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ABSTRACT

Cassia occidentalis Linn. is extensively used in the indigenous and folklore medicine systems to treat
several illnesses. However adequate characterization of hypoglycemic activity of C.occidentalis has
not yet been done. The scientific evaluation of its hypoglycemic activity was, therefore, explored and
also compared with the effect of a standard hypoglycemic drug, Glibenclamide. In the present study
methanol fraction of C.occidentalis leaves (COLMF) was tested against streptozotocin-induced
diabetic rats. Adult male albino Wistar rats, weighing 150-200g, were randomized into control and
experimental groups. Experiment group rats were induced diabetes by a single intraperitoneal
injection of streptozotocin (STZ). Treatment with COLMF at different doses and times following in
normal and diabetic rats significantly reduced the blood glucose level to normal in diabetic rats
(99.68+3.57). Hemoglobin, glycosylated hemoglobin, hepatic glycogen, lipid peroxidation,
antioxidants enzymes (TBARS, HP, SOD, CAT, GPx VitC,VitE,GSH) and hepatic marker enzymes
(ALT, AST,ALP,ACP) were also evaluated in normal and diabetic rats. Oral administration of COLMF
significantly and dose-dependently normalized the above mentioned parameters near to normal in
STZ-diabetic rats (p<0.05). Histopathological examination showed that COLMF extract protected the
pancreatic tissue from STZ-induced damage.
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INTRODUCTION dysfunction, coronary  artery  disease,
Diabetes mellitus (DM) is a group of metabolic ~ cerebrovascular  disease, renal failure,
diseases characterized by abnormal metabolism blindness, limb amputation, neurzosloglcgl
of carbohydrate, proteins, fats resulting from  complications and pre-mature death.”” This
defects in inadequate pancreatic insulin illness affects approximately 150 million people

secretion with or without concurrent impairment ~ Worldwide and its incidence rate is expected to
of insulin action.” The chronic hyperglycemia of ~ double during the next 20 years.” The modern
diabetes is associated with long-term damage, drugs, including insulin and other oral
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hypoglycemic agents such as biguanides,
sulphonylureas, alpha-glycosidase inhibitors,
control the blood glucose level as long as they
are regularly administered and they may also
produce a number of undesirable effect®. Hence
there is a need to search for newer anti-diabetic
agents that have high therapeutic efficacy with
minimum side effects® Traditional medicines all
over the world have advocated the use of herbs
to treat diabetes since time immemorial. A wide
array of plant derived active principles
representing numerous chemical compounds
has demonstrated activity consistent with their
possible use in the treatment of DM" 8,

C.occidentalis is extensively used in the
indigenous and folklore medicine systems to
treat hepatotoxicity. In unani medicine it is used
as an antidote of poisons, blood purifier,
expectorant, anti-inflammatory agent and a
remedy for the treatment of liver diseases®. It is
also an important ingredient of several
polyherbal formulations marketed for liver
diseases. Its roots, flowers, seeds and leaves
have been employed in herbal medicine around
the world for a variety of purposes such as
laxative, expectorant, analgesic, anti-malarial®,
hepatoprotective'’, relaxant'?, anti-
inflammatory’®, and wound healing.™

No detailed study has been carried out on
the effect of hypoglycemic activity C.occidentalis.
Hence, the present study was aimed to evaluate
the efficacy of COLMF on blood glucose, plasma
insulin levels, hemoglobin, glycosylated
hemoglobin, hepatic glycogen, lipid peroxidation,
antioxidants enzymes and hepatic marker in
plasma and liver of STZ -diabetic rats.

MATERIALS AND METHODS

Plant materials: Fresh leaves of C.occidentalis
were collected from the premises of Loyola
college Chennai, and it was authenticated by Dr.
Sri Ram murthy, department of botany,
Andhra Loyola college, Vijayawada. A
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voucher specimen is deposited. The leaves
were shade dried, coarsely powdered and
used for extraction. Powdered leaf material
(83kg) was soaked sequentially in hexane,
chloroform, ethyl acetate and methanol for 72
h, respectively with intermittent shaking. After
72 h the solution was filtered and the filtrate
was concentrated under reduced pressure
using rotary evaporator. The filtrates were air
dried to yield 26g of hexane extract, 32g of
chloroform extract, 38g of ethyl acetate extract,
and 42g of methanol extract.

Liquid-liquid partitioning: Active methanolic
crude extract was utilized for liquid—liquid
partitioning using increasing polarity. Four
fractions were obtained, i.e., hexane (13g),
benzene (7g), ethyl acetate (9g) and methanol
(15.6g). Amongst these fractions methanol
fraction exhibited the most potent diabetic
activity and was therefore methanol fraction
was used throughout the study.

Preliminary phytochemical analysis:
COLMF fractions were subjected to qualitative
phytochemical investigation for the
identification of the phytoconstituents, such as
terpenoids, steroid, alkaloids, glycosides,
saponins, flavonoids and anthraquinones.'

Experimental design: Healthy male Albino
rats weighing 150-200g were procured from
National institute of nutrition, Hyderabad,
India. They were acclimatized to animal house
conditions, fed with commercial pelleted rat
chow (Hindustan Lever Ltd., Bangalore, India)
and were provided with clean drinking water ad
libitum. Twelve hours before the start of the
experiment, rats were deprived of food, but
given free access to water. All the animal
experiments were conducted according to the
ethical norms approved by Ministry of social
justices and empowerment, government of
India and institutional animal ethics committee
guidelines (1221/a/08/CPCSEA).
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Experimental protocol:

Albino Wistar rats weighing 110-150 g were
divided into five groups, each containing six
animals. COLMF at a dose of 100 200mg/kg bw
dissolved in 1 % carboxymethylcellulose
administered orally using an intragastric tube for
three weeks to the respective groups

Chemicals and Biochemical measurements:
STZ was procured from Sigma chemical Co., St.
Louis, MO, USA. All other chemicals were of
analytical grade. All  spectrophotometric
measurements were carried out using UV2010
Spec-210 trophotometer (Hitachi, Germany).

An oral glucose tolerance test (OGTT) was
performed by the method of Du Vigneaud and
Vincent (1925). After overnight fasting, a
baseline (0 min) blood sample (0.3 ml) was taken
in normal and experimental rats by sinocular
puncture. Without delay, a glucose solution (2 g
kg-1 bw) was administered to all the
experimental rats and COLMF (100 and 200 mg/
kg bw) was administered to the respective
experimental groups. Five more samples were
taken after 1h, 3h and 6 h after glucose
administration in potassium oxalate and sodium
fluoride containing tubes. Plasma was separated
and utilized for glucose estimation.

Fasting plasma glucose was estimated bg/

Glucose-oxidase peroxidase method .
Haemoglobin was estimated by
cyanmethemoglobin  method of Drabkin.™

Glycosylated hemoglobin HbA1c in the blood
was estimated by the method of Sudhakar and
Pattabiraman [19], (1981).Plasma Insulin was
estimated by Rat insulin RIA Kit and Hepatic
Glycogen was extracted and estimated by the
method of Leloir and Goldemberg.?

Superoxide Dismutase (SOD% was assayed by
the method of Kakkar et al.’’ Catalase (CAT)
was determined by the method of Sinha®2. And
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Glutathione Peroxidase (GPx) was measured
by the method of Rotruck et al.*® Aascorbic
acid in the plasma and tissues was estimated
by the method of Roe and Kuether.?* o—
Tocopherol in the plasma and tissues was
estimated by the method of Baker et al?®
Alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase
(ALP) and acid phosphatase (ACP) activities
were assayed using commercial kits (Dialab,
Austria).

Acute Toxicity Studies: The acute toxicity of
the extract was conducted by the method of
Lorke.?® Rats fasted for 12 h were randomly
divided in to drug treated ‘test’ groups and
vehicle treated ‘control’ group, totally making
up six groups of six rats per cage. COLMF
(200, 400, 800, 1200 and 1600 mg/kg b.w) was
separately administered orally to the rats in
each of the test groups, respectively.
Behavioral changes (irritation, restlessness,
respiratory distress, abnormal locomotion and
catalepsy) were observed over a period of 48 h
for sign of acute toxicity. The number of
mortality caused by the compound within this
period of time was observed.

Experimental induction of diabetes in rats:
The animals were rendered diabetic by a single
intraperitoneal injection of streptozotocin (60
mg/kg bw) in freshly prepared citrate buffer
(0.1M, pH 4.5). STZ-injected animals were
given 20% glucose solution for 24 h to prevent
initial drug-induced hypoglycemic mortality.
Diabetes was developed and stabilized in
these STZ-induced rats over a period of 7
days. After 7 days of STZ administration,
plasma glucose levels of each rat were
determined. The animals with blood glucose
above 230 mg/dL were considered to be
diabetic and used for the experiment.

At the end of 45 days, the animals were
deprived of food overnight and sacrificed by
decapitation. Blood was collected in tubes
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containing potassium oxalate sodium fluoride
mixture and plasma was separated. The liver
and pancreas was removed promptly, and
weighed. The tissues were stored at -70€ until
required. A 20% homogenate was prepared in
50mM phosphate buffer, pH 7.4 and were
centrifuged and the supernatant was used
immediately for the assays different biochemical
parameters.

Statistical analysis: All the data were
expressed as Mean + S.D. Tukey-Kramer
multiple comparison test and one way analyses
of variance (ANOVA) were performed. A value of
P<0.05 was considered significant.

RESULTS

Preliminary qualitative chemical analysis of
COLMF revealed the presence of
anthraquinones saponins, terpenoids,
glycosides, and flavonoids

Acute toxicity studies:

Oral administration of graded doses of COLMF
to the normal healthy rats did not show any
significant alterations in plasma enzymes like
AST, ALT, ACP and ALP between the normal
control and COLMF treated test groups. Acute
toxicity studies revealed the non-toxic nature of
the COLMF (Fig.1). Behavior of the treated rats
also appeared normal. There was no lethality or
toxic reaction at any selected dose until the end
of the study.
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Oral Glucose Tolerance test:

Figure 2 showed the effect of COLMF on oral
glucose tolerance test in normal and STZ-
diabetic rats. In STZ-treated diabetic rats, the
peak increase in blood glucose concentration
was observed after 1h. Even after 6h the blood
glucose concentration in this group remained
high. Oral administration of COLMF (200 mg/
kg bw) controlled the glucose levels at 1 h
(125.86+£3.84), 3h (112.18t1.54) and 6 h
(99.684£3.57), but no marked change was
observed in glucose levels at 100 mg/kg bw.

Effect on Plasma insulin, Hb, HbAlc, hepatic
glycogen and blood glucose levels

Table 1 shows the effect of COLMF on plasma
insulin levels in normal and diabetic rats. In
diabetic rat, there was a significant decrease in
plasma insulin levels as compared to normal
rats. Oral administration of COLMF significantly
and dose dependently increased the plasma
insulin levels to near normal (14.53+1.25)
(Table.1).

Glycosylated hemoglobin levels were
significantly elevated and total hemoglobin,
hepatic glycogen were decreased in diabetic
rats as compared with normal rats. Oral
administration of COLMF (200 mg/kg bw)
maintained all the parameters in near normal
status in diabetic rats (P<0.001).
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Figure 2: Effect of COLMF on Oral Glucose Tolerance in STZ-diabetic
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Fasting blood glucose was measured after rats
were fasted for 12 h on day 45 (last day of
treatment) In the diabetic control group, the
fasting blood glucose significantly increased, oral
administration of COLMF dose-dependently and
significantly decreased fasting blood glucose
level of diabetic rats (P<0.001)

Effect on antioxidants levels: The TBARS, HP,
levels in liver, pancreas and plasma of untreated
diabetic control rats were significantly higher
than those of the untreated normal control rats.
When diabetic rats were treated for 45 days, the
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levels of TBARS, HP were decreased in a
dose-dependent manner (P>0.05).

The activities of antioxidant enzymes such as
SOD, CAT and GPx (Table 2) and
Nonenzymic antioxidants, such as VitC, VitE
GSH (Figure 4), were altered in the plasma of
untreated diabetic control rats. Treatment with
COLMF (100, 200 mg/kg bw) dose-
dependently and significantly restored the
decreased nonenzymic antioxidant levels and
antioxidant enzymes activities near normal
levels in diabetic rats (P>0.05).
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Table 1: Concentration of Hemoglobin (mg/dl), Glycosylated hemoglobin (mg / g of Hb),
plasma insulin (IU/L) and hepatic glycogen (mg / 100 g wet tissue) levels in control and control
and STZ-diabetic rats

Group [ Group II Group III Group IV Group V
Hb 1459+ 142 6.41+£047 9.19£0.62 0.88 £1.40* 11.62+1.26
HbAlc 0.69+0.05 1.17£0.16 0.79£0.17 0.75+0.14* 0.76 £0.11
Plasma Insulin 1568138 6.67+0.59 10.66+1.85 1.86 £1.33* 1290+ 1.23
Blood glucose 576+0.15 17.74+1.25 1234+£1.11 9.13£1.01* 8.36+0.06

Hepatic Glycogen 5.25+0.82 1.79£0.63 3.81+0.83 4.69£0.77* 5.08+0.74
Values are expressed as mean + S.D (n=0) statistically significant alterations are expressed as
p<0.05.* Group Il and IV and V are compared with group I

Table2: Concentration of antioxidant enzyme levels in the plasma of control and STZ-
diabetic rats.

Group I Group II Group III Group IV Group V
TBARS 551001 5214040 3424023  3.03£063* 2.89 +0.04
HP 8424030 18324004 13.0343.08 11.26+1.49% 932 +0.13

SOD 23.58+0.57 10.87+£0.88  16.99+1.79 18.76£2.27*  20.92 £1.37
CAT 2.32+0.33 1.58 £0.13 1.97 £0.36 2.12 £0.08* 2.2310.52

GPx 2.62 £0.26 4.84 £0.62 3.05 £0.53 2.72 £0.41* 2.89 £0.32
Values are expressed as mean = S.D (n=6) statistically significant alterations are

expressed as p<0.05.* Group III and IV and V are compared with group IL
values of HP Values X 10° Mm/dl), TBARS(n moles / ml), SOD, CAT and GPx (U/ml)
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HISTOPATHOLOGICAL STUDIES

Pancreas: The section of control rat showed
normal architecture with islet of Langerhans
which formed of numerous compactly arranged
cells and diabetic rat showed pyknotic nuclei and
dark nuclei, and few cells at the periphery had
round or ovoid nuclei (Figure 6, 7), where as
section of rat treated with COLF 100 mg/kg b.w
showed shrunken nuclei and mild inflammatory
cells (Figure 8). Rats treated with COLF200
mg/kg bw showed normal architecture with
shrunken nuclei (Figure 9). Section of rat treated
with  Glibenclamide showed islet cells with
vascular nuclei and pyknotic nuclei (Figure 10).

DISCUSSION

DM is currently one of the most costly and
burdensome chronic diseases and is a condition
that is increasing in epidemic proportions
throughout the world?’. According to WHO,
around 171 million people worldwide were
suffering from diabetes in 2000 and this figure is
predicted to double by 2030 2® 2°,

Oral hypoglycemic agents have been
used to control type 2 diabetes, and many of
them act by stimulating insulin secretion even in
the presence of low glucose concentrations, with
the consequent risk of producing hypoglycemia,
one of the most undesirable side effects of
treating diabetes with oral agents such as
sulphonylureas, which cause disruption in insulin
action.®® It is also possible that treatment with
COLMF could be facilitating utilization of glucose
by peripheral tissues. This mechanism has been
observed in the Nymphaea stellata®® Cassia
auriculata Linn, ** Cocculus hirsutus 3 in the
treatment of DM.

Hyperglycemia has an important role in
the pathogenesis of long-term complications,
besides, during diabetes, the excess glucose
present in blood reacts with hemoglobin.
Therefore, the total hemoglobin level is
decreased in diabetic rats*. In uncontrolled
diabetes, there is an increased glycosylation of
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hemoglobin, which has been found to be
increased over a long period of time in
diabetes.* Therefore, measurement of HbAlc
is supposed to be very sensitive index for
glycemic control. Glycosylated hemoglobin was
significantly increased in diabetic animals, and
this increase was found directly proportional to
the fasting blood glucose level.*® Oral
administration of COLMF significantly and dose
dependently restored the Hb, HbAlc levels near
to normal.

Diabetes mellitus is also associated
with a marked decrease in the level of liver
glycogen®. In this context, glycogen content of
liver markedly decreases in diabetes and this
alteration is normalized by insulin treatment®.
Additionally, Witters and Auruch® have
reported that administration of insulin
increased the activity of hepatic glycogen. Oral
administration of COLMF significantly and dose
dependently increases hepatic glycogen levels
dose dependently in STZ-diabetic rats.

A significant antihyperglycemia action
on the fasting blood glucose and plasma
insulin was observed after 45 days treatment of
diabetic rats with different doses of COLMF.
The hypoglycemic effect of COLMF in diabetic
rats was more powerful, suggesting that it
could be caused by an increase in peripheral
glucose consumption. It appears that still
insulin producing cells are functioning and the
stimulation of insulin release could be
responsible for most of the metabolic effects. In
this context, leaves of Gymnema sylvestre and
Andrographis paniculata Nees exhibited potent
hypoglycemic activity in experimental animal
models of diabetes.*” *’

It is well known that diabetes mellitus is
associated with an increased production of
reactive oxygen species and a reduction in anti
oxidative defenses. This defense includes the
enzymes SOD, CAT and GPx*. The
diabetogenic action of STZ can be prevented
by the superoxide dismutase and catalase,
hence there is evidence to suggest that the
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incidence of diabetes involves superoxide anion
and hydroxyl radicals®. The enzyme SOD
scavenges superoxide radicals (O2) by
catalysing the conversion of two of these radicals
into hydrogen peroxide and molecular oxygen®.
Earlier workers had reported a decrease in the
activities of these antioxidant enzymes (SOD,
CAT and GPx) in the plasma and liver of diabetic
rats®>. We also found that the activities of SOD
and CAT in untreated diabetic control animals
were significantly (p < 0.01) lower than the
normal control animals. The result of increased
activities of SOD and CAT suggests that COLMF

Vol.1/Issue-4/0ct-Dec.2010

contains a free radical scavenging activity,
which could exert a beneficial effect against
pathological alterations caused by the
presence of O,” and OH™ In the present
investigation COLMF dose dependently
decreased the levels of antioxidant enzymes in
plasma and liver tissues of diabetic rats by
reducing the oxidative stress due to its
potential antioxidant activity. The promising
antioxidant and antihyperglycemia efficacies of
COLMF demonstrated in this study may open
new avenues in the treatment of diabetes and
its complications.

Figure 4: Effect of COLMF on Non-enzymatic Antioxadant levels in STZ-diabetic rats
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Values are expressed as mean = S.D (n=6). Statistically significant alterations are expressed
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Histopathological observation of normal and expenmental rat pancreas (H&E, 400).

Fig 6. Control group showing normal architecture of pancreatic islets

Fig. 7. diabetic control group showing pancreatic acini, small atrophic islet cells

Fig. 8 COLMF 100 mg/kg bw. treated group showing mild expansion pancreatic islets

Fig. 9. COLMF 200 mgikg bw. treated group showing moderate expansion pancreatic islets and prominent hyperplastic 1slet

Fig. 10. Glibenclamide treated group showing normal hyperplastic of islets

ACKNOWLEDGEMENTS

| gratefully acknowledge Dr. V Kalyan
Chakravarthy, M.D Pathology, Siddhardha
Medial College, Vijayawada, for his involvement
in histopathological examination and
interpretation

REFERENCES

1. Ortiz-Andrade RR,
Castillo-Espana P,

Garcia-dimenez S,
Ramirez-Avila G,

www.ijpbs.net

2.

B-22

Villalobos-Molina R and Estrada-Soto S,
alpha-Glucosidase inhibit agent, J
Ethnopharmacol. 109 (1); 48-53, (2007).

Andrade-Cetto A and Heinrich M, Mexican
plants with hypo-glycaemic effect used in the
treatment of diabetes, J.Ethnopharmacol. 99
(3); 325-348, (2005).

Schoenfelder T, Cirimbelli TM and Citadini-
Zanette VJ, J Ethnopharmacol. 107 (1); 456—
459 (2006).

Ethanopharmacology



ISSN 0975-6299

4. Keith G, Tolman MD, Vivian MD, Fonseca
MD, Meng MD, Tan D and Anthony Dalpiaz,
Pharm Narrative Review,Hepatobiliary
Disease in Type 2 Diabetes Mellitus,
Diabetes Care. 30 (3); 734-743, (2007).

5. Akram Eidi A and Maryam Eidi, Diabetes
Antidiabetic effects of sage (Salvia officinalis
L.) leaves in normal and streptozotocin-
induced diabetic rats& Metabolic Syndrome,
Clinical Research & Reviews, 132 (3) ;40-44,
(2009).

6. Sheetal anandjiwala MS, Basnl M, Parabia M
and Rajani M, Evaluation of free radical
scavenging activity of an ayurvedic
formulation, Panchvalkala, Indian j pharm.
sciences, 70(4) : 31-5, (2008).

7. Rahul mandilk V, Sandhya desai k, Suresh
nayak R, Antidiabetic activity of polyherbal

formulation (DRF/AY/5001)  Indian  J
Experimental  Biology, 46 (8); 500-606,
(2008).

8. Yeh GY, Eisenberg DM, Kaptchuk TJ and
Phillips RS, Systematic Review of Herbs and
Dietary Supplements for Glycemic Control in
Diabetes, Diabetes Care. 26 (4) ;1277-
1294,(2003).

9. Nadkarni AK, Indian Materia Medica, 3
edition, Popular Press Prakashnan Pvt. Ltd,
Mumbai, India , 1976.

10.Tona L, Mesia K, Ngimbi NP, Chrimwami B,
Okond ahoka, Cimanga K, de Bruyne T,
Apers S, Hermans N, Totte J, Pieters L and
Vlietinck AJ, In-vivo antimalarial activity of
Cassia occidentalis, Morinda morindoides
and Phyllanthus niruri, Ann Trop Med
Parasitol, 95 (1); 47-57, (2001).

11.Usha K, Kasturi GM and Hemalata P,
Hepatoprotective effect of Hygrophila spinosa
and Cassia occidentalis on carbon
tetrachloride induced liver damage in

www.ijpbs.net

Vol.1/Issue-4/0ct-Dec.2010

experimental rats. Indian j. clinical biochem,
22 (2) ; 132-135, (2007).

12.Ajagbonna OP, Mojiminiyi FBO and Sofola
OA, Relaxant effects of the aqueous leaf
extract of Cassia occidentailis on rat aortic
rings, African J biomedl Research,4 (2);120-
127, (2001).

13.Sadique J, Chandra T, Thenmozhi V and
Elango V, Biochemical modes of action of
Cassia occidentalis and Cardiospermum
halicacabum in inflammation. J
Ethnopharmacol, 19 (2); 201-212, (1987).

14.Sheeba M, Emmanuel S, Revathi K and
Ignacimuthu S, Wound healing activity of
Cassia occidentalis L. in Albino Wistar rats.
International J Integrative Biol, 8 (1); 1-6,
(2009).

15.Anton R and Duquenois P, Chemical study
of C. occidentalis. Ann. Pharm. Francaises
26(11); 673-680, (1968).

16.Trinder P, Determination of glucose in blood
using glucose oxidase with an alternative
oxygen acceptor, Ann Clinical Biochem, 6;
24-27, (1969).

17.Du Vigneaud and Karr WG, Carbohydrate
utilization, rate of disappearance of d-glucose
from the blood, J Biol Chem, 66 (1); 281-300,
(1925).

18.Drabkin DL JM,
Spectrophotometric studies,
spectrophotometric constants for common
haemoglobin derivatives in human, dog and
rabbit blood, J biol chem , 98 (2); 719-733,
(1932).

19.Sudhakar Nayak S and Pattabiraman TN, A
new colorimetric method for common
haemoglobin, Clin. Chim. Acta. 109 (3); 267—
274. (1981).

and Austin

Ethanopharmacology

B-23



ISSN 0975-6299

20.Le Loir LF and Goldemberg. Glycogen
synthetase from rat liver. Methods Enzymol, 5
(3); 145147, (1962).

21.Kakkar P, B. Das, P.N. Viswanathan, A
modified  spectrophoto-metric assay of
superoxide dismutase, Indian J. Biochem.
Biophys. 21 (2); 130-132, (1984).

22.Sinha AK, Colorimetric assay of catal ase.
Anal. Biochem. 47; 389-394,(1972).

23.Rotruck JT, Pope AL and Ganther HE,
Selenium: biochemical role as a component
of glutathione peroxidase, Science. 179 (2);
588-590, (1973).

24.Roe JH and Kuether CA, The determination
of ascorbic acid in whole blood and urine
through the 2, 4-dinitrophenylhydrazine
derivative of dehydroascorbic acid. J. Biol.
Chem. 11; 145-164, (1943).

25.Baker H, Frank O and De Angelis B, a
tocopherol in man at various times after
ingesting free or acetylated tocopherol. Nutr.
Res. 21(4); 531-536, (1980).

26.Lorke D, Anewapproach to practical acute
toxicity testing, Arch. Toxicol, 54 (4); 275—-
287,(1983).

27.Akram Eidia and Maryam Eidi, Diabetes
Antidiabetic effects of sage (Salvia officinalis
L.) leaves in normal and streptozotocin-
induced diabetic rats& Metabolic Syndrome,
Clinical Research & Reviews 3 (1); 4044,
(2009).

28.WHO. Traditional medicine strategy 2002—
2005. WHO Publications, p. 1-6, 2002.

29.Wild S, Roglic G and Green A, Global
prevalence of diabetes: Estimates for the
year 2000 and projections for 2030, Diabetes
Care. 27(5); 1047-1053,(2004).

www.ijpbs.net

Vol.1/Issue-4/0ct-Dec.2010

30.Seltzer HS, Drug-induced hypoglycemia; A
review based on 473 cases, Diabetes. 21 (8);
955-966,(1972).

31.Subash-Babu PS, Ignacimuthu S and
Agastian P, Insulin secretagogue effect of
Ichnocarpus frutescence leaf extract in
experimental diabetes: A dose-dependent
study. Chemico-Biological Interactions, 172
(2); 159-171, (2008).

32.Surana SJ, Gokhale SB, Jadhav RB, Sawant
RL and Wadekar JB, Antihyperglycemic
activity of various fractions of Cassia
auriculata in STZ diabetic rats, Indian J.
Pharm. Sci. 70 (2); 227-229, (2008).

33.Sangameswaran B andJayakar B,
Antidiabetic, antihyperlipi-demic and
spermatogenic  effects of Amaranthus
spinosus on streptozotocin induced diabetic
rats. Nat. Med. 62 (9); 79-82, (2008).

34.Sheela GC and Augusti KT , Antidiabetic
effects of S-allyl cysteine sulphoxide isolated
from garlic Allium sativum Linn, Indian J.
Exp. Biol., 30 (6) ; 523-526, (1992)

35.Vats V, Yadav SP and Grover J, Ethanolic
extract of Ocimum sanctum leaves partially
attenuates streptozotocin-induced alterations
in glycogen content and carbohydrate
metabolism in rats, J. Ethnopharmacol. 90
(2); 155-160, (2004).

36.Koenig RJ, Peterson CM, Jones RL, Saudek
C, Lehrman M and Cerami A, Correlation of
glucose regulation and haemoglobin A1c in
diabetes mellitus. New Eng. J. Med., 295 (8);
417-420, (1976).

37.Musabayane CT, Mahlalela N, Shode FO,
Ojewole JAO, Effects of Syzygium cordatum
(Hochst) [Myrtaceae] leaf extract on plasma
glucose and hepatic  glycogen in
streptozotocin-induced diabetic rats. J.
Ethnopharmacol, 97; 485-490, (2005).

Ethanopharmacology

B-24



ISSN 0975-6299

38.Antony UM, Adibimpe O, Hypoglycemic
potential of the young leave methanolic
extract of Mangifera indica in STZ induced
diabetic rats. Pak. J. Nutr, 8 (3); 239-241,
(2009).

39. Witters LA and Auruch J, Insulin regulation of
hepatic glycogen synthetase and
phosphorylase, Biochemistry, 17(3) ; 406-
410; (1978).

40.Sugihara Y, Nojima H, Matsuda H, Murakami
T, Yoshikawa M, Kimura |, Antihyperglycemic
effects of gymnemic acid IV, a compound
derived from Gymnema sylvestre leaves in
streptozotocin diabetic mice. J. Asian Nat.
Prod. Res, 2(4); 321-327, (2000).

41.Yu BC, Hung CR, Chen WC and Cheng JT,
Antihyper-glycemic effect of andrographolide
in streptozotocin-induced diabetic rats, Plant.
Med. 69(12); 1075-1079, (2003).

42.Zangen WS, Seonghun R and Ornoy A, The
role of antioxidant enzymes and transcription
factor NF-kappa B in Diabetic embryopathy in

www.ijpbs.net

Vol.1/Issue-4/0ct-Dec.2010

the Cohen diabetic rat model, Birth Defects
Res, Part A, Clin Mol Teratol, 76(2); 107-14,
(2006).

43.Takatori A, Ishii Y, Itakagi S, Kyuwa Y and
Yoshikawa, Amelioration of the cell
dysfunction in diabetic APA hamsters by
antioxidants and AGE inhibitor treatments,
Diabetes Metabol. Res. Rev, 20 (3); 211-
218, (2004).

44.\Weksler-Zangen S, Yaffe P, Kohen R, Ornoy
A. Reduced SOD activity and increased
neural tube defects in embryos of the
sensitive but not of the resistant.Cohen
diabetic rats cultured under diabetic
conditions. Birth Defects Res, Part A Clin
Mol. Teratol,67 (6); 429-37,(2003).

45.Sharma N and Garg V, Antidiabetic and
antioxidant potential of ethanolic extract of
Butea monosperma leaves in STZ-induced
diabetic mice. Ind. J. Biochem Biophys.
46(1); 99-105,(2009).

Ethanopharmacology

B-25



