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	 The prevalence of diabetes is growing at an alarming rate on a global scale with 
approximately 536.6 million people having diabetes in 2021. Medicinal plants are gaining 
recognition in the treatment of diabetes owing to their safety, ability and low cost. Elaeocarpus 
tectorius (Lour.) Poir. is one of the least explored plants belonging to the genus Elaeocarpus. With 
this context, the current study was aimed to explore the antidiabetic and hypolipidemic effect 
of ethanolic extract of E. tectorius leaves in diabetes-induced rats. Phytochemical screening was 
performed and the oral acute toxicity of the plant extract was explored. Experimental diabetes 
was induced using streptozotocin and nicotinamide. The experimental animals were orally 
treated with ethanolic leaf extract of E. tectorius at doses 200 mg/kg b.w. and 400 mg/kg b.w. for 
28 days after which body weight, fasting blood glucose levels, markers of serum lipid profile 
and histological variations in the pancreas were ascertained. Oral treatment of E. tectorius leaf 
extract daily for 28 days has significantly brought down (p<0.05) the fasting glucose levels in 
streptozotocin-nicotinamide induced diabetic rats and normalized the levels of serum lipid 
profile markers. The histological investigation revealed that the extract has caused significant 
restoration of pancreatic islet cells, and it was found that the dose of 400 mg/kg b.w. was more 
efficient and successful in treating hyperglycemia and circumventing related complications 
than 200 mg/kg b.w. The present study suggests that the leaf extract of E. tectorius possesses 
good antidiabetic and hypolipidemic activity and can be a useful and cheap alternative to treat 
diabetes.
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	 Diabetes melli tus is a metabolic 
disorder where individuals suffer from chronic 
hyperglycemia. Diabetes is one of the oldest 
disorders that affect millions of people worldwide.1 
Diabetes is classified into two types based on the 
etiology, namely, type I and type II, both being 
characterized by hyperglycemia. Type I diabetes is 
triggered by the autoimmune-mediated destruction 

of the insulin-producing pancreatic â cells and 
type II results from insulin resistance, a condition 
that does not allow the cells to respond to higher 
blood glucose levels.2 The prevalence of diabetes 
is expected to rise to 700 million by the year 2045 
as predicted and reported by the International 
Diabetes Federation.3
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	 Diabetes is accompanied by various 
long-term life-threatening complications like 
retinopathy, nephropathy, neuropathy, dyslipidemia 
and cardiomyopathy. Dyslipidemia is one of 
the factors significantly contributing to the 
development of cardiovascular disease.4 The 
burden caused by cardiovascular disease is 
increasing every year and it is found to be one of 
the key reasons for mortality associated with type 
2 diabetes.5 In diabetic patients, blood lipid levels 
are affected due to the interrelationship between 
carbohydrate and lipid metabolism.6 Abnormalities 
in lipoproteins are also commonly observed and 
about 30-60% of type II diabetic patients have 
dyslipidemia.7 The diagnosis and treatment of 
dyslipidemia associated with diabetes are highly 
essential to overcome the risk of cardiovascular 
diseases and associated complications.8

	 The current management of diabetes is 
mainly focused on improving glycemic control 
by incorporating strategies such as diet, exercise, 
insulin and oral hypoglycemic drugs.9 However, 
these oral hypoglycemic agents are associated 
with unpleasant side effects and high cost and 
they do not cure diabetes since they cannot 
restore the cellular glucose homeostasis.10 Herbal 
medications for treating diabetes are gaining 
fame globally due to their low cost, safety and 
efficacy. Medicinal plants have the potential to 
cure diabetes by various mechanisms including 
manipulation of carbohydrate metabolism through 
diverse mechanisms, enhancing the secretion of 
insulin, improving glucose uptake and utilization, 
regeneration of pancreatic â cells and enhancing 
signal transduction. Phytochemicals such as 
phenolics, flavonoids, alkaloids, terpenoids, 
steroids, saponins present in the plants possess 
prospective cardiovascular and metabolic effects.11

	 Elaeocarpus tectorius (Lour.) Poir. syn 
Elaeocarpus oblongus is a tree belonging to 
the family Elaeocarpaceae (Fig.1). The plant is 
distributed across the mountainous regions of South 
East Asia. Several species of plants belonging to 
the family Elaeocarpaceae are known to possess 
multiple health benefits including antioxidant, 
anti-inflammatory, antidiabetic, analgesic, 
anti-microbial, cytotoxic properties through 
pharmacological investigations.12 Although E. 
tectorius is reported to possess multiple medicinal 
properties, there is no scientific validation or 

documentation on the in vivo anti-diabetic or 
hypolipidemic activity of this plant. Hence, the 
present study is aimed at exploring the antidiabetic 
and hypolipidemic activities of the ethanolic extract 
of E. tectorius leaves in diabetic rats induced with 
streptozotocin-nicotinamide. This plant species 
may possibly be a safe and cheap alternative for 
the treatment and management of diabetes.

Methods

Plant materials
	 The fresh leaves of Elaeocarpus tectorius 
(Lour.) Poir. was collected from the Nilgiris 
Hills of Tamil Nadu, India. The plant material 
was authenticated by Dr. Arumugam, a botanist 
from the Botanical Survey of India, Southern 
Regional Centre, TNAU Campus, Coimbatore, 
Tamil Nadu (Reference no. BSI/SRC/5/23/2021/
Tech./319). The freshly collected leaves were 
washed to remove dust particles, dried under shade 
and powdered. A sample of about 50 grams was 
macerated with 500 mL of ethanol and it was then 
incubated for 48 hours in a shaker incubator at 40ºC 
after which extract was filtered and the solvent was 
evaporated to get the dry extract.
Phytochemical screening
	 Preliminary phytochemical screening was 
performed to identify different phytochemicals 
present in the extracts. The leaf extract was tested 
for alkaloids using Meyer’s test, phenolics and 
tannins using ferric chloride test, flavonoids by 
Shinoda test, saponins using foam test, steroids and 
terpenoids using Liebermann-Burchard test.13-16

Acute oral toxicity studies
	 Acute oral toxicity of ethanolic leaf 
extract of E. tectorius (ETEE) was studied in 
healthy non-pregnant female albino Wistar rats (n= 
9). The animals were kept fasting for three hours 
before dosing providing only water. The animals 
were treated with a starting dose of 200 mg/kg b.w. 
of leaf extract followed by 500,1000,1500,2000 
mg/kg b.w. They were observed periodically for 
signs of toxicity, behavioral changes and mortality 
for about 14 days.
Animals
	 Healthy adult male albino Wistar rats (6 
weeks old, 150-200g) were used for the study. The 
animals were housed in clean cages and were fed 
with a standard diet and clean drinking water. The 
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animal study was performed after approval from 
the Institutional Animal Ethical Committee, Nanda 
College of Pharmacy, Erode (Approval No: NCP/
IAEC/2021-22/20). All procedures were perormed 
under the suggestions for the appropriate care and 
usage of laboratory animals.
Induction of Diabetes Mellitus
	 Animals were maintained on fasting 
condition all night prviding only water and their 
initial blood glucose levels were checked. Diabetes 
Mellitus was then induced by a single intraperitoneal 
injection of 120 mg/kg of nicotinamide followed 
by the injection of 60 mg/kg streptozotocin and 
the onset of hyperglycemia was validated after 72 
hours. 
Experimental Design
	 Thirty rats were split into 5 groups (A-E) 
consisting of about 6 rats per group (n = 6). Group A 
represented the healthy normal control (NC) group, 
which received saline. Group B represented the 
diabetic control (DC) group that did not receive any 
oral hypoglycemic drug or plant extracts. Animals 
belonging to the experimental groups- Group C 
(ETEE 1) and D (ETEE 2) received 200 mg/kg b.w. 
and 400 mg/kg b.w. of leaf extract of E. tectorius 
orally. Group E received about 10 mg/kg b.w of 
the standard hypoglycemic drug, glibenclamide 
(Glib). These treatments were administered daily 
for a total of 28 days.
Evaluation of the effect of E. tectorius leaf 
extract on fasting blood glucose levels
	 Fasting blood glucose levels were 
measured in overnight fasting rats before treatment 
(0th day) and then weekly during the treatment.17

Evaluation of the effect of E. tectorius leaf 
extract on lipid profile
	 The lipid profile of experimental rats 
was determined on the 28th day of treatment by 
collecting the blood from the retro-orbital route. 
The serum was analyzed for total cholesterol 
(TC) using the method of Allain et al18, Serum 
triglyceride (TG) using the method of Schettler 
and Nussel19, High-density lipoprotein (HDL) 
level using the method of Grove.20 Low-density 
lipoprotein and very-low-density lipoprotein 
(VLDL) cholesterol was determined using the 
Friedewald formula.21 The cardiac risk index 
(CR) and Atherogenic risk index (AI) was also 
determined using the following formula:22

Cardiac risk index = TC / HDLc

Atherogenic risk index (AI) = TC - HDLc/ HDLc
Histological investigation of the pancreas
	 At the end of the treatment period, the 
pancreatic sections of the animals were removed 
and processed for histological examination.23

Statistical analysis
	 All values are represented as mean ± SEM 
(n = 6). Statistical significance was determined by 
using a one-way analysis of variance (ANOVA) 
followed by Tukey’s multiple comparison test. A 
p-value of 0.05 or less was considered significant. 
These statistical analyses were performed using 
SPSS version 28.0.0. for Windows.

Results

Preliminary phytochemical screening
	 Preliminary phytochemical screening 
indicated that an array of phytochemicals 
including alkaloids, phenolics, flavonoids, tannins, 
terpenoids, saponins and steroids were present in 
the ethanolic leaf extracts of Elaeocarpus tectorius 
(Table-1).
Acute toxicity studies
	 The results of the acute toxicity test 
of Elaeocarpus tectorius leaf extract revealed 
that the extract was safe and non-toxic up to the 
tested dose of 2000 mg/kg b.w. No changes were 
observed in the normal behavioral pattern and there 
were no signs of toxicity and mortality observed 
as indicated by Organisation for Economic Co-
operation and Development (OECD) animal 
welfare guidelines. 
Effect of E. tectorius leaf extract on body weight
	 The effect of ETEE and glibenclamide 
on the bodyweight of the rats was measured 
on weeks 1, 2, 3 and 4 (Table 2). A significant 
reduction (p<0.05) was noticed in the mean body 
weight of animals after induction of diabetes 
except in the normal control group. The diabetic 
control group exhibited a significant body weight 
reduction (p<0.05) throughout the treatment 
period. Treatment of diabetic rats with ETEE and 
glibenclamide has improved the mean bodyweight 
of the rats to near that of the normal rats of Group 
A at the end of the experiment.
Effect of E. tectorius leaf extract on fasting blood 
glucose levels
	 The effect of leaf extract of E. tectorius 
on the fasting blood glucose levels of experimental 
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animals was recorded weekly during the course 
of treatment and the results are presented in Table 
3. Initially, during treatment, the diabetic rats 
exhibited a significant increase (p<0.05) in fasting 
glucose levels when compared to the healthy 
normal control group. The blood glucose levels 
of the groups treated with the plant extract were 
lower than the group treated with glibenclamide 
at the end of the experimental period.  In addition, 
after 28 days of oral treatment, it can be observed 
that a dose of 400 mg/kg b.w of ETEE was very 
much effective than a dose of 200 mg/kg b.w of 
ETEE where the blood glucose levels decreased 
significantly (p<0.05) from 361.67 ± 29.6 to 144.3 
± 48 mg/dL. The results show that administration 
of ethanolic leaf extract of E. tectorius has slightly 
normalized the glycemic control of diabetic rats.

Effect of E. tectorius leaf extract on lipid profile
	 Diabe t ic  cont ro l  ra t s  d i sp layed 
a significant increase (p<0.05) in the total 
cholesterol, triglyceride, LDL and VLDL levels 
whereas, HDL level was significantly decreased 
(p<0.05) when compared with the normal healthy 
rats (Table 4). Oral administration of glibenclamide 
has significantly reduced (p<0.05) the TC, TG, 
LDL, VLDL levels and improved the HDL levels. 
Oral treatment with E. tectorius has significantly 
normalized (p<0.05) the lipid profile of rats 
where the total cholesterol, triglyceride, LDL and 
VLDL values were lessened and HDL levels were 
improved. Cardiac disease risk and atherogenic risk 
indices were also higher in untreated diabetic rats 

Table 1. Phytochemical screening of 
leaves of Elaeocarpus tectorius (Lour.) 

Poir.

Phytochemical	 ETEE

Phenolics	 +
Flavonoids	 +
Terpenoids	 +
Tannins	 +
Alkaloids	 +
Glycosides	 +
Steroids	 +
Saponins	 +

‘+’ indicates Present Fig. 1. Elaeocarpus tectorius (Lour.) Poir. tree.

Fig. 2. Histology of the pancreatic section of the normal control group. N- normal architecture of the pancreas 
with normal islet cells and intact connective tissue septa.
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Table 2. Effect of E. tectorius leaf extract on body weight 

Groups		            Bodyweight during the treatment period*

	 Week 1	 Week 2	 Week 3	 Week 4

Normal healthy control	 122.2 ± 1.45a	 137.5 ± 2.42b	 139.3 ± 4.71c	 147.8 ± 5.11b

Diabetic control	 138.3 ± 6.34b	 122.67 ± 3.68ab	 103.7 ± 1.76a	 97.83 ± 2.23a

Diabetic + ETEE 1	 135 ± 2.28ab	 114 ± 4.23a	 116.63 ± 3.31ab	 136.3 ± 6.93b

Diabetic + ETEE 2	 133.7 ± 2.6ab	 120.2 ± 7.9ab	 103.3 ± 6.6bc	 139.8 ± 5.64b

Diabetic + glibenclamide	 128.5 ± 1.08ab	 133.3 ± 3.85ab	 137.8 ± 4.94c	 144 ±7.51b

*Values are mean ± SEM (n=6); Values in the same column having different letters of alphabets differ significantly at p<0.05 
(One-way ANOVA followed Tukey’s multiple comparison test)

Table 3. Effect of E. tectorius leaf extract on fasting blood glucose levels

Groups			  Fasting blood glucose levels (mg/dL)*

	 Day 0	 Day 7	 Day 14	 Day 21	 Day 28

Normal healthy 	 87.3 ± 3.07a	 88 ± 4.93a	 86 ± 2.77a	 83.3 ± 5.07a	 82.17 ± 3.67a

control
Diabetic control	 390 ± 32.25b	 364.17 ± 13.3c	 355± 71.4b	 386.7 ± 85.4b	 373.3 ± 75.8b

Diabetic + ETEE 1	 370 ± 12.38b	 321.83 ± 10.65b	 305 ± 66.6ab	 263.3 ± 56.8ab	 158.3 ± 50.35a

Diabetic + ETEE 2	 361.67 ± 29.6 b	 317.7 ± 9.5b	 301.7 ± 68.2ab	 233.3 ± 51.36 ab	 144.3 ± 48a

Diabetic + 	 380 ± 19.83 b	 314.8 ± 8.3b	 270 ± 64.86 ab	 225 ± 45.8ab	 160 ± 32.86a

glibenclamide

*Values are mean ± SEM (n=6); Values in the same column having different letters of alphabets differ significantly at p<0.05 
(One-way ANOVA followed Tukey’s multiple comparison test)

Table 4. Effect of E. tectorius leaf extract on serum lipid profile 

Groups			   Markers of Lipid profile (mg/dL)*

	 Total  	 Triglycerides	 High-Density 	 Very Low-	 Low-Density 
	 Cholesterol		  Lipoprotein 	 Density 	 Lipoprotein 
			   (HDL)	 Lipoprotein 	 (LDL) 
				    (VLDL) 

Normal control	 175 ± 5.07a	 166.53 ± 7.46a	 77.49 ± 2.55c	 33.76 ± 2.14a	 52.68 ± 2.77a

Diabetic control	 253.35 ± 7.36c	 257.68 ± 8.26c	 39.02 ± 3.31a	 52.42 ± 3.08b	 130.75 ± 3.9d

Diabetic + ETEE 1	 217.08 ± 9.26b	 226.78 ± 6.97b	 52.8 ± 2.76ab	 44.25 ± 2.6ab	 107.92 ± 2.82c

Diabetic + ETEE 2	 168.09 ± 3.28a	 188.87 ± 1.95a	 57.11 ± 2.65b	 37.18 ± 2.3a	 89.13 ± 2.94b

Diabetic + 	 176.67 ± 6.69a	 175.2 ± 4.66a	 59.57 ± 4.07b	 35.15 ± 2.09a	 101.77 ± 3.14bc

glibenclamide

*Values are mean ± SEM (n=6); Values in the same column having different letters of alphabets differ significantly at p<0.05 
(One-way ANOVA followed Tukey’s multiple comparison test)

when compared with the normal healthy control, 
plant extract and glibenclamide treated groups 
(Table 5). 
Pancreatic histology
	 Histopathology study of the pancreas of 
the normal control, diabetic control, ETEE 1, ETEE 

2 and glibenclamide groups are shown in Figs. 2, 3, 
4, 5 and 6 respectively.
	 The histological examination of the 
pancreas of the normal rats belonging to Group 
A revealed normal and evenly distributed islets 
of Langerhans. The islets were found to be full of 



1172 Manoharan & Chitra, Biomed. & Pharmacol. J,  Vol. 15(2), 1167-1178 (2022)

Fig. 3. Histology of the pancreatic section of the diabetic control group. D-iL- the destruction of islets of 
Langerhans, ACT- the absence of connective  tissue septa. Pathological changes were observed in both exocrine 

and  endocrine parts. Insulin-producing ß- cells are almost totally destroyed.

Fig. 4. Histology of the pancreatic section of rats of group C (ETEE1).  SR- Slight regeneration, S-iL- shrunken 
islets of Langerhans. A slight restoration  of connective tissue septa was observed with less severe atrophic 

variations of acinar cells.

Table 5. Effect of E. tectorius leaf extract on cardiovascular disease risk indices 

Experimental Groups	 Cardiac disease risk index*	 Atherogenic risk index*

Normal healthy control	 2.26 ± 0.05a	 1.26 ± 0.05a

Diabetic control	 6.75 ± 0.64c	 5.75 ± 0.64c

Diabetic + ETEE 1	 4.2 ± 0.36b	 3.19 ± 0.36b

Diabetic + ETEE 2	 2.98 ± 0.17ab	 1.98 ± 0.17ab

Diabetic + glibenclamide	 3.07 ± 0.34ab	 2.07 ± 0.34ab

*Values are mean ± SEM (n=6); Values in the same column having different letters of alphabets differ 
significantly at p<0.05 (One-way ANOVA followed Tukey’s multiple comparison test)
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Fig. 5. Histology of the pancreatic section of rats of group D (ETEE 2).  MR- moderate regeneration with the 
nearly normal architecture of the pancreas and islets of Langerhans.

Fig. 6. Histology of the pancreas section of rats of group E (Glib). MR- moderate regeneration, INF- scattered 
inflammatory infiltrates with distorted pancreatic architecture.

centrally placed â cells surrounded by acinar cells. 
There were no signs of atrophy in the pancreas of 
normal rats. The pancreas of diabetic control rats 
(Group B) demonstrated degenerative necrosis 
and destruction of islets of Langerhans containing 
the â cells. The acinar cells appeared swollen with 
increased vacuolation. The insulin-producing â 
cells of the rats of the untreated diabetic control 
group are almost entirely destroyed.
	 Histological examination of the pancreas 
of experimental animals treated with 200 mg/kg 
b.w of leaf extract of E. tectorius demonstrated 

slight restoration of the islet cells where the cells 
appeared less shrunken. The animals of group 
D treated with 400 mg/kg b.w. of E. tectorius 
ethanolic leaf extract presented significant 
regeneration and improvement in the architecture 
of islets of Langerhans. There was a moderate 
increase in the density of islet cells with reduced 
granulation. The pancreatic sections of diabetic 
rats treated with glibenclamide exhibited slight 
pancreatic structure reformation with scattered 
inflammatory infiltration.
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Discussion

	 With the incidence of diabetes constantly 
rising and the side effects caused by synthetic 
oral- hypoglycemic agents, herbal medications 
are gaining attention as an alternative to 
synthetic drugs. This is the first study to report 
on the antidiabetic and hypolipidemic effects of 
Elaeocarpus tectorius leaf extract in diabetic rats 
induced with streptozotocin-nicotinamide. The 
outcomes of the study recommend that the leaf 
extract of this plant possesses good antidiabetic and 
hypolipidemic effects and could be beneficial in the 
treatment of diabetes and associated problems.
	 Phytochemical analysis of E. tectorius 
leaf extract indicated the presence of phenolics, 
flavonoids, tannins, terpenoids, saponins, steroids 
and alkaloids. The presence of these phytochemicals 
could account for the antidiabetic activity of this 
plant. Manoharan et al. had reported the presence 
of all these phytochemicals in the fruits of E. 
tectorius, similar to the outcomes of the current 
study.24 Plant phytochemicals possess powerful 
pharmacological actions. The antidiabetic effects 
resulting from the treatment with plant extracts are 
mainly attributed to the ability of phytochemicals 
to improve the performance of pancreatic cells by 
either improving insulin secretion or by reducing 
intestinal glucose uptake.25

	 The presence of flavonoids in the ethanolic 
extract of E. tectorius leaf is relevant since they are 
known to reduce intestinal glucose absorption, 
increase glucose uptake and use in muscle and 
fat tissues. They also reduce gluconeogenesis and 
triglyceride production resulting in the attenuation 
of hyperlipidemia and hyperglycemia.26 Saponins in 
particular are known for their capability to control 
hyperglycemia and prevent diabetic complications 
owed to their antioxidant capacity.27 They are also 
reported to possess antihyperlipidemic effects in 
the diabetic state which could help in reducing 
the risk of atherosclerosis and cardiovascular 
diseases.28 Plant tannins exert antidiabetic effects 
by delaying the glucose absorption in the intestinal 
tract and they also exert an insulin-like effect on 
cells sensitive to insulin. Tannins also regulate 
the antioxidant environment of pancreatic â-cells 
owing to their antioxidant properties. Tannins such 
as epigallocatechin-3-gallate possess antiobesity 
effects since they are able to interact with the 

adipose tissues, directly or indirectly.29

	 Acute toxicity studies indicated that 
the leaf extract had no toxic or harmful effect 
on healthy non-pregnant female albino rats. The 
present study shows that the leaf extract up to 2000 
mg/kg b.w was well tolerated by the rats without 
any signs of toxicity and mortality during the entire 
observation period. Therefore, the LD50 value of the 
leaf extract may be greater than 2000 mg/kg b.w.
	 Streptozotocin is one of the cytotoxic 
drugs prominently used for inducing experimental 
diabetes in animals. Streptozotocin is a glucose 
analog containing a deoxyglucose molecule linked 
to a highly reactive methyl nitrosourea moiety.30 
STZ recognizes the GLUT2 receptor abundantly 
present in the cell membrane of the â cells and 
causes specific necrosis of the pancreatic â cells 
by damaging the DNA.31 Nicotinamide being 
an active form of vitamin B3 can effectively 
protect the insulin-producing â cells from the 
cytotoxicity caused by STZ.32 While STZ destroys 
the pancreatic â cells selectively, nicotinamide 
decreases the extent of damage produced by STZ 
creating a condition of partial insulin deficiency 
and insulin resistance like in type 2 diabetes. Thus, 
the severity of diabetes induced by a combination 
of STZ-NIC is much lower than the severity of 
diabetes induced by STZ alone, with the rats 
manifesting moderate and stable hyperglycemia 
without needing exogenous insulin to survive.33 
In this study, an injection of NIC was given to 
the experimental rats before the administration of 
STZ to partially protect the â cells and to produce 
a diabetic state that resembles type 2 diabetes.34 
	 The bodyweight of  the rats  was 
documented weekly during the treatment. Diabetic 
control rats displayed a significant bodyweight 
decrease (p<0.05) throughout the experimental 
period. This reduction in body weight was 
prevented in the rats treated with Elaeocarpus 
tectorius leaf extract which displayed significant 
weight gain between weeks 2 and 3. The diabetic 
rats treated with ETEE have shown significant 
weight gain (p<0.05) at week 4 of treatment 
compared with the diabetic control group. Thus, 
it can be inferred that daily administration of E. 
tectorius leaf extract had improved the body weight 
of diabetic rats.
	 This study established the antidiabetic 
potential of different doses of ethanolic leaf 
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extract of E. tectorius. This can be evidenced by 
the decrease in fasting blood glucose levels of the 
groups treated with ETEE across the treatment 
period. The leaf extract at 400mg/kg b.w. displayed 
potent hypoglycemic activity in STZ-NIC induced 
diabetic rats. Streptozotocin is known to induce 
diabetes by two distinct mechanisms namely 
alkylation of DNA by transfer of the methyl 
group from STZ causing DNA fragmentation and 
generation of free radicals leading to oxidative 
stress and insufficient insulin production both 
resulting in sequential necrotic â cells death.35 The 
blood-glucose-reducing activity of E. tectorius 
leaves could have been due to the direct scavenging 
of the free radicals generated, thus restoring the 
balance of antioxidants and pro-oxidants. Studies 
have shown that diabetic patients have increased 
ROS levels and alterations in antioxidant enzyme 
defense systems.36 The activities of the leaf 
extract could also be due to the upregulation of 
endogenous antioxidant enzyme systems leading to 
improvement of oxidative stress and could also be 
due to the direct influence on the pancreatic â cells, 
leading to enhanced insulin secretion, inhibition 
of intestinal glucose absorption and increased 
glucose utilization by adipose tissues and skeletal 
muscle.37,38 The other reported mechanisms by 
which herbal extracts exert anti-diabetic effects are 
through enhanced insulin sensitivity and inhibition 
of insulinase (insulin-degrading) enzyme.39

	 Dyslipidemia is one of the common 
diabetes-associated complications characterized by 
high plasma levels of TC, TG, VLDL, LDL and low 
levels of HDL. Diabetic patients are two to four-
fold at higher risk of coronary artery disease than 
the general population due to insulin resistance or 
deficient lipid metabolism. 40,41 Insulin deficiency 
under diabetic conditions initiates increased 
free fatty acid mobilization from adipose tissues 
causing an increase in LDL production.42 In the 
current study, oral administration of E. tectorius 
leaf extract to experimental animals had resulted 
in lowered plasma total cholesterol, triglyceride, 
LDL and VLDL levels with an increase in HDL 
level. The cardiac and atherogenic risk indices of 
the diabetic rats treated with E. tectorius extract 
had also decreased. Studies have shown that 
diabetes is linked with an increase in the synthesis 
of cholesterol owing to the increased activity of 
the enzyme, HMG CoA reductase.43 It has been 

reported that hypercholesterolemia in diabetes 
results from increased production and intestinal 
absorption of cholesterol.44 Oral administration of 
plant extracts had normalized the lipid profile and 
lowered the cardiovascular disease indices of the 
treated groups which can be accounted for the rise 
in insulin secretion induced by the plant extract 
since the administration of insulin is known to 
lower plasma TG levels and increase the lipoprotein 
lipase activity.45 
	 Histological investigation of the pancreas 
of rats belonging to Group A showed normal 
islet cells whereas the diabetic control Group B 
showed destruction of pancreatic islets caused 
by STZ. The treatment with E. tectorius leaf 
extract had produced a significant regeneration of 
insulin-producing pancreatic islet cells in Group 
C and D. This regeneration is clearer in Group D 
treated with 400mg/kg b.w. dose. This restoration 
of pancreatic architecture and islet cells could be 
responsible for the increased insulin secretion 
in the groups treated with plant extracts. Under 
conditions associated with type 2 diabetes, the 
mass and functions of â-cells are lost gradually. 
The histological assessment of animal groups 
treated indicates an improvement in the number and 
diameters of pancreatic islets. The groups treated 
with plant extracts showed stronger regeneration 
and healing of pancreatic architecture comparable 
with the glibenclamide treated group which could 
be responsible for its antidiabetic activity. Several 
plant extracts are shown to cause regeneration of 
insulin-producing pancreatic â cells in diabetic 
rats and focusing on their restoration is a potential 
strategy in the management of diabetes.46 The 
findings of the current study demonstrate the 
hypoglycemic and antidyslipidemic activity of E. 
tectorius and support the usage of this plant species 
for trating diabetes.

Conclusion

	 The current study found that ethanolic 
leaf extract of E. tectorius contains a variety of 
phytochemicals and the extract possesses excellent 
antidiabetic and antidyslipidemic activity. The 
plant extract was shown to cause regeneration of 
pancreatic cells, thus enhancing insulin secretion. 
Based on these findings, it can be concluded 
that the plant, E. tectorius could be employed 
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in the treatment of diabetes and accompanying 
complications. Further studies should be carried out 
on this plant species to explore its other therapeutic 
activities. 
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