
International Medical Journal Vol. 27, No. 3, pp.  284 - 288 ,  June  2020

INTERNAL  MEDICINE

Changes in Hypoxia, Glycemic Control and Antioxidants 
Biomarkers after 3,000-Meter Steeplechase Running:  

Effect of Antioxidant Liver-Supportive  
Supplementation

Abdulrahman A. Alduraywish1),  Abdulrahman H. Almaeen2),  Nehal S. El-Moukhdem2),  
Mahmoud Attia Bakhit Ali3),  Tarek H. El-Metwally2,4)

ABSTRACT
Objectives: The aim of this prospective intervention case-control study was to examine impact of 3,000-meter steeplechase 

running on hypoxia biomarkers, oxidative stress and metabolic homeostasis, before and after a liver-supportive antioxidant sup-
plementation. 

Methods: Six healthy consented male amateur runners aging 19.06 ± 3.674 years were subjected to a 3,000-meter steeple-
chase middle-distance running. Blood samples were collected at basal line, after running and after cardiovascular recovery for 
assessing glucose, C-peptide, lactate, pyruvate, lactate-pyruvate ratio, hypoxia-inducible factor-1 alpha (HIF-1α), and, total 
antioxidants (TAOs). They were supplemented with Silymarin Plus® twice daily for 3 days then the assessment was repeated. 
Effect on the running time was the major end-point biomarker.

Results: After running, glucose, pyruvate, lactate and their ratio were significantly increased with concomitant non-signifi-
cant increase in C-peptide. TAOs were stressed after running in the non-supplemented state, although differences were not sig-
nificant. Variation in plasma HIF-1α showed non-significant differences. Metabolic homeostasis was more efficient after supple-
mentation and was reflected as a significant improvement in the recorded running time (p < 0.0018). 

Conclusions: Metabolic homeostasis and the recorded running time were significantly improved after a short period of the 
liver-supportive antioxidant Silymarin Plus® supplementation in 3,000-meter steeplechase middle-distance runners.
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INTRODUCTION

The 3,000-meter steeplechase is a middle-distance race that requires 
strength, stamina, agility, race tactics, and, conditioning - most suitably 
developed by Fartlek aerobic training1). During a bout of running exer-
cise, acute transient responses meet the metabolic and physiological 
demands. Physiological stresses proportionate with magnitude of the 
performance, training and adaptation, and are reflected as homeostatic 
changes in circulating hormones and biomarkers2,3). Blood glucose level 
is balance by rate of release from glycogen and gluconeogenesis (main-
ly by liver), and its peripheral uptake by insulin-dependent tissues 
(mainly skeletal muscle)4). During high intensity running exercise, 
increased catecholamines enhance glucose release and blood levels2). 
The short-lived increase in blood lactate concentration (and possibly 

lactate-pyruvate ratio) is a well-known biochemical response, and, 
remains a useful indicator of fitness with underlying metabolic plastici-
ty2). With the improved circulation, blood lactate is highest at 3 - 4 min-
utes after the run due to increased diffusion from muscles, and is nor-
malized within one hour5). Acute exercise decreases pancreatic insulin 
secretion, measured C-peptide, in an intensity-dependent manner6). 
However, both of insulin secretion increase after endurance exercise 
albeit, without signalling changes in muscles7). 

The transcription factor hypoxia-inducible factor (HIF)-1α is a 
homeostatic gauge for cellular ATP, not only under hypoxic but also 
under normoxic conditions. HIF-1α is essential for acclimation to 
hypoxic stress during endurance exercise8). However, in mice, removal 
of HIF-1α causes an adaptive response in skeletal muscle, namely, 
increased vascularization and oxidative metabolism and mitochondrial 
biogenesis - similar to endurance training. The effect is due to constitu-
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tive activation of AMP-activated protein kinase9). High-intensity interval 
training and chemical induction of HIF-1α controls metabolic adapta-
tion by enhancing glycolysis, glycogenesis, and lactate transport pro-
teins in skeletal muscle10). HIF-1α-dependent gene response orchestrates 
skeletal muscle adaptation to endurance training, mainly by increasing 
oxygen transport. The latter utilizes, e.g., erythropoietin-mediated eryth-
ropoiesis and VEGF-induced angiogenesis, along with enhanced expres-
sion of glucose transporters and glycolytic enzymes. However, to 
improve long-term exercise training through enhanced oxidative metab-
olism, HIF-1α is to be blunted by its negative regulators11).

Exhaustion of aerobic metabolism induces muscular adaptive 
responses that cope with the exercise stress, in order to maintain same 
rate of effort8). However, this process entails generation of oxidant free 
radicals. Once antioxidant body capacities are overwhelmed, oxidative 
stress would hinder muscle performance and integrity. Body antioxi-
dants encompass all intracellular and extracellular enzymatic and 
non-enzymatic antioxidants12). Inconsistently, supplementation with anti-
oxidants may reduce the damage caused by exercise and improve per-
formance13). The flavonoid Silymarin is reparative and cytoprotective for 
liver and all body tissues14). In its Silymarin Plus® fortified formulation, 
used in this study, it also contains the strong antioxidant cocktail of vita-
mins C, E and A, and the glutathione precursor, N-acetylcysteine15).

The benefits of antioxidant supplements in supporting strength, 
stamina, agility and aerobic adaptive training required for the 3,000-
meter steeplechase runners is questionable. However, the role of liver is 
indispensable. Hence we planned this unprecedented study to test the 
ability of the strong antioxidant and liver-supportive Silymarin Plus® 
supplementation on metabolic homeostasis and performance of the 
3,000-meter steeplechase runners. 

PATICIPANTS  AND  METHODS

Participants and Setting: Socioeconomically homogenous 6 healthy 
(assessed clinically, radiologically and biochemically) moderately 
trained endurance male student runners were voluntarily included in this 
prospective longitudinal case-control experiment after signing an 
informed consent. Participating students belonged to Assiut high 
schools and Faculty of Physical Education, Assiut University, Assiut, 
Egypt, where the study was bioethically approved. De-identifying 
demographics and anthropometics were collected. 

Silymarin Plus® (SEDCO, 6 October, Egypt) was supplemented 
twice daily for three days. Effects on performance (Running time in 

Table 1. Age (years), weight (kg), height (cm), BMI and the recorded running time (RT, mSecs) of the participating 3,000 meter 
Steeplechase runners before and after antioxidant-hepatoprotective supplementation. B = before supplementation, and, 
A = after supplementation.

   Name Age Weight Height BMI RT-B RT-A % Change

Runner 1 21.667 57 165 20.933 46643 44460 4.680

Runner 2 22.5 66 169 23.109 46222 41945 9.253

Runner 3 22.833 62 175 20.242 50340 48373 3.907

Runner 4 17 58 176 18.722 49140 44994 8.437

Runner 5 15 63 172 21.298 50127 44596 11.034

Runner 6 15.333 60 154 24.295 46572 40795 12.404

Range 15.0 - 22.833 57 - 66 154 - 176  18.722 - 24.295 46222 - 50340  40795 - 48373 3.907 - 12.404

Mean ± SDM 19.06 ± 3.674 61 ± 3.347 168.5 ± 8.167 21.43 ± 2.002 48174 ± 1906 44194 ± 2644 8.286 ± 3.395

Table 2. Effect of antioxidant-hepatoprotective supplementation on plasma level of cellular hypoxia biomarkers; pyruvate, lac-
tate, lactate/pyruvate (L/P) ratio and hypoxia-inducible factor-1 (HIF-1?) in the participating 3,000 meter 
Steeplechase runners. B = before running, A = after running, R = after cardiovascular recovery, and (-) = before and 
(+) = after supplementation.  

Pyruvate, mg/dL B- A- R- B+ A+ R+

Range 0.020-1.809 1.869-4.583 1.487-2.593 0.884-1.085 3.236-4.422 1.186-2.412

Mean ± SDM 0.801 ± 0.63 3.320 ± 0.937 1.759 ± 0.417 1.0 ± 0.093 3.975 ± 0.562 1.734 ± 0.509

p < vs. Before - 0.001 0.05 - 0.001 ns

p < vs. After  - 0.01  - 0.001

Lactate, mg/dL B- A- R- B+ A+ R+

Range 20.49-30.16 54.04-81.42 25.79-69.51 22.13-29.34 71.69-76.34 23.06-64.43

Mean ± SDM 26.79 ± 3.817 72.72 ± 1.14 36.69 ± 16.23 24.84 ± 3.225 73.81 ± 2.056 36.86 ± 18.79

p < vs. Before - 0.001 ns - 0.01 ns

p < vs. After  - 0.001  - 0.01

L/P Ratio B- A- R- B+ A+ R+

Range 16.67-52.99 17.69-28.92 17.35-26.81 12.69-33.20 16.29-23.59 14.34-26.71

Mean ± SDM 36.6 ± 14.6 22.85 ± 4.512 20.23 ± 3.355 22.95 ± 8.372 18.92 ± 3.317 20.74 ± 5.335

p < vs. Before - 0.05 0.05 - ns ns

p < vs. After  - ns  - ns

HIF-1α, pg/L B- A- R- B+ A+ R+

Range 106.9-546.3 99.25-603.9 108.6-578.7 87.86-639.8 114.9-543.6 109.8-470.3

Mean ± SDM 245.1 ± 188.4 265.0 ± 224.0 260.9 ± 226.3 327.2 ± 268.8 333.4 ± 236.3 285.1 ± 195.8

p < vs. Before - ns ns - ns ns

p < vs. After  - ns  - ns
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mSec - before and after supplementation), hypoxia biomarkers and gly-
cemic indices before and after the run, and, after cardiovascular recov-
ery were assessed. The run was a 3,000-meter steeplechase middle-dis-
tance running with 5 barriers (four ordinary barriers and one water jump 
each circuit) endurance. At 10 am in the University's stadium, the run 
was conducted then the supplement was introduced for three days, and 
then the run was repeated again. Antiseptically, 2 mL antecubital periph-
eral venous blood samples were collected in EDTA/sodium fluoride 
tubes from resting subjects (4 hours postprandial), right after running 
and after cardiovascular recovery. Plasma was separated and aliquot fro-
zen at -40℃ fresh or after perchloric acid deproteinization. 

Biochemical investigations: Specific ELISA assays were utilized to 
measure plasma HIF-1α (R&D Systems, MN, USA) and C-peptide 
(Monobind Inc., CA, USA) levels. Colorimetric assays were used to 
measure plasma glucose (Spectrum Diagnostics, Cairo, Egypt), pyruvate 
(Greiner Diagnostics GmbH, Bahlingen, Germany), lactate (Spectrum 
Biodiagnostics, Cairo, Egypt), and, total antioxidants (TAOs; Bio-
Diagnostics, Giza, Egypt). Lactate/pyruvate ratio was calculated.

Statistical Analysis: The grouped running time before and after the 
supplementation was compared for significance of change using one-
tailed paired Student’s "t" test. Results, as Mean ± SDM, were statisti-
cally analyzed by Repeated Measures ANOVA for comparing the signif-
icance differences among time points within each group and ANOVA 
for comparing the significance differences among same time point 
among the two groups. Both used Newman-Keuls Multiple Comparison 
Test as a post-test. Within group correlation was tested by the non-para-
metric Spearman's analysis. Significance was set to p < 0.05. The statis-
tics Prism 5.0 software (GraphPad Software, Inc, San Diego, CA, USA) 
was used. 

RESULTS

Table 1 presents characteristics, and, running time of the partici-
pants before and after supplementation. Their age ranged from 15 - 
22.833 (19.06 ± 3.674) years, weight was 57 - 66 (61 ± 3.347) kg, 
height was 154 - 176 (168.5 ± 8.167) cm, and, BMI was 18.722 - 24.295 
(21.43 ± 2.002). One tailed paired Student's "t" test showed a marked 
significant improvement in the running time (p < 0.0018), with a % of 
change (as reduced running time) ranging from 3.907 - 12.404 (8.286 ± 
3.395) %.

Table 2 presents the changes in plasma cellular hypoxia biomarkers, 

at the three time points; before and after the run and after cardiovascular 
recovery. Pyruvate increased and reached peak at end of the run, and 
then was slowly reduced towards the basal level after cardiovascular 
recovery. It is clear that the antioxidant supplementation induced faster 
recovery to basal level since the recovery level was insignificantly dif-
ferent from the basal level compared to a significant difference before 
supplementation (ns vs. < 0.05), while its difference from the after-run 
time point was increased than before supplementation (p < 0.001 vs. < 
0.01). Plasma lactate content at the three time points showed that the 
level increased to reach peak at the end of the run, and then was reduced 
to a non-significant level from the basal level after cardiovascular 
recovery. The antioxidant supplementation induced a lower peak com-
pared to the status before supplementation (p < 0.001 vs. < 0.01). For 
plasma lactate-pyruvate ratio, both of the after-run and the after cardio-
vascular recovery time points were significantly different from the basal 
level before supplementation (p < 0.05). After supplementation, the 
three time points were non-significantly different, indicating improved 
and resilient metabolic endurance. For plasma HIF-1α, there were 
non-significant differences comparing the three time point; both before 
and after supplementation, indicating the efficient and resilient respira-
tory and cardiovascular systemic performance of the participating ath-
letes that gave no chance for a cellular hypoxia to develop. 

Table 3 presents the changes in plasma glycemic control biomarkers 
at the three time points. For plasma glucose was increase after running 
due to glycogenolysis and gluconeogenesis from lactate. This was more 
prominent after the antioxidant supplementation as glucose peaked 
higher (p < 0.01 vs. < 0.05) and was recovered slower (p < 0.05 vs. ns), 
indicating improved liver efficiency. For plasma C-peptide, the level 
nonsignificantly increased at the after-run time point. However, differ-
ences were non-significant among the three time points; both before and 
after the introduction of the antioxidant supplement; except for a signifi-
cant difference comparing recovery time point vs. the peak in the sup-
plemented runners (p < 0.05). 

Table 4 presents the changes in plasma TAOs at the three time 
points. At the peak after-run before supplementation, TAOs level was 
stressed to a lower than basal level and was recovered after cardiovascu-
lar recovery. After supplementation, there was no such stress, but rather, 
an increase that was kept after recovery. However, all of these changes 
were non-significant. 

Table 3. Effect of antioxidant-hepatoprotective supplementation on plasma level of glycemic control biomarkers; glucose (mg/
dL) and C-peptide (ng/mL) in the participating 3,000 meter Steeplechase runners. B = before running, A = after run-
ning, R = after cardiovascular recovery, and (-) = before and (+) = after supplementation. 

Glucose, mg/dL B- A- R- B+ A+ R+

Range 65.40-99.60 103.2-193.2 93.60-117.6 85.20-98.40 127.8-175.2 90.0-110.4

Mean ± SDM 85.4 ± 12.49 128.5 ± 33.02 103.6 ± 9.702 94.2 ± 6.06 145.4 ± 21.57 99.15 ± 9.617

p < vs. Before - 0.05 ns - 0.01 ns

p < vs. After  - ns  - 0.01

C-Peptide, ng/mL B- A- R- B+ A+ R+

Range 0.823-2.153 1.157-2.358 0.606-1.753 1.769-2.688 1.838-3.0 1.226-1.771

Mean ± SDM 1.615 ± 0.498 1.736 ± 0.512 1.224 ± 0.396 2.077 ± 0.433 2.429 ± 0.656 1.426 ± 0.256

p < vs. Before - ns ns - ns ns

p < vs. After  - ns  - 0.05

Table 4. Effect of antioxidant supplementation on plasma level of total antioxidants (TAOs) in the participating 3,000 meter 
Steeplechase runners. B = before running, A = after running, R = after cardiovascular recovery, and (-) = before and 
(+) = after supplementation.  

TAOs, mM/L B- A- R- B+ A+ R+

Range 0.639-0.899 0.493-0.866 0.659-0.846 0.513-0.699 0.599-0.919 0.546-0.932

Mean ± SDM 0.779 ± 0.103 0.712 ± 0.138 0.778 ± 0.066 0.626 ± 0.082 0.744 ± 0.136 0.738 ± 0.158

p< vs. Before - ns ns - ns ns

p< vs. After  - ns  - ns
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DISCUSSION

Investigations aiming at improving the horizontal running velocity 
with higher jumping and longer throw distance for track and field 
events, e.g., steeplechase at the minimal metabolic cost are needed1). In 
this study, we analyzed changes that reflects the impact of 3,000-meter 
steeplechase running on the metabolic homeostasis, namely, energy sup-
ply as blood glucose and pyruvate, plasticity of the liver to clear and 
muscle to generate lactate, cellular oxygenation status measured as lac-
tate-pyruvate ratio and HIF-1α, and, the development of oxidative stress 
because of the heightened oxidative metabolic rate measured as plasma 
total antioxidants. As our runners are amateur runner, the changes in the 
investigated parameters could cautiously indicate their long-term chron-
ic adaptation to such strenuous exercise against time. 

3,000-meter steeplechase energy expenditure is almost aerobically 
generated, while the duration of the race enables disposing some of 
blood lactate produced during the fast start of the race, where it exceeds 
the aerobic threshold. There are also anaerobic pulsatory productions of 
lactate, proportionating with the speed, immediately before the obstacle 
alternating with the aerobic phase during the inter-barrier run3). 
Although consumes more oxygen, the increased approach velocity does 
not jeopardize the running economy with the advantage of maintaining 
race pace. These steeplechase cyclic metabolic changes require high 
elastic rhythm of the muscular performance and waste clearance - most 
suitably developed by Fartlek aerobic training1,7).

We observed a healthy increase in blood glucose after running com-
pared to the basal level. Healthiness was due to concomitant mild 
increase in C-peptide without a real decrease in TAOs or severe increase 
in cellular hypoxia measured as lactate-pyruvate ratio and HIF-1α. This 
is due to the induced glycogenolysis and gluconeogenesis from lactate. 
Reportedly, normoglycemia is maintained and hypoglycemic incidences 
are rare, even in very severe bouts of prolonged exercise2). Increased 
catecholamines guard against hypoglycemia by inducing release of 
additional glucose to a mild hyperglycemia16). Exercise increases insulin 
sensitivity and the expression and activity of glucose GLUT4 transport-
er to improve the overall glucose homeostasis17).

Exercise of sufficient intensity causes lactate to accumulate in the 
blood that signifies cell hypoxia in exercising muscle, as it associated a 
rise in lactate-pyruvate ratio18). However, the stoichiometric increases in 
pyruvate, due to liver plasticity and/or saturation of the tricarboxylic 
acid cycle, makes the change in the ratio minimal compared to the 
rest19). Although lactate implication in the local muscle fatigue is largely 
physiologically repudiated, its measurement remains a useful indicator 
of fitness and reflects the underlying metabolic processes20). 

In our study with the increase of plasma glucose at the after-run 
time point, it was expected that C-peptide level will increase. However, 
increases in C-peptide levels were minimal and differences were 
non-significant among the three time points. C-peptide was utilized to 
characterize insulin secretion to minimize influences of insulin clear-
ance on pancreatic function assessment21). Moderate and high intensity 
exercise increases insulin secretion (measured as insulin and as 
C-peptide)17). 

Induction of HIF-1α favors skeletal muscle metabolic adaptation10,11). 
In our study, we observed a non-significant increase in plasma HIF-1α 
after run, indicating the efficient and resilient respiratory and cardiovas-
cular systemic performance of our athletes that gave no chance for a 
marked cellular hypoxia to develop. However, the basal level of plasma 
HIF-1α was more than two-folds higher than the normal level in nonath-
letic healthy control measured in our previous studies in which we were 
the 1st internationally to characterize HIF-1α as a plasma biomarker22,23). 
This may indicate that the already adaptively induced HIF-1α system, 
may be to its maximum, required no further increase in our runners. 
This may also explain the mild changes induced by the supplementa-
tions in the other metabolic indices. Reportedly, correlating the increas-
es in venous plasma lactate, a single bout of exercise increased HIF-1α 
protein levels, its nuclear translocation and DNA binding activity, and, 
responsively increased the expression of VEGF and erythropoietin 
genes. This strongly supports a critical adaptive role for HIF-1α during 
exercise24). Skeletal muscle-specific HIF-1α knockout in mice signifi-
cantly decreased muscle ATP and serum lactate and increased exercise 
times in exercising mice, due to a metabolic shift towards aerobic fatty 
acid oxidation. However, repeated exercise trials gave rise to extensive 
muscle damage - similar to damages caused by deficiencies in skeletal 
muscle glycogenolysis and glycolysis, with great reduction in exercise 
times relative to wild-type animals8-10). HIF-1α induces cardioprotective 
and skeletal muscle adaptive molecules; such as inducible nitric oxide 
synthase, VEGF, glucose transporters, glycolytic enzymes, hemeoxy-

genase 1 and erythropoietin11,24). However, to improve long-term exercise 
training through enhanced oxidative metabolism, HIF-1α is to be blunt-
ed by its negative regulators11,25). 

We found that the antioxidant-hepatoprotective supplementation 
induced a lower peak of plasma pyruvate and lactate. The plasma lac-
tate-pyruvate ratio showed non-significant difference after supplementa-
tion, indicating improved and resilient metabolic endurance. The plasma 
glucose level was more prominently increase after the antioxidant sup-
plementation. However, plasma C-peptide, plasma HIF-1α and plasma 
TAOs levels showed non-significant differences after supplementation. 
We found that TAOs were stressed to a lower than basal level and was 
recovered after cardiovascular recovery in the non-supplemented run-
ners. NF-κB activation and reactive oxygen species (ROS) production 
show a significant increase after acute exercise26,27). However, exer-
cise-induced ROS regulate beneficial skeletal muscle adaptations, such 
as increased antioxidant enzyme expression and mitochondrial biogene-
sis. Vitamins C, E and α-lipoic acid supplementation suppresses skeletal 
muscle antioxidants and mitochondrial biogenesis in both sedentary and 
exercise-trained human and rats28,29). 

Supplementation with the antioxidant and essential oxidative phos-
phorylation mediator, Ubiquinol, for athletes subjected to intense exer-
cise, although improved the antioxidant defenses, it was not able to 
improve indexes of physical performance or prevent enhancement of 
markers of muscular damage induced by exercise30). For that, we inten-
tionally chose a different approach of supplementary intervention. Our 
supplement was not only a direct (as it contained vitamins A, C and E) 
and i nd i r ec t an t i ox idan t ( i t  con t a in s t he GSH p recu r so r, 
N-acetylcysteine), but it was also intended to be mainly a liver support-
ive intervention14,15) - as liver is the major deposal venue for the detri-
mental lactate. This new approach was reflected as a significantly better 
running performance and catabolite clearance in our runners. However, 
we could not extrapolate what would be the picture with longer supple-
mentation periods; that necessitates future studying. 

CONCLUSION

We observed weak induction of markers of cellular and systemic 
hypoxia (HIF-1α and lactate-pyruvate ratio) in the investigated amateur 
3,000-meter steeplechase middle-distance runners, which reflect their 
metabolic, respiratory and cardiovascular fitness. There were minor but 
significant metabolic homeostatic changes (glucose, lactate and pyru-
vate), nonsignificant increases in HIF-1α and C-peptide, and, non-sig-
nificant decreases in TAOs comparing the non-supplemented vs. the 
short course of Silymarin Plus® supplementation. These changes culmi-
nated into significant improvement in the recorded running time.
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