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Abstract
Background Diabetes mellitus (DM) is a well-known clinical entity with various late complications. There is a surge of research
aiming to use the medical herb in the management of DM.
Objective This study aimed to investigate whether the alleviation of DM by an isolated compound from Rosa canina is mediated
by DNA methylation in STZ-diabetic rats.
Methods Sixty adult Wistar male rats were classified into control, diabetic and treatment groups. Rats were treated with STZ
(40 mg/kg), metformin (500 mg/kg), and oligosaccharide fraction (OF; 10, 20 and 30 mg/kg) isolated from Rosa canina. DNA
was extracted from the blood and pancreas to determine DNA methylation using the Global DNA Methylation kit. The expres-
sions of DNA methyltransferases (Dnmts), PDX1, Ins1, GCK and PTP1B2 were determined by using qRT-PCR.
Results The significant blood glucose-lowering potential of OF was associated with a reduced level of global DNA methylation
(p < 0.05). The expression levels of Dnmts 1 and 3α increased in the pancreas and blood from diabetic rats compared to control
group which declined byOF treatment (p < 0.05). Paradoxically, the expression ofDnmt 3β augmented in the pancreas and blood
of OF group compared to diabetic ones (p < 0.05). Besides, the expressions of Pdx1, PTP1B2, Ins1 and GCK increased in OF-
treated rats compared to diabetic groups.
Conclusion Results revealed that DNA methylation plays a causal role in the effectiveness of the isolated OF. Furthermore, the
possible regenerative potential of oligosaccharide in diabetic rats may have contributed to the modulation of DNA methylation.
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Highlight • An active biomolecule was isolated and characterized as
Oligosaccharide fraction.
• Oligosaccharide fraction from R. canina showed the blood glucose
lowering potential.
• Natural product from R. canina induced hypomehylation in diabetic rat.
• Extracted fraction from R. canina may affect the regeneration of β-cells.
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Introduction

Diabetes mellitus (DM) is a group of heterogenic metabolic
disorders characterized by glucose intolerance resulting from
pancreatic β-cells’ dysfunction. Impairment of pancreatic β-
cells is along with prolonged deregulation of insulin and de-
velopment of macrovascular and microvascular complica-
tions. Globally, the prevalence of DM is continuing to rise
over 300 million people by 2025 [1]. It is believed that a
complex interplay among environmental factors, genetic mod-
ifications and epigenetic variations implicates in the progres-
sion and the susceptibility of DM. However, the exact molec-
ular mechanism of DM pathogenesis has only partially been
understood.

DNAmethylation as an epigenetic mechanism is a covalent
modification of the DNA sequence with a causal effect on
gene expression and genomic stability [2]. DNA methylation
is mediated by DNA methyltransferases (DNMTs) that trans-
fer a methyl group from S-adenosyl-methionine to the 5′ po-
sition of the cytosine ring of DNA and generate 5-methyl-
cytosine [3–5]. In this regard, DNAmethylation throughmod-
ulation of DNA accessibility regulates the expression of asso-
ciated genes [6]. Over the past few years, extensive studies
have revealed the involvement of an altered pattern of DNA
methylation in diabetic humans and animal models. For in-
stance, genomic DNAmethylation patterns in islets from type
2 diabetic patients showed the increased level of methylated
DNA and the decreased expression of related genes compared
to non-diabetic ones (13). Hypermethylated CpG sites have
been identified in defense system and immune response path-
ways in type 1 diabetes-affected twins [7]. Owing to the dif-
ferential methylation pattern in diabetic patients, it seems that
targeting of methylation may be an effective approach in the
treatment of DM.

Medical herbs have long been used in traditional medicine
to treat DM and its complications [8]. Natural products isolat-
ed from plants are known to play a causal role in pharmaceu-
tical biology [9]. To reduce the deleterious side effects and
enhance the efficacy of medical herbs, it is required to find out
the main ingredient and scrutinize their molecular mecha-
nisms in the management of DM. Rosa canina (R. canina;
rose hip) is one of the well-known medicinal plants tradition-
ally used for various metabolic and inflammatory diseases
with no obvious cytotoxic effects on the growth of cancer cell
lines [10, 11]. The anti-diabetic effects of R. canina have been
undertaken in a number of studies [12–16]. One of the extract-
ed fraction of R. canina is a novel oligosaccharide composed
of the highly methylated and acetylated galacturan and
arabinan units [17].

Therefore, this study aimed to evaluate whether oligosac-
charide fraction isolated from R caninia plays any role in the
alteration of the whole methylation genome profile and the
expression of DNA methyltransferases in diabetic rats.

Materials and methods

Materials

Streptozotocin (STZ) was purchased from Sigma Aldrich (St
Loui, MO), Insulin and Ki67 antibodies, Biotin Blocking
System, Liquid DAB + Substrate Chromogen System,
EnVision, Dual Link System, and Target Retrieval Solution
were provided from DAKO (Denmark). Hydrogen peroxide,
Methyl alcohol, Entelan glue, and Ethyl alcohol 99.6% were
supplied from Merck (Germany). DNA extraction kit was
purchased from SinaPure™DNAKit (Iran), RiboEX ™
RNA extraction kit was provided from GeneAll (Korea),
Methylated DNA Quantification Kit, RiboExLS kit from
Epigentek (USA), cDNA synthesis kit was obtained from
GeneAll (Korea). The RT Premix, qPCR Master Mix, and
primers were purchased from Bioneer (Daejeon, Korea).

Extraction of oligosaccharide fraction

Ripe fruits of R. canina were collected from different parts of
Kermanshah province in western Iran during Nov-Dec. The
collected fruits were dried and its powder was added to de-
ionized water to get an extract. The extract was filtered and
further subjected to a column of silica gel of G-60. Then, the
collected eluent was partitioned two times against a triple vol-
ume of ethanol. To further purification, fraction passed over a
flash column chromatography with a sephadex LH20 mem-
brane and a column with a silica gel RP-18 membrane to
provide oligosaccharide fraction. The purified oligosaccharide
was analyzed using a high performance liquid chromatogra-
phy diode array detector tandem mass spectroscopy (HPLC-
DAD MS/MS), infra-red radiation (IR) and nuclear magnetic
resonance (NMR) to analyze the structure and the composi-
tion of the fraction.

Animals and experimental design

Eight-week-old maleWistar rats, weighing from 200 to 250 g,
were purchased from Pasteur Institute (Tehran, Iran). They
had free access to food and water and were maintained at a
room temperature of 22 °C with 12:12 h light: dark cycle and
45–50% relative humidity. The animal study was reviewed
and accepted by ethics committees from the National
Institute from Medical Research development (NIMAD) with
the number of certification IRNIMADREC 1396 262 (26-11-
2017). Hence, the care and treatment of the animals were done
in accordance with the principles of laboratory animal care
(National Institutes of Health) and Iran National Committee
for Ethics in Biomedical Research (http://ethics.research.ac.
ir). The rats were segregated randomly into 6 groups (10
Rats in each group) including untreated (control), diabetic,
metformin-treated (positive control) and three treatment
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groups were taken three different doses of oligosaccharide
fraction from Rosa canina, respectively. The control group
was given orally water. DMwas induced in the animals except
for the controls by a single intraperitoneal (i.p.) injection of
STZ (40 mg/kg) freshly dissolved in 5 mmol/L citrate buffer
(pH 4.5). After 72 h, the level of glucose was measured using
a GlucoDr glucometer (allmedicus; Germany) by the sam-
pling of blood from the tail vein of the animals and blood
sugar ranging from 250 to 400 mg/dl was considered as pos-
itive. The rats in oligosaccharide-treated groups were given
three doses (10, 20 and 30 mg/kg) of the isolated oligosaccha-
ride dissolved in distilled water twice daily for 4 and 8 weeks
starting two days after STZ injection. Positive controls re-
ceived metformin (500 mg/kg/day) for the same period. All
the treatments were done by oral gavage and stopped after 4
and 8 weeks. Three randomly-selected cured rats in each
group were anesthetized by diethyl ether and killed to collect
blood and pancreatic samples. Oral glucose tolerance test was
assayed by measuring blood glucose after 0, 60, and 90 min
administration of 5 mg/kg glucose following 2 h finalization
of the treatment period.

Hematoxylin and eosin (H&E) staining

To visualize the regenerative effect of OF in diabetic rats, the
pancreatic tissues of 20 mg/kg OF-treated and diabetic rats
were dissected and stained by using hematoxylin/eosin
(H&E). Paraffin-embedded tissues were provided as 4 μm
sections and stained with hematoxylin and eosin (H&E) meth-
od. In this method, glass slides containing tissue sections in-
cubated at 70 °C for 2 h. Then, slides rinsed into several jars
filled with xylene, graded series of ethanol solutions, hema-
toxylin, lithium carbonate and eosin. Stained sections were
independently evaluated by two pathologists [18].

Immunohistochemistry

Immunohistological staining was performed on formalin-
fixed paraffin-embedded tissue sections using antibodies
against insulin and Ki67. For this aim, 4 μm tissue sections
were deparaffinized at 37 °C for 2 h and Xylene for 24 h. To
retrieve antigens, slides immersed in the jar containing Tris
buffer (pH = 9) and heated in a water bath at 95 °C for 20 min
followed by washing in PBS solution. To quench the intracel-
lular activity of peroxidases, slides were immersed in a solu-
tion of 3% Hydrogen peroxide in methanol for 10 min,
washed with PBS and placed in jars containing avidin solution
for 5 min. After washing with PBS, slides were incubated by
primary and secondary antibodies in a humid and dark place at
room temperature. The slides were washed in PBS and stained
with the substrate-chromogen solution known as 3,3′-
diaminobenzidinetetra-hydrochloride (DAB) for 5 min. The
counterstaining was performed with hematoxylin for 30 s

and washed in water. Then, slides mounted to study under a
microscope. Negative controls were exposed to antibody dil-
uent replacing primary antibody [19].

DNA extraction and global DNA methylation

To examine the involvement of DNA methylation in the anti-
diabetic effect of OF, global DNA methylation of OF-treated
and untreated diabetic rats were examined using
MethylFlash™ global DNA methylation (5-mc) ELISA easy
kit. For this aim, DNA from treated and untreated groups was
extracted from pancreas tissue and peripheral blood samples
using a standard protocol. Briefly, DNA was extracted by
salting out and chloroform, precipitated by ethanol and then,
solvated in ddH2O as well as SinaPure™DNA Kit. DNA pu-
rity and concentration were evaluated by a NanoDrop 2000/
2000c spectrophotometer (Thermo Scientific, USA). The
methylation status of DNA was determined using
MethylFlash Global DNA Methylation (5-mC) ELISA easy
kit as a Methylated DNA Quantification Kit (Epigentek) [20].

RNA isolation, reverse transcription and quantitative
real-time quantitative PCR (qRT-qPCR)

Total RNA was isolated from the peripheral blood and isolat-
ed pancreas of each rat using the RiboExLS kit (GeneAll,
Korea) according to the manufacturer’s protocol. Extracted
RNA (2 μg) in a 20-μl reaction volume was reverse tran-
scribed using the Prime ScriptTMTRT kit (Takara BioInc.,
Otsu, Japan) in the presence of random hexamer.
Quantitative real-time polymerase chain reaction (RT-qPCR)
was performed with a light cycler instrument (Applied
biosystem, Singapore) using SYBR premix Ex Taq technolo-
gy (Takara BioInc., Otsu, Japan) kit.

Thermal cycling conditions comprised an initial activation
step for 30 s at 95 °C followed by 38 cycles, including a
denaturation step for 15 s at 60 °C. Melting curves were ana-
lyzed to validate a single PCR product of each primer. The
following primers were used for SYBRGreen-based real-time
PCR: GAPDH forward: 5 ′-GCGTCCACCCGCGA
GTACAA - 3 ′ a n d GAPDH r e v e r s e : 5 ′ - ACAT
GCCGGAGCCGTTGTCG-3 ′ . Dnmt3α fo rward :
CTGGAACACGGCAGAATAGC and Dnmt3α reverse:
CGAAGAGGTGGCGGATGAC. Dnmt3β forward: 5′-
GGGCCGCTACCACGTTCAGG −3′ and Dnmt3β reverse:
5′-AGGGCCGTCCTGGCTCAAGT −3′; Dnmt1 forward: 5′-
CCGGCAACATGGCCTCAGGG-3′ and Dnmt1 reverse: 5′-
CCGGCAACATGGCCTCAGGG −3′. Primers for GCK,
Ins, Ptp1b2 and Pdx1 were prepared from Qiagen.
Comparative quantitation analysis (2–Δ(ΔCt) method) was
used to determine fold change in gene expression and normal-
ized to the housekeeping gene, GAPDH, which has been val-
idated as the housekeeping gene for current studies [21, 22].
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Statistical analysis

Statistical analyses were carried out by SPSS19 software
(SPSS/PC-19.SPSS Inc., Chicago, IL, USA). The data
expressed as mean ± SEM. The one-way analysis of variance
(ANOVA) followed by Turkey’s post-hoc test was used for
the analysis of data. All values were expressed as means±stan-
dard deviation (SD). Each experiment was done in triplicate.
The p < 0.05 was considered statistically significant.

Results

Determination and evaluation of the active reagent
extracted from Rosa canina

After extraction of purified oligosaccharide from ripe fruits of
R. canina, structural analyses including HPLC-DADMS/MS,
IR and NMR were performed to distinguish the composition
of the oligosaccharide fraction. Results showed that isolated
fraction is a pectin derivative composed of a repeated
tetrasacchrides with several acetyl and methoxy carbonyl
groups (Fig. 1S). The structural and functional characteriza-
tion of isolated oligosaccharide (Fig. 2S) was reported in the
United States patent with the following address (patent No:
US9,296,831B2; https://patents.justia.com/inventor/
gholamreza-bahrami) [17, 23].

Effect of oligosaccharide fraction (OF) on the body
mass and level of plasma glucose in diabetic rats

The effects of oligosaccharide fraction (OF) fromR. canina on
the whole body weight and blood glucose levels were mea-
sured in OF-treated and untreated diabetic rats after 4- and 8-
week (4 W and 8 W) treatment (Table 1). The average body
mass of the diabetic group was significantly decreased relative
to the untreated control groups after 4 and 8 weeks (p < 0.05).

Increased body weight in OF-group (20 mg/kg) was signifi-
cantly higher than the diabetic group after 4 W and 8 W treat-
ment (p < 0.05). At the end of 8 W treatment, rats were fed
with ddH2O for two weeks and blood was sampled from rats.
Diabetic rats showed a significant increase in the level of
blood sugar compared to control group (p < 0.05). The levels
of blood glucose significantly decreased in OF-treated groups
(20 and 30 mg/kg) and Met group (metformin-treated group)
compared to diabetic rats (p < 0.05). The decreased level of
blood glucose in OF (20 mg/kg) group implying the hypogly-
cemic effect of OF at the dose of 20mg/kg in diabetic rats. The
protective effect of OF on the tolerance of oral glucose in
diabetic rats was shown in Table 1S.

Effect of OF on the number of Langerhans islets

The pancreas from diabetic rats showed a small size relative to
untreated control group. Microscopic evaluation of pancreatic
tissues clarified a significant decrease in the number of
Langerhans islets and β-cells in diabetic group relative to
untreated control rats which significantly increased in
20 mg/kg OF group (p < 0.05) in both staining methods.
Interestingly, the number of islets and beta cells were not
significantly different from diabetic rats (Figs. 1 A-F and J-
K). In addition, the proliferative potential of pancreatic cells
was evaluated using Ki67 immunohistochemistry, indicating
the slight increase in stained cells of pancreatic islets of OF-
treated group compared to diabetic rats with no difference
statistically (p > 0.05) (Fig. 1 G-I and L).

Effect of OF on global DNA methylation

According to Fig. 2, the content of methylated DNA in the
blood of diabetic rats increased to 4.84-fold relative to the
control group (p < 0.05). However, the 8 W treatment of dia-
betic rats with 20 mg/kg OF reduced the level of DNA meth-
ylation in the blood to 2.63 fold compared to untreated

Table 1 Effect of OF from Rosa canina on the level of Body mass and Blood glucose

Group Body mass (g) Blood Glucose (mg/dl)

0 4 Week 8 Week 72 h 4 Week 8 Week

Ctrl 290.5 ± 6.00 298.75 ± 6.66 324.5 ± 12.69 91 ± 2.58# 94.75 ± 2.17# 97 ± 1.58#

Dia 281 ± 7.94 262.5 ± 3.38* 231.5 ± 6.56* 373.5 ± 14.06* 662.25 ± 22.67* 759.5 ± 12.18*

OF (10 mg/kg) 290.33 ± 8.67 302 ± 10.15# 325 ± 10.47# 406.10 ± 12.64* 242.33 ± 42.33*# 177 ± 28.75#

OF (20 mg/kg) 286.8 ± 6.94 307.71 ± 7.46# 331.57 ± 19.31# 365.86 ± 13.46* 198.43 ± 27.12 # 122.14 ± 12.11#

OF (30 mg/kg) 290.57 ± 7.44 291.71 ± 6.83 313.14 ± 20.05 364.29 ± 11.70* 297.29 ± 22.16*# 209.71 ± 39.63#

Met (500 mg/kg) 283.29 ± 4.27 272.71 ± 6.31 304.57 ± 21.28 402.29 ± 14.55* 227.57 ± 25.41*# 205.71 ± 39.49#

Ctrl: control (No treatment); Dia: Diabetic group; OF: Oligosaccharide fraction-treated diabetic group; Met: Metformin -treated diabetic group (Positive
control)

Data are presented as mean ± SE. * p < 0.05 compared to Ctrl group. # p < 0.05 compared to Dia group
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Fig. 1 Morphological characterization and immunohistochemistry
staining of rat pancreas. Insulin immunohistochemistry staining in
pancreas from diabetic (A), OF (20 mg/ml) (B) and metformin
(500 mg/ml) (C)- treated rats after 8 weeks treatment. H&E staining of
pancreatic tissues from diabetic (D), OF (20 mg/ml) (E) and metformin
(500 mg/ml) (F)-treated rats after 8 weeks treatment. Ki67

immunohistochemistry staining of pancreatic tissues from diabetic (G),
OF (20 mg/ml) (H) and metformin (500 mg/ml) (I) -treated rats. The
number of islets (J), beta cells (K) and Ki67 (L) stained nucleus was
counted under microscope in at least 3 fields. IHC and H&E staining
by magnification of 40X in pancreatic tissues
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diabetic ones (p < 0.05). In the pancreas, the level of methyl-
ated DNA increased to nearly 2.26-fold compared to control
group (p < 0.05). Meanwhile, OF treatment led to a 3-fold
reduction in the level of DNA methylation relative to diabetic
rats.

Effect of OF on the expression of DNA
methyltransferases

To examine whether the altered methylation profile of DNA is
related to the impact of OF on the expression of DNA meth-
yltransferases, the expression ofDnmt1,Dnmt3α andDnmt3β
were analyzed in the pancreas and blood of OF-treated and
untreated diabetic groups. As indicated in Fig. 3a, the in-
creased expression of Dnmt3β to about 1.79-fold and de-
creased expression of Dnmt1 and Dnmt3α to 0.31 and 2.36
fold, respectively, were observed in the blood of OF-treated
group relative to diabetic rats (p < 0.05). However, the expres-
sion of Dnmt1, Dnmt3α and Dnmt3β reduced nearly to 1.15,
4.01 and 2.51, respectively, in the pancreas of diabetic rats
exposed to OF compared to those (3.30, 16.46 and 2.40) in
diabetic group (Fig. 3b).

Effect of OF on the expression of genes involving
in the pancreatic β-cell function

We further tested whether the level of some factors involving
in the regeneration and function of β-cells, especially factors
associated with regeneration such as Pdx1 and PTP1B2, are
changed by administration of 20 mg/kg OF. The expression
level of Ins1, GCK, and PTP1B2 significantly decreased in
diabetic rats compared to control group (p < 0.05). As shown

in Fig. 4, the expression of Pdx1 and PTP1B2 as well as two
Pdx1 targets, insulin (Ins1) and glucokinase (GCK) increased
to about 10, and 3 fold as well as 1.85 and 1.77 fold in OF-
treated group, respectively, relative to diabetic group.

Discussion

Despite the wealth of studies regarding the pathogenesis of
DM and novel therapeutic strategies in recent years, the mo-
lecular mechanisms behind the pathogenesis of DM and the
anti-diabetic action of drugs have remained largely unknown.
In this study, we aimed to introduce the active reagent from
the medical herb, R. canina, and capitalized its strength on the
global DNA methylation in diabetic rats. After several at-
tempts by using HPLC and mass spectroscopy, results indi-
cated that an oligosaccharide with the modified pectin struc-
ture should be the active reagent of Rosa canina. Treatment of
STZ-treated diabetic rats for 4 weeks showed the promising
reducing blood glucose effects of oligosaccharide fraction at
the concentration of 20 mg/kg body weight of rats. Further,
pathologic examination of pancreatic tissues implied that the
significant blood glucose-lowering potential may be due to the
probable regenerative effects of oligosaccharide fraction on
the pancreaticβ-cells that might be experimentally scrutinized
(Fig. 1).

Weight of evidence has supported that the regenerative
potential of β-cells is mediated by the induction of survival
and proliferative signaling pathways in humans, rodents and
mice [24–27]. What is more, epigenetic modifications have
been suggested to be associated with DM and its complica-
tions in a reversible manner [28, 29]. Owing to the reversible

Fig. 2 The content of global
methylated DNA (5-mC) in the
blood and pancreas of control
(ctrl), diabetic (Dia) and OF
(20 mg/ml)- treated rats. After
8 weeks treatment, DNA was
extracted from the blood and
pancreas of rats and DNA
methylation status was measured
using MethylFlash™ global
DNA methylation (5-mc) ELISA
easy kit. Control, ctrl; diabetic,
Dia; and OF, Oligosaccharide
fraction. The results are the mean
± SD of triplicate experiment
(P < 0.05). *, significantly differ-
ent from control group
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nature of epigenetic mechanisms, it seems that isolated oligo-
saccharide can alter the methylation profiles of genes involv-
ing in the regeneration and even in the metabolism of pancre-
atic β-cells. In this line, hypermethylation of DNA has been
shown to contribute to hyperglycemia and the development of
its complications such as cardiomyopathy [30–32].

In this study, the altered global DNA methylation in pan-
creatic cells was the same for peripheral blood of OF-treated
diabetic rats. This provides an opportunity to use the methyl-
ated DNA as a clinical biomarker for predicting at-risk pa-
tients. Even though, despite the decreased expression levels

ofDnmt1 andDnmt3α in both pancreas and blood, the level of
Dnmt3β in the pancreas and peripheral blood of OF-treated
diabetic rats decreased and increased, respectively. In this re-
gard, the altered expression ofDnmt3β in the pancreas relative
to the blood in OF-treated diabetic rats suggested that oligo-
saccharide may interact with some upstream signaling factors
of DNA methyltransferases. For example, oligosaccharide
and/or its degraded products may interact with insulin receptor
and/or other receptors involving in the function and regener-
ation of pancreatic β-cells and target tissues. Different meth-
ylation profiles may be due to the involvement of different

Fig. 3 The expression levels of
DNA methyltransferases
(Dnmt1, Dnmt3α and
Dnmt3β). RNA was extracted
from the peripheral blood (A) and
the pancreas (B) of OF
(20 mg/kg)- treated and untreated
diabetic rats and the expression of
DNA methyltransferases were
analyzed relative to control group
using quantitative real time PCR
(qRT-PCR). The results are the
mean ± SD of triplicate experi-
ment (P < 0.05). *, significantly
different from control group
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signaling targets such as proliferative, apoptotic, regenerative
and inflammatory factors in the development of DM. It is
expected that affected factors in the pancreas may be included
genes related to the insulin production, secretion and signaling
as well as survival ofβ-cells but even so, in blood, the inflam-
matory signals seem to be affected by DNA methylation.
Consistence with this study, the altered expression of
Dnmt3β as an anti-diabetic mechanism of OF plays the causal
role in the altered expression of genes involving in the im-
provement of β-cell function in streptozotocin (STZ)-induced
DM.

It has been suggested that Dnmt1 participates in the main-
tenance of methylated DNA and Dnmt1 involves in global
methylation of the genome in mice with ICF syndrome, while
Dnmt3α and 3β implicate in de novo methylation of DNA
and its Dnmt3β inactivation results in the demethylation of a
group of repeated sequences and CpG islands in X chromo-
some [33]. This clarifies the fact that Dnmt3β acts in a specific
methylation manner that may affect the DNA methylation
profile and function of a chosen number of targeted factors.
However, Dnmt1 is visualized in higher content and activity
compared to Dnmt3α and Dnmt3β [34]. Based on our results,
OF administration is associated with a decrease in the level of
Dnmt3β and an increase in the levels of Dnmt1 and Dnmt3α,
suggesting that the specific groups of genes were affected by
methylation through activation of each DNA methyltransfer-
ases. Regarding the similar DNA methylation profile in the
blood and pancreas of control, treated and untreated diabetic
rats, monitoring the altered DNA methylation and the expres-
sion of DNA methyltransferases in the blood seems to be
considered as a promising biomarker in DM.

Increased number of islets in OF- treated rats provides ev-
idence that OF is likely able to induce the regenerative

potential of β-cells in the pancreas. There is mounting evi-
dence that regeneration and the function ofβ-cells in the adult
pancreas mediate, in part, by pancreatic and duodenal homeo-
box 1 (Pdx1) and alteration in its expression is associated with
the changes in the expression of target genes such insulin 1
(Ins1) and glucokinase (GCK). Protein tyrosine phosphatase 1
B (Ptp1b) is also a key regulator of insulin signaling through
dephosphorylation and inactivation of insulin receptor
[35–37]. Therefore, the potential involvement of oligosaccha-
ride in regeneration of islet cells and expression of some genes
related to the function and regeneration of β-cells including
Pdx1 and PTP1B2 and their targets, Ins1 and GCK, were
evaluated in the pancreas of OF-treated and un-treated diabet-
ic rats. The increased expression levels of the Pdx1, PTP1B2
and/or Ins1 andGCK genes may be related to the hypomethy-
lation effect of OF in streptozotocin-induced DM. However,
further investigations are needed to evaluate the methylated
genes involved in the regeneration of the pancreas by OF
administration. In this context, we intend to evaluate the effect
of oligosaccharide on the methylation of some genes involv-
ing in the regeneration of β-cells.

Conclusion

In conclusion, our findings indicate for the first time that the
decreased blood glucose induced by isolated oligosaccharide
from R. canina in the streptozotocin (STZ)-induced DM may
be due to altered expression of genes involving in the plastic-
ity and functionality ofβ-cells. What is more, the regenerative
effect of oligosaccharide seems to be affected by the alteration
in the methylation status of genes and/or change in the expres-
sion of DNA methyltransferases. This study opens new

Fig. 4 The expression level of
genes involved in development
of pancreatic β-cells in in dia-
betic and OF (20 mg/kg)-treat-
ed diabetic rats. qRT-PCR was
performed to evaluate the expres-
sion of pancreatic transcription
factor (PDX1), glucokinase
(GCK), insulin (INS) and Non
receptor Protein tyrosine phos-
phatase 2 (PTP1B2) relative to β-
catenin. The results are the mean
± SD of triplicate experiment (P <
0.05). *, significantly different
from control group
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horizons to uncover the molecular mechanisms of the isolated
oligosaccharide as a patent medicine.
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