thelevel of insulin seanetand /insulin
action which can lead tolong term complications different organs [1].Tissue damage can be caused by
hyperglycemia via different mechanism and amongehehepolyol pathway is generally accepted to hee t
mechanism of prime importance in the pathogendsiabetic complications [2-4].Polyol pathway castsiof two
enzymes in which glucose is reduced to sorbitoRBy(EC 1.1.1.21)using a cofactor NADPH and therbgol is
converted to fructose by SDH (EC 1.1.1.14)using NAB a cofactor [5,6].Accumulation of polyols hasie
attributed to the pathological changes in variotgans including kidney[7,8],eye [9]and liver [10]Therefore,
inhibition of polyol pathway has been an attractimpproach to the prevention and treatment of diabet
complications.Aldose reductase inhibitors (ARIshiet directly inhibit AR, are potential therapeuticugs of
diabetic complications[12].Polyol pathway flux vBDH has been link to changes in cytosolic NADH/NAD
ratio[13,14] and these changes have been repartsdhemic and diabetic state[15,16].Thereforescteaf sorbitol
dehydrogenase inhibitor (SDI) would attenuate tirgeased NADH/NAD and fructose levels in diabetic tissues.

A number of molecules have been developed to inB. However, only a limited number of drugs héeen
made available in the market [17].Commercially, legstat is the only available AR inhibitor. Someugls have
been withdrawn due to their safety concerns anérsthare still in clinical trials[18]. Thus, it isery crucial to
develop new ARIs with improved efficacy and safptgfile[19]. Similarly, there is a need for deveilog new SDI
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which can be used to inhibit the polyol pathwayadtienuating the increased NADH/NADevel during diabetic
condition.

Plants are rich sources of active principles andst majority of currently available therapeuticgs were derived
directly or indirectly from plants [20]. Moreovethere is an increased interest in recent timesl¢atify natural
sources for their therapeutic properties. It isduse most of the plants are mostly free from a@veffects and are
being used as a source of diet and traditional oreg[21]. Thus, the aim of the current study waslétermine the

AR and SDH inhibitory potential of agueous-methamektract ofOsbeckiachinensis L.(Family: Melastomataceae)
roots in normoglycemic and diabetic mice of twofetiént age groups (six- and one-month old).Thess agere
chosen to represent the effect of developmentagestan the enzyme activities of the polyol pathvimyhe
presence of the plant extracts. The rootsQothinensis have been reported to possess hypoglycemic and
antihyperglycemic activity[22]. Further, curcumiragvalso studied as a reference for it is knownntobit the
enzymes of the polyol pathway [23,24].

MATERIALS AND METHODS

Chemicals

Alloxan, DL-glyceraldehyde, curcumin were procurdm Sigma-Aldrich (St. Louis, USA), and D-sorbitol
nicotinamide adenine dinucleotide phosphate (NADRiE)ptinamide adenine nucleotide (NAD), bovine seru
albumin was purchased from Sisco Research Labaat@@RL), India. Other chemicals were of analytgade
obtained from E-merck and SRL, India.

Experimental Animals

Healthy, Swiss albino mice of approximately sixdame-month old were used for the study. Mice weagt in
animal house under temperature controlled conditioaintained at 22°C on a 12h light/12h dark cyklee were

fed with mice feed obtained from Amrut LaboratoBune, India. The number of animals used for all the
experiments were six.The protocols on animal modedse followed as per the guidelines of the Instnal
Animal Ethical Committee.

Preparation of extract

The plant material @. chinensis(Voucher No: 71) was collected from North-Easteril Hniversity (NEHU),
Meghalaya, India. The specimen was identified by BirB. Gurung, Department of Botany, NEHU, Megkala
India. The roots oD. chinensis(OC) were washed and dried. These were then podda@ mixed in 10 volume of
aqueous-methanol solution (1:4) [25]. The mixtuas\iltered using Whatmann No. 1 filter paper. Tilieate was
lyophilized (Lyolab-3000, HetoLyolab, Switzerlart)dryness which was used@schinensis extract (OCE).

Toxicity study

Normoglycemic mice of six-month old were administtrwith OCE (50-450 mg/kg b.w.)for alternative dags
intraperitoneal (i.p.) routeand kept in observatignto 4 weeks for any signs of distress, convalstmma or death
[26].

Administration of OCE/curcumin to normoglycemic mice of two age groups

(i) Six-month old mice were administered via i.pute for alternative days with OCE (50 and 150 rggkw.
dissolved in 2% ethanol)upto 4 weeks period. Thestneffective dose (150 mg/kg b.w.) determined was
administered to one-month old mice. The controlugraeceived 2% ethanol. (ii) Curcumin (20 mg/kg b.w
dissolved in dimethylsulfoxide (DMSO)[27]was adnsiigired via i.p. route for alternate days to sixd ane-month
old miceupto 4 weeks period. The control group irek DMSO. Mice groups of (i) and (ii) were saa@d by
cervical dislocation and their individual organggli, kidney and the eye balls) were removed andodgamized
separately for AR and SDH activity measurementgisipectrophotometer (Cary 50 UV-Vis).

Preparation of diabetic mice

Overnight fasted mice (given water ad libitum)weadministered with alloxan monohydrate (180 mg/kg.dor
six-month old and 150 mg/kg b.w. for one-month gbd@pared in acetate buffer (0.15 M, pH 4.5) via ioute.
Diabetic mice (more than 3-4 fold increase in blghdtose) were considered for further experiments.

Administration of OCE/curcumin to diabetic mice of two age groups

Alloxan-induced diabetic mice (six- and one-monlth) avere administered on alternate days with OCH(ifg/kg
b.w.)/curcumin (20 mg/kg b.w.) via i.p. route fompariod of 4 weeks. The control group of OCE anccigmin
received 2% ethanol and DMSO respectively. Orgdimsr( kidney and eye balls)from respective grougese
removed and homogenized separately.
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Enzyme assays

Enzyme solution for AR and SDH assays were prephydibmogenizing the selected tissues(liver, kidaeg eye
balls). The homogenized tissues were centrifuged{9@ for 15 min)in 0.225 M sucrose-Tris bufferJ2olume,
pH 7.4) and supernatant was further centrifuged6a®00 xg for 30 min. The obtained supernatant wsed as
enzyme preparation for AR and SDH assays. AR agtivas measured according to Wolff and Crabbe[28H w
some modifications. The reaction mixture (1 ml) tedmed Na-phosphate buffer (50 mM,pH 6.5), enzyme
preparation (10Qul), dl-glyceraldehyde (100 mM) and NADPH (0.2 mMjleasurement of SDH activity was
according to the method of Gerlach [29]. Incubatinadium (3 ml) contained Tris-HCI (0.1M, pH 9), gne
preparation (5@), D-sorbitol (1.1 mM) and NAD (32mM). Absorbance for both AR and SDH assaysewer
measured &t340 nm. Enzyme activity was expressed as U/mg ipor@€]. Protein was estimated using Bradford’s
method [31].

Statistical analysis
The data are reported as mean + S.E.M. The levsigoificance was determined between the contrdltesated

group using student’s't’-tests. A value of P ldsart 0.05 was considered statistically significant.

RESULTS

Toxicity study
Mice treated with 150 mg/kg b.w. dose of OCE did siloow any adverse effects during the 4weeks afrirent.
However, doses of 250mg/kg b.w. and above dose#iedsn severe hypoglycemia followed by death.
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Figure 1: Effect of OCE (50-150 mg/kg b.w.)/curcummion the AR activity (U/mg protein) in selected tisses of six-month old
normoglycemic mice (N) whereNC: normoglycemic contl.Values are represented as mean + SEM with n=3\el of significance at
p*<0.05, **<0.01, ***<0.001 respectively.
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Figure 2: Effect of OCE (150 mg/kg b.w.)/curcuminorthe AR activity (U/mg protein) in selected tissuesf one-month old normoglycemic
mice (N) whereNC: normoglycemic control.Values areepresented as mean + SEM with n=3, level of sigiéance at p*<0.05, **<0.01,
***<(0.001 respectively.
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Effect of OCE/curcumin on AR activity in normoglycemic and diabetic mice
Among the doses of OCE, 150 mg/kg b.w. inhibited &R activity most effectively by 55% (p<0.01), 65%
(p<0.01) and 54% (p<0.01) in liver, kidney and ¢égsue respectively in six-month old normoglycemice from
that of control group[Figure 1].Reduction in the ARtivity of one-month old mice treated with OCEsnaso

observed in liver (42%, p<0.01), kidney (46%, p<).&nd eye tissue (36%, p<0.01) from that of cdntro

group[Figure 2].Curcumin also showed reductionhi@ AR activity in selected tissues of both six- amg-month

old mice[Figure 1 and?2].

The decrease in the activity of AR was also obskimediabetic mice treated with OCE (150 mg/kg b.which
was comparable to curcumin (Figure 3 and 4). Imsdnth old diabetic mice treated with OCE, the iun in AR
activity was found to be 36% (p<0.01) in liver, 34%<0.01) in kidney and 28% (p<0.01) in eye whileone-
month old diabetic mice, the reduction was 35% (P&} 35% (p<0.01) and 26% (p<0.05) in liver, kigraand eye
respectively from that of the diabetic control.
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Figure 3:Effect of OCE (150 mg/kg b.w.)/curcuminorthe AR activity (U/mg protein) in selected tissuesf six-month old diabetic mice (D)
whereNC: normoglycemic control, DC: diabetic contrd.Values are represented as mean + SEM with n=3 el of significance at p*<0.05,
**<0.01, ***<0.001 respectively.
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Figure 4:Effect of OCE (150 mg/kg b.w.)/curcuminorthe AR activity (U/mg protein) in selected tissuesfone-month old diabetic mice
(D) whereNC: normoglycemic control, DC: diabetic catrol. Values are represented as mean + SEM with r8; level of significance at
p*<0.05, **<0.01, ***<0.001 respectively. NC:- norneglycemic control.

Effect of OCE/curcumin on SDH activity in normoglycemic and diabetic mice

OCE resulted in significant reduction of SDH adthat 150 mg/kg b.w. by 15% (p<0.05) in liver, 24p&0.01) in
kidney from that of the normoglycemic (six-montlontrol group. SDH activity did not alter in a sificant manner
in eye tissue. However, in curcumin treated normyoghicmice (six-month),SDH activity was significent
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inhibited in all three tissues by 36% (p<0.01)ireti, 42% (p<0.01) in kidney and 41% (p<0.01) in &gen that of
the control group [Figure 5].

In one-month normoglycemic group, OCE reduced th&vity of SDH by 18% (p<0.05), 34% (p<0.05) and®d.7
(p<0.05)in liver, kidney and eye respectively while curcumin treated normoglycemic (one-month)mities

activity of SDH was reduced by 32% (p<0.01) in fivé8% (p<0.01) in kidney and 46% (p<0.01) in esenf that

of the control group [Figure 5 and 6].
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Figure 5: Effect of (50-150 mg/kg b.w.)/curcuminorthe SDH activity (U/mg protein) in selected tissuesf of six-month old
normoglycemic mice (N)whereNC: normoglycemic contrp NS: non-significant.Values are represented as @ + SEM with n=3, level of
significance at p*<0.05, **<0.01, ***<0.001 respedtely. NC:- normoglycemic control.
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Figure 6: Effect of OCE (150 mg/kg b.w.)/curcuminoron the SDH activity (U/mg protein) in selected tsues ofone-month old
normoglycemic mice (N)whereNC: normoglycemic contrb Values are represented as mean + SEM with n=3Vel of significance at
p*<0.05, **<0.01, ***<0.001 respectively. NC:- norneglycemic control.

Figure 7 shows effect of OCE/curcumin on the SDHvdyg in selected tissues of diabetic (six-monthice. The
activity of SDH was inhibited by 16% (p<0.05) an@% (p<0.05) in liver and kidney respectively whileeye
tissue the reduction was found to be insignifidaom that of the diabetic control group. Howeveanraumin also
reduced the SDH activity in liver (30%, p<0.01)dhey (32%, p<0.01) and eye (23%, p<0.01) in digbetice
when compared from that of diabetic control gro8fmilar reduction in the activity of SDH was alsbserved in
one-month old diabetic mice treated with OCE/curicufrom that of the diabetic control group [Figudke
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Figure7:Effect of OCE (150 mg/kg b.w.)/curcuminon a the SDH activity (U/mg protein) in selected tisses ofsix-month old diabetic mice
(D) whereNC: normoglycemic control, DC: diabetic catrol, NS: non-significant. Values are representeés mean + SEM with n=3, level
of significance at p*<0.05, **<0.01, ***<0.001 resgctively. NC:- normoglycemic control.

0.35 - xx 2NC (Liver)
T o oDC (Liver)
0.30 - S« ED + 150 (Liver)
o) : . BENC (Kidney)
g g oDC (Kidney)
$©0251 [ @D + 150 (Kidney)
22 - T ] BNC (Eye)
5 20204 B BDC (Eye)
2 g BD + 150 (Eye)
g3 0.15 » " I;!Ng ngverg
= Y9 - &DC (Liver
o %\ ! 7 ;@; @D + 20 (Liver)
220101 - YL BNC (Kidne
530101 & ya BDC gKidneyg
h @ . N 2
0.05 4 & gf & @D + 20 (Kidney)
: -1 \gf o ANC (Eye)
g 24 Y| =~ 0DC (Eye)
000 - A 2 / M..-'?: Ll i =u= nD + 20 (Eye)
OCE Curcumin

Figure8: Effect of OCE (150 mg/kg b.w.)/curcuminoron the SDH activity (U/mg protein) in selected tiages ofone-month old diabetic
mice (D) where NC: normoglycemic control, DC: diab#c control; NS: non-significant. Values are reprsented as mean + SEM with n=3,
level of significance at p *<0.05, **<0.01, ***<0.01 respectively. NC:- normoglycemic control.

DISCUSSION

The present study was performed to determine tleetedf OCE on AR and SDH activity in both normoggynic
and diabetic mice of two different age groups. Aparted in previous studies[32],AR activity in aasult was
observed to exhibit an age- and tissue-specifiepabf distribution with the highest activity indkey, followed by
the liver and eye in mice. The activity of SDH waghest in liver followed by kidney with lowest agty in eye
tissue which is consistent with previous report, [38]suggesting the complexity of its regulatiord &anction.
Toxicity studies performed in six-month old micegled that at 250 mg/kg b.w., administration of @@Eresulted
in fatality/mortality. Therefore, the i.p. route #80 mg/kg b.w. was selected for further studies.

The extract of OC exerted inhibitory effects on #uivities of AR and SDH in selected tissues afnmaglycemic
mice in both the age groups. However, the magnitideeduction in AR and SDH activity varied in ades
dependent manner. Various ARI are known to shofewint effectiveness among animal species andetsgb].
Similarly, the SDH activity in different tissues bbth the age groups of normoglycemic mice was fdsod to
show variation in the pattern of SDH inhibition.ws observed that on OCE treatment, AR activitgetected
tissues was reduced maximally in six-month old tlraone-month normoglycemic mice. The more markiéece
observed with the six-month old group may be duenédurity of metabolic response compared to therooath
old mice which is just past the weaning period #ngs, the differential response. However, in theecaf SDH
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activity in normoglycemic mice, there were no sfigeint differences with respect to the degree bftition by the
extract between the age groups. Results showedQtG& was more effective in reducing the AR activitan
compared to SDH activity in both the age groupser€hare previous reports where compounds isolated f
medicinal plants have been found to inhibit AR meffectively than SDH eg., umbelliferone inhibitestombinant
AR with an IGg of 85.7uM and SDH with Igof 120uM;esculetin has been reported to inhibitahgvity of the
enzymes AR (IGy: 36.5uM) and SDH (16 82.9uM) with different I1G, value[36].

Administration of OCE to diabetic mice reduced #utivity of both AR and SDH in selected tissuesséwying
extent in an age- and tissue-specific manner asredd in normoglycemic mice. However, our resufisveed that
the inhibitory effect of OCE on enzymes was leseediabetic mice than observed in normoglycemicemi©ur
findings are in agreement with previous reports n@h®&R isolated from diabetic or hyperglycemic tissexhibited
lesser susceptibility to inhibition [37]. Furthérhas been reported in cell culture studies tlyaehglycemia induces
progressive resistance of the enzyme inhibition].[Bkewise, reduced effect of inhibition of SDH kextracts
observed under diabetic conditions may be due atopged hyperglycemic condition which is known é&sult in
glycation of enzymes and proteins. SDH is also megloto be glycated at Lys-210, Lys-319 and Lys-B8. This
may in part be responsible for the lower respomnsdiabetic mice compared to normoglycemic mice.nFi@ur
results, it was found that the percentage of ARbitibn shown by OCE was comparable to curcuminibuerms
of SDH inhibition, curcumin was found to be moréefive than OCE. Therefor®, chinensis root extract could be
a potential source of inhibitor for aldose redueta®R| from plant origin have been reported preslgy40].These
results suggest th&. chinensis extract might contain active components which dduhve potential role in the
prevention and /or treatment of diabetic complaadi

CONCLUSION

In conclusion, the results imply that the methan@ktract ofO. chinensis contains principle(s) that inhibit the
enzymes of polyol pathway. The magnitude of infbitbeing dependent on age and pathophysiologaaditons
of the animals. Further studies will be neededstideite active components present in the extract@mehderstand
the mechanism of inhibition of the enzymes of thi/pl pathway.
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