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Abstract   

Introduction: Aging and low physical activity results in a decrease in Adiponectin and an increase 

in leptin, which can cause cardiovascular diseases, obesity and diabetes. The aim of present study 

was to investigate the effect of 8 weeks circuit-resistance training (CRT) with Zataria multiflora 

(Z. multiflora) supplementation on plasma leptin and adiponectin in postmenopausal women. 

Materials and methods: 48 untrained postmenopausal women took part in this study. The 

participants were randomly divided in 4 groups with 12 persons in each: resistance training (RTG), 

Z. multiflora (ZG), control (CG) and Z. multiflora- resistance training (ZRTG). Resistance training 

program contained 12 stations (each station 30 second with 35 percent of one maximum repetition) 

and continued for 8 weeks (3 sessions per week). Participants in the ZG and ZRTG consumed 500 

mg of Z. multiflora supplementation daily before breakfast. Blood samples were collected 48 hours 

before first session and 48 hours after last session to measure plasma levels of leptin and 

Adiponectin. 

Results: Significant difference between ZRTG and CG in plasma Adiponectin was observed 

(P˂0.05). However, there was no significant difference between groups in leptin (P˃0.05). 

Conclusion: This study indicated that CRT can cause a decrease in leptin and an increase in 

Adiponectin. Also, when Z. multiflora intervention included in the training program, this effects 

increased.  
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Introduction 

Menopause, stage in a women’s life that 

happens at age of 49-52 years old, usually 

is accompanied with metabolic syndrome 

risks (1). According to previous researches, 

the spread of metabolic syndromes during 

menopause is about 55-31 percent, which is 

much more than any other period (2). For 

example, Eshtiaghi et al (2010) showed the 

increase of metabolic syndromes in Iranian 

aged women. They also cited menopause as 

an independent metabolic syndrome, 

attending with insulin resistance (3). In fact, 

development of abdominal obesity is as a 

result of metabolic syndromes as well as 

type 2 diabetes in menopausal women, 

followed by disappearing of protectoral role 

of estrogen, and relative increment of 

circulating endogens (4). 

Additional abdominal fat results in 

inflammatory response, insulin resistance 

and cardiovascular risks; in fact, they are 

produced by specific adipose cells, named 

adipokines (5). Adiponectin, which is an 

important adipokines, derived from adipose 

tissue, is responsible for some key 

metabolic roles including, energy 

expenditure, fat catabolism, Free Fatty 

Acids (FFA) oxidation and insulin 

secretion. Unlike most adipokines, 

adiponectin concentration would be 

decreased in obese people, and is 

considered as a resistant factor in 

pathogenesis of heart diseases. It seems that 

adiponectin, through a direct influence of 

endothelial cells, acts as an anti-

atherosclerosis element. As a result, it could 

be useful in lipid and glucose metabolism 

as well as insulin sensation. Therefore, 

adiponectin plasma concentration is 

significantly less in people with diabetes or 

heart diseases (6). In spite of the researches 

on the role of adiponectin in such chronic 

conditions, it should be noted that recent 

studies have been shown elevated levels of 

adiponectin would bring reverse effects to 

heart diseases (7). Human studies which 

support this interpretation, state that the 

increased level of adiponectin can increase 

death caused by cardiovascular disease 

among older population (8). 

It is clear that the imbalance between pro 

and anti-inflammatory cytokines in adipose 

tissue plays a main role in obesity 

complications (9). Leptin, is released from 

adipose tissue and involved in thrombotic 

and inflammatory pathways (10).  

Leptin is an OB gene production, a 

hormone and a 16 kDa protein.  It plays a 

role in weight control by preventing food 

absorption and increasing energy 

expenditure. The amount of leptin in white 

adipose tissue is much more than brown 

adipose tissue (11). Leptin levels in obese 

people is high, and this could be due to its 

receptors perturbation or resistance. The 

increased levels of leptin may be linked to 

endothelial tissue perturbation, smooth 

muscle proliferation, platelets 

accumulation and oxidative stress in 

endothelial cells. Therefore, its increased 

levels particularly in childhood could 

predict heart disease in adulthood. 

Recently, leptin has been introduced as a 

hormonal risk factor in cardiovascular 

diseases (12). Nowadays, it is well known 

that there is a considerable correlation 

between leptin and insulin, and their role in 

obesity. This is because of the relevancy of 

both to body weight or better to say; body 

fat (13). In polak et al (2006) study (14), 

who surveyed the effect of 12 weeks 

chronic exercise on pro and anti-

inflammatory adipokines, the levels of 

leptin and adiponectin decreased and 

increased respectively, and the levels of 

TNF-α , IL-6 and leptin decreased, with 53, 

3 and 32 % respectively.  Pilo and Han 

(2014) studied the effect of Electro-

acupuncture on both adiponectin and leptin 

levels and measured their levels in white 

adipose tissue in obese rats. Their results 

showed a significant decrease and increase 

in leptin and adiponectin respectively. 

However, the leptin levels remained almost 

stable in white adipose tissue (15). In 

another study resistant exercise was 

introduced as a therapeutic plan by 

American College of Sports Medicine 
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(ACSM) (16, 17), in a way that, muscular 

hypertrophy due to resistant training was 

alongside with a decrement in 

inflammatory markers (18). For example, it 

has been shown that 12 weeks resistant 

training lead to improvements of 

metabolically factors (TC, TG), muscular 

hypertrophy, insulin sensation and 

inflammatory markers in obese women 

(18). Also study has shown that 

Implementing nutritional intervention 

during exercise trainings would be more 

advantageous related to health than exercise 

alone (19).  

Z. multiflora only grows in Iran, Pakistan 

and Afghanistan (20) and is used as tea, 

curies and herbal medicine. Sodden type of 

the plant is useful for Asthma treatment. It 

is also a practical stomach disinfectants, 

diuretic drug and anti-inflammatory 

element (21). The most important 

compounds of Z. multiflora are carvacrol, 

thymol and Gama trippin, which are anti-

inflammatory factors (20, 22). Many 

researchers have shown that Z. multiflora 

compounds are able to inhibit inflammatory 

reactions and act as anti-oxidant, anti-

spasm and pain (22). In a case study, it was 

an effective treatment in first dysmenorrhea 

(23). Recently, in animal subjects, both 

carvacrol and thymol have decreased the 

levels of some pro inflammatory cytokines 

including IL-1b, IL-6 and TNF-α (24). For 

instance, Z. multiflora can increase 

adiponectin, and this could be because of 

increased levels of PPAR Gama (20). There 

has not been any studies on the interaction 

of Z. multiflora and resistant training on 

some important metabolically factors.  

Therefore, the aim of this study was to 

investigate the interaction effect of Z. 

multiflora and resistant training on leptin 

and adiponectin plasma levels in 

menopause women. 

Methods 

Study design: Following collecting 

baseline testing data, participants were 

matched based on their weight, height, and 

body mass index (BMI), and randomly 

divided into four equal groups by a person 

independent of the trial with group 

allocation provided in sequentially 

numbered opaque sealed envelopes. The 

four groups were as follow: 1) control 

group (CG) who received 8 weeks of usual 

care 2) resistance training group (RTG) 

who received an eight week of supervised 

CRT program 3) Z. multiflora group (ZG) 

who received daily supplementation with a 

Z. multiflora supplement for 8 weeks and 4) 

Z. multiflora and resistance training group 

(ZRTG) who received both the 8-week 

CRT program and daily Z. multiflora 

supplementation.  

Participants: Women were eligible for 

inclusion if they were at least six months 

post-menopause (as confirmed by a 

gynecologist), had no addiction to drugs or 

alcohol, had no recent exercise history (at 

least 6 months), no history of renal, hepatic, 

cardiovascular disease, diabetes, and/or any 

physical injury or problem preventing 

participation in an exercise program. They 

were advised that no new exercise should 

be commenced and not to use non-

prescription medications and supplements 

during the trial. Before participating in the 

study, all procedures were explained to 

volunteers and after complete awareness of 

the study’s terms and completion of a 

medical questionnaire, written informed 

consents were obtained.  

Training protocol: Participants were 

familiarized with the environment and CRT 

exercise movements for one week and then 

1 repetition maximum (1RM) for each of 

the given exercises was determined. The 

1RM for each exercise movement was 

calculated using Brzezinski equation (25). 

Training sessions were delivered using 

CRT format with alternation between 

upper-body and lower-body movements as 

well as multi-joint movements at the 

beginning of the movements (26). The 

exercises included: 1. Squat, 2. Chest press, 

3. Leg press, 4. Standing Military Press, 5. 

Knee extension, 6. Seated cable rowing, 7. 

Knee Curl, 8. Biceps curl, 9. standing calf 

raise, 10. Triceps press, 11. Back extension, 
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and 12. Abdominal crunch. Participants in 

the RTG and ZRTG groups performed 

movements at 35% of 1RM for 8 weeks (3 

sessions per week). Each exercise session 

included a 5 min warm-up and then 

followed by the 12 prescribed exercises, 

with duration of approximately 30 seconds 

at each exercise station. The number of 

repetitions at each station was recorded for 

the participants. In each session, two sets 

(turns) of 12 exercises were carried out such 

that between each set, there was a 3 minutes 

active rest (27-30).  

Blood sampling and adipokines 

measurements: For blood sampling, the 

following requirements were asked of the 

participants: 1) No use of drugs and/or 

supplement during the study, 2) No change 

in diet at least two days before the test, 3) 

No exercise other than the prescribed 

exercise of the study at least 72 hrs before 

the test, 4) No drinks or foods such as 

coffee, dark tea, bananas, cereal and heavy 

or greasy foods at least 24 hrs before the 

test. After a 12 hrs overnight fast, blood 

samples were taken from an antecubital 

vein with participants in a sitting position. 

Portions of each blood sample were placed 

into EDTA (plasma) and sterile (serum) 

tubes. All samples were centrifuged at 3000 

rpm for 10 min. After centrifugation, blood 

samples were stored at -70ºC until analysis. 

On the day of analysis, the levels of 

adiponectin and leptin were measured using 

commercially available assay kits: 1) 

plasma adiponectin (Cat. No. 

RD191023100, sandwich ELISA kit, 

Biovendor, Heidelberg, Germany); 2) 

plasma leptin (Cat. No. RD191001100, 

sandwich ELISA kit, Biovendor, 

Heidelberg, Germany). 

Statistical analysis 

Normality of the data was tested with the 

Kolmogorov–Smirnov test. Two way 

ANOVA test with repeated measurements 

was used to evaluate changes within and 

between groups (4 groups X 2 times). 

Bonferroni post hoc analysis and 

independent t-test were used to measure 

within subject and between subject 

significant changes, respectively. Statistical 

significance level was set at P<0.05. SPSS 

version 20.0 was employed to analyze the 

data. 

Results 

Statistical analysis of the plasma 

adiponectin levels among groups showed 

significant differences (P<0.001). Post hoc 

test results showed significant differences 

between ZRTG and CG (P =0.022). Intra-

group analysis showed that value of 

adiponectin significantly increased in the 

pre-test to post-test in ZG (P = 0.003), RTG 

(P=0.006) and ZRTG (P <0.001) (Figure 

1). Statistical analysis of the plasma leptin 

levels among groups did not show 

significant difference (P=0.07).Intra-group 

analysis showed that value of leptin 

significantly decreased in the pre-test to 

post-test in ZG (P= 0.011), RTG (P=0.003) 

and ZRTG (P<0.001) (Figure 2).  

Discussion 

Our results showed that 8 weeks circular 

resistant training with 35 % 1RM lead to 

significant drop in leptin concentration, 

decreasing 5.09 percent. It is believed that 

leptin has an important role in energy 

balance (31). For example, it has been 

shown that after cardio exercise in diabetic 

people (32) or healthy people (33) leptin is 

decreased, specifically whenever there is a 

limitation in energy sources (34). On the 

other hand, some other researches have 

shown that chronic physical exercise does 

not change leptin levels in elderly (35) or 

young (36). 

 

 



Original article                                                              J Bas Res Med Sci 2019; 6(1):21-30.  

25 
 

 
Figure1. Plasma adiponectin levels in study groups. Control group (CG), resistance training group (RTG), Z. 

multiflora group (ZG) and Z. multiflora and resistance training group (ZRTG).  

*As significant difference between before and after exercise in groups (P<0.05). 

# As significant difference between ZRTG % and CG. 

 

 
Figure 2. Plasma leptin levels in study groups. Control group (CG), resistance training group (RTG), Z. multiflora 

group (ZG) and Z. multiflora and resistance training group (ZRTG). 

*As significant difference between before and after exercise in groups (P<0.05).  

 

Fatouros et al. (2005) showed that 

resistance training with different intensities 

caused a significant decrease in leptin after 

exercise training ranging from 3 to 19 

percent (31). Therefore, conflicting results 

about leptin and exercise training could be 

due to the quality and quantity of exercise 

or some other factors such as physical 

fitness and energy status (31). Short-term 

exercise training would have mild effects 

on leptin changes (32), with the exception 

of energy imbalance status (33). Studies 

have shown that leptin decrement is 

restricted after exercise in untrained people. 

Resistant training is considered as an 

intervention to reduce some chronic 

conditions related to aging such as 

muscular atrophy, power and bone health 

(31). Although there are few studies on the 

effect of resistant training on leptin 

changes, it is reported that acute resistant 

exercise could postpone any dropping 
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leptin off (34). The reason could be that 

acute high intensity resistant exercise lead 

to leptin decrement probably refer to high 

glucose absorption by some other tissues in 

lactic situation, energy consumption, 

glycogen depletion, which in turn may 

inhibits glycolysis (34). There is another 

mechanism which can explain leptin 

decrement as a result of exercise. Losing 

body weight or body fat assumed as a 

perturbation in energy balance, and aging 

which is usually accompanied with felling 

physical activity, energy expenditure and 

finally increment of body fat source (35). 

Exercise trainings could rise resting energy 

expenditure (REE) up, and this would lead 

to diminish body fat and leptin decrement. 

It is to be noted that catecholamines may 

play a role (31). Fatorous et al (2005) 

reported different kinds of resistant exercise 

and its effect of BMI, skinfold fat, energy 

expenditure, REE, and decrease in leptin.  

In their study leptin was totally dependent 

to intensity of training (31). However, 

adipose tissue can release adipokines 

including IL-6, TNF-α and leptin (19), and 

the macrophages in adipose tissue are the 

source of pro-inflammatory cytokines in 

obesity (33). For example, additional fat 

consumption and elevated cytokines gene 

expression, call macrophages into adipose 

tissue in overweight and obesity condition 

(22). So, exercise training mediates fat 

cells, improve theirs hormonal releases and 

their macrophages component (33), which 

can help to normalize adipokines level as 

well as insulin resistant (19). More oxygen 

consumption and more energy expenditure 

in high intensity training compared to 

moderate one perturb energy balance and 

decrease more leptin (31). Repeated muscle 

contraction would send signals to CNS and 

mediate energy demand (36). It has been 

reported that CRT brings more adaptations 

compared to traditional method (37). 

Therefore, CRT has an effective way to 

reduce leptin than other model. However, 

this matter requires further analysis.  

Our results showed that CRT resulted in 

6/24 increment in adiponectin level. There 

are completely conflict results about 

exercise and adiponectin, so that, 

sometimes it remains unchanged, increases 

or decreases even after long-term 

endurance exercise (38). Rising of 

adiponectin after resistant exercise can be 

due to diminishing some enzymes, related 

to gluconeogenesis, G6P and pyruvate 

carboxykinase, and fortify insulin actions 

(39). It can also increase insulin sensitivity 

through fat oxidation (40). Some 

interventions, which lead to weight loss, 

can increase adiponectin levels (40). It is 

reported that weight loss plans by both 

nutritional and exercise elements increase 

adiponectin (38). So, changes in body 

composition might be necessary for 

adipokines elevation (41). To confirm this, 

recently, it has been reported that long-term 

calorie restriction can increase adiponectin 

levels (42). In addition to CRT, 8 weeks Z. 

multiflora supplement increased and 

decreased adiponectin and leptin, with 5.54 

% and 6.78 % respectively. More 

importantly, the equivalent figure for the 

interaction of both CRT and Z. multiflora 

was 10.8 % and 8.6 % in the same order. As 

mentioned before phenol components of Z. 

multiflora are a great source of anti-oxidant 

and anti-inflammation ingredients, and 

could diminish LDL as well as ROS 

markers (43, 44). Jokim et al (2008) showed 

the effects of COX enzymes and ROS in 

terms of cancer progression.  They stated 

that Z. multiflora with its compounds 

inhibit the enzyme activities, therefore, 

decrease oxidative stress (45). COX can 

increase Aromatase enzyme by 

prostaglandin E2 production, and it can 

promote the androgen to estrogen. On the 

other hand, Z. multiflora complements with 

Aromatase containment can inhibit 

oxidative stress and inflammation (46). So 

with regard to interaction effect of CRT and 

Z. multiflora on leptin and adiponectin 

changes in our study, it seems Z. multiflora 

could be considered as a good option to 

decrease inflammation and oxidative stress 

in some chronic conditions such as aging 

and heart diseases. Z. multiflora 
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supplementation effect on leptin and 

adiponectin changes might be due to 

presence of components such as Glucuronic 

acid and phenolic compounds. 

Conclusion 

In conclusion the interaction of CRT and 

Zataria multiflora could be a more effective 

and practical model to mediate changes in 

leptin and adiponectin levels in menopause 

women, rather than CRT alone. As a result, 

this interaction could be a possible solution 

to prevent chronic diseases related to 

overweight and obesity in menopausal 

women. 

Acknowledgments 

We would like to thank the participants for 

their valuable cooperation in this project 

and to Dr. Azarmeidokht Ghahari, the chief 

of Babolsar pathobiology lab for blood 

analysis, and to Dr. Nahid Mirhoseini for 

diagnosis the menopause condition and any 

related diseases of participants.

References

1. Cho GJ, Lee JH, Park HT, Shin JH, 

Hong SC, Kim T, et al. Postmenopausal 

status according to years since 

menopause as an independent risk 

factor for the metabolic syndrome. 

Menopause. 2008;15(3):524-9. doi: 

10.1097/gme.0b013e3181559860. 

2. Khanam MA, Qiu C, Lindeboom W, 

Streatfield PK, Kabir ZN, Wahlin Å. 

The metabolic syndrome: prevalence, 

associated factors, and impact on 

survival among older persons in rural 

Bangladesh. PLoS One. 

2011;6(6):e20259. doi: 

10.1371/journal.pone.0020259. 

3. Eshtiaghi R, Esteghamati A, 

Nakhjavani M. Menopause is an 

independent predictor of metabolic 

syndrome in Iranian women. Maturitas. 

2010;65(3):262-6. doi: 

10.1016/j.maturitas.2009.11.004. 

4. Stefanska A, Sypniewska G, 

Ponikowska I, Cwiklinska-Jurkowska 

M. Association of follicle-stimulating 

hormone and sex hormone binding 

globulin with the metabolic syndrome 

in postmenopausal women. Clin 

Biochem. 2012;45(9):703-6. doi: 

10.1016/j.clinbiochem.2012.03.011. 

5. Stachowiak G, Pertyński T, Pertyńska-

Marczewska M. Metabolic disorders in 

menopause. Prz Menopauzalny. 

2015;14(1):59-64. doi: 

10.5114/pm.2015.50000. 

6. Riestra P, García-Anguita A, Lasunción 

MA, Cano B, de Oya M, Garcés C. 

Relationship of adiponectin with 

metabolic syndrome components in 

pubertal children. Atherosclerosis. 

2011;216(2):467-70. doi: 

10.1016/j.atherosclerosis.2011.02.031. 

7. Lim S, Quon MJ, Koh KK. Modulation 

of adiponectin as a potential therapeutic 

strategy. Atherosclerosis. 

2014;233(2):721-8. doi: 

10.1016/j.atherosclerosis.2014.01.051. 

8. Huang C, Niu K, Momma H, Kobayashi 

Y, Guan L, Nagatomi R. Inverse 

association between circulating 

adiponectin levels and skeletal muscle 

strength in Japanese men and women. 

Nutr Metab Cardiovasc Dis. 

2014;24(1):42-9. doi: 

10.1016/j.numecd.2013.03.006. 

9. Suganami T, Mieda T, Itoh M, Shimoda 

Y, Kamei Y, Ogawa Y. Attenuation of 

obesity-induced adipose tissue 

inflammation in C3H/HeJ mice 

carrying a Toll-like receptor 4 mutation. 

Biochem Biophys Res Commun. 

2007;354(1):45-9. doi:     

10.1016/j.bbrc.2006.12.190. 

10. Piorkowska K, Oczkowicz M, Różycki 

M, Ropka-Molik K, Piestrzyńska-

Kajtoch A. Novel porcine 

housekeeping genes for real-time RT-

PCR experiments normalization in 

adipose tissue: assessment of leptin 

mRNA quantity in different pig breeds. 



Original article                                                              J Bas Res Med Sci 2019; 6(1):21-30.  

28 
 

Meat Sci. 2011;87(3):191-5. doi: 

10.1016/j.meatsci.2010.10.008. 

11. Bendinelli P, Maroni P, Giraldi FP, 

Piccoletti R. Leptin activates Stat3, 

Stat1 and AP-1 in mouse adipose tissue. 

Mol Cell Endocrinol. 2000;168(1-

2):11-20. 

12. Hojati Z, Rahmaninia F, Rahnama N, 

Soltani B. Leptin, heart disease and 

exercise. World J Sport Sci. 2009; 2 (1): 

13-20. 

13. Sharma M, Garber A, Farmer J. Role of 

insulin signaling in maintaining energy 

homeostasis. Endocr Pract. 

2008;14(3):373-80. doi:    

10.4158/EP.14.3.373. 

14. Polak J, Klimcakova E, Moro C, 

Viguerie N, Berlan M, Hejnova J, et al. 

Effect of aerobic training on plasma 

levels and subcutaneous abdominal 

adipose tissue gene expression of 

adiponectin, leptin, interleukin 6, and 

tumor necrosis factor α in obese 

women. Metabolism. 

2006;55(10):1375-81. doi:    

10.1016/j.metabol.2006.06.008. 

15. Peplow PV, Han SM. Repeated 

application of electroacupuncture 

ameliorates hyperglycemia in obese 

Zucker diabetic fatty rats. J Acupunct 

Meridian Stud. 2014;7(1):1-5. doi: 

10.1016/j.jams.2013.04.014. 

16. Pescatello LS, MacDonald HV, 

Lamberti L, Johnson BT. Exercise for 

Hypertension: A Prescription Update 

Integrating Existing Recommendations 

with Emerging Research. Curr 

Hypertens Rep. 2015;17(11):87. doi: 

10.1007/s11906-015-0600-y. 

17. Pollock ML, Franklin BA, Balady GJ, 

Chaitman BL, Fleg JL, Fletcher B, et al. 

Resistance exercise in individuals with 

and without cardiovascular disease. 

Circulation. 2000;101(7):828-33. 

18. Ogawa K, Sanada K, Machida S, 

Okutsu M, Suzuki K. Resistance 

exercise training-induced muscle 

hypertrophy was associated with 

reduction of inflammatory markers in 

elderly women. Mediators Inflamm. 

2010;2010:171023. doi: 

10.1155/2010/171023. 

19. Imayama I, Alfano CM, Kong A, 

Foster-Schubert KE, Bain CE, Xiao L, 

et al. Dietary weight loss and exercise 

interventions effects on quality of life in 

overweight/obese postmenopausal 

women: a randomized controlled trial. 

Int J Behav Nutr Phys Act. 2011;8:118. 

doi: 10.1186/1479-5868-8-118. 

20. Mohammadi A, Gholamhoseinian A, 

Fallah H. Zataria multiflora increases 

insulin sensitivity and PPARγ gene 

expression in high fructose fed insulin 

resistant rats. Iran J Basic Med Sci. 

2014;17(4):263-70. 

21. Anvari M, Dashti M, Zeinali F, 

Hosseini-Bioki S. The Effect of Thyme 

(Zataria multiflora Boiss.) Decoction 

on Pregnancy in Rats. J Med Plants. 

2011;2(38):19-25. 

22. Sodouri M, Alavi NM, Fathizadeh N, 

Taghizadeh M, Azarbad Z, 

Memarzadeh M. Effects of Zataria 

Multi-Flora, Shirazi thyme, on the 

Severity of Premenstrual Syndrome. 

Nurs Midwifery Stud. 2013;2(4):57-63. 

23. Iravani M. Clinical effects of Zataria 

multiflora essential oil on primary 

dysmenorrhea. J Med Plants. 

2009;2(30):54-60. doi:10.1016/s1550-

8579(06)80120-8 

24. Ocaña A, Reglero G. Effects of thyme 

extract oils (from Thymus vulgaris, 

Thymus zygis, and Thymus hyemalis) 

on cytokine production and gene 

expression of oxLDL-stimulated THP-

1-macrophages. J Obes. 

2012;2012:104706. doi: 

10.1155/2012/104706. 

25. Brzycki M. Strength testing—

predicting a one-rep max from reps-to-

fatigue. J Phys Educ Recre Dance. 

1993;64(1):88-90. 

doi:10.1080/07303084.1993.10606684 

26. Fleck SJ, Kraemer W. Designing 

Resistance Training Programs, 4E: 

Human Kinetics; 2014. 

27. Ghanbari–Niaki A, Saeidi A, Aliakbari-

Beydokhti M, Ardeshiri S, Kolahdouzi 



Original article                                                              J Bas Res Med Sci 2019; 6(1):21-30.  

29 
 

S, Chaichi MJ, et al. Effects of circuit 

resistance training with crocus sativus 

(saffron) supplementation on plasma 

viscosity and fibrinogen.     Ann Appl 

Sport Sci. 2015;3(2):1-10. doi: 

10.18869/acadpub.aassjournal.3.2.1 

28. Tayebi S M, Hasannezhad P, Saeidi A, 

Fadaei M R. Intense Circuit Resistance 

Training along with Zataria multiflora 

Supplementation Reduced Plasma 

Retinol Binding Protein-4 and Tumor 

Necrosis Factor-α in Postmenopausal 

Females, Jundishapur J Nat Pharm 

Prod. 2018 ; 13(2):e38578. doi: 

10.17795/jjnpp.38578. 

29. Ghanbari-Niaki A, Saeidi A, Ahmadian 

M, Gharahcholo L, Naghavi N, 

Fazelzadeh M, et al. The combination 

of exercise training and Zataria 

multiflora supplementation increase 

serum irisin levels in postmenopausal 

women. Integr Med Res. 2018;7(1):44-

52. doi: 10.1016/j.imr.2018.01.007. 

30. Tayebi SM, Saeidi A, Fashi M, Pouya 

S, Khosravi A, Shirvani H, et al. Plasma 

retinol-binding protein-4 and tumor 

necrosis factor-α are reduced in 

postmenopausal women after 

combination of different intensities of 

circuit resistance training and Zataria 

supplementation. Sport Sci Health. 

2019:1-8. 

31. Fatouros I, Tournis S, Leontsini D, 

Jamurtas A, Sxina M, Thomakos P, et 

al. Leptin and adiponectin responses in 

overweight inactive elderly following 

resistance training and detraining are 

intensity related. J Clin Endocrinol 

Metab. 2005;90(11):5970-7. doi:    

10.1210/jc.2005-0261. 

32. Hickey MS, Houmard JA, Considine 

RV, Tyndall GL, Midgette JB, Gavigan 

KE, et al. Gender-dependent effects of 

exercise training on serum leptin levels 

in humans. Am J Physiol. 1997;272(4 

Pt 1):E562-6. doi:    

10.1152/ajpendo.1997.272.4.E562 

33. Gomez-Merino D, Chennaoui M, 

Drogou C, Bonneau D, Guezennec CY. 

Decrease in serum leptin after 

prolonged physical activity in men. 

Med Sci Sports Exerc. 

2002;34(10):1594-9. doi:    

10.1249/01.MSS.0000031097.37179.42. 

34. Zafeiridis A, Smilios I, Considine RV, 

Tokmakidis SP. Serum leptin responses 

after acute resistance exercise 

protocols. J Appl Physiol (1985). 

2003;94(2):591-7. doi:    

10.1152/japplphysiol.00330.2002. 

35. Morley J. Nutrition and the older 

female: a review. J Am Coll Nutr. 

1993;12(4):337-43. 

36. Nindl BC, Kraemer WJ, Arciero PJ, 

Samatallee N, Leone CD, Mayo MF, et 

al. Leptin concentrations experience a 

delayed reduction after resistance 

exercise in men. Med Sci Sports Exerc. 

2002;34(4):608-13. 

37. Pichon CE, Hunter GR, Morris M, 

Bond RL, Metz J. Blood Pressure and 

Heart Rate Response and Metabolic 

Cost of Circuit Versus Traditional 

Weight Training. J Strength  Condition 

Res. 1996;10(3):153-6. 

38. Yatagai T, Nishida Y, Nagasaka S, 

Nakamura T, Tokuyama K, Shindo M, 

et al. Relationship between exercise 

training-induced increase in insulin 

sensitivity and adiponectinemia in 

healthy men. Endocr J. 2003;50(2):233-

8. 

39. Fasshauer M, Klein J, Neumann S, 

Eszlinger M, Paschke R. Hormonal 

regulation of adiponectin gene 

expression in 3T3-L1 adipocytes. 

Biochem Biophys Res Commun. 

2002;290(3):1084-9. doi:     
10.1006/bbrc.2001.6307. 

40. Diez JJ, Iglesias P. The role of the novel 

adipocyte-derived hormone adiponectin 

in human disease. Eur J Endocrinol. 

2003;148(3):293-300. 

41. Zoico E, Di Francesco V, Mazzali G, 

Vettor R, Fantin F, Bissoli L, et al. 

Adipocytokines, fat distribution, and 

insulin resistance in elderly men and 

women. J Gerontol A Biol Sci Med Sci. 

2004 Sep;59(9):M935-9. 



Original article                                                              J Bas Res Med Sci 2019; 6(1):21-30.  

30 
 

42. Zhu M, Miura J, Lu LX, Bernier M, 

DeCabo R, Lane MA, et al. Circulating 

adiponectin levels increase in rats on 

caloric restriction: the potential for 

insulin sensitization. Exp Gerontol. 

2004;39(7):1049-59. doi:     

10.1016/j.exger.2004.03.024. 

43. Dorman H, Peltoketo A, Hiltunen R, 

Tikkanen M. Characterisation of the 

antioxidant properties of de-odourised 

aqueous extracts from selected 

Lamiaceae herbs. Food Chem. 
2003;83(2):255-62. doi:10.1016/S0308-

8146(03)00088-8. 
44. Lee SJ, Umano K, Shibamoto T, Lee 

KG. Identification of volatile 

components in basil (Ocimum 

basilicum L.) and thyme leaves 

(Thymus vulgaris L.) and their 

antioxidant properties. Food Chem. 

2005;91(1):131-7. 
doi:10.1016/j.foodchem.2004.05.056 

45. Kim HJ, Chung JI, Lee SH, Jung YS, 

Moon CH, Baik EJ. Involvement of 

endogenous prostaglandin F 2α on 

kainic acid-induced seizure activity 

through FP receptor: the mechanism of 

proconvulsant effects of COX-2 

inhibitors. Brain Res. 2008;1193:153-

61. doi: 10.1016/j.brainres.2007.12.017. 

46. Díaz-Cruz ES, Shapiro CL, 

Brueggemeier RW. Cyclooxygenase 

inhibitors suppress aromatase 

expression and activity in breast cancer 

cells. J Clin Endocrinol Metab. 

2005;90(5):2563-70. doi:    

10.1210/jc.2004-2029.

 

 

 


