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Abstract

The aim of the present study was to evaluate ffeete of aqueous seed extractTephrosia purpurea
(TpASet) on blood glucose and antioxidant statustiaptozotocin induced diabetic rats. Hypergly@associated
with an altered hexokinase and glucose-6-phosphatesvities, elevated lipid peroxidation, distutbenzymatic
[Superoxide dismutase (SOD), catalase (CAT) anthtiiione peroxidase (GPx)] and non enzymatic [Ghitae,
vitamin C and vitamin E] antioxidant status weresetved in streptozotocin induced diabetic rats.| Ora
administration of “TpASet” at a dose of 600mg/kglhaveight showed significant improvement in abowentioned
parameters. Our results clearly indicate that “TpAShas potent antihyperglycemic and antioxidarfe&$ in
streptozotocin-induced diabetic rats and therefor¢her studies are warranted to isolate and cheriae the
bioactive principles from “TpASet”.
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I ntroduction

Diabetes mellitus is a clinically and geneticaltgterogeneous group of disorders, characterized by
abnormally high blood glucose concentration, Hypermia is due to deficiency of insulin secretianresistance
of the body cells to the action of insulin, oftessaciated with carbohydrate, protein and lipid rneliam. These
metabolic disturbances result in acute and long tdiabetic complications, which are responsible gogmature
death and disability. According to World health amgzation, approximately more than 100 million pespwere
reported to have diabetes mellitus worldwide (Zirhm&899). India is one of the leading countrieswhiigh number
of people with diabetes mellitus and it is estirdateat around 57 million peoples will be sufferirfigppm diabetes
mellitus by the year 2025 (Aravind et al., 2002).

Oxygen free radicals have been implicated in ththggenesis of various disorders including diabetes
mellitus. Oxygen free radicals are formed by autinlation of glucose and non enzymatic glycatiompufteins. It is
well documented that diabetes is associated wittreased oxidative stress as evidenced by the isetlea
accumulation of lipid peroxides (Maritim et al.,@). Under physiological conditions antioxidant efefe system
protects the body against adverse effects of fidizal generation. In diabetes mellitus hyperghyeemay depress
the natural antioxidant system. Elevated generdtim radicals resulting in the consumption of axitiant defense
components may lead to disruption of cellular fiored and oxidative damage to membranes and mayneaha
susceptibility to lipid peroxidation. Several refsorindicate that modified oxidative stress is doechronic
hyperglycemia (Bhor et al., 2004). Enzymatic artlaxts form the first line of antioxidant defenseahanism to
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protect the organism from reactive oxygen speciediated oxidative damage (Santhakumari et al., R@Eanced
oxidative stress has been well documented in bqierémental and human diabetes mellitus (Bayne81)19

Streptozotocin induced diabetes mellitus is anlideadel to study the beneficial effects of inveatigg
agents. World health organization has suggestedntedicinal plants may provide valuable therapsuéigents in
modern medicine and in traditional system, esplgcial areas where the modern drugs are unavail@blerld
Health Organization, 1994). Oral hypoglycemic agestich as metformin and sulphonylureas have toiveng
through out life time and produce side effects Ililgoglycemia (Dixit and Joshi, 1985). Folk medéiim India
describes several kinds of indigenous herbs andtgplaelonging to various families to be recommenfiedhe
treatment of diabetes mellitus. There are sevespbrts which strongly recommended for hypoglycemi
antihyperglycemic effects of different medicinalapts (Bordia et al., 1997); Upadhya et al., 2004phrosia
purpurea, commonly known as “Sarapunkha” in Sanskrit andrffe tephrosia” in English, is widely used in
Ayurveda and Siddha medicines to treat variousrdexs like jaundice, kidney disorders and to redimest in
diabetes mellitus (Joshi, 2000; Kritikar and Ba4956). However, we have not found any studies am th
antihyperglycemic and antioxidants effectsTofPurpurea in experimental diabetes mellitus. Thus, in thespnt
study, we have evaluated the antihyperglycemic amttbxidant effects off. purpurea in streptozotocin induced
diabetic rats.

Materials and M ethods
Plant material

Seeds ofT. purpurea were collected in and around Chidambaram, TamillNand it was botanically
authenticated. A voucher specimen (AU05102) waosiegd in the Department of Botany, Annamali Unsity,
Annamalai nagar, Tamilnadu.

Preparation of plant extract

About 100g of fine powder of. purpurea seeds was suspended in 250 ml of water for 2 fuistlzen
heated at 60-6& for 30 min. The extract was preserved and theqw® was repeated three times with the residual
powder, each time collecting the extract. The obtdd extract was pooled and passed through finercaioth.
Filtrate upon evaporation at 40%Dyielded 13% semisolid extract. This was store@-4iC until used.

Animals

Albino Wistar male rats 7 to 8 weeks old and waighil50-200g were used for the present study. The
animals were obtained from central animal housejaiRauthiah Institute of Health Sciences, Annamalai
University, India and were housed in the centrainah house with 12 light and 12 h dark cycles. @némals were
randomized into experimental and control groups hadsed 4 or 5 in a polypropylene cages. Standelieétp
obtained from Mysore Snack Feed Ltd, Mysore, Indiere used as a basal diet during the experiméra.control
and experimental animals were provided food anckirg waterad libitum. We got ethical committee clearance for
our animal experimental design (House registratiomber 160/1999/CPCSEA and approval date 25-08)2003

Induction of diabetes mellitus

Diabetes mellitus was induced in Wistar rats mgks intraperitoneal injection of streptozotoci®ittg/kg
bw) dissolved in 0.1M citrate buffer (pH 4.5) toesright fasted Albino Wistar rats (Chang, 2000)e Thebetes was
assessed in streptozotocin induced rats by detgrgnthe blood glucose concentration, 48 hours affiction of
streptozotocin. The rats with blood glucose levehae 250 mg/dl were selected for the experimentaliss.

In the experiment, a total number of 30 rats (la&betic rats, 6 normal rats 6 normal rats treatéth w
“TpASet” alone) were used. The rats were divided Bigroups of six each.

Group | : Served as control rats and did not rexaivy other treatment
Group I Diabetic control (50mg/kg bw i.p streptdocin)
Group Il Diabetic rats receiving “TpASet” (600 g bw) using an intragastric tube daily for 45 slay

Group IV: Control rats receiving “TpASet” (600 mg/bw) using an intragastric tube daily for 45 days
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Group V: Diabetic rats receiving glibenclamide @6@y/kg bw) in distilled water using an intragastribé¢
daily for 45 days.

After the experimental period, all animals werergied by cervical dislocation and biochemicaldies
were conducted on plasma, liver and kidney of ad@tnd experimental animals in each group.

Blood glucose (Sasaki et al., 1972) glycosylatethtiglobin (Sudhakar Nayak. and Pattabiraman, 1981),
total hemoglobin (Drabkin and Austin, 1932) andspia insulin (Anderson et al., 1993) were estimai&RARS in
plasma (Yagi, 1987) and tissues (Ohkawa et al.919%re assayed. Hydroperoxides (Jiang et al.2)19&s
estimated. Superoxide dismutases (Kakkar etl8B4), catalase (Sinha, 1972) and glutathionexmaee (Rotruck
et al, 1984) were estimated and reduced glutathione (@&eahd Kelly, 1963), vitamin C (Omaye et al., 1979
vitamin E (Desai et gl.1984) were estimated. Hexokinase (Brandstrup .et1857) and glucose-6-phosphatase
(Koida and Oda, 1959) activities in liver were estted.

Analysis

The data were expressed as m&id. Statistical comparisons were performed by wag analysis of
variance [ANOVA] followed by Duncan’s multiple raeagest [DMRT]. The results were considered statdiy
significant if the p values were 0.05 or less.

Results

Table 1 shows the blood picture of control andegixpental animals in each group. The levels of tloo
glucose and glycosylated hemoglobin were signitigancreased (p<0.05) whereas the levels of plasmsalin and
total hemoglobin were significantly decreased (p50.in streptozotocin induced diabetic animals asmared to
control animals. However, the above said parameterg significantly improved (p<0.05 ) in diabetats treated
with “TpASet” and glibenclamide.

Table 1: Blood picture of control and experimental animalgach group.

Groups Blood glucose | Glycosylated hemoglobin Total hemoglobin Plasma

(mg/dl) (HbA1%) (gramg/dl) Insulin

(nU/ml)
Control 82.5+5.28 2.92+0.18 13.9+1.06 14.2+1.1F
Diabetes control 284.6+20.7 6.02+0.49 8.210.67 8.240.97
Diabetes + TpASet 140.5+13.6 4.86+0.37 9.8+10° 10.7#1.30°

(600mg/kg bw)

Control + TpASet 80.2+5.9 2.80+0.16' 13.8+1.02 14.4+1.14
(600mg/kg bw)

Diabetes + glibenclamid
(600ug/kg bw) 128.2+11.9' 4.32+0.26' 11.1+1.14 12.4+1.09'

(1%

Values are expressed as medBD (n=6)
Values not sharing a common superscript letteedgfgnificantly at p<0.05(DMRT)
TpASet :Tephrosia purpurea aqueous seed extract
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Table 2: Activities of hexokinase and glucose-6-phosphaiiasiee liver of control and experimental animials
each group.

Groups Hexokinase Glucose-6-phosphatase
(U*/mg protein) | (U**/mg protein)

Control 0.25+0.03 2.53+0.14
Diabetes control 0.12+0.02 3.90+0.36
Diabetes + TpASet 0.16+0.0Z 3.46+0.26

(600mg/kg bw)

Control + TpASet (600mg/kg bw) 0.26.+0.03 2.46+0.19"

Diabetes + glibenclamide (608/kg bw) | 0.18+0.01° 3.08+0.31°

Values are expressed as medD (n=6 rats) ; Values not sharing a common sapiptdetter differ significantly at
p<0.05(DMRT); * - Micromoles of glucose phosporgdthour; ** - Micromoles Pi liberated/min
TpASet :Tephrosia purpurea aqueous seed extract

Table 2 indicates the activities of hexokinase ghacose-6-phosphatase in the liver of control and
experimental animals in each group. A significaetréase (p<0.05) in hexokinase and increase (pxh@bucose-
6-phosphatase activities were noticed in the ligérdiabetic animals as compared to control animéisal
administration of “TpASet” to diabetic animals retesl the enzyme activities to near normal conegiotns. Table
3 shows the levels of TBARS, hydroperoxides, vitar@ and vitamin E in plasma of control and experitak
animals in each group. The levels of TBARS dndroperoxideswere significantly (p<0.05) increased whereas
vitamin C and E levels were decreased in diabeiimals. The levels of TBARS and hydroperoxidesawiin C and
E levels were significantly (p<0.05) improved iraletic animals treated with “TpASet Table 4 prese¢he levels
TBARS and hydroperoxides in liver and kidney of wtohand experimental animals in each group. Thelt of
TBARS and hydroperoxides were significantly (p<3).thcreased in diabetic animals compared to cbationals.
Oral administrations of “TpASet” at a dose of 600kggbw reverted the levels of TBARS and hydropedesi in
diabetic animals.

Table 5 and 6 indicate the concentration of GSH thee activities of enzymatic antioxidants sucts&D,
CAT and GPX in the liver and kidney of control aegperimental animals in each group. Activities bége
enzymes and GSH level significantly (p<0.05) desegain diabetic animals compared with control. abtvities of
these enzymes were significantly (p<0.05) improirediabetic animals treated with “TpASet”. Rats awiistered
with “TpASet” alone did not produce any significadteration in plasma and tissue antioxidant patarse

Discussion

Hyperglycemia is associated with the developmehft nicro and macrovascular complications.
Streptozotocin, a naturally occurring nitrosamidamages pancreatccells possibly by generating excess reactive
oxygen species and thus widely used for the indoatif diabetes mellitus in experimental modelsef@wzotocin
generated lipid peroxidation and DNA breaks in paatic islet cells have been demonstrated (Takaal,€1991).
Oxidative stress is an imbalance between the foomaif free radicals and the rate at which theysasenged by
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Table 3: Levels of TBARS, Hydroperoxides, Vitamin C andafitin E in plasma of control and experimental

animals in each group.

Groups TBARS | Hydroperoxides (mmol/ml) | Vitamin C (mg/dl) | Vitamin E
n mol/ml (mg/dl)

Control 1.86+0.16' 0.54+0.04 1.78+0.14 1.38+0.09"

Diabetes control 3.05+0.37 0.84+0.09 1.12+0.17 0.78+0.13

Diabetes + TpASet 2.56+0.19 0.64+0.06 1.38+0.15 1.02:0.09
(600mg/kg bw)

Control + TpASet (600mg/kg bw) | 1.75+0.13 0.52+0.04 1.80+0.1% 1.42+0.17°

Diabetes + glibenclamide (606/kg bw) | 2.12+0.27 0.59:0.03" 1.52+0.17 1.15+0.06"

Values are expressed as mea®D (n=6). Values not sharing a common superskaifdr differ significantly at
p<0.05(DMRT); TpASet Tephrosia purpurea aqueous seed extract

Table 4: Levels of TBARS Hydroperoxides, in liver and kigna control and experimental animals in each group

LIVER KIDNEY
Groups TBARS Hydroperoxides TBARS Hydroperoxideg
(mmol/100g protein) (mmol/100g protein) (mmol/100g protein) (mmol/100g
protein)

Control 1.20+0.07 68.24t3.5" 1.40+0.1F 54.38 4.82

Diabetes control 3.82+0.42 98.52+ 6.24 410+ 0.3¢ 85.42+ 6.30

Diabetes + TpASet 2.94+26° 78.64+ 5.47 2.78+0.27 66.83t5.47
(600mg/kg bw)

Control + TpASet 1.14+0.09" 66.82+4.35 1.38+0.14 52.18:4.26'
(600mg/kg bw)

Diabetes + glibenclamide 2.52+0.27 72.430.3¢ 2.40:0.17 61.25:5.14
(600ug/kg bw)

Values are expressed as medD (n=6). Values not sharing a common superskitgr differ significantly at
p<0.05(DMRT); TpASet Tephrosia purpurea aqueous seed extract.
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Table5: Level of GSH and activities of SOD, CAT and GRxliver of control and experimental animals in each
group.

GSH SOD Catalase GPx
Groups (mg/100g | (unit* /mg protein)| (unit® /mg protein)| (unit/mg
tissue) protein)
Control 13.76+1.12 10.64:0.73 70.5+6.1° 5.90+0.37
Diabetes control 8.50t1.1° | 6.05+0.59" 29.6+3.8" 3.60+0.39"
Diabetes + TpASet 10.95+0.96° | 7.85+0.86° 43.2£4.9 4.37 £0.41°
(600mg/kg bw)
Control + TpASet (600mg/kg | 13.90+1.05' | 11.02+0.69° 72.2 +5.4% 6.02 +0.452
bw)
Diabetes + glibenclamide | 12.83t0.87 | 9.02+0.73° 50.1+3.6¢ 5.02 +0.42°
(600ug/kg bw)

Values are expressed as ma&D (n=6). Values not sharing a common supersteiper differ significantly at
p<0.05(DMRT):*The amount of enzyme required to inhibit 50% NB@uetion;®Micromoles of HO, utilized/min
“Micromoles of glutathione utilized/min; TpASeTephrosia purpurea aqueous seed extract.

enzymatic and non enzymatic antioxidants in diedeLipid peroxidation is one of the characteri$diatures of
diabetes mellitus. In diabetes red blood cells waoge susceptible to lipid peroxidation. Measuren@nplasma
thiobarbituric acid reactive substances (TBARS) wsead as an index of lipidperoxidation and it hetpassess the
extent of tissue damage (Gutteridege, 1995). Skwstadies have reported an increase in TBARS and
hydroperoxides in plasma, liver and kidney in eipental diabetes mellitus. (Ananthan et al., 200dnkateswaran
and Pari, 2002) Our results corroborate these watens.

Glutathione is a tripeptide, intracellular antidaint and protects the cellular system from adveffeets of
lipid peroxidation. In diabetic rats weave found thatower levels of GSH in tissues which indicate irmwed
utilization due to oxidative stress. Previous stadreported that hyperglycemia induces polyol pathwhat
consumes NADPH which is necessary for GPx redo¥ecf8ubbiah Rajasekaran et al., 2005). GPx is enaeh
containing antioxidant which plays crucial role scavenging toxic free radicals by using GSH as tsales
Decreased GPX activity in diabetic rats is propallie to insufficiency of GSH. Vitamin E is one thfe most
important free radical scavenging chain-breakingoaidant in the cell membrane (Parks and Trab&QQ2. In
diabetes, disturbances in ascorbic acid metabolisight have a great role in the pathogenesis of afiab
complications (Gumieniczek et al., 2002). In thegant study we noticed decreased plasma vitamind(Edevels
in diabetic rats which represent increased utilimaby elevated oxidative stress or decreased &S&l kince GSH
is required for recycling of vitamin C. Bode et @993) reported that reduced activity glucose-6sphate
dehydrogenase in diabetes, which produces NADPkegenerate ascorbate from dehydrogenase. SOD fwotec
from oxygen free radicals by catalyzing the remoeflsuperoxide radical, which damage the membram a
biological structures. Catalase was shown to bgoresible for the detoxification of J,, (Mahboob et al., 2005). In
the present study we observed decreased SOD aaldsmiactivities in diabetic rats. This may resulbhumber
deleterious effects due to accumulation of supe®xadical and $O..
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Table 6: Level of GSH and activities of SOD, CAT and GRxkidney of control and experimental animals inheac

84

group.
Groups GSH SOD Catalase GPx
(mg/100g | (unit*/mg protein)| (uni/mg protein)| (unit®/mg
tissue) protein)

Control 8.26+0.72 13.65-0.99" 38.26+2.517° 6.40:0.37

Diabetes control 4.65+0.58 8.50:0.7¢ 18.80:1.93 3.40:0.32

Diabetes + TpASet 6.04+0.61° 10.23+1.1° 22.61+2.25 4.42+0.57
(600mg/kg bw)

Control + TpASet (600mg/kg 8.75+0.58* | 13.80+0.96° 40.18 +3.06° 6.51+0.41°

bw)

Diabetes + glibenclamide | 6.94 +0.45° | 11.64 +0.92° 27.42 +2.01° 5.12+0.46°

(600ug/kg bw)

Values are expressed as mHd (n=6)

Values not sharing a common supiastatter differ significantly at p<0.05(DMRT)

fhe amount of enzyme required to inhibit 50% NBd@uetion, ®"Micromoles of HO, utilized/min
Micromoles of glutathione utilized/min; TpASeTephrosia purpurea aqueous seed extract

In the current study, we observed that administnadbf“TpASet” to diabetic rats at a dose of 600kggy/
body weight for 45 days resulted in decrease inbloed glucose concentration and also increaseadimgevel
which could be due to the stimulation of insulircrggion from remnant pancreafecells which in-turn enhance
glucose utilization by peripheral tissues. Glycasgtl hemoglobin reflects the mean blood glucoseaunation.
Hence HbAc is now considered as the most reliable markethyafegnic control in diabetes mellitus (Latha andiPar
2004). In diabetes, high blood glucose reacts Wwigmoglobin and thus increased glycosylated herbaglare
formed. We observed decreased hemoglobin and sedaglycosylated hemoglobin levels in diabetic. tatsreased
hemoglobin in “TpASet” treated diabetic rats indedhdecreased blood glucose level and glycosyla¢edoglobin.
Decrease in hexokinase and increase in glucose$pplatase activities were noticed in the liveriabdtic animals
as compared to control animals. Oral administratibiTpASet” to diabetic animals which significaptimproved
hexokinase and glucose-6-phosphatase activitieghwauggest its stimulatory effects on glycolysisl anhibitory
action on gluconeogenesis in diabetes mellitus.dbdserved increase in antioxidant activities andlide in TBARS
and hydroperoxides in “TpASet” treated diabeticsratiggesting its potent antilipid peroxidative amdioxidant
effects. Furthermore the plant drug was found ¢oals effective as that of the reference drug gtilaenide.
Although the plant drug has considerable blood glucose lowering effect, the effect was much lesser than
that of glibenclamide, the reference drug.

Conclusion
In conclusion, the results of the present studynsd that the aqueous seed extractephrosia purpurea

have blood glucose lowering effects and it also patént antioxidant properties, which may contrébtdwards
preventing peroxidative damage.
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