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ABSTRACT 

Background: Diabetes is one of the most common endocrine disorders. Muscular exercise possesses 

antioxidant property and can be a candidate in the treatment and prevention of diabetes complications. 

Cinnamon is a plant which displays antioxidant and glucose lowering effects. Flaxseeds are a promising 

alternative to reduce the risk of diseases associated with increased body weight as diabetes mellitus. 

Objective: To study the effect of muscular exercise with cinnamon extract and/or flaxseeds extract on 

diabetic adult male albino rats. 

Materials and Method: The present study was conducted on 72 adult male albino rats of a local strain 

divided into 9 equal groups: 

Group I: Control received distilled water only. 

Group II: Treated with flaxseeds extract (400 mg/kg orally). 

Group III: Treated with cinnamon extract (200 mg/kg orally). 

Group IV: Control practiced swimming program. 

Group V: Diabetic control rats.  

Group VI: Diabetic rats practiced swimming program. 

Group VII: Diabetic practiced swimming program and received flaxseeds extract. 

Group VIII: Diabetic practiced swimming program and received cinnamon extract. 

Group IX: Diabetic practiced swimming program and received both flaxseeds and cinnamon extract. 

     Rats submitted to swimming program, received flaxseeds and cinnamon extracts after induction of 

diabetes according to the study groups, and submitted to body weight and food consumption assessment. At 

the end of the study, fasting plasma glucose level, blood insulin level, HbA1c, lipid profile, reduced 

glutathione (GSH) and malondialdehyde (MDA) were measured. 

Results: In diabetic rat’s submitted to swimming and received flaxseeds and cinnamon extracts, body weight 

relative to food consumption decreased. Fasting plasma glucose level and blood insulin level improved. No 

change in HBA1c. Lipid profile improved, reduced glutathione (GSH) increased in flaxseeds and cinnamon 

diabetic groups. Malondialdehyde (MDA) decreased in swimmed, flaxseeds and cinnamon diabetic groups. 

Histo-pathological architecture improved. The effect of combination of swimming, flaxseeds and cinnamon 

improved all parameters. 

Conclusion: Exercise with receiving flaxseeds extract or cinnamon extract in adult male diabetic rats 

improve body weight, glucose and insulin level, lipid profile, oxidative stress markers and tissue pathology, 

and the combination was more potent than each one alone. 
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INTRODUCTION 

     Diabetes mellitus is a metabolic 

disease characterized by hyperglycemia 

resulting from defects in insulin secretion, 

insulin resistance, or both. The chronic 

hyperglycemia of diabetes is associated 

with long term damage, dysfunction and 

failure of various organs (Asano et al., 

2014). 

     Among various forms of treatments for 

diabetes mellitus, exercise training which 

have been shown to possess an 

encouraging antioxidant property and can 

be a valuable candidate in the treatment 

and prevention of diabetes complications 

(Kaviarasan, 2015). 

     Cinnamon is dietary component that 

has been shown to contain biologically 

active substances that regulate blood 

glucose by insulin-mimetic properties, 

which enhances glucose uptake by 

activating insulin receptor kinase activity, 

auto-phosphorylation of the insulin 

receptor and has anti-oxidant effect 

(Salima et al., 2018). 

     Flaxseeds showed distinctive anti-

inflammatory, analgesic, and anti-oxidant 

action against variety of agents. Their 

anti-oxidant effect has blood glucose and 

body weight regulating action (Hasaniani 

et al., 2019). 

     The present work aimed to study the 

effect of muscular exercise with cinnamon 

extract and/or flaxseeds extract on 

diabetic adult male albino rats. 

MATERIALS AND METHODS 

     Seventy two adult male albino rats of a 

local strain were chosen as an animal 

model for this study weighting 80-100 

grams. Rats were purchased from Helwan 

Animal Farm (Cairo), and kept in suitable 

cages (30x32x25 cm for every 5 rats) at 

room temperature, with the natural light-

dark cycle in the animal laboratory of 

Medical Physiology Department, Al- 

Azhar Faculty of Medicine. 

     They were fed on the standard rat food 

formula (El-Nasr-Pharmaceutical Co.) in 

addition to bread and green vegetables 

with free water supply. They kept for ten 

days to adapt the new conditions before 

starting the experiment.  The study period 

was 8 weeks. 

     Rats submitted to swimming program, 

receiving flaxseeds and cinnamon extracts 

after induction of diabetes according to 

study groups, and submitted to  body 

weight and food consumption assessment, 

and at the end of the study the following 

was done; measuring of fasting plasma 

glucose level, blood insulin level, HbA1c, 

lipid profile, reduced glutathione (GSH), 

malondialdehyde (MDA).  

     The swimming program: Rats in 

exercising groups (Groups IV, VI, VII, 

VIII and IX) were subjected to swimming 

in a swimming plastic barrel (50 cm 

diameter with a depth of 50 cm) half filled 

with tap water. Rats were given the 

chance to stay in water on the first day for 

10 minutes /day till reaching 60 min/day 

on the sixth day to be familiar and adapted 

with water. The exercise protocol was 

continued for 5 days /week for 8 weeks 

after induction of diabetes (Estadella et 

al., 2004). 
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Statistical analysis: 

     The data of the results were collected‚ 

tabulated and statistically managed by 

SPSS program: All results were presented 

as mean ± SD. Mean value of the different 

groups was compared using Kruskal-

Wallis test. Least significant difference 

(LSD) post hoc analysis was used to 

identify significantly different mean 

value. P value ≤ 0.05 was considered 

significant. 

 

RESULTS 

 

     When diabetic rats submitted to 

swimming and received flaxseeds and 

cinnamon extracts, body weight relative to 

food consumption was decreased (Tables 

1 and 2). 
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     When diabetic rats submitted to 

swimming and received flaxseeds and 

cinnamon extracts, fasting plasma glucose 

level and blood insulin level improved 

without change in HBA1c (Table 3). 

 

Table (3): Changes in fasting blood glucose level (FPGL), HBA1c, fasting insulin 

(Means ± SD) 

Parameters 

Groups 

FPGL 

(mg/dl) 

HBA1c 

(%) 

Fasting insulin level 

(uIU/ml) 

I; Received oral distilled water 

(No. 8 rats) 
62.3±7.4 3.7±0.6 2.1±0.9 

II; Received flaxseed extract 

(No. 8 rats) 
65.8±5.1 3.3±0.4 3.0±0.6 

III; Received cinnamon extract 

(No. 8 rats) 
59.8±3.1 4.2±2.3 2.7±1.1 

IV; Practiced swimming 

program 

(No. 8 rats) 

67.8±15.1 3.8±1.11 2.8± 0.7 

V; Diabetic rats received I.P. 

alloxan 

(No. 8 rats) 

242.9±39.5● 4.6±0.7 0.4±0.2● 

VI; Diabetic rats practiced 

swimming program 

(No. 8 rats) 

147.6±30.8X† 3.9±0.4 1.2±1.0X 

VII; Diabetic rats practiced 

swimming program and 

received flaxseed extract 

(No. 8 rats) 

123.2±20.1*† 3.5±0.4 1.4±0.8 ⃰ † 

VIII; Diabetic rats practiced 

swimming program and 

received cinnamon extract 

(No. 8 rats) 

121.3±21.8$† 3.7±0.6 1.8±1.1† 

IX; Diabetic rats practiced 

swimming program and 

received both flaxseed and 

cinnamon extract 

(No. 8 rats) 

94.0±16.5† 3.5±0.4 1.9±0.9† 

p● vs. group I, p* vs. group II, p$ vs. group III, pX vs.  group IV, p† vs.  group V,. 

 

     When diabetic rats submitted to 

swimming and received flaxseeds and 

cinnamon extracts, lipid profile improved 

(Table 4). 
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Table (4): Changes in lipid profile (Means ± SD) 

Parameters 

Groups 

TG 

(mg/dl) 

Cholesterol 

(mg/dl) 

LDL 

(mg/dl) 

HDL 

(mg/dl) 

I; Received oral 

distilled water 

(No. 8 rats) 

97.8±14.5 98.3±27.9 37.7±8.5 40.0±6.3 

II; Received flaxseed 

extract 

(No. 8 rats) 

73.7±14.1 124.3±23.7 39.0±8.5 39.8±8.4 

III; Received cinnamon 

extract 

(No. 8 rats) 

65.2±14.3 108.0±20.9 34.1±4.9 37.5±15.1 

IV; Practiced swimming 

program 

(No. 8 rats) 

83.3±23.5 95.0±26.9 35.3±11.5 37.8±17.2 

V; Diabetic rats 

received I.P. alloxan 

(No. 8 rats) 

123.9±25.9 136.6±19.8● 54.7±22.9● 19.8±7.9● 

VI; Diabetic rats 

practiced swimming 

Program 

(No. 8 rats) 

123.6±40.2 111.0±24.3† 46.1±14.5 29.1±8.9 

VII; Diabetic rats 

practiced swimming 

program and received 

flaxseed extract 

(No. 8 rats) 

79.8±22.4† 88.8±20.2 ⃰ † 35.4±11.5† 47.4±19.8† 

VIII; Diabetic rats 

practiced swimming 

program and received 

cinnamon extract 

(No. 8 rats) 

75.5±30.6† 102.75±18.1† 37.25±9.9† 39.87±18.6† 

IX; Diabetic rats 

practiced swimming 

program and received 

both flaxseed and 

cinnamon extract 

(No. 8 rats) 

53.0±23.7† 60.1±17.6† 30.1±13.3† 48.5±19.1† 

p● vs. group I, p* vs. group II, p† vs.  group V. 

 

     When diabetic rats submitted to 

swimming and received flaxseeds and 

cinnamon extracts, reduced glutathione 

(GSH) increased in flaxseeds and 

cinnamon diabetic groups, and 

malondialdehyde (MDA) decreased in 

swimmed, flaxseeds and cinnamon 

diabetic groups (Table 5). 
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Table (5): Changes in GSH and MDA (Means ± SD). 

Parameters 

Groups 

GSH 

(mmol/g.tissue) 

MDA 

(nmol/g.tissue) 

I; Received oral distilled water 

(No. 8 rats) 
1.15±0.154 4.423±0.47 

II; Received flaxseed extract 

(No. 8 rats) 
1.08±0.32 4.40±0.43 

III; Received cinnamon extract 

(No. 8 rats) 
1.16±0.41 4.24±1.71 

IV; Practiced swimming program 

(No. 8 rats) 
1.29±0.31 5.33±0.91 

V; Diabetic rats received I.P. alloxan 

(No. 8 rats) 
0.74±0.32 28.26±5.97● 

VI; Diabetic rats practiced swimming program 

(No. 8 rats) 
1.14±0.55 19.17± 8.29†X 

VII; Diabetic rats practiced swimming program 

and received flaxseed extract 

(No. 8 rats) 

0.90±0.37 19.72±5.85 ⃰ † 

VIII; Diabetic rats practiced swimming program 

and received cinnamon extract 

(No. 8 rats) 

1.42±0.548† 11.09±6.94$† 

IX; Diabetic rats practiced swimming program 

and received both flaxseed and cinnamon extract 

(No. 8 rats) 

1.83± 0.45† 10.13±7.28 † 

p● vs. group I, p* vs. group II, pX vs. group IV, p† vs. group V, p$ vs. group III. 

 

DISCUSSION 

     When diabetic rats practiced 

swimming program, There were 

insignificant differences in body weight at 

all intervals and the level of food 

consumption was lower than it at all 

intervals except at the beginning and at 

the end of 2nd week intervals but still 

higher than control practiced swimming 

program group at the end of 2nd, 4th and 8th 

weeks. These results were in agreement 

with Hassanpour et al. (2017) who 

considered exercise a corner stone in 

diabetes management, increase insulin 

sensitivity and decrease food consumption 

by encouraging antioxidant property. 

However, the results were not in 

agreement with Frigero et al. (2017) who 

considered antioxidant property of 

exercise not sufficient alone to control 

food consumption. 

     When diabetic rats practiced 

swimming program and received 

flaxseeds extract, the body weight 

significantly increased at the end of 4th 

and 6th weeks, and the level of food 

consumption decreased at all intervals 

except at the beginning. On comparing to 

the control- received flaxseeds extract, 

there was a significant decrease in body 

weight at the beginning and end of 2nd 

week's intervals and significant increase in 

food consumption at the end of 2nd and 6th 

weeks. 

     These results were in agreement with 

Hasaniani et al. (2019) who stated that the 

underlying mechanisms of the anti-

diabetic effect of lignin's present in 

flaxseeds involve enhancing glycemic 
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control, increasing the insulin sensitivity, 

decreasing food consumption on long run. 

They stated that flaxseeds contain 

considerable amounts of vitamin E, 

primarily as γ-tocopherol that increases 

sodium excretion in the urine. This may 

help lowering body weight, and reported 

that the flaxseeds could induce satiety and 

reduce energy intake due to its high 

content of fiber. Fiber derived from 

flaxseeds increases transit time and delays 

gastric emptying. Regular intake of 

flaxseeds fiber in a low-energy beverage 

prior to each meal may aid to maintain or 

lose weight. Another reason may be due to 

the impacts of isoflavones and lignans on 

energy metabolism. Also, phytoestrogens 

have been shown to inhibit the activity of 

several enzymes involved in cell-signaling 

pathways and nuclear mechanisms such as 

cell proliferation and differentiation. 

     Rezaei et al. (2020) stated that 

flaxseeds fiber may induce higher 

postprandial satiety and fullness without 

affecting ghrelin, cholecystokinin, 

glucagon like peptide-1, and energy 

intake. Omega-3 fatty acids decrease 

adipocyte lipogenesis and stimulate fatty 

acid mobilization from adipose tissue. 

Moreover, omega-3 fatty acids decrease 

adipocyte lipoprotein lipase and increase 

muscle lipoprotein lipase, resulting in 

prevention of fat deposition in adipose 

tissue and augmentation of fatty acid 

oxidation in muscle and fat depots, the 

latter through increasing mitochondrial 

biogenesis in white adipose tissue. 

     When diabetic rats practiced 

swimming program and received 

cinnamon extract, insignificant changes 

occurred in body weight at all intervals, 

and there was a significant decrease in 

food consumption from the end of 4th 

week up to the end of experiment. 

However, there was significant decrease 

in food consumption when compared with 

control-received cinnamon extract, at the 

end of all intervals except the beginning 

one. Results of Kassaee et al. (2017) were 

compatible with the present results, and 

owed this to ability of cinnamon extract to 

make insulin-like biological and 

antioxidant activities and improving 

oxidative stress, total antioxidant capacity, 

inflammatory insulin sensitivity and 

insulin resistance in diabetes, hence 

decrease food gain. On the other hand, 

Hosni et al. (2017) stated that cinnamon 

intake affects advanced glycation end 

products, antioxidant capacity, and 

inflammatory markers, not insulin 

sensitivity or food consumption. 

     When diabetic rats practiced 

swimming program and received both 

flaxseeds and cinnamon extract. There 

was an increase in body weight at the end 

of 4th week interval only, and food 

consumption showed significant decrease 

at the end of all weeks except the 

beginning and end of 2nd week intervals, 

and the effect of combination was more 

potent than each one alone. Salima et al. 

(2018) stated that combined effect of 

herbals is more potent than each one alone 

due to combined anti-oxidant effect and 

high efficacy on reduction of insulin 

resistance, and improve cell glucose 

uptake and increase body weight. Talaei 

et al. (2017) and El-Ghawet et al. (2019) 

mentioned that the effect of hypoglycemic 

drugs were more potent than herbals in 

affecting blood glucose level and hence 

satiety and food consumption. 



 

 

MAHMOUD AHMED MOHAMED et al., 

 

1358 

     When the diabetic rats practiced 

swimming program, the level of fasting 

plasma glucose level decreased, and 

fasting insulin increased without 

significant change in HBA1c, but fasting 

glucose level still higher and fasting 

insulin level lower than control practiced 

swimming program. Harriss et al. (2018) 

stated that exercise improves glucose 

uptake and decreases insulin resistance as 

exercise initiates several signaling 

cascades for glucose uptake in muscle, 

stimulates the translocation of GLUT4 

from the cell interior to the cell surface 

and improves antioxidant defenses. 

Exercise increase glucose uptake to the 

operating muscles. Cronin et al. (2017) 

stated that physical exercise, along with a 

proper diet, is a central factor in the 

control of blood sugar and insulin level. 

But the results disagreed with Mora et al. 

(2018) who stated that after exercise 

exhaustion of pancreatic beta cells occurs 

leading to decrease insulin level. 

     When diabetic rats practiced 

swimming program and received 

flaxseeds extract or cinnamon extract or 

both, the fasting plasma glucose level was 

lower, and insulin level was higher than 

diabetic group without change in HBA1c 

but still away from normal level, and the 

effect of combination was better than each 

one alone. The results were in agreement 

with Hasaniani et al. (2019) who stated 

that flaxseeds decrease blood sugar by 

improving insulin action at the cellular 

level when compared with groups not 

receiving flaxseeds, but needs long 

periods to affect HBA1c. The mechanism 

is that flaxseeds up surged the insulin 

level, and restored the enzymatic 

antioxidant barrier. Flaxseeds decrease the 

blood-glucose levels through its 

components by down-regulation of tumor 

necrosis factor-α, IL-6, monocyte chemo-

attractant protein -1, interferon-γ, and 

nuclear factor kappa-B, and diminishing 

the pro inflammatory cytokines and 

vascular infiltration. It also decreases 

postprandial glucose by enhancing the 

level of omega-3 fatty acids in plasma and 

erythrocytes and controls the secretion of 

a glucagon-like peptide-1 by activating 

the extra cellular signal regulated kinase 

pathway, thereby enhancing the secretion 

of insulin. It has a role in decreasing 

circulating levels of leptin. The results 

disagreed with Saed et al. (2019) who 

stated that flaxseeds need long periods of 

time to affect insulin or blood sugar 

longer than time of the experiment 

because control of glucagon-like peptide-1 

secretion by flaxseeds extract 

supplementation needs above three 

months at least. 

      Iqubal et al. (2019) showed that 

cinnamon acts as antioxidant, potentiates 

insulin action, and may be beneficial in 

the control of glucose intolerance and 

diabetes as well as reducing 

cardiovascular disease, and improves 

cognitive function through 

cinnamaldehyde which reduce 

lipopolysaccharide - induced nuclear 

factor kappa B transcriptional activity 

through the inhibition of DNA binding 

activity in macrophages. Cinnamon has an 

ability to enhance insulin signaling by 

increasing glucose uptake by cells and 

increase phosphorylation of insulin 

receptor. Cinnamic acid and flavonoids in 

cinnamon extract act on increasing insulin 

signaling pathway, stimulation of insulin 

secretion, delay of carbohydrate digestion 

and glucose absorption, improve 

pancreatic β-cell functionality, enhance 
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glucose uptake and inhibit hepatic 

gluconeogenesis, protein glycation and 

insulin fibrillation. The presence of 

Methyl- hydoxy-chalone polymer in 

cinnamon successfully mimics the effect 

of insulin and triggers insulin synthesis 

via the activation of glycogen synthase 

and inhibition of glycogen synthase 

kinase-3β activity. Cinnamon increases 

the amount of GLUT4 receptors. El-Beeh 

et al. (2019) stated that the 

cinnnamaldehyde metabolite of cinnamon 

was found to manage insulin release, 

enhance insulin sensitivity, and regulate 

the protein-tyrosine phosphatase 1B and 

insulin receptor kinase. 

     Loren et al. (2018) stated that 

combined effect of herbals is more potent 

than each one alone due to combined anti-

oxidant effect and high efficacy on 

improving insulin resistance, and that 

herbal medicines with strong anti-

inflammatory and hypoglycemic 

properties routinely generate attention for 

a possible role in the management of 

diabetes mellitus. Ahmad et al. (2020) 

added that combination of herbals achieve 

glycemic control in a short period with 

small doses to avoid side effects of each 

one alone. Talaei et al. (2017) and El-

Ghawet et al. (2019) mentioned that the 

effect of hypoglycemic drugs were more 

potent than herbals in affecting blood 

glucose level. Hence, blood sugar and 

insulin levels and the lack of physician-

patient communication with regard to the 

use of herbal products as well as the 

possible drug-drug interactions are some 

of limitations. 

     When diabetic rats practiced 

swimming, the level of cholesterol was 

lower and HDL was higher than its level 

in diabetic group without change in T.G. 

and LDL. Bastuga and Ficicilara (2019) 

stated that, during exercise, an increase in 

the uptake and utilization of glucose 

occurs, and it seems to be dependent on 

the intensity and duration of the effort, 

which leads to cholesterol lowering effect 

on long term by glycemic control, and 

also increased lipolysis and decreased 

adipocyte size with direct response to 

exercise. Tzimou et al. (2019) showed that 

exercise alone has a little effect on 

cholesterol level as it needs to be 

combined with hypoglycemic drugs to 

achieve tight glycemic control and 

improve dyslipidemia in long term, and 

stated that exercise decrease all lipid 

profile with HDL decreasing. There was 

no discrepancy as his study done on obese 

rats which destroy normal metabolism of 

lipid, and they done different exercise 

protocols. 

     When diabetic rats practiced 

swimming program and received 

flaxseeds extract or cinnamon extract or 

both, the level of cholesterol, LDL and 

T.G. decreased, but HDL increased as 

compared to diabetic rats, but not reaching 

the level of control groups and the 

combination was more potent indicating 

higher efficacy of exercise with extracts in 

improving lipid profile than each one 

alone. These results were in agreement 

with Soltanian and Janghorbani (2018) 

who proved that flaxseeds are rich source 

of soluble fibers, aspartic acid, glutamic 

acid and arginine which have cholesterol 

lowering effects. Flaxseeds increase bile 

acid synthesis causing cholesterol 

lowering effect. Enterodiol and 

enterolactone were effective antioxidants 

against DNA damage and lipid 

peroxidation. 
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     Kassaee et al. (2017) stated that the 

antioxidant activities of cinnamon bark, 

leaf and fruit extracts and essential oils 

have positive effects on lipid metabolism. 

Cinnamon increases gene expression of 

proteins responsible for fatty acid 

metabolism and energy consumption 

regulation. Salima et al. (2018) stated that 

a methyl hydroxy chalcone polymer 

derived from cinnamon enhanced the 

glucose uptake, glycogen synthesis and 

phosphorylation of insulin receptor in 

adipocytes. Thus cinnamon was suggested 

to act as insulin mimetic and has lipogenic 

effect. 

     Jáuregui et al. (2017) and Kaur et al. 

(2018) were in line with these results as 

they stated that the combined effect of 

exercise with cinnamon and flaxseeds is 

potent than each one alone due to the 

effect of mega-3 oil in flaxseeds, positive 

effects on lipid metabolism of cinnamon, 

and the  increase in uptake and utilization 

of glucose in exercise, and stated that each 

herbal have been used separately as herbal 

remedies since many years, and the co-

administration of both herbs in reduced 

doses lead to better and cost effective 

management alternative for diabetes and 

related complications such as 

hyperlipidemia. 

     When diabetic rats were exposed to 

swimming program, the MDA level 

decreased but still higher than control rats, 

and no significant change in GSH. Harriss 

et al. (2018) stated that exercise training 

induces several benefits by reducing 

inflammation, improving antioxidant 

defenses, increase levels of reduced 

glutathione (GSH), decrease in oxidized 

glutathione, and MDA by increasing 

number of mitochondria to compensate 

energy needed for regular exercise. So, 

each mitochondria has a lower oxidative 

load, and each mitochondria produces less 

pro-oxidants. Another mechanism was 

enhanced enzymatic anti-oxidative 

systems by regular exercise. Bastuga and 

Ficicilara (2019) stated that exercise 

increases oxidative stress and disrupts 

homeostasis. Thus, training can have 

positive or negative effects on oxidative 

stress depending on training load, training 

specificity, and basal training level. 

     When diabetic rats practiced 

swimming program and received 

flaxseeds extract, the MDA level 

decreased, but still higher than control 

received flaxseeds extract, and no 

significant change in GSH. On receiving 

cinnamon extract or both, GSH increased 

and MDA decreased, but MDA still 

higher and GSH still lower than the 

normal value. The effect of combination 

was more potent than each one alone. 

     Afzal et al. (2020) stated that the main 

physiological benefits of flaxseeds are 

attributed primarily to the high linoleic 

acid content which contributes to their 

antioxidant properties against diseases 

including atherosclerosis, diabetes, 

hypertension, anti-inflammatory, and anti-

carcinogenic effects. The results disagreed 

with Saed et al. (2019) who mentioned 

that supplementation with flaxseeds or 

flaxseeds-derived lignin's improve glucose 

regulation and insulin sensitivity. 

Flaxseeds have cardio-protective role 

through improved arterial compliance as 

well as anticoagulant properties but no 

obvious anti-oxidant properties. 

     Dou et al. (2018) showed that 

cinnamon improves antioxidant capacity 

with decreasing MDA levels by stimulates 
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antioxidant enzymes activities, including 

superoxide dismutase and catalase, and 

activating nuclear factor 2. 

Cinnamaldehyde reduces 

lipopolysaccharide induced nuclear factor 

kappa B transcriptional activity through 

the inhibition of DNA binding. Rajabi et 

al. (2018) considered that taking 

cinnamon in human for six weeks did not 

have any significant effect on MDA levels 

but needs prolonged periods to reflect the 

anti-oxidant effect. 

     Hasaniani et al. (2019) owed the 

present study to synergism of herbals by 

activation of certain enzymes like 

cytochrome p450, enhancing 

mitochondrial activity and reducing the 

oxidative stress load, and increasing 

number of mitochondria hence decreasing 

its oxidative stress load. 

CONCLUSION 

     Exercise with receiving flaxseeds 

extract or cinnamon extract in adult male 

diabetic rats improved body weight, 

glucose, insulin level, lipid profile, 

oxidative stress markers and tissue 

pathology, and the combination was more 

potent than each one alone. 
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دراسة تأثير التمرينات العضلية مع مستخلص القرفة مع أو 
بدون مستخلص بذور الكتان في ذكور الجرذان البيضاء  

 البالغة المصابة بداء السكري 
 جمال أحمد شاور, البيــومي علــي فــوده محمود أحمد محمد, 

 قسم الفسيولوجيا الطبية, كلية الطب, جامعة الازهر 

سي مررررث  الاررررس  تمررررس م  تتتررررلت ر ااررررل  عتبررررس   تاسي ررررل  يعتبررررس    رررر  خلفيــــة البحــــ  

  عضررررمضا مضررررلة   اا ررررا  ماررررل يععم ررررل ضررررلةت   مرررر   رررر    م رررر  مضررررل  ل  مررررسم 

   رررر سير ااررررل  معررررا   مس ررررا ة ت  خلمررررل اررررا  لا ررررا     رررر  ت رررربا    رررر س  ل ررررا ر 

  عتبررررس  ررررا ت    تررررل   رررراي     ررررا   تممضررررب مسررررلثس  لمررررس م   ا رررر   ا  ل  ررررا ا ملاررررب 

 .م     سيمس

ةت سررررا  ررررمرضس   تاسي ررررل    عضررررمضا مرررر  م ررررتسم    مس ررررا مرررر      الهــــد  مــــ  البحــــ  

 ررررا   م ررررتسم   ررررا ت    تررررل  ا سررررضما   اضررررا  رررر   ارررر ت   عررررس      بضضررررل    بل  ررررا 

 .   ا ل ا  ا       سي

ــواد واــــر  البحــــ   ررررل  اررررب   ات سررررا  مرررر   ر ررررضث  سرررربعضث مررررث  ارررر ت   عررررس      مــ

  ضرررررل  ل  بسترررررلمو   تعررررر يل     قرررررل  ل م رررررتسم    مس رررررا    بضضرررررل    بل  رررررار   رررررل

 م رررتسم   رررات    ترررل   عرررا  كرررا م مرررسم    ررر سي   رررل ك رررا معا  رررل    ات سرررا  

  ررررل ضضررررل   ل ع      قعررررل    ا ررررت من ر ااررررل  ررررل  عررررا  تت ررررل    ات سررررا ضضررررل  ت رررربا 

با    رررر س    ررررل ل   وت رررر  ضث     رررر س   تس اارررر   ل ررررا ر  ت رررربا   رررراخ    ل ررررا ر  ت رررر

    عم  لرض     استزل    ال    ة ي   اخضار       ض ل      ت  لر   ا 

ــ   ــابح البحـــ   رررررا   ضرررررلا   عرررررس      ا رررررل ا  ل  ررررر سي  متاسي رررررل    عضرررررمضا  نتـــ

   قررررل  ل م ررررتسم    مس ررررا  م ررررتسم   ررررات    تررررل  تمرررر    رررر ع  ت رررربا   رررر    قعررررل  

    س   رررل ل   وت ررر  ضث  ل رررا   رررا      رررث  ررر     ررر س   ا رررت منر اارررل    ررر   ت ررربا 

  تس اارررر ر اارررررل    رررر   ت ررررربا   رررراخ    ت ررررربا   عم  ررررلرض     استرررررزل    ارررررل    ة ي 

  اخضرررا  ل رررا ر اارررل    رررث   تساضرررا     رررضع ر  ارررل    ت  رررث  ررر    عرررس      تررر    ل  ررر  

 .اب مث م تسم    مس ا   ا ت    تل  معل  ابس مث   اعا  ل   ت سي
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ــت:تا     تاسي ررررل    عضررررمضا مرررر  م ررررتسم    مس ررررا مرررر      ررررا   م ررررتسم   ررررا ت  الاســ

   ترررل   ررر   اررر ت   عرررس      بضضرررل    بل  رررا    ا رررل ا  رررا      ررر سي  ممرررب   ررر ع  ت ررربا 

  ررر    قعرررل    ا رررت منر اارررل    رررث ت ررربا     س   رررل ل   وت ررر  ضث  ل رررا ر اارررل    رررث 

ل    اررررل    ة ي   اخضررررا  ل ررررا ر ااررررل    ررررث ت رررربا   رررراخ    ت رررربا   عم  ررررلرض     استررررز

  تساضرررررا     رررررضع     مرضس  رررررل ل م رررررتسم    مس رررررا   رررررا ت    ترررررل  مررررر    تاسي رررررل  

 .  عضمضا  ابسمث اب  م  كا 


