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Medicago Sativa leaf extract supplementation corrects diabetes
induced dyslipidemia, oxidative stress and hepatienal functions
and exerts antihyperglycaemic action as effectivesavietformin
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ABSTRACT

The present study is designed to evaluate the holistic potential of an ethanolic leaf extract of
Medicago sativa in combating diabetic hyperglycaemia as well as associated manifestations.
Adult albino rats were made diabetic by using alloxan (120 mg / kg body weight). Both diabetic
(D) and non diabetic (C) animals were treated with Medicago sativa (MSE) extract and
metformin as a reference drug, for a period of 30 days. At the end of the treatment period,
animals were sacrificed and various parameters of glycaemic status (Glucose, Insulin, GTT,
IRT), serum lipids (CHO, TG, LDL, HDL, VLDL), oxidative stress (LPO, GPx, GSH, SOD and
CAT), markers of renal and hepatic dysfunction (ALP, ACP, SGOT, SGPT, Urea, Creatinine),
serumionic levels and renal Na* - K* ATPase activity were evaluated. Results obtained indicate
an effective glycaemic control in MSE treated D animals alongwith a bettered serum lipid
profile. Diabetes induced increase in lipid peroxidation and renal and hepatic markers of
dysfunction were normalized by MSE treatment and the effects were comparable to those seen
with metformin treatment. Further, compromised levels of antioxidant enzymes and Na* - K*
ATPase in diabetic animals, was also brought to C levels by MSE extract treatment. Both MSE
and metformin treatment reversed the changes in the levels of serum electrolytes in D animals.
Overall, this study provides evidence for further analysis of this plant in the development of a
versatile multitargetted drug as a treatment for diabetes, with the results favouring better
potency than even metformin.
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INTRODUCTION

Diabetes mellitus is a metabolic disorder with ratent altered metabolic profile that affects

carbohydrates, lipids and proteins with a predigprstowards vascular disorders [1]. It is one

of the commonest endocrine disorders and its peecal is expected to intensify almost five

times in another 10 years. Chronic hyperglycaesaad to production of free radicals as a result
of glucose oxidation , non enzymatic glycation @btpins and subsequent degradation of
glycated proteins which in turn can lead to damafeellular organelles and enzymes, all

contributing to promotion and development of corrgtiions of diabetes mellitus [2].

Use of medicinal plants for amelioration of variaugtabolic disorders is finding favour with
researches owing to their lesser side effects.erasr several herbs, roots, fruits and other plant
materials that are used for treating diabetes tirout the world with, a list of more than 100
such antidiabetic plants listed in the Indian tiadial system of medicine as well [3].

Leaves ofMedicago sativa have been used traditionally in South Africa fazating diabetes,
used in the form of tea [4, 5]. Seeds of this plae also been reported to have cholesterol
lowering effects [6]. Owing to its rich source oit&mins and phytoestrogens it is also used as a
food additive in several developed countries [7,N8gdicago sativa is suspected to have an
antihyperglycaemic property and insulin releasiagoa [9]. A best oral hypoglycaemic agent is
expected to ameliorate all diabetes associated lamatipns/manifestations besides exerting
hypoglycaemic effect.

Thereby, the present study aims to evaluate thstimgbotentials oMedicago sativa leaf extract

to control glycaemia, lipidemia and oxidative stres diabetic rats. The study also aims to

explore the role of this plant in maintaining etebfte balance and preventing hepatic and renal
damage. The efficacy of this plant is also compavigd that of a standard hypoglycaemic drug,

Metformin.

MATERIALS AND METHODS

Plant material

Fresh leaves dfledicago sativa were collected from Palanpur in Banaskantha distGujarat,
India. The collected plant material was identifiadd its authentification was done by
Prof.M.Daniel (Head, Department of Botany, The NMi8versity of Baroda, Vadodara, India).

Preparation of plant extract

Leaves ofMedicago sativa after collection were allowed to shade dry anddtied leaves were
ground to a fine powder, which was then used fdragxon in a soxhlet apparatus ( Borosil
Glass Works, Mumbai, India) for up to 10 hours gsé®% ethanol at a boiling temperature of
60°C. The extract obtained from soxhlet extractweas allowed to cool and then filtered to
remove the residue. The filtrate was then concedrat 65°C by rotavapour to get a fine
powder that was refrigerated at 4°C until furthse (1.0]. The powder was diluted appropriately
before use to obtain the desired concentratiohetktract (MSE).
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Experimental Animals

Female albino wistar rats weighing 200-250g werdu®r the experimentation. Animals were
kept in the departmental animal house under a 1&jhR- dark cycle at an ambient temperature
of 21 + 2°C. Throughout the experimentation, food avater were providedd libitum to the
rats. Experiments were conducted according to tha@etines of CPCSEA and the proposal was
approved by the Animal Ethical Committee of the &@ment of Zoology, The M.S.University
of Baroda (Approval no 827/ac/04/CPCSEA). Inductioh diabetes using Alloxan as a
diabetogen was carried out according to the praeedascribed earlier [11, 12]. Body weight
and food and water intake were recorded on a thaitys. While fasting blood glucose level was
checked at regular intervals. Animals with bloodagise levels of 300mg/dl or more at the end
of 7 days were considered diabetic and taken fpeementation.

Experimental Groups

Animals were divided into five groups of six ratsch.

Group I: (C) Normal rats administered double destilwater for 30 days.

Group II: (C+MSE) Normal rats administered with therbal extract (MSE) (500mg/kg of body
weight) orally for 30 days.

Group llI: (D) Diabetic rats administered with ddeildistilled water as vehicle daily for 30 days.
Group IV: (D+ MSE) Diabetic rats administered witke extract (500mg/kg of body weight)
orally for 30 days from day 7 of diabetic induction

Group V: (D+Mt) Diabetic rats administered Metform(500mg/kg of body weight) orally for
30 days from day 7 of diabetic induction.

Fasting blood glucose was checked at regular iate@and food and water intake were recorded
daily.

Parameters eval uated:

Oral glucose tolerance test and insulin resporste te

Oral glucose tolerance test (GTT) was performethatend of the experimentation (29th day)
according to the procedure described by Sietglt. [12]. Response to insulin was checked in all
the experimental groups on the®3lay according to the procedure explained earlig. [

Biochemical Estimations

At the end of the experimentation, animals wereriged of food overnight and sacrificed by
decapitation. Blood was collected prior to sacefitom the jugular vein and serum was
separated. Separated serum was then used for sabioghemical estimations. Liver and
kidneys were dissected out of the animals immelgiatnd washed. Kidney and liver
homogenates were prepared using 10% (PBS) foruagstimations.

Serum glucose was estimated by the glucose oxiaetlod [13]. Insulin was assayed by an
ELISA based kit (Rat Insulin ELISA from mercodiay&len). Serum markers of hepatic and
renal function were estimated using a semi auttyseausing reagent kits. Serum enzymes like
ALP, ACP, SGPT and SGOT were estimated using kiteyred from Reckon diagnostic Pvt

Ltd, Aspen Laboratories, Agappe diagnostics andgi@Besystems respectively. Serum urea and
creatinine were estimated using reagent kits fraaSips Diagnostics and Nicholas Piramal India
limited. Serum lipid profile was checked whereintato cholesterol, triglycerides, HDL
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Cholesterol, LDL and VLDL cholesterol were assayesing kits obtained from Accurex
Biomedical Pvt Ltd and Nicholas Piramal India Liedt

Serum levels of sodium, potassium and magnesiune wstimated using a flame photometer.
Calcium was assayed using kit obtained from Bi¥itne Diagnostics Pvt.Ltd. Na K* ATPase
activity in the kidney was estimated by method ir€ani and Bonetti [14] and the resultant
phosphate released was assayed by the methodkef &isl Subbarow, [15]. Tissue protein was
estimated by method of Lowey al. [16].

Tissue lipid peroxidation in liver and kidney wassayed by the method of Beuge and Aust [17].
Tissue enzymatic antioxidant like GPx, Catalase 8@D were assayed by the methods of
Beutleret al. [18], Sinha [19] and Marklund and Marklund [2@spectively. Non-enzymatic
antioxidant (GSH) level was estimated by the methiodotrucket al. [21].

Satistical Analysis

All data are expressed as MeanzSE. The statissighificance was evaluated for all

experimental groups by One Way ANOVA followed byrBeroni Multiple comparison test

using Graph Pad Prism, Version 3.0 software obtainem Graphpad softwares , San Diego,
CA/USA.

RESULTS

Body and organ (Liver and kidney) weights and food and water intake

Table 1 depicts the changes in body weight, orgamght and food and water intake in all the
experimental groups. There was significant decrén(e€0.01) in the body weight of diabetic
rats compared to the non-diabetic control rats.bBi@ animals also showed a significant
(p<0.001) increase in the food and water intaké wWeae measured on a daily basis. The extract
and metformin treated groups of diabetic rats shibimerease in body weight similar to non-
diabetic rats. Moreover, both extract and metfortrgatments had a similar effect in lowering
food intake in comparison to the diabetic contratsy while, metformin treatment was more
effective in decreasing water intake compared te #xtract administrated diabetic rats.
Treatments with both extract and metformin showetkerease in liver and kidney weights as
against an increase rended for diabetic rats.

Blood glucose and insulin levels

There was a steep increase in the fasting bloozbghilevel in diabetic rats as seen from table 2,
with a corresponding decrease in circulating imsulire. Treatment with MSE showed a
significant time dependent decrement in blood gdectevel and was very much comparable
with that obtained with metformin treatment. Theuse insulin level was significantly higher in
MSE administered diabetic rats much closer to tlabetic level. Metformin was also effective
but not as effective as MSE.

GTTand IRT

Treatment with MSE had no significant effect in riabetic animals ( Fig 1,2). However MSE
and metformin treatments of diabetic rats showedsicerably bettered GTT curves with,
lowered positioning of the curves in comparisondiabetic rats. Out of the two treatment
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schedules, metformin registered relatively moredd positioning of glucose tolerance curve
compared to the extract treated rats. Insulinaesg curves of both MSE and metformin treated
diabetic rats showed a bettered response to insutiomparison to the diabetic rats (Fig 3, 4).

Serum lipid profile:

Serum lipid profile of diabetic rats showed a siigiint increment (P<0.001) in serum total, LDL
and VLDL cholesterol levels along with TG and aresponding decrement in HDL cholesterol
(Table 3). Both MSE and metformin treatments showgphificant (p<0.001) decrement in
cholesterol and TG levels with HDL, LDL and VLDLvels being in the range of non-diabetic
rats.

Serum markers of hepatic and renal dysfunction

The changes in the marker enzymes of hepatic arad dysfunction are as shown in Table 4. In
diabetic rats, the levels of all four hepatic enegmwere significantly (P<0.01) elevated.
Similarly, the levels of urea and creatinine, maskaf renal function were also increased. Both
MSE and metformin were effective in preventing thescreases, though MSE being more
effective in maintaining hepatic markers and metior being effective in maintaining renal

markers.

Serumlevelsof Na*, K*, Mg*"and Ca’™* and, renal Na'-K* ATPase activity

Serum ionic status and N&* ATPase activity are depicted in table 5. Diabetitrals showed
significant increment in serum sodium, potassiurd aalcium levels alongwith a significant
decrement in the magnesium ion concentration. Afsarh this ionic dysregulation, diabetic
animals also showed significant decrement in réf@K* ATPase activity. Treatment with both
MSE and metformin was effective in preventing thargyes induced by diabetes with metformin
being relatively more effective with respect to'ldad Md™ and MSE for all other parameters.

Hepatic and renal Lipid peroxidation levels

Diabetic animals showed a significant incremertiepatic and renal levels of LPO (Table 6 and
7). Both MSE and metformin afforded near completetgrtion against diabetes induced
increase in LPO.

Table 1: Changes in body weight, tissue weight arfdod and water intake

GROUPS INITIAL FINAL FOOD INTAKE WATER INTAKE LIVER WEIGHT KIDNEY WEIGHT
WEIGHT(g) WEIGHT(Q) (g/animal/day) (ml/animal/day) (g/100gbw) (g/100gbw)

C 246.33+15.91 270.33 +7.27 18.15+0.01 37.56 £1.15 2.18+0.37 0.53+0.05

C + MSE 220 +5.01 2425+ 250 15.43 +0.28 38.31+0.14 2.20+0.01 0.48 +0.11

D 236.25+£2.39 215+ 458 33.93+0.03 112.11+ 0.16 3.44+0.14 0.88 £ 0.05

D+ MSE 210+ 7.35 225+7.35 28.46 + 0.29 100.60+ 0.3% 3.02 £0.11 0.56 +0.07

D + Mt 220 +£10.02 2425+ 17.55 24.4+0.1F 55.56 + 0.2F 3.13 +0.05 057 +0.1f

Data are expressed as Mean#8#D.05,°p<0.01p< 0.001 when compared with Normigb< 0.05,” p< 0.01 £ p< 0.001 when compared to
Diabetic Control

Hepatic and renal antioxidant status and protein contents.

Diabetic animals showed a significant decremerttsigsue protein and Glutathione contents and
activity levels of GPx, CAT and SOD (Table 6). BMISE and metformin maintained the levels
of all parameters in the non-diabetic range, dfifsgtthe effects of diabetes. On a comparative
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basis, MSE was found to be relatively more effextivan metformin in maintaining the levels of
tissue protein and endogenous anti-oxidant levels.

Table 2 : Changes in blood glucose level during thentire four week treatment period

GROUPS BLOOD GLUCOSE (mg/dl) INSULIN
0 DAY 15 DAYSFTER | WEEK I WEEK Il WEEK IV WEEK
ALLOXAN INJECTION (AFTER TREATMENT)
C 85+2.56 98+3.01 89+4.13 95+4.87 97+6.2 95.43+1.15 0.37+0.01
C+MSE 88+3.22 94+2.25 98.25+4.48 98+8.79 93.45+10.33 86.83+4.19 0.39+0.02
D 89+5.31 394+18.25 399+22.4° 402+28.54 415+36.55 431.33+6.93 0.15+0.0f
D+MSE  85+4.32 420+15.24 346+23.12 297+32.45 263+17.27 243.83+10.16 0.31+0.01°
D+ Mt 85+2.11 331+10.7 308+21.32 257+15.25 222+19.7¢ 206.50+ 72.68 0.22+0.02

Data are expressed as Mean}8#D.05,°p<0.01°p< 0.001 when compared with Normigb< 0.05,” p< 0.01 £ p< 0.001 when compared to
Diabetic Control

Table 3: Serum lipid profile of extract and metformin treated diabetic and non-diabetic rats

GROUPS CHO TG HDL LDL VLDL
(mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)

Cc 80.00+1.16 70.27+1.22 53.33+1.20 15.67+0.88 13.(88:0

C +MSE 80.33+2.73 64.33+1.77 54.67+3.48 14.33+0.88 12.6880

D 103.33+3.53 141.33+2.08 46.330.88 30.67+0.88 24.33+0.88

D + MSE 76.67+2.9F 102.67+5.46 55.33+2.34 18.67+0.67F 18.33+0.33

D + Mt 78.67+2.34 111.3345.2f 60.67+2.97 25.00+0.58 17.67+0.88

Data are expressed as Mean#$#D.05,°p<0.01°p< 0.001 when compared with Normigh< 0.05,” p< 0.01° p< 0.001 when compared to
Diabetic Control

Table 4: Serum hepatic and renal marker enzymes inontrol and treated diabetic and non- diabetic rats

GROUPS SGPT SGOT ALP ACP UREA CREATININE
(U/L) (UIL) (UIL) (UIL) (mg/dl) (mg/dl)

C 51 +6.35 82+4.04 197.5+11.21 10.8+1.32 69.66 + 28.27 0.6 +0.10

C + MSE 50.5 +2.02 75+4.11 187.5+8.9% 9.85+0.08 545 +0.86 0.61 +0.008

D 83.75+0.43 104.5 + 0.86 289.5 +0.28 21.05 +0.028 142.5 +6.64 0.8 +0.05°

D + MSE 52.5+3.75 945 +2.02 189 + 26.0F 10.55+0.14 87+ 0.57 0.65 +0.02

D + Mt 67 +0.57 99.75 +0.14 211.5+0.86 18.35 +0.26 80.65 + 0.26 0.55 +0.0%

Data are expressed as Mean#$#D.05,°p<0.01°p< 0.001 when compared with Normigh< 0.05, p< 0.01° p< 0.001 when compared to
Diabetic Control

Table 5: Changing in serum Na, K, Mg, and Ca and neal Na" - K* ATPase activity in extract or metformin treated ron-
diabetic and diabetic rats

GROUPS SERUM SERUM SERUM SERUM RENAL
SODIUM POTASSIUM MAGNESIUM CALCIUM Na+K+ATPase
(meqg/L) (meq/L) (m eq/L) (mg/dl) (nM of Pi/ min/ mg

protein)

C 128.66 + 0.88 6 +0.55 2.46 +0.08 12.06 +0.24 32+.12

C+ MSE 119.33+4.91 5.8+0.32 2.1 +0.05 12.83 +£0.76 35+1.21

D 132.33+0.88 7.16 £ 0.59 1.96 +0.08 10.23 +£0.49 23+211°

D + MSE 120.33+1.85 5.76 £ 0.29 2.6 +0.05 14.86 +1.61 30 + 1.08

D + Mt 106.6 + 1.26 5.83+0.17 2.16x0.08 24,63 +0.9f 28+0.9

Data are expressed as Mean}8#D.05,°p<0.01°p< 0.001 when compared with Normigb< 0.05,” p< 0.01 £ p< 0.001 when compared to
Diabetic Control
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Table 6 : Changes in hepatic protein and lipid pergidation and antioxidant status in control and treaed
diabetic and non-diabetic rats

GROUPS PROTEIN

(mg/100mg
tissue)
C 17.37+0.71
C + MSE 18.73+0.40
D 13.2240.48
D + MSE 14.86+0.81
D+ Mt 13.08+1.05

LPO
(nM of MDA
/100g tissug

41.32+1.18
27.13+ 1.5%
63.61+ 1.27
30.09+ 1.89
28.92+ 0.27

GSH GPx CATALASE SOD
(mg of GSH (ngof GSH/min/mg (uM of H202 (U/mg protein)
/min/100g tissue) protein) decomposed/mg
protein/min)

35.55+2.34 4.63+0.21 54.89+2.14 9.16+0.59
37.48+1.67 4.65+0.29 52.64+2.87 9.85+0.87
10.86+0.6F 2.64+0.21° 22.13+1.72 5.94+0.64
34.90+0.78 4.21+0.25 44.41+3.16 7.30+0.26
32.86+2.88 4.13+0.15 38.76+2.07 6.88+0.42

Data are expressed as Mean}8#D.05,°p<0.01°p< 0.001 when compared with Normigb< 0.05,” p< 0.01 £ p< 0.001 when compared to

Diabetic Control

Table 7: Changes in renal protein and lipid peroxiétion and antioxidant status in control and treated
diabetic and non-diabetic rats

GROUPS PROTEIN

(mg/100mg
tissue)
Cc 10.48+0.36
C + MSE 12.52+0.54
D 8.41+0.29
D + MSE 13.74£1.27
D + Mt 11.29+0.56

LPO
(nM of MDA
/100g tissug
47.45+1.45
41.66+4.61
71.63+1.45
37.73+0.95
33.06+1.28

GSH GPx CATALASE SOD
(mg of GSH (ngof GSH/min/mg (uM of H202 (U/mg protein)
/min/100g tissue) protein) decomposed/mg

protein/min)
24.39+0.67 2.50+0.19 26.73+0.19 5.72+0.36
29.33+1.38 2.96+0.29 25.71+2.67 5.89+0.04
13.12+0.2¢ 1.3020.1G° 12.29+1.2F 3.79+0.14
24.76+0.8T 4.08+0.44 22.92+2.34 4.54+0.46
22.39+1.48 2.85+0.16 24.60+2.45 3.54+0.46

Data are expressed as Mean#$#D.05,°p<0.01°p< 0.001 when compared with Normigh< 0.05, p< 0.01° p< 0.001 when compared to

Diabetic Control

Fig 1: Glucose tolerance curves of non-diabetic andiabetic rats treated with extract or metformin
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Fig 2 : Showing area under curve (AUC) of non-diabiéc and diabetic rats treated with extract or metfamin
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Fig 3 : Insulin response curves of non-diabetic andiabetic rats treated with extract or metformin
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Fig 4 : Showing area under curve (AUC) of non-diabiéc and diabetic rats treated with extract or metfamin
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DISCUSSION

Diabetes is one such disorder of its type thatdwmastantly demanded researchers to work for
novel therapeutics that have the potency to combabnly hyperglycaemia but also target the
associated complications. Thus, a constant searoh io identify such drugs that would have
multitarget actions. Herbal preparations have bectme current choice of research to this end,
owing to their effectiveness and lesser side edfe€he present study is one such attempt to
explore on a holistic basis the potentialshMédicago sativa in combating hyperglycaemia,
dyslipidemia, hepatic and renal dysfunctions andatiwe stress in diabetic animals.

As evident from the present as well as many othadies, alloxan induced diabetic animals
manifest increased daily food and water, consideredkey symptoms associated with this
disorder [22]. Apart from polydipsia and polyphagieere is also marked decrement in body
weight as a characteristic feature of their dispf@8]. Loss of structural proteins of organs as
observed herein could be attributed to this losdbady weight and also supported by the
observations of Rajkumaat al. [24]. Both MSE and metformin treatments have reéed
significant decrement in diabetics induced increesdood and water intake. Prevention of
diabetic manifestation by both MSE and metforminndicated by an actual increase in body
weight well supported by increase in hepatic amélrprotein contents.

In the present study supplementation MSE is foundbe very effective in lowering diabetic
hyperglycaemia in four weeks by about 42% whichegter than the 37% antihyperglycaemia
shown by Mt treatment. An earlier study by Swandtati et al.[9] had indicated the
antihyperglycaemic efficacy dfledicago sativa in streptozotocin induced diabetic rats when
given as dietary supplement or as infusion in dngkwater. Further reduction in postprandial
blood glucose level in Type Il diabetic rats trelwth 1g/kg of aqueous extract of Lucerne (
Medicago sativa) was thought to be possibly through increasedlimssecretion [25]. The
observed antihyperglycaemic potency of this pla@nss to be essentially due to promotion of
insulin secretion as the insulin titre in D+MSE raals is found to be lower by only 16% as
against a 60% deficit in D animals and 41% definitD+Mt animals. Our observation of
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increased insulin secretion is well supported by tkported threefold increase in insulin
secretion from BRIN-BD11 pancreatic beta cell lime presence of an aqueous extract of
Medicago sativa [26, 5]. Apparently, MSE has potential in loweridigibetic hyperglycaemia by
way of increased insulin secretion, which is evettdy than the antihyperglycaemic and insulin
releasing ability of metformin.

The anti-hyperglycaemic effect of both MSE and Mitagain well reflected in the observed
glucose tolerance and insulin response curves, hwhitow a position lower than those of
diabetic animals. The area under the curves wisidignificantly high in diabetic animals shows
significant reduction in the case of both MSE and tveated groups of animals. The
improvement in glucose disposal as attested tohbyimprovement in GTT and IRT, can be
accredited to increased glucose oxidation and paration of glucose into glycogen as observed
for the abdominal muscle of diabetic mouse treatiid a dietary supplement of Lucerne [5].

Apart from the promotion of increased insulin séoreand action, MSE might also have other
extra pancreatic mechanisms of action in mediatimgantinyperglycaemic effect. The extra
pancreatic mechanisms of glucose homeostasis niglolve enhanced peripheral glucose
transport and metabolism as potent as insulin @memabsence of insulin, suggesting the
competence of MSE to act through terminal pathwalyssulin signalling. [27, 28, 5]. The
mechanisms of MSE dependent glucose homeostaslid algp be attributed to its potential to
lower glucose absorption [29].

One of the associated complications of diabetelystipidemia marked by hypertriglyceridemia
and hypercholesterolemia, known to be consequefcBgpe | diabetes than can also lead to the
development of Type Il diabetes. Hence, correctimg associated dyslipidemia is of prime
importance when evaluating any antihyperglycaemiardgi-diabetic therapeutic. In the present
study diabetic dyslipidemia is evident from thengdiigantly increased levels of CHO, TG, LDL
and VLDL in the alloxanized diabetic rats. Suppletagion of diabetic rats with MSE extract
significantly decreases the CHO, TG, LDL and VLvéls and with no previous reports on the
hypolipidemic actions of Lucerndedicago sativa) in diabetic rats, this evaluations stands as an
important observation in this context. The hypdyegridemic and hypocholesterolemic effects
along with LDL and VLDL lowering are clearly moretent in MSE supplemented diabetic rats
even better than treatment with metformin. Furtliee recovery in HDL level, significantly
lowered in diabetic animals, is also very well netkn MSE supplemented rats, again bettering
the effect of metformin. Apparently, ethanolic MBHfotent in correcting diabetic dyslipidemia,
which adds to its efficacy as an antidiabetic tpetdic. In support of our finding in the recent
report of Asgaryet al. [30] of the efficacy of Alfa alfaNledicago sativa) on lipoproteins and
fatty streak formation in diet induced atherosdierbypercholesterolemic rabbits.

Oxidative stress and diabetes has an interestiabrdlationship as a cause of diabetes as well as
its effect which can then lead to many secondarggiwations [31, 2]. Thus in order to evaluate
the holistic efficacy oMedicago sativa, there is need to critically evaluate diabeticdative
stress and its amelioration by the plant. In thesent study diabetic rats are characterised by
increased oxidative stress as marked by significamtreased Lipid peroxidation and decreased
levels of both non-enzymatic and enzymatic antiamtd in both liver and kidney.
Supplementation of diabetic rats with MSE does ardy effectively curtail lipid peroxidation
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levels but also restored the levels of endogenouti®xadants. On a comparative basis these
effects of MSE in combating oxidative stress seamse potent than Mt adding to its
therapeutic value. All these changes could in lparan indirect effect mediated through lowered
glucose level and bettered insulin titre or evewlirect action mediated through effect on
endogenous antioxidant system. In all, the preslesgérvations provide support to the efficacy of
MSE in combating diabetic manifestation by ameliora of oxidative stress, even better than
the antidiabetic drug, metformin.

It is very much likely that the dysregulation inrlsahydrate, lipid and protein metabolisms
alongwith increased oxidative stress can affecthiy@atic and renal functions in severe diabetic
state. To this end diabetic rats showed an increaee serum levels of markers of hepatic and
renal function indicating functional dysregulaticaused in these organs as a result of diabetes.
Increased gluconeogenesis and ketogenesis dui@hgtés have been related with increased in
activities of SGPT and SGOT while, increased tigaueolysis and decreased protein synthesis
have been related with increased serum urea aradiriree levels [32, 33]. Apart from these
changes there is also noticeable increase in ALdP A@GP activities correlatable with liver
dysfunction [34]. Supplementation with MSE has beeted to significantly lower the serum
levels of hepatic and renal markers. These améherahanges induced by MSE are more
potent than with metformin especially with refererto hepatic dysfunction, providing a basis
for the contention that the extract has both hepatbreno protective potentials.

While considering the diabetes associated compiicatthere is also need to look into the
delicate systemic ionic balance that otherwise lbana cause of several complications like
hypertension and nephropathy. The analysis of séeueils of sodium, potassium, calcium and
magnesium and renal NaK"* ATPase activity carried out in this behest, hawashsignificant
increment in serum levels of sodium, potassium @idium with a decrease in magnesium and
reduced N&- K* ATPase activity in diabetic animals. Both, MSE depgentation and Mt
treatment are found to be effective in reversingséh changes in diabetic animals with the
potency of MSE being equal or even better.

In conclusion, the present study on a holistic eatbn of antidiabetic efficacy of the plant
Medicago sativa, in combating all possible diabetic complicatidres revealed a very potent
therapeutic potential even bettering the antidiabditug in vogue, metformin. This study is the
only one of its type so far that provides a platfdor further detailed analysis and research on
this plant in the development of a versatile maigeted drug that could not only effect
glycaemic regulation but also targat associated diabetic complications. It is likéhat the
holistic potential of this plant could be relatedhiits content of conmestrol (phytoestrogen) and
flavanoids [35, 36, 37, 38, 39]. saponins [40] afeb vitamins like A,B,C and K [30].
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