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Abstract

Natural plants have traditionally been used throughout the world for their anti-diabetic effects. The aim of
the present study was to investigate the protective effect of hydroalcoholic extract of Trifolium pratens L. (T.
pratense) on streptozotocin (STZ) cytotoxicity and insulin concentration from RIN-5F pancreatic 8 cell line.
In this study, possible cytoprotective action of 7. pratense extract (using pre-treatment, simultaneous, and
post-treatment schedules) against STZ (30 mM) was evaluated using MTT assay. Apoptosis was quantified
by fluorescent dye staining. Also, the effect of extract on insulin secretion in low and high glucose media
was examined. Data were analyzed by one-way ANOVA test and P < 0.05 was considered significant. The
viability of RIN-5F cells in 10, 20, 30, 40, and 60 pg/mL doses of T. pratense extract showed significant
increases compared to control group (P < 0.001). STZ significantly reduced cell viability in a dose-
dependent manner (P < 0.05). T. pratense extract in 20, 30, and 40 pg/mL doses had significant
cytoprotective effect (P < 0.05) on cytotoxic action of STZ and this effect is greater in simultaneous
treatment. STZ-mediated apoptotic death is reduced by extract. T. pratense extract treatment also, increased
insulin concentration in cell culture medium. 7. pratense had potent cytoprotective action, prevented
apoptosis and increased insulin concentration in cell culture medium via the increase in pancreatic f cell
number and/or insulin secretion. In addition, 7. pratense enhanced viability of RIN-5F. Thus, T. pratense not
only has anti-diabetic actions on B cells but also enhances their viability.
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INTRODUCTION

Diabetes mellitus, commonly referred to as
diabetes is one of the most common metabolic
disorders characterized by high blood glucose.
It is due to either the pancreas not producing
enough insulin or the cells of the body not
responding properly to the produced insulin.
Chronic hyperglycemia in diabetic patients
damages many of the body's systems, in
particular eyes, kidneys, nerves, heart, and
blood vessels (1).

The incidence of diabetes has increased
rapidly over the past two decades, due to lack
of physical activity, poor dietary habits,
overweight or obesity, and psychological
stress (2,3).

The World Health Organization has
predicted that by 2030 the number of adults
with diabetes would have almost doubled
worldwide, from 177 million in 2000 to 370
million (4,5). This disease may become the
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strongest and deadliest leading cause of
humans’ death in the future (2). Due to the
limitation of currently available antidiabetic
drugs especially in terms of efficacy and
safety, development of new strategies are
necessary for the prevention and management
of this kind of disease.

Herbal remedies are among the best
existing alternative therapies (6), which have
been used since ancient times for the treatment
of diabetes. In literature over 800 plants are
reported for their antidiabetic properties and
over 1200 plants are used in traditional
medicine for reduction in blood glucose levels.
To the date, more than 400 traditional plant
treatments for diabetes have been reported,
although only a small number of them have
received clinical evaluation to assess their
efficacy (7).
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Numerous plant extracts containing
isoflavones have been studied during the last
decade for their protective effects against a
variety of disorders, including cardiovascular
disease, cancer, hyperlipidemia, and
osteoporosis (8,9). In addition, the potential of
dietary isoflavones in the prevention of diabetes
has attracted increasing attention in recent
years (9,10). Trifolium pratense L. (T. pratense),
a member of Leguminosae or Fabaceae family,
is a short-lived biennial plant which has been
used as a health food for humans. It is
probably native to Europe, western Asia, and
northwest Africa, but today it has been
naturalized in other continents (11). It has also
been suggested in traditional medicine to treat
of some human diseases such as whooping
cough, asthma, eczema, and eye diseases (12).
Our previous study showed the anticancer
properties of 7. pratens hydroalcoholic extract
on glioma cell line (US7MG) (13).

An in vivo study suggested that the
T. pratense extract had a significant effect on
lowering the blood glucose levels and
upregulated hepatic glucokinase of mice. So, it
significantly improved the glucose homeostasis
in mice (14). In the present study an in vitro
effect of T. pratense extract on rat insulin
secreted cell line (RIN-5F) was investigated.

MATERIALS AND METHODS

Cell line and reagents

For this in vitro experimental study, rat
RIN-5F cell line was obtained from the
national cell bank of Iran (NCBI). Trypsin, 3-(4,
5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT), streptozotocin (STZ), and
glucose were purchased from Sigma-Aldrich
Chemical Co (St. Louis, MO, USA). RPMI 1640
and fetal bovine serum (FBS) were purchased
from Gibco (Gibco Company, USA). All
experiments were performed in triplicate
and repeated independently at least three
times. The study was approved by Ethical
Committee of Kermanshah University of
Medical Sciences, Kermanshah, I.R. Iran
(Code: kums.res.1395.46).

Extract preparation
Trifolium pratense seed was prepared from
agricultural and engineering research institute
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(Karaj, I.R. Iran), cultured (spring 2017) in a
farm and identified in terms of species by a
botanist (Kermanshah University of Medical
Sciences, Kermanshah, I.R. Iran). Aerial parts
of the herbs were dried and powdered, and
15 g of it was dissolved in 150 mL of
70% ethanol for 48 h in darkness. Then it was
filtered through filter paper and dried to
evaporate the alcohol at room temperature.
Finally, the powder was dissolved in a serum-
free cell culture medium, and passed through a
0.22 um filter (13).

Cell culture conditions

Rat pancreatic f cell line (RIN-5F) was
grown in polystyrene cell culture flasks
containing RPMI 1640 (pH 7.4) supplemented
with 10% FBS and without antibiotics.
The cells were subcultured at regular intervals
of 3 days till they attained confluence.
Then, they were harvested by trypsin (0.25%)-

ethylenediaminetetraacetic =~ acid  (EDTA)
(0.02%) solution. Cells were maintained
at 37 °C in a humidified atmosphere

containing 5% COs.

Dose and time optimization of extract

Rat pancreatic  cells (RIN-5F) were
cultured in 96-well plates. The various
concentrations of extract used were 1, 5, 10,
20, 30, 40, 60, 80, and 100 ug/mL and periods
of incubation time were 1, 6, 12, and 24 h. Cell
viability was determined by MTT assay (15).

Dose and time optimization of streptozotocin

Rat pancreatic B cells (RIN-5F) were
cultured (5 X 10* cells/well) in 96-well plates.
STZ was dissolved in cell culture medium.
After 48 h of attachment period, cells were
treated with different concentrations of STZ
(1 mM-40 mM) and incubated 12, 24, and 48 h,
after which the viability of cells was assayed
using MTT assay as described previously. The
ICso value of STZ was obtained by nonlinear
regression using GraphPad Prism 5 (GraphPad
Software Inc, San Diego, USA).

Effect of extract on streptozotocin-induced
cytotoxicity

For this study, cells were cultured in 96-
well plates. Then cells were treated with
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optimal doses of extract and ICsy value of STZ
and different periods of incubation. Three
types of experiments were performed as
described below.

(a) Pre-treatment: In the pre-treatment
study, RIN-5F cells were first incubated with
different concentrations of extract for 5 h.
Then, medium containing extract was removed
and replaced with fresh medium containing
STZ and incubated for 24 h. finally, cell
viability was determined by MTT assay.

(b) Simultaneous treatment: In
simultaneous treatment study, RIN-5F cells
were incubated with medium for 5 h and then
extract and STZ were added simultaneously
and incubated for 24 h. At the end of the
incubation period, viability of cells was
measured by MTT assay.

(c) Post-treatment: In this study, RIN-5F
cells were treated with STZ for 24 h. Then,
medium was removed and replaced with fresh
medium containing extract and incubated for
an additional 5 h. MTT assay was performed.

Effect of extract on streptozotocin-induced
apoptosis

Since T. pratense was able to prevent STZ-
induced cytotoxic action in vitro, its ability to
prevent apoptosis induced by this chemicals
was investigated in the next step. RIN-5F cells
were plated in 96-well plate. After attachment,
cells were treated with extract (30 pg/mL)
and/or STZ (30 mM) as described above.
Apoptosis was evaluated by labeling the 3'-
hydroxyl termini in DNA fragments using an
In situ cell death detection kit, AP (Roche

Diagnostics; Germany) according to the
manufacturer’s instructions. Briefly, after
treatment, the cells were fixed with

paraformaldehyde and permeabilized with
Triton X-100 on ice. Then 50 pL of the
TUNEL reaction mixture (label and enzyme
solution) was added to each well, followed by
incubation for 1 h at 37 °C. For differential
staining of the cells, the propidium iodide (PI)
staining solution was used. The plate was
incubated for 5 min at room temperature. The
cells were then rinsed three times with PBS
and analyzed under a fluorescent microscope
(Nikon Corporation, Tokyo, Japan). All the
mentioned stages are performed in the dark.
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The apoptotic index of the cells was calculated
as follows (16):

Apoptotic index (%) Number of apoptotic cells % 100 (l)

Total number of cells

Insulin secretion assay

Rat pancreatic  cells (RIN-5F) were
cultured in 24-well plates at 2 x 10
cells/well. After attachment the medium was
removed and replaced with fresh medium
containing low glucose (6.25 mM) or high
glucose (12.5 mM) supplemented with various
concentrations of extract. After 12 h, the
aliquots in all wells were collected to
determine the concentration of insulin in the
media with the use of enzyme-linked
immunosorbent assay (ELISA) kit (insulin
ELISA kit, Ab100578, Abcam, Cambridge,
UK) according to the manufacturer’s
instructions. The insulin secretion levels in cell
culture medium were assessed by comparing
them with the control insulin secretion level.

Statistical analysis

All data are presented as mean =+ standard
deviation of three independent experiments.
Statistical evaluation was done using one-way
analysis of variance with SPSS version 16.0
(SPSS Inc, Chicago, IL, USA) software, and
differences were considered to be statistically
significant when P < 0.05.

RESULTS

Extract effect on rat pancreatic f cells (RIN-
5F) viability

The effects of wvarious concentrations
of extract (1, 5, 10, 20, 30, 40, 60, 80, and
100 pg/mL) on the viability of RIN-5F cells
when incubated for different periods (1, 6, 12,
and 24 h) were studied and these results are
given in Fig. 1. It is evident that extract is not
toxic to RIN-5F cells at the concentrations
tested. In fact, some extract concentrations
enhanced the viability of RIN-5F cells.

Effect of streptozotocin on rat pancreatic
cells (RIN-5F) viability

Studies with STZ showed that after
exposure of RIN-5F cells to 1-40 mM for
12, 24, and 48 h, there was a significant
decrease (P < 0.05) in their survival in a dose



and time-dependent manner (Fig. 2). The ICs
values of STZ for 12, 24, and 48 h were 67.15,
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these results, all subsequent studies were
performed using 30 mM and an incubation

35.21, and 23.39 mM, respectively. Based on time of 24 hr.
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Fig. 1. The effect of Trifolium pratense extract on viability of rat pancreatic B cells (RIN-5F). Cells were treated with
extract for 1, 6, 12, and 24 h and viability was measured by MTT assay. Control wells were treated with equivalent
amount of medium alone. The results show the mean £+ SD from triplicated experiments. **P < 0.01 compared with
control group.
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Fig. 2. The effect of streptozotocin on viability of rat pancreatic B cells (RIN-5F). Cells were treated with extract for 12,
24, and 48 h and viability was measured by MTT assay. Control wells were treated with equivalent amount of medium
alone. The results showed the mean £ SD from triplicated experiments. *P < 0.05 and **P < 0.01 compared with
control group.
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Effect of extract on streptozotocin-induced
cytotoxicity

To evaluate the effect of the extract against
the cytotoxic action of STZ on RIN-5F cells,
20, 30 and 40 pg/mL doses of the extract were
tested individually against STZ (30 mM) using
three treatment periods (Fig. 3). It is evident
from the results shown in Fig. 3 that extract is
most effective when used at 30 ug/mL even
though other concentrations are also effective
in protecting RIN-5F cells. These results
showed that extract not only is non-toxic but,
in fact, protected RIN-5F cells against the
cytotoxic action of STZ. It was observed that
of all the three treatment schedules employed
in the present study, simultaneous treatment
schedule with extract at a dose of 30 pg/mL is
the most effective in protecting RIN-5F cells.
(Simultaneous treatment > pre-treatment). Post
treatment effect of the extract on STZ

100 1

80 4

60

Viability (%)

40 4

20

cytotoxicity was not significant when
compared with STZ.

Apoptosis assay

Rat pancreatic [ cells (RIN-5F) were
treated with extract and/or STZ. In these
studies, extract was used at a dose of 30
ng/mL, the most effective concentration to
protect RIN-5F cells against the cytotoxic action of
STZ. The results of this study shown in Fig. 4
revealed that 7. pratense preventes apoptosis
induced by STZ significantly (P < 0.05).

Insulin secretory assay

The concentration of insulin in cell culture
medium was increased markedly after
treatment with extract in all treated doses at
glucose concentrations of 6.25 mm and 12.5
mm. The greatest effect in induction of insulin
secretion was observed in the RIN-5F cells
treated with 30 ng/mL of the extract (Fig. 5).

8 Control
QSsTZ
BE20 +STZ
B@E30+STZ
ME40+STZ

R R

Pre Simultaneous Post

Fig. 3. The effect of Trifolium pratense extract (20, 30, and 40 pg/mL) pre-, simultaneous, and post-treatment schedules
on streptozotocin (STZ) induced cytotoxicity to rat pancreatic B cells (RIN-5F). The results showed the mean + SD
from triplicated experiments. **P < 0.01 compared with untreated control and *P < 0.01 compared with STZ-treated

group.E, Trifolium pratense extract.
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Fig. 4. The effect of Trifolium pratense extract (30 pg/mL) on streptozotocin (STZ)-induced apoptosis in rat pancreatic
B cells (RIN-5F). (A) Untreated control cells, (B) cells treated with extract (30 pg/mL), (C) cells treated with STZ
(30 mM), (D) cells treated with extract (30 pg/mL) + STZ (30 mM), and (E) columns mean percentage of apoptotic
cells from three independent experiments. The data are expressed as the percentage of the control cells as the means +

SD. *P < 0.05; **P < 0.01 compared with control.
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Fig. 5. The effect of Trifolium pratense extract on glucose stimulated insulin release in rat pancreatic § cells (RIN-5F).
The results showed the mean + SD from triplicated experiments. **P < 0.01 compared with untreated control and

P <0.01 compared with streptozotocin-treated group.
DISCUSSION

It is evident from the results of the present
study that 7. pratense extract prevented STZ-
induced cytotoxicity in  insulin-secreting
pancreatic cells (RIN-5F) in vitro. STZ, a
glucosamine derivative attached to cytotoxic
methyl nitrosourea moiety, is toxic to f cells.
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STZ is taken up by pancreatic B cells via a
glucose transporter (GLUT-2) and induces
B cell death by alkylation of DNA. It causes
DNA damage by activation of poly
ADP-ribosylation resulting in depletion of
cellular NAD" and ATP, events that finally lead
to the generation of superoxide, hydrogen
peroxide and hydroxyl radicals (17).
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Natural medicinal plants have been used
throughout the world for the therapy of
diabetes. Our data showed that the hydro-
alcoholic extract of T. pratense increased
insulin concentration in RIN-5F cells culture
medium. So, 7. pratense potentially had a
stimulatory effect on glucose-induced insulin
secretion in vitro through inducing of insulin
secretion from cells or increase the number
of cells.

The chemical profile of 7. pratense
extract obtained using the high-performance
liquid chromatography—ultraviolet (HPLC-UV)
chromatogram showed that it was composed of
isoflavones, flavonoids, pterocarpans, coumarins
and tyramine (18). Its main isoflavones are
biohanin A, formononetin, daizdein, genistein,
pratensein, prunetin, pseudobaptigenin,
calycosin, methylorobol, afrormosin, texasin,
irilin B, and irilone (19). Numerous studies
have demonstrated that, genistein, a naturally-
occurring isoflavone, has antidiabetic effects,
in particular, direct effects on [ cell
proliferation,  glucose-stimulated  insulin
secretion and protection against apoptosis (20).
We believe the effects of 7. pratense extract
obtained in this study may be associated with
its genistein compound. These effects are
structure-specific and not common to all
flavonoids. At physiological concentrations
(< 10 uM), a direct effect of genistein on
B cells is through cAMP/PKA (cyclic AMP/
protein kinase A) signaling and epigenetic
regulation of gene expression. The anti-
diabetic effects of genistein in both in vitro
and in vivo models and potential mechanisms
underlying its direct effects on B cells were
investigated by Gilberta et al. (20). Flavonoids,
the other compound in 7. pratense, are abundant
in fruits and vegetables and increasing evidence
demonstrates a positive relationship between
consumption of flavonoid-rich foods and
disease prevention. Studies supported the
beneficial effects of dietary flavonoids on
glucose and lipid homeostasis. It is stated that
the beneficial effects of some flavonoids are at
physiological concentrations and comparable
to clinically-used antidiabetic drugs. Their
antidiabetic effects are mediated through

enhancing insulin  secretion,  reducing
apoptosis and promoting proliferation of
pancreatic [ cells. They also decrease
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hyperglycemia through regulation of glucose
metabolism, reducing insulin resistance,
inflammation and oxidative stress in muscle
and fat, and increasing glucose uptake in
skeletal muscle and white adipose tissue (21).
It was shown that pterocarpans from ethyl
acetate extract of soy leaves improved plasma
glucose and insulin levels in mice with type 2
diabetes by regulating B cell proliferation and
insulin sensitivity (22). Also, plant extracts
containing coumarins, secondary metabolites
found widely in nature plants, exhibited
antidiabetic activity. Both natural coumarins
and coumarin derivatives have been reported
to exhibit a promising therapeutic effect on
diabetes and its complications due to repairing
pancreatic B cells damage, improving insulin
signaling and providing anti-inflammatory and
antioxidative protection (23). The anti-diabetic
activity of tyramine extracted from leaves of
Cissus verticilllata was reported, in diabetic
rats. The plasma glucose, triglycerides and
total cholesterol of these rats showed
significant reductions, after the treatment with
the tyramine (24). It seems that 7. pratense as
a rich source of isoflavones, flavonoids,
pterocarpans, coumarins and tyramine, can be
a good medicinal herb for diabetes treatment.

CONCLUSION

The present study demonstrated that
T. pratense extract protected RIN-5F cell line
from STZ cytotoxicity and significantly
potentiated the insulin secretion. These results
could translate into beneficial effects of this
herb in the management of diabetes. In future,
clinical studies are suggested.
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