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Introduction 

Oxidative stress plays a key role in the pathogenesis of 

many disorders such as cancer, cardiovascular diseases, 

atherosclerosis, hypertension, diabetes, 

neurodegenerative diseases and rheumatoid arthritis.1 It 

has been developed from an imbalance between the 

production and detoxification of oxygen/nitrogen free 

radicals which is induced by a large number of 

environmental factors.2 It is obvious that 

increased oxidative damage in cells is associated 

with aging.3 The advantages of garlic in the conditions 

mentioned above is generally related to its antioxidant 

effects.4 Garlic (Allium sativum) is a common harsh 

flavoring agent used all over the world as a food and 

medicinal plant. The most compelling evidence that garlic 

has a higher concentration of sulfur constituents than any 

other Allium species. It has long been used in traditional 

medicine and obviously has been reported to have various 

beneficial effects, including anti-carcinogenic, 

antiatherosclerotic, antithrombotic, antimicrobial, 

antiinflammatory and antioxidant effects.5 It was reported 

that garlic exhibited significant radical scavenging 

activity and thus increased antioxidant capacity4. While 

many studies have reported a hypolipidemic effect of 

garlic,6 others have found no detectable lipid response.7-9 

Also, in healthy volunteers lipid parameters were not 

found to be significantly different between control and 

garlic treated subjects4. As mentioned above, there are 

reports suggesting that garlic can also decrease serum 

lipid parameters but the importance of this effect is 

debatable and its effectiveness on serum lipid levels 

remains questionable.10 Exercise is a potent producer of 

ROS (reactive oxygen specious) and previous studies 

have indicated that free radicals cause compensatory 

response including increased antioxidant enzyme activity 

in animal models.11 Various beneficial health effects, 

including reduced oxidative stress, improved lipid profile 

has been established in response to exercise training.12-14 

It has been reported that exercise training increases 

antioxidant defense system and decrease lipid 

peroxidation markers, which can reverse oxidative stress 

in animal models.15,16 

Thereby, regular exercise at moderate intensity is 

recommended for improving physiological and functional 

capacity in healthy subjects. Voluntary exercise is 

regarded as mild or moderate exercise and is effective in 

promoting healthy lifestyles. Despite the promising 

evidence of the effectiveness of garlic and voluntary 

A B S T R A C T 

Background: We evaluated the combination effect of voluntary exercise and garlic on 

serum oxidative stress biomarkers and lipid profile in healthy rats.  

Methods: The rats were randomly assigned to four groups (n=7): Control, Garlic, Exercise, 

and Garlic + Exercise. Rats were fed with raw fresh garlic homogenate by oral gavage (250 

mg/kg) or were subjected to voluntary exercise using stainless steel running wheels alone 

or together for 6 weeks. The samples were collected at the end of the experiment.  

Results: After 6 weeks, total cholesterol, low-density lipoprotein (LDL), triglycerides (TG) 

and high-density lipoprotein (HDL) levels improved in both garlic and exercise group, 

compared with the control group. We also found that serum glutathione peroxidase (Gpx), 

Superoxide dismutase (SOD), Catalase (CAT), and Total antioxidant (TAC) levels 

enhanced significantly following the above-mentioned interventions. Furthermore, 

simultaneous treatment of rats with garlic and voluntary exercise had an additive effect on 

these parameters. However, malondialdehyde (MDA) level was not significantly 

different from the control group during our protocol.  

Conclusion: The findings revealed that simultaneous treatment of rats with garlic and 

voluntary exercise improved antioxidant defense system and lipid profile in an additive 

manner in healthy rats. 
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exercise in reducing oxidative stress and improving lipid 

profile, little is known about the combination effect of 

these interventions in healthy animals. Thus the present 

study was designed to investigate the effect of garlic in 

combination with voluntary exercise on oxidative stress 

markers and lipid profile in healthy rats.  

 

Materials and methods 

Animals 

All animal studies were performed in accordance with the 

"Principles of Laboratory Animal Care" and were 

approved by the Ethics Committee on Animal 

Experiments of the Tabriz University of Medical Sciences 

under the protocol number 91.4-2.4. Twenty-eight male 

Wistar rats (200-250 g) were maintained under controlled 

environmental conditions (24 ± 2°C and 12 h light-dark 

cycle) and allowed free access to standard rat chow and 

tap water.  

 

Experiments protocol 

Twenty-eight male Wistar rats were randomly assigned 

into four groups (n=7): Control, Garlic, Exercise, and 

Garlic+Exercise. In the control group, the animals were 

kept 6 weeks in the regular cages and were fed with 

vehicle only (tap water). Homogenized garlic (250 

mg/kg) was fed orally 6 days a week for a period of 6 

weeks. For preparation of homogenized garlic, garlic 

(Allium sativum) bulbs were purchased from a local 

market. Cloves were peeled, sliced, grounded into a paste 

and then suspended in distilled water. (For example, the 

homogenized garlic was prepared by adding 250 mg of 

garlic with 2 ml of distilled water (for 4 rats, weight: 250 

g) and crushed in a mixing machine). The garlic 

homogenate was prepared freshly each day. Voluntary 

exercise were performed in exercise groups. Animals 

were housed in the running wheel equipped cages (1.00 m 

circumference, Tajhiz Gostar), and were allowed free 

access to the wheel 24 h per day for 6 weeks. Running 

distance was monitored daily.17 The animals were 

eliminated from the study if the running distance was less 

than 2000 m/day. For evaluating the combination effect 

of garlic and voluntary exercise (group 4), the rats were 

housed in the cages equipped with running wheel and 

once a day garlic homogenate was gavaged according to 

our protocol at morning. Our sample size was determined 

based on our similar previous studies.17,18 After the 

experiments, the rats were anesthetized with pentobarbital 

sodium (Sigma-Aldrich; St. Louis, Missouri, United 

States) (35 mg/kg, i.p.).18 Blood samples were directly 

obtained from the heart of anesthetized rats and then 

centrifuged at 3500 rpm for 10 min at 4°C immediately. 

The resulting serum was stored in tubes at −70°C for 

measuring biochemical parameters. Then the animals 

were sacrificed under deep anesthesia. 

 

Lipid profile measurement 

After collecting blood samples by cardiac puncture and 

isolating serum by centrifuge, triglycerides levels were 

evaluated by enzymatic kits (ZiestChem Diagnostic kits, 

Iran) using glycerol as standard. Moreover, high- density 

lipoprotein (HDL) and low-density lipoprotein (LDL) 

levels were measured by enzymatic methods using 

diagnostic kits, (ZiestChem, Iran) choosing cholesterol as 

standard. Total cholesterol level was measured by an auto 

blood analyzer (Bayer Corp. USA). The related kit was 

obtained from Pars Azmoon CO, Iran. 

 

Measurement of antioxidant enzymes activities 

Whole blood samples were used for determination of 

glutathione peroxidase (GPX) and superoxide dismutase 

(SOD)  and catalase (CAT).  

SOD activity was determined using a commercial kit 

(RANSOD, Randox co., Antrim, United Kingdom) 

according to Delmas-Beauvieux, et al. SOD activity was 

assessed at 505 nm by a spectrophotometer (Pharmacia 

Biotech; Cambridge, England). According to this method, 

xanthine and xanthine oxidase were used to produce 

superoxide radicals that react with 2-(4-iodophenyl)-3 

(4-nitrophenols)-5-phenyl tetrazolium chloride (ITN) to 

create a red formazan dye. Concentrations of substrates 

were 0.05 mmol/L for xanthine and 0.025 mmol/L for 

ITN. SOD activity was measured by the degree of 

inhibition of this reaction. After calculating the percent of 

inhibition by using related formula, SOD activity value 

was calculated by comparing with the standard curve and 

was expressed as U/g hemoglobin (Hb) in blood and 

U/mg protein in tissue.19,20 

GPX activity was determined using the commercial kit 

(RANSEL, Randox co., Antrim, United Kingdom) 

according to the method of Paglia and Valentine. GPX 

catalyzes the oxidation of glutathione (at a 

concentration of 4 mmol/L) by cumene 

hydroperoxide. In the presence of glutathione 

reductase (at a concentration ≥ 0.5 units/L) and 0.28 

mmol/L of NADPH, oxidized glutathione is 

immediately converted to the reduced form with 

concomitant oxidation of NADPH to NADP+. The 

decrease in absorbance at 340 nm (37°C) was 

measured using a spectrophotometer (Pharmacia 

Biotech; Cambridge, England), and then GPx 

concentration was calculated by the related 

formula.19,20 

Catalase activity was measured using the Aebi 

method. According to this method, measurement was 

performed based on the dissociation rate of H2O2 in 

240 nm at 20°C. Myocardial homogenate aliquots and 

whole blood lysates were centrifuged. The adequate 

amount of supernatant was added to a reaction mixture 

that contained 0.002% Triton X-100, 0.1 mM EDTA, 

0.5 M potassium phosphate buffer, and 15 mM H2O2 

in 1 mL final volume at pH 7.0. Activity was 

calculated as the decomposition rate within the initial 

15 s and expressed as K/gHb in blood and K/mg 

protein in the heart.19 

TAC was evaluated by a Randox (Crumlin, County 

Antrim, United Kingdom) total antioxidant status kit 

in which 2,2’-azino-bis(3-ethylbenzothiazoline-6-

sulfanate) (ABTS) is incubated with a peroxidase and 
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H2O2 resulting in the radical cation ABTS + 

production. This has a stable blue-green color, which 

is evaluated at 600 nm.20 

 

MDA assessment 

Malondialdehyde (MDA) as the end-product of lipid 

peroxidation was measured in the blood samples and 

tissue extracts according to the Esterbauer and 

Cheeseman method. MDA reacts with thiobarbituric 

acid (Sigma-Aldrich; St. Louis, Missouri, United 

States) and produces a pink pigment that has a 

maximum absorption at 532 nm.19,20 

 

Statistical analysis 

Results were statistically analyzed using one-way 

analysis of variance (ANOVA) and a subsequent Tukey 

test. The significant rank was set at p < 0.05. Data are 

expressed as means ± S.E.M. 

 

Results 

Serum lipid profile  

Table 1 summarizes the effect of garlic and voluntary 

exercise on lipid profile. Garlic and voluntary exercise 

significantly reduced serum LDL, cholesterol and 

triglyceride levels (P<0.05) in comparison with the 

Control group. Also, the combination treatment of these 

interventions decreased LDL (P<0.05), cholesterol 

(P<0.001) and triglyceride (P<0.01) levels compared with 

the Control group. Furthermore, HDL content were 

increased in garlic (P<0.05) and exercise (P<0.01) groups 

alone or together (P<0.001) as compared with Control 

animals. Moreover, the HDL level was significantly 

higher in Garlic + Exercise group than garlic (P<0.01) and 

exercise (P<0.05) groups alone. In parallel, the amount of 

cholesterol was more decreased after 6 weeks of 

combination treatment of garlic and voluntary exercise 

(P<0.05) compared with garlic and exercise alone. 

 

Antioxidant enzymes and lipid peroxidation 

Table 2 depicts that garlic consumption increased SOD 

(P<0.01), Gpx, CAT and TAC (P<0.05) levels and also, 

voluntary exercise exhibited higher levels of SOD, Gpx, 

CAT (P<0.01), and TAC (P<0.05) than those in Control 

group. Furthermore, their combination treatment 

increased these parameters (P<0.001) in comparison to 

Control animals. After 6 weeks intervention data analysis 

showed simultaneous treatment with garlic and voluntary 

exercise significantly more raised  SOD, TAC (P<0.05), 

and Gpx (P<0.001), compared to the exercise group. 

Similarly, SOD, TAC (P<0.05), CAT (P<0.01) and Gpx 

(P<0.001) levels were higher in Garlic+Exercise group 

than those in garlic group. ANOVA analysis showed that 

there was no significant difference in MDA level among 

the groups. 

 

Discussion 

The results of the present study indicated that garlic 

consumption with or without exercise improved oxidative 

stress and lipid profile in healthy rats as manifested by a 

significant elevation in serum SOD, Gpx, CAT, TAC 

levels and an improvement in LDL, HDL, TG, cholesterol 

contents. Moreover, our data demonstrated the favorable 

and additive effects of garlic in combination with 

voluntary exercise in improving oxidative stress and 

serum lipid profiles of healthy rats. 

Elevated serum lipid levels including LDL, cholesterol, 

and triglyceride are associated with an increased risk of 

cardiovascular disorders, particularly with coronary 

events and atherosclerosis.21 These simple markers are 

widely accepted as a risk factor for cardiovascular system 

disease, leading cause of death in developed countries.21 

Several studies declared that garlic preparations have 

been linked to cardiovascular benefits.22,23 Both 

antiatherogenic and antiatherosclerotic effects of garlic in 

part is due to its lowering effects on the contents of free 

cholesterol and cholesteryl esters in arterial walls.5 Other 

possible contributors to protection against cardiovascular 

disease are largely due to its high content of organosulfur 

compounds and antioxidant activity.24 

 

 

 
Table 1. Lipid profiles in healthy rats following garlic and voluntary exercise and their combination after 6 weeks (means ± SEM). Low-
density lipoprotein (LDL), High-density lipoprotein (HDL), Triglycerides (TG), cholesterol.  

Groups parameters Control Garlic Exercise Garlic + Exercise 

LDL (mg/dl) 47±3.2 39±0.81* 39.3±0.7* 38.33±1.02* 
HDL(mg/dl) 28.83±1.07 33.6±0.6* 34.8±0.8** 40.1±1.6***#$$ 
TG (mg/dl) 32.16±2.3 23.8±1.9* 23.8±1.7* 20.66±1.7** 
Cholesterol (mg/dl) 82±2.8 70.5±2.1* 68.1±3.5** 57.1±1.6***#$ 

* p< 0.05, ** p< 0.01, *** p< 0.001  versus Control group. $ p < 0.05, $$, p < 0.001 versus Garlic group. # p < 0.05 versus Exercise group.  

 
Table 2. The oxidative stress biomarkers in the serum of different groups following garlic and voluntary exercise and their combination after 
6 weeks (means ± SEM). MDA (malondialdehyde), glutathione peroxidase (GPX), Superoxide dismutase (SOD), Catalase (CAT), Total 
antioxidant (TAC). 

Groups parameters Control Garlic Exercise Garlic + Exercise 

MDA (nmol/gr protein) 3.2±0.6 3.1±1.2 3.2±0.7 2.8±0.83 
Gpx (U/ gr protein) 9.77±0.8 20.49±2.7* 24.45±2.2** 41.04±2.5***###$$$ 
SOD (U/ gr protein) 1.01±53.7 1.71±2** 1.69±1.02** 2.24±58.7***#$ 
CAT (nmol/min/mg protein) 6.5±1.5 18.2±2.7* 23.4±2.3** 31.4±3.06***$$ 
TAC (mmol/lit) 0.75±0.01 1.06±0.08* 1.04±0.07* 1.33±0.03***#$ 

* p< 0.05, ** p< 0.01, *** p< 0.001  versus Control group. $ p < 0.05, $$ p < 0.01, $$$ p < 0.001 versus Garlic group. # p < 0.05, ### p < 
0.001 versus Exercise group.  
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It was indicated that garlic has sulfur-containing 

compounds named γ-glutamyl cysteine, which can be 

hydrolyzed and oxidized to form alliin. In turn, alliin 

converts to allicin by alliinase, when it is cut or crushed.  

These sulfur compounds are responsible for the 

antioxidant activity of garlic.18 

Previously, to have the promising antioxidant potential of 

garlic, Koseoglue et al. also demonstrated that garlic, was 

used as a dietary supplementation, increased the 

antioxidant capacity of the body in healthy volunteers. 

Although in this study total cholesterol, LDL cholesterol, 

HDL cholesterol, and TG were not found to be 

significantly different in garlic consumers.25 There are 

some studies that declared lipid-lowering effects of 

different preparation of garlic, suggesting garlic to be 

effective in reducing total serum cholesterol and low-

density lipoprotein with elevated HDL levels in 

individuals.26-28 Although there are many reports 

demonstrating the beneficial effects of garlic on serum 

lipid parameters, some studies declared inconsistent 

results in the above-mentioned parameters.4,10 Current 

study results showed that garlic consumption improved 

lipid profile in healthy rats that were manifested by a 

decrease in cholesterol, LDL and increase in HDL levels. 

The controversial results in some studies may be due in 

part to the use of different garlic preparations, duration of 

treatment and baseline cholesterol levels.29 

The mechanisms involved in garlic-induced lipid-

lowering effect are diverse. It has been suggested that 

garlic attenuates the hepatic activities of lipogenic and 

cholesterogenic enzymes,30 increases the excretion of 

cholesterol31 and inhibits cholesterol synthesis.30 In this 

study, we demonstrated that the combination of garlic 

with voluntary exercise resulted in a higher increase of 

antioxidant levels and a more improved lipid profile 

contents than either of them alone in the serum of healthy 

rats. 

Regular training is one of the most effective ways to 

improve quality of life.  Most importantly, exercise can 

help reduce the risk of several illnesses.12 Previously, it 

was demonstrated that regular exercise simultaneous with 

garlic consumption have not significant effect on TG, 

cholesterol LDL-C and HDL-C levels. Even though they 

showed the HDL-C level was increased in the trained 

group, but this difference was not significant.32 However, 

many studies have reported that exercise training 

improves lipid profiles including LDL, HDL, TG, 

cholesterol contents, although HDL levels were more 

sensitive to aerobic exercise than both LDL and TG.33-35 

Also, in previous studies, it was reported that exercise can 

alleviate oxidative stress by improving the endogenous 

antioxidative system and exhibiting 

greater resistance to oxidative stress.15,16 Therefore, 

exercise training can reduce oxidative stress and 

successively, protect against several diseases that are 

associated with an imbalance in oxidant/antioxidant 

status.36 

Indeed, it has been reported that moderate-intensity 

physical activity has more health benefits. It is considered 

that exhaustive and vigorous intensity activity causes 

inflammation and enhances oxidative stress associated 

with ROS.37 Thus, in the present study, we performed a 

voluntary exercise facility for the animals, which is 

regarded as a moderate intensity of physical activity. 

Although the main mechanism of exercise-induced lipid 

alterations is not fully understood, it has been reported 

that exercise probably decreases blood lipid levels by 

increasing blood lipid consumption38 and also increased 

lipoprotein lipase activity.39 In addition, mitochondrial 

biogenesis, improved efficiency of cardiac mitochondrial 

oxidative phosphorylation, reduced mitochondria 

permeability transition, elevated antioxidant capacity, and 

induction of myocardial heat shock proteins are the other 

mechanisms involved in cellular adaptation induced by 

regular exercise.12,40 The data of our study revealed that 

regular administration of garlic in combination with 

voluntary exercise may induce beneficial effects in 

individuals providing a healthy life style. One limitation 

of our study was that we did not investigate further 

molecular mechanisms for the protective effect of these 

interventions. So, future research must focus on the 

mechanisms involved in the protective effect of garlic and 

voluntary exercise together. 

 

Conclusion 

The present study results confirmed that combination of 

garlic with voluntary exercise treatment may cause more 

beneficial effects in the antioxidant defense system and 

lipid profile than the use of garlic or voluntary exercise 

alone. These finding highlighted the importance of 

combined effect of these interventions.   

 

Acknowledgements 

This study was supported by a grant from the Drug 

Applied Research Centre, Tabriz University of Medical 

Sciences, Tabriz, Iran.  

 

Conflict of interests  

The authors claim that there is no conflict of interest. 

 

References 

1. Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur 

M, Telser J. Free radicals and antioxidants in normal 

physiological functions and human disease. Int J 

Biochem Cell Biol. 2007;39(1):44-84. doi:10.1016/j.b 

iocel.2006.07.001 

2. Blokhina O, Virolainen E, Fagerstedt KV. 

Antioxidants, oxidative damage and oxygen 

deprivation stress: A review. Ann Bot. 

2003;91(2):179-94. doi:10.1093/aob/mcf118 

3. Harper ME, Bevilacqua L, Hagopian K, Weindruch R, 

Ramsey JJ. Ageing, oxidative stress, and 

mitochondrial uncoupling. Acta Physiol Scand. 

2004;182(4):321-31. doi:10.1111/j.1365-201X.200 

4.01370.x 

4. Koseoglu M, Isleten F, Atay A, Kaplan YC. Effects of 

acute and subacute garlic supplement administration 

on serum total antioxidant capacity and lipid 

https://doi.org/10.1016/j.biocel.2006.07.001
https://doi.org/10.1016/j.biocel.2006.07.001
https://doi.org/10.1093/aob/mcf118
https://doi.org/10.1111/j.1365-201x.2004.01370.x
https://doi.org/10.1111/j.1365-201x.2004.01370.x


 

272 | Pharmaceutical Sciences, September 2019, 25(3), 268-273 

Voluntary Exercise and Garlic Alone and in Combination Protect Diabetic Heart 

 

 
  

 
 

parameters in healthy volunteers. Phytother Res. 

2010;24(3):374-8. doi:10.1002/ptr.2953 

5. Londhe V, Gavasane AT, Nipate SS, Bandawane DD, 

Chaudhari PD. Role of garlic (Allium sativum) in 

various diseases-an overview. J Pharm Res Opin. 

2011;1(4):129-34.  

6. Jung ES, Park SH, Choi EK, Ryu BH, Park BH, Kim 

DS, et al. Reduction of blood lipid parameters by a 12-

wk supplementation of aged black garlic: A 

randomized controlled trial. Nutrition. 

2014;30(9):1034-9. doi:10.1016/j.nut.2014.02.014 

7. Berthold HK, Sudhop T, von Bergmann K. Effect of a 

garlic oil preparation on serum lipoproteins and 

cholesterol metabolism: A randomized controlled 

trial. JAMA. 1998;279(23):1900-2. 

doi:10.1001/jama.279.23.1900  

8. Isaacsohn JL, Moser M, Stein EA, Dudley K, Davey 

JA, Liskov E, et al. Garlic powder and plasma lipids 

and lipoproteins: A multicenter, randomized, placebo-

controlled trial. Arch Intern Med. 1998;158(11):1189-

94. doi:10.1001/archinte.158.11.1189 

9. Neil HA, Silagy CA, Lancaster T, Hodgeman J, Vos 

K, Moore JW, et al. Garlic powder in the treatment of 

moderate hyperlipidaemia: A controlled trial and 

meta-analysis. J R Coll Physicians Lond. 

1996;30(4):329-34.  

10. Stevinson C, Pittler MH, Ernst E. Garlic for treating 

hypercholesterolemia: A meta-analysis of randomized 

clinical trials. Ann Intern Med. 2000;133(6):420-9.  

11. Poulsen HE, Weimann A, Loft S. Methods to detect 

DNA damage by free radicals: Relation to exercise. 

Proc Nutr Soc. 1999;58(4):1007-14. doi:10.1017/s 

0029665199001329 

12. Campos JC, Gomes KM, Ferreira JC. Impact of 

exercise training on redox signaling in cardiovascular 

diseases. Food Chem Toxicol. 2013;62:107-19. 

doi:10.1016/j.fct.2013.08.035 

13. Kannan U, Vasudevan K, Balasubramaniam K, 

Yerrabelli D, Shanmugavel K, John NA. Effect of 

exercise intensity on lipid profile in sedentary obese 

adults. J Clin Diagn Res. 2014;8(7):Bc08-10. 

doi:10.7860/jcdr/2014/8519.4611 

14. Awobajo FO, Olawale OA, Bassey S. Changes in 

blood glucose, lipid profile and antioxidant activities 

in trained and untrained adult male subjects during 

programmed exercise on the treadmill. Nig Q J Hosp 

Med. 2013;23(2):117-24.  

15. Wycherley TP, Brinkworth GD, Noakes M, Buckley 

JD, Clifton PM. Effect of caloric restriction with and 

without exercise training on oxidative stress and 

endothelial function in obese subjects with type 2 

diabetes. Diabetes Obes Metab. 2008;10(11):1062-73. 

doi:10.1111/j.1463-1326.2008.00863.x 

16. Roberts CK, Won D, Pruthi S, Lin SS, Barnard RJ. 

Effect of a diet and exercise intervention on oxidative 

stress, inflammation and monocyte adhesion in 

diabetic men. Diabetes Res Clin Pract. 

2006;73(3):249-59. doi:10.1016/j.diabres.2006.02.0 

13 

17. Naderi R, Mohaddes G, Mohammadi M, Ghaznavi R, 

Ghyasi R, Vatankhah AM. Voluntary exercise 

protects heart from oxidative stress in diabetic rats. 

Adv Pharm Bull. 2015;5(2):231-6. doi:10.15171/a 

pb.2015.032 

18. Naderi R, Mohaddes G, Mohammadi M, Alihemmati 

A, Badalzadeh R, Ghaznavi R, et al. Preventive effects 

of garlic (Allium sativum) on oxidative stress and 

histopathology of cardiac tissue in streptozotocin-

induced diabetic rats. Acta Physiol Hung. 

2015;102(4):380-90. doi:10.1556/036.102.2015.4.5 

19. Somi MH, Hajipour B, Asl NA, Estakhri R, Azar AN, 

Zade MN, et al. Pioglitazone attenuates 

ischemia/reperfusion-induced liver injury in rats. 

Transplant Proc. 2009;41(10):4105-9. doi:10.1016/j.tr 

ansproceed.2009.09.075 

20. Mohammadi M, Ghaznavi R, Keyhanmanesh R, 

Sadeghipour HR, Naderi R, Mohammadi H. 

Voluntary exercise prevents lead-induced elevation of 

oxidative stress and inflammation markers in male rat 

blood. ScientificWorldJournal. 2013;2013:1-5. 

doi:10.1155/2013/320704 

21. Lewington S, Whitlock G, Clarke R, Sherliker P, 

Emberson J, Halsey J, et al. Blood cholesterol and 

vascular mortality by age, sex, and blood pressure: A 

meta-analysis of individual data from 61 prospective 

studies with 55,000 vascular deaths. Lancet. 

2007;370(9602):1829-39. doi:10.1016/s0140-673 

6(07)61778-4 

22. Banerjee SK, Maulik SK. Effect of garlic on 

cardiovascular disorders: A review. Nutr J. 

2002;1(1):4. doi:10.1186/1475-2891-1-4 

23. Rahman K, Lowe GM. Garlic and cardiovascular 

disease: A critical review. J Nutr. 2006;136(3):736s-

40s. doi:10.1093/jn/136.3.736S 

24. Borek C. Garlic reduces dementia and heart-disease 

risk. J Nutr. 2006;136(3):810s-2s. doi:10.1093/jn/1 

36.3.810S 

25. Kostic N, Caparavic Z, Ilic S, Radojkovic J, Marina 

DJ, Pencic B, et al. [exercise-induced oxidative stress 

and antioxidant enzyme activity in type 2 diabetic 

patients with and without diastolic dysfunction and 

hypertension]. Srp Arh Celok Lek. 2009;137(3-

4):146-51. doi:10.2298/sarh0904146k [Article in 

Serbian] 

26. Kannar D, Wattanapenpaiboon N, Savige GS, 

Wahlqvist ML. Hypocholesterolemic effect of an 

enteric-coated garlic supplement. J Am Coll Nutr. 

2001;20(3):225-31. doi:10.1080/07315724.2001.107 

19036 

27. Sobenin IA, Andrianova IV, Demidova ON, 

Gorchakova T, Orekhov AN. Lipid-lowering effects 

of time-released garlic powder tablets in double-

blinded placebo-controlled randomized study. J 

Atheroscler Thromb. 2008;15(6):334-8. doi:10.5551/j 

at.e550 

28. Sobenin IA, Pryanishnikov VV, Kunnova LM, 

Rabinovich YA, Martirosyan DM, Orekhov AN. The 

effects of time-released garlic powder tablets on 

https://doi.org/10.1002/ptr.2953
https://doi.org/10.1016/j.nut.2014.02.014
https://doi.org/10.1001/jama.279.23.1900
https://doi.org/10.1001/archinte.158.11.1189
https://doi.org/10.1017/s0029665199001329
https://doi.org/10.1017/s0029665199001329
https://doi.org/10.1016/j.fct.2013.08.035
https://doi.org/10.7860/jcdr/2014/8519.4611
https://doi.org/10.1111/j.1463-1326.2008.00863.x
https://doi.org/10.1016/j.diabres.2006.02.013
https://doi.org/10.1016/j.diabres.2006.02.013
https://doi.org/10.1556/036.102.2015.4.5
https://doi.org/10.1016/j.transproceed.2009.09.075
https://doi.org/10.1016/j.transproceed.2009.09.075
https://doi.org/10.1155/2013/320704
https://doi.org/10.1016/s0140-6736(07)61778-4
https://doi.org/10.1016/s0140-6736(07)61778-4
https://doi.org/10.1186/1475-2891-1-4
https://doi.org/10.1093/jn/136.3.736s
https://doi.org/10.1093/jn/136.3.810s
https://doi.org/10.1093/jn/136.3.810s
https://doi.org/10.2298/sarh0904146k
https://doi.org/10.1080/07315724.2001.10719036
https://doi.org/10.1080/07315724.2001.10719036
https://doi.org/10.5551/jat.e550
https://doi.org/10.5551/jat.e550


 

Pharmaceutical Sciences, September 2019, 25(3), 268-273  | 273 

Ghiasi R., et al. 

multifunctional cardiovascular risk in patients with 

coronary artery disease. Lipids Health Dis. 

2010;9(1):119. doi:10.1186/1476-511x-9-119 

29. Gardner CD, Chatterjee LM, Carlson JJ. The effect of 

a garlic preparation on plasma lipid levels in 

moderately hypercholesterolemic adults. 

Atherosclerosis. 2001;154(1):213-20. doi:10.101 

6/s0021-9150(00)00466-4 

30. Yeh YY, Liu L. Cholesterol-lowering effect of garlic 

extracts and organosulfur compounds: Human and 

animal studies. J Nutr. 2001;131(3s):989s-93s. 

doi:10.1093/jn/131.3.989S 

31. Chi MS, Koh ET, Stewart TJ. Effects of garlic on lipid 

metabolism in rats fed cholesterol or lard. J Nutr. 

1982;112(2):241-8. doi:10.1093/jn/112.2.241 

32. Bashiri J. The effect of regular aerobic exercise and 

garlic supplementation on lipid profile and blood 

pressure in inactive subjects. Zahedan J Res Med Sci. 

2015;17(4):e961. doi:10.5812/zjrms.17(4)2015.961 

33. LeMura LM, von Duvillard SP, Andreacci J, Klebez 

JM, Chelland SA, Russo J. Lipid and lipoprotein 

profiles, cardiovascular fitness, body composition, 

and diet during and after resistance, aerobic and 

combination training in young women. Eur J Appl 

Physiol. 2000;82(5-6):451-8. doi:10.1007/s00421000 

0234 

34. Kazeminasab F, Marandi M, Ghaedi K, Esfarjani F, 

Moshtaghian J. Effects of a 4-week aerobic exercise 

on lipid profile and expression of lxralpha in rat liver. 

Cell J. 2017;19(1):45-9.  

35. Ghanbari-Niaki A, Khabazian BM, Hossaini-Kakhak 

SA, Rahbarizadeh F, Hedayati M. Treadmill exercise 

enhances abca1 expression in rat liver. Biochem 

Biophys Res Commun. 2007;361(4):841-6. 

doi:10.1016/j.bbrc.2007.07.100 

36. de Sousa CV, Sales MM, Rosa TS, Lewis JE, de 

Andrade RV, Simoes HG. The antioxidant effect of 

exercise: A systematic review and meta-analysis. 

Sports Med. 2017;47(2):277-93. doi:10.1007/s40279-

016-0566-1 

37. Ishikawa Y, Gohda T, Tanimoto M, Omote K, 

Furukawa M, Yamaguchi S, et al. Effect of exercise 

on kidney function, oxidative stress, and inflammation 

in type 2 diabetic kk-a(y) mice. Exp Diabetes Res. 

2012;2012:1-10. doi:10.1155/2012/702948 

38. Earnest CP, Artero EG, Sui X, Lee DC, Church TS, 

Blair SN. Maximal estimated cardiorespiratory 

fitness, cardiometabolic risk factors, and metabolic 

syndrome in the aerobics center longitudinal study. 

Mayo Clin Proc. 2013;88(3):259-70. doi:10.1016/j.m 

ayocp.2012.11.006 

39. Calabresi L, Franceschini G. Lecithin:Cholesterol 

acyltransferase, high-density lipoproteins, and 

atheroprotection in humans. Trends Cardiovasc Med. 

2010;20(2):50-3. doi:10.1016/j.tcm.2010.03.007 

40. Kraljevic J, Marinovic J, Pravdic D, Zubin P, Dujic Z, 

Wisloff U, et al. Aerobic interval training attenuates 

remodelling and mitochondrial dysfunction in the 

post-infarction failing rat heart. Cardiovasc Res. 

2013;99(1):55-64. doi:10.1093/cvr/cvt080 

 

 

https://doi.org/10.1186/1476-511x-9-119
https://doi.org/10.1016/s0021-9150(00)00466-4
https://doi.org/10.1016/s0021-9150(00)00466-4
https://doi.org/10.1093/jn/131.3.989s
https://doi.org/10.1093/jn/112.2.241
https://doi.org/10.5812/zjrms.17(4)2015.961
https://doi.org/10.1007/s004210000234
https://doi.org/10.1007/s004210000234
https://doi.org/10.1016/j.bbrc.2007.07.100
https://doi.org/10.1007/s40279-016-0566-1
https://doi.org/10.1007/s40279-016-0566-1
https://doi.org/10.1155/2012/702948
https://doi.org/10.1016/j.mayocp.2012.11.006
https://doi.org/10.1016/j.mayocp.2012.11.006
https://doi.org/10.1016/j.tcm.2010.03.007
https://doi.org/10.1093/cvr/cvt080

