
INFLUENCE OF CASEARIA ESCULENTA ROOT EXTRACT ON
PROTEIN METABOLISM AND MARKER ENZYMES IN
STREPTOZOTOCIN-INDUCED DIABETIC RATS

Annamalai Prakasam�, Subramaniam Sethupathy�, Kodukkur
Viswanathan Pugalendi���

����������� �	 
����������� ������� �	 �������� ��������� �	 
����������� ���� ����� ������� ������� ���
��������� ��������� ����������� ��������������  !"# ""$� %���� &���� '����

Influence of Casearia esculenta root extract on protein metabolism and
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The present study investigated the possible protective effects of
Casearia esculenta root extract on certain biochemical markers in streptozo-
tocin (STZ)-induced diabetes in rats. STZ treatment (50 mg/kg, ip) caused
a hyperglycemic state, that led to various physiological and biochemical al-
terations. Blood levels of glucose, urea, uric acid and creatinine, plasma lev-
els of albumin and albumin/globulin ratio and the activities of diagnostic
marker enzymes aspartate aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (ALP) and �-glutamyltranspeptidase (�-GT) in
plasma, liver and kidney were markedly altered in STZ diabetic rats. Oral
administration of C. esculenta (200 and 300 mg/kg) for 45 days restored all
these biochemical parameters to near normal levels. Thus, the present results
have shown that C. esculenta root extract has the antihyperglycemic effect
and consequently may alleviate liver and renal damage associated with
STZ-induced diabetes in rats.
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INTRODUCTION

Oxidative stress is currently suggested as one of

the mechanism underlying diabetes mellitus, which

affects carbohydrate, lipid and protein metabolism.

Several alterations in diabetic individuals are oxi-

dative in nature or may depend on increased oxida-

tive stress [6]. Glycation [41] and hyperglycemic

pseudohypoxia [43] can generate a redox imbal-

ance inside the cells, especially in the liver [13]. In

a recent paper, we reported the elevated levels

of plasma thiobarbituric acid reactive substance

(TBARS) and hydroperoxide (an index of tissue in-

jury) in streptozotocin (STZ) diabetic rats [30]. The

higher levels of these substances suggest an in-

creased rate of tissue injury in STZ diabetic rats.
Diabetes mellitus (DM) is also grossly reflected

by profound changes in protein metabolism and by

a negative nitrogen (N) balance and loss of nitro-

gen from most organs [1]. Increased urea nitrogen

production in diabetes may be accounted for by en-

hanced catabolism of both liver and plasma pro-

teins [16, 17].
Indian traditional medicine used different herbs

for the treatment of a broad spectrum of ailments

such as inflammation, DM and the management of

various hepatic and renal disorders. Ayurveda, the

ancient system of Indian medicine, identified he-

patic and renal diseases quite early and recom-

mended a number of herbal drugs, which are a good

source of natural antioxidants believed to exert

their effect by reducing the formation of the final

active metabolite of the drug-induced systems or

by scavenging the reactive molecular species to

prevent their reaching a target site [37–39].
It has been documented that several medicinal

plants show their hypoglycemic effects associated

with a significant alteration in the activity of liver

hexokinase [8], glucokinase [19, 20]. It has been

reported that treatment with the herbs caused an

improvement in the activities of liver glucose-6-

phosphatase, glycogen synthase, glycogen phos-

phorylase, glucose 6-phosphate dehydrogenase and

phospho-fructokinase. In addition, Bopanna et al.

[8] and Eskander et al. [11] demonstrated that the

administration of several herb extracts could re-

store the changes in the activities of serum en-

zymes like alkaline phosphatase (ALP), acid phos-

phatase and transaminases: aspartate aminotransfe-

rase (AST) and alanine aminotransferase (ALT).

Casearia esculenta Roxb. (Flacourtiaceae) is
one such medicinal plant popularly known as
“Kadala-Zhinjill”, “Kottarkovai” in Tamil “Wild
cowrie fruit” in English and “Saptarangi” in San-
skrit. The plant is a shrub richly distributed in
Konkan plateu and South India. In Indian tradi-
tional medicine, C. esculenta has been a popular
remedy used for the treatment of DM [3, 42, 44]
and is one of the major ingredients of D-400, a lar-
gest selling antidiabetic drug in India (Himalaya
drug Co, Bangalore) [25]. The first scientific study
was undertaken by Gupta et al., [14] who reported
the hypoglycemic effect of this plant in rats and
rabbits. Choudhury and Basu [9] reported that C.
esculenta root extract did contain hypoglycemic
factor(s), which reduced blood sugar level in ex-
perimental animals. In our earlier communications,
we reported the antihyperglycemic [28] and glyce-
mic control property of C. esculenta root extract in
normal and STZ-induced state [29], and improving
effect of C. esculenta on plasma antioxidant status
in STZ diabetic rats [30]. In the current literature,
there is no much data concerning the effect of the
C. esculenta on the biochemical parameters and the
activities of enzymes which are abnormally altered
due to DM. Therefore, the present study aims to ex-
amine the influence of oral administration of C. es-
culenta root extract on the levels of some bio-
chemical parameters and the activities of some en-
zymes in serum, liver, and kidney of STZ-induced
diabetes in rats.

MATERIALS and METHODS

Male Wistar albino rats (140–160 g) were pro-
cured from the Central Animal House, Department
of Experimental Medicine, Rajah Muthiah Medical
College, Annamalai University, Annamalainagar.
Animals were maintained at Central Animal House
and were fed on standard diet (Hindustan Lever,
Bangalore) and water ad libitum. The animals were
maintained at 22–24°C with a 12 h dark/light cycle.
All studies were conducted in accordance with the
National Institutes of Health ‘Guide for the Care
and Use of Laboratory Animals’ [27]. The extract
was prepared and the diabetes was induced in ex-
perimental animals as reported earlier [28, 30].

At the end of the experiment (45 days of treat-
ment), blood was collected into heparinized tubes,
and the plasma and serum were separated by cen-
trifugation. The liver and kidney were quickly re-
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moved, washed in ice cold, isotonic saline and blot-
ted individually on ash-free filter paper and organ
weights were measured. The tissues were then ho-
mogenized in 0.1M Tris – HCl buffer, pH 7.4. The
homogenate was used for the estimations of pro-
teins, enzymes, and other parameters.

Plasma glucose level was measured by the
method of Sasaki and Sonae [35] and serum con-
centration of urea, uric acid and creatinine were de-
termined by Autoanalyser using reagent kit ob-
tained from Boehringer, Mannheim, Germany. The

protein content in plasma, liver and kidney was es-
timated by the method of Lowry et al. [21]. The al-
bumin and globulin content in plasma was esti-
mated by the method described by Reinhold [32].
The enzymes AST, ALT and ALP were assayed by
the method of King and Armstrong [18] and �-glut-
amyl transpeptidase (�-GT) was assayed by the
method of Rosalki and Rau [33].

Values were presented as means ± SD. Data
were analyzed using analysis of variance (ANOVA)
and group means were compared with Duncan’s
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Table 1. Effect of C. esculenta root extract on liver and kidney weight in control and experimental animals. Values are given as means
± SD of six animals in each group

Group Treatment mg/kg po Liver wt (g) Liver wt/100 g body wt Kidney wt (g) Kidney wt/100 g body wt

I Control (2% gum acacia) 6.60 ± 0.21� 3.26 ± 0.20� 1.06 ± 0.03� 0.51 ± 0.02�

II Diabetic control 4.28 ± 0.14� 2.84 ± 0.14� 1.50 ± 0.07� 0.75 ± 0.25�

III Diabetic + C. esculenta 200 5.70 ± 0.21� 3.16 ± 0.37� 1.28 ± 0.05 � 0.78 ± 0.02�

IV Diabetic + C. esculenta 300 5.93 ± 0.15� 3.61 ± 0.15� 1.08 ± 0.05� 0.65 ± 0.04�

V Diabetic + glibenclamide 0.6 6.13 ± 0.07� 3.65 ± 0.14� 1.12 ± 0.07� 0.66 ± 0.04�

Values not sharing a common superscript (a, b, c and d) differ significantly at p < 0.05, Duncan’s Multiple Range Test (DMRT)

Table 2. Effect of C. esculenta root extract on blood levels of urea, uric acid and creatinine in control and experimental animals. Val-
ues are given as means ± SD of six animals in each group

Group Treatment mg/kg po Urea (mg/dl) Uric acid (mg/dl) Creatinine (mg/dl)

I Control (2% gum acacia) 23.66 ± 2.6� 1.1 ± 0.1� 0.93 ± 0.09�

II Diabetic control 37.0 ± 2.76� 1.9 ± 0.1� 2.16 ± 0.24�

III Diabetic + C. esculenta 200 29.0 ± 2.8� 1.6 ± 0.07� 1.76 ± 0.15�

IV Diabetic + C. esculenta 300 25.0 ± 0.9� 1.53 ± 0.07� 1.35 ± 0.04�

V Diabetic + glibenclamide 0.6 21.7 ± 1.9� 1.19 ± 0.05� 1.26 ± 0.07�

Values not sharing a common superscript (a, b, c and d) differ significantly at p < 0.05, Duncan’s Multiple Range Test (DMRT)

Table 3. Effect of C. esculenta root extract on serum protein, albumin, A/G ratio in control and experimental animals. Values are
given as means ± SD of six animals in each group

Group Treatment mg/kg po Protein (g/dl) Albumin (g/dl) A/G ratio

I Control (2% gum acacia) 6.67 ± 0.81� 3.70 ± 0.35� 1.24 ± 0.19�

II Diabetic control 4.15 ± 0.81� 1.70 ± 0.19� 0.69 ± 0.15�

III Diabetic + C. esculenta 200 5.69 ± 0.55� 2.80 ± 0.16� 0.96 ± 0.42�

IV Diabetic + C. esculenta 300 6.12 ± 0.59� 3.23 ± 0.29� 1.11 ± 0.31�

V Diabetic + glibenclamide 0.6 6.23 ± 0.53�� 3.30 ± 0.28� 1.12 ± 0.31�

Values not sharing a common superscript (a, b, c and d) differ significantly at p < 0.05, Duncan’s Multiple Range Test (DMRT)



multiple range test (DMRT) using SPSS (Statistical
Package for Social Science).

RESULTS

Table 1 shows the liver and kidney weights in
control and STZ diabetic rats. C. esculenta restored
the liver weight to near normal. The kidney weight
was increased in diabetic rats and C. esculenta nor-
malized the kidney weight in STZ diabetes.

Table 2 shows the blood levels of urea, uric
acid, and creatinine level in plasma of normal and
STZ diabetic rats. These biochemical variables
were significantly elevated in STZ diabetes in rats
(p < 0.05) when compared to control animals. Oral
administration of C. esculenta (200 and 300 mg/kg)
root extract for 45 days significantly lowered urea,
uric acid and creatinine levels in STZ diabetic rats.

Table 3 demonstrates the levels of protein,
plasma albumin and albumin/globulin ratio in nor-
mal and STZ diabetic rats. The level of protein in

plasma was found to be reduced in diabetic animals

(p < 0.05) when compared to control animals. The

lowered level of protein, after C. esculenta treat-

ment, increased to near normal. The levels of albu-

min and albumin/globulin ratio in plasma were de-

creased in diabetic animals. These lowered levels

of plasma albumin and albumin/globulin ratio level

were reverted back significantly in C. esculenta-

treated diabetic rats.
Tables 4, 5 and 6 show the activities of AST,

ALT, ALP and �-GT in plasma, liver and kidney of

control and STZ diabetic rats respectively. The ac-

tivities of these enzymes were found to be signifi-

cantly increased (p < 0.05) in plasma and liver of

diabetic rats. In the kidney of diabetic animals, the

activities of ALP and �-GT were increased while

the activities of AST and ALT were not altered.

Oral administration of C. esculenta (200 and

300 mg/kg) for 45 days resulted in the near nor-

malization of the activities of AST, ALT, ALP and

�-GT in plasma, liver and kidney of diabetic rats.
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Table 4. Effect of C. esculenta root extract on serum diagnostic marker enzymes in control and experimental animals. Values are
given as means ± SD of six animals in each group

Group Treatment mg/kg po AST (IU�/l) ALT (IU�/l) ALP (IU�/l) �-GT (IU�/l)

I Control (2% gum acacia) 76.33 ± 7.39� 21.16 ± 2.40� 76.33 ± 2.25� 12.64 ± 1.70�

II Diabetic control 110.33 ± 5.00� 56.66 ± 6.05� 134.16 ± 5.84� 24.65 ± 2.20�

III Diabetic + C. esculenta 200 94.83 ± 3.71� 41.16 ± 2.71� 116.00 ± 3.28� 18.64 ± 1.84�

IV Diabetic + C. esculenta 300 84.16 ± 3.81� 31.83 ± 3.12� 90.33 ± 3.72� 16.80 ± 1.62�

V Diabetic + glibenclamide 0.6 84.83 ± 3.14� 27.66 ± 2.25� 87.50 ± 5.24� 16.40 ± 1.22�

Values not sharing a common superscript (a, b, c and d) differ significantly at p < 0.05, Duncan’s Multiple Range Test (DMRT). U� =
�mol of pyruvate liberated/h; u� = �mol of phenol liberated/min; U� = mol of p-nitroanilide liberated/min

Table 5. Effect of C. esculenta root extract on liver and kidney transaminases in control and experimental animals. Values are given
as means ± SD of six animals in each group

Group Treatment mg/kg po AST (U�/mg protein) ALT (U�/mg protein)

Liver Kidney Liver Kidney

I Control (2% gum acacia) 644.0 ± 17.40� 760.0 ± 14.54 927.73 ± 19.46� 881.36 ± 20.82

II Diabetic control 870.2 ± 16.06� 740.25 ± 12.60 1250.36 ± 16.22� 851.62 ± 20.28

III Diabetic + C. esculenta 200 748.90 ± 22.33� 749.15 ± 13.90 1041.62 ± 13.09� 861.66 ± 20.96

IV Diabetic + C. esculenta 300 675.0 ± 14.70� 751.97 ± 8.91 1002.62 ± 19.70� 864.32 ± 19.16

V Diabetic + glibenclamide 0.6 644.70 ± 12.94� 761.23 ± 8.80 945.40 ± 15.10� 870.76 ± 16.48

Values not sharing a common superscript (a, b, c and d) differ significantly at p < 0.05, Duncan’s Multiple Range Test (DMRT). U� =
mol of pyruvate liberated/h



DISCUSSION

The present investigation indicates the hypogly-
cemic and protective effects of C. esculenta in liver
and kidney of STZ diabetic rats. We have observed
a significant weight gain in C. esculenta-treated
diabetic rats when compared with untreated diabetic
rats. The optimum dosage (200 and 300 mg/kg)
was standardized and confirmed by the previous
study with a significant weight gain [28–30]. This
observation shows the anabolic effect of C. escu-
lenta on body weight of the diabetic animals.

A decrease in the liver weight observed in dia-
betic animals might be due to an increased break-
down of glycogen and/or pronounced gluconeo-
genesis. After 45 days of C. esculenta treatment in
diabetic animals, an increase in liver weight was
observed. This result agrees well with the result of
Jefferson et al., [15] who has reported that insulin
therapy can increase the accumulation of glycogen
in diabetic liver.

Seyer-Hansen [36] and Esterby and Gundersen
[12] reported 15% rise in whole kidney weight
within 72 h of induction of STZ in experimental
diabetic rats. We have also observed an increased
whole kidney weight in diabetic animals when
compared with normal control animals. This is due
to the glomerular cell proliferation accompanying
glomerular enlargement in the early phase of STZ-
induced diabetes in rats. In our present study, oral
administration of C. esculenta significantly decreases
the kidney weight to near normal value. This might
be due to the protective effect of C. esculenta on
glomerular cells in STZ-induced diabetes in rats.

The diabetic hyperglycemia induces elevation
of the plasma levels of urea, uric acid and creati-
nine which are considered as significant markers of

renal dysfunction [2]. The results in Table 2 show
significant (p < 0.05) increase in the level of
plasma urea and creatinine in the diabetic rats when
compared with respective control rats, while, after
the treatment of STZ diabetic rats with C. esculenta
(200 and 300 mg/kg) root extract, the levels of
urea, uric acid and creatinine were significantly
(p < 0.05) decreased. These results are in agree-
ment with other previous studies on the mesocarp
extract of B. aegyptiaca [22, 34], root extract of
Panax ginseng [4] and herbal formulation D-400
[10].

As illustrated in Table 3, a marked (p < 0.05) re-
duction in plasma total protein (TP) and albumin
(A) level was observed in diabetic rats and this is
consistent with the results obtained by Bakris [5]
and Tuvemo et al., [40]. The decrease in TP and A
may be due to microproteinuria and albuminuria,
which are important clinical markers of diabetic
nephropathy [23], and/or may be due to increased
protein catabolism [2]. The results of the present
study demonstrated that the treatment of diabetic
rats with the aqueous extract of C. esculenta caused
a noticeable elevation in the plasma TP and A lev-
els as compared with their normal levels. Such im-
provement of serum protein and albumin was pre-
viously observed after the oral administration of B.
aegyptiaca to experimentally diabetic rats [22]. It
has been established that insulin stimulates the in-
corporation of amino acids into proteins [2].

The enzymes directly associated with the con-
version of amino acids to keto acids are aspartate
transferase and alanine transferase, and these en-
zyme were increased in diabetic condition. Begum
and Shanmugasundaram [7] also reported an in-
crease in the activities of aspartate transaminase
and alanine transaminase in the liver of diabetic
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Table 6. Effect of C. esculenta root extract on liver and kidney ALP and �-GT in control and experimental animals. Values are given
as means ± SD of six animals in each group

Group Treatment mg/kg po ALP (U�/mg protein) �-GT (U�/mg protein)

Liver Kidney Liver Kidney

I Control ( 2% gum acacia) 0.18 ± 0.01� 0.24 ± 0.02� 3.33 ± 0.25� 2.63 ± 0.16�

II Diabetic control 0.28 ± 0.03� 0.47 ± 0.05� 5.46 ± 0.44� 5.36 ± 0.36�

III Diabetic + C. esculenta 200 0.22 ± 0.01� 0.36 ± 0.02� 4.33 ± 0.38� 3.83 ± 0.24�

IV Diabetic + C. esculenta 300 0.22 ± 0.02� 0.34 ± 0.02� 3.53 ± 0.26� 3.36 ± 0.30�

V Diabetic + glibenclamide 0.6 0.21 ± 0.01� 0.28 ± 0.02� 3.54 ± 0.24� 3.06 ± 0.26�

Values not sharing a common superscript (a, b, c and d) differ significantly at p < 0.05, Duncan’s Multiple Range Test (DMRT). U� =
�mol of phenol liberated/min; U� = �mol of p-nitroanilide liberated/min



animals. Treatment with C. esculenta (200 and 300

mg/kg) or glibenclamide normalized these en-

zymes’ activities. Similarly, increased activities of

aspartate and alanine transaminase in diabetic liver

were also reported by Jorda et al. [17]. The in-

creased protein catabolism accompanying gluco-

neogenesis and urea formation that are seen in dia-

betic state might be responsible for the elevation of

these tissue transaminases.
The rise in the activity of alanine transaminase

is due to hepatocellular damage and is usually ac-

companied by a rise in aspartate transaminase [26].

This might be the reason for the elevated activities

of these enzymes, which were brought back to near

normal value by C. esculenta (200 and 300 mg/kg)

treatment. This result shows that the normalizing

effect of C. esculenta on hepatocellular damage

and suppression of gluconeogenesis.
Elevated activity of ALP was observed in STZ

diabetic rats. Prince et al. [31] have also reported

increased ALP activity in experimentally diabetic

rats. The increased activity of this enzyme in

plasma may be a result of diabetes-induced damage

to the tissues. C. esculenta (200 and 300 mg/kg)

treatment restored the activity of these enzymes to

near normal by reducing their induction in diabetes.
�-GT catalyzes the transfer of the �-glutamyl

group from �-glutamyl peptides to another peptide

or L-amino acids or to water. The assay of �-GT is

a helpful adjunct in detecting hepatic damage.

A highly significant elevation in the activity of

�-GT was observed in plasma, liver and kidney of

STZ – induced diabetic rats. This is in accordance

with earlier investigations [24], wherein there has

been shown a dramatic increase in �-GT expression

in the liver of diabetic rats. Elevated activity of

�-GT in plasma takes place as a result of hepatic in-

duction of the enzyme. In addition, hepatocellular

damage or cholestasis may also contribute to the

elevation in the activity. Increased activity of �-GT

in STZ-induced diabetic rats was lowered to near

normal by C. esculenta (200 and 300 mg/kg) treat-

ment that indicates the possible prevention of ne-

crosis by C. esculenta treatment.
In conclusion, the present study demonstrates

that C. esculenta root extract could influence pro-

tein metabolism and marker enzymes in STZ-

induced diabetic rats. Further, C. esculenta root ex-

tract ameliorates the impaired renal function and

inhibites the liver damage associated with STZ dia-

betes in rats.
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