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ABSTRACT

The incidence of diabetes mellitus is reportedly on the rise, especially in the developing countries, and
itis estimated that these countries will witness a 69% increase between 2010 and 2030. A high cost of
medical care of diabetes is forcing an increasing number of people into the use of herbal alternatives
for cure. Till now, so many researchers have evaluated many plants for their antihyperglycemic and
antihyperlipidemic activities. However, still, we are lacking to prepare effective ayurvedic dosage
form which can complete the allopathic drugs. This difficulty can be overcome using the synergism.
Synergism can be defined as the interaction or cooperation of two or more substances to produce
a combined effect greater than of their separate effects. Hence, in this present study, we therefore
assessed the combinatorial effect of the extracts of fresh fruit of Lagenaria siceraria and Eulophia herbacea
in diabetic rats. The significant reduction of glucose and lipid levels in combinatorial extracts was
superior as compared with the respective monotherapies. Finally, the combinatorial effect of extracts
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Introduction

Diabetes mellitus is a group of metabolic diseases characterized by
high blood sugar (glucose) levels that result from defects in insulin.
Normally, blood glucose levels are tightly controlled by insulin, a
hormones produced by the pancreas. Insulin lowers the blood glucose
level. When the blood glucose elevates (e.g., after eating food), insulin
is released from the pancreas to normalize the glucose level. In patients
with diabetes, the absence or insufficient production of insulin causes
hyperglycemia.!"! Diabetes is a chronic medical condition, called as
silent killer because it is often diagnosed too late on the damage may
already have been done. It impacts not only people with the disease but
also their families and costing societies heavily in treating many serious

complication that arise in undiagnosed or poorly rated diabetes.?!

The incidence of diabetes mellitus is reportedly on the rise, especially

in the developing countries, and it is estimated that these countries
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proved the hypothesis of the synergistic effect of selected plants.
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will witness a 69% increase between 2010 and 2030.[3]According to
the International Diabetes Federation (IDF), diabetes is turning out
to be bigger monster than aids. As for the recent statistics released
by IDF, every ten seconds, a person dies from diabetes-related causes
across the world. Every year 3.8 million people die of this disease,
and more than 246 million people ranging from 20 to 79 years live
with diabetes.™ the World Health Organization (WHO) estimates that
by 2025 as many as 200-300 million people worldwide will develop
diabetes.”! Pathogenesis of diabetes mellitus is managed by insulin
and oral administration of hypoglycemic drugs such as sulfonylureas
and biguanides.”’ Development of an adverse event is one of the
complications in the treatment of any systemic disorder; hence, many
of the research institutes and pharmaceutical companies are involved
in drug development to find the molecules with good therapeutic
potential and less adverse events.!® Toxicity of oral antidiabetic agents
differs widely in clinical manifestations, severity, and treatment.
The use of herbal medicines for the treatment of diabetes mellitus
has gained importance throughout the world. The WHO also
recommended and encouraged this practice, especially in countries,
where access to the conventional treatment of diabetes is not adequate.
There is an increased demand to use natural products with antidiabetic
activity due to the side effects associated with the use of insulin and
oral hypoglycemic agents. The available literature showed that there
are more than 400 plant species having hypoglycemic activity."”
Therefore, it is a need of the day to search other materials from natural
sources that are less toxic and less expensive and provides better safety

and efficacy on long use. Herbal medicines have been used for many
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years by different cultures around the world, for both the prevention
and management of diabetes. The concept of polyherbal is well
documented in the ancient literature. Compared to the single herb,
the combination has better and extended therapeutic potential ' It is
believed that the synergistic interactions between the constituents are
responsible for the therapeutic efficacy.!"' "' Hence, the present study
was planned to study the synergistic effect of a mixture of methanolic
extract of plants having known antidiabetic activity and evaluate its
therapeutic effects in rodents.

Materials and Methods

Plant collection and authentication

The plant material Eulophia herbacea Lindl., family — Orchidaceous,
was collected fromToranmal region, Nandurbar District, Maharashtra,
India, in July—August.

The second plant material Lagenaria siceraria was collected from local
farm of Satpuda region, Dhule district, Maharashtra.

The plants specimen of E. herbacea Lindl. and L. siceraria Mol. was
authenticated by Dr. D. A. Patil Sir, Department of Botany, SSV P S
College of Arts, Commerce, and Science, Dhule, Maharashtra.

Extraction using Soxhlet apparatus

Tubers of E. herbacea and fresh fruit of L. siceraria were crushed
separately. The crushed materials of both plants were defatted with
petroleum ether (60—800). Approximately 500 g of the defatted
material of each was extracted with methanol in several batches using
Soxhlet apparatus. After extraction by methanol, the crushed material
was removed from the thimble and dried. Final extracts were filtered
and concentrated under reduced pressure in a rotary flash vacuum
evaporator to get crude methanolic extract (CME) of both plants. The

dried extracts were then collected and preserved in desiccators.!"*""!

Experimental animals

Rats were chosen as it accumulates cholesterol in both the liver and
bloodstream somewhat more than mouse."! Lipids play an important
role in the pathogenesis of diabetes mellitus.!'” Most of the studies
were reported on Wistar rats. Hence, adult Wistar rat (150-200 g)
of cither sex was selected as experimental animal. The animals were
housed under standard conditions of temperature (22 * 1°C),
relative humidity (55 & 10%), and 12 h light/dark cycles and fed
with standard pellet diet and water ad libitum. The study protocol was
approved by the Institute Animal Ethics Committee of the Padmavathi
College of Pharmacy, Dharmapuri 1143/ac/07/CPCSEA/IACE/
Ph.D/118/12.

Acute toxicity studies

The procedure was followed using the Organization of Economic
Cooperation and Development guidelines. Overnight fasted rats
were used for the study. Rats were divided into three groups. CME
of LS and EH individually tested for the toxicity using defined doses
in increasing order (5, 50, 300, and 2000 mg/kg body weight) and
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combinatorial extractin 1:1 ratio for each defined doses were tested

scparatcly.m]

Optimization of diabetes mellitus in rats

Diabetes was induced in overnight fasted experimental animals (rats
of cither sex) by intraperitoneal injection of alloxan monohydrate
(150 mg/kg). After 48 h of alloxan injection, the blood sample
is withdrawn by retro-orbital method and blood glucose level is
determined to confirm diabetic. The diabetic-induced rats only
selected for the further study.!"

Experimental design

The above optimized diabetic rats were selected for the actual study.

Selected rats were divided into five groups. Each group consists of

six animals. The grouping of the experimental diabetic rats was done

as follows:

«  Group I: Alloxan monohydrate (150 mg/kg)

«  Group II: Alloxan monohydrate (150 mg/kg) + methanolic
extract of LS (300 mg/kg)

«  Group III: Alloxan monohydrate (150 mg/kg) + methanolic
extract of EH (300 mg/kg)

«  GroupIV: Alloxan monohydrate (150 mg/kg) + combinatorial
methanolic extract of LS and EH (mixture of 150 mg/kg of
EH and 150 mg/kg LS)

«  Group V: Alloxan monohydrate (150 mg/kg) + metformin
(150 mg/kg) n = 6 rats each.

The standard drug metformin and the extracts were suspended in
1% w /v carboxymethylcellulose and administered once daily through
oral gavage for 21 consecutive days. The blood samples were collected
on 1%, 7%, 14" and 21" days of the treatment, through the tail vein
of rats by pricking, and were immediately used for the estimation of
blood glucose with a glucometer. Weekly body weight variations were

monitored for all the experimental animals.

At the end of the experiment, the blood sample was withdrawn from
all the experimental animals through retro-orbital plexus puncture/
posterior vena cava in plain and sodium ethylenediaminetetraacetic
acid tubes for biochemical chemical estimation of glucose, cholesterol,
and triglycerides."

Statistical analysis of data

Data were expressed as mean ¥ standard error of the mean. Statistical
analysis was carried out with one-way ANOVA followed by Dunnett’s
multiple comparison test using GraphPad prism software. A level of
significance of P < 0.05 was considered as statistically significant.

RESULTS

Toxicity study of CME of plants

Acute toxicity studies did not show any mortality or symptoms of
toxicity up to 2000 mg/kg given as single oral administration. Hence,
the study was carried out at the dose levels of 300 mg/kg individually

g

and 150 mg/kg in extract combination.
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The data presented in Table 1 represent the blood glucose levels,
total cholesterol level, and triglyceride levels of diabetic control rats,
extract-treated diabetic rats, and standard drug (metformin)-treated
diabetic rats. The levels of diabetic control rats showed hyperglycemia
in comparison to normal glucose levels. Figure 1 represents that
mean blood glucose level in the diabetic control group on 21* day
was 170 £ 2.95 mg/dl. The mean blood glucose level in the extract
treated groups, i.e.,, CME of L. siceraria (300 mg/kg) and CME of
E. herbacea (300 mg/kg) observed on the 21* day was 127 £ 3.46
and 124 % 2.00, respectively. Furthermore, it was observed that the
standard drug metformin lowered the blood glucose level significantly,
bringing it below the normal level up to 103 £ 3.31, whereas the
combinatorial of CME of L. siceraria and E. herbacea-treated group
significantly (P < 0.0001) decreased the fasting blood serum glucose
level in the diabetic rats on 21* days to 109 £ 2.89, as compared to
the diabetic control group.

Effects of CME extract on lipid profile in diabetic
rats

The induction of diabetes caused a significant increase in triglycerides,
total cholesterol, and low-density lipoprotein-cholesterol
concentrations (Table 1). Figures 2 and 3 represent that the
administration of CME of LS and CME of EH at dose of 300 mg/kg
individually in Groups II and III significantly reversed the situation
by decreasing the serum total cholesterol (P < 0.0001) to 149 *
4.54 and 144 £ 2.40, respectively, in comparison to diabetic control
group, i.e., 207 £ 2.35, whereas the triglyceride level to 139 £ 2.85
and 145 £ 1.40, respectively, comparison to diabetic control group,
i.e., 233 £ 6.00. Similarly, more significant reduction in the total
cholesterol level in combinatorial extract-treated group and standard
control group of metformin was noticed. Combinatorial extract-
treated group shows better reduction in the total cholesterol level
and triglyceride level to 136 £ 1.27 and 118 % 1.30, respectively,
than that of individually extract-treated groups. Finally, it is confirmed
that methanolic extract of LS and EH is effective in the prevention of
diabetic mellitus and hyperlipidemia. Hence, the synergistic effect at
the lesser concentration of the methanolic extract of both plants in
1:1 ratio was notified.

Discussion

The combinatorial mixture was prepared using the methanolic
extract of the fresh fruit of L. siceraria and the tubers of E. herbacea in
combination of 1:1 ratio. The antidiabetic activity of individual plants
has been proven. The methanolic and aqueous extracts of E. herbacea

Table 1: Various serum parameters in alloxan-induced diabetic rats

Groups

at the dose of 200 mg/kg and 400 mg/kg in alloxan-induced diabetic
rats were reported.”!l Antidiabetic activity of L. siceraria pulp extract

and seed extract was evaluated in alloxan-induced diabetic rats.!*”!

In the modern era, herbal formulations have gained greater importance
than ever before, mainly due to their efficacy and easy availability as
well as less side effects as compared to the synthetic drugs.”* These
advantages have led the people to move toward herbal preparations,
for disease treatment and prevention, as they are claimed to display
synergistic, potentiative, and agonistic/antagonistic actions, and
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Figure 1: Effect of various extract on serum glucose level in alloxan-induced
diabetic rats
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Figure 2: Effect of various extract on cholesterol levels in alloxan-induced
diabetic rats

1 Diabetic control

2 CME 300 mg/kg of LS

3 CME 300 mg/kg of EH

4 CME of EH and LS (150 mg/kg of LS and EH each)

5 Metformin

Blood glucose Total Triglyceride
cholesterol
170%2.95 207%2.35 233+6.00
1271+3.46 149+4.54 13912.85
12412.00 14412 .40 145+1.40
109£2.89 136%1.27 118%1.30
1031+3.3.1 138+1.61 106+1.58

Data expressed as mean + standard error of the mean (n=6). The data were analyzed using one-way ANOVA followed by Dunnett’s multiple comparison test compared to the diabetic control group. CME: Crude methanolic extract
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Figure 3: Effect of various extract on triglyceride levels in alloxan-induced
diabetic rats

the mixture of species in them shows better therapeutic effect than
cither species on its own.” The concept of polyherbalism has been
highlighted in Sharangdhar samhita, an Ayurvedic literature dating back
to 1300 AD."” Polyherbal formulations enhance the therapeutic action
and reduce the concentrations of single herbs, thereby reducing the

adverse events.

Numerous studies have found that the blood glucose level
increased significantly in animals that were injected with
alloxan. 1?7 Hyperglycemia was induced in experimental overnight
fasted rats by single intraperitoneal injection of freshly prepared
alloxan monohydrates in normal saline (150 mg/kg) body weight. The
serum glucose levels were estimated to confirm the hyperglycemia

after 48 h injection."

Itis well established that alloxan administration to experimental rats
selectively causes pancreatic cell membrane disruption and ultimately
cytotoxicity after its intracellular accumulation.”® Alloxan causes a
massive destruction of B-cells of the islets of Langerhans, resulting
in reduced synthesis and release of insulin.”” Hyperglycemia is
a marker symptom of diabetes. It is well known that, during the
evolution of diabetes mellitus in rats, after administration of alloxan,
the function of the insulin system is suppressed, which is expressed
by a high level of hyperglycemia.[so] Expression of elevated blood
fasting glucose levels confirmed induction of diabetes in alloxon-

induced experimental rats.

Diabetes is associated with hyperlipidemia.’'! In diabetes, more
free fatty acids release into the circulation. Increased fatty acid
concentration also increases the B-oxidation of fatty acids,
producing more acetyl-CoA, and cholesterol.!'" It is well known
that insulin activates enzyme lipoprotein lipase, which hydrolyzes
triglyceride under normal conditions. Destruction of beta-
cells leads to the depletion of plasma insulin, which results in

hyperlipidemia. 2]

Hence, in the present study, the lipid parameter along with glucose
levels was estimated in the diabetic rats. The significant control of
plasma lipid levels suggests that the extract may produce its action

by improving insulin secretion.
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In the diabetic control group, we found consistent hyperglycemia
(blood sugar level >150 mg/dl) from the 5™ day post-alloxan injection
up to the end of the study. Extract-treated groups were compared
with diabetic control group. The significant reduction in blood glucose
levels in extract-treated groups was initially estimated. However, more
significant result of combinatorial extract is reported.

Conclusion

Thus, our study findings demonstrate the synergistic effect in
alloxan-induced diabetic rats using combinatorial methanolic extract

of L. siceraria and E. herbacea in 1:1 ratio.

Hence, the effective action of plants in combination is beneficial in

managing diabetes and hyperlipidemia.
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