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ABSTRACT

The objective of the present study was to evaluate the antidiabetic activity of methanol extract
of aerial parts of Cucurbita maxima (MECM) for its purported use in diabetes. Antidiabetic activity
of MECM was evaluated in Wistar albino rats against streptozotocin (50 mg kg™, i.p.,) at the doses
of 200 and 400 mg kg™, p.o. for 14 days. Glibenclamide (500 pg kg™ was used as reference drug.
Fasting blood glucose (FBG) levels were measured on day 0, 4, 8 and 15. Antioxidant activity of the
extract was determined by measuring lipid peroxide, catalase and glutathione (reduced) levels of
liver, kidney and pancreas. In addition, biochemical parameters (SGPT, SGOT, ALFP) were
estimated. Histological study of liver, kidney and pancreas was also performed. FBG levels were
reduced in a treatment-duration dependant manner and 60.88, 67.79 and 64.30% reduction with
respect to the initial levels were observed on 15th day with low and high dose of MECM and
glibenclamide, respectively. The changes in antioxidant and biochemical parameters observed with
diabetic control group were reversed towards normal levels with extract and standard treated
groups. Histological observations showed good correlations with other results. The results explored
potent antidiabetic activity of the methanol extract of C. maxtma aerial parts.
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INTRODUCTION

Dietary plants and herbal preparations have recently received considerable attention and have
been found to be promising choice over modern synthetic medicines, in a number of studies. In
developing countries, all over the world, 80% of population continues to use traditional medicine
in primary medical problems (Grover and Yadav, 2004}, Research carried out in last few decades
has validated several such claims of use of traditional medicinal plants (Tatiya et af., 2001;
Zafar et al., 2002) Pumpkin 1s one such plant that 1s frequently being used as food as well as
traditional medicine for long days.

The pumpkin, Cucurbita maxima Duchesne belongs to the family Cucurbitaceae. It 1s a large
climbing herb, annual or perennial. Its aerial part consists of flexible succulent stem with trifoliate
leaves (Kirtikar and Basu, 2003). Cucurbita maxima is widely cultivated throughout India and in
most warm regions of the world, for use as vegetable as well as medicine. Both of its fruits and the
aerial parts are commonly consumed as vegetable. However, the plant has been used traditionally
in many countries such as China, India, Yugoslavia, Brazil and America as antidiabetic, antitumor,
antihypertensive, anti-inflammatory, immunomodulatory and antibacterial agents (Fopovie, 1971;
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Jia et al., 2003; Adolfo and Michael, 2005; Caili ef al., 2006). Popularity of pumpkin in various
traditional system of medicine for several ailments focused the investigators’ attention on this plant.

The fruit pulp and seeds of Cucurbita maxima have widely been studied for antidiabetic
activity. Diabetes mellitus is a chronic metabolic disorder, characterized by fast elevation of blood
sugar level. It is a growing public health concern worldwide, causing severe and costly
complications including blindness, cardiac and kidney diseases. Synthetic hypoglycemic agents are
often found to possess serious side effects, which necessitate the search for suitable antidiabetic
agents from plant source (Marles and Farnsworth, 1995). A daily supplement, of pumpkin fruit
powder was found to reduce blood glucose levels significantly (p<0.01) in the 20 NIDDM diabetics
{(Chen et al., 1994). The hypoglycemic chemicals of pumpkin include polysaccharides from the fruit
pulp, oil from ungerminated seeds and protein from germinated seeds (Zhang and Yao, 2002a,b;
Xiong, 2000; Cai ef af., 2003). Isolation of several phytochemicals including polysaccharides,
phenolic glycosides, 13-hydroxy-97, 11E-octadecatriencic acid from the leaves of pumpkin has been
reparted (Caili et al., 2006). In addition, preliminary phytochemical study showed the presence of
flavonoid in the aerial parts of Cucurbita maxima. Number of studies showed potent antidiabetic
activity of flavonoids isclated from wvarious plants (Vessal et al., 2003; Matsuda et al., 2002,
Aslan et al., 2007; Kamalakkannan and Prinee, 2008). Accordingly the present study was carried
out to evaluate the antidiabetic activity of aerial parts of Cucurbita maxima Duchesne methanol
extract. (MECM) on streptozotocin (STZ) induced diabetic rats,

MATERIALS AND METHODS

Plant material: The aerial parts of C. maxima was collected in June 2009, from Khardah, West
Bengal, India and identified by the Botanical Survey of India, Howrah, India. A voucher specimen
(PICM/2/09) was retained in our laboratory for further reference.

Preparation of plant extract: The aerial parts were dried and powdered in a mechanical
grinder. The powdered material was extracted with methanol using soxhlet apparatus. This extract
was filtered and concentrated in vacuo and kept in a vacuum dessicator for complete removal of
solvent. The yield was 11.49% w/w with respect to dried powder. Aqueous suspension of MECM was
prepared using 2% (vhv) Tween-80 and used for oral administration.

Animals: Healthy Wistar albino rats (160 g+20) were used for the present study. They were
maintained at standard laboratory conditions and fed with commercial pellet diet
{(Hindustan Lever, Kolkata, India) and water ad Zibitum. The animals were acclimatized to
laboratory condition for one week before commencement of experiment. The experiments were
performed based on animal ethics guidelines of University Animals Ethics Committee,

Acute toxicity study: Healthy Wistar albine rats (160 g+20) of either sex, starved overnight,
were divided into five groups (n =4). Group [-IV animals were orally fed with MECM 1n increasing
dose levels of 0.5, 1.0, 1.5 and 2.0 g kg™' b.wt, while group V {(untreated) served as control. The
animals were observed continuously for first 2 h for any gross change in behavioral, neurological
and autonomic profiles or any other symptoms of toxicity and mortality if any and intermittently
for the next 6 h and then again after 24, 48 and 72 h for any lethality or death. One-tenth and
one-fifth of the maximum safe dose of the extract tested for acute toxicity were selected for the
experiment (Ghosh, 1984).
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Induction of experimental diabetes: A freshly prepared solution of STZ (50 mg kg™) in ice-cold
citrate buffer (0.1 M, pH 4.5) was injected intraperitoneally to the overnight fasted rats
{Brosky and Logothelopoulos, 1969). After 72 h of STZ administration, the blood glucose levels were
measured and the rats showing blood glucose level>200 mg dL~! were considered to be diabetic and
were used for the present study.

Study on STZ induced diabetic rats: Healthy male Wistar albino rats were divided into five
groups (n = 6). Treatment was made for 14 days. Group I: normal rats received only vehicle. Group
IT, TIT, IV and V contained STZ induced diabetic rats. Group II received only vehicle and served
as diabetic control group. Group III and IV were administered with MECM, 200 and 400-mg kg™
b.wt. respectively orally; while Group V was treated with the reference drug, Glibenclamide
(0.5 mg kg™ b.wt. p.o.).

Testing of fasting blood glucose level: The fasting blood glucose (FBG) level of each animal
was monitored on days 0, 4, 8 and 15. Drop of blood was collected from the tip of the tail vein of
each rat and FBG level was measured using One Touch Glucometer, Horizon, from Lifescan,
Johnson and Johnson Company.

Estimation of biochemical parameters: On 15th day blood samples were collected from the
retro-orbital plexus of the rats and serum was separated for the biochemical estimations of serum
glutamie pyruvate transaminase (SGPT), serum glutamic oxaloacetate transaminase (SGOT)

(Reitman and Frankel, 1957), alkaline phosphatase (ALP) (Kind and King, 1954). All the analysis

were performed using commercially available kit from Span Diagnostics Ltd.

Evaluation of antioxidant properties: After collection of blood, all the animals were sacrificed
by euthanasia. Liver, kidney and pancreas were collected from the rats of different groups for the
estimation of the tissue lipid peroxide (LPQ) (Ohkawa et al., 1979), reduced glutathione (GSH)
(Ellman, 1959) and Catalase (CAT) (Luck, 1963) levels for the antioxidant study.

Histology: After sacrificing the rats, parts of pancreas, liver and kidney tissues were collected for
the histological studies as well. The tissues were washed in normal saline and fixed by using
fixative (picric acid, 40% formaldehyde and glacial acetic acid) for 24 h and dehydrated with
aleohol. All tissues were cleaned and embedded in xylene and paraffin. Sections were prepared and
then stained with the basic dye haematoxylin and the acid dye eosin for photomicroscopic
observation.

Determination of total phenolic compounds in the extract: The amount of total phenolic
compounds in MECM was determined using Folin-Ciocalteu’s reagent and sodium carbonate
solution and the absorbence was measured at 760 nm (Slinkard and Singleton, 1977). A calibration
curve of standard pyrocatechol was prepared and the results were expressed as mg of pyrocatechol
equivalents /g of dry extract.

Determination of total flavonoid content in the extract: The total flavonoid content of

MECM was determined spectrophotometrically (Quettier-Deleu et al., 2000). Briefly 0.5 mL™ of
2% aluminium chloride in ethanol was mixed with same volume of extract (1.0 mg mL™).
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Absorption readings at 415 nm were taken after 1 h against a blank (ethanol). The total flavonoid
content was determined using a standard curve with quercetin (0-50 mg L™"). The mean of three
readings was used and expressed as mg of quercetin equivalents/ g of dry extract.

Statistical analysis: Values were presented as meantSEM. Data were statistically evaluated by
one-way analysis of variance (ANOVA) followed by post hoe Dunnett’s test using SPSS software.
p-values less than 0.01 were considered as statistically significant.

RESULTS

In acute toxcity study, MECM did not show any mortality or toxic effect upto the dose of
2 g kgt b.owt. accordingly 200 and 400 mg kg™ b.wt were taken as low and high dose of MECM for
the experiment.

The elevated FBG levels in STZ induced diabetic rats were found to be lowered by MECM
treatment upto 60.88 and 67.79% at the dose of 200 and 400 mg kg™’ b.wt respectively (Tablel).

After 14 days experiment, the levels of serum enzymes such as 5SGOT, SGPT and ALF were
significantly elevated in the diabetic control groups, while these were resettled to normal level after
supplementation with MECM (200 and 400 mg kg™ and glibenclamide (0.5 mg kg™ (Fig.1).

As shown in Table 2, lipid peroxide level in liver, pancreas and kidney tissue was increased
significantly in STZ induced diabetic rats as compare to those of normal group and these were
reduced significantly (p<0.001) after supplementation with MECM. In the STZ induced diabetic
control animals, the GSH content was found to be reduced, which was restored to be near normal
upon MECM supplementation (Table 3). Similarly catalase activity was reduced with respect to
normal control animals; however, both of these were improved in MECM treated group almost like
those of the standard drug treated animals (T able 4).

Regarding histological examination of liver, kidney and pancreas tissue, in the diabetic control
group, degeneration and necrosis of the tissues were observed in the diabetic groups animals.
However, these histopathological changes were found to be restored to the near normal by
treatment with MECM. Liver sections of treated rats showed almost complete recovery with little
damage in central vein by supplementation with MECM (Fig. 2), damaged glomerulous and cell
necrosis in case of kidney sections were recovered to near normal (Fig. 3) while, pancreas sections
of MECM treated rats showed dense islets with normal, regular and well arranged cells (Fig. 4).
These substantiate the other results of the experiment indicating the potent antidiabetic activity
of MECM.

Table 1: Effect. of Methanol extract of C. maximae (MECM) on fasting blood glucose (FBG) level of control and STZ diabetic rats
Mean Serum FBG level=SEM (mg dL %)

Groups Day 0 Day 4 Day 8 Day 15 % Change
NormalControl 82.45+1.09 81.30+2.09 81.08+1.13 83.16+1.38 0.81
Diabetic control 260.30+0.422* 310.35+7.26%% 305.33+3.603*% 206.65+2.463*% 13.96
MECM (200 mg kg™ 251.33+4.59 160.50+4 755" 100.17+3.32%" 98.33+3.74%" -60.88
MECM{400 mg kg™1) 253.0045.34 108.83+3.78> 98.33+4.15%" 81.50+2.83%" -67.79
Glibenclamide(0.5 mg kg™  260.85+7.42 230.33+4.43%" 167.03+2.91%" 93.06+2.78%" -64.30

Values are Mean+SEM; n = 6 in each group. Treatment was done for 14 days. *Diabetic control group vs normal control group, #p<0.001,
*Treated groups vs. diabetic cantrol group, *p<0.001; where the significance was performed by Oneway ANOVA followed by post hoc

Dunnett’s test

580



Fes. J. Med. Flant, 5 (5): 577-586, 2011

Table 2: Effect. of Methanol extract of C. maxime (MECM) on tissue lipid peroxide (LPO) levels in control and STZ diabetic rats

Groups

LPO level mM/mg wet tissue)

Pancreas

Liver

Kidney

Normal Control
Diabetic Control

MECM (200 mg kg™t)
MECM (400 mg kg™

125.80+ 2.60

300.08+5.70°%
172.53+2.52"
124.3242. 17"
145.32+2.60%™"

210.29+0.90

390.40+1.08%%
282.5843.45°"
188.85+2.795"
236.88+0.620"

208.43+0.32

323.2420.73%%
229.87+2.16%"
196, 77+2. 708"
210.29+0.46%™

Glibenclamide(0.5 mg kg™)
Values are MeantSEM; n = 6 in each group. Treatment was done for 14 days. *diabetic control group vs normal group, ®p=0.001, *'Treated

group vs diabetic control group, " p=0.001; where the significance was performed by Oneway ANCOVA followed by post hoe Dunnett’s test

Table 3: Effect of Methanol extract of C. maxtma (MECM) on tissue reduced Glutathione (GSH) levels in control and STZ diabetic rats

GSH level (ng/mg wet tissue)

Groups Pancreas Liver Kidney
Normal Control 21.88+0.28 69.10+0.80 22.14+0.16
Diabetic Control 9.04+0.205# 24.00+0.33>% 11.28+0.265%
MECM (200 mg kg™ 14.48+1.09°" 44.95+2.27°" 18.78+£1.00%
MECM{400 mg kg™1) 17.98+0.73%" 57.64+1.50°" 21.22+0.54"
Glibenclamide(0.5 mg kg™) 18.00+0.16" 66.31+0.54°" 20.51+0.33%"

Values are MeantSEM; n = 6 in each group. Treatment was done for 14 days. ? diabetic control group vs normal group, ®#p<0.001, *Treated
group vs diabetic control group, “p=<0.001; where the significance was performed by Oneway ANOVA followed by post hoc Dunnett’s
test

Table 4: Effect. of Methanol extract of C. maxime (MECM) on tissue Catalase (CAT) levels in control and STZ diabetic rats

CAT level (uM of H:O¢ decomposed/min/mg wet tissue)

Groups Pancreas Liver Kidney
Normal Control 0.55+0.04 3.98+0.29 1.78+0.20
Diabetic Control 0.25+0.015# 1.25+0.065% 0.41+0.052%
MECM (200 mg kg™ 0.41+0.03>" 2.21+0.06" 1.45£0.04%™"
MECM (400 mg kg™ 0.63£0.02%" 3.89+0.05%" 1.79+0.03%""
Glibenclamide(0.5 mg kg™ 0.53£0.03>" 3.0520.30 1.40+0. 155"

Values are Mean+SEM; n = 6 in each group. Treatment was done for 14 days. * diabetic control group vs normal group, *p<0.01,
#p=0.001, ¥ Treated group vs. diabetic control group, * p<0.01, ™ p=0.001; where the significance was performed by Oneway ANOVA
followed by post hoc Dunnett’s test

3007 ak mNormal control (2% tween 80

b,* ODiabetic control
BMECM (200 mg kg )

200 BMECM (400 mg kg )
= OGlibenclamide (0.5 mg kg ')
= a#

1001

b,* b,*

SGPT SGOT ALP

Fig. 1. Effect of MECM on biochemical parameters of STZ induced diabetic rats: Values are
Mean£SEM; n =6 in each group. Treatement was done for 14 days. *[iabetic control group
vs normal control group, #p<0.001, "Treated groups vs diabetic contrel group, *p<0.001;
where the significance was performed by Oneway ANOVA followed by post hoc Dunnett’s
test
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Histological examinations of 14 days experimental rat pancreas: Pancreatic sections of
normal rats (a) showed dense langerhans i1slets with well preserved cytoplasm and nucleus.
Pancreatic sections of STZ intoxicated rats (b) showed loss of cell integrity and islets mass,
damaged 1islets, acini degeneration and polymorphonuclear leucocytes infiltration.
Pancreatic sections of low dose and high dose MECM treated rats (¢ and d) depicted the
gradual improvement. in islet mass and cell integrity. Pancreatic sections of glibenclamide
treated animals (e} showed normal tissue architecture with light damage

Histological examinations of 14 days experimental rat kidney: Kidney section of normal
rats {a) showed the cortex and medulla portion with lot of well packed glomerulous and
well arranged tubules. Kidney section of diabetic control group (b) showed damage cells
with hypertrophy and necrosis and derangement of cells with glomerulosclerosis. Kidney
section of low dose and high dese MECM treated rats (¢ and d) depicted improvements as
compared to those of diabetic control group, with respect to hypertrophy and necrosis of the
glomerular cells. Kidney section of glibenclamide treated rats (e) showed the complete
recovery of the damage
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Fig. 4. Histological examinations of 14 days experimental rat liver: Liver section of normal rats
{a) showed the well arranged cells and clear large central vein, cytoplasm and nucleus are
well preserved. Liver section of diabetic conrol group (b) showed the complete destruction
of hepatocytes, degeneration of central vein, fatty degeneration, loss of cell structure and
damage in cell membrane. Liver section of low dose and high dose MECM treated rats
{c and d) revealed more or less well arranged hepatocytes, with clear central vein and
absence of necrosis. Liver section of glibenclamide treated rats (e) showed complete
recovery of hepatocytes and well arranged cells surrounding the cenral vein

The total phenolic and flavonoid content of the extract were found to be 42.00+£0.46 mg
pyrocatechol equivalent/g dry extract and 26.50+£0.80 mg quercetin equivalent /g dry extract.

DISCUSSION

Streptozotocin, a glucose analogue (2-deoxy-2-(3-methyl-3-nitrosuuredio)-D-glucopyranose),
is a potent diabetogenic agent and widely used for inducing diabetes in a variety of animals by the
selective degeneration and necrosis of pancreatic cells (Merzouk et al., 2000; Elsner et al., 2000),
The present data indicated that MECM significantly reduced the elevated fasting blood glucose
level with respect to those of diabetic control animals. This antihyperglycemic action may be
attributed to the potentiation of pancreatic secretion of insulin from the existing or regenerated
cells of islets and its action or to the extrapancreatic mechanisms like enhanced transport of blood
glucose to peripheral tissue, increased peripheral utilization of glucese via different enzymatic
pathways or inhibition of intestinal absorption of glucese, similar to the studies reported in earlier
cases (Palanichamy et al., 1988; Shanmugasundaram et al., 1981; Jasmine and Daisy, 2007a, b;
Saha et al., 2008; Okckon et al., 2007).

Serum enzymes including, serum glutamic oxaloacetic transaminase (SGOT), serum glutamic
pyruvic transaminase (SGPT) and alkaline phosphatase (ALP) are used in the evaluation of hepatic
disorders. Serum enzyme levels were significantly raised to high values in diabetic control animals,
reflecting active liver damage or inflammatory hepatocellular disorders (Foreston et «l, 1985,
Mohamed et al., 2009). Treatment with MECM, like Glibenclamide, caused significant reduction

in the activities of these enzymes to normal level, showing the protective effect of the extract.
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Hyperglycema 1s reported to increase oxidative stress through free radical formation
{Trachtman et al., 1993; Ashok ef al., 2010). Endogenous oxygen free radicals scavenging enzymes
can respond to such conditions of oxidative stress in diabetes with a compensatory mechanism.
Concentration of lipid peroxides was increased in liver, kidney and pancreas of diabetic rats,
indicating an increased free radical generation and/or exhaustion of endogenous antioxidant
system. The present finding showed significant attenuation of the lipid peroxide level by the
treatment of MECM as well as glibenclamide. Eeduced glutathione is a potent free radical
scavenger. Its depletion in diabetic amimals indicates high oxidative stress, which was however
recovered in the liver, pancreas as well as kidney of the extract treated animals. Catalase 1s
involved in the elimination of H,O, and plays a vital role in cellular stress reduction
{Brioukhanov and Netrusov, 2004). Treatment of MECM increased the enzyme level in the tissues
of liver, kidney and pancreas and thus may help to minimize the free radical generation and hence
oxidative stress in diabetes. Therefore the recovery of the antioxidant status of diabetic rats by
treatment with MECM reveals the antioxidant property of MECM by which it can significantly
reduce the imbalance hetween the free radical generation and endogenous antioxidant system. This
may be beneficial for minimizing the complications of the disease.

The above antihyperglycemic and antioxidant properties of MECM were supported by the
comparative histopathological studies of pancreas, liver and kidney tissues of diabetic control
animals as well as extract and standard drug treated animals. Diabetic rats showed reduced
number of islet cells which were restored to near normal upon treatment with the extract as was
found in the histology of the tissues of treated group animals and that substantiates the
cytoprotective action of the extract in diabetic condition. Similar protective effects were observed
in case of kidney and liver tissues of the treated groups as well.

CONCLUSION

From the present investigation, therefore, it can be concluded that MECM supplementation is
quite beneficial in controlling the blood glucose level. In addition, it possesses potent antioxidant
properties, which is useful to reduce the oxidative stress in diabetes and hence may have a
protective role on complications associated with diabetes. Hence the aerial parts of C.maxima
methancl extract can be considered as a potent source of antidiabetic and antioxidant agents, which
may be due to the presence of flavonoids, polyphenolic or polysaccharides in the extract. Further

studies are ongoing to isolate the bioactive principle(s) from it.
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