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Abstract — Fresh unripe whole fruits of Luffa muberosa (Roxb.) or Momordica tuberosa (Roxb) Cogn.
(Cucurbitaceae) were evaluated for the antidiabetic and hyperlipidemic potential in streptozotocin (STZ) induced
diabetic rats. Diabetes was induced by administration of intra-peritoneal injection of streptozotocin at a dose of
55 mg/kg body weight. After the induction of diabetes aqueous extract of L.tuberosa (AELT) was administered
orally at doses of 250 and 500 mg/kg. body weight/day for a period of 14 days. The Fasting blood glucose (FBG)
levels, serum insulin levels, changes in body weight, food and liquid intake were measured. In diabetic rats, the
AELT exhibited significant reduction in blood glucose levels. Biochemical assay of plasma total cholesterol (TC),
triglyceride (TG), high-density lipoprotein cholesterol (HDLc), low-density lipoprotein cholesterol (LDLc),
glycogen content and glucose-6-phosphatase activity in liver were assessed. Antihyperlipidemia in diabetic rats
after the extract supplementation was confirmed by significant reduction in the levels of above mentioned
hyperlipidemic indicators. This study focus on the efficacy of L.tuberosa fruits for the management of
experimental STZ induced diabetic rats and provides the scientific basis of ancient herbal therapy and use of these

fruits as vegetable.
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Introduction

Hyperglycemia and hyperlipidemia are two important
characters of Diabetes mellitus, an endocrine disorder
based disease. In modem medicine, no satisfactory effective
therapy is still available to cure diabetes mellitus (Ghosh
et al, 2001). Though the pharmaceutical drugs like
sulfonylureas and biguanides are used for the treatment of
diabetes, but these are either too expensive or have
undesirable side effects or contraindications (Berger ef al.,
1985; Rang and Dale, 1991). Diabetes is the leading
cause of noncongenital blindness among adults aged 20 to
70 years, the leading cause of kidney failure, it doubles
the risk of heart disease, gangrene of the extremities and
there is a clinical recognition of cataract as a diabetic
complication (Job et al., 1975; Piters ef al., 1975). The
most common conventional treatment for diabetes is
insutin, which has prominent side effects. Neither insulin
nor other modern pharmaceuticals have been shown to
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modify the course of diabetic complications (Grover ef
al., 2002)

The field of herbal medicine research has been gaining
significant importance in the last few decades and the
demand to use natural product in the treatment of diabetes
is increasing worldwide. The available literature shows
that there are more than 400 plant species showing
antidiabetic activity (Rai et al., 1995; Mukharjee et al.,
1981). Although some of these plants have great reputation
in Ayurveda, the indigenous Indian system of medicine,
many remain to be scientifically established (Marles et
al., 1995).

Luffa tuberosa (Roxb) or Momordica tuberosa (Roxb)
Cogn family (Cucurbitaceae) is perennial monocious trailing
plant, with large turnip shaped tuberous root stock and
synonymously called Momordica cymbalaria Hook. F
(Fenzl). The other members of the same genus M
charantia Linn, and M. foetida Schum and Thonn are
well known for their hypoglycemic activity (Leatherdale
et al., 1981; Akhter et al., 1981). L. tuberosa found in the
south Indian states of Karnataka, Andra pradesh, Madhya
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pradesh, Maharastra and Tamil Nadu as a weed. This
species has been transferred to the genus Luffa from
Momordica by (Chakravarty, 1959). Fruits of L. tuberosa
are routinely used as a vegetable, and also for the
treatment of diabetes mellitus by the local people
{Kameshwara Rao et al., 1999). A study shows that the L.
tuberosa fruits contains higher amount of nutritional
values than bitter gourd (Momordica charantia) (Parvathi
et al., 2002) .

The present aim of this work is to explore the scientific
basis of the utility of L. fuberosa fruit extract for
ameliorating hyperglycemia and hyperlipidemia in strep-
tozotocin induced diabetic rats.

Experimental

Chemicals — Streptozotocin (STZ) is obtained from the
Sigma Chemical Company, St. Louis, MO, (USA). All
other chemicals and reagents used were of analytical
grade.

Plant material — Green, Unripe fresh whole Fruits of
Luffa tuberosa (Roxb.) were collected from Gadag district
of North Karnataka, India and surrounding areas in the
month of November and identified by taxonomist of
Central National Herbarium (CAL), Botanical Survey of
India (B.S.I.), Botanical Garden, Sibpur, Howrah. (No.
CNH/I-1 (52)/2004-Tech 11/706). Dated 17-06-2004. A
voucher specimen of the whole plant is deposited in the
herbarium of the department for future references.

Preparation of aqueous extract—The fresh unripe
fruits of L. fuberosa were dried in an incubator for 2 d at
40 °C, crushed in an electrical grinder and then powdered.
500 g was suspended in redistilled water in a ratio of 1 : 5
and extracted (4 h, 2 times). A deep orange aqueous extract
was obtained. The combined fractions are then filtered
using Whatman filter paper and the filtrate is dried at
reduced pressure at a temperature of 40 °C and lyophilized.
It is stored at temperature of (0-8) °C until used. When
needed, the residual extract was suspended in distilled
water and used in the study. Phytochemical screening of
extract has shown the presence of glycosides, alkaloids,
phenols tannins, carbohydrates and amino acids.

Animals — Male Wister albino rats weighing between
180-230 g were obtained from the animal house, Indian
Institute of Chemical Biology (IICB), Kolkata, India. The
animals were grouped and housed in polyacrylic cages
(38 x 23 x 10 cm) and maintained under standard laboratory
conditions at a temperature 24 + 2 °C. with 12 h dark and
light cycle. They were allowed free access to standard
pellet diet (Hindustan Lever, Kolkata, India) and water
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ad-libitum. The rats were acclimatized to laboratory
condition for 7 days before commencement of experiment.
All procedures described were reviewed and approved by
the University Animals Ethical Committee.

Acute oral toxicity studies — Male Albino mice of 10
animals per group and weighing between 20 and 25 gm
were administered graded doses (100-5000 mg/kg body
weight, p.o) of the aqueous extract of Luffa tuberosa
(AELT). After administration of AELT the mice were
observed for toxic effects during 24 h of treatment. The
toxicological effects were observed in terms of mortality
expressed, as LDs,. The number of animals dying during
a period was noted (Ghosh ef al., 1984). The LDs, of the
extract was calculated by the method of Litchfield and
Wilcoxon (Litchfield and Wilcoxon, 1959).

Induction of experimental diabetes — After one week
of acclimatization, the rats were subjected for a 16 h fast.
Diabetes was induced with a single 1.p. injection of Strep-
tozotocin (STZ) at a dose of 55 mg/ml/kg body weight.
The STZ was freshly dissolved in citrate buffer (0.01 M,
pH 4.5) (Bolkent ef al., 2000). Hyperglycemia was confir-
med by the elevated glucose levels determined by
measuring fasting blood glucose (FBG) at 72h and on
day 7 after injection and the diabetic rats exhibiting blood
glucose levels in the range of 275 to 300 —mg/dl were
selected for the study.

Experimental design — In the experiment, a total of 40
rats (8 normal; 32 STZ induced diabetic rats) were used.
The rats were divided into five groups of eight animals
each. Group I: (Normal Control), received normal saline
solution 1 ml/kg. Group II: STZ diabetic control, Group
III: STZ + AELT 250 mg/kg; Group IV: STZ + AELT 500
mg/kg and Group V: STZ+ Glibenclamide 0.25 mg/kg
for 14 days.

The extracts and the standard drugs were administered
for 14 days from the day of induction. FBG was estimated
on overnight fasted rats on day 1, and on an interval of 5
days, food and fluid intake amount and changes in body
weights were also measured. After 14 days of treatment
all the rats were sacrificed by decapitated after fasting for
16 h and blood was collected from dorsal aorta and used
for the estimation of blood glucose. Serum was separated
by centrifugation at 3000 x g for 5 min kept at —20 °C for
the determination of insulin, biochemical assay of total
cholesterol (TC), (one step method of Wybenga and Pileggi
for total cholesterol) and triglycerides (TG) (Enzymatic
method, GPO/Trinder, End point Colorimetry for trigly-
cerides, Span diagnostics) Blood glucose levels were
determined using glucometer (One Touch Ultra blood
glucose monitoring system from Lifescan, Johnson and
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Johnson Company, Milpitas, CA). liver and skeletal muscle
glycogen were estimated (Nicolas, 1956) and for serum
insulin assay following ELISA technique.

Liver and skeletal muscle of rats were dissected out and
stored at —20 °C until used for biochemical estimations of
liver and muscle glycogen, and liver glucose-6-phosp-
hatase activity. Prior to sacrifice, the body weight of all
the animals were recorded.

Biochemical assay of glucose-6-phosphatase activity —
The liver glucose-6-phosphatase activity was measured
according to Swanson. (Swanson MA. 1955) Tissue was
homogenized in ice-cold phosphate buffer saline (0.1 M,
pH 7.4) at the tissue concentration of 50 mg/ml. In a
calibrated centrifuge tube, 0.1 ml of 0.1 M glucose-6-
phosphate solution and 0.3 ml of maleic acid buffer (0.05
M, pH 6.5) were taken and brought to 37 °C in water bath
for 15 min. The reaction was stopped with 1 ml of 10%
TCA followed by chilling in ice and centrifuged at 3000 x
g for 10 min. The optical density was measured at 340 nm.
The enzyme activity was expressed as mg of inorganic
phosphate liberated per g of tissue.

Serum lipoprotein cholesterol — Serum LDILc and
VIDLc were measured according to the method of
Friendwald et al. (1972) and other lipoprotein cholesterol
Such as HDLc was measured by the method of Burstein
et al. (1970).

Statistical analysis — Data were expressed as Mean +
SEM for 8 rats in each group. The biochemical para-
meters were analyzed statistically using one-way ANOVA,
followed by Dunnett’s multiple comparison test. The
minimum level of significance was fixed at P <0.05.

Results and Discussion

Oral administration of AELT at doses of 250 and 500
mg/kg body weight and glibenclamide (0.25 mg/kg) were
able to reverse hyperglycemic and hyperlipidemic effect
in streptozotocin-induced diabetic rats as indicated by
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various biochemical parameters. There was a significant
elevation of FBG levels in Streptozotocin-treated rats with
respect to control group (P <0.001). Administration of
AFLT significantly reduced FBG levels in STZ induced
diabetic rats (Group III to V) and brought the FBG values
near to the control level. The results were shown in Table
2 and were found statistically significant.

The body weight, food and liquid intake were measured
and summarized in Table 1. The initial body weight were
almost similar in normal and diabetic groups, whereas the
final body weights were significantly (P <0.001) decreased
in diabetic control (Group IT) when compared with Normal
control (Group I). At the same time, AELT treated
diabetic rats (Group III and IV) showed no significant
difference in body weight compared to that of Normal
control (Group I). In case of diabetic rats treated with
AELT, after attaining a normal glycemic control the body
weight of the animals increased significantly, may be due
to improvement in insulin secretion and glycemic control
(Augusti et al., 1994; Anitha Devi et al., 2003). Food and
fluid intake amount were significantly (P <0.001) higher
in diabetic group than the normal (Table 1). Treatment of

Table 2. Effect of aqueous extract of L. tuberosa after 14 d
treatment on blood glucose level in STZ- induced male albino rats

fasting blood glucose level (mg/dl)

group {reatment days of AELT supplement
0 14
I Normal saline 834+7.14 87.08+£ 8.3
I STZ 3105£7.84  291.85+10.87

M STZ+AELT 306.5+11.2° 18645+ 11.3°
IV STZ+ AELT 304.6 + 7.8 125.8 + 9.66°
V  STZ+ glibenclamide  309.2 +£4.9° 102.80 + 4.06°

Each values represents mean = S.EM. (n = 8). ANOVA followed
by Dunnett multiple comparison Test: Mean with superscripts
Statistically significant, diabetic rats compared to normal and
treated rats compared to diabetic control. “P < 0.001, °P <0.01,
P <0.05,*NS, non significant.

Table 1. Effect of AELT on body weight, food and liquid intake in male albino rats

group body weight (g) food intake liquid intake
initial final (g/rat/Day) (ml/rat/day)
I normal saline 191.0+0.8 200.15+1.2. 11.31+0.13 16.19+0.14
Il STZ 197.8£2.1 174.1 +2.0° 15.77 £0.31¢ 30.05 £ 0.74°
m STZ + AELT 1909+25 2032+2.5° 14.74 £ 0.45* 24.78 +0.34
v STZ + AELT 200.7 +2.7 2112+3.1° 13.15+0.26 22204037
A STZ + glibenclamide 196.35 £2.06 2113 + 1.46" 12.54 + 0.45° 23.71 + 0.64°

Each values represents mean £ S.EM, (n=28). ANOVA followed by Dunnett multiple comparison Test: Mean with superscripts Statisti-
cally significant, diabetic rats compared to normal and treated rats compared to diabetic control. %P < 0.001, *P < 0.01, °P < 0.05, *NS, non

significant.
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Table 3. Effect of AELT after 14 d treatment on glycogen content and liver glucose-6-phosphatase activity in STZ-induced diabetic male

albino rats

glycogen content
{ug of glucose/mg of tissue)

glucose-6-phosphatase activity
(mg of Pi/g of hepatic tissue)

group treatment
liver skeletal muscle liver
I Normal saline 213+1.7 21.1+13 19.8 £1.3
1T STZ 12.4 + 0.45° 11.6+0.7° 30.08 +1.2¢
11 STZ + AELT 153+1.3° 14.5+0.74° 2354 1.4°
1\Y STZ + AELT 18.4+1.8° 17.16 £1.12% 18.0+1.4%
\Y% STZ + glibenclamide 20.5+2.1° 20218 192 +2.5%

Each values represents mean + S.EM, (n=8). ANOVA followed by Dunnett multiple comparison Test: Mean with superscripts Statisti-
cally significant, diabetic rats compared to normal and treated rats compared to diabetic control. “P < 0.001, *P < 0.01, °P < 0.05, *NS, non

significant.

AELT and glibenclamide brought food and liquid intake
nearer to the normal levels.

The serum insulin levels in diabetic group were
decreased significantly compared to the normal control
group of rats (P < 0.001). In diabetic rats the treatment of
AELT has significantly increased the reduced insulin
level. The effect of treatment of AELT on serum insulin
level in the normal and diabetic rats are represented in
Fig. 4.

Glycogen levels were significantly decreased in diabetic
rats in comparison to the control (P < 0.001) where as the
14-d treatment of AELT significantly increased the liver
glycogen levels in respect to the diabetic groups. The
effect is comparable to standard glibenclamide. Induction
of diabetes has shown a significant increase in Glucose-6-
Phosphatase activity in comparison to control. Supple-
mentation of AELT to the diabetic animals resulted in
significant reduction of these parameters and brought
back these levels to normal values (Table 3).

The mechanism of antidiabetic effect of AELT can be
predicted to the stimulation of residual pancreatic mecha-
nism, probably by increasing peripheral utilization of
glucose as per the finding of Erah PO (1996). Or by
significantly increasing the level of insulin thereby produ-
cing insulinogenic activity as postulated by Karunanayake
et al. (1984). The treatment with AELT enhanced the rate
of glycogenesis in hepatic and skeletal muscle glycogen
content indicating the enhancement of rate of glycogenesis.
Similar results were reported in alloxan induced diabetic
rats (Kameshwar Rao et al., 2003).

The effect of AELT on plasma total cholesterol (TC)
and triglycerides (TG) levels were shown in Fig. 1, Plasma
total cholesterol and triglyceride levels were significantly
elevated in diabetic groups in comparison to control
(P <0.001). Supplementation of AELT and glibenclamide
significantly reduced these parameters and the levels of

mg/di

TC TG
B normal saline
BW|STZ
STZ+AELT (250 mg

STZ+AELT (500 mg
B STZ+glibenclamide { 0.25 mg)

Fig. 1. Effect of AELT on serum total cholesterol and
triglycerides levels in rats.

Each values represents mean + S.E.M, (n =8). ANOVA followed
by Dunnett multiple comparison Test: Mean with superscripts
Statistically significant, diabetic rats compared to normal and
treated rats compared to diabetic control. “P <0.001, *P < 0.01,
P <0.05,*NS, non significant.

these parameters were resettled near the control levels.
Other hyperlipidemic parameters like serum L.DL and
VLDL concentrations were elevated in diabetic groups
and compared to control (Fig, 2). Treatment with AELT
decreased the levels of these parameters significantly in
respect to the corresponding diabetic groups and were
reset to the control level. In case of diabetic groups the
HDL level was decreased in respect to the control
(P <0.001). The supplementation of AELT for 14 days
lead to the increased levels of lipoproteins in serum
values close to the control levels. The TC/HDL and LDL/
HDL ratio of concentrations were significantly elevated in
diabetic groups in respect to the control (P <0.001) but
the treatment with AELT resulted in significant diminution
of these ratios resettled towards the control levels the
results are in comparison to glibenclamide (Fig. 3).
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Bl normal saline

STZ

STZ + AELT (250 mg)

B STZ + AELT (500 mg)

STZ +glibenclamide (0.25 mg)

Fig. 2. Effect of AELT on serum HDL¢, LDLc and VLDLc levels
in rats.

Each values represents mean £ S.EM, (n= 8). ANOVA followed
by Dunnett multiple comparison Test: Mean with superscripts
Statistically significant, diabetic rats compared to normal and
treated rats compared to diabetic control. “P <0.001, bp <0.01,
P < (.05, * NS, non significant.

mg/d!

Te¢ / HDLc ratio,

LDLc /HDLg ratio.

E normal saline

B|STZ

@ STZ+AELT (250 mg)

B STZ+AELT (500 mg)

B STZ+glibenclamide (0.25 mg)

Fig. 3. Effect of AELT on serum Tc/HDLc and LDLc/HDLc
ratios in rats.

Each values represents mean £ S.E.M, (n=8). ANOVA followed
by Dunnett multiple comparison Test: Mean with superscripts
Statistically significant, diabetic rats compared to normal and
treated rats compared to diabetic control. “P <0.001, *P <0.01,
°p <0.05,* NS, non significant.

The hyperlipidemic activity of L.fuberosa attributed to
the decrease in serum TC and TG levels after the
administration of the extract to the diabetic rats. This
effect may be due to decreased activity of the enzymes
involved in the biosynthesis of cholesterol and or dec-
reased level of lipolysis, which are under the regulation of
insulin (Sharma et al, 2003). The treatment of extract
also resulted in significant decrease in the level of L.DLc
and HDLc in serum towards the control levels, showing
the antihyperlipidemic efficiency of extract. Above this
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plU/mi
=

Serum insulin level

B normal saline

|STZ

STZ+AELT (250 mg)

@ STZ+AELT (500 mg)

| STZ+glibenclamide ( 0.25 mg)

Fig. 4. Effect of AELT on serum insulin levels in rats.

Each values represents mean + S.E.M, (n=8). ANOVA followed
by Dunnett multiple comparison Test: Mean with superscripts
Statistically significant, diabetic rats compared to normal and
treated rats compared to diabetic control. “P <0.001, bp <0.01,
°P <0.05, ¥ NS, non significant.

the extract also decreased the dyslipidemia (Elisaf ef al.,
1995), which is confirmed by decrease in the elevated
rates of LDLc¢/HLe and TC/HDLc ratio. The extra
pancreatic effects of the extract are focused by significant
recovery of glucose-6-phosphatase activity in liver and
the modulation of glucose absorption from the intestine.

The phytochemical studies carried out on the extract
has shown the presence of glycosides, alkaloids and
phenolic compounds which have been reported to have
major role in reducing oxidative stress associated with
diabetes, which in turn helps in the regulation of plasma
glucose concentration (Kako ef al., 1997; Abdel-Hassan
et al., 2000; Olmedilla ef al., 1991). Thus the significant
antidiabetic and antihyperglycemic activity of aqueous
extract of L.tuberosa fruits in our studies are attributed to
the phytoconstituents present in the fruits. We are in a
process of isolation of active constituents responsible for
antidiabetic activity of Luffa tuberosa.
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