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Abstract

Background: High intensity and endurance exercises lead to exercise-induced oxidative stress (EIOS), exercise-
induced muscle damage (EIMD), and inflammation, which are the influencing factors on muscle soreness, localized
swelling, and sports performance decrease. Therefore, the purpose of this study is to determine the effectiveness of
Tribulus terrestris (TT) as an herbal supplement with antioxidant and anti-inflammatory properties on the nutritional,
oxidative, inflammatory, and anti-inflammatory status, as well as the sports performance of recreational runners.

Methods/design: This study is a double-blind, randomized, placebo-controlled trial, which will be conducted
among recreational runners of Tabriz stadiums, Iran. Thirty-four recreational runners will be selected, and participants
will be assigned randomly to two groups: to receive 500 mg TT supplement or placebo capsules twice daily for

2 weeks. Both groups will do high-intensity interval training (HIIT) workouts during the study. Baseline and post-
intervention body composition, muscle pain, and aerobic and anaerobic performance will be assessed. In addi-

tion, assessment of malondialdehyde (MDA), total antioxidant capacity (TAC), total oxidant status (TOS), superoxide
dismutase (SOD), glutathione peroxidase (GPx), uric acid (UA), 8-iso-prostaglandin F2a (8-iso-PGF2a), protein carbonyl
(PQ), catalase (CAT), glutathione (GSH), nitric oxide (NO), high-sensitivity C-reactive protein (hs-CRP), interleukin-6 (IL-
6), interleukin-10 (IL-10), tumor necrosis factor-alpha (TNF-a), creatine kinase (CK), myoglobin (MYO), lactate dehydro-
genase (LDH), insulin-like growth factor-1 (IGF-1) irisin, cortisol, and brain-derived neurotrophic factor (BDNF) will be
done during three blood samplings. Changes in oxidative stress, anti/inflammatory biomarkers, and sports perfor-
mance will be assessed as primary outcomes.

Discussion: This study will be the first to assess the potential effects of TT on recreational runners. Our results will

contribute to the growing body of knowledge regarding TT supplementation on the nutritional, oxidative, inflamma-
tory, and anti-inflammatory status and sports performance in recreational runners.
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Trial registration: Iranian Registry of Clinical Trials (www.irct.ir) (ID: IRCT20150205020965N8). Registration date: 13

February 2021.
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Background

The World Health Organization indicates that regu-
lar physical activity is well-known for providing health
benefits and preventing chronic and non-communica-
ble diseases, including heart disease, stroke, diabetes,
and several cancers [1]. Even so, several studies have
proposed that intensive and unaccustomed exercises
can lead to impaired muscle function, athletic perfor-
mance, and recovery [2, 3]. High intensity and endurance
exercises lead to an imbalance between oxidants and
antioxidants in favor of the oxidants, defined as exercise-
induced oxidative stress (EIOS) [4]. EIOS and the high
level of reactive oxygen species can contribute to muscle
damage [2, 4]. Besides, it should be noted that prolonged
muscle contractions can result in a condition called exer-
cise-induced muscle damage (EIMD). EIOS and EIMD
are the influencing factors that result in muscle soreness,
localized swelling, increased levels of creatine kinase
(CK), lactate dehydrogenase (LDH), myoglobin (MYO),
and inflammatory markers including C-reactive pro-
tein (CRP), interleukin 1 (IL-1), interleukin 6 (IL-6), and
tumor necrosis factor-alpha (TNF-a) [3, 5],which lead to
poor athletic performance. Considering the point that
oxidative stress is the leading factor of the mentioned
phenomenon, there is a growing interest in the use of
antioxidant supplements by physically active individu-
als. Also, it seems that supplements with antioxidant and
anti-inflammatory properties will provide more favorable
effects. Tribulus terrestris (TT) is one of the herbal sup-
plements with mentioned properties.

TT is a native plant of Iran classified in the family
Zygophyllaceae [6, 7]. It can be found in a wide range
of warm and humid regions such as the Mediterranean
regions, Asia, Australia, Africa, and the warm areas of
Europe [8] and contains a high concentration of active
ingredients such as sterol saponins, flavonoids, tannins,
terpenoids, phenol carboxylic acids, and alkaloids. The
leaves, seeds, and fruits of TT are used for therapeu-
tic purposes; however, studies indicate that the highest
amount of TT’s active ingredients is found in its fruit [6,
8]. According to existing studies, a variety of components
in TT appear to contribute to its antioxidant capacity [9].
There may be a probable association between antioxidant
activity and total saponin concentration of TT, according
to Figueiredo et al’s study [10]. Furthermore, Hammoda
et al. found that the presence of di-p-coumaroylquinic
acid derivatives would play a key role in the antioxidant

activity of TT [11]. Stefanescu et al. also credited TT’s
antioxidant activity to its polyphenols and flavonoids
[8]. Studies concentrating on the therapeutic effects of
TT have assessed its potential effects on sexual enhance-
ment [12], fertility [13], urinary tract stones [14, 15], dia-
betes [16, 17], cardiovascular diseases [18, 19], regarding
its antioxidant [20, 21], and anti-inflammatory proper-
ties [22, 23]. Although a wide range of clinical studies has
assessed the effects of TT on the enhancement of health
[12-23], there are few randomized clinical trials on the
effects of TT on athletes [24] and physically active indi-
viduals [25], and also, there is no randomized controlled
trial on recreational runners. Therefore, this study has
been designed to assess the efficacy of TT supplement on
the nutritional, oxidative, inflammatory, and anti-inflam-
matory status and sports performance of recreational
runners.

Main aim

The present study is designed to determine the effect
of TT supplementation on the nutritional, oxidative,
inflammatory, and anti-inflammatory status and also
sports performance of recreational runners.

Primary objective

The primary objective is to assess the effect of TT sup-
plementation on malondialdehyde (MDA), total anti-
oxidant capacity (TAC), total oxidant status (TOS),
superoxide dismutase (SOD), glutathione peroxidase
(GPx), uric acid (UA), 8-iso-prostaglandin F2a (8-iso-
PGF2a), protein carbonyl (PC), catalase (CAT), glu-
tathione (GSH), nitric oxide (NO), hs-CRP, TNF-q,
IL-6, IL-10, CK, LDH, MYO, muscle pain, and the aero-
bic and anaerobic performance of recreational runners
with TT supplementation and high-intensity interval
training (HIIT) training.

Secondary objectives

The secondary objective is to assess the effect of TT
supplementation on nutritional status (energy and
macronutrient intake), insulin-like growth factor-1
(IGF-1), brain-derived neurotrophic factor (BDNF),
irisin, cortisol, body mass index (BMI), and body
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composition of recreational runners with TT supple-
mentation and HIIT training.

Method

Study design and setting

This study is a double-blind, randomized, placebo-
controlled trial, which will be conducted among rec-
reational runners of Tabriz stadiums, Iran. The study
protocol followed the Standard Protocol Items: Recom-
mendations for Clinical Interventional Trials (SPIRIT)
guidelines (Additional file 1, SPIRIT Checklist), and the
study protocol diagram is shown in Fig. 1 [26]. Subjects
will undergo two body composition analyses and three
times- blood samplings. Also, written informed con-
sent will be obtained before initiating any research pro-
cedures. The flowchart of the trial is presented in Fig. 2.
The research protocol is approved by the “Ethical Com-
mittee of the Tabriz University of Medical Sciences”
and registered on the “Iranian Registry of Clinical Tri-
als” website (www.irct.ir/, IRCT20150205020965N8)
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and is in compliance with the declaration of Helsinki
ethical principles.

Participants’ recruitment

The study population will include volunteer participants
who have the eligible criteria. A total of 34 recreational
runners (each group 17) will be recruited by advertise-
ments from Tabriz stadiums, Iran. The volunteers will
be screened by an initial face-to-face screening visit. In
an organized meeting, participants will be provided with
information, including the study procedure, require-
ments, possible risks, and benefits. A participant infor-
mation sheet detailing study aims and requirements will
be provided too.

Eligibility

The volunteers will be included in the study if they (1) are
healthy (confirmed by physical activity readiness ques-
tionnaire (PAR-Q) under the supervision of a physician
[27]; (2) aged 18 to 35 years; (3) do running workouts

Enr:tlme Allocation | Close-out
TIMEPOINT* [ -t 0 t | ]| &
ENROLMENT:
Eligibility screen X
Informed consent X
General X
characteristics
Allocation X
INTERVENTIONS:
TT group + HIT Lo
Placebo group + HIIT e
ASSESSMENTS:
X X
Dietary recall
X X X
VOZmax
X X
Body composition
X X
VAS
Biochemical X X X
assessments
Fig. 1 Study protocol diagram. TT, Tribulus terrestris; HIIT, high-intensity interval training; VAS, visual analog scale. -t1: 1 week pre-allocation, tO:
allocation, t1: at the beginning of the study, t2: 2 weeks after the study beginning, and tx: 24 h after t2
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for at least 3 days a week (240 min per week) during the
last 2 years; (4) have a stable body mass during the last
5 months (changes less than 3 kg); (5) not receiving TT
supplement, other antioxidants, and anti-inflammatory
supplements in the last 3 months; (6) abstained from any
high-intensity interval training during the last 3 months;
and (7) are willing to cooperate in the study. Exclusion
criteria include (1) musculoskeletal injuries; (2) smoking;
(3) alcohol consumption; (4) hormone therapy; (5) long-
term use of drugs and dietary supplements; (6) preg-
nancy; (7) lactation; (8) diabetes; (9) anemia (Hb <13g/
dl); (10) cardiovascular disease; (11) infectious diseases;
(12) malignancies; and (13) cognitive disorders.

Sample size

The sample size was estimated using PASS software (ver-
sion 15) based on CK changes as the primary outcome of
the Ma et al. study. Considering the mean difference of
1128.4 units of enzyme activity per liter (U/L) between
the two groups and also the SDs average of 871.05 U/L,

the sample size was calculated [24]. A total of 17 rec-
reational runners were calculated to be involved in each
group with a 95% confidence level, a power of 90%, and
considering the additional drop-out rate of 15%.

Exercise protocol

This trial will use a HIIT exercise protocol as a high-
intensity exercise activity designed for recreational run-
ners using the American College of Sports Medicine
(ACSM)’s physical activity recommendations [28]. The
participants will do the HIIT program for two weeks (5
training sessions per week; a total of 10 sessions during
the study period). A 15-min warm-up (with a variety
of stretching, flexibility, walking, and running) will be
included in each session. The main activity of both groups
consists of two sessions with 3—4 repetitions and 30 s of
running with an intensity of 90-100% of the heart rate
reserve (HRR) (pressure perception 16—19) in each rep-
etition. After each repetition and after each period, there
will be 90-180 s and 2.5—4 min of active rest, respectively
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(active rest in the range of 40-50% of HRR) [29]. A 5-min
cool-down at 45% HRR will end the training session.

Supplementation protocol

Participants will consume the TT fruit supplement (TT,
Dayan Pharma Co, Iran) or placebo (maltodextrin, Dayan
Pharma Co, Iran) in random order. The supplement and
placebo capsules will have perfectly the same shape,
color, odor, and size. The company will code the supple-
ment and placebo containers with different codes to keep
participants and investigators blind until the end of the
study. Both the TT and placebo capsules will be pro-
vided to participants weekly for two weeks. Subjects will
be randomly assigned to two groups to receive 500 mg
supplement or 500 mg placebo capsules, twice daily, for
2 weeks. Participants of both groups will be required to
consume capsules twice daily (oral administration after
breakfast and lunch) with a cup of water.

Randomization and blinding

The recreational runners meeting the inclusion criteria
will be randomized to receive either the TT (n=17) or
the maltodextrin capsules (n=17). Randomizations will
be conducted using random allocation software (RAS)
via randomization blocks (Version 2.0, for Windows,
Isfahan, Iran) [30]. After enrolling participants, they will
be stratified into different blocks based on their VO,
and gender distribution and then will be allocated to the
intervention or control groups in random order. Using
RAS, a random allocation sequence will be generated.
Then, a third individual who is unaware of the study’s aim
will use computer-generated random sequences to allo-
cate participants into TT and placebo groups.

Adherence and compliance to the protocol of the study
There will be a one-week run-in period before study ini-
tiation. The study team will monitor participants daily
during the trial, and any occurrence of adverse events
will be reported. Participants will be asked to return any
unused capsules to assess their level of compliance and
adherence. Subjects will receive supplements every week
and will be asked to bring all remaining ones of their last
visit. If less than 90% of the capsules were used, the per-
son would be excluded from the analysis. Besides, the
adherence to the training program will be assessed by the
number of sessions attended. If less than 90% of training
sessions were attended each week, the person would be
excluded.

Questionnaires

Five types of questionnaires will be completed by each
subject in this study: socio-demographic, 3-day food
diary (2 weekdays and one weekend day) [31], the visual
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analog scale (VAS) [32], International Physical Activity
Questionnaire (IPAQ) [33], and the PAR-Q [27]. Initially,
PAR-Q will be used as a pre-study screening question-
naire that assesses a person’s eating habits, lifestyle,
medical history, and physical fitness in several items;
answering yes to any items of this questionnaire means
that the participant will not enter into study [27]. The
demographic data (age, gender, education, marital status,
occupation, and income level) will also be collected. Run-
ners will be asked to stick to their regular diet throughout
the study. Assessments of dietary records at the begin-
ning and end of the study will be done to ensure that the
individuals followed their normal routine. Dietary intake
of macronutrients and antioxidants (vitamin A, vitamin
C, vitamin E, lycopene, P-carotene, P-cryptoxanthin,
zinc, and selenium will be assessed using Nutritionist IV
software (The Hearst Corp., San Bruno, CA, USA) [31].
The physical activity level of runners will also be assessed
using the IPAQ questionnaire. Based on the IPAQ scor-
ing system, the physical activity level of participants
will be classified into three types: low activity, moderate
activity, and high activity [33]. Also, a VAS will be used
to determine the recreational runner’s muscle pain [32].
The VAS, a tool for reporting subjective muscle pain, has
been used in several studies [34, 35]. It has also been vali-
dated as a measure for chronic and experimental pains
[36]. Participants will rate the level of their pain on a
1-10 scale, from “no pain” to “extreme pain” [32].

Outcome measurements

Muscle pain assessment

A VAS will be used to determine the recreational run-
ner’s muscle pain [32].

Body composition analysis

Before and after the intervention, the body composi-
tion of participants will be measured using bioelectrical
impedance analysis (Tanita BC-418, Tanita Corp., Tokyo,
Japan).

Anthropometric measurements

To measure the height and weight of participants, a sta-
diometer will be used (Seca, Hamburg, Germany). The
body weight of participants will be measured with a min-
imum of wearing and without shoes to the nearest 100
g. Height will also be measured at a standing position
and barefoot with an accuracy of 0.1 cm. BMI will finally
be calculated using the measured weight and height. By
dividing weight in kilograms by height squared in meters,
BMI will be obtained [37]. Anthropometric measure-
ments will be done twice, before and after the study.
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Aerobic, anaerobic performance

To assess the aerobic performance, the Cooper 12-min
run test will be used. The runners will be asked to run as
far as possible for 12 min. The covered distance then will
be recorded [38]. Furthermore, the running-based anaer-
obic sprint test (RAST) will be used to assess the anaero-
bic performance of participants. RAST consists of six
35-m sprints separated by a 10-s recovery period. Each
sprint will also be timed [39].

Laboratory investigations

Blood sampling

Blood sampling will be done during three stages; before
the intervention, immediately after the last training ses-
sion on the fourteenth day, and 24 h after the previous
training session. A 10-mL blood sample will be obtained
during the three stages: before the intervention, immedi-
ately after the last training session on the fourteenth day,
and 24 h after the last training session by a lab techni-
cian. Plasma centrifugation will be carried out at a speed
of 1500 RPM for 20 min. Then, the plasma will be col-
lected into separate micro-tubes and placed in a freezer
at a temperature of —70 °C before laboratory analysis.

Protocol amendments

Any changes or amendments in protocol will be reviewed
by the principal investigator and approved by the other
study investigators. Any modifications will be eventually
reported.

Data collection and management

MN will collect data from questionnaires. After comple-
tion of the questionnaires, MN will assess the collected
data and, if there were any discrepancies in answers, the
questioner will be requested to answer more clearly to
reduce bias.

Statistical analysis

Statistical analysis will be done using SPSS version-24
software (SPSS, Inc. Chicago, IL, USA). Regarding the
missing values, the data analysis will be subjected to
intention-to-treat (ITT) analysis. We will use the mul-
tiple imputation approach to perform ITT. The Kol-
mogorov-Smirnov test and Q-Q plot will be used to
examine the normal distribution of variables. In order
to compare the baseline value of quantitative and quali-
tative variables, the t-test and chi-square test will be
used. To determine the change of variables at base-
line and after the intervention, the paired sample ¢-test
will be conducted. The mean change of the placebo
and intervention group variables will also be compared
using an analysis of covariances after adjusting the con-
founding variables. Mann-Whitney test will be used for
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quantitative non-normal variables. In order to compare
the mean changes of the baseline and end of the trial,
the paired-sample ¢-test and Wilcoxon test will be used
for normal and non-normal data, respectively. Regard-
ing repeated measured variables (three-time measure-
ments), a two-way analysis of variance (ANOVA) with
the Sidak post-hoc test will be applied to assess the time
x group interactions. Also, the Mauchly sphericity test
will be used to determine data homogeneity; in pres-
ence of a violation, the Greenhouse-Geisser adjustment
will be used. P < 0.05 will be considered statistically sig-
nificant in all tests. Furthermore, it is notable that in the
case of non-normally distributed data, we will do Log
transformations.

Ancillary and post-trial care

The trial is not expected to cause any specific side effects.
All participants will be guided to make informed deci-
sions about the supplement intake during high-intensity
exercise training.

Discussion

The interest in natural supplements to promote athletic
performance has increased these days among athletes.
Recently, TT supplementation has also been raised in
various exercises due to its beneficial consequence, which
was seen in strength athletes [24]. In a study on box-
ers, conducted by Ma et al., it has been indicated that
TT lowered IGF-1 binding protein-3 levels, which may
improve IGF-1 bioactivity, as well as increasing muscle
strength and decreasing post-exercise CK levels when
used in conjunction with training [24]. In a recent study
pilot study also, Talemi et al. showed that TT might be
effective in the reduction of CK and LDH following the
high-intensity resistance exercise in non-athletes [40].
According to a review done by Zhu et al., it has been
shown that the TT has a wide range of healthful prop-
erties, including antioxidant activity, anti-inflammatory
activity, antitumor activity, antibacterial activity, hepato-
protective activity, anthelmintic and larvicidal activity,
anticaries activity, antiaging and memory improvement
activity [41]. Also, it is worth mentioning that the chemi-
cal constituents of TT including steroidal saponins and
flavonoids, which have prominent anti-inflammatory and
antiaging activities, were found to be the key contributors
to conventional pharmacological activities of TT [41]. TT
can promote athletic performance and decrease fatigue
due to its antioxidant activity and anti-inflammatory
activity; in addition, it has been shown that TT supple-
mentation may result in decreased IGF-1 binding pro-
tein-3 levels and increased IGF-1 bioactivity. IGF-1 is the
upregulator of muscle growth and muscle strength which
leads to muscle hypertrophy, repair of muscle damage,
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and eventually the promoted athletic performance [24,
42, 43].

To the best of our knowledge, this study will be the
first to assess the potential effects of TT on recrea-
tional runners. The present protocol is based on a rand-
omized placebo-controlled trial design, which presents
the strongest empirical evidence regarding the TT sup-
plementation and determines the causality. Besides, the
control over participants’ diet and repeated blood col-
lection in this study will provide more precise details.

It also should be noted that this is a short-term study
that will necessitate additional research in the long run.
Due to financial constraints, we did not analyze the
other inflammatory and oxidative parameters. It is also
notable that the study participants did not undergo a
specialized diet. Furthermore, our protocol is designed
for recreational runners and cannot be applied to elite
runners.

Trial status

The present protocol is version 1, dated 25 January
2021. The trial has not yet begun, and the process of
recruiting participants is ongoing.

Abbreviations

TT. Tribulus terrestris; EIOS: Exercise-induced oxidative stress; EIMD: Exercise-
induced muscle damage; HIIT: High-intensity interval training; ACSM:
American College of Sports Medicine; BMI: Body mass index; MDA: Malon-
dialdehyde; TAC: Total antioxidant capacity; OSI: Oxidative stress index; TOS:
Total oxidant status; SOD: Superoxide dismutase; GPx: Glutathione peroxidase;
CAT: Catalase; UA: Uric acid; 8-iso-PGF2a: 8-Iso-prostaglandin F2a; PC: Protein
carbonyl; hs-CRP: High-sensitivity C-reactive protein; IL-6: Interleukin-6; IL-10:
Interleukin-10; CK: Creatine kinase; LDH: Lactate dehydrogenase; MYO: Myo-
globin; TNF-a: Tumor necrosis factor-alpha; IGF-1: Insulin-like growth factor-1;
GSH: Glutathione; NO: Nitric oxide; BDNF: Brain-derived neurotrophic factor;
HRR: Heart rate reserve; SPIRIT: Standard protocol items: recommendations for
clinical interventional trials; VAS: Visual analog scale; PAR-Q: Physical activity
readiness questionnaires; IPAQ: International physical activity questionnaire;
RAST: Running-based anaerobic sprint test.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513063-022-06630-0.

Additional file 1. Standard Protocol Items: Recommendations for Inter-
ventional Trials (SPIRIT) 2013 Checklist.

Acknowledgements
The authors would like to express their gratitude to Tabriz University of Medi-
cal Sciences.

Authors’ contributions

PD created the initial concept of this work, which was further developed by
MN and M.K. M.N is conducting this trial as part of her MS.C thesis under
the supervision of PD and M.K. PS provided statistical advice. The submitted
manuscript has been approved by all authors.

Page 7 of 8

Funding

This protocol is based on M.N's MSc thesis and funded by the Vice-chancellor
for Research and Nutrition Research Center of Tabriz University of Medical Sci-
ences, Tabriz, Iran (grant number 66795). The funding party had no role in the
study design, analysis, interpretation of data, and reporting of the results.

Availability of data and materials

By the end of the trial, all primary and secondary outcome data will be pub-
lished; thus, the participant-level data will be available from the corresponding
author on reasonable request.

Declarations

Ethics approval and consent to participate

This trial has been approved by the ethical committee of Tabriz University

of Medical Sciences (IRTBZMED.REC.1399.1010). In addition, it has been
registered on the “Iranian Registry of Clinical Trials" website (www.irct.ir/, IRCT2
0150205020965N8). All informed consents will be obtained by M.N from all
participants.

Consent for publication
There will be no personal identifying information published.

Competing interests
The authors declare no competing interests.

Author details

'Student Research Committee, Tabriz University of Medical Sciences, Tabriz,
Iran. >Nutrition Research Center, Faculty of Nutrition and Food Science, Tabriz
University of Medical Sciences, Tabriz, Iran. Faculty of Physical Education

and Sport Sciences, University of Tabriz, Tabriz, Iran. *Department of Statistics
and Epidemiology, Tabriz University of Medical Sciences, Tabriz, Iran.

Received: 7 May 2021 Accepted: 3 August 2022
Published online: 19 August 2022

References

1. WHO. Physical activity. Available from: https://www.who.int/health-top-
ics/physical-activity#tab=tab_1. Accessed 30 Apr 2021.

2. Harty PS, Cottet ML, Malloy JK, Kerksick CM. Nutritional and supplementa-
tion strategies to prevent and attenuate exercise-induced muscle dam-
age: a brief review. Sports Med Open. 2019;5(1):1.

3. Peake JM, Neubauer O, Della Gatta PA, Nosaka K. Muscle damage and
inflammation during recovery from exercise. J Appl Physiol (1985).
2017;122(3):559-70.

4. Powers SK, Deminice R, Ozdemir M, Yoshihara T, Bomkamp MP, Hyatt
H. Exercise-induced oxidative stress: friend or foe? J Sport Health Sci.
2020;9(5):415-25.

5. Fatouros IG, Jamurtas AZ. Insights into the molecular etiology of exercise-
induced inflammation: opportunities for optimizing performance. J
Inflamm Res. 2016;9:175-86.

6. Assuncgao T, Freitas H, Silva T, Barros C. Tribulus terrestris L. (zygophyl-
laceae): safety and effectiveness of steroidal metabolites; 2017.

7. Kianbakht S, Jahaniani F. Evaluation of antibacterial activity of Tribulus
terrestris L. growing in Iran. iums-ijpt. 2003;2(1):22-0.

8.  Stefanescu R, Tero-Vescan A, Negroiu A, Aurica E, Vari CE. A comprehen-
sive review of the phytochemical, pharmacological, and toxicological
properties of Tribulus terrestris L. Biomolecules. 2020;10(5):752.

9. Gunarathne R, Nadeeshani H, Lu A, Li J, Zhang B, Ying T, et al. Potential
nutraceutical use of Tribulus terrestris L. in human health. Food Rev Int.
2022;1:1-30.

10. Figueiredo CCMM, Gomes AC, Granero FO, Bronzel Junior JL, Silva LP, Ruiz
ALTG, et al. Antiglycation and antitumoral activity of Tribulus terrestris dry
extract. Avicenna J Phytomed. 2021;11(3):224-37.

11. Hammoda HM, Ghazy NM, Harraz FM, Radwan MM, EISohly MA, Abdallah
Il. Chemical constituents from Tribulus terrestris and screening of their
antioxidant activity. Phytochemistry. 2013;92:153-9.


https://doi.org/10.1186/s13063-022-06630-0
https://doi.org/10.1186/s13063-022-06630-0
http://www.irct.ir/
https://en.irct.ir/trial/54158
https://en.irct.ir/trial/54158
https://www.who.int/health-topics/physical-activity#tab=tab_1
https://www.who.int/health-topics/physical-activity#tab=tab_1

Nejati et al. Trials (2022) 23:689

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

Neychev V, Mitev V. Pro-sexual and androgen enhancing effects of Tribu-
lus terrestris L.: fact or fiction. J Ethnopharmacol. 2016;179:345-55.
Khaleghi S, Bakhtiari M, Asadmobini A, Esmaeili F. Tribulus terrestris
extract improves human sperm parameters in vitro. J Evid Based Comple-
mentary Altern Med. 2017;22(3):407-12.

Arasaratnam V, Sandrasegarampillai B, Senthuran A, Rajendraprasad R. A
study of Tribulus terrestris extract on risk factors for urinary stone in nor-
mal subjects and urolithic patients. J Natl Sci Found Sri Lanka. 2010;38(3).
https://doi.org/10.4038/jnsfsr.v38i3.2308.

Aggarwal A, Tandon S, Singla SK, Tandon C. A novel antilithiatic protein
from Tribulus terrestris having cytoprotective potency. Protein Pept Lett.
2012;19(8):812-9.

Ercan P, EI SN. Inhibitory effects of chickpea and Tribulus terrestris on
lipase, a-amylase and a-glucosidase. Food Chem. 2016;205:163-9.

Amin A, Lotfy M, Shafiullah M, Adeghate E. The protective effect of Tribu-
lus terrestris in diabetes. Ann N'Y Acad Sci. 2006;1084:391-401.

Nair R, Sainu N, Mathew A, Raghu KG. Mitochondrial dysfunction in H9c2
cells during ischemia and amelioration with Tribulus terrestris L. Life Sci.
2016;152:220-30.

Li M, Guan', Liu J, Zhai F, Zhang X, Guan L. Cellular and molecular mecha-
nisms in vascular smooth muscle cells by which total saponin extracted
from Tribulus terrestris protects against artherosclerosis. Cell Physiol
Biochem. 2013;32(5):1299-308.

Yogendra KG, Yerramilli V. Antioxidant activity and RP-HPLC analysis of
diosgenin from the callus of Tribulus terrestris Linn. Int J Res Ayurveda
Pharm. 2014;5:343-6.

Kancheva V, Dinchev D, Tsimidou M, Kostova |, Nenadis N. Antioxidant
properties of Tribulus terrestris from Bulgaria and radical scavenging
activity of its flavonoid components. Riv Ital delle Sostanze Grasse.
2007,84:210-9.

Ko HJ, Ahn EK, Oh JS. N-trans-p-caffeoyl tyramine isolated from Tribulus
terrestris exerts anti-inflammatory effects in lipopolysaccharide-stimu-
lated RAW 264.7 cells. Int J Mol Med. 2015;36(4):1042-8.

Baburao B, Rajyalakshmi G, AllenkiV, Gangarapu K, Anchuri SS, Rao B,

et al. Anti-inflammatory and antimicrobial activities of methanolic extract
of Tribulus terrestris Linn plant. Int J Chem Sci. 2009;7:1867-72.

Ma'Y, Guo Z, Wang X. Tribulus terrestris extracts alleviate muscle damage
and promote anaerobic performance of trained male boxers and its
mechanisms: roles of androgen, IGF-1, and IGF binding protein-3. J Sport
Health Sci. 2017,6(4):474-81.

Pokrywka A, Obminski Z, Malczewska-Lenczowska J, Fijatek Z, Turek-Lepa
E, Grucza R. Insights into supplements with Tribulus Terrestris used by
athletes. J Hum Kinet. 2014;41:99-105.

Chan A-W, Tetzlaff JM, Altman DG, Laupacis A, Gatzsche PC, KrleZa-Jeri¢ K,
et al. SPIRIT 2013 statement: defining standard protocol items for clinical
trials. Ann Intern Med. 2013;158(3):200-7.

Warburton D, Jamnik V, Bredin S, Shephard R, Gledhill N. The 2021
Physical Activity Readiness Questionnaire for Everyone (PAR-Q+) and
electronic Physical Activity Readiness Medical Examination (ePARmed-
X+): 2021 PAR-Q+. Health Fit J Can. 2021;14(1):83-7.

Roy BA. High-intensity interval training: efficient, effective, and a fun way
to exercise: brought to you by the American College of Sports Medicine
www.acsm.org. ACSMs Health Fit J. 2013;17(3):3.

Wen D, Utesch T, Wu J, Robertson S, Liu J, Hu G, et al. Effects of different
protocols of high intensity interval training for VO(2)max improvements
in adults: a meta-analysis of randomised controlled trials. J Sci Med Sport.
2019;22(8):941-7.

Saghaei M. Random Allocation Software for parallel group randomized
trials. BMC Med Res Methodol. 2004;4:26.

Yang YJ, Kim MK, Hwang SH, Ahn'Y, Shim JE, Kim DH. Relative validities of
3-day food records and the food frequency questionnaire. Nutr Res Pract.
2010;4(2):142-8.

Ueda T, Nabetani T, Teramoto K. Differential perceived exertion measured
using a new visual analogue scale during pedaling and running. J Physiol
Anthropol. 2006;25(2):171-7.

Sjostrom M, Ainsworth BE, Bauman A, Bull FC, Hamilton-Craig CR, Sallis
JF. Guidelines for data processing analysis of the International Physical
Activity Questionnaire (IPAQ) - Short and long forms. 2005.

Nosaka K, Sacco P, Mawatari K. Effects of amino acid supplementa-

tion on muscle soreness and damage. Int J Sport Nutr Exerc Metab.
2006;16(6):620-35.

Page 8 of 8

35. van Someren KA, Edwards AJ, Howatson G. Supplementation with beta-
hydroxy-beta-methylbutyrate (HMB) and alpha-ketoisocaproic acid (KIC)
reduces signs and symptoms of exercise-induced muscle damage in
man. Int J Sport Nutr Exerc Metab. 2005;15(4):413-24.

36. Price DD, McGrath PA, Rafii A, Buckingham B. The validation of visual ana-
logue scales as ratio scale measures for chronic and experimental pain.
Pain. 1983;17(1):45-56.

37. Obesity WHOCo, World Health O. Obesity: preventing and managing the
global epidemic: report of a WHO consultation. Geneva: World Health
Organization; 2000.

38. Penry JT, Wilcox AR, Yun J. Validity and reliability analysis of Cooper’s
12-minute run and the multistage shuttle run in healthy adults. J
Strength Cond Res. 2011;25(3):597-605.

39. Zagatto A, Beck W, Gobatto C. Validity of the running anaerobic sprint
test for assessing anaerobic power and predicting short-distance
performances. J Strength Cond Res. 2009;23:1820-7 National Strength &
Conditioning Association.

40. Talemi M, Ardakani SMP, Roozbeh B. Tribulus terrestris may decrease
muscle damage markers following a high-intensity resistance exercise: a
pilot study. Int J Vitam Nutr Res. 2020;91(5-6):500-6.

41. ZhuW, DuY, Meng H, Dong Y, Li L. A review of traditional pharmacologi-
cal uses, phytochemistry, and pharmacological activities of Tribulus
terrestris. Chem Cent J. 2017;11(1):60.

42. McMahon CD, Chai R, Radley-Crabb HG, Watson T, Matthews KG, Sheard
PW, et al. Lifelong exercise and locally produced insulin-like growth
factor-1 (IGF-1) have a modest influence on reducing age-related muscle
wasting in mice. Scand J Med Sci Sports. 2014,24(6).e423-35.

43. Frystyk J. Exercise and the growth hormone-insulin-like growth factor
axis. Med Sci Sports Exerc. 2010;42(1):58-66.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.4038/jnsfsr.v38i3.2308

	The effect of Tribulus terrestris supplementation on inflammation, oxidative stress, and performance of recreational runners: study protocol for a randomized placebo-controlled trial
	Abstract 
	Background: 
	Methodsdesign: 
	Discussion: 
	Trial registration: 

	Background
	Main aim
	Primary objective
	Secondary objectives

	Method
	Study design and setting
	Participants’ recruitment
	Eligibility
	Sample size
	Exercise protocol
	Supplementation protocol
	Randomization and blinding
	Adherence and compliance to the protocol of the study
	Questionnaires

	Outcome measurements
	Muscle pain assessment
	Body composition analysis
	Anthropometric measurements
	Aerobic, anaerobic performance
	Laboratory investigations
	Blood sampling
	Protocol amendments
	Data collection and management
	Statistical analysis
	Ancillary and post-trial care


	Discussion
	Trial status
	Acknowledgements
	References


