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Introduction: Diabetes mellitus is one of the most common metabolic diseases that causes 
damage to different tissues through oxidative stress. The aim of this study was to evaluate the 
effect of hydroalcoholic extract of Crataegus monogyna on oxidative stress, hyperglycemia 
and pancreatic tissue damage in diabetic rats. 
Methods: In this experimental study, 40 male Wistar rats were equally divided into 5 
groups including control (normal saline), diabetic control (streptozotocin), intervention 
(streptozotocin plus C. monogyna extract at doses of 100, 200 and 400 mg/kg). After treatment, 
serum levels of malondialdehyde (MDA), Ferric reducing ability of plasma (FRAP) and glucose 
were determined. Histological sections of the pancreas were also prepared for histological 
examination. 
Results: Treatment of diabetic rats with C. monogyna extract significantly reduced blood glucose 
level (P < 0.05). Compared with control group MDA was increased and TCA was decreased 
in diabetic rats (P < 0.05). Treatment of diabetic rats with C. monogyna extract significantly 
increased TCA and reduced MDA (P < 0.05). In the pancreas of diabetic rats, degeneration 
of pancreatic acinar cells and formation of dermato space, damage of lobules and Acinii and 
edema were observed and treatment with C. monogyna extract ameliorated them.
Conclusion: The results confirm the role of C. monogyna extract in the treatment of 
hyperglycemia, stress oxidative indices and pancreatic tissue damage in diabetic rats. Therefore, 
it might be beneficial in diabetic patients.
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A B S T R A C T

Introduction
One of the most common diseases of the body’s endocrine 
system is diabetes, which prevalence is increasing in 
human societies. There are two main types of diabetes. In 
type I diabetes, the degradation of beta cells in the pancreas 
leads to defective insulin production. In type II diabetes, 
there is a progressive body’s resistance to insulin, which 
may ultimately lead to the destruction of pancreatic beta 
cells and the complete defect in the synthesis of insulin 
(1). In type II diabetes, which account for 90%-95% of 
diabetic cases, genetic factors, obesity, and dementia 
play important roles in developing the disease (2). It is 
estimated that more than 3.6% of the world’s population 

currently have diabetes mellitus (3). Diabetes mellitus 
is characterized with symptoms such as hyperglycemia, 
polyuria, polydipsia, polyphagia, and the appearance of 
glucose in the urine. In long terms, it will be associated with 
serious and irreversible complications such as retinopathy, 
nephropathy, neuropathy, and vascular injuries (4).
In diabetes mellitus, the oxidative stress caused by chronic 
hyperglycaemia plays a major role in the progression of 
the disease and the appearance of related symptoms. The 
oxidative stress in the cells and tissues originates from the 
increased production of reactive oxygen species (ROS) or 
the reduced potential for antioxidant defense (5). Several 
hypotheses have been introduced to explain the increase 
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in the ROS production during diabetes, including glucose 
autoxidation, non-enzymatic and progressive glycosylation 
of proteins, increased ultimate glycemic products and the 
polyol metabolism pathway. The formation of free radicals 
causes the destruction of cells vital macromolecules, 
peroxidation of membrane lipids, and ultimately the 
cell damage (4). Streptozotocin (STZ) is an antibiotic 
produced by Streptomyces achromogenes, and is usually 
used to induce diabetes in the experimental models. 
Hyperglycemia and oxidative stress play an important 
role in the etiology and pathology of STZ-induced 
complications (6). Through increasing the production of 
free radicals and ROS, STZ causes the DNA cleavage and 
methylation in the pancreatic beta cells (7). The STZ also 
discharges nicotinamide adenine dinucleotide (NAD) in 
the insulin-making cells of the Islets of Langerhans (8). 
Due to the role of oxidative stress in the pathogenesis 
and etiology of diabetes, the researchers have nowadays 
focused on the use of compounds with antioxidant activity 
and the potential of free radicals removal to prevent the 
damage and degeneration of the pancreatic beta cells in 
the diabetic models (6).
Nowadays, the researchers’ attention has focused on the 
use of natural compounds with multiple antioxidant, anti-
inflammatory, anti-hyperlipidemia, and hepatoprotective 
activities for the management of diabetes-related disorders 
(10). Common hawthorn (Crataegus monogyna) is the 
name of a species of Hawthorn (Crataegus) species. It is 
a native ornamental herb of Europe, North-West Africa 
and West Asia and is an invasive species (11). Common 
hawthorn has dark red small fruits called haw, which ripen 
in the mid-autumn and are used for medical purposes 
and also as a condiment in some foods like jellies, jams, 
and syrups (12). Scientific evidence has shown that the 
common hawthorn fruit has anti-oxidant and strong 
inhibiting activity on free radicals due to the presence 
of various bioactive compounds such as epicatechin, 
hyperoside, quercetin, vitexin, coumarin, and chlorogenic 
acid (12,13). These compounds have numerous 
pharmacological neuroprotective, hepatoprotective, and 
cardioprotective effects (10,12). In addition, the common 
hawthorn fruit has tonic effects on the heart (12). Several 
studies have shown that the common hawthorn can 
reduce some cardiovascular risk factors such as high 
blood pressure, hypocholesterolemia, and hyperlipidemia 
(14,15). Thus, the aim of this study was to evaluate the 
effect of hydro-alcoholic extract of common hawthorn 
on hyperglycemia and oxidative stress in streptozotocin-
induced diabetic rats.

Material and Methods
Extraction
The common hawthorn plant was purchased from 
an authentic attar. After scientific and systematic 
confirmation, 1 kg of dried fruit without kernel was 
powdered and placed into a beaker. Subsequently, an 

adequate amount of 70% methanol solution was added 
to completely cover the powdered particles. Then, it 
was placed on a shaker for 2 days at room temperature. 
The resulting mixture was filtered and the solvent was 
separated by a rotary. The resulted extract was then dried 
completely at 37°C in the incubator and used for the 
preparation of the required concentrations. The extract 
was stored in the freezer -20°C (16).

Laboratory animals
The tested animals were male Wistar rats weighing 250-
300 g. The animals were kept in appropriate temperature 
conditions (22 ± 2°C) under 12 hours of light (from 8 to 
20) and 12 hours of dark with free access to similar water 
and food at the animal nest of Islamic Azad University, 
Izeh Branch. The tests on animals were done based on 
the Ethics of Working with laboratory animals approved 
by the Ethics Committee at the Deputy of Research and 
Technology of Islamic Azad University. To perform the 
study, we used the rats that their serum glucose levels were 
less than 130 mg/dL in normal and fasting conditions (17).
To do the test, a drop of blood was taken from the rat’s 
tail and the blood glucose levels were determined using 
a glucometer device. To induce diabetes in the rats, 
the STZ was administered as 60 mg/kg single dose 
intraperitoneally as solution in the physiologic cold 
saline. Following 72 hours of the STZ injection and after 
observing the symptoms of diabetes (increased blood 
glucose levels to more than 250 mg/dL and polydipsia) 
(17), the treatment with the extract was done for 3 weeks 
daily and intraperitoneally. The rats were divided into five 
groups (n = 8). The control group included healthy rats 
that received normal saline as intraperitoneal injection for 
3 weeks. The negative control group included untreated 
diabetic rats that received normal saline for 3 weeks. The 
treated diabetic groups received the common hawthorn 
extract at doses of 100, 200, and 400 mg/kg for 3 weeks 
(18,19). After 3 weeks, the rats were kept for 12 hours 
in a fasting condition. They were then anaesthetized by 
chloroform and blood samples were taken from their 
hearts. The serum was isolated from the blood samples 
by centrifugation and transferred to the laboratory for 
performing biochemical tests (20). The pancreatic tissue 
was also prepared for histological examination.

Serum glucose measurement
At the end of the study, the samples were transferred to the 
laboratory. The serum specimens were separated from the 
blood samples. Then, using the commercial kits of Pars 
Azmoon Company (Tehran, Iran) and an Autoanalyzer 
(Biotecnica BT-3000), the blood glucose levels were 
determined.

Malondialdehyde measurement
A volume of 100 μL of the serum sample and 1.5 mL of 
20% acetic acid were added to the test tubes with 1.5 mL 
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of 0.8% thiobarbituric acid (TBA), 200 uL of 8.1% sodium 
dodecyl sulfate (SDS) and 700 μL of distilled water. The 
tubes were placed in a boiling water bath for 60 min. Then, 
1 mL of distilled water and 5 ml of butanol/pyridine were 
added to the specimens, which were then centrifuged 
and the light absorbance rates of the supernatants were 
measured at 532 nm (21).

Ferric reducing ability of plasma 
The ferric reducing ability of plasma (FRAP) method was 
used to measure the antioxidant capacity of the serum. 
The FRAP work solution was prepared by using 10 ml of 
acetate buffer (0.25 M) (pH = 3.6), 5 ml of 10 mM TPTZ 
(prepared in the 40 mM HCl) and 2.5 mL of 20 mM of 
FeCl3(6H2O). Then, 25 μL of the serum sample was mixed 
with 1.5 ml of the FRAP solution and placed at 37°C for 
10 minutes. Subsequently, the optical absorption was 
recorded at a wavelength of 593 nm (21).

Histological studies
The pancreatic tissue of rats was fixed in the 10% buffered 
formalin solution and paraffin embedded. The 3-5 μm 
sections were placed on glass slides, which paraffin was 
removed and watered again. The slides were stained 
with hematoxylin and eosin (E & H) for microscopic 
examination (22).

Statistical analysis
The resulting data were analyzed by SPSS software version 
21. Considering that the obtained results were quantitative, 
the assumption of normal distribution of the frequency of 
data was confirmed by the Kolmogorov-Smirnov non-
parametric test (P > 0.05). The data were also analyzed 
by one-way ANOVA and the post hoc least significant 
difference (LSD) tests. Also, the results obtained were 
reported together with the corresponding statistical 
calculations as mean ± SEM. In all cases, the difference 
between groups was considered significant with P < 0.05.

Results
The results of blood glucose levels in the experimental 
groups are shown in Figure 1. According to the results, 
the mean blood glucose levels in the STZ-receiving rats 
showed a significant increase compared with the control 
group. In addition, the treatment with doses of 100, 200, 
and 400 mg/kg of the common hawthorn extract caused a 
significant decrease of the mean values compared to the 
diabetic group.
The serum FRAP decreased significantly in the untreated 
diabetic rats compared to the control group rats (P < 
0.001) and treatment with doses of 100, 200, and 400 mg/
kg of common hawthorn extract (P < 0.001) significantly 
increased the FRAP levels compared to the diabetic 
group (Figure 2). The administration of STZ to rats 
significantly increased the serum MDA levels (P < 0.001) 

and treatment with doses of 100, 200, and 400 mg/kg of 
common hawthorn extract significantly decreased the 
MDA levels compared to the diabetic group (P < 0.001, 
P < 0.05, Figure 3).
The results of histological studies of the rats’ pancreas are 
shown in Figure 4. In the rats of the control group, the 
acinar cells had a normal appearance and no necrosis or 
degenerative changes were observed. In the pancreas of 
untreated diabetic rats, the degeneration of Acini and the 
creation of dermatome space, the brittleness of the lobules 
and the Acini, and edema were observed. The histological 
examination of the pancreatic tissue in the diabetic rats 
treated with common hawthorn extract at a dose of 100 
mg/kg indicated the health of the acini cells and the 
lobules and there were no other pathologic changes except 
for a brief hyperemia. In the diabetic groups treated with 
common hawthorn extract at doses of 200 and 400 mg/kg, 
the Acini had a normal appearance and no necrosis and 
degenerative changes were seen (Figure 4).

Discussion
In this study, which was performed to examine the effect 

Figure 1. Comparison (mean ± SEM) of blood glucose levels in the 
control, diabetic, diabetic treated with different doses of common 
hawthorn extract (Sign * indicates a significant difference with the 
control group (P < 0.001), sign # represents a significant difference 
with the diabetic group (P < 0.001 and P < 0.05).

Figure 2 Comparison (mean ± SEM) of FRAP levels in the control, 
diabetic, diabetic treated with different doses of common hawthorn 
extract (Sign * indicates a significant difference with the control group 
(P < 0.001), sign # represents a significant difference with the diabetic 
group (P < 0.001 and P < 0.05)
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of common hawthorn extract on hyperglycemia, oxidative 
stress, and pancreatic tissue damage in the STZ-diabetic 
rats, administration of STZ resulted in a significant increase 
in the serum glucose and malondialdehyde levels and a 
significant reduction in the serum antioxidant capacity. 
Consistent with the results of this study, hyperglycemia 
and the increased lipid peroxidation in the serum, liver, 
kidney, and pancreas have been reported in a number of 
studies following the treatment of rats with STZ (6,16). 
In other studies, the decreased activity of antioxidant 
enzymes and reduced levels of endogenous antioxidants 
have been reported in STZ-induced diabetic rats (6).

Figure 3. Comparison (mean ± SEM) of MDA levels in the control, 
diabetic, diabetic treated with different doses of common hawthorn 
extract (Sign * indicates a significant difference with the control group 
(P < 0.001), sign # represents a significant difference with the diabetic 
group (P < 0.001 and P < 0.05).

Figure 4. Pancreatic tissue sections of the control group (A), diabetic 
(B), diabetic recipient of a dose of 100 mg/kg of common hawthorn 
extract (C), diabetic recipient of 200 mg/kg of common hawthorn 
extract (D), and the diabetic recipient of 400 mg/kg of common 
hawthorn extract (E). (H&E staining); x40 magnification.

STZ is widely used to induce experimental diabetes 
in the animal models (6). STZ is removed by beta-
pancreatic cells via GLUT2 receptors, through which, 
enters these cells and causes tissue damage (4). The 
mechanism by which STZ leads to diabetes is not well 
known. However, it is believed that active oxygen species, 
including hydroxyl radicals play an important role in 
causing STZ-induced cell injury (7). STZ is an unstable 
molecule that accumulates in the pancreatic beta cells 
and its decomposition produces carbonium radicals. The 
carbonium radicals are highly reactive and cause direct 
or indirect toxic effects on the endothelium of the islets 
of Langerhans with increasing ROS production (23), 
leading to DNA fragmentation and DNA methylation of 
the pancreatic beta cells (24,25). It is also found that STZ 
causes inflammation through infiltration of mononuclear 
cells in the islets of Langerhans and ultimately damage the 
beta cells of the pancreas (26). In addition, studies have 
shown that nitric oxide (NO) produced by STZ plays 
a major role in causing damage to the beta cells in the 
pancreas (27). The increased serum nitric oxide is seen 
in the STZ-exposed rats (6) and the use of inducing nitric 
oxide synthase enzyme inhibitors (iNOS), like the LNG-
mono-methyl arginine (NMMA) and aminoguanidine, 
decreases hyperglycemia and prevents the destruction 
of the Langerhans islets by STZ (28,29). It has also been 
observed that the oxidative destruction of DNA caused by 
STZ in the islets of Langerhans is decreased by NMMA 
and nicotinamide (30). In the present study, the increased 
serum MDA as the lipid peroxidation index and pancreatic 
tissue damage in diabetic rats confirmed the damage 
caused by STZ and the resulting free radicals.
In the present study, we observed that the treatment 
of STZ-receiving rats by different doses of common 
hawthorn extract significantly decreased the blood 
glucose levels and improved the tissue damage of the 
pancreas. The common hawthorn extract also increased 
the serum antioxidant capacity and reduced the levels 
of MDA. Therefore, one can state that the common 
hawthorn extract represents protective effects against 
hyperglycemia and tissue damage of the pancreas in the 
diabetic rats due to antioxidant activity and reducing lipid 
peroxidation. Based on the studies done in the laboratory 
environment, the common hawthorn extract indicates 
a high antioxidant activity in inhibiting hydroxyl and 
superoxide free radicals (31-33). In hypercholesterolemic 
rats, the common hawthorn extract has reduced the lipids 
peroxidation and increased the antioxidant capacity (34). 
The antioxidant activity of the common hawthorn extract 
has been attributed to the presence of various bioactive 
compounds such as epicatechin, hyperoside, quercetin, 
vitexin, coumarin, and chlorogenic acid (12,13). One study 
found that quercetin reduces peroxidation of lipids, forms 
NO, and increases the activity of antioxidant enzymes in 
the STZ-induced diabetic rats. The researchers concluded 
that quercetin protects the pancreatic beta cells against 
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STZ’s destructive effects by reducing the oxidative stress 
parameters (6). Coumarin has also shown protective effects 
against hyperglycemia and the tissue damage in the liver 
(35). In addition, epicatechin has increased the activity of 
antioxidant enzymes and decreased the peroxidation of 
lipids in the STZ-induced diabetic rats (36). These results 
are consistent with the results of this study.

Conclusion
The results of this study showed that the doses of common 
hawthorn extract used in the diabetic rats reduce the 
blood glucose levels and prevent the pancreatic tissue 
damage, which seem to be due to the strengthening 
of the antioxidant defense and the reduction of lipids 
peroxidation.
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