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Abstract

Due to the antioxidant effect of exercise and Urtica dioica (UD), the aim of this study was
to evaluate the effects of these interventions on changes in blood glucose and necrotic
cells in the CA3 region of the type 1 diabetic rat hippocampus. In this study, 76 Wistar
rats were divided into healthy (control, exercise, UD, UD-exercise) and diabetes (control,
exercise, UD, UD-exercise) groups. Diabetes was induced by intraperitoneal injection of
streptozotocin (45mg/kg) and 48 hours after injection, blood glucose levels above
300mg/dl were the criteria for confirmation of diabetes. After confirmation of diabetes,
endurance exercise protocol with moderate-intensity (5days/week) and daily gavage of
hydroalcoholic extract of UD was performed at 50 mg/kg for six weeks. 48 hours after the
last session, the rats were sacrificed and the hippocampal tissue was extracted and fixed
in 10% formalin for staining of crystal violet for necrotic cell count. Data were analyzed
using ANOVA and Kruskal-Wallis tests using Bonferroni post hoc test at significance
level 0=0.05. Results showed that six weeks of endurance exercise and consumption of
UD extract significantly reduced blood glucose concentration in the diabetic exercise
(p=0.001), diabetes-UD (p=0.001), and diabetes-UD exercise (p=0.001) groups compared
with the diabetes-control group. In addition, there was a significant difference between
the diabetes-UD and diabetes-UD-exercise (p=0.001), and diabetes-exercise and diabetes-
UD-exercise (p=0.002) groups. The interaction between endurance exercise and
consumption of UD extract significantly decreased the number of necrotic cells in the
diabetes-UD-exercise group compared to the diabetic control group (p=0.029). Finally, 6-
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week endurance exercise and consumption of hydroalcoholic extract of UD can have a
protective effect on preventing necrosis of CA3 cells of diabetic rat hippocampus.
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Extended Abstract

Background and Purpose

The hippocampus as one of the most sensitive areas is highly vulnerable to factors
such as ischemia, stress, and especially diabetes, during which it undergoes
structural, neurophysiological, and molecular changes (1). Tissue damage caused
by diabetes can be caused by the interaction of complex pathophysiological
processes such as inflammation and oxidative stress (2). Studies have shown that
increasing the activity of antioxidant enzymes occurring after exercise has
beneficial effects in preventing the neurological complications of diabetes and
tissue damage caused by oxidative stress following the disease (3). On the other
hand, Urtica dioica (UD) is one of the herbal supplements and has antioxidant,
blood sugar, anti-inflammatory and anti-lipid effects (4). Due to the antioxidant
effect of exercise and UD, the aim of this study was to evaluate the effects of these
interventions on changes in blood glucose (BG) and necrotic cells in the CA3
region of the type 1 diabetic rat hippocampus.

Materials and Methods

The experiment was performed on six-week-old male Wistar rats, weighing
232.7+12.42 g. Before starting the experiment, all animals were maintained at the
new environmental condition for a period of one week and familiarized with
treadmill exercise in the second week (10-15 min, 5-10 m/s, five days/week). In
this study, 76 rats were divided into healthy (control, exercise, UD, UD-exercise)
and diabetes (control, exercise, UD, UD-exercise) groups. Diabetes was induced
by intraperitoneal injection of streptozotocin (STZ) (45mg/kg), and 48 hours after
injection, BG levels above 300 mg/dl were the criteria for confirmation of diabetes
(5). Two weeks after the injection of STZ without any intervention, the rats were
kept in the laboratory. Then, endurance exercise protocol with moderate-intensity
(5days/week) was performed for six weeks. The speed and duration of the
treadmill exercise were gradually increased from 10 m/min for 10 minutes in the
first week to 10 m/min for 20 minutes in the second week, 14-15 m/min for 20
minutes in the third week, 14-15 m/min for 30 minutes in the fourth week, and
17-18 m/min for 30 minutes for the fifth and sixth weeks. To achieve adaptation
in training, the intensity (speed and time) of treadmill exercise was kept constant
during the sixth week (5). The UD extract was prepared with 70% ethanol and
30% water. After preparing the extract, the antioxidant activity of the extract was
evaluated using stable DPPH radicals. Daily gavage of hydro-alcoholic extract of
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UD was performed at 50 mg/kg for six weeks (6). 48 hours after the last session,
the rats were sacrificed, and the hippocampal tissue was extracted and fixed in
10% formalin for staining of crystal violet for necrotic cell count of CA3 area.
Data were analyzed using ANOVA and Kruskal-Wallis tests using Bonferroni
post hoc test at significance level a=0.05.

Results

Measurement of antioxidant activity of UD hydroalcoholic extract by DPPH
method: In measuring the antioxidant activity by DPPH method, the 1C50 of UD
extract was 295 pg/ ml and ascorbic acid was 23 pg/ ml.

Endurance training and UD hydro-alcoholic extract reduced BG in diabetic
rats. At the beginning of the research, the mean BG in all groups was 106+2.58
mg/dl (P=0.570). Then, BG increased significantly after 48 hours of STZ
injections in rats of diabetes groups compared to the healthy control group
(P=0.001), and the mean BG in diabetic groups was 498.07+42.06 mg/dI,
demonstrating that diabetes induction was successful. The results of the analysis
of variance with repeated measures showed that endurance training and hydro-
alcoholic extract of UD plant significantly reduced BG of the rats in diabetes-
exercise groups from the fourth week (p=0.03), diabetes-UD from the third week
(p=0.04), and diabetes-UD-exercise from the second week (p=0.02) compared
with after STZ injection. At the end of the sixth week of the study, endurance
exercise and consumption of UD extract significantly reduced BG concentration
in the diabetic exercise (p=0.001), diabetes-UD (p=0.001), and diabetes-UD-
exercise (p=0.001) groups compared with the diabetes-control group. In addition,
there was a significant difference between the diabetes-UD and diabetes-UD-
exercise (p=0.001), and diabetes-exercise and diabetes-UD-exercise (p=0.002)
groups.

Endurance training and UD hydro-alcoholic extract reduced necrosis of CA3
hippocampal neurons in diabetic rats. The results of the Kruskal-Wallis test
showed that there was a significant difference between the groups studied in the
number of necrotic cells in the CA3 area of the hippocampus (p=0.001).
Comparison of groups using the modified Bonferroni test showed that the
diabetes-control group had significantly more necrotic cells than the healthy
control group (p=0.016). Six weeks of endurance exercise and UD extract
consumption reduced the number of necrotic cells in the CA3 hippocampal region
of the diabetes-UD-exercise group compared to the diabetes-control group
(p=0.029). The reduction in the number of necrotic cells in the diabetes-exercise
(p=1.000) and diabetes-UD (p=1.000) groups was not significant compared to the
diabetes-control group. Also, there was no significant difference between
diabetes-exercise with diabetes-UD (p=1.000), diabetes-exercise with diabetes-
UD-exercise (p=1.000) and diabetes-UD with diabetes-UD-exercise (p=1.000). In
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addition, there was no difference between healthy-control, healthy-exercise,
healthy-UD and healthy-UD-exercise groups in the number of necrotic cells.
Comparison of healthy and diabetic groups showed that there was a significant
difference between diabetes-UD (p=0.015) and diabetes-exercise (p=0.017)
groups with healthy UD-exercise group. There was no difference between
diabetes-UD-exercise and healthy-UD-exercise groups (p=0.678).

Conclusion

Diabetes increases neurological vulnerability to stressors (1, 2). Most likely, UD
extract, by its antioxidant properties and free radical scavenging, regenerates the
pancreatic beta, thereby reducing the BG levels of diabetic rats (4). In addition,
reducing cellular stress through UD improved and prevented the death of
hippocampal pyramidal cells. On the other hand, regular exercise improves
metabolic control in animals and diabetic humans (7), and by increasing
antioxidant defenses, it reduces oxidative stress and reduces the effects of
diabetes, including reducing neuronal mortality (8). According to the results of
the present study, the beneficial effects of UD extract consumption and exercise
on molecular and tissue aspects in diabetic patients, it is likely that exercise with
UD extract will improve and further increase the positive aspects compared to the
single effects of these interventions on cell death pathways, and can have
protective effects on preventing necrosis of CA3 cells of diabetic rat
hippocampus.

Article Message

According to the results of the present study, it seems that endurance training and
consumption of hydroalcoholic extract of UD together can create better protective
effects against necrosis of hippocampal nerve cells.
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alcoholic extract of Urtica dioica extract and ascorbic acid.
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