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Abstract

The present study evaluates the efficacy of ethanolic extract of Boerhaavia diffusa L (BD)
administered orally at a dose of 500mg/kg body weight for a period of 30 days to alloxanized
diabetic rats and its efficacy compared with the standard hypoglycaemic drug metformin. Diabetic
animals showed glycemic dysregulation, altered ionic balance, increased levels of serum markers
of kidney function, and reduced Na"-K" ATPase activity and endogenous antioxidant status.
Administration of BD not only maintained the ionic balance and renal Na"-K" ATPase activity but
also significantly minimized diabetic hyperglycaemia. The renal antioxidant status (GPx, Catalase,
SOD and GSH) remained in the near normal range and LPO level lower than the non-diabetic
level. These effects are comparable to the changes brought about by metformin treatment and even
better. Over all, the present study provides evidence for BD to be a potent renoprotective and
antihyperglycaemic agent in diabetic animals.

KEYWORDS: Boerhaavia diffusa L., Diabetic nephropathy, metformin, ATPase, renal
dysfunction, hyperglycaemia
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INTRODUCTION

A World Health Organization prediction suggests a targeted increase in diabetics
in both developed and developing countries in the coming years. India, China and
USA are predicted to be the countries with the largest number of diabetics by the
year 2025 (Ramachandran, 2007; Mohan et al, 2007). Uncontrolled
hyperglycaemia is identified as one of the major factors contributing to
development of diabetic nephropathy in animal models while, chronic and
untreated diabetes in human subjects reportedly lead to enlargement of kidney
with increase in RNA content and an increase in protein synthesis (Wahab et al.,
2001). Considerable loss of electrolytes is also a feature observed in such patients.
Hyperglycemia induced glucose oxidation and non-enzymatic glycation of
proteins cause excessive production of free radicals in diabetics and, subsequent
degradation of glycated proteins results in cellular damage, compromised
endogenous antioxidant status and development of insulin resistance (Maritim et
al., 2003). All these factors together expectantly promote complications of
Diabetes mellitus (DM).

Recent reports suggest a vascular origin for most of the diabetic
complications including diabetic nephropathy. Moreover, patients with DM are at
an increased risk of cardiovascular diseases and this risk is potentiated many folds
by the coexistence of hypertension (Turner ef al., 1998). Abnormalities of sodium
metabolism at all physiological levels characterize hypertension that accompanies
DM. Nevertheless, hypertension that accompanies Type I diabetes appears to be
more of a renal phenomenon (Elliol ef al., 2001). Apart from the disturbance in
electrolyte balance that characterize metabolic diseases like diabetes, there is also
an associated alteration in Na' - K* ATPase activity, thought to be linked to
several complications of DM (Totan and Greaby , 2002). Traditionl Indian
Ayurvedic system of medicine represents one of the oldest with more than 100
medicinal plants mentioned in this system, including the folklore medicines for
treatment of diabetic complications (Kar et al., 2003). Herbal medicines have
been in use even in other parts of the world other than India for management of
Diabetes (Marles and Farnsworth, 1995). Boerhaavia diffusa L. is a small
perennial creeping herb distributed all over India and in many other countries.
The Boerhaavia diffusa plant contains a large number of compounds such as
flavonoids, alkaloids, steroids, triterpenoids, lipids, lignins, carbohydrates,
proteins, and glycoproteins, Punarnavine, boeravinone A.F, ursolic acid,
punarnavoside, liirodendrin which have been isolated and studied in detail for
their biological activity (Basu et al., 1947; Mishra and Tiwari, 1971; Surange and
Pendse, 1972; Lami et al., 1990; Aftab et al., 1996). This plant has reported anti
inflammatory, diuretic and hepatoprotective effects (Bhalla et al., 1968; Chopra,
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1969; Chandan et al., 1991). Recently, Pari et al. (2004) and Rao et al. (2004)
have even reported an antidiabetic effect of the aqueous extract of this plant.

It is worth evaluating the efficacy of BD extract in this context, on
diabetes associated secondary complications of electrolyte imbalance and renal
oxidative stress related to glycemic dysregulation. Thus, the present study
addresses the efficacy of BD extract on these aspects compared to Metformin, a
standard hypoglycaemic drug. Maximal hypoglycemic effect shown in a previous
dose dependant study formed the basis for the herein employed dosage of
500mg/kg body weight.

MATERIAL AND METHODS

PLANT MATERIAL

Fresh leaves of Boerhaavia diffusa L. (BD) were collected from Rajpardi village
near Bharuch district, Gujarat, India and authenticated by Prof. M.Daniel (Head,
Department of Botany, The M.S.University of Baroda).

PREPARATION OF PLANT EXTRACT

The collected leaves were shade dried and ground to a fine powder in an
electronic mixer. The powder was sieved and then subjected to extraction in 95%
ethanol in a Soxhlet apparatus (Borocil Glass Works, Mumbeai, India) at 60 ° C
for 10 hrs yielded a green colored extract. After cooling and filtration, the filtrate
was concentrated at 65° C in a rotavapour to obtain a dry powder. This powder
was stored in a refrigerator maintained at 4 ° C until further use (Narendhikannan
et al., 20006).

EXPERIMENTAL ANIMALS

Female albino Wistar rats of 200-250g body weight maintained in the animal
house of the department under a 12:12 light and dark cycle at 21-23°C served as
the experimental animals. The animals were maintained in accordance with
CPCSEA guidelines and the animal experiments were approved by the animal
ethical committee of Department of Zoology, The M.S.University of Baroda,
Vadodara (Approval no 827/ac/04/CPCSEA). Throughout the experimental
period, the animals received standard rat chow (M/S Pranav Agro limited,
Baroda) and water ad [libitum. Induction of diabetes by alloxan was as per our
previous studies (Singh et al., 2010 a, b).
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EXPERIMENTAL DESIGN

Animals for experimentation consisted of five groups of six rats each.

Group I: (C)

Normal rats administered double distilled water for 30 days.

Group II: (C+E)

Normal rats administered with the herbal (BD) extract (500mg/kg of body weight)
orally for 30 days.

Group III: (D)

Diabetic rats administered with double distilled water as vehicle daily for 30 days.
Group IV: (D+E)

Diabetic rats administered with the BD extract (500mg/kg of body weight) orally
for 30 days.

Group V: (D+Mt)

Diabetic rats administered with Metformin (500mg/kg of body weight) orally for
30 days.

Fasting blood glucose level was assayed at regular intervals while, food and water
intake and body weight were recorded on daily basis.

GLUCOSE TOLERANCE TEST (GTT)

At the end of four weeks of treatment, animals were fasted and subjected to GTT
as described previously (Singh et al., 2010 b).

INSULIN RESPONSE TEST (IRT)

At the end of four weeks of treatment, recording of temporal glycemic response to
a challenge of insulin constituted IRT (Singh et al., 2010 b).

BIOCHEMICAL ASSAYS

At the end of the experimental period, animals were food deprived and sacrificed
by decapitation. Blood was collected from the jugular vein, serum separated and,
various parameters assayed in the same. The kidneys were dissected out, washed
in saline, blotted dry, and weighed.

Blood glucose levels were estimated by the glucose oxidase method
(Trinder, 1969) using kit obtained from Aggape Diagnostics. Insulin was assayed
using an ELISA based assay kit (Rat Insulin ELISA kit from Mercodia, Sweden).
Serum levels of sodium, potassium and magnesium were estimated by flame
photometry. Serum calcium, urea and creatinine levels were determined using
reagent kits obtained from Bio-Invitro Diagnostic, DiaSyS Diagnostic system-
Germany and Nicholas Piramal India Limited respectively.
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Na" - K" ATPase activity in kidney was estimated by the method of
Floreani & Bonetti (1981) and the resultant phosphate released was assayed by
the method of Fiske and Subbarow (1925). Tissue protein content was estimated
by the method of Lowry et al. (1951).

Beneficial effect of the plant extract on oxidative stress in both diabetic
and non-diabetic rats was determined by assaying enzymatic and non-enzymatic
antioxidant status. Lipid Peroxidation (LPO) was determined by the method of
Beuge and Aust (1978 ), glutathione content (GSH ) by Beutler et al. (1963),
SOD activity by Marklund and Marklund (1974), catalase activity by Sinha
(1972) and GPx activity by Rotruck et al. (1973).

STATISTICAL ANALYSIS

All data were expressed as Mean + SE and the statistical significance was
evaluated using One Way ANOVA followed by Bonferroni's Multiple
Comparisons test using Graph Pad Prism Version 3.0 for Windows, Graph Pad
software, San Diego CA /USA .

RESULTS
Body and kidney weights and, food and water intake

Body weight, relative kidney weight and water and food intake of control and
experimental rats are depicted in Table 1. Control diabetic rats showed
significant (p<0.001) decrement in the body weight over a period of 30 days as
compared to non-diabetic control rats, which showed an increase. There was
considerable weight gain in extract and metformin treated diabetic rats. Kidney
weight, which redorded an increase in diabetic rats, showed significant decrement
on supplementation with extract or metformin, relatively more with the former.
The increased food and water intake characteristic of diabetic rats got
significantly reduced on supplementation with extract or metformin though more
significantly with latter.

Blood glucose and Insulin

At the end of 30 days, there was significant decrement in blood glucose level in
extract treated diabetic rats with concomitant increase in insulin titre. These
changes were comparable to those seen in rats treated with metformin. Extract
treatment of non-diabetic control rats had no significant effect on glucose level
(Table 2).
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GTT and IRT

The glucose tolerance curve that revealed a higher positioning in diabetic rats
showed significant improvement on treatment with both extract and metformin,
with the curves of both these groups of rats showing lower positioning compared
to diabetic rats (Fig.1). The area under curve that was greater in diabetic rats
showed significant decrement in extract and metformin treated groups. However,
the extract treated non-diabetic control rats showed a similar area under curve as
the non-treated control rats (Fig 2).

The insulin response curve and the area under curve showed no significant
differences in extract treated non-diabetic rats while, extract and metformin
treatment of diabetic rats showed a lowered positioning of the curves, with the
curve of metformin group being relatively better (Fig.3). However, the area under
curve showed a greater decrease in extract treated diabetic rats, better than
metformin (Fig 4).

Serum Urea and Creatinine

Both these serum markers of kidney dysfunction showed significant increase in
diabetic rats (Table 3). Administration of extract or metformin was successful in
reversing these changes to near normal levels though relatively much better with
extract. However, there were no noteworthy changes in non-diabetic control rats
treated with extract.

Na', K', Mg++, Ca" levels and Na' - K" ATPase activity

Table 4 represents the changes in serum levels of sodium, potassium, magnesium
and calcium and, Na' - K* ATPase activity in kidney in all the experimental
groups. There was increase in serum sodium and potassium levels but decrease in
magnesium level in diabetic rats. Renal Na" - K* ATPase activity also showed
decrement in diabetic rats. The extract and metformin treated rats showed reversal
of levels of serum ionic levels and renal Na' - K" ATPase activity, with the
changes being comparatively better with extract treatment.

Renal Oxidative stress and antioxidant status
Levels of LPO and of enzymatic (GPx, Catalase and SOD) and non-enzymatic
(GSH) antioxidants in kidney are shown in Table 5. Lipid peroxidation was

significantly (P<0.001) increased in diabetic rats. Both extract and metformin
were equally effective in decreasing the levels of lipid peroxidation in diabetic
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rats. Correspondingly, the levels of both enzymatic and non-enzymatic
antioxidants showed significant reduction in diabetic animals. Supplementation of
diabetic animals with either extract or metformin was equally effective, though
the former being relatively better, in increasing the levels of endogenous
antioxidants.

Table 1: Changes in body weight, relative weight of kidney and food and water intake.

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

C 246+1.156 270+2.890 18.333+0.882 37.667+0.372 1.45+0.016

C +Ex 240+10.029 262.5£12.53 15.55622.005 37.488+2.005 1.25+0.150

D 236.25+2.393 215+£3.952°¢ 33.916:0.853 ¢ 114.71+0.853 ¢ 1.87 £0.064 ¢

D +Ex 185+12.990 ¢ 192.5+7.5 30.889+0.853 08.91+0.853" 1.5740.110¢

D+ Mt 220+10.029 230420.059 24.565+2.005 55.65+2.005 ¢ 1.69+0.270 ¢

Data are expressed as Mean+SE
#p<0.05, "p<0.01, “p< 0.001 when compared with Normal * p< 0.05,  p< 0.01,  p< 0.001 when compared to Diabetic
Control
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Table 2: Blood glucose levels during the four week of extract or metformin treatment in non-diabetic and diabetic rats.

GROUPS BLOOD GLUCOSE (mg/dl) INSULIN
0 DAY 15 DAYS AFTER I WEEK II WEEK III WEEK IV WEEK
ALLOXAN INJECTION  (AFTER TREATMENT)
C 82+2.11 95+2.01 98+5.1 92+4.56 94+£3.2 96.0 +1.15 0.34+0.01
C +Ex 90+1.22 98+1.31 102.4+5.4 98+8.7 105+11.35 111.50+4.19 0.39+0.02°
D 87+1.31 385+12.25 389+18.4 394+22.54 410£26.55 430.00+ 6.93 0.18+0.01¢
D + Ex 89+2.31 354+14.10 302+21.1 258+25.45 210+18.22 195.00+ 10.10 0.32+0.01°
D+ Mt 88+1.11 324+12.7 310+17.32 267+12.25 224+15.78 206.5+ 72.68 0.29+0.02

Data are expressed as Mean+SE
#p<0.05, °p<0.01, °p< 0.001 when compared with Normal * p< 0.05, " p< 0.01, ¢ p< 0.001 when compared to Diabetic Control
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Fig 1: Glucose tolerance curves of non-diabetic and diabetic rats treated with
extract or metformin.
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Fig 2: Showing area under curve (AUC) of non-diabetic and diabetic rats treated
with extract or metformin.
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Fig 3: Insulin response curves of non-diabetic and diabetic rats treated with
extract or metformin.
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Fig 4: Showing area under curve (AUC) of non-diabetic and diabetic rats treated
with extract or metformin.
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Table 3: Changes in serum urea and creatinine levels of extract or metformin treatment of
non-diabetic and diabetic rats.

GROUPS UREA CREATININE
(mg/dl) (mg/dl)

C 69.66 + 28.27 0.6£0.10

C +Ex 66.66 £ 0.33 0.63 +0.03

D 152.67£2.90°  0.8+0.05°¢

D +Ex 85.66+1.45° 0.63+ 0.08 ¢

D + Mt 99.66+ 1.45°¢ 0.66 +0.08 ¢

Data are expressed as MeantSE

1p<0.05, " p<0.01, “p< 0.001 when compared with Normal * p< 0.05, " p< 0.01, ¢ p< 0.001 when compared to Diabetic
Control
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Table 4: Changing in serum Na", K', Mg"", and Ca"" and renal Na' - K" ATPase activity in
extract or metformin treated non-diabetic and diabetic rats.

GROUPS SERUM SERUM SERUM SERUM RENAL
SODIUM POTASSIUM MAGNESIUM CALCIUM Na+K+ATPase
(m eq/L) (m eq/L) (m eq/L) (mg/dl) (mM of Pi/ min/ mg
protein)
C 129.33+0.88 6.1£0.115 2.6+£0.057 12.2+0.17 32+0.123
C+Ex 120+£6.358 5.433+0.176 2.53+0.088 11.86+0.29 37+1.21
D 132.33+2.02 ¢ 7.6£0.115°¢ 2.13+0.08 ¢ 12.4+0.23 23+2.11°¢
D + Ex 131.66£3.18 5.666+0.033 € 2.466+0.03 11.8+0.26* 33+0.88 ¢
D + Mt 126.333+3.76 ¢ 5.933+0.033 ¢ 2.3£0.173 124+0.578 28+0.9

Data are expressed as MeantSE
4p<0.05, ®p<0.01, °p< 0.001 when compared with Normal * p< 0.05, " p< 0.01, ¢ p< 0.001 when compared to Diabetic Control

Table 5: Changes in renal protein and antioxidant levels and lipid peroxidation in extract or
metformin treated non-diabetic and diabetic rats.

GROUPS PROTEIN LPO GSH GPx CATALASE SOD
(mg/100mg (nM of MDA (mg of GSH (pgof GSH/min/mg (M of H202 (U/mg protein)
tissue) /100g tissue) /min/100g tissue) protein) decomposed/mg

protein/min)

C 10.37+0.43 47.84+2.39 24.39+0.67 2.27+0.15 26.72+1.13 6.42+0.39

C+Ex 12.55+0.16* 39.05+1.22° 30.84+1.19° 4.43+0.68" 29.20+1.47 6.89:0.04

D 8.36+0.31 71.07+0.98 ¢ 13.12+0.28 ¢ 1.23+0.11 12.47+1.37°¢ 4.79+0.14¢

D +Ex 13.55+0.90 ¢ 32.42+0.97 € 24.29+1.99 ¢ 3.23+0.30° 26.87+1.07°¢ 6.54+0.46 ¢

D + Mt 11.70£0.20 ¢ 28.03+1.29° 23.78+0.99 ¢ 2.66+0.22 24.60+1.87°¢ 5.22+0.55

Data are expressed as MeantSE
4p<0.05, ®p<0.01, °p< 0.001 when compared with Normal * p< 0.05, " p< 0.01, ¢ p< 0.001 when compared to Diabetic Control

Published by Berkeley Electronic Press, 2011 11



Journal of Complementary and Integrative Medicine, Vol. 8[2011], Iss. 1, Art. 19

DISCUSSION

Herbal remedies are re-emerging as preferred choice of treatment for various
disorders including diabetes. The traditional Indian system of medicine is replete
with recorded evidences for many plants possessing curative/ameliorative
properties against diverse manifestations. There is therefore need to explore the
remedial properties of various plants on diabetic manifestations essentially to
develop an ideal combination treatment as, diabetes clearly forms a multifaceted
metabolic and endocrine disorder. The present study in this context is an attempt
to explore the renoprotective potentials of Boerhaavia diffusa L. as compared to
the commonly used drug Metformin.

Alloxan induced diabetes as seen in the present study is characterized by
severe loss of body weight along with symptoms of polydipsia and polyphagia
(Odetola et al., 2006; Oi et al., 1997). The loss in body weight attributed mainly
to negative nitrogen balance and depletion of tissue proteins (Rajkumar et al.,
1991) stand validated by the presently observed significant decrease in kidney
protein content. Supplementation with BD extract was effective in reversing this
trend and increase body weight and renal protein content, as effective as
metformin. The efficacy of BD extract in countering the diabetic symptoms of
increased water and food intake and renal hypertrophy stands substantiated by the
herein observed decreased food and water intake and decreased renal weight in
D+E rats. Enlargement of the lining of kidney cells is a feature reported in
alloxan induced diabetes (Evan et al.,1984) and apparently, extract treatment
prevents this deleterious consequence of diabetes.

Significant hypoglycaemic effect seen in diabetic rats treated with BD
extract finds corroboration in the reported glucose lowering effect of this plant
(Pari et al., 2004). The increase in serum insulin level recorded in the present
study suggests its role as an insulin secretogogue. This secretogogue action of BD
appears to be a specific effect as seen by its insulin elevating influence even in
non —diabetic animals. This effect of DB finds justification in the reported ability
of many hypoglycemic medicinal plants to increase insulin levels even in
normoglycemic animals (Lamela et al., 1985). Significant decrement in diabetic
glycemic status induced by BD extract, even better than that shown by the
reference drug, metformin, is clearly indicative of the presence of active
hypoglycemic principles in this plant. Apparently, the dosage of 500mg/kg body
weight seems more effective in preventing diabetic glucose elevation as seen by
the 45% lesser level in BD treated rats as against 36% by metformin (herein) and
38% by 200mg/kg body weight of the extract (Rao et al., 2004). In the absence of
any study on insulin level in BD extract supplemented diabetic rats, different
mechanisms of action like stimulation of residual pancreatic function and/or extra
pancreatic mechanisms (Chude et al., 2001), and lowering of cortisol level
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(Gholap and Kar, 2004) have been suggested as the possible modes of action. The
present observation of near normal insulin level in extract supplemented diabetic
rats clearly suggests probable insulin mediated hypoglycemic effect of BD.
Apparently, apart from stimulated secretion from residual B cells, an actual
increase in B cell population by proliferation and/or regeneration can also be
inferred. In this respect, the extract seems more effective than even metformin as
seen by the relative insulin titres.

Supplementation with BD extract not only ameliorates glucose and insulin
levels but also improves glucose tolerance and insulin sensitivity, as seen by the
GTT and IRT curves and the area under the curve, providing ample evidence for
its multipronged action in combating diabetic hyperglycemia.

The disturbances in carbohydrate, lipid and protein metabolisms along
with oxidative stress are likely to affect renal functions in severe diabetic
condition. It is known that, diabetic hyperglycaemia induced elevation in the
levels of urea and creatinine, are important markers of renal dysfunction reflecting
decreased glomerular filtration rate ( Mauer et al.,1981). Apart from the decreased
rate of filtration, enhanced tissue proteolysis and decreased protein synthesis can
also contribute equally to the increased levels of both the markers, portending
impaired renal functions in diabetic rats as evidenced in the present study (Jensen
et al., 1981). Treatment of diabetic rats with an ethanolic extract of Boerhaavia
diffusa L. in the present study minimizes the elevation in serum levels of both the
markers of renal dysfunction, strongly suggestive of the renoprotective potentials
of this plant and, in fact, this is the only study that provides evidence for the
renoprotective effect of BD extract.

The role of sodium, potassium, calcium and magnesium in blood pressure
regulation, particularly in DM, is well established (Bloomgarden, 2001). In
diabetic hypertension, regulation of these serum ions is very crucial, as both these
conditions are independent risk factors for development of diabetic nephropathy,
a serious secondary complication associated with DM. Abnormalities of sodium
metabolism at all levels (whole body, renal and cellular), are characteristic of
diabetes-associated hypertension. Both hyper and hyponatrinemia have been
reported during Type I Diabetes (Khardori and soler, 1984; Arieff and carroll,
1992; Tzamaloukas et al., 2008). Reporting in UpToDate, an evidence based
peer-reviewed information resources available via the Web, desktop/laptop
computer and mobile device, Burton (2000) has elaborated that, glucosuria-
induced osmotic diuresis tends to counteract the direct effect of hyperglycaemia
mediated diuretic loss of water in excess of sodium, which tends to raise the
plasma sodium concentration and plasma osmolality. A compensatory increase in
water intake however results in hyponatrinemia. Apparently, the currently
recorded higher plasma sodium content in diabetic rats tends to suggest a tilt more
towards diuretic water loss, probably an initial or early consequence of
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hyperglycemia. Hyperkalemia is a recorded manifestation in hyperglycemia as
seen in the present study, an effect related with osmotic dieresis with or without
renal dysfunction (Rohrscheib et al., 2003; Tzamaloukas et al., 2005, 2008).
Magnesium is the second most common intracellular cation implicated as a
facilitator cofactor for a multitude of metabolic, biochemical and energy
reactions. In this context, maintenance of optimal serum magnesium
concentration is of pivotal importance and, decrease in its level is likely to cause
subtle effects on various processes. Varied functions like glucose transport
mechanisms at the cell surface, functioning of various enzymes of carbohydrate
oxidation, insulin secretion, binding and action or cellular glucose utilization due
to relevance to protein kinases seem compromised by sub-optimal Mg
(Reinhart, 1988; Paolisso and Barbagallo, 1997; Resnick et al., 1999; Djurhuus et
al., 2000; Hans et al., 2002; Shahid et al., 2005). The presently observed decrease
in serum Mg level in diabetic rats is easily relatable with such compromised
functions. However, BD supplementation tends to restore serum ionic
homeostasis and afford protection against disturbance in ionic balance and
progression to diabetic nephropathy. This effect of BD extract may however be
related with its ability to normalize insulin level as, insulin therapy has been
shown to reverse the ionic changes in most of the above works.

Na" - K" ATPase is an enzyme that ensures the maintenance of
transmembrane gradient of sodium and potassium. Herein, induction of Type I
Diabetes has brought about a significant reduction in renal Na" - K" ATPase
activity. Interestingly, Totan and greaby (2002) also reported a decrement in
erythrocyte Na' - K* ATPase activity in their study on diabetes. Based on the
observation, they suggested a possible implication of reduced renal Na - K"
ATPase activity with many attendant complications of DM. The presently
observed decrease in renal Na' - K* ATPase activity in this behest stands a
reasonable chance of finding implication in diabetic nephropathy and even renal
hypertension. The reported association between neuropathy and hypertension
with compromised erythrocyte and neural Na’ - K” ATPase activity respectively
(Sanson and O'Neil, 1981; Muto et al., 1987, Weidmann and Ferrari, 1991;
Issautier et al., 1994; Raocah et al., 1996; Nakayama et al., 1998; Biwititi et al.,
2000; Ustundag et al., 2000; Shahid et al., 2005) and, the presently observed
increase in serum markers of renal dysfunction adequately support the above
inference. In short, the presently observed alterations in serum electrolytes and
renal Na" - K" ATPase activity portend the possibility of diabetic complications
leading to nephropathy and hypertension. Interestingly, all these alterations find
redressal on supplementation with BD extract, even bettering the effect of
metformin. The positive effect of DB is co-relatable with its insulin
secretomimetic action as already noted.
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Oxidative stress has a cause and effect relation with diabetes. Present
study clearly suggests augmented oxidative stress as marked by increased renal
LPO and decreased levels of nonenzymatic and enzymatic antioxidants. Much
evidence indicates severe oxidative stress in diabetic patients and, uncontrolled
diabetic hyperglycaemia not only engenders free radicals but also impairs the
antioxidant defense system (Saxena et al., 1993; Bonnefont — Rousselot et al.,
2000; Maritim et al., 2003). There are a couple of reports that show increased
LPO levels and decreased endogenous antioxidant system in the tissues of
diabetic animals as seen in the present study and the efficacy of BD extract in
reversing these changes (Prince and Menon, 2001; Satheesh and Pari,2004).
Several plant extracts have proved to be very effective in combating oxidative
stress as has been shown and reviewed in one of our recent studies (Singh et al.,
2010 a). Many plants have relatively better glucoregulatory effect or antioxidant
activity; however, the present BD extract seems to have equally potent
glucoregulatory effect as well as powerful antioxidant effect. Since the extract
could exert protective effect against all parameters under study, along with
restoration of near normal insulin levels, it is difficult to decipher as to whether
the antioxidant effect of the extract is direct and independent of insulin.
Nevertheless, the decrease in LPO and increase in antioxidants in the renal tissue
seen with extract supplementation of non-diabetic animals tend to suggest some
insulin independent antioxidant role as well. The recovery in antioxidant status
and lesser LPO of renal tissue seen in diabetic animals suggest primary insulin
induced effect as well as, secondary direct action of extract. It is also inferable
from the present study that BD extract is even more potent than metformin with
respect to restoration of enzymatic antioxidants.

In conclusion, the present study clearly demonstrates potent reno-
protective potentials of Boerhaavia diffusa L. on alloxan induced diabetes.
Effective glucoregulation, maintenance of serum ionic status and renal Na" - K"
ATPase activity and antioxidant status, all point towards a plurality of action of
DB extract. The present study provides compelling scientific evidence for
Boerhaavia diffusa L. as a potent agent against possible nephropathy and diabetic
manifestations.
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