Research in Pharmaceutical Sciences, October 2021; 16(5): 505-515
— Received: 06-10-2020
7| Peer Reviewed: 23-10-2020
K | Revised: 19-01-2021
&i Accepted: 27-07-2021

Published: 19-08-2021

School of Pharmacy & Pharmaceutical Sciences
Isfahan University of Medical Sciences

Original Article

Antidiabetic potential of the isolated fractions from the plants of
Rosaceae family in streptozotocin-induced diabetic rats

Gholamreza Bahrami?, Babak Izadi?, Seyed Shahram Miraghaee!”, Bahar Mohammadi?,
Razieh Hatami?, Soraya Sajadimajd?®, and Nasim Batooie!

IMedical Biology Research Center, Health Technology Institute, Kermanshah University of Medical Sciences,
Kermanshah, I.R. Iran.
2Department of Pathology, School of Medicine, Kermanshah University of Medical Sciences, Kermanshah, I.R. Iran.
3Department of Biology, Faculty of Science, Razi University, Kermanshah, l.R. Iran.

Abstract

Background and purpose: Diabetes is a group of multifactorial disorders characterized by chronic-elevated
blood glucose levels (hyperglycemia). Natural remedies are used as alternative medications to treat diabetes.
Here, we tested the protective effect of the plant extracts of the Rosaceae family on improving insulin secretion
and repairing the pancreatic beta cells in diabetic rats.

Experimental approach: The oligosaccharide fraction was isolated from the Rosaceae family of herbs. LC-
MS/MS was applied to characterize the isolated fractions. The male Wistar rats were randomly divided into
six groups, 10 each, including the control group with no intervention, diabetic rats without treatment, diabetic
rats that received the extract of Malus domestica (apple), Cydonia oblonga (quince), Prunus persica
(nectarine), and Prunus persica (peach), separately. Rats were monitored for the weight, fasting plasma
glucose, and insulin levels. The effect of extracts in streptozotocin (STZ)-induced diabetic rats on the
pancreatic islets was evaluated by morphometric analysis.

Findings/Results: LC-MS/MS results indicated a similar mass spectrum of isolated fractions from nectarine
and peach with Rosa canina. Oral administration of nectarine and peach extracts to STZ-induced diabetic rats
showed restoration of blood glucose levels to normal levels with a concomitant increase in insulin levels.
Morphometric analysis of pancreatic sections revealed the increase in number, diameter, volume, and area of
the pancreatic islets in the diabetic rats treated with extracts compared to the untreated diabetic rats.
Conclusion and implications: Nectarine and peach extracts’ anti-diabetic properties improved insulin
secretion and pancreatic beta-cell function and subsequently led to restoring pancreatic islet mass in STZ-
induced diabetic rats.
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INTRODUCTION

Diabetes, a disease in which the body does
not produce or properly use insulin, is a
growing public health concern that affects
many individuals worldwide. Diabetes has
serious impacts on both patients and societies.
The cost of its treatment has been estimated to
be more than 825 billion USD per year (1). The
incidence of diabetes worldwide was estimated
at 382 million people and this number is expected
to reach 439 million by the year 2030 (2).
Currently, standard treatments for diabetes are
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injection of hypoglycemic agents (insulin,
insulin analogs, etc.) and/or oral administration
of synthetic hypoglycemic drugs, such as
sulfonylureas, biguanides, glinides, glycosidase
inhibitors, and thiazolidinedione derivatives.
Owing to the side effects of medications and
reduced sensitivity of insulin receptors due to
long-term use of insulin, insulin resistance
occurs and management of the conditions is
failed (3).

Access this article online

Website: http://rps.mui.ac.ir

DOI: 10.4103/1735-5362.323917




Bahrami et al. / RPS 2021; 16(5): 505-515

OH

OH

HO

(0]

HO
OH /g
H;C [6)

Fig. 1. The structure of isolated oligosaccharide from Rosa canina. The chemical structure of oligosaccharide was
characterized using HPLC, IR, NMR and MS analyses (8).

A promising treatment of diabetes involves
sustained glycemic control without
hypoglycemia and other side effects.

Herbal remedies are among the best existing
alternative therapies, which have been used
since the ancient to treat diabetes. To this date,
more than 400 traditional herbal treatments
have been suggested to treat diabetes. However,
some of plant-based treatments have been
clinically assessed for their efficacy (4).
Generally, the anti-hyperglycemic activity of
the plants is mainly due to their ability to restore
the function of pancreatic tissues by increasing
insulin secretion or inhibiting the intestinal
absorption of glucose or to the facilitation of
metabolites in insulin-dependent processes (5).

Streptozotocin (STZ) is a compound that has
preferential toxicity toward pancreatic [ cells.
Commonly, STZ injections have been used to
induce diabetes in animal models. It binds to
glucose transporter 2 in beta cell plasma
membrane, enters cells and destroys them. The
effect of STZ is observed by blood glucose-
levels changes. A marked increase in blood
glucose confirms the induction of diabetes and
the effect of STZ (6, 7).

In the previous work, we investigated the
anti-diabetic activity and the mechanism of
action of crude extract of Rosa canina as a
member of the Rosaceae family in vitro. Our
results  confirmed that the isolated
polysaccharide from Rosa canina can promote
the proliferation of pancreatic beta cells
providing a novel mechanism for the anti-
diabetic effect of the plant (8). Also, we purified
and evaluated a novel oligosaccharide with
anti-diabetic activity from Rosa canina (9-11).
We used high-performance liquid
chromatography diode array detector tandem
mass spectroscopy (HPLC-DAD MS/MS),
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infrared radiation (IR), and nuclear magnetic
resonance (NMR) techniques and identified an

oligosaccharide with a pectin structure
composed of repeated tetrasaccharides
([C29H42026] n) and several acetyl and

methoxycarbonyl groups (Fig. 1) (10). In vitro
study suggested that high concentrations of
oligosaccharide increased cell death, while at
low concentration protected beta-pancreatic
cells from STZ-induced cell death. The anti-
diabetic activity of this oligosaccharide was
confirmed at the molecular level (10). Due to
structural similarity between the Rosaceae
family and the Rosa canina, we investigated the
presence of any new oligosaccharide with anti-
diabetogenic activity in the large family of
Rosaceae.

MATERIAL AND METHODS

Plant material collection and preparation of
extracts

Plants were collected from different parts of
Kermanshah province in western Iran during
Nov-Dec (Table 1). After the separation of
fruits, stems, and roots, they were dried and
stored at appropriate temperatures and
humidity. Next, the dried plants were cut into
small pieces. To prepare the aqueous extract, 10
g of the plant material was boiled in 200 mL of
deionized water to reach a final volume of 100
mL. The samples were then filtered using
Whitman paper. During the purification step,
the extract was precipitated by three times its
volume of 96% ethanol and the resulting
precipitate was dissolved in deionized water.
The fractions containing the corresponding
oligosaccharide were isolated according to the
previous method described for the isolation of
Rosa canina (10).
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Table 1. The intensity of the isolated oligosaccharide fraction of the plants detected using liquid chromatography-mass

spectroscopy.

Common name Organ Family Scientific name Interjsny of peqk corresponding
to oligosaccharide

Blood peach Roots, stems Rosaceae Prunus persicea -

White nectarine Roots, stems Rosaceae Prunus persicea ++

Cherry Roots, stems Rosaceae Prunus cerasus +

Red apple Roots, stems Rosaceae Malus domestica -

Reine Claude Verte Stems, fruits Rosaceae Prunus cerasifera -, Busy peak

Apricot Roots, fruits Rosaceae Prunus armeniaca -

Bitter cherry Stems Rosaceae Prunus cerasus

Sour cherry Stems Rosaceae Prunus cerasus -

Yellow apple Roots, stems Rosaceae Malus domestica - and +, respectively

Green almond Fruits Rosaceae Prunus cerasifera Crowded spectrum

Quince Roots, stems Rosaceae Cydonia oblonga - and +, respectively

Rosa canina Stems, fruits Rosaceae Rosa canina +++

Common medlar Fruits Rosaceae Mespilus germanica Crowded spectrum

Prune Roots Rosaceae Prunus cerasifera -

Strawberry Fruits Rosaceae Fragaria ananassa ++

-, Lack of the desired peak; +, weak peak; ++, strong peak.

Liquid chromatography-mass spectrometry

The isolated fractions collected from the
purification process previously described (10)
were filtered and further subjected to a liquid
chromatography-mass  spectrometry  (LC-
MS/MS) to examine and screen for the presence
and quantity of oligosaccharide as one of the
main antidiabetic constituents in the plant
extracts. The active ingredient purified in the
previous study (oligosaccharide from Rosa
canina identified peak at 366 m/z) was used as
the standard to identify the elution time of this
compound.

Animal study

Adult male Wistar rats weighing 220-250 g
provided by the Pasteur Institute of Iran
(Tehran, I.R. Iran), maintained in a controlled
environment with 12/12-h light/dark cycle,
room temperature of 24-25 °C and humidity of
55% and had ad libitum access to dry laboratory
food and water. Diabetes was induced via a
single intraperitoneal injection of 45 mg/kg
STZ (Sigma, Germany) dissolved in cold
normal saline. Nondiabetic animals received
intraperitoneal injection of normal saline only
as the wvehicle. The blood samples were
withdrawn from the rat’s tail vein 48 h after the
injection and their glucose levels were
measured using a glucometer (GlucoDr, South
Korea). Rats were considered diabetic if their
blood glucose levels were greater than 200
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mg/dL. Afterward, the rats were randomly
divided into 6 groups of 10 each including the
control group, STZ-induced diabetic group, and
STZ-induced diabetic groups treated with the
isolated fractions (2 mL of 40% by daily
gavage) of Malus domestica (apple), Cydonia
oblonga (quince), Prunus persica (nectarine),
and Prunus persica (peach) for 4 weeks.
A
Measurement of insulin and fasting blood
glucose

Blood samples were collected from the rat
tail vein and the fasting blood glucose, as well
as the blood insulin, were measured after 8
weeks using a glucometer (GlucoDr, South
Korea) and enzyme-linked immunosorbent
assay kit (insulin ELISA Kkit, Abl100578,
Abcam, Cambridge, UK), respectively.
Immunohistochemical technique and
hematoxylin and eosin staining

The rats were sacrificed at the end of the
experiments. The pancreases were removed,
fixed in 10% formalin, and after tissue
processing (dehydration in ascending alcohols
and clarification with xylem) were paraffin-
embedded. Then, from each tissue sample, 5
um sections were prepared with a microtome
(Microm, EC350-2) on a slide. The slides were
stained with insulin antibodies according to the
Dako immunohistochemical kit (Denmark).
Quantitative evaluation was performed to
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detect the regeneration and/or increase in the
islet beta cells. Also, the slides were stained
with the hematoxylin-eosin solution according
to the standard method and histopathological
changes were examined by light microscopy.

Statistical analysis

All data are presented as mean * standard
deviation (SD) of three independent
experiments. Statistical evaluation was done
using one-way analysis of variance (ANOVA)
with SPSS version 21 (SPSS Inc., Chicago, IL,
USA) software, and the level of significance
was set at P <0.05.

RESULTS

Analysis of isolated fractions from Rosacea
family plants for oligosaccharide

Owing to the promising anti-diabetic activity
of an isolated oligosaccharide fraction with
pectin structure from Rosa canina (Fig. 1), LC-
MS/MS analyses were accomplished on
isolated fractions to characterize whether the
oligosaccharide is present in other Rosacea
family of plants. The LC-MS/MS data showed
that the roots of quince, prune, bitter cherry, red
apple, rose apple, yellow apple, cherry, apricot,
fig peach, blood peach, as well as the stems of
Reine claude Verte, sour cherry, and bitter
cherry lacked the desired oligosaccharide peak
when compared to oligosaccharide standard.

While the stems of yellow apple, quince, and
cherry had a weak peak. The rest of the samples
had stronger peaks of the active ingredient, but
some of them including fruits of green almond,
Reine claude Verte, common medlar, and
unripe apricot had a crowded spectrum that
could not be easily identified due to the
presence  of  similar  compounds  of
oligosaccharide derivatives. The peak intensity
of the active ingredient in the LC-MS/MS
showed that among all samples examined, the
fruits of strawberry and the stem of Malus
domestica (red apple), Prunus persica
(nectarine), Prunus persica (peach), and Malus
domestica (white nectarine) had the most amount
and highest purity of the oligosaccharides
(Table 1). Representative mass spectrum of Rosa
canina fruit purified oligosaccharide (Fig. 2A) as
the standard; and fractions isolated from some
other plants such as Prunus cerasus (bitter cherry)
stem (Fig. 2B), as the fraction lacking
oligosaccharide); Prunus cerasus (cherry) stem
(Fig. 2C), as the fraction with a low amount of
oligosaccharide); Prunus armeniaca (apricot)
fruit (Fig. 2D), as the fraction showing a crowded
spectrum; and Prunus persica (Peach) stem
(Fig. 2E), as the fraction containing a high
quantity of oligosaccharide are illustrated in
Fig. 2. Therefore, the stem of Prunus persica
(peach), Malus domestica (apple), Prunus
armeniaca (apricot), and Cydonia oblonga
(quince) was adopted for further in vitro
analysis.
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Fig. 2. Representative mass spectrum of the isolated fractions of some specific plants. (A) Oligosaccharide purified from
Rosa canina extract, (B) stem of Prunus cerasus (bitter cherry, lacking oligosaccharide), (C) stem of Prunus cerasus (cherry,
weak presence of oligosaccharide), (D) fruit of Prunus armeniaca (apricot, crowded spectrum), and (E) stem of Prunus
persicea (peach, presence of high quantity of oligosaccharide). The mass-to-charge ratio (366) was selected as the base
peak.
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Fig. 4. The effect of different isolated fractions (2 mL of
40% V/W) on the blood insulin level of rats. The results
show the mean £ SD. n = 3. *P < 0.05 Indicates
significant differences compared with the control group
and *P < 0.05 versus the STZ-treated group. STZ,
Streptozotocin.

Effect of isolated fractions from nectarine and
peach on body weight, blood glucose, and
insulin level

The weight changes of rats were subtle
(P > 0.05; Fig. 3A). The rats treated with the
isolated fractions of nectarine and peach
exhibited a drastic decrease in the fasting blood
glucose (P < 0.05). The rats treated with apple
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and quince extract, on the other hand, did not
show any significant changes in the blood
glucose (P > 0.05; Fig. 3B). Therefore,
we only used the extract of Prunus persica
(nectarine) and Prunus persica (peach) for
further analysis and experiments.

The blood insulin level of diabetic rats was
lower than normal rats (P < 0.05). These
decreased insulin levels were probably
due to the damage to beta cells and the
reduction of secreted insulin by these cells. On
the other hand, symptoms of diabetes mellitus
in rats were disappeared after 8 weeks of
Prunus persica (nectarine) and Prunus persica
(peach) extracts reception. The results showed
that their blood insulin levels were significantly
higher than the diabetic group (P < 0.05;
Fig. 4).

Effect of extracts on beta cells in the islands of
Langerhans

Two methods of hematotoxin/eosin and
insulin-specific antibody staining were used
for pancreatic tissues (Fig. 5). Islet counts
showed a significant increase in the mean
number of islands in extracts-treated groups
compared to the diabetic rats (P < 0.05). Also,
the islets were approximately 2.5-fold larger in
rats receiving both STZ and extracts than in rats
receiving STZ. The volume of islands
increased by 4 times as much as by the use of
extracts.
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Fig. 5. The effect of nectarine and peach fractions on the regeneration of the Langerhans islets in diabetic animals. (A)
hematoxylin and eosin and (B) immunohistochemical staining (magnification 40x) and (C and D) the number of the
pancreatic islets from three independent experiments performed in triplicate. *P < 0.05 indicate significant differences
compared with the control group and *P < 0.05 versus STZ group. STZ, Streptozotocin.

DISCUSSION

We showed that the plant extracts from the
Rosaceae family have an anti-diabetic activity.
Moreover, it has been indicated the extracts of
Prunus persica (nectarine) and Prunus persica
(peach) regenerated the pancreas by
regeneration fashion. Given the promising anti-
diabetic activities of Rosa canina extract and its
isolated polysaccharide in our previous studies
(8,10, 12, 13), it is prompted us to evaluate the
hypoglycemic effects of other members of the
Rosaceae family. To address this, the extract
from fruits, stems, and roots of the plants was
prepared and evaluated for the polysaccharide
peak in the mass spectrum. According to the
results, Prunus armeniaca (apricot), and
Cydonia oblonga (quince) were considered for
further in vitro stu dies.

Among the Rosaceae family, eight number
of them including Rosa canina, Agrimonia
eupatoria, Geum urbanum, Filipendula
ulmaria, Crataegus monogyna, and Potentilla
erecta were numerously used in pharmaceutical
and medical applications (14,15). In this
context, there is mounting evidence that the
Rosaceae family possess anti-inflammatory
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effect (16, 17), tumor growth inhibitory effects
(18, 19), liver protective activity (20),
antioxidant (17), antiviral (17), and anti-
diabetic properties. The anti-diabetic potential
of Sorbus decora CK Schneid (Rosaceae)
extract was confirmed in three models (pre-
diabetes, types 1 and 2 diabetes) of an animal
model (21). Sorbus decora CK Schneid extract
also can potentiate uptake of glucose in a mouse
myoblast cell line (22).

The lowered blood glucose levels in the rats
treated with the isolated fractions from Prunus
persica (nectarine) and Prunus persica (peach)
extract are most likely due to a reduction in
glucose uptake, glucose biosynthesis, and oral
release of the stored glucose (e.g. glycogen). It
can also be the result of an increase in glucose
metabolism, storage of glucose in body organs
such as liver and muscle, or the production of
secreted hormones such as insulin. Considering
the potency of all discussed factors, the
production and secretion of insulin are more
powerful regulators of glucose metabolism and
therefore it is the main cause of improvements.
Blood insulin levels were significantly
decreased by STZ. Since both extracts
increased the animals’ blood insulin levels, we



investigated their effect on pancreatic islets.
The number of islands increased significantly
by extracts treatment. Thus, the increase in the
number of pancreatic islets and beta cells may
be a reason for the increase in blood insulin
levels. Moreover, our microscopic qualitative
examination of the island's size confirmed these
results. An increase in the size of the islets
indicated an increase in the number of beta cells
and suggesting the regeneration possibility. We
plan in the future to further investigate this
scenario by focusing on the stem/progenitors
and cell cycle genes.

It has been suggested that the therapeutic
effect of medicinal herbs is related to their
active ingredients. Carbohydrates including
oligosaccharides and polysaccharides extracted
from herbs, fungi, and algae are effective in the
treatment of several pathologies are used in the
clinic (23-27). The prebiotic effect of
arabinoxylan oligosaccharide isolated from
wheat (28), antihyperglycemic effects of
polysaccharide extracted from Memordica
charantia (29), Inonotus obliquus (30),
Hericium erinaceus (31), Ophiopogon
japonicas (32), immune-modulatory effect of
polysaccharide from Hibiscus sabdariffa L.
(33), antioxidantive potential of polysaccharide
from Euryale ferox Salish. (34), antitumor
effect of polysaccharide from Polygonum
multiflorum (35) and other therapeutic efficacies
of polysaccharides and oligosaccharides were
investigated in the literature.

In line with the results of previous studies on
the antidiabetic effects of the isolated fraction
from Rosa canina, our results depicted that
Rosacea plants with the same isolated fraction
have the anti-diabetic potential compared to
ones with no identified peak in the mass
spectrum.

The antidiabetic effects of some of these
plants were also reported in previous studies.
For instance, quercetin-rich ethyl acetate
fraction  (PP-EtOAc) of leaves  of
Prunus persica was evaluated for antidiabetic
activity. Results showed that at 200 mg/kg,
significant anti-hyperglycemic activity
(P < 0.05) was observed in the rat models
(36). The antidiabetic ability  of
Cydonia oblonga and underlying
mechanism of action investigated

the
were
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in L6 skeletal muscle cells. The results
suggested that Cydonia oblonga promoted
glucose metabolism by activating PISK/AKT
signaling pathway (37). Also, a study indicated
promising antioxidant potentials of alcoholic
extracts of apple (Malus domestica) manifested
by elevation of reduced glutathione content
(38).

Our data showed that the oligosaccharides
identified in Rosa canina extract are probably
responsible for their anti-diabetic properties in
members of the Rosaceae family.

CONCLUSION

In  conclusion, the Prunus persica
(nectarine) and Prunus persica (peach) extracts
significantly reduced blood glucose levels in
STZ-induced diabetic rats. Blood insulin
measurement of control and treated rats showed
that the insulin level was significantly increased
most likely due to the pancreatic islet beta cell
regeneration. Overall, our data suggest that
extracts have antidiabetic properties and that
can mediate by enhancing insulin production in
the pancreatic islet cells in diabetic models.
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