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Background and Aim: Type 2 diabetes mellitus (T2DM) is one of the most prevalent metabolic disord orldwide and
is associated with various chronic complications, including neurological impairments. Chronic hyper creases
reactive oxygen species (ROS) production, induces mitochondrial dysfunction, and disrupts the b e be oxidative
stress and antioxidant defense systems. Oxidative stress resulting from this imbalance can im euronal function by
damaging cellular lipids, proteins, and structural components. The hippocampus is pa able to diabetes-

induced oxidative damage due to its critical role in learning and memory processes an@it abolic activity. Aerobic

exercise, as a safe and effective non-pharmacological intervention, can improve idant Capacity and mitochondrial

extract supplementation on malondialdehyde (MDA) le

(PC) levels in the hippocampus of type 2 diabetic ra

Materials and Methods: This experimental study was ucted on 35 male Wistar rats. After one week of adaptation

to laboratory conditions, the animals were randomly assig to five groups (n=7 per group), including healthy control
(HC), diabetic control (DC), diabetic rats rec innamon extract (D+CE), diabetic rats performing aerobic exercise

(D+EXx), and diabetic rats receiving cor%i e robic ‘@xercise and cinnamon extract supplementation (D+Ex+CE).

The T2DM was induced using a nj
nicotinamide (95 mg/kg body w,

otinamide/streptozotocin protocol. Briefly, rats received an intraperitoneal injection of
ollowed 15 minutes later by streptozotocin injection (55 mg/kg body weight). After

confirmation of fasting hypesgly! intervention period was initiated.

The exercise groups.pe ed/a‘progressive moderate-intensity aerobic training program on a rodent treadmill for eight

weeks, five sessi . The exercise intensity was approximately 60—70% of maximal running capacity, with a

gradual incr duration and speed throughout the intervention period.

holic_cigmamon extract was administered daily by oral gavage at a dose of 200 mg/kg body weight. In the
combine ervention group, cinnamon extract was administered 30 minutes before each exercise session. Forty-eight
hours after the final intervention session, hippocampal tissue samples were collected for biochemical analysis.

The MDA levels were measured as an indicator of lipid peroxidation, SOD activity was assessed as a marker of antioxidant
defense capacity, and PC levels were determined as an indicator of oxidative protein damage. Data were presented as
meaztstandard deviation (SD). After confirming statistical assumptions, differences among groups were analyzed using
one-way analysis of variance (ANOVA), followed by Bonferroni post hoc comparisons. Statistical significance was set at
p<0.05.
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Findings: The results demonstrated that induction of T2DM significantly altered hippocampal oxidative status.

Compared with the healthy control group, diabetic control rats showed increased MDA and PC levels and
reduced SOD activity, indicating enhanced oxidative damage and impaired antioxidant defense capacity under
diabetic conditions. The descriptive statistics and one-way ANOVA results for oxidative stress-related indices

across the different study groups are presented in Table 1.

Table 1. Description (MeantSD)and one-way ANOVA results for hippocampal oxidative stress markers across
the study groups l P

Groups MDA (nmol/mg) SOD (U/mg) PC (nmol/mg protein)
Healthy control 20.22+2.03 42.64+2.54 30.50+1.56
Diabetic control 33.834.00 2317+156  50.21#5.55
Diabetic+Cinnamon Extract 30.9+4.04 34208259  45.83+6.05
Diabetic+Aerobic Exercise 32.54+3.36 37.274¢253 4547351
Diabetic+Aerobic Exercise+Cinnamon Extract 25.74+3.11 40.99:4.13 41.096.52
19.312 53205 15.811
p-value 0.001* 0.001* 0.001*

|
* Indicates a statistically significant difference between groups at p<0.05 Ie®aloWehyde; SOD: Superoxide dismutase;

PC: Protein carbonyl.
@A

SOD activity was observed in the combined intervention gteup (D+Ex+CE) (p=0.001), with SOD activity approaching the
levels observed in healthy control rats.

According to the statistical analysis, aerobic exerg amofpextract supplementation, and their combination

significantly increased SOD activity compared with f ic control group (p=0.001). The greatest improvement in

e combined intervention group than in the diabetic control group

Furthermore, MDA levels were significantly
the c@mbined intervention than with either aerobic exercise or cinnamon

(p=0.001). The reduction in MDA was gre
extract alone (p=0.007), suggesting a strongex p
Regarding PC levels, the combined interventioh resulted in the greatest reduction compared with the diabetic control

group (p=0.01). Although indi @'
combined approach demonstratéd superior effects. These findings suggest that aerobic exercise and cinnamon extract

r
ctive effect of the combined strategy against lipid peroxidation.

erventions produced partial improvements in oxidative stress markers, the

may exert complementary a nt effects by activating different protective pathways, thereby reducing diabetes-

induced oxidative dama campal tissue.
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Conclusion: The findings of this study indicate that eight weeks of aerobic exercise combined with cinnamon extract

supplementation improves hippocampal oxidative status in T2DM rats. Increased SOD activity and reduced oxidative
damage markers, including MDA and PC, demonstrate the protective effects of this combined intervention. Therefore, the
simultaneous application of regular physical activity and natural antioxidant compounds may represent a promising
complementary strategy for reducing neurological complications associated with T2DM. The greater improvement
observed following the combined intervention compared with either intervention alone further suggests that integrating
exercise with antioxidant supplementation may provide broader protection against diabetes-related oxidative damage in

the hippocampus. These effects may be related, at least in part, to enhanced endogenous antioxidant defense and

approach may contribute to maintaining neuronal integrity and reducing the vulnerability of ne
induced oxidative injury. However, the proposed molecular mechanisms require further investigati icularly through
i d also evaluate

different doses and durations of cinnamon supplementation and exercise, as well as behavioral outcomes,

to determine whether the observed biochemical improvements translate into meanifigful fu | neuroprotection.
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The effect of eight weeks of aerobic training and cinnamon extract consumption on
oxidative stress indices in the hippocampus of type 2 diabetic rats

Fatemeh Omidali * |

Abstract

Background and Aim: Type 2 diabetes mellitus (T2DM) is associated with the inductio Ive stress in the
hippocampus, which is considered an important mechanism in diabetic neuropathy and niti irment. The present
onsumption on the levels of
F model. Materials AND

ou;fincluding healthy control,

study aimed to investigate the effect of eight weeks of aerobic training and cinn
malondialdehyde, superoxide dismutase, and protein carbonyl in the hippocampus qf
Methods: Thirty-five male Wistar rats were divided into five groups, (seven rats
diabetic control, diabetic + cinnamon extract, diabetic + aerobic exe + aerobic exercise + cinnamon
extract. Diabetes induction was performed by nicotinamide/streptozo!cin entions included eight weeks of
moderate-intensity treadmill running (five sessions per weel‘a mon extract (200 mg/kg) gavage. The levels
of malondialdehyde (MDA), superoxide dismutase (SOD), ?i arbon C) in hippocampal tissue were measured

by ELISA. In data analysis, one-way analysis of varia# rohi post’hoc test were used, observing all statistical

daily

etic group + exercise + cinnamon extract) showed the
greatest effect and significantly increased SOD enzy compared to all diabetic groups. Also, MDA and PC levels
in this group were significantly reduced compared { abetic control group (p=0.001). Each of the exercise training

interventions and cinnamon extract consumptio

nﬁ)ne 0 improved these indicators compared to the diabetic control
n

as | than the effect observed in the combined protocol. onclusion:

group (p=0.001), but the extent of this imp e

Eight weeks of aerobic training combin it mon extract reduces hippocampal oxidative stress in T2DM, which may

prevent the occurrence of ce ne yite omplications of diabetes, especially neuropathy. This strategy may be
r for

a promising complemm‘ﬁry anagement of neurological complications of diabetes.

Keywords: Oxidative stres:

u
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x*nt defense; Lipid peroxidation; Neuroprotection; Metabolic disorders
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' Reactive oxygen species

2 Nuclear factor kappa-light-chain-enhancer of activated B cells

3 Malondialdehyde

4 Protein carbonyl

5 N-methyl-D-aspartate receptorNMDA receptor or NMDAR)

% Brain-Derived Neurotrophic Factor/Tropomyosin receptor kinase B
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* Glutathione Peroxidase

4 Peroxisome proliferator-activated receptor Gamma Coactivator 1-alpha
® Cinnamomum verum

” Cinnamaldehyde

8 Eugenol

8 Procyanidin type A

° Dipeptidyl peptidase-4 inhibitor
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3 Diabetic Control Group

* Diabetic group receiving cinnamon extract
5 Diabetic group performing aerobic exercise
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