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Abstract

Pterocarpus marsupium Roxb. (Leguminosae) is widely used in Ayurvedic medicine as
‘Rasayana’ for management of various metabolic disorders including hepatotoxicity. Treatment of
diabetic rats with methanol extracts of P. marsupium at 100 and 300 mg per kg-bwt per day for 21
days dose-dependently decreased serum glucose level. The higher dose exerted a protective effect
on antagonized biochemical parameters such as reduced glutathione, superoxide dismutase and
lipid peroxidation, and altered towards the normal levels hepatic mass, protein and glycogen
content. In conclusion present results suggest antidiabetic, hepatoprotective as well as antioxidant
effect of P. marsupium.
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Introduction

Many traditional plants are used throughout the world for treating diabetes mellitus; plants
used in folk medicine represent a viable alternative to modern drugs (Maroo et al. 2002), and
are claimed to have few or no side effects. The minority of medicinal plant treatments for
diabetes has received scientific scrutiny, for which the World Health Organization has also
recommended attention (WHO 1993).

Pterocarpus marsupium Roxb. is a deciduous, commonly distributed tree in India,
Nepal and Sri Lanka (Grover et al. 2001), and is valued for its pharmaceutical properties such
as being an astringent used for the treatment of dysentery, diarrhoea, fever and toothache
(Husain et al. 2007). It is also reported to be rich in polyphenolic compounds such as
marsupsin, pterosupin and pterostilbene (Manickam et al. 1997: see Fig. 1) and the flavonoids
pteroside, pteroisoauroside, marsuposide, vijayoside, vijayosine etc. (Maurya et al. 2004).
Separate studies of the antihyperglycemic (Vats et al. 2002) and antihepatotoxic (Mankani et
al. 2005) activities of this plant have been reported previously, but proper scientific research to
evaluate its integrative hepatoprotective activity in severe hyperglycemia is lacking. We
therefore undertook the present study to evaluate the hepatoprotective efficacy of P.
marsupium methanolic extract in streptozotocin-induced diabetic rats.
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Figure 1: Structure of two polyphenols from Pterocarpus marsupium
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Materials & Methods

Colony bred, adult, male albino Wistar rats (180 £ 20 g) were housed in plastic cages and
maintained under standard conditions of temperature (25 = 3 °C), 12L:12D photoperiod and
35-60 % relative humidity. Animals had free access to food (commercial pelleted diet procured
from Hindustan Levers Ltd., India) and drinking water. The study was approved by the Ethical
Committee of the Centre for Advanced Studies, Department of Zoology, University of
Rajasthan, Jaipur, India. The Indian National Science Academy (INSA), New Delhi Guidelines
was followed for the maintenance and use of experimental animals.

Pterocarpus marsupium stem bark was purchased from local markets and authenticated
by Dr. Mohan Shankar Dashora (Department of Dravya Guna, National Institute of Ayurveda,
Jaipur, India). The stem bark was powdered, subjected to Soxhlet with methanol (100%) for 72
h and separated under reduced pressure to obtain a chocolate-brown viscous mass. This
material was vacuum-evaporated to get a yield of 11.87% /.

Diabetes was induced in overnight-fasted rats by a single intraperitoneal injection
during the morning hours of freshly prepared 0.2 ml solution of streptozotocin (Himedia
Laboratory Ltd, Mumbai, India: 50 mg per kg body weight (kg-bwt) dissolved in 0.1 mM
sodium citrate buffer): the pH was adjusted to 4.5. After 72 h of streptozotocin administration,
the serum glucose was measured and animals were considered as diabetic when the observed
glucose level was above 250 mg/dl. The control rats were injected with 0.1 mM sodium citrate
buffer alone. Diabetic animals were allowed to drink 2% glucose solution overnight to
overcome the drug-induced hypoglycemic shock.

Plant extract was reconstituted in distilled water and administered orally in the morning
hours at fasting condition (once a day). Rats were randomized into five groups of 7 rats:

Group I Negative control group for 21 days
Group II: Diabetic control group for 21 days
Group IlI: Low group (100 mg per kg-bwt per day of plant extract) for 21 days

Group IV: High group (300 mg per kg-bwt per day of plant extract) for 21 days
Group V: Positive control group (0.3 mg per kg-bwt per day of gibenclamide) for 21 days

Fasting serum glucose was measured by using a commercially available kit based on
the glucose oxidase method (Trinder 1969) (Ecopak® Accurex Biomedical Pvt. Ltd.,
Mumbai).

At the end of experiment, animals were sacrificed using a mild ether anaesthesia. The
liver was dissected out, washed in ice-cold saline (0.9%), blotted dry and weighed. Liver
weight was expressed as ‘relative liver weight’, i.e. as a percentage of the total body weight.
The liver was fixed in Bouin’s fixative for histopathological studies, but a part was kept at 4°C
for biochemical estimations: glycogen (Montgomery 1957), protein (Lowry et al. 1951), lipid
peroxidase (LPO) (Ohkawa et al. 1979), superoxide dismutase (SOD) (Marklund & Marklund
1974) and reduced glutathione (GSH) (Moron et al. 1979). Blood was collected by cardiac
puncture and the serum separated for biochemical estimations: serum aspartate transaminase
(AST) and alanine transaminase (ALT), measured according to the method of Reitman &
Frankel (1957). The serum total creatinine content was measured by the method of Varley
(1969).

Values are given as mean + standard error of the mean, and compared using one-way
ANOVA followed by the Tukey-Kramer multiple-comparison test to assess where the
differences lie among the various groups. Student’s “t-test” was also used to determine which
mean was statistically significant. Values of p < 0.05 were considered statistically significant.
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Results

In diabetic rats, the liver weight markedly decreased and the serum glucose level increased
significantly over normal controls. The low dose of plant extract caused a recovery of liver
weight and reduced serum glucose level significantly; high doses and the positive control
(glibenclamide) improved liver weight and markedly reduced serum glucose levels (Table 1).

Table 1: Effect of methanolic extract of P. marsupium at low or high doses on serum glucose and
relative liver weight in streptozotocin-induced diabetic rats

Group Serum glucose (mg/dl) Relative liver wt
Initial Final (%)
I. Normal Control (vehicle treated) 84.6 +11.6 85.3+135 49+0.1
1. Diabetic control 86.3+125™ 2736+ 327 41+017
1. Diabetic + Low treatment 89.9+12.6™"™ 2283+153"™ 43+0.1""™
IV. Diabetic + High treatment 85.4+148™™ 156.2+16.2™% 4.9+0.1"™°
V. Positive control 83.8+151™"™ 133.7+14.8™* 51+02™2

F4v30:O.825 ns F4v30:16l.3 o F4’3o:20.4 o

Values are given as mean + sem (n = 7); the diabetic control (I1) is compared with the normal
control (1); experimental groups are compared first with normal (* = p< 0.05, ** = p < 0.001) and
then diabetic (a = p < 0.05, b = p < 0.001) controls; ™ = non-significant. F-tests provide the results
of a one-way Anova testing for differences in the mean values among the five groups.

Glycogen and protein contents were decreased in diabetic rats as compared to controls
(Table 2). Significant increases in hepatic glycogen and protein contents were mostly observed
when low or high doses of plant extract were administered. Orally administered glibenclamide
brought back glycogen and protein content nearer to normal.

Table 2: Effect of methanolic extract of P. marsupium at low or high doses on hepatic glycogen,
protein content and three liver enzymes (lipid peroxidase LPO, reduced glutathione
GSH, and superoxide dismutase SOD) in streptozotocin-induced diabetic rats.
Abbreviations and details as in Table 1.

. LPO
Group Glycogen Protein (n mole MDA/ mg GSH_ SOD (kmole/mg
(mg/g) (mg/g) - (n mole/g tissue) protein)
protein)
I. Normal Control 58+04 4405+ 11.2 24+0.6 45+0.2 11.7+0.6
I1. Diabetic control 3.1+0.1%* 347.7+95" |86+08" 27+027 62+07"
1. Diabetic + Low 36+01" 366.1+7.7°™ | 7.4+05"™" 3.1+01™" 6.4+06 "

IV. Diabetic + High | 5.0 + 0.04 "™° 4242 +53™° | 3.9+0.04™P 42+0.1™"m 7.7 4170

V. Positive control 5.4+0.1™° 437.7+41™° | 3.1+01"P 45+02™" 8.3+ 1.5 ™M™

F4’30=31.7** F4,30:31'7 . F4’30:27.4** F4'30=21.1** F4,30:4'3 (p=0.05)

A significant elevation in liver LPO and reduction in GSH and SOD levels were observed in
diabetic rats as compared with controls (Table 2). Oral administration of low doses of plant
extract shows significant reduction in hepatic LPO, and increase in GSH and SOD. High doses
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and the positive control caused slight decreases in liver LPO and increases in GSH and SOD
levels.

Table 3 shows markedly increased serum AST, ALT and creatinine content in
hyperglycemic rats after 21 days. Plant extract treatment at low doses significantly decreased
some of these levels, while high doses and the positive control of glibenclamide led to levels
no different from the normal controls.

Table 3: Effect of methanolic extract of P. marsupium at low or high doses on serum aspartate
transaminase (AST), alanine transaminase (ALT) and creatinine levels in
streptozotocin-induced diabetic rats. Abbreviations and details as in Table 1.

Group AST ALT Creatinine
(IU/L) (IU/L) (mg/dl)
I. Normal Control 11.0+2.1 141 +0.8 0.8+0.2
1. Diabetic control 288+21" 24.4+117 2.4+017
[11. Diabetic + Low 251+14"™  214+19™  16+01™
IV. Diabetic + High 145+09™" 158+09™" 11+02™°
V. Positive control 127+08™"  146+08™" 09+02™°

Fy20=22.7" Fy20=13.4" Fy30=12.3"

Histological examinations of liver sections from the five groups are show in Figs 2-6. That of
the negative control (Fig 2) shows normal histoarchitecture: the branches of the portal vein and
hepatic artery, the biliary duct, the normal number of kupffer cells, normal sinusoids and
prominent nuclei are clearly visible. Streptozotocin-induced diabetes caused distortion in the
liver, with cytoplasmic vacuolization (Fig 3). Low doses of plant extract brought about
moderately normal hepatocyte architecture, with almost intact cells and decreased cytoplasmic
vacuolization (Fig 4). High doses showed almost normal liver histoarchitecture, with preserved
cytoplasm, prominent nuclei and normalized sinusoidal spaces (Fig 5).

e
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Figure 2: Photomicrograph of the liver section

Fidure 3: bhof})micrbgraph of the liver section
of a normal control rat, showing of a diabetic control rat, revealing
normal hepatic architecture distorted hepatic architecture
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Figure 4: Phoomicrograph of the liver section

igre 5: Photomicrograph of th liver secion

of a rat given the low dose of plant of a rat given the high dose of plant
extract, showing moderately normal extract, showing moderately normal
hepatocyte architecture hepatocyte architecture

Figure 6: Photomicrograph of the liver section
of a positive control (gibenclamide)
rat, showing  normal  hepatic
architecture

Discussion

Despite the great efforts that have been made in the understanding and management of
diabetes, the disease and disease-related complications such as cardiomyopathy, diabetic
neuropathy, nephropathy, diabetic retinopathy, thyroid disease and delivering a baby with
macrosomia are increasing unabated. The liver is a versatile organ in the body concerned with
the regulation of carbohydrate metabolism. Damage to the liver may cause, contribute to, be
coincident with, or occur as a result of diabetes. Severe hyperglycemia may cause liver
abnormalities such as steatosis, non-alcoholic steatohepatitis, fibrosis, cirrhosis, cholelithiasis,
cholecystitis, hemochromatosis and autoimmune biliary diseases.

P. marsupium has been used for a long time by Indian traditional healers to treat
diabetes, but there are not enough scientifically controlled studies that demonstrate its
hepatoprotective activity in severe hyperglycemia. The plant methanolic extract is rich in
polyphenolic compounds and flavonoids, and it is well known that two phenolic constituents
(marsupsin, pterostilbene) and the flavonoid epicatechin have been shown to produce a
significant hyperglycemic effect by enhancing insulin release and conversion of proinsulin to
insulin (Manickam et al. 1997). According to the method the traditional healers suggest, a
daily dose of the methanolic extract of P. marsupium was administered to diabetic rats. Our
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results showed significant and sustained hypoglycemia as well as hepatoprotection after 21
days of daily administration.

Streptozotocin-induced diabetes in rats is associated with impaired hepatic metabolism
(Cho et al. 2002). The results presented here demonstrate that rats made diabetic with
streptozotocin have significantly lowered hepatic weight as well as increased concentrations of
serum glucose. Plant-extract treatment of diabetogenic rats altered hepatic weight towards
normal levels.

The hyperglycemic effect of streptozotocin is due to excess production of reactive
oxygen species, leading to cytotoxicity in pancreatic B cells, which decrease the synthesis and
release of insulin, and also affecting the liver (Sacan et al. 2006). Diminution in antioxidant
enzyme levels and elevation in lipid peroxidation in streptozotocin-induced diabetes has also
been noticed (Gupta et al. 2004). Continuous administration of P. marsupium extract at levels
of 100 and 300 mg per kg-bwt per day to diabetic rats caused a decline in serum glucose levels
in a concentration-dependent manner (Table 1). Our results also suggest that the higher dose
restores antioxidant enzymes and decreases lipid peroxidation in diabetic animals (Table 2).
Decreased liver antioxidant enzymes during diabetes may be a result of their increased
utilization by hepatic cells, possibly reflecting an attempt to counteract increased formation of
lipid peroxides: tissue damage caused by lipoxygenase-derived peroxides is closely related to
insulin secretion. High doses reduced the formation of malondialdehyde (Table 2).

We have found that P. marsupium extract decreases streptozotocin-induced
hyperglycemia serum glucose in streptozotocin-diabetic rats. The possible mechanism by
which P. marsupium extract brings about its hyperglycemic action may be by potentiating the
insulin effect by increasing either the pancreatic secretion of insulin from the  cells of the
islets of Langerhans, or its release from bound insulin (Twaij & Al-Badr 1988).

Glycogen and protein metabolism are abnormal in diabetes due to insulin-secretion
defects, leading to various metabolic disorders and complications (Goldstein et al. 2004). A
significant fall in serum protein concentration was noticed in diabetic rats. P. marsupium
extract treatment to diabetic rats elevated serum protein levels, which might be due to
increased insulin synthesis, which promotes amino acid uptake, enhances protein synthesis and
inhibits protein degradation (Rosen et al. 1981).

Streptozotocin-treated animals had significant hepatic damage, as shown by serum
marker levels. The rise in the SGOT is usually accompanied by elevated SGPT level (Sallie et
al. 1999). 21 days of plant extract treatment at both doses levels significantly attenuated the
elevated serum marker levels. Serum marker normalization by P. marsupium extract suggests
that it is able to condition the hepatocytes so as to protect membrane integrity against
streptozotocin-induced leakage into the circulation. Serum creatinine levels are also raised
when the hepatic biliary system is affected in diabetes (Hara 2003). As observed in our data P.
marsupium extract possesses the capacity to reduce serum creatinine when orally administered,
and improves serum creatinine levels in diabetic rats.

The histopathology of the liver showed that degeneration with distorted hepatic
architecture in diabetic rats might be due to the streptozotocin-mediated increase in oxidative
stress that produces peroxides, and results in changes in the function, structure and survival of
liver cells. Diabetes-mediated free-radical production also triggers apoptosis in liver cells
(West 2000). The oral administration of P. marsupium extract to diabetic rats caused
normalized histoarchitecture with arranged hepatic plates, filled with dense cytoplasm and
prominent nuclei; this may be due to the nurture and regeneration of the streptozotocin-
damaged hepatic cells.

In conclusion, P. marsupium extracts exert antihyperglycemic as well as
hepatoprotective efficacy against streptozotocin-induced diabetes. Future work with this plant
will be to purify and characterize the active hepatoprotective constituents with the aim of
diabetes therapy.
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