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Abstract
Background: Beneficial effects of life style modification (exercise training and nutritional interventions) on improving the quality
of life and health status, and preventing age-related pathologies is proven in epidemiologic studies.
Objectives: The current randomized, double-blind, clinical trial aimed at evaluating the effects of a 12-week turmeric intake and
Pilates training on serum level of SIRT 1, weight, and body fat percentage in postmenopausal females.
Methods: The current clinical trial with a four-group design was conducted on 44 sedentary overweight females with the mean age
of 50.3 ± 3.8 years randomly assigned to one of the groups receiving 1.5 mg/kg turmeric powder or placebo daily with or without
Pilates training for 12 weeks. Serum SIRT1 level, body weight, and body fat percentage changes were analyzed before and 24 hours
after the intervention. Pairwise t-test and one-way ANOVA were used for data analysis (P < 0.05).
Results: According to the results, a 12-week Pilates and Pilates-turmeric intervention reduced weight and body fat percentage by ~ 8%
and 6% respectively, and increased serum SIRT1 content by ~ 2.9 fold (P < 0.01) in the training groups compared with the control
group. There were significant differences between the training groups in comparison with the control or turmeric groups in all
dependent variables. There was no significant difference between the Pilates and Pilates-turmeric groups. Moreover, no significant
difference was observed in dependent variables in the turmeric supplementation group compared with baseline measures or the
control group (P ≥ 0.05).
Conclusions: Three months of Pilates training with and without turmeric supplementation seemed effective in increasing SIRT1
and improving body composition in middle-aged females. However, the results did not support the hypothesis that turmeric intake
alone has potential exercise like effects on healthy middle-aged females.
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1. Background
Exercise training and curcumin are well-confirmed
anti-ageing approaches to protect against age-related diseases. Recently, sirtuin family, the most promising targets for anti-ageing approaches, have attracted many attentions (1). SIRT1, the human homolog of Sir2 protein,
is responsible for delayed ageing in animal models (2). It
plays a role in many physiological functions, such as gene
expression control, cell cycle regulation, apoptosis, DNA repair, metabolism, oxidative stress response, and aging (2).
Although there is not enough data about direct role of sirtuins in the improvement of human lifespan, it was shown
that healthy lifestyle (regular physical activity and healthy
diet) can improve health status through an increase in sir-

tuins (3). The study of sirtunis activators is one of the most
extensive and robust research topics. Some hopes are put
on regular exercise (4) and curcumin (2).
Exercise training is one of the interventions reported
to reduce the risk of all-cause and cardiovascular mortality by 30% and prevent loss of muscle mass and strength,
increase the oxidative capacity of skeletal muscles, exert anti-inflammatory effects, and thereby, postpone agerelated muscle deteriorations (5). In the early 20th century,
Joseph Pilates suggested a physical fitness system, called
Pilates, that is well established to elicit numerous healthbeneficial effects and has the potential to counteract agerelated diseases, such as metabolic syndrome and diabetes
(6, 7).
Recently, curcumin, a natural polyphenol derived from
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Curcuma longa, is identified as a highly efficient anti-aging
factor. As reported by researches, curcumin can extend
the lifespan of Caenorhabditis elegans and drosophila
(8), and its potential antioxidant, anti-inflammatory, anticancer, neuroprotective, and antidiabetic effects are also
confirmed in many studies (9). Based on the results of studies, curcumin can increase mitochondrial biogenesis, exercise endurance, and skeletal muscle oxidative capacity, improve insulin resistance, and inhibit adipogenesis in mice
(9).
Effect of turmeric supplementation and exercise training on SIRT1 serum level is examined in animals and human (10-12); however, data about its interactive effects are
limited and inconsistent; in addition, studies are largely
focused on aerobic exercises (1, 3), with scarce data on the
influence of Pilates exercises; a combination of endurance
and strength exercises. Moreover, the exact molecular
mechanism of curcumin is debated. It is mainly believed
that curcumin exerts its metabolic effects via an adenosine
monophosphate-activated protein kinase (AMPK) and/or
SIRT1-mediated activation of transcriptional coactivator
peroxisome proliferator-activated receptor-γ coactivator1α (PGC-1α) (1).
2. Objectives
The current study aimed at determining the effects of
a 12-week daily turmeric intake, alone or along with Pilates
training on SIRT1 serum level and body fat percentage in
postmenopausal females.
3. Methods
3.1. Study Design
The present randomized, double-blind, placebocontrolled, clinical trial with pre- and post-test design
and control group was carried out in accordance with the
Declaration of Helsinki: the ethical principles for medical
research; all experimental procedures were approved by
the Research Ethics Committee of Tabriz University of
Medical Sciences (IR.TBZMED.REC.1396.699). The study was
also registered at the Iranian Registry of Clinical Trials
(IRCT code: IRCT20180218038785N1). Written informed
consent was obtained from subjects before the study
onset.
3.2. Participants
Forty-eight middle-aged postmenopausal females with
sedentary lifestyle were randomly selected from 100 volunteers with a computer-generated random number list to
participate in the study (Figure 1).
2

The inclusion criteria of the study were: being overweight, having sedentary lifestyle, and not consuming any
drugs and supplements. Subjects were excluded if they
had any illnesses or allergies to spices, if they forget to intake capsules more than three times, and if could not participate in more than 20% of Pilates training sessions. Sample size for each group with regard to the study design and
prevalence of overweight (~ 27% with a 95% confidence interval and a margin of error of 0.05) was estimated as 12.
Participants were randomly divided into four homogenous groups as the Pilates training, turmeric supplement,
Pilates training plus turmeric supplement, and control. All
participants were instructed to take three capsules of 1.5
mg/kg of turmeric/flour daily 30 minutes after each meal.
The training group received 60 minutes of Pilates exercises
three days a week for 12 weeks (7, 13). The participants in
the control group did not participate in any physical exercises and consumed three placebos per day. All subjects
were asked to refuse consuming turmeric and other spices
containing turmeric. Four subjects could not complete the
whole program and were excluded from the study. Subjects’ diet was controlled weekly by food record questionnaire (7, 14). Subjects were blinded to distribution of capsules with the same color and shape, with third person.
Pilates training protocol. The intensity of exercises was
40% - 70% of maximal heart rate. Exercise repetitions were
8 - 20 and Pilates equipment such as weights, balls, and
bands were used to increase exercise intensity.

3.3. Measurements
Skin fold thicknesses of participants were measured
from the suprailiac, triceps, and thigh points in mm (with
Holtain brand Skinfold Caliper). The body fat percentage
(BF%) of the participants was computed by Jackson Polack
formula (7). Venous blood samples (2 mL) were obtained
in two phases, before and 24 hours after protocol, in vaccutainers under strict aseptic conditions. Blood samples
were centrifuged at 3000 rpm for 20 minutes to isolate
serum. SIRT1 levels were measured by commercial ELISA kit
number E: 2557Hu (Shanghai crystal Day, China).

3.4. Statistical Analysis
All values were reported as mean and standard deviation (SD). The Shapiro-Wilk test was used to verify normal statistical distributions. Pairwise t-test and one-way
ANOVA were used to determine the significance level (P <
0.05). Bonferroni post-hoc test was used to compare the
mean of the groups. SPSS V. 22 was used to do the statistical
procedures.
Zahedan J Res Med Sci. 2019; 21(3):e81620.
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Figure 1. Consort flow diagram shows the allocation of the study groups

4. Results
The mean and standard deviation of individual characteristics of the participants at baseline are shown in Table
1. The study results showed that combined Pilates training and turmeric supplementation reduced weight by ~
8% (Figure 2) and body fat percentage by ~ 6% (Figure
3) and increased serum SIRT1 content by ~ 2.9 fold (P <
0.01) in the trained groups compared with the control
group (Figure 4). There were significant differences between the training groups in comparison with the control
or turmeric groups in all dependent variables. With regards to almost similar effect sizes, there was no significant
Zahedan J Res Med Sci. 2019; 21(3):e81620.

difference between Pilates and Pilates-turmeric groups (Table 2). Moreover, turmeric supplementation alone, did not
show any significant difference in dependent variables in
comparison with the baseline or control group (P ≥ 0.05),
(Table 2).

5. Discussion
According to the findings, although Pilates training with and without turmeric supplementation significantly increased serum SIRT1 concentration and decreased
weight and body fat percent, turmeric supplementation
3
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Table 1. Characteristics of the Patients in All Groups at Baseline Values as Means ± SD
Variable

Pi (N = 23)

C (N = 23)

P-C (N = 23)

P (N = 23)

P Value

Age, y

50.00 ± 3.20

51.12 ± 2.90

50.96 ± 3.86

50.09 ± 5.65

0.700

Height, cm

160.80 ± 1.70

160.70 ± 1.60

161.20± 1.80

161.30 ± 1.30

0.884

Weight, kg

71.82 ± 2.68

70.89 ± 3.87

71.71 ± 3.11

70.81 ± 2.77

0.814

BMI

28.05 ± 1.62

27.69 ± 2.83

27.66 ± 2.43

27.31 ± 2.29

0.826

Body Fat, %

36.52 ± 2.02

37.12 ± 2.05

37.90 ± 2.08

37.63 ± 1.78

0.361

Table 2. Comparison of the Changes in Variables Within and Between Four Groups at Baseline and After 12 Weeks of Pilates Training and Turmeric Supplementationa
Variables

Pre-Test

Post-Test

P Value Within Groups

SIRT1, pg/mL
Pilates

10.41 ± 0.9

31.12 ± 0.6

0.000c

Pilates- Turmeric

11.64 ± 2.90

33.80 ± 2.31

0.000c

Turmeric

11.51 ± 0.90

15.13 ± 1.31

0.732

12.01 ± 3.7

11.90 ± 2.8

0.865

Control
Weight, kg
Pilates

71.81 ± 9.43

65.92 ± 8.65

0.000c

Pilates- Turmeric

71.73 ± 3.11

65.71 ± 2.52

0.000c

Turmeric

70.90 ± 2.94

70.61 ± 3.46

0.345

Control

70.82 ± 2.31

71.04 ± 2.50

0.468

BF, %
Pilates

36.54 ± 3.11

30.51 ± 2.60

0.001c

Pilates- Turmeric

37.93 ± 1.50

32.01 ± 1.22

0,001c

Turmeric

37.14 ± 4.3

36.98 ± 2.8

0.078

37.60 ± 2.01

38.01 ± 3.00

0.094

Control
a

F

P Value Between Groups

37.819

0.001b

18.75

0.001b

24.65

0.001b

Values are presented as mean ± SD.
Significant difference between group (one-way ANOVA).
Significant difference within group (pairwise t-test).

b
c

alone did not affect these parameters. These findings challenge the current study hypotheses and previous turmeric
studies. There was no similar study in the literature to compare results and most of curcumin studies were performed
on other organisms such as nematode, animals or human
cell cultures (8, 10, 12).
The observation that Pilates training increased SIRT1
was in accordance with previous reports in rodents (1, 3,
10) and a study on human subjects (15) but in contrast to a
previous report on human subjects did not declare any effects of exercise on SIRT1 (16). It seems that using subjects
in different ages with different physical fitness levels and
different types of exercises with different intensities can be
the cause of inconsistency of different findings of studies.
Ma et al. observed no changes in SIRT1 content following
four weeks of low volume high intensity exercise in young
4

males (16). Usually, the change in the variables depends on
their basal level, and the major changes are observed after
an intervention in subjects with lower base and fewer levels (15). Participants in the current study were overweight
non-athlete females, and since the level of SIRT1 was lower
in overweight and obese subjects, their SIRT1 levels reached
a significant level. Also, it seems that duration of intervention in the study by Ma et al. was shorter than that of the
present study, which can be the cause of inconsistency.
Pilates training method was used as an exercise program in the current study since this method helps to increase energy consumption of exercise through using respiratory and core muscles more than other exercise methods (7).
Potential mechanisms to explain the exercise-induced
increase of the SIRT1 are caloric restriction (CR), nitric oxZahedan J Res Med Sci. 2019; 21(3):e81620.
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Figure 2. Body weight in the different experimental groups at the beginning and end of the study. Values are presented as means ± SD. *P = 0.01 vs. pretest in the same group.
P = 0.02 vs. turmeric and control groups.
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Figure 3. Body fat percent in the different experimental groups at the beginning and end of the study. Values are presented as means ± SD. *P = 0.02 vs. pretest in the same
group. l P = 0.01 vs. turmeric and control groups.

ide synthase (NOS) and AMPK (2). CR induced with exercise
training can act as a Sirtuin activator. As suggested, CR and
exercise training have similar effects (2, 17) and weight and
body fat percent reduction is the fact that supports this
suggestion. Endurance exercise increases skeletal muscle
NOS and AMPK expression and activity and induces SIRT1
expression (17).
SIRT1 antiaging effects are through deacetylation and
activation of PGC-1α, which can coactivate various transcriptional factors including NRF-1 and NRF-2 and peroxZahedan J Res Med Sci. 2019; 21(3):e81620.

isome proliferator-activated receptors α, γ , and δ . Since
such transcriptional factors regulate the genes involved
in mitochondrial fatty acid oxidation, in the TCA cycle
and in the respiratory chain, such functions of SIRT1 and
PGC-1α may at least partially lead to the association between these protein expressions and mitochondrial biogenesis. Human aging is generally linked to a progressive mitochondrial dysfunction (17). Part of this deterioration is caused by decrease in NAD+ availability and consequent functional impairment of the deacetylase SIRT1
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Figure 4. Serum Sirtuin1 in the different experimental groups at the beginning and end of the study. Values are presented as means ± SD. *P = 0.01 vs pre-test in the same
group. l P = 0.01 vs. turmeric and control groups.

(18). Indeed, low SIRT1 activity results in the acetylationdependent inactivation of PGC1α, MYC, and HIF1A, which
limits the PGC1 α -dependent expression of nuclear genes
encoding mitochondrial proteins, as well as the MYC- and
HIF1A-dependent expression of mitochondrial transcription factor TFAM (2). SIRT1 is an inhibitor of NF-kB and
decreases the inflammaging process via NF-kB and also
deacetylates FOXO3 and increases FOXO3’s ability to induce
cell cycle arrest. It also inhibits the ability of FOXO3 to induce cell death. This example illustrates how alterations
in the intracellular levels of one single metabolite can contribute to mitochondrial aging by impairing mitonuclear
communication (2).
There are contradictory reports about turmeric and its
effective compound, curcumin, on SIRT1 levels and expression (12, 19, 20). It seems that using different forms of curcumin instructions such as injection or oral supplementation, and different forms of curcumin compounds such
as turmeric powder, extract or soluble curcumin, on different type of subjects such as human or rat can be the
cause of inconsistency. Grabowska et al. observed that
curcumin elevates SIRT1 levels in human vascular cells (12),
Sahin et al. reported the elevation of SIRT1 and prevention of muscle damage by supplementation of novel watersoluble CW formulation in rats (20), and Ray Hamidie et
al. showed that Curcumin injection in combination with
exercise training increased cytosol NAD+/NADH ratio and
SIRT1 protein in Wistar rats muscles (19). But Nishimora et
al. reported the down regulation of SIRT1 expression with
ethanol extract of turmeric in human cells (21).
6

The current study results showed that 12 weeks of Pilates training with or without turmeric supplementation
significantly decreased weight and body fat percent in
overweight females. It was in agreement with studies that
showed Pilates training could improve body composition
(6, 7).
The results showed that turmeric supplementation did
not have significant effects on body composition. There
are contradictory reports about the effects of curcumin on
body weight and body fat percent (22-25). Di Pierro et al.
showed that 30 days of supplementation with bioavailable
form of curcumin can enhance weight management protocols and approaches (24). They reported that administration of curcumin with weight loss diet in metabolic syndrome affected subjects, besides, its local effects on liver
and adipose tissue can decrease cortisol and reduce appetite. It seems that the difference in subjects’ health condition can be the cause of disagreement, since subjects of
the present study were healthy overweight females and did
not show any effect on body composition.
According to the reports, curcumin down-regulates expression of genes responsible for energy metabolism and
lipid accumulation and decreases the level of intracellular lipids. Moreover, curcumin suppresses angiogenesis essential for tissue growth, and down regulates the expression of several key genes responsible for adipogenesis and
lipogenesis such as PPARγ and C/EBPα (26).
Most of researches used curcumin, but the current
study employed natural turmeric powder. Orally administered turmeric has low systemic bioavailability. AccordZahedan J Res Med Sci. 2019; 21(3):e81620.
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ing to studies, oral administration of curcumin indicates
the trace levels of parent compound and its metabolites in
the liver and portal circulation (9). The factors that constrain curcumin bioavailability include chemical instability at intestinal pH, very poor water solubility, high rate
of urine elimination as glucuronide or sulfate, poor absorption, rapid metabolism, and rapid systemic elimination (9). Curcumin delivery method as well as the duration of treatments may be the result of inconsistency of reports. Cooking or dissolution in oil may increase bioavailability of the curcumin existing in foods (27). It is also reported that Piperine increases the bioavailability of curcumin (28). However, using turmeric or curcumin extract
or more novel delivery approaches such as nanoparticles
may be more effective and provide certain health benefits
(29). WHO recommends 0 - 3 mg/kg body weight as an acceptable daily intake of curcumin as an additive. Safe dose
of turmeric powder was used in the current study and no
discomfort and side effects were reported (9).
Accordingly, curcumin had beneficial effects on the
improvement of plasma SIRT1, lipid profile, glucose tolerance, insulin sensitivity or lifespan in “metabolically disordered” models (29-31). Since these observations indicate, a
certain degree of metabolic dysfunction is required to obtain favorable effects of curcumin. It seems that the subjects in the present study were “metabolically healthy” to
experience any improvements with turmeric. However, future human studies are needed to verify this and elucidate
the apparent species-related discrepancies.
The current study had some limitations such as shortage of funds and financial support to check SIRT1 gene
expression, other chemical parameters such as PGC1-α,
AMPK, FOXO3 and NOS mRNA and content to determine
mechanisms, furthermore, there was no follow-up; personal and genetic differences, stress, and sleep of the subjects could not be controlled. Finally, it is suggested that
further studies incorporating laboratory data changes
such as SIRT1 gene expression, PGC1-α, AMPK, FOXO3 and
NOS mRNA and content should be undertaken for a more
in-depth assessment of the effects of Pilates training and
turmeric supplementation on aging process. In addition,
as the duration of the present study was approximately
short (12 weeks), it seems advisable that the long-term
effects of turmeric supplementation be investigated in
larger groups of participants.
5.1. Conclusions
In conclusion, the present study findings indicated
that moderate to high intensity Pilates training with and
without turmeric supplementation can have beneficial
metabolic effects but turmeric supplementation alone did
Zahedan J Res Med Sci. 2019; 21(3):e81620.

not elicit significant improvements in SIRT1 and body composition in healthy middle-aged females. It is suggested
that more bioavailable forms of curcumin or bioavailability enhancers such as piperine to get better results.

Acknowledgments
This study was part of a Ph.D. thesis and was supported
by The university of Tabriz, Iran.

Footnotes
Authors’ Contribution: Rahele Dolgari developed the
original idea and the protocol, abstracted and analyzed
data, wrote the manuscript, and is guarantor. Ramin
Amirsasan and Javad Vakili contributed to the development of the protocol, abstracted data, and prepared the
manuscript.
Clinical Trial Registration Code: The IRCT code of this
study was IRCT20180218038785N1.
Conflict of Interests: It is not declared by the authors.
Ethical Approval: this study was approved by Regional
Research Ethics Committee of Tabriz University of Medical
Sciences (IR.TBZMED.REC.1396.699).
Financial Disclosure: There was no financial disclosure.
Funding/Support: This study was supported by University of Tabriz.

References
1. Lai CH, Ho TJ, Kuo WW, Day CH, Pai PY, Chung LC, et al. Exercise
training enhanced SIRT1 longevity signaling replaces the IGF1 survival
pathway to attenuate aging-induced rat heart apoptosis. Age (Dordr).
2014;36(5):9706. doi: 10.1007/s11357-014-9706-4. [PubMed: 25148910].
[PubMed Central: PMC4453937].
2. Grabowska W, Sikora E, Bielak-Zmijewska A. Sirtuins, a promising target in slowing down the ageing process. Biogerontology.
2017;18(4):447–76. doi: 10.1007/s10522-017-9685-9. [PubMed: 28258519].
[PubMed Central: PMC5514220].
3. Oliveira NR, Marques SO, Luciano TF, Pauli JR, Moura LP, Caperuto E, et
al. Treadmill training increases SIRT-1 and PGC-1 alpha protein levels
and AMPK phosphorylation in quadriceps of middle-aged rats in an
intensity-dependent manner. Mediators Inflamm. 2014;2014:987017.
doi: 10.1155/2014/987017. [PubMed: 25002755]. [PubMed Central:
PMC4070581].
4. Melk A, Tegtbur U, Hilfiker-Kleiner D, Eberhard J, Saretzki G, Eulert
C, et al. Improvement of biological age by physical activity. Int J
Cardiol. 2014;176(3):1187–9. doi: 10.1016/j.ijcard.2014.07.236. [PubMed:
25223816].
5. Streese L, Deiseroth A, Schafer J, Schmidt-Trucksass A, Hanssen H.
Exercise, arterial crosstalk-modulation, and inflammation in an aging population: The ExAMIN AGE study. Front Physiol. 2018;9:116.
doi: 10.3389/fphys.2018.00116. [PubMed: 29515458]. [PubMed Central:
PMC5826378].

7

Amirsasan R et al.

6. Kim HJ, Kim J, Kim CS. The effects of pilates exercise on lipid
metabolism and inflammatory cytokines mRNA expression in female undergraduates. J Exerc Nutrition Biochem. 2014;18(3):267–75.
doi: 10.5717/jenb.2014.18.3.267. [PubMed: 25566463]. [PubMed Central:
PMC4241897].
7. Bergamin M, Gobbo S, Bullo V, Zanotto T, Vendramin B, Duregon
F, et al. Effects of a Pilates exercise program on muscle strength,
postural control and body composition: Results from a pilot study
in a group of post-menopausal women. Age (Dordr). 2015;37(6):118.
doi: 10.1007/s11357-015-9852-3. [PubMed: 26578458]. [PubMed Central:
PMC5005852].
8. Shen LR, Xiao F, Yuan P, Chen Y, Gao QK, Parnell LD, et al. Curcuminsupplemented diets increase superoxide dismutase activity and
mean lifespan in Drosophila. Age (Dordr). 2013;35(4):1133–42. doi:
10.1007/s11357-012-9438-2. [PubMed: 22653297]. [PubMed Central:
PMC3705117].
9. Amalraj A, Pius A, Gopi S, Gopi S. Biological activities of curcuminoids, other biomolecules from turmeric and their derivatives - A review. J Tradit Complement Med. 2017;7(2):205–33. doi:
10.1016/j.jtcme.2016.05.005. [PubMed: 28417091]. [PubMed Central:
PMC5388087].
10. Huang CC, Wang T, Tung YT, Lin WT. Effect of exercise training on
skeletal muscle SIRT1 and PGC-1alpha expression levels in rats of different age. Int J Med Sci. 2016;13(4):260–70. doi: 10.7150/ijms.14586.
[PubMed: 27076782]. [PubMed Central: PMC4829538].
11. Na LX, Zhang YL, Li Y, Liu LY, Li R, Kong T, et al. Curcumin improves
insulin resistance in skeletal muscle of rats. Nutr Metab Cardiovasc
Dis. 2011;21(7):526–33. doi: 10.1016/j.numecd.2009.11.009. [PubMed:
20227862].
12. Grabowska W, Suszek M, Wnuk M, Lewinska A, Wasiak E, Sikora
E, et al. Curcumin elevates sirtuin level but does not postpone in
vitro senescence of human cells building the vasculature. Oncotarget. 2016;7(15):19201–13. doi: 10.18632/oncotarget.8450. [PubMed:
27034011]. [PubMed Central: PMC4991376].
13. Curi VS, Vilaca J, Haas AN, Fernandes HM. Effects of 16-weeks of Pilates on health perception and sleep quality among elderly women.
Arch Gerontol Geriatr. 2018;74:118–22. doi: 10.1016/j.archger.2017.10.012.
[PubMed: 29096225].
14. Shim JS, Oh K, Kim HC. Dietary assessment methods in epidemiologic studies. Epidemiol Health. 2014;36. e2014009. doi:
10.4178/epih/e2014009. [PubMed: 25078382]. [PubMed Central:
PMC4154347].
15. Afzalpour ME, Ghasemi E, Zarban A. Effects of 10 weeks of high intensity interval training and green tea supplementation on serum levels
of Sirtuin-1 and peroxisome proliferator-activated receptor gamma
co-activator 1-alpha in overweight women. Sci Sports. 2017;32(2):82–90.
doi: 10.1016/j.scispo.2016.09.004.
16. Ma JK, Scribbans TD, Edgett BA, Boyd JC, Simpson CA, Little JP, et al.
Extremely low-volume, high-intensity interval training improves exercise capacity and increases mitochondrial protein content in human skeletal muscle. Open J Mol Integr Physiol. 2013;3(4):202–10. doi:
10.4236/ojmip.2013.34027.
17. Suwa M, Nakano H, Radak Z, Kumagai S. Endurance exercise increases the SIRT1 and peroxisome proliferator-activated receptor
gamma coactivator-1alpha protein expressions in rat skeletal muscle.
Metabolism. 2008;57(7):986–98. doi: 10.1016/j.metabol.2008.02.017.
[PubMed: 18555842].
18. Gomes AP, Price NL, Ling AJ, Moslehi JJ, Montgomery MK, Rajman L, et al. Declining NAD(+) induces a pseudohypoxic state disrupting nuclear-mitochondrial communication during aging. Cell.
2013;155(7):1624–38. doi: 10.1016/j.cell.2013.11.037. [PubMed: 24360282].
[PubMed Central: PMC4076149].
19. Ray Hamidie RD, Yamada T, Ishizawa R, Saito Y, Masuda K. Curcumin treatment enhances the effect of exercise on mitochon-

8

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

drial biogenesis in skeletal muscle by increasing cAMP levels.
Metabolism. 2015;64(10):1334–47. doi: 10.1016/j.metabol.2015.07.010.
[PubMed: 26278015].
Sahin K, Pala R, Tuzcu M, Ozdemir O, Orhan C, Sahin N, et al. Curcumin prevents muscle damage by regulating NF-kappaB and Nrf2
pathways and improves performance: an in vivo model. J Inflamm Res.
2016;9:147–54. doi: 10.2147/JIR.S110873. [PubMed: 27621662]. [PubMed
Central: PMC5010171].
Nishimura Y, Kitagishi Y, Yoshida H, Okumura N, Matsuda S. Ethanol
extracts of black pepper or turmeric down-regulated SIRT1 protein
expression in Daudi culture cells. Mol Med Rep. 2011;4(4):727–30. doi:
10.3892/mmr.2011.487. [PubMed: 21573505].
Sahebkar A, Mohammadi A, Atabati A, Rahiman S, Tavallaie S, Iranshahi M, et al. Curcuminoids modulate pro-oxidant-antioxidant balance but not the immune response to heat shock protein 27 and oxidized LDL in obese individuals. Phytother Res. 2013;27(12):1883–8. doi:
10.1002/ptr.4952. [PubMed: 23494802].
Ganjali S, Sahebkar A, Mahdipour E, Jamialahmadi K, Torabi S,
Akhlaghi S, et al. Investigation of the effects of curcumin on serum cytokines in obese individuals: A randomized controlled trial. ScientificWorldJournal. 2014;2014:898361. doi: 10.1155/2014/898361. [PubMed:
24678280]. [PubMed Central: PMC3942342].
Di Pierro F, Bressan A, Ranaldi D, Rapacioli G, Giacomelli L, Bertuccioli
A. Potential role of bioavailable curcumin in weight loss and omental adipose tissue decrease: Preliminary data of a randomized, controlled trial in overweight people with metabolic syndrome. Preliminary study. Eur Rev Med Pharmacol Sci. 2015;19(21):4195–202. [PubMed:
26592847].
Mohammadi A, Sahebkar A, Iranshahi M, Amini M, Khojasteh R,
Ghayour-Mobarhan M, et al. Effects of supplementation with curcuminoids on dyslipidemia in obese patients: A randomized crossover
trial. Phytother Res. 2013;27(3):374–9. doi: 10.1002/ptr.4715. [PubMed:
22610853].
Pan Y, Zhao D, Yu N, An T, Miao J, Mo F, et al. Curcumin improves glycolipid metabolism through regulating peroxisome proliferator activated receptor gamma signalling pathway in high-fat diet-induced
obese mice and 3T3-L1 adipocytes. R Soc Open Sci. 2017;4(11):170917.
doi: 10.1098/rsos.170917. [PubMed: 29291086]. [PubMed Central:
PMC5717660].
Ghorbani Z, Hekmatdoost A, Mirmiran P. Anti-hyperglycemic
and insulin sensitizer effects of turmeric and its principle constituent curcumin. Int J Endocrinol Metab. 2014;12(4). e18081.
doi: 10.5812/ijem.18081. [PubMed: 25745485]. [PubMed Central:
PMC4338652].
McCubrey JA, Lertpiriyapong K, Steelman LS, Abrams SL, Yang LV, Murata RM, et al. Effects of resveratrol, curcumin, berberine and other
nutraceuticals on aging, cancer development, cancer stem cells and
microRNAs. Aging (Albany NY). 2017;9(6):1477–536. doi: 10.18632/aging.101250. [PubMed: 28611316]. [PubMed Central: PMC5509453].
Zhao Y, Chen B, Shen J, Wan L, Zhu Y, Yi T, et al. The beneficial effects of quercetin, curcumin, and resveratrol in obesity. Oxid Med
Cell Longev. 2017;2017:1459497. doi: 10.1155/2017/1459497. [PubMed:
29138673]. [PubMed Central: PMC5613708].
Madkor HR, Mansour SW, Ramadan G. Modulatory effects of garlic, ginger, turmeric and their mixture on hyperglycaemia, dyslipidaemia and oxidative stress in streptozotocin-nicotinamide diabetic rats. Br J Nutr. 2011;105(8):1210–7. doi: 10.1017/S0007114510004927.
[PubMed: 21144104].
Xiao J, Sheng X, Zhang X, Guo M, Ji X. Curcumin protects against
myocardial infarction-induced cardiac fibrosis via SIRT1 activation in vivo and in vitro. Drug Des Devel Ther. 2016;10:1267–77. doi:
10.2147/DDDT.S104925. [PubMed:
27099472]. [PubMed Central:
PMC4820283].

Zahedan J Res Med Sci. 2019; 21(3):e81620.

