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Croton zambesicus in alloxan induced diabetic models to ascertain its
pharmacological applicability. The roots of Croton zambesicus were
collected, dried and extracted. The phytochemical screening as well as
Median Lethal Dose determination (LDs,) was done. The ethanolic extract
of the roots was prepared using soxhelation technique while the aqueous
extract was prepared using maceration technique. The pharmacological
effects of the two extracts were monitored on the blood glucose level and
the lipidprofile for a period of 28 days on the alloxan induced diabetic rats
and their effect was evaluated. The ethanolic (100 mg kg™") and aqueous
(100 mg kg™") extracts caused a significant (p<0.05) reduction in the blood

glucose levels and the lipid profiles of the alloxan induced diabetic rats.
However the ethanolic extract was found to be more potent than aqueous
extract in the blood glucose and lipid lowering effects in the rats. The
activity of the extracts was compared with the reference drug,
glibenclamide (0.5 mg kg™"). Treatment with C. zambesicus showed
considerable lowering in the blood glucose, serum total cholesterol,
triglycerides, LDL cholesterol, VLDL cholesterol and an increase in HDL
cholesterol in the alloxan treated diabetic rats. The results of this study
suggest that the roots of Croton zambesicus possess antidiabetic and
hypolipidaemic activities in the treated diabetic models.
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Introduction 2002; Mahomed and Ojewole, 2003; Hou et al., 2005;
] ] ) Huang et al., 2005). Diabetes mellitus is responsible
Diabetes mellitus, a metabolic syndrome for the cause of hyperlipidemia through various

characterized by hyperglycemia resulting from metabolic derangements. Among several metabolic

dysfunction in insulin secretion, insulin action causes
impaired metabolism of glucose, lipids and proteins
(Scheen, 1997). The chronic hyperglycemia is
associated with damage, dysfunction and failure of
various organs (Lyra ef al., 2006). In diabetic rats, the
utilization of impaired carbohydrate causes to
accelerated lipolysis, resulting in hyperlipidemia
(Morel and Chisolm, 1989; Granner et al., 1996).
Despite the presence of known antidiabetic medicines
in the market, diabetes and the related complications
continue to be a major medical problem. Recently,
some medicinal plants have been reported to be useful
in diabetes worldwide and have been used empirically
as antidiabetic and antihyperlipidaemic remedies
(Mitra et al., 1996; Shukla et al., 2000; Bhattaram et al.,
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derangements, insulin deficiency is known to
stimulate lipolysis in the adipose tissues and gives rise
to hyperlipidemia and fatty liver (Hardman and
Limberd, 2001). More than 400 plant species have
been found to possess hypoglycemic activity which
are available in the literatures (Oliver-Bever, 1986;
Rai, 1995); however, searching for novel antidiabetic
drugs from a natural source is still concern and
advantageous because they contain substances which
leave alternative and safe effect on subjects with
diabetes mellitus. Most of plants has glycosides,
alkaloids, terpenoids, flavonoids, carotenoids, etc.,
which are frequently implicated as having antidiabetic
effect and C. zambesicus is among one of them
(Loew and Kaszkin, 2002).
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Croton zambesicus Muell Arg. (Euphorbiaceace) (synC.
Amabilis Muell. Arg. C. gratissimus Burch) is an
ornamental tree grown in villages and towns of Nigeria. It is
a Guineo-congolese species widely spread in tropical
Africa. Ethnobotanically, the leaf decoction is used in Benin
as anti-hypertensive agent and anti-microbial (urinary
infections) (Adjanohoun er al., 1989) and in parts of Nigeria
as antidiabetic and malarial treatment (Okokon et al., 2005;
2006). The roots have been used as antimalarial, febrifuge
and antidiabetic by the Ibibios of Niger Delta region of
Nigeria (Okokon and Nwafor, 2009). The root has also
been used in Sudan for menstrual pain and as aperients
(Okokon and Nwafor, 2010). Thus proving a versatile
class of drug of natural origin. The drug Glibenclamide
works by binding to and inhibiting the ATP-sensitive
potassium  channels (Kyrp)  inhibitory  regulatory
Subunit Sulfonylurea Receptor 1 (SURI) in Pancreatic
Beta Cell (Serrano-Martin et al., 2006).

Materials and Methods

Materials

Roots of Croton zambesicus growing in natural
habitat in Panipat, Haryana, India, were collected in
January, 2012 and identified and approved by Dr.
Prakash Kumar, Botanist, Assistant Professor, M.M.
College, Bhagalpur, T.M. University, Bhagalpur (India).
Voucher specimen of the plant has been submitted in the
institute for future reference purpose.

Preparation of the Root Extract

Dried and coarsely (500 g) powdered roots of Croton
zambesicus were extracted with 90% (v/v) ethanol in
soxhlet apparatus for 36 h; aqueous extract was prepared
by using maceration technique. The filtrate was filtered
and concentrated on water bath using petridish. The
temperature was maintained to 55°C. Finally the
powdered extract was dried and weighed.

The Preliminary Phytochemical Analysis

The preliminary phytochemical studies were
performed for testing the presence of different
phytochemicals in ethanolic extract and aqueous extract
(Harbone, 1988; Mohammed, 1994; Agrawal, 2000;
Divakar, 2003).

Toxicity Studies

The animals were divided into six groups separately
and were treated orally with aqueous and ethanolic
extracts of Croton zambesicusat 100, 200 and 400 mg
kg™, body weight doses. The animals were observed for 1
h daily continuously for 14 days. The parameters observed
were grooming, hyperactivity, sedation, loss of righting
reflex, respiratory rate and convulsion (Ghosh, 1994).

Animals

Wistar albino rats of either sex weighing between
180 and 200 gm were obtained from Nitin Biologicals,
New Delhi. The study was approved by the Institutional
Ethics Committee for animal experimentation
(PDM/TAEC/11/11/11), Safidon, India and all the
procedures on animals were carried out as per CPCSEA
guidelines, India. These animals were used for the anti-
diabetic activity studies. The animals were stabilized for 1
week. They were maintained in standard conditions at room
temperature, 60+5% relative humidity and 12 h. light dark
cycle. They were consistently given standard pellet diet and
water ad libitum throughout the course of the study.

Induction of Diabetes

Alloxan monohydrate (Sigma Chemical, St. Louis,
MO) was injected intraperitoneally at a dose of 200 mg
kg™' Body Weight (BW). The induction of alloxan-
induced diabetes was confirmed by measuring the blood
glucose level. Rats with glucose levels above 180 to 200 mg
dL™" were subjected for further evaluation with a glucose
challenge and a standardized oral glucose tolerance test to
confirm diabetes mellitus (Tanquilut ez al., 2009). The drug
preparations were fed orally by oral feeding needle to rats
of respective groups once daily for 28 days.

Grouping of Animals

The animals were divided into 5 groups each
containing 6 animals as per statistical analysis. The
groups were as follows:

Group 1: Normal control group

Group 2: Diabetic control group

Group 3: Diabetic rats treated with aqueous extract of
Croton zambesicus (100 mg kg™")

Group 4: Diabetic rats treated with ethanolic extract of
Croton zambesicus (100 mg kg™")

Group 5: Diabetic rats treated with Glibenclamide (0.5

mg kg™ p.o)

Experimental Procedure

Albinos Wistar rats initially weighing more than 150
gm were used for the experiments. Prior to dietary
manipulation, all rats were fed standard pellet rodent diet
and water ad [ibitum. After acclimatization, the rats were
divided into five groups having six animals each. Total
duration of study was 28 days and the animals used were
rendered diabetic by injecting Alloxan through intra-
peritoneal (i.p.) route of administration at the dose of
200 mg kg™ body weight. Animals having blood glucose
level more than 300 mg dL™' were excluded as per the
standard protocol. During the period of study and at the
end of the treatment period, blood samples were
collected by retro-orbital vein of rat for biological
estimations on 7, 14th, 21st and 28th day of experiment,
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after every 16 h fasting. The above treatments were given
for a period of 28 days both in diabetic and non-diabetic
animals.

Procedure for Blood Glucose Monitoring

Blood was taken from the retro-orbital vein of the rats.
Blood glucose estimation was carried out using laboratory
investigations as per standard guidelines. Effects of various
extracts on blood glucose level in diabetic and nondiabetic
rats were evaluated and are shown in Tables.

Biochemical Parameters

Triglycerides, total cholesterol, HDL-cholesterol, LDL-
cholesterol and VLDL -cholesterol were estimated from the
serum by using standard testing kits (Lopes-Virella et al.,
1977; Lowry et al., 1951; McGowan ef al., 1983).

Body Weight Measurement

Body weight was measured totally ten times during
the course of study period (i.e., on before Alloxan
induction), using a digital weighing scale.

Statistical Analysis

All the data are presented as mean = SEM. The
differences between group were evaluated by one-way
Analysis of Variance (ANOVA) followed by the
Dunnette multiple comparisons test’s <0.01 was
considered to be significant.

Result

Phytochemical Screening

Phytochemical screening of both the plant extracts
revealed that the presence of alkaloids, flavanoids,
phytosterols, carbohydrates and saponins.

Toxicity Studies

In performing preliminary test for pharmacological
activity in rats, ethanolic and aqueous extract did not
produce any significant changes in the behavioral or
neurological responses upto5000 mg kg™ body weight.
Acute toxicity studies revealed the non-toxic nature of

the ethanolic and aqueous extracts of Croton zambesicus.
The result obtained from the LDs, study indicates that
ethanolic and aqueous extract of Croton zambesicus is
safer to use in animals even at a dose of 100 mg kg™' p.o.
respectively (Okokon et al., 2010).

Antidiabetic Effects

Effect of ethanolic and aqueous extracts of Crofon
zambesicus on serum glucose levels in diabetic rats are
depicted in Table 1. In animals treated with alloxan (200
mg kg™' i.p) (Group II), a significant increase in serum
glucose level was observed on 7th, 14th, 21st and 28th
day when compared with normal rats (Group I). Group V
received Glibenclamide (0.5 mg kg™’ p.o.), showed
decrease in serum glucose level when compared with
diabetic control rats (Group II). After the oral
administration of aqueous extract (Group III) and
ethanolic extract (Group 1V) of Croton zambesicus in
diabetic control rats, a significant reduction in blood
glucose level was observed on the 7th, 14th, 21st and
28th day when compared with diabetic control rats.

Hypolipidaemic Activity

The lipid profiles in control and experimental rats are
depicted in Table 2. The diabetic control rats (Group II)
showed significant increase in serum triglycerides, total
cholesterol, Very Low Density Lipoproteins (VLDL),
Low Density Lipoproteins (LDL) and decrease in High
Density Lipoproteins (HDL) when compared with
normal (Group I). Standard Glibenclamide (Group V)
reduced triglycerides, total cholesterol, Very Low
Density  Lipoproteins  (VLDL), Low  Density
Lipoproteins (LDL) and increased High Density
Lipoproteins (HDL) when compared with normal (Group
I). The ethanolic and aqueous extract showed significant
reduction (p<0.05) in total cholesterol, LDL, VLDL,
triglycerides and significant increase (p<0.05) in HDL
when compared with diabetic control group (Group
I). All these effects were observed on day 7th 14th,
21st and 28th day of experiment. The present
experimental result indicated that ethanolic and
aqueous extracts exhibited potent hypolipidemic
activities in alloxan induced diabetic rats.

Table 1. Anti-hyperglycemic activity of extracts of Croton zambesicus on alloxan induced rats

Groups treatment/dose  Oth day (mg mL™") 7th day (mg mL ™)

14th day (mg mL™")  21st day (mg mL™") 28th day (mg mL™)

Normal control 62.40 96.70
+5.45 +5.56
Diabetic control 224.70 214.5
+15.52 +10.60
Glibenclamide 232.33 184.83
(0.5 mgkg™) +]3.9%%* +]2 8%k*
Aqueous extract 230.13 185.12
(100 mg kg™) +].23%%* +£10.23%**
Ethanolic extract 237.0 190.16
(100 mg kg ™) +15.0%%* +16.14%**

85.80 79.75 70.67
+4.45 +5.79 +5.43
211.33 208.16 201.00
+20.30 +17.38 +16.32
129.83 94.50 91.1
+19.20 *** +5.46 *** +12.21%**
128.11 95.34 90.12
+].23%%* +1.45%%* +1.67%**
132.66 98.83 91.34
+11.01 *** +10.55 *** +10.23%%*

The values are mean £ SEM, n = 6 of blood glucose level. When compared with diabetic control, ***p<0.05 (One way ANOVA

followed by Dunnett’s, multiple comparison tests)
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Table 2. Antihyperlipidemic activity of extracts of Croton zambesicus on alloxan induced diabetic rats

Groups treatment/dose TC TG HDL-C LDL-C VLDL-C
Normal control 80.50 69.33 39.83 42.00 19.83
+1.35 +0.75 +0.69 +2.79 +0.75
Diabetic control 135.83 139.00 25.67 89.50 29.34
+1.97 +1.68 +1.15 +2.29 +1.67
Glibenclamide 98.57 88.50 37.23 59.23 23.67
0.5 mgkg™) +3.73%* +2.17%%* +5.52%%* +1.49%** +0.77***
Aqueous extract 96.99 85.34 38.76 58.85 22.23
(100 mg kg™) +1.23%** +]1.89%** +2.43%%* +3.54%%* +]1.23%**
Ethanolic extract 99.19 89.00 39.57 58.13 24.93
(100 mg kg ™) +2.26%* +2.69*** +1.33%** +1.62%** +0.37***

The values are mean + SEM n = 6, when compared with diabetic control, *** = p<0.05, (One way ANOVA followed by Dunnett’s,
multiple comparison tests). Total Cholesterol (TC), Total Glyceride, (TG) HDL-C: High Density Lipoprotein C, LDL-C: Low

Density Lipoprotein -C, VLDL-C: Very Low Density Lipoprotein C

Discussion

Diabetes mellitus is the leading causes of death,
illness and economic loss all over the world. Insulin-
dependent (Type I, IDDM) diabetes is characterized by
juvenile onset and by absolute insulin deficiency. Non-
insulin-dependent (Type II, NIDDM) diabetes is
characterized as mature onset, by varying basal insulin
levels and a frequent association of obesity. The diabetes
in the animal model was induced with Alloxan and is the
model for Type II diabetes in human model. Although a
broad category of drugs and medicines are available in
the modern allopathic system of medicine as well as in
traditional systems of treatment and many of them are quite
effective but most of them does not have a satisfactory
safety profile and this safety becomes a matter of great
concern especially when the drugs or treatment is meant for
administration over a long period of time along with high
frequency of in case of diabetes mellitus and related
conditions. Thus the one option of treatment left is to rely
upon the herbal system of medicine because of the fact of
having minimum incidence of adverse effects on the
patients which is already established universally.

We evaluated the antidiabetic and hypolipidaemic
effect of the aqueous and ethanolic extracts of Crofon
zambesicus in the alloxan induced diabetic rats for a
period of 28 days. After the alloxan induction we
observed the increased blood glucose level accompanied
by increase in total Cholesterol, Triglycerides, LDL,
VLDL and decrease in HDL cholesterol above the
normal limits in alloxan induced diabetic rats when
compared to normal group of animals. Oral
administration of aqueous and ethanolic extract of
Croton zambesicus normalized the elevated levels of
blood glucose, showing the potent antidiabetic and
hypolipidaemic effect of the plant extracts, indicating the
role of potent phytochemicals, producing the desired
effects in diabetic rats. Similar results were found in the
study conducted by Jude ef al. (2011) which showed the
potential antidiabetic and hypolipidaemic effects of the
ethanolic extracts of the roots of plants (Jude et al.,

2011). The study showed better antidiabetic as well as
hypolipidemic effect in aqueous as well as ethanolic
extract which shows it may be better antidiabetic with
antibacterial effect. However the present study revealed
the potential effects of the aqueous as well as the
ethanolic extracts, which is quite significant. The
antidiabetic effect can be attributed to the presence of
polysaccharides (Tomoda et al., 1985), terpenes and
tannins (Reher et al., 1991), steroids (Ivorra et al., 1984)
and alkaloids (Karawya and Wahab, 1984).

In recent years, considerable interest has been directed
to the investigation of plasma lipids and lipoproteins
involvement in diabetes mellitus due to the already
established fact that abnormal lipid level leads to the
development of coronary artery disease in diabetic patients
(Sarti and Gallagher, 2006). Reduced insulin secretion and
defect in insulin function results in enhanced metabolism of
lipids from adipose tissue to the plasma. Impairment in
insulin sensitivity due to high concentration of lipids in the
cells is responsible for the elevated cardiovascular risk in
diabetes mellitus (EL-Hazmi and Warsy, 1999). Thus, the
altered lipid and lipoprotein pattern observed in diabetic
rats could be due to defect in insulin secretion and/or
action. Accumulation of cholesterol and phospholipids in
liver due to elevated plasma free fatty acids has been
reported in diabetic rats.

In the present study, aqueous and ethanolic extract of
Croton zambesicus had significantly decreased Total
Cholesterol, Triglycerides, VLDL and LDL with
increase in HDL cholesterol levels along with the
beneficial protective function over the heart of induced
diabetic models compared to the diabetic control group
(Frayn, 2002). Numerous studies have been done in the
past involving and concluding the antidiabetic and
hypolipidaemic effects of ethanolic extract of the roots.
But the importance and significance of this study lies in
revealing the antidiabetic and hypolipidaemic of the
ethanolic extract as well aqueous extract of the roots and
the results of the two of them were found to be more or
less potential and significant. Ethanolic extract shows
better antidiabetic activity due to its antibacterial effect.



Prakash Kumar et al. / American Journal of Pharmacology and Toxicology 2017, 12 (1): 1.6

DOI: 10.3844/ajptsp.2017.1.6

Acknowledgement

This research study was carried out in the college
campus of PDM School of Pharmacy, Jind (Haryana).
The authors are grateful to Management for their
constant support.

Author’s Contributions

Prakash Kumar: Contributed in concept design and
wrote manuscript

Rahul Kumar: Data collection.

Manoj Kumar Rastogi: Statistical analysis.

Krishna Murti: Designed the protocol and final
Approval of manuscript.

Ethics

The research was approved by animal ethics
committee of PDM School of Pharmacy, Safidon, India
(PDM/TAEC/11/11/11).

References

Adjanohoun, E.J., V. Adjakide and S. deSouza, 1989.
Contribution to Ethnobotanical and Floristic Studies
in Republic of Benin. Ist Edn., Agency Cultural
Technical Cooperation, pp: 245.

Agrawal, O.P., 2000. Advanced Practical Organic
Chemistry. 1st Edn., Goel Publishing House.

Bhattaram, V.A., M. Ceraefe, H.C. Kohlest, M. Vest and
H. Deundorf, 2002. Pharmacokinetics and
bioavailability of herbal medicinal products.
Phytomed, 9: 1-36.

Divakar, M.C., 2003. Plant Drug Evaluation. Ist Edn.,
CD Remedies Publication.

EL-Hazmi, M.A.F. and A.S. Warsy, 1999. Obesity, over
weight and type Il diabetes in Saudi adult patients.
Saudi Med. J., 20: 167-172.

Frayn, K.N., 2002. Insulin resistance, impaired
postprandial lipid metabolism and abdominal obesity.
A deadly triad. Med. Princ Pract., 11: 31-40.

Ghosh, M., 1994. Fundamentals of Experimental
Pharmacology. 2nd Edn., Scientific Book Agency
Kolkata.

Granner, D.K., R.K. Granner, P.A. Mayes and
V.W. Rodwell, 1996. Hormones of the pancreas and
gastrointestinal tract in: Murray harper’s biochemistry.
Appleton Lange Connecticut USA, 24: 586-587.

Harbone, J.B., 1988. Phytochemical Method. 1st Edn.,
Chapman Hall.

Hardman, J.G. and L.E. Limberd, 2001. Insulin, Oral
Hypoglycem-ic Agents and the Pharmacology of the
Endocrine Pancreas. In Goodman and Gilman's
the Pharmacological Basis of Therapeutics, Louis
Sanford Goodman, Hardman, J.G., L.E. Limbird
and A.G. Gilman, (Eds.), Mcgraw-Hill, New
York, ISBN-10: 0071124322, pp: 1383-1399.

Hou, Z., Z. Zhang and H. Wu, 2005. Effect of
Sanguisdraxonis (a Chinese traditional herb) on the
formation of insulin resistance in rats. Diabetes Res.
Clin. Pract., 68: 3-11.

Huang, T.H., B.P. Kota, V. Razmovski and
B.D. Roufogalis, 2005. Herbal or natural
medicines as modulators of peroxisome proliferator-
activated receptors and related nuclear receptors for
therapy of metabolic syndrome. Basic Clin.
Pharmacol. Toxicol., 96: 3-14.

Ivorra, M.D., M. Paya and A. Villar, 1984. A review of
natural products and plants as potential antidiabetic
agents J. Ethnopharm., 27: 243-275.

Jude, E.O., P.A. Nwafor, P.J. Okokon, E.E. Umah and
JLA.  Udobung, 2011.  Antidiabetic  and
hypolipidaemic activities of ethanolic extract of
Croton zambesicus on alloxan induced diabetic rats.
Asian J. Pharm. Biol.

Karawya, M.S. and S.A. Wahab, 1984. Diphenylamine,
an antihyperglycaemic agent from onion and tea. J.
Nat. Prod., 47: 775-780.

Loew, D. and M. Kaszkin, 2002. Approaching the
problem of bioequivalence of herbal medicinal
products. Phytother. Res., 16: 705-711.

Lopes-Virella, M.F., P. Stone, S. Ellis and J.A. Colwell,
1977. Cholesterol determination in high-density
lipoproteins separated by three different methods.
Clin. Chem., 23: 882-884.

Lowry, O.H., N.T. Rosenborough, A.L. Farr and
J.R. Randall, 1951. Protein measurements with the
folin phenol reagent. J. Biol. Chem., 193: 265-75.

Lyra, R., M. Oliveira, D. Lins and N. Cavalcanti, 2006.
Prevention of type 2 diabetes mellitus. Arq. Bras.
Endocrinol. Metab., 50: 239-249.

Mahomed, I.M. and J.A. Ojewole, 2003. Hypoglycemic
effect of Hypoxishemerocallidea corm (African
potato) aqueous extract in rats. Exp. Clin.
Pharmacol., 25: 617-623.

McGowan, M.W., D.A. Joseph, D.R. Strandbergh and
B. Zak, 1983. A peroxidase coupled method for the
colorimetric de-termination of serum triglycerides.
Clin. Chem., 29: 538-42.

Mitra, S.K., S. Gopumadhavan, T.S. Muralidhar,
S.D. Anturlikar and M.B. Sujatha, 1996. Effect of a
herbomineral preparation D-400 in streptozotocin
induced diabetic rats. J. Ethnopharmacol., 54: 41-46.

Mohammed, A., 1994. Text Book of Pharmacognosy. 1st
Edn., CBS Publishers and Distributors.

Morel, D.W. and G.M. Chisolm, 1989. Antioxidant
treatment of diabetic rats inhibits lipoprotein oxidation
and cytotoxicity. J. Lipid Res., 30: 1827-1834.

Okokon, J.E. and P.A. Nwafor, 2009. Antiplasmodial
activity of root extract and fractions of Croton
zambesicus. J. Ethnopharmacol., 121: 74 -78.



Prakash Kumar et al. / American Journal of Pharmacology and Toxicology 2017, 12 (1): 1.6

DOI: 10.3844/ajptsp.2017.1.6

Okokon, J.E. and P.A. Nwafor, 2010. Antimicrobial
activity of root extract of Croton zambesicus.
Pakistan J. Pharmaceutical Sci., 23: 114-118.

Okokon, J.E., A.L. Bassey and J. Obot, 2006. Antidiabetic
activity of ethanolic leaf extract of Crotonzambesicus
on alloxan diabetic rats. African J. Tradit.
Complementary Alternative Med., 3: 21-26.

Okokon, J.E., K.C. Ofodum, K.K. Ajibesin, B. Danladi and
K.S. Gamaniel, 2005. Pharmacological screening and
antiplasmodial activity of Crotonzambesicus against
Plasmodium bergheiberghei infection in mice. Indian J.
Pharmacol., 37: 243-246.

Okokon, J.E.,P.A. Nwafor and M.D. Ekpo, 2010.
Subchronic toxicity studies of the ethanolic root extract
of Croton zambesicus. Pa. J. Pharm. Sci., 23: 160-9.

Oliver-Bever, B., 1986. Oral Hypoglycemic Action of
Medicinal Plants in Tropical West Africa. 1st Edn.,
Cambridge University Press, London.

Rai, M.K., 1995. A review on some antidiabetic plants of
India. Ancient Sci. Life, 14: 42-54.

Reher, G., M. Slijepcevic and L. Krans, 1991.
Hypoglycaemic activity of triterpenes and tannins
from Sarcopoterium spinosum and two Sanguisorba
species. Planta. Med., 57: A57-A58.

Sarti, C. and J. Gallagher, 2006. The metabolic
syndrome: Prevalence, CHD risk and treatment. J.
Diabetes Complicat., 20: 121-132.

Scheen, J.A., 1997. Drug treatment of non-insulin
dependent diabetes mellitus in the 1990s.
Achievement Future Dev. Drugs, 54: 355-368.

Serrano-Martin, X., G. Payares and A. Mendoza-Ledn,
2006. Glibenclamide, a blocker of K+(ATP) channels,
shows antileishmanial activity in experimental murine
cutaneous leishmaniasis. Antimicrob Agents
Chemother, 50: 4214-6. DOIL: 10.1128/AAC.00617-06

Shukla, R., S.B. Sharma, D. Puri, K.M. Pabhu and
P.S. Murthy, 2000. Medicinal plants for treatment
of diabetes mellitus. Ind. J. Clini. Biochem.,
15:169-177.

Tanquilut, N.C., M.R.C. Tanquilut, M.A.C. Estacio,
E.B. Torres and J.C. Rosario et al., 2009.
Hypoglycemic effect of Lagerstroemia speciosa (L.)
Pers. on alloxan-induced diabetic mice. J. Med.
Plants Res., 3: 1066-1071.

Tomoda, M., K. Shimada, C. Konno and H. Hikino, 1985.
Structure of Panaxan B, A hypoglycaemic glycan of
Panax ginseng roots. Phytochemistry, 24: 2431-2433.



