Journal of Experimental Pharmacology

Dove

ORIGINAL RESEARCH

Antidiabetic Effect of Germinated Lens culinaris
Medik Seed Extract in Streptozotocin-Induced

Diabetic Mice

Mulugeta Mihrete Tefera'?
Birhanetensay Masresha
Altaye (>3

Ebrahim M Yimer **
Derbew Fikadu Berhe (52
Senait Tadesse Bekele®

'Department of Pharmacy, Bahirdar
Health Science College, Bahirdar,
Ethiopa; 2Department of Pharmacology
and Toxicology, College of Health
Sciences, Mekelle University, Mekelle,
Ethiopia; 3College of Medicine, Debre
Berhan University, Debre Berhan,
Ethiopia; “Department of Pharmacy,
College of Medical and Health Sciences,
Wollo University, Dessie, Ethiopa;
Medical Laboratory Department, Health
Science College, Bahir Dar University,
Bahir Dar, Ethiopia

Correspondence: Mulugeta Mihrete
Tefera

Department of Pharmacy, Bahirdar Health
Science College

Tel +251 92 835 1786

Email mihreteteferal 2@gmail.com

This article was published in the following Dove Press journal:
Journal of Experimental Pharmacology

Background: Lens culinaris Medik seed has been used in traditional practices to treat
various ailments, including diabetes mellitus, in Ethiopia. Previous phytochemical screening
studies indicated that germination of the seed of L. culinaris contains more bioactive
constituents compared to raw seeds. The aim of this study was to investigate the antidiabetic
activity of an aqueous methanol extract of germinated L. culinaris seed extract in streptozo-
tocin (Stz)-induced diabetic mice.

Methods: The antidiabetic effect of germinated L. culinaris seed extract was determined
using Stz-induced diabetic mice. An 80% aqueous methanol extract of germinated L. culinaris
seed at doses of 100, 200, and 400 mg/kg was used in the treatment group. Glibenclamid (5 mg/
kg) and dimethyl sulfoxide 2% were used as positive and negative controls, respectively. The
test extract and controls were given daily for 3 weeks. Blood-glucose levels and body-weight
changes were measured weekly. Lipid-profile levels were measured at the end of each experi-
ment. Oral glucose-tolerance tests were performed to evaluate the postprandial effect of the
extract.

Results: The aqueous methanol extract of germinated L. culinaris significantly reduced
blood-glucose levels and increased body weight (p<0.05). The extract also improved serum-
lipid profiles in diabetic mice after 21 days (p<0.05). The seed extract also resulted in
significant reductions in blood-glucose levels after an oral glucose load in normal mice
(»<0.05).

Conclusion: An aqueous methanol extract of germinated L. culinaris seed has both anti-
diabetic and antihyperlipidemic effects.

Keywords: Lens culinaris Medik, diabetes mellitus, mice

Introduction
Globally, millions of people suffer from diabetes mellitus, as there is no compete
cure and limited access, even to available medications." This is becoming more
challenging to developing countries, including Ethiopia, as a result of population
growth, aging, unhealthy diets, obesity, and sedentary lifestyles.>*> Because of the
progressive the nature of diabetes mellitus and adverse effects of currently available
drugs, people tend to seek alternative options for diabetes management, including
use of traditional medicinal plants.*®

Functional foods have been used as a treatment for different diseases, including
cancer, heart disease, osteoporosis, inflammation, chronic degenerative diseases,

lowering of blood cholesterol, and neutralization of reactive oxygen species for
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thousands of years.” Lens culinaris,is also known as misir
in Amharic, is an ancient legume crop that has an impor-
tant role in human health.® The crop is cultivated and eaten
almost all over the world, including Ethiopia.’

The seed is rich in secondary metabolites, including
polyphenols, flavonoids, saponins, dietary fibers, triterpe-
noids, phytates, phytosterols, defensins, and lectins.'®!!
Secondary metabolites, minerals, and bioactive constituents
in L. culinaris have shown promising effects in the treatment
and prevention of several chronic human diseases, including
diabetes, hyperlipidemia, and hypertension.'*'?

In Ethiopia, the seeds of L. culinaris are traditionally used
for the treatment of diabetes by the Shinasha, Agew-awi, and
Ambhara people in northwest Ethiopia.'* In vitro studies have
revealed that germination of L. culinaris significantly increase
total phenolics and flavonoids. It also significantly increases
free-radical scavenging and antioxidant activity.'>'®

Though germination of L. culinaris shows significant
increases in bioactives, the antidiabetic effect of the extract
for germinated seed has not been evaluated so far. The
present study aimed to investigate the antidiabetic effect of
an aqueous methanol seed extract of L. culinarisin

a streptozotocin (Stz)-induced diabetic mouse model.

Methods

Chemicals and Drugs

Glibenclamide, Stz, methanol, distilled water, sodium
citrate, glucose solution, citric acid, halothane, dimethyl
sulfoxide were some of the chemicals and drugs used in
the experiment, all of laboratory or analytical grade.

Plant-Material Collection and

|dentification

Local cultivated seeds of L. culinaris were purchased from
the local market in Woreta, northwest Ethiopia. Taxonomic
identification and authentication of plant-seed specimen
Gonder
Department. Plant specimens were kept for future refer-
ence with the voucher number MMO0027/2010 in the
Herbarium unit of the Department of Biology, College of

was confirmed in University, Biology

Computational and Natural Science in Gondar University.

Preparation of Plant Material

Soaking and Germination

L. culinaris seeds were cleaned by hand to remove foreign
materials and washed with tap water to remove soil and
other water-soluble materials. Then, seeds were soaked in

water (1:10 w/v) for 12 hours at room temperature, kept
between thick layers of cotton cloth, and allowed to germi-
nate in the dark for 5 days. Seeds were watered every day
with fresh tap water. After 5 days, sprouted seeds (radicle
with cotyledons) were frozen for 12 hours to stop the
germination process. The moisture was removed with
a soft cloth and then it was grinder by coffee grinder and
subjected to drying at room temperature. Dried sprouted
seeds were ground again and passed through a 2 mm
mesh sieve. The flour obtained was stored in a glass con-

tainer until it was macerated at room temperature.'”*'®

Preparation of Crude Extract

Germinated seed powder (1.35 kg) was subjected to
maceration using 80% methanol (v/v) for 72 hours at
room temperature. The extract was separated from the
marc using muslin cloth and further filtered with
Whatman filter paper number 1. The marc was remacer-
ated twice with 80% (v:v) methanol to obtained maximal
yield of the plant material. The filtrate obtained was eva-
porated to get a dried extract using an oven dryer at 40°C.
The dried extract was kept in dry clean glass bottles at 4°C
for future analysis.

Experimental Animals

Swiss albino mice obtained from Mekele University College
of Health Science were used in this experiment. Male and
female mice with body weight of 24-36 g and in aged 6-8
weeks were used. The animals were kept in cages under
standard environmental conditions (22°C+3 °C, 12-hour
light/dark cycle). The mice had access to standard laboratory
pellets and water ad libitum before and during the experi-
ment. At the end of the experiment, mice were euthanized
using cervical dislocation after being anesthetized with
halothane. Animal procedures and experimental protocols
were approved by the Ethical Review Board of Mekele
University College of Health Science (approval ERC 1221/
2018) and were undertaken according to the international
guidelines for the use and maintenance of experimental

animals.'>?°

Acute Oral Toxicity Study

Acute oral toxicity testing was carried out as per the
Organization for Economic Cooperation and Development
guideline 425.°° Five female albino mice were randomly
selected. The mice were fasted for 4r hours with provision
A germinated 80%
L. culinaris seed was administered orally at a dose of

of water. methanol extract of
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2,000 mg/kg body weight. Mice were observed continu-
ously for the first 4 hours and then periodically up to 24
hours for toxic manifestations like drowsiness, salivation
tremor, restlessness, convulsions, piloerection, and mortal-
ity, if any. They were further observed for another 14 days.

Induction of Experimental Diabetes
Then, their
weights were recorded and they were administered

The male mice were fasted overnight.

a single intraperitoneal dose of Stz dissolved in
0.1 M cold citrate buffer (pH 4.5) at 45 mg/kg body weight.
On the third day, blood-glucose levels were recorded by
taking blood from the tail, and mice with blood-glucose

levels >200 mg/dL were considered diabetic.>' >

Estimation of Blood Glucose and Body
Weight in Diabetic Mouse Model

Male mice were assigned to six groups (n=5 per group).
Then, the normal controls (group 1) and diabetic
controls (group 2) were given a vehicle (2% DMSO).
The diabetic group 3 was given glibenclamide (5 mg/kg).
Diabetic groups 4-6 were given 100, 200, and 400 mg/kg
crude seed extract, respectively. The extract was adminis-
tered on a daily basis. Fasting blood glucose was measured
after taking blood from tails of mice before treatment and
at days 7, 14, and 21. Body-weight changes were also
recorded weekly. The procedure was performed according

: ‘o 23,24
to previous studies. 3

Lipid-Profile Change in Diabetic Mouse
Model

After 3 weeks of treatment, on day 21 mice were fasted
overnight and blood collected after anesthesia with
halothane by direct cardiac puncture. Then, the blood
was left to stand at room temperature for 2 hours in sterile
EDTA test tubes until centrifugation at 1,500 rpm for
5 minutes. The supernatant was immediately separated
from the pellet to prepare serum samples to determine
the level of triglyceride (TG) and total cholesterol (TC))
directly, while very low—density lipoprotein (VLDL) was
calculated from TG (VLDL=TG/5).%

Oral Glucose-Tolerance Test

In the oral glucose-tolerance test, normal female mice
were divided into five groups, five mice in each group.
After they had been fasted for 12 hours, groups 1 and 2
were given a vehicle (2% DMSO) and glibenclamide

(5 mg/kg), respectively, while groups 3-5 were given
the seed extract at a dose of 100, 200, and 400 mg/kg
orally, respectively. After 5 minutes of treatment, all mice
were loaded with 2.5 g/kg of glucose solution orally.
Blood samples were collected from the tails of the mice
to determine blood-glucose levels immediately prior to
treatment and at 0.5, 1, and 2 hours after glucose load.

Hypoglycemic Effect

The normal female mice were first fasted for 6 hours with
provision of water. They were then randomly divided into
five groups with five mice in each group. Group 1 was
given 1 mL/100g of the vehicle, group 2 5 mg/kg glib-
enclamide, and groups 3-5 100, 200, and 400 mg/kg
germinated seed extract, respectively. Blood samples
were collected and blood-glucose levels measured before
treatment and at 1, 2, and 3 hours after treatment.

Statistical Analysis

Data collected were first collected and recorded using
Microsoft Excel and are expressed as means + SEM.
Statistical differences among control and treatment groups
were confirmed using one way ANOVA post hoc analysis
with SPSS 22. p<0.05 was considered significant.

Results
Acute Oral Toxicity Study

Acute oral toxicity assessment showed that the seed
extract caused no mortality up to 2,000 mg/kg within
14 days of follow-up. Observations also indicated no visi-
ble signs or symptoms of toxicity, such as lacrimation, loss
of appetite, tremors, piloerection, salivation, diarrhoea, or
convulsion.

Effects of Extract on Body Weight in
Diabetic Mice

After the induction of diabetes, significant differences in
body weight between normal and untreated diabetic mice
were observed (p<0.05, Figure 1). All doses of the extract
(100 mg/kg, 200 mg/kg, and 400 mg/kg) improved weight
gain when compared to diabetic controls at weeks1, 2, and 3
(»<0.05). The weight of normal control mice had signifi-
cantly increased (p<0.05) at days 7, 14, and 21compared
to day O day, while that of diabetic control mice had
significantly decreased at days 7, 14, and 21compared
to day 0. Mice treated with 100 mg/kg, 200 mg/kg, and
400 mg/kg extract and 5 mg/kg glibenclamide had gained
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Figure | Effect of extract on body weight in diabetic mice.

Note: Data expressed as means + SEM (n=5).

Abbreviations: Ext.100, 100 mg/kg extract; Ext.200, 200 mg/kg extract; Ext.400,
400 mg/kg extract; GC5, glibenclamide 5 mg/kg; NC, normal control; DC, diabetic
control.

weight of 8.79%, 11.12%, 17.46%, and 14.79% at the end
of the experiment, respectively.

Effects of Extract on Blood-Glucose

Levels in Normal Mice

Blood-glucose levels before treatment indicated no signif-
icant differences in initial blood glucose among the groups
(Figure 2). Mice treated with 100 mg/kg extract showed
reduced blood glucose, but did not show statistically sig-
nificant reduction across any time points compared to
normal controls. Similarly, 200 g/kg extract failed to
show significant hypoglycemic effects at 1 hours and 2
hours, but did at 3 hours compared to normal controls. The
400 mg/kg dose produced a significant (p<0.05) reduction
in blood glucose at 2 and 3 hours compared to normal
controls and the 100 mg/kg dose.
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Figure 2 Effect of extract on blood-glucose levels in normal mice.

Note: Data expressed as means + SEM (n=5).

Abbreviations: Ext.100, 100 mg/kg extract; Ext.200, 200 mg/kg extract; Ext.400,
400 mg/kg extract; GC5, glibenclamide 5 mg/kg; NC, normal control.

Effects of Extract on Oral Glucose

Tolerance in Normal Mice

Administration of glucose (2.5 g/kgorally) produced
maximum change in blood glucose of overnight-fasted
mice after 30 minutes of glucose challenge in all groups
(Figure 3). Compared to normal controls, the two groups
taking 200 mg/kg and 400 mg/kg extract showed signifi-
cant tolerance (p<0.05) of oral glucose load at 1 and 2
hours. The highest dose of the extract (400 mg/kg) pro-
duced significant (p<0.05) decreases in blood-glucose
levels compared to the lower doses at 1 and 2 hours of
glucose loading. It also showed a significant blood glu-
cose—lowering effect (p<0.05) compared to 200 mg/kg
after 2 hours of glucose loading.

Effects of Extract on Blood-Glucose

Levels in Diabetic Mice

Fasting blood-glucose levels of diabetic control mice were
significantly higher than normal control mice throughout
the treatment period (Table 1). Those administered
100 mg/kg, 200 mg/kg, and 400 mg/kg extract showed
a significant reduction (p<0.05) in glucose levels when
compared to diabetic controls at days 7, 14, and 21 of
measurement. The 400 mg/kg dose exhibited significant
antidiabetic activity compared to 100 mg/kg (p<0.05).

Effects of Extract on Lipid Profile

TC, TG, and VLDL cholesterol increased significantly
(»<0.05) in diabetic control mice compared to normal
control mice (Table 2). Different doses of the extract
(100 mg/kg, 200 mg/kg, and 400 mg/kg) significantly
decreased (p<0.05) TC, TG, and VLDL compared to

OGTT
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Figure 3 Effect of extraction oral glucose tolerance in normal mice.

Note: Data expressed as means + SEM (n=5).

Abbreviations: Ext.100, 100 mg/kg extract; Ext.200, 200 mg/kg extract; Ext.400,
400 mg/kg extract; GC5, glibenclamide 5 mg/kg; NC, normal control.
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Table | Effects of Extract on Blood Glucose Level in Diabetic Mice

Groups (n=5) Fasting Blood Glucose Level (mg/dL), Mean +SEM

0 Day 7th Day 14th Day 21st Day

Normal control (vehicle) 96.33+5.27 97.17+3.66 95.17£2.69 97.5+£3.80

DM control (vehicle) 244.17+6.35" 248.5+5.38" 251.17+5.14" 252.17+3.84"

DM + glibenclamide 5 mg/kg 250+5.51" 151.83%1.5nabed 14741, 5nabed 141.17£] 22"

DM + extract 100 mg/kg 249.83+7.14" 207.67+1.86™ 198.57+2.73"* 190.83+1.80™*

DM + extract 200 mg/kg 246+4.74" 194.33+4.42"° 187.1+2.62™ 180.83+2.858™*

DM + extract 400 mg/kg 241+4.34" 180.5£0.92™*P 175+1.69™° 169.92%1.62™°

Notes: "p<0.05 compared with normal control;

extract; 9p<0.05 compared with 400 mg/kg extract.

Table 2 Effect of Extract on Lipid Profile in Diabetic Mice

2p<0.05 compared with diabetic control; ®<0.05 compared with 100 mg/kg extract; p<0.05 compared with 200 mg/kg

Groups (n=5) TG (mg/dL), Mean £ SEM TC (mg/dL), Mean = SEM VLDL (mg/dL), Mean = SEM
Normal control 55.83+1.68 68+1.29 11.17+0.34

Diabetic control 18421.73" 170£2.91" 36.820.35"

DM + glibenclamide 5 mg/kg 58+0.73*° 79.83£1.25*P¢ 11.620.15*°

DM + extract 100 mg/kg 69.17+1.66™ 98.67+2.39"* 13.83+0.33"

DM + extract 200 mg/kg 64%1.65™ 90.17+1.47"* 12.8+0.33"

DM + extract 400 mg/kg 60x1.44*° 87.83%2.15™>° 12£0.29*°

Notes: "p<0.05 compared with normal control; *p<0.05 compared with diabetic control; ®p<0.05 compared with 100 mg/kg extract; p<0.05 compared with 200 mg/kg

extract.

diabetic controls. The highest dose of the extract (400 mg/
kg) and glibenclamide (5 mg/kg) decreased the three lipid
levels significantly (p<0.05) when compared to the lowest
dose (100 mg/kg) of the extract (p<0.05). Both 400 mg/kg
dose of extract and glibenclamide also reduced TG and
VLDL near to values of normal controls.

Discussion

In the current study, the effects of germinated L. culinaris
seed extract on body weight, lipid profile, and blood-
glucose levels were investigated. The findings indicated
that administration of L. culinaris aqueous methanolic
seed extract produced no observable acute-toxicity signs
at doses up to 2 g/kg throughout 2 weeks' follow-up. This
indicates that the LDsq of the plant is >2 g/kg.

The 200 mg/kg and 400 mg/kg doses significantly
reduced normal blood-glucose levels (hypoglycemic test).
Glibenclamide produced a hypoglycemic effect by binding
to an ATP-dependent K channel. This interaction closes
the K* channel, which inhibits potassium efflux and
increase in intracellular calcium levels, causing release of
insulin from B cells.”® Though the exact mechanism is not
known, the blood glucose—lowering effect of the extract in
normal mice may be due to an increase in insulin secretion

or improvement in glucose uptake in tissue. The extract at
all doses improved glucose tolerance compared to normal
controls. Glibenclamide also improved glucose tolerance,
with a similar mechanism on hypoglycemic activity.”” The
extract may exert its effect due to its inhibitory effect on
glucose absorption, increased insulin secretion, or
improvement in glucose uptake in tissue, as it contains
different bioactive compounds like flavonoids, polyphe-
nols, and saponins that are also present in other plants
and produce similar effects.”®?’

In this study, intraperitoneal administration of Stz to
mice significantly increased blood-glucose levels 3 days
after injection, as well as decreased body weight. These
that have

employed this model and that also reported loss of body

results agree with previous observations
weight.? Stz selectively accumulated in pancreatic f cells
via the low-affinity GLUT2 glucose transporter. The trans-
fer of the methyl group from Stz nitrosourea moiety to the
DNA molecule causes damage, which along a defined
chain of events results in the fragmentation of the DNA.
Protein glycosylation may be an additional damaging fac-
tor for B-cell destruction that ultimately results in induc-
tion of diabetes.'® Weight loss is the main sign of diabetes,
but its mechanism is not clear. It could be due to many
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factors, such as loss of appetite, increased muscle waste,
and loss of tissue protein.*’

Administration of a 5-day germinated L. culinaris seed
extract lowered blood-glucose levels and serum lipids in Stz-
induced diabetic mice. The lipid-lowering and antidiabetic
effect of the extract could be due to different bioactive con-
stituents, such as polyphenols, flavonoids, saponins, which
were identified from germinated and raw lentil seed in pre-
vious studies. These bioactive constituents increased during
germination and reached maximum concentration after 5
days of germination.'>'® Polyphenols and saponins have
exhibited antidiabetic, antioxidant, and free radical-scaven-
ging activities and a cholesterol-lowering effect.'%'!

L. culinaris seed extract contains small escapable fatty
acids, including propionate, that inhibit hepatic cholesterol
synthesis, decrease activity of HMG-CoA reductase
enzyme, and reduce reabsorbtion of bile acid and choles-
terol from the gastrointestinal tract.*'~** It is also rich in
antinutritive factors such as phytate, lectins, and tannins,12
which have been shown to reduce blood-glucose level,
plasma cholesterol, and TG.*® The extract also increased
weight of diabetic mice. The increase in body weight
could have been due to improvement in diabetic status or
nutritional components of the extract. Similar effects on
body-weight increment in study animals has also been

seen in other research done on lentil.'®

Conclusion

In this study, hydromethanolic extracts of germinated
L. culinaris seed extract showed significant reduction in
blood-glucose levels in Stz-induced diabetic mice.
Similarly, the seed extract caused increases in weight and
decreases in TC, TG, and VLDL in Stz induced diabetic
mice. It also improved oral glucose tolerance in normal
mice. The study thus supports the traditional use of germi-
nated L. culinaris seed for the management of diabetes in

Ethiopia.
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