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ARTICLE INFO ABSTRACT
Keywords: Introduction: High-intensity interval training (HIIT) is an efficient training method to improve vascular function,
Date seed maximal oxygen consumption, and muscle mitochondrial capacity while maximizing muscular damage.
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Recently, functional foods have been considered a practical approach to avoiding HIIT damage and improving
sports performance. Thus, the present study will evaluate the effectiveness of date seed powder as a functional
food on the nutritional, oxidative stress, anti/inflammatory status, mental health, and performance of active
people.

Methods: This study is a double-blind, randomized, placebo-controlled trial, which will be conducted among
recreational runners at Tabriz stadiums, Iran. Thirty-six recreational runners will be randomly selected into two
groups to consume 26 g/d date seed powder or placebo for 14 days. Both groups will do HIIT workouts. Body
composition, food intake, total antioxidant capacity (TAC), oxidative stress index (OSI), total oxidant status
(TOS), superoxide dismutase (SOD), glutathione peroxidase (GPx), malondialdehyde (MDA), 8-iso-prostaglandin
F2a (8-iso-PGF2a), uric acid, protein carbonyl (PC), catalase (CAT), glutathione (GSH), nitric oxide (NO), high-
sensitivity C-reactive protein (hs-CRP), tumor necrosis factor-alpha (TNF-a), interleukin-6 (IL-6), interleukin-10
(IL-10), IL-6/IL-10, creatine kinase (CK), lactate dehydrogenase (LDH), myoglobin (MYO), brain-derived neu-
rotrophic factor (BDNF), insulin-like growth factor-1 (IGF-1), irisin, cortisol, muscle pain, aerobic and anaerobic
performance will be evaluated at the beginning, end of the intervention and 24 h later.

Ethics and dissemination: This study was approved by the Medical Ethics Committee of TBZMED (No.IR.TBZMED.
REC.1399.1011). This research’s findings will be published in a peer-reviewed journal and presented at inter-
national conferences.

Trial registration: Iranian Registry of Clinical Trials website (www.IRCT.ir/, IRCT20150205020965N9).

[5,71, and body fat [8]. However, findings indicate that high levels of
reactive oxygen species (ROS) or exercise-induced oxidative stress
(EIOS) and exercise-induced muscle damage (EIMD) in HIIT can
significantly decrease the ability to generate action potentials and cal-
cium uptake by the sarcoplasmic reticulum, both of which contribute to
acute performance reductions during exercise (i.e., fatigue and soreness)
[9,10]. Thus, it seems that improvement in the antioxidant defense
system’s capability may reduce skeletal muscle’s sensitivity to oxidative
stress and inflammation [11]. The capacity and ability of the body’s
antioxidant defense to neutralize ROS may be modulated by nutritional
status, supplement consumption and functional foods [12,13],so0 it has
been hypothesized that certain chemicals can decrease inflammation,

1. Introduction

Regular physical activity and exercise are known as effective stra-
tegies for preventing and treating various metabolic disorders and
chronic diseases, including cardiovascular disease, type 2 diabetes,
cancer, metabolic syndrome, depression, and stress [1]. Long-term and
intense (VO2max> 60%) exercises such as endurance exercise and
high-intensity interval training (HIIT) have been proposed as an efficient
method to improve metabolic adaptations [2], vascular function [3],
maximum oxygen consumption [4], and muscle mitochondrial capacity
[5], as well as to reduce cardiometabolic risk factors [6], hyperglycemia
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Abbreviations:

ACSM  American College of Sports Medicine
BMI Body mass index

EIOS Exercise-induced oxidative stress
EIMD Exercise-induced muscle damage
HIIT High-intensity interval training
MDA Malondialdehyde

TAC Total antioxidant capacity

0SsI Oxidative stress index

TOS Total oxidant status

SOD Superoxide dismutase

GPx Glutathione peroxidase

CAT Catalase; 8-iso-PGF2a: 8-iso-prostaglandin F2a
PC Protein carbonyl

hs-CRP  High-sensitivity C-reactive protein
IL-6 Interleukin-6

TNF-o:  Tumor necrosis factor-alpha

IL-10 Interleukin-10
MYO Myoglobin
CK Creatine kinase

LDH Lactate dehydrogenase

IGF-1 Insulin-like growth factor-1

GSH Glutathione

NO Nitric oxide

HRR Heart rate reserve

BDNF Brain-derived neurotrophic factor

NF-kB  Nuclear factor kappa B

COX Cyclooxygenase

Nrf2 Nuclear factor erythroid 2-related factor 2

PAR-Q: Physical Activity Readiness Questionnaire

RCT Randomized clinical trial

ROS Reactive oxygen species

SPIRIT  Standard Protocol Items: Recommendations for Clinical

Interventional Trials
VAS Visual analogue scale

oxidative stress, and subsequent skeletal muscle damage due to intense
exercise and improve recovery and stimulate optimal adaption [14].
However, isolated bioactive compounds (e.g., vitamin E, vitamin C,
resveratrol, and lipoic acid) have been shown to have adverse effects on
symptoms and adaptive responses to training after consumption
[15-17]. At the same time, there is no evidence that all of these are
related to the consumption of antioxidant-rich foods or extracts [18,19].

Thus, natural supplements with multiple properties are probably more
beneficial for sports recovery and performance [19].

Date seed is a waste product that is high in polyphenolic (such as
hesperidin, quercetin, kaempferol), phenolic acid (allergic, epicatechin,
catechol, chlorogenic), carotenoids, total dietary fiber (such as pectin,
B-glucan, and arabinoxylan), fat, protein, minerals, and various other
nutrients and functional elements [20-23]. Previous human and animal
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Fig. 1. Consolidated Standards of Reporting Trials (CONSORT) diagram.
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studies investigating the effects of date seeds have reported its positive
results on antioxidant defense systems and improvement in oxidative
stress parameters [24-26], inflammation [27], hyperglycemia [28],
hyperlipidemia [29], memory, and learning impairments [30] as a
low-cost supplement. We hypothesized that consuming date seed pow-
der can be beneficial for enhancing nutritional, oxidative stress, anti/-
inflammatory status, mental health, sports performance, and fatigue
during a HIIT protocol in recreational runners. Up to this time, no
studies have been conducted regarding the consumption of date seed
powder and HIIT exercise in active people. Thus, this research will assess
the impact of date seed powder on the nutritional, oxidative stress,
anti/inflammatory status, mental health, and sports performance of
recreational runners following a high-intensity interval training
protocol.

2. Methods
2.1. Trial design and participants

This is a double-blind, placebo-controlled, randomized clinical trial
(RCT) evaluating date seed powder supplementation effects on the
nutritional, oxidative, inflammatory, anti-inflammatory status, mental
health, and sports performance in physically active people, which is
planned to begin later this year, 2021. In this trial, 36 active people
(recreational runners) will be recruited by advertisements from Tabriz
Stadium. The flowchart of the trial is presented in Fig. 1. The study
protocol followed the Standard Protocol Items: Recommendations for
Clinical Interventional Trials (SPIRIT) guidelines (Additional File 1,
SPIRIT Checklist), and Table 1 shows the diagram of the study protocol
[31]. The study outcomes will be assessed at baseline (one-week
pre-allocation, -t1); allocation (t0), at the beginning of the study (t1); at
two weeks (t2); and 24 h after that (t3).

The initial participant recruitment is ongoing. The sample size was
calculated based on changes in the malondialdehyde (MDA) parameter
as the primary outcome of the study by Platat et al. [25]. Using Stata
software (version 16), the sample size in this study was estimated to be
at least 16 subjects for each group, with a power of 90% and 95%
confidence levels. Based on a 25% decrease in the level of expected MDA
through supplementation and a 10% dropout rate for each group, the
sample size in each group increased to 18.

Table 1
Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT)
chart for study process.

Enrolment Allocation Close-out

TIMEPOINT** -t to t; ty ts

ENROLMENT

Eligibility screen X

Informed consent X

General characteristics X

Allocation X

INTERVENTIONS
Date seed group + HIIT
Placebo group + HIIT

ASSESSMENTS

Dietary recall

VO2 max X
Body composition

VAS

Biochemical assessments
Safety X

)

PO XXX

Abbreviations: HIIT: high-intensity interval training, VAS: Visual Analogue
Scale, -t1: one-week pre-allocation, t0: Allocation, t1: At the beginning of the
study, t2: At two weeks, t3: 24 h after that.

The “X” is indicating what is done in the given period.
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2.2. Inclusion criteria

The inclusion criteria are: having perfect health (confirmed by the
Physical Activity Readiness Questionnaire (PAR-Q), under the supervi-
sion of a physician); age 18-35 years old; doing running workouts for at
least three days a week (240 min per week) during the last two years;
body mass index of 18.5-25; having a stable body mass during the
previous five months (changes of less than 3 kg); abstaining from any
high-intensity interval training during the last three months; and being
willing to cooperate in the study.

2.3. Exclusion criteria

The exclusion criteria are as follows: a history of non-communicable
diseases such as diabetes, cancer, cardiovascular, thyroid, gastrointes-
tinal, renal or pancreatic disease; infectious diseases; cognitive disor-
ders; smoking; being pregnant or lactating; having anemia (hemoglobin
<13 g/dD); having musculoskeletal injury; irregular physical activity;
the current consumption of alcohol, antacids; anti-inflammatory; anti-
biotics; antihypertensive; antidiarrheal or laxative medicines; partici-
pants on special diets or dietary restrictions, as well as those who were
taking antioxidant supplements, prebiotics, or probiotics before the
intervention.

2.4. Randomization and allocation concealment

Eligible volunteers will be randomly assigned to either the inter-
vention group (n = 18) or the placebo group (n = 18) for 14 days.
Participants will be randomized into the two groups (1:1) using strati-
fied randomization based on sex and VO2 max and then we will use
random allocation software to perform randomized blocks of sizes 2 and
4. A third person will be assigned to divide subjects into groups to ensure
concealment of research elements. The statistical consultant and prin-
cipal investigator will be blind to the groups of subjects until the end of
the analysis.

2.5. Intervention

After a run-in period, we will use the PAR-Q, which is a pre-study
screening questionnaire to assess a person’s medical history and life-
style in several areas [32]. When the participant answers “yes” to a
question on the questionnaire, he or she will be excluded from the study.
The intervention group will receive 26 g/d of the date seed powder (date
seed, Flavinea Co., Iran) according to a pilot study of date seed powder
for two weeks in active people (data not reported). The placebo group
will receive a similar volume of bran wheat powder (bran wheat,
Nazhvangiah Co., Iran) as a placebo for 14 days. The powder will be
divided into two packages of 13 g each to be taken before and after
exercise with a cup of water. Both date seed and bran wheat powder are
flavorless, odorless, and brown powders will be provided to the partic-
ipants in identical opaque packages. The powders will be delivered to
participants weekly for two weeks. To emphasize maintenance of
physical activity, resolve issues with supplement administration, and
ensure compliance, all participants will be contacted two times per
week. Participants will also be given a checklist to tick off after each
powder intake to check for non-compliance.

2.6. Exercise protocol

A high-intensity interval training (HIIT) exercise protocol was
designed for each volunteer in both groups based on the American
College of Sports Medicine (ACSM)’s physical activity recommendations
[33]. The participants will do the HIIT program for two weeks (5
training sessions per week; 10 sessions during the study period). A
15-min warm-up (with various stretches, flexibility, walking, and
running) will be included in each training session. The main activity of
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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) in
each repetition. After each repetition and after each period, there will be
90-180 s and 2.5-4 min of active rest, respectively [34]. Each session
will start with a 15-min warm-up at 50% HRR and finish with a 5-min
cool-down at 45% HRR. The study team will monitor participants
daily during the trial. There aren’t expected to be any specific adverse
effects from the test. During high-intensity exercise training, all partic-
ipants will be guided to make their own cooperative decisions. Adher-
ence to the training program will be assessed by the number of sessions
attended. If less than 90% of training sessions are attended each week,
the person would be excluded.

2.7. Primary and secondary outcomes

The primary outcomes used in this study will be the total antioxidant
capacity (TAC), oxidative stress index (OSI), total oxidant status (TOS),
superoxide dismutase (SOD), glutathione peroxidase (GPx), malondial-
dehyde (MDA), 8-iso-prostaglandin F2a (8-iso-PGF2a), uric acid, pro-
tein carbonyl (PC), catalase (CAT), glutathione (GSH), nitric oxide (NO),
high-sensitivity C-reactive protein (hs-CRP), tumor necrosis factor-alpha
(TNF-w), interleukin-6 (IL-6), interleukin-10 (IL-10), IL-6/IL-10, creatine
kinase (CK), lactate dehydrogenase (LDH), myoglobin (MYO), muscle
pain, aerobic and anaerobic performance. Furthermore, the secondary
outcomes will include nutritional status (energy and macro and micro-
nutrient intake), insulin-like growth factor-1 (IGF-1), brain-derived
neurotrophic factor (BDNF), irisin, cortisol, and body composition.

2.8. Assessment of anthropometric measurements

Anthropometric parameters (height, weight, and BMI (body mass
index)) will be evaluated at baseline and post-intervention. Height
measurement will be done without shoes using a centimeter tape with a
precision of 0.1 cm. Weight will be measured barefoot and in minimal
clothing to the nearest 0.5 kg using a reliable scale (Seca, Hamburg,
Germany). BMI will be computed as weight (kg) divided by the square of
height (m). Bioelectrical impedance analysis (Tanita BC-418, Tanita
Corp., Tokyo, Japan) will be used to measure the body composition of
the participants before and after the training.

2.9. Physical activity, aerobic, anaerobic performance and dietary intake

Dietary intake will be assessed using a 3-day food diary (2 weekdays
and one weekend day) before starting supplements and again at the end
of the study during the last weeks. Food record data will be evaluated
using “Nutritionist 4” software (First Databank Inc., Hearst Corp., San
Bruno, CA, USA) [35]. We will determine the physical activity level of
active participants using the International Physical Activity Question-
naire (IPAQ—short version) [36].The PAR-Q will be used as a pre-study
screening questionnaire [32]. A visual analogue scale (VAS) will be used
to determine the recreational runner’s muscle pain at baseline and after
the training [37]. The Cooper 12-min run test will be used to measure
aerobic endurance. Participants will run continuously for 12 min on the
400-m running track [38]. We will also measure anaerobic endurance
using the running-based anaerobic sprint test (RAST). The RAST test
consists of six parallel 35-m sprints separated by a 10-s rest period [39].
All of the people who are going to do the exercise tests will have a 5-min
warm-up session first.

2.10. Clinical assessment

A venous blood sample (10 ml) will be collected from every partic-
ipant at the beginning and at the end of the last training session on the
fourteenth day, as well as 24 h after the last training session. The levels
of TAC, TOS, GPx, SOD, and PC will be measured using a colorimetric
method using kits. Serum levels of MDA will be evaluated through a
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reaction with thiobarbituric acid (TBA) as a TBARS using a spectroflu-
orimeter [40]. Catalase activity, NO, and GSH will be assessed using the
methods described by Aebi et al. [41], Griess [42], and Beutler et al.
[43], respectively. Uric acid will be measured using the enzymatic
method by an autoanalyzer using kits. The serum hs-CRP concentration
will be determined using an immunoturbidimetric kit. TNF-a, IL-6,
IL-10, MYO, BDNF, IGF-1, irisin, and 8-iso-PGF2, and cortisol concen-
trations will be quantified by the use of a commercial ELISA kit. The
level of inflammation will be shown by the proportion of IL-6 to IL-10.
CK and LDH markers will be quantified spectrophotometrically. Also,
the OSI will be calculated using TAC and TOS as follows: OSI = 100 x
(TOS/TAC) [44].

2.11. Data management

Data includes demographic data, PAR-Q test, physical activity, food
intake, anthropometric indices, biochemical parameters, and perfor-
mance markers that will be obtained in this study. Related question-
naires, including VAS, 3-day food diary, PAR-Q, and IPAQ will be used
to collect data. If there are any discrepancies in answers, the respondent
will be asked to answer more clearly to reduce bias. Participants who
drop out of this study for any reason will be followed, and the data will
be examined using the intention-to-treat (ITT) principle. All participants
will be followed up for 15 days after being assigned at random.

2.12. Confidentiality

All study-related and participant data will be maintained in
password-protected file cabinets with restricted access. To preserve
participant confidence, a code identification number will be used to
identify data collection and forms. All records, including names and
other information that could be used to identify a person, will be kept
separate from study data, which will be identified by a code number.

2.13. Statistical analysis

The SPSS program version 24 will be used to examine the study’s
findings. The Kolmogorov—-Smirnov test will be used to determine the
data’s normality. Qualitative data will be expressed as frequency
(percent), whereas quantitative data will be described as mean (stan-
dard deviation (SD)). The independent sample student’s T-test and
analysis of covariance (ANCOVA) will be used to compare quantitative
variables between groups at baseline and after the intervention,
respectively. The paired sample student’s T-test will be used to identify
within-group differences. A two-way repeated measure analysis of
variance (ANOVA) test will analyze hematological and biochemical
parameters. Statistical significance was defined as a value of p < 0.05.

3. Discussion

The interest in dietary supplements to promote sports performance
has increased these days among professional and non-professional ath-
letes. Regular consumption of nutritional supplements (including anti-
oxidants E and C) has recently been increased in order to suppress EIOS
and EIMD and improve athletic performance [15]. In contrast, there is
growing evidence that vitamin C and E supplementation have no sig-
nificant effect on the physiological performance of athletes [45]. Thus,
natural supplements and functional foods have attracted the attention of
many researchers and athletes as supplements containing
multi-nutrients in patients [46,47] and healthy people [48]. Due to
having different ingredients, these multi-nutrient supplements lead to
several simultaneous effects, such as modulation of antioxidant capac-
ity, inflammation, muscle fatigue, and subsequently enhancing athletes’
performance [48,49]. It has been shown that date seeds as a functional
food have a wide range of healthful properties, including antioxidant,
anti-inflammatory, antitumor, hepatoprotective and nephroprotective,
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anti-hyperlipidemic, antiaging, and memory improvement [20,29,50,
51]. Also, it is worth mentioning that the chemical constituents’ poly-
phenols, flavan-3-ols, especially catechins and epicatechins, and pre-
biotics are the critical contributors to the mentioned conventional
activities [51,52]. Limited studies have reported the modulating effects
of date seed as a rich plant source of antioxidants and prebiotics on
oxidative stress, inflammation, immune system, lipid profile, and sports
performance [20,27,29,53]. Ali and Abdelaziz reported that aqueous
suspension of date seed (1 g/d, four weeks) modulated kidney oxidative
damage mediated by carbon tetrachloride (CCl4) in Wistar rats via
significant decreased MDA, glutathione S-transferase (GST), and nitric
oxide (NO) levels in the kidney and significantly restored SOD and GSH
activities [54]. In a study by Saryono et al., date seed daily intake (0.25;
0.5; 0.75; 1 g/kg/day, seven days) in rats significantly increased SOD
and GPX in the intervention groups in a dose-dependent manner [55]. In
a recent study by Platat et al., administration of date seed powder (0.25
g/kg and 0.5 g/kg bodyweight for an acute dose) significantly changed
the levels of GSH, protein carbonyl, and MDA 1 h after ingestion. These
changes were maintained up to 8 h after ingestion [25]. In the Saryono
al. study conducted on postmenopausal women, it has been indicated
that date seed intake (2.5 g/day for two weeks) significantly changed the
levels of MDA, SOD, GPX enzyme activities and vitamin E [56]. Like-
wise, in another study by Atyanti Isworo et al. (2.5 g of date seed, 14
days) showed that the expression of IL-1b, TGF-b, COX-1, and COX-2 in
middle-aged women significantly decreased after consuming date seed
[27]. Recently, Fahad Jubayer et al. found that taking 600 mg of date
seed powder for 90 days resulted in decreased levels of total cholesterol
(TQ), triglycerides (TG), and low-density lipoprotein (LDL) as well as an
increase in high-density lipoprotein (HDL) in the intervention group
[29]. Date seed polyphenol supplementation may improve athletic
performance and reduce fatigue by scavenging various forms of free
radicals, inhibiting lipid peroxidation, metal iron-mediated radical for-
mation, and preventing radical-mediated -carotene and vitamin E
depletion [57,58]. Increasing the expression of the nitric oxide synthase
(NOS) enzyme involved in nitric oxide (NO) production, inhibiting nu-
clear factor kappa B (NF-kB), modulating mitogen-activated protein
kinases (MAPK), and enhancing nuclear factor erythroid 2 related fac-
tors 2 (Nrf2) may be other probable mechanisms that date seed could
improve immunological, inflammatory, stress, proliferative, and
apoptotic response [59-61].

In addition, it has been shown that date seed supplementation may
result in decreased IGF-1 binding protein-3 levels and increased IGF-1
bioactivity that leads to muscle hypertrophy, repair of muscle damage,
and eventually improved performance [62-64]. Also, date seed poly-
phenols and soluble fiber can influence the proliferation of specific
bacteria such as Lactobacillus and Bifidobacterium and decrease certain
pathogenic Clostridium in the gut microbiota. Previous research sug-
gests that gut microbiota may have a positive impact on sports perfor-
mance [65,66].

To our knowledge, this is the first study to examine the effects of date
seed powder consumption during HIIT sessions on recreational runners’
nutritional, oxidative stress, anti/inflammatory status, mental health,
and sports performance. It is hypothesized that the consumption of date
seed powder would decrease inflammation, oxidative stress, and fatigue
and improve sports performance.

4. Trial status

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

5. Conclusion
The consumption of date seed powder would decrease oxidative

stress, inflammation, muscle pain, and improve mental health and per-
formance. The results of this trial can be used to provide evidence-based
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recommendations for active people,
nutritionists.

recreational runners, and
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