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 abstract 
 Background:  The aim of this study was to determine the effect of purslane supplementation on oxidative stress, 

inflammation and muscle damage biomarkers after completing high-intensity interval exercise (HIIE).

 Material and methods:  ‪Nine healthy female runners completed a HIIE treadmill protocol comprising 1 min at 100% of the peak 
treadmill velocity attained in a preliminary exhaustive incremental treadmill test, interspersed by 1 
min of passive recovery, until they had run for 2.5 km. Athletes repeated this test following 10 days of 
supplementation with 1000 mg per day of purslane. 

 Results:  ‪At baseline (i.e., absence of purslane supplementation) the HIIE protocol increased 9-HODE (p < 0.001), 13-
HODE (p < 0.001), IL-17 (p < 0.001), TNF-α (p < 0.001), and LDH (p < 0.001). After purslane consumption, 
resting 9-HODE, 13-HODE, IL-17, TNF-α, and LDH were lowered (p < 0.001) and IL-10 was increased (p < 
0.001) compared to before purslane supplementation. After purslane consumption and following the HIIE 
protocol, the responses of these biomarkers were lower compared to baseline (p < 0.001). 

 Conclusions:  Ten days of purslane supplementation blunted the perturbation to biomarkers of oxidative stress, 
inflammation and muscle damage in female runners completing a HIIE protocol.
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introduction 
The herb portulacaoleracea L. (common name purslane) has been widely used as a potherb 
in Central Europe, Asia, and the Mediterranean region [1]. The potential nutraceutical 
properties of purslane have been reported to include a wide spectrum of pharmacological 
properties such as neuroprotective, antimicrobial, antidiabetic, antioxidant, anti-
inflammatory, antiulcerogenic, and anticancer activities [2]. The intake of antioxidants 
could prevent exercise-induced muscle damage [3]. In addition to its potential therapeutic 
properties, purslane administration has been reported to interact with exercise to modulate 
oxidative stress responses. Specifically, purslane supplementation has been reported to lower 
exercise-induced oxidative stress in mice [4] in rat tissues [5], and in women with type II 
diabetes [6], when combined with endurance exercise training. However, the independent 
effects of purslane supplementation on acute exercise-induced oxidative stress in healthy 
female athletes have yet to be determined. One recent study showed that 10 days of purslane 
supplementation reduced the levels of oxidative stress (9- and 13-hydroxyoctadecadienoic 
acid [9-HODE, 13-HODE]), pro-inflammatory cytokines (interleukin 17 [IL-17] and tumor 
necrosis factor [TNF α]), and muscle damage (lactate dehydrogenase [LDH]), compared to 
levels pre-supplementation in male runners [7]. However, studies investigating the effects 
of exercise on 13-HODE + 9-HODE are scarce. It was reported that 13-HODE + 9-HODE 
increased following a 75-km cycling bout in trained male cyclists [8] and following 2.5-km high 
intensity interval exercise (HIIE) on treadmill [7]. Interleukin 10 (IL-10), an immunosuppressive 
cytokine [9], increased substantially following endurance exercise longer than 2 h, such as  
a marathon and triathlon race [10]. IL-17 tended to increase after the race in male triathletes 
[11] and after 2.5 km of HIIE bout [7]. TNF-α did not change significantly after a race in 
male triathletes [10] and increased after 2.5 km of HIIE bout [7]. Thus, the response of these 
markers is variable dependent upon the type of exercise performed.

Interval exercise can be performed in different modalities and intensities such as perceived 
effort, heart rate, mechanical loading and intensity associated to VO2max [12] and is being 
increasingly utilized by athletes as it may facilitate greater improvements in endurance 
performance compared to low-intensity continuous exercise [13]. That said, HIIE is also 
a potent pro-oxidant [14, 15] and inflammatory stimulus [14, 16] that provokes muscle 
damage [17]. The development of oxidative stress and inflammation during exercise has been 
implicated in the process of exercise-induced fatigue [18] and muscle damage, both of which 
can retard post-exercise recovery. Therefore, there is a growing interest in interventions 
that can mitigate exercise-induced oxidative stress, inflammation and muscle damage.

There is little information regarding the purslane supplementation on oxidative stress, 
inflammatory cytokines, and muscle damage after an acute bout of aerobic exercise in 
athletes. Therefore, the purpose of this study was to investigate the effects of an acute 
bout of HIIE on oxidative stress, inflammatory and muscle damage biomarkers in aerobic 
trained-women and whether 10-day supplementation with purslane could negate any 
observed differences. We hypothesized that acute HIIE results in post-exercise elevation 
in oxidative stress, inflammatory and muscle damage biomarkers and that the response 
would be lower after short-term purslane supplementation possibly because of antioxidant 
and anti-inflammatory activity of purslane supplementation.

material and methods 
subjects 
Nine national standard female middle-distance runners (age, 23 ±4yrs; body mass, 52 
± 3kg; height, 1.65 ± 0.06m; and BMI, 19 ±1kg/m2; and peak velocity in an incremental 
treadmill test, 16.2±1.0km/h) with normal menstrual cycles volunteered to participate 
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in this study. All athletes had been competing in middle distance road races (1500 and 
3000 m) for at least 10 years and had competed in national competitions. They were 
completing a similar weekly training volume (10–14 hours) and had experience in high 
intensity interval training. All athletes were non-smokers, physically healthy, and had no 
history of health disorders. In addition, they were not taking any medications or vitamin, 
mineral or herbal supplements. 

The study was approved by the Research Ethics Committee of the Sport Sciences Research 
Institute and performed in accordance with the ethical standards of the Declaration of 
Helsinki (IR.SSRI.REC.1397.358). The athletes were informed of the study procedure 
and the risks involved with the measurement. A written consent form was obtained from 
each athlete.

experimental design 
The present study was conducted over 17 days and required athletes to complete three 
experimental sessions during this period. After meeting the inclusion criteria, female 
runners performed a familiarization session at their first visit to our laboratory to ensure 
all they were accustomed to all of the experimental procedures. This visit also included the 
completion of a medical history questionnaire and the assessment of anthropometry. On this 
familiarization visit to the laboratory, peak velocity in an incremental treadmill test was also 
determined through the completion of an exhaustive incremental treadmill running test. 
After 72 h of rest, a venous blood sample was obtained before and after the HIIE test on 
the second visit to the laboratory. Subsequently, the athletes were required to ingest 1000 
mg/day of purslane for a total of 10 days, with purslane consumed twice daily (500 mg after 
lunch and dinner) [7]. During these 10 days, athletes were instructed to discontinue any 
vitamin or antioxidant dietary supplement and were invited to follow the same dietary plan 
before testing sessions and during their training schedule. The day following the completion 
of the purslane supplementation, athletes returned to the laboratory and underwent the 
same assessments as described on the second laboratory visit. 

purslane preparation 
The purslane supplement was prepared as previously described [5–7] with voucher 
specimen no.15-04979. Briefly, purslane seeds were purchased from a store in Tehran 
(Iran) and washed thoroughly with water and air dried at room temperature for 7 days. 
The dry seeds were powdered and dissolved in distilled water.

anthropometric measurements 
Height was measured to the nearest 0.1 cm while athletes were barefoot using a stadiometer 
(SECA 274, Hamburg, Germany). Body mass was measured to the nearest 0.2kg, with the 
athletes wearing light clothes and no shoes (SECA 707, Hamburg, Germany). BMI (kg/
m2) was defined as body mass (kg) divided by the square of height (m2). 

maximal endurance running test  
The athletes completed an incremental running test on a motorized treadmill (HP Cosmos 
Venus, Traunstein, Germany) that was continued until volitional exhaustion, as described 
previously [19, 20]. After completing an initial warm-up at5 km/h for 3min, the initial speed 
was set at 8 km/h and was increased by 1 km/h after each 2min stage until the athlete 
could no longer continue [19]. When the subject was not able to finish a 2min stage, the 
peak speed was calculated by considering the percentage time completed in the final 
stage, as described previously [7, 19]: 

Peak treadmill velocity = speed of last stage complete + [(time (s) performed in the last 
stage/120) × 1]
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Heart rate was monitored continuously throughout the tests with a heart rate monitor (Polar 
Electro FT7, Kempele, Finland). Athletes were verbally encouraged to run until exhaustion. 

high-intensity intermittent exercise 
The HIIE protocol administered in the current study has been described previously [19, 21]. 
Briefly, the athletes performed a warm-up prior to completing the HIIE which consisted of 
running at 50% of peak treadmill velocity for 5 min, at 1% inclination. Thereafter, the HIIE 
protocol was commenced which required subjects to complete 1 min bouts of constant 
velocity treadmill running at 100% peak treadmill velocity, interspersed by 1 min of passive 
recovery. This protocol was continued until subjects had completed 2.5 km [21].

blood sampling and analyses 
Venous blood samples were collected by a trained nurse after an overnight fast at rest 
and immediately after the HIIE protocol. The blood samples (10 ml) were immediately 
allocated into two 5 mL vacutainer tubes containing EDTA for plasma separation and 
one 5 mL sterile vacutainer tube for serum separation. The tubes were centrifuged at 
3500 rpm for 15 min at 4°C, and plasma and serum samples were stored at -20°C until 
analysis. Oxidative stress markers including 9-HODE and 13-HODE were analyzed in the 
serum using enzyme-linked immunosorbent assay (ELISA) kits (ZellBio Gmbh, Germany 
and abcam, UK; respectively). Inflammatory markers including TNF-α, IL-10, and IL-17 
were analyzed by using ELISA kits (Diaclone, France). Lactate was analyzed in the serum 
using ELISA kit (LDH kit, Pars Azmoon, Iran). 

statistical analysis 
All statistical analyses and calculations were conducted using SPSS (version 21.0, Chicago, 
IL, USA). The Shapiro-Wilk test was conducted to verify the normality of distribution. 
Reliability of the dependent variables was determined by comparing physiological 
measurements at pre-HIIE (before purslane consumption vs. after purslane consumption) 
and post-HIIE (before purslane consumption vs. after purslane consumption) and was 
calculated using intra-class correlations (ICCs). The ICC was calculated for degree of 
absolute agreement and used a 2-way random-effects model. The ICC values 0.40 or 
less were considered poor, 0.40 to 0.59 was fair, 0.60 to 0.74 was good, 0.75 to 1.0 was 
excellent [22].

Two-way repeated-measures analysis of variance (ANOVA) was used to examine differences 
in blood measures according to trial condition (before purslane consumption vs. after 
purslane consumption) and time (pre-HIIE vs. post-HIIE) and interactions between these 
independent variables. The Tukey post hoc test was used when significant differences were 
revealed by the ANOVA. The magnitude of effect was described by the mean change and 
95% confidence interval (CI) of the change. Furthermore, the magnitude of the difference 
for each pairwise comparison was quantified using Cohen’s d effect size (ES) and classified 
as trivial (0.0–0.2), small (0.2–0.6), moderate (0.6–1.2), large (1.2–2.0), or very large (>2.0). 
Effect sizes were calculated using eta squared (η2). Statistical significance was set at  
p < 0.05 and data are presented as a mean ± standard deviation (SD).

results 
The subjects tolerated purslane dosage well, as no side effects from the supplementation 
procedures were reported.

reliability of dependent measures 
Reliability statistics are displayed in Table 1. The ICC values were “poor” for all dependent 
measures. 
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Table 1. Reliability of physiological parameters

ICC
Pre-HIIE Post-HIIE

Before purslane vs. After purslane Before purslane vs. After purslane
9-HODE (ng/mL) 0.12 0.12
13-HODE (ng/mL) 0.16 0.16

IL-10 (pg/mL) 0.31 0.31
IL-17 (pg/mL) 0.04 0.04
TNF-α (pg/mL) -0.09 -0.09
LDH (mmol/L) -0.09 -0.09

Abbreviations: ICC, intra-class correlation; 9-HODE, 9- and 13-hydroxyoctadecadienoic acid; 13-HODE, 
13-hydroxyoctadecadienoic acid; IL-17, interleukin-17; IL-10, interleukin-10; TNF-α, tumor necrosis factor alpha; LDH, 
lactate dehydrogenase.

oxidative stress  
A main significant effect of condition for 9-HODE (F = 1025.97, p < 0.001, η2 = 0.99 
“moderate”) and 13-HODE (F = 779.61, p < 0.001, η2 = 0.98 “moderate”) was found. 
In addition, a main significant effect of time for 9-HODE (F = 151.47, p < 0.001, η2 = 
0.94 “moderate”) and 13-HODE (F = 65.36, p < 0.001, η2 = 0.89 “moderate”) was found.  
A significant condition × time interaction was found for 9-HODE (F = 20.08, p = 0.002, 
η2 = 0.71 “moderate”) and 13-HODE (F = 44,462, p < 0.001, η2 = 0.84 “moderate”).

9-HODE (Figure 1a) and 13-HODE (Figure 1b) were significantly higher post-HIIE 
compared with pre-HIIE before (9-HODE: mean change (95%CI): 18.99 (14.24 to 23.73), 
p < 0.001; 13-HODE: mean change (95%CI): 9.81 (7.47 to 12.13), p < 0.001) and after 
purslane consumption (9-HODE: mean change (95%CI): 6.56 (2.47 to 10.64), p = 0.004; 
13-HODE: mean change (95%CI): 3.7 (2.5 to 4.89), p < 0.001). 

Fig. 1. Serum 9 HODE (panel a) and 13-HODE (panel b) levels pre (Pre-HIIE) and post (Post-HIIE) high-intensity 
intermittent exercise (HIIE) protocol before and after purslane consumption

**, *** significantly different at p < 0.01; p < 0.001, respectively.
Data are presented as means ± SD.

9-HODE (Figure 1a) and 13-HODE (Figure 1b) were significantly lower after purslane 
consumption compared with before purslane consumption in pre-HIIE (9-HODE: mean 
change (95%CI): -21.15 (-24.91 to -17.38), p < 0.001; 13-HODE: mean change (95%CI): -9.98 
(11.28 to -8.67), p < 0.001) and post-HIIE (9-HODE: mean change (95%CI): -33.58 (-38.58 to 
-28.57), p < 0.001; 13-HODE: mean change (95%CI):- 16.08 (-18.36 to -13.81), p < 0.001).
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cytokines 
A main significant effect of condition for IL-10 (F = 1160.41, p < 0.001, η2 = 0.99 
“moderate”), IL-17 (F = 1769.9, p < 0.001, η2 = 0.99 “moderate”), and TNF-α (F = 1154.16, 
p < 0.001, η2 = 0.99 “moderate”) was found. In addition, a main significant effect of time 
for IL-10 (F = 26,970, p < 0.001, η2 = 0.77 “moderate”), IL-17 (F = 125.59, p < 0.001,  
η2 = 0.94 “moderate”), and TNF-α (F = 165.90, p < 0.001, η2 = 0.95 “moderate”) was 
found. A significant condition × time interaction was found for IL-10 (F = 29.84, p < 0.001,  
η2 = 0.78 “moderate”), IL-17 (F = 20.65, p < 0.001, η2 = 0.79 “moderate”), and TNF-α  
(F = 91.96, p < 0.001, η2 = 0.91 “moderate”). 

Fig. 2.  Serum IL-10 (panel a), IL-17 (panel b), and TNF-α (panel c) levels pre (pre-HIIE) and post (post-HIIE) high-
-intensity intermittent exercise protocol (HIIE) before and after purslane consumption

*** significantly different at p < 0.001 
Data are presented as means ± SD.

IL-10 (Figure 2a) was not significantly higher post-HIIE compared with pre-HIIE before 
purslane consumption (mean change (95%CI): 1.29 (-5.54 to 8.13), p = 0.69). However,  
IL-10 was significantly lower post-HIIE compared with pre-HIIE after purslane consumption 
(Il-10: mean change (95%CI): -23.78 (-30.61 to -16.95), p < 0.001). 

IL-17 (Figure 2b) and TNF-α (Figure 2c) were significantly higher post-HIIE compared 
with pre-HIIE before (Il-17: mean change (95%CI): 15.94 (12.33 to 19.54), p < 0.001; 
TNF-α = mean change (95%CI): 39.94 (34.70 to 45.17), p < 0.001) and after purslane 
consumption (Il-17: mean change (95%CI): 14.2 (10.58 to 17.81), p < 0.001); TNF-α: mean 
change (95%CI): 11.87 (6.79 to 16.94), p < 0.001).

IL-10 (Figure 2a) was significantly higher after purslane consumption compared with 
before consumption in pre-HIIE (mean change (95%CI): 76.91 (70.27 to 83.54), p < 0.001) 
and post-HIIE (mean change (95%CI): 51.82 (44.79 to 58.85), p < 0.001). 
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IL-17 (Figure 2b) and TNF-α (Figure 2c) were significantly lower after purslane consumption 
compared with before consumption in pre-HIIE (IL-17: mean change (95%CI):  59.65 
(-62.84 to -56.45), p < 0.001; TNF-α: mean change (95%CI): -55.44 (-60.63 to -50.24),  
p < 0.001) and post-HIIE (IL-17: mean change (95%CI): -61.39 (-65.37 to -57.41),  
p < 0.001); TNF-α: mean change (95%CI): -83.51 (-88.62 to -78.39), p < 0.001).

muscle damage 
A main significant effect of condition (F = 1951.7, p < 0.001, η2 = 0.99 “moderate”) and 
time (F = 2189.67, p < 0.001, η2 = 0.99 “moderate”) was found. A significant condition 
× time interaction was found for LDH concentration (F = 12.84, p = 0.007, η2 = 0.61 
“moderate”). 
LDH (Figure 3) was significantly higher post-HIIE compared with pre-HIIE before (mean 
change (95%CI): 111.44 (98.65 to 124.23), p < 0.001) and after purslane consumption 
(mean change (95%CI): 145.77 (131.62 to 159.92), p < 0.001). 

LDH (Figure 3) was significantly lower after purslane consumption compared with before 
purslane consumption in pre-HIIE (mean change (95%CI): -239.11 (-253.83 to -224.38),  
p < 0.001) and post-HIIE (mean change (95%CI): -204.77 (-216.77 to -192.78), p < 0.001).

Fig. 3. Serum LDH concentration pre (pre-HIIE) and post (post-HIIE) high-intensity intermittent exercise (HIIE) pro-
tocol before and after purslane consumption

*** significantly different at p < 0.001 
Data are presented as means ± SD.

discussion 
The HIIE protocol evoked an increase in oxidative stress, inflammatory and muscle damage 
biomarkers consistent with previous observations. That said, 10 days of supplementation 
with purslane lowered oxidative stress (9-HODE and 13-HODE), pro-inflammatory 
(IL-17, and TNF-α) and muscle damage (LDH) biomarkers before and after the HIIE 
protocol compared to the baseline condition without purslane supplementation. These 
novel observations suggest that short term supplementation with purslane can modulate 
oxidative stress, inflammatory, and muscle damage responses to HIIE in well-trained 
female runners, which might have implications for improving performance during, and 
expediting recovery following HIIE.

Cytokines transmit inflammatory/anti-inflammatory signals between cells and are 
fundamental and pleiotropic mediators of inflammation. Accordingly, cytokines are involved 
in regulating the pro-inflammatory response evoked by exercise-induced muscle damage 
[23].The production of pro- and anti-inflammatory cytokines is related the intensity and 
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duration of exercise [24]. In the present study, HIIE increased the serum content of the 
pro-inflammatory cytokines (IL-17 and TNF-α) and lowered the serum content of the anti-
inflammatory cytokine (IL-10). These findings are in line with previous studies. TNF-α 
increased after 5 km steady state exercise [19] and acute session of HIIT in recreationally 
active males [16]. Contradictory to our findings, TNF-α did not change after 24 minutes 
moderate-intensity continuous exercise and HIIE in healthy older adults [25] and 5 km 
HIIE in physically active male subjects [19]. IL-10 increased after 1.25 km HIIE, 2.5 km 
HIIE [21], and 5 km HIIE in physically active male subjects [19], 30 min in both HIIE 
(10 × 1-min at 90% VO2max) and high intensity steady-state cycling (80% VO2max, 20 
min) in untrained males [14], acute session of high intensity interval training (HIIT) in 
recreationally active males [16], four bouts lower body Wingate tests in male judo athletes 
[26], and 24 minutes moderate-intensity continuous exercise (40% of peak power output 
[PPO]) and HIIE (12 × 1 min intervals at 70% PPO separated by 1 min periods at 10% 
PPO) in healthy older adults [25].

The complex relationship between oxidative stress and exercise is also influenced by the 
mode, intensity, and duration of exercise [27]. The increase of IL-17 and TNF-α levels can 
be explained by the increased glycogenolysis and lipolysis, for maintenance of the muscle 
contraction during exercise [26]. Future studies are needed for a better understanding 
of the mechanisms involved in HIIE.

In addition to modulating cytokines, the HIIE protocol increased the serum content of 
9-HODE and 13-HODE in trained female runners in the present study. Moreover, elevated 
levels of plasma 9-HODE and 13-HODE can be reduced through the adoption of healthy 
diets or weight loss, and they have emerged as important indicators of oxidative stress 
[28]. These observations suggest that the HIIE may have induced systemic oxidative 
stress, which occurs when the production of oxidants outweighs the antioxidant capacity 
of an organism. Oxidative stress may progress to oxidative damage of cellular proteins 
(contractile, structural, and enzymatic), lipids, DNA, and other molecules that might 
conflate to impair skeletal muscle function [29]. However, more studies are necessary to 
better understand the involved mechanisms.

Serum LDH concentration was increased, suggestive of an increase in muscle damage, 
following the HIIE protocol completed in the current study. This finding is in accordance 
with previous studies. The lactate levels increased immediately after 5 km HIIE [19], 
four bouts of lower body HIIE Wingate test in male judo athletes [26], and sprint interval 
exercise in elite handball players [30, 31]. The severity of muscle damage appears to 
depend on multiple factors, such as the type of muscle contractions and the exercise 
intensity [32], with shorter duration higher intensity intervals causing greater muscle 
damage compared to longer duration lower intensity intervals [33], as well as the menstrual 
cycle [34]. Therefore, the HIIE protocol imposed in the current study was successful at 
increasing some pro-inflammatory, oxidative stress and muscle damage biomarkers. Future 
studies are needed to better understand the interplay between inflammatory, oxidative 
and muscle damage responses. Purslane supplementation reduced 9-HODE, 13-HODE, IL-
17, TNF-α and LDH and increased IL-10 before and after the HIIE protocol administered 
in the current study in female runners. Purslane supplementation has previously been 
reported to lower exercise-induced oxidative stress in mice completing a forced swimming 
test [4], in rat tissues [5], and in women with type II diabetes [6], when combined with 
endurance exercise training, and in male athletes runners after a HIIE bout [7]. However, 
our current novel observations suggest that purslane supplementation has the potential 
to blunt the degree of oxidative stress, inflammation and muscle damage incurred by an 
acute HIIE session. Purslane supplementation can also increase antioxidant status, and 
lower oxidative stress and inflammatory biomarkers as found in diabetic rats [35] and 
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adult male Wister albino rats [36]. However, while purslane supplementation has been 
suggested to be an effective and safe alternative therapy for type-2 diabetic humans [37], 
consumption of purslane seeds for 5 weeks did not improve oxidative stress biomarkers 
in type 2 diabetes patients [38]. Therefore, further research is required to assess the 
ergogenic and therapeutic potential of purslane supplementation. In addition, these 
findings should be confirmed in other athletic populations.

Our study has some limitations that must be acknowledged. Since we did not fully control 
the athlete’s diet, athletes may have consumed different foods or nutrients between the 
laboratory testing sessions that could have impacted the biomarkers assessed in the current 
study. Moreover, since we only assessed a limited number of biomarkers in the present study, 
further research is needed to verify these findings using a more comprehensive battery of 
oxidative stress, inflammatory and muscle damage biomarkers. A 1000 mg/day of purslane 
seeds was administered in the current study but, since the optimal dose and duration of 
purslane supplementation has yet to be resolved, we cannot exclude the possibility that the 
effects of purslane supplementation could have been greater with a higher dose or longer 
duration of purslane supplementation. Finally, it is unclear whether the effects observed 
in the current study would have been the same after different types of exercise (different 
intensities and durations) or whether purslane supplementation can influence exercise 
performance, post-exercise recovery and the adaptations to chronic exercise training. 

conclusion 
In summary, an acute bout of HIIE provoked increases in the systemic oxidative stress, 
pro-inflammatory and muscle damage markers in trained female runners. Short-term 
supplementation with purslane was shown to attenuate the increases in oxidative stress, 
pro-inflammatory cytokines and muscle damage biomarkers, and to elevate the anti-
inflammatory cytokine, IL-10 following the HIIE session compared to baseline. Our 
observations suggest that purslane supplementation can modulate oxidative stress, 
inflammation and muscle damage biomarkers in trained female runners, which might 
have implications for HIIE exercise performance and post-exercise recovery.
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