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Abstract
Background and Objectives: The increased physical performance, delayed muscular fatigue, reduced recovery time and improved
endurance is the ultimate aim of mostly all athletes. An adaptogenic formula was prepared for athletes of anaerobic exercises for achieving
these goals. Materials and Methods: Fifteen healthy male taekwondo athletes of age 20.29±0.81 years participated in this program. The
formula is composed of whey protein concentrate, L-arginine, root extract of Korean red Panax ginseng  and cocoa powder. Participants
continued on the program of the adaptogenic formula for 4 weeks. Anthropometric measurements, medical and mood states assessment
and physical performance were evaluated. Biochemical evaluation including serum lactate dehydrogenase-5 (LDH-5), creatine kinase (CK),
cortisol, nitric oxide (NO), malondialdehyde (MDA), total antioxidant capacity (TAC), complete blood count (CBC), liver and kidney
functions were followed before and after enrolling in the program. Results: There was a highly significant improvement in recovery time
and physical performance that reflects the efficiency of the formula to remove or combat undesirable metabolic by-products of the
anaerobic oxidation. Biochemical evaluation revealed a significant reduction in LDH-5, CK, cortisol, a non-significant decrease in MDA,
a significant increase in NO and a non-significant rise in TAC, while there was no change in CBC, liver and kidney functions indicating that
the prepared formula was safe and could direct the metabolism towards clearance of by-products due to anaerobic oxidation that cause
fatigue and cell degradation. Conclusion: It can be concluded that using this formula by athletes of anaerobic exercises leads to getting
rid of anaerobic by-products thus helps to combat muscular fatigue, enhance recovery time and improve athletic performance provided
that it can be used for longer time.
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INTRODUCTION

Taekwondo is an example for anaerobic sports. It is the art
of kicking and punching and it is the most popular marital art
worldwide that is practiced by about million participants daily
and studied in more than 140 countries1. Among the main
factors which determine the performance of the players is the
anaerobic capacity for rapid and explosive movements2.

Low athletic performance is mainly due to feeling fatigue
and prolonged recovery time2. In general, exercises may be
classified into aerobic and anaerobic according to the energy
system they utilize based on intensity and duration of the
exercise. These energy systems include the phosphogenic or
anaerobic  ATP-PC  system  with  a  very  short  duration  up  to
10 sec and high intensity including explosive movements.
Another anaerobic system is the glycolytic anaerobic system
associated with lactic acid production which occurs at short
duration up to 2 min and moderate intensity. The third system
is the aerobic or oxidative system with a long duration and low
intensity3. During high peak metabolic power, the body of
athletes relies mainly on anaerobic metabolism, the
phosphogen ATP-PC and the anaerobic glycolysis which result
in the formation of undesirable end-products mainly inorganic
phosphate and lactate, respectively. These metabolites exert
a limiting effect on muscle function causing fatigue that
results in reduced performance4-6. Actually, the body doesn’t
rely exclusively on one energy system, but there is a
coordination between the three energy systems to varying
degrees depending on the intensity and duration of the
exercise7.

The interference  to  improve performance can be either
to increase oxygen supply during exercise or to increase
efficiency of energy utilization. Another rout is to minimize the
metabolic by-products of anaerobic oxidation. Many
chemicals, food components and dietary supplements that
can perform this role were discovered before and were used
by Russian Scientists8. They called these compounds,
adaptogens. Generally, adaptogens are metabolic regulators
that can increase the resistance of the body to harmful
stressors of physical, biological and chemical natures9.
Adaptogens were assumed to reduce damage due to stress,
increase working capacity and mental performance and can
exert normalizing effect on pathological state. Adequate
adaptogens are important for optimizing exercise
performance and combating fatigue10.

There are several plant sources that contain compounds
able to perform the adaptogenic roles. Root extract of Korean
red Panax ginseng (C.A. Meyer) has been well known for
enhancing  human  performance  either  mental  or  physical10,

due to energy restoring11, anti-fatigue or to reduce muscle
damage induced by intensive exercise12. It also possesses an
antioxidativepower13,14.

L-arginine supplementation was found to enhance
strength and help muscle recovery either in aerobic or
anaerobic exercises15. It was found to reduce O2 cost of the
exercise of moderate intensity and to enhance the tolerance
of severe-intensity exercise16. This is done through the
signaling molecule nitric oxide (NO) which is synthesized from
L-arginine by the action of the enzyme endothelial NO
synthase. L-arginine has been used by athletes to increase
strength and to elevate lean muscle mass17.

Athletes of high intensity training have more dietary
protein needs reached up to two times the Daily
Recommended Allowance18. Whey protein is a good source for
essential amino acids and branched chain amino acids which
are very important for tissue maintenance during exercise, for
preventing catabolic actions, for decreasing protein
degradation and enhancing protein synthesis18,19. It was
reported that whey protein supplementation in young
resistance trained men and women resulted in improving
exercise performance20.

In studies looking for the effect of adaptogenic
compounds that help athletes  to  perform better and delay
the feeling of fatigue, it is needed to have good reliable
biochemical   parameters   for   muscle   fatigue   assessment.
The  most  reliable  biochemical  parameters  for  assessment
of   muscular   fatigue   are   the   two   enzymes   LDH-5
(lactate dehydrogenase, isoenzyme-5 which predominates in
muscles) and CK (creatine kinase) which are the enzymes
responsible for removal of the by-products of muscular
fatigue21. Also, cortisol which is a glucocorticoid hormone
secreted by the adrenal gland rises in the circulation due to
muscular damage as a result of heavy physical activity22. In
addition, nitric oxide (NO) which is a compound of regulatory
effect in skeletal muscles helps for muscular repair and
rebuilding15.

The  main  objective  of  this  study  is  to  evaluate  the
effect  of  the  composed  adaptogenic  formula  formed  from
L-arginine, whey protein concentrate, ginseng and cocoa
powder on the physical and metabolic changes that occur to
athletes during performance of intensive exercises where
energy supply depends mainly on anaerobic oxidation such as
taekwondo players. Also, to detect the improvement by
following the physical performance and biochemical
parameters that reflect the removal of the by-products of
anaerobic oxidation so as to enable the formula to be used
together with those that already exist in the market.
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MATERIALS AND METHODS

Subjects:  Fifteen  male  athletes  from  Taekwondo  Sport
Team were included in this study. Their mean age was
20.29±0.81 years. Taekwondo Sport was chosen as an
example for the domination of anaerobic exercises. All
subjects were healthy normal persons with no history of
chronic illness. The exclusion criteria included individuals with
any disease, those with anabolic steroids consumption
background and those who received any other dietary
supplement. The participants were informed about the
objectives of the study and their permission in the form of
written consent was obtained. The study protocol was done in
accordance with the guidelines stated by the Ethical
Committee of the National Research Centre and it was
approved by the committee. This study was started in
September, 2016 till February, 2017.

Materials: The formula given to the athletes is composed of
whey protein, L-arginine, Panax ginseng  C A Meyer and cocoa
powder. Soluble whey protein was obtained from Imtenan
Health Shop, lot No. 10, The Industrial Area, Obour City,
(Egypt), L-Arginine Hydrochloride from SAGA Sciences Inc.,
Vancouver, BC, (USA), ginseng from Yanbian, Bitoshan Ltd.,
(Korea) and cocoa powder from local market.

Methods
Composition of the formula: Before composing the formula,
the protein content of whey concentrate was determined
according to AOAC official methods of analysis23. It was found
to be 47.25±1.22 g protein/100 g whey protein concentrate.

The amino acid content was determined according to the
procedure described in AOAC24 using the amino acid analyzer
(Beckman, USA) (Table 1).

Based on the arginine content of the whey as shown in
Table 1, the 40 g whey protein concentrate added to the
formula contains 2.24 g L-arginine. Two g of L-arginine was
added to reach a concentration 4.24 g of L-arginine as
modified from Bailey et al.16. The amount of ginseng added
was an average amount used by other authors and depends
on the concentration of the active  ingredient  “ginsenosides”

present in ginseng, which amounted to 5 mg/each gram of
the Korean ginseng. Cocoa powder was added as a flavor.
Thus, the composed adaptogenic formula included 40 g of
whey protein concentrate, 2 g of L-arginine, 9 g of Korean red
ginseng root extract and 9 g of cocoa powder. All these
constituents were mixed well together and the resultant
powder was given in special bags each containing 60 g once
daily. The contents of each bag was dissolved in a cup of
skimmed milk immediately before being used. The study
lasted for 4 weeks.

The formula was subjected before use to organoleptic
evaluation. Fifteen panelists were each given the formula and
asked to give score out of 20 for different organoleptic
characteristics, such as color, taste, odor, appearance and
overall acceptability of the supplement. Data obtained
revealed good taste and appearance and very good
acceptability.

Biological evaluation: The following investigations were
done before and after the end of the period of the study which
lasted for 4 weeks:

C Full medical history: Including history of any chronic
illness, operations, medications and family history

C Full clinical examination: Which including blood
pressure, resting heart rate (pulse), skin, tongue, mouth
discoloration or ulcers, heart, chest, abdomen
examination

C Mood states assessment and general fitness
evaluation: Including, mood, memory, focus during
training, enjoying training, , recovery time after training,
time before feeling fatigue, feeling sleepy and sleep
quality

C Anthropometric measurements: That included weight
and height, then body mass index was calculated as,
weight in kg/height in m2. Body fat as a percent from
body weight and lean body mass (LBM) was measured
according to Spungen et al.25

C Physical performance
C Biochemical analysis

Table 1: Amino acid profile of whey protein concentrate
Amino acid Concentration (%) Amino acid Concentration (%)
Aspartic (ASP) 3.82 Tyrosine (TYR) 2.00
Therionine (THR) 1.78 Phenylalanine (PHE) 2.56
Serine (SER) 1.95 Histidine (HIS) 1.21
Glutamic (GLU) 9.13 Lysine (LYS) 3.05
Glycine (GLY) 1.10 Arginine (ARG) 5.63
Alanine (ALA) 1.75 Proline (PRO) 3.28
Valine (VAL) 2.90 Cystine (CYS) 0.85
Isoleucine (ILE) 2.13 Methionine 1.21
Leucine (LEU) 3.85 - -
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General physical fitness evaluation and specific assessment
for the anaerobic power: For general physical evaluation, a
questioner for subjective physical fitness and general well
being  was  applied.  Each  participant  was  interviewed  as
one to one and the evaluation was put on 5 points scale,
where 1 = least and 5 maximum.

The questioner included the following items:

C Time spent before feeling fatigue: 1 = 30 min, 2 = 50 min,
3 = 70 min, 4 = 90 min and 5 = 110 min

C Recovery time (time spent before being able to perform
another training session): 1 = Can play after 2 h, 2 = Can
play after 2-3 h, 3 = Can play after 4-6 h, 4 = Can play after
6-8 h and 5 = Cannot play on the same day

C Sleep duration: 1 = 3-4 h, 2 = 4-5 h, 3 = 5-6 h, 4 = 6-7 h
and 5 = 7-9 h

An assessment for the anaerobic power was carried out
before and after enrolling in the program. Each of the
following was evaluated for each participant as follows:

C Muscle endurance and performance endurance: The
number of each of setups and pushups for one min and
the exercise of front turning kick for one min before and
after enrolling in the program were done for each
participant to determine the muscle endurance and
performance endurance, respectively which measured
the anaerobic system for energy production that yields
lactic acid

C Motor speed and explosive strength: The exercise of the
front turning kick for 15 sec and the exercise of standing
long jump before and after enrolling in the program were
done for each participant to determine the motor speed
and explosive strength, respectively which measured the
ATP-PC anaerobic energy system

Biochemical analysis: A blood sample was withdrawn from
each participant directly after workout at the beginning of the
study before the intake of the formula and at the end of the
study. The following biochemical parameters were done:

C Parameters for the catabolic status: Human lactate
dehydrogenase-5 (LDH5) was assessed by ELISA
technique according to manufacturer’s instructions with
a kit for human having the Cat. No. of 90312 and obtained
from Glory Science Co., LTD, USA26, using ELISA Reader
(ELISA Reader Model Start F, Awareness Technology, Inc.,
Palm City, FL, USA). Cortisol was determined by ELISA kit

according to manufacturer’s instructions with a product
code of 3625-300 and obtained from Monobind Inc.,
California 92630, USA27. Creatine phosphokinase (CK) was
determined colorimetrically by a kinetic method with a kit
of Cat. No. of 1001050 obtained from Spinreact28, S.A.U.,
Girona, Spain and the optical density was read on a
spectrophotometer (Shimadzu UV-2401 PC, Australia).
Nitric oxide (NO) was determined by colorimetric method
with a kit of Cat. No. of NO 2533 and obtained from
Biodiagnostic Co.29, Egypt

C Parameters for oxidative stress: Lipid peroxidation
product, malondialdehyde (MDA) was measured as lipid
peroxide product by the thiobarbituric acid assay (TBA)
according to the method of Draper and Hadley30. Total
antioxidant capacity (TAC) measured by colorimetric
method with a kit of Cat. No. of TA2513 and obtained
from Biodiagnostic Co.31, Egypt

C Screening for different body functions: Complete blood
count (CBC) in whole blood sample was measured by an
automated hematology analyzer (Sysmex, XT-1800i,
Hamburg, Germany) which uses fluorescence flow
cytometry (FFC) technology. The activity of both aspartate
amino transferase (AST) and alanine aminotransferase
(ALT) (representing the liver function) were determined
using  a  kit  obtained  from  Salucea  Co.32,  Netherlands,
with Cat. No. of NS 260001 and NS 264001, respectively.
Total protein, urea, creatinine (representing the kidney
function) were assessed by colorimetric method with kits
obtained from Chronolab systems S. L., Barcelona, Spain
with Cat. No. of 101-024033, 101-042534 and 101-028135 for
total protein, urea and creatinine, respectively

Statistical analysis: Data were statistically analyzed by the
computerized program SPSS software, version “20” for
Windows. “Paired-Sample T-Test” was used to compare
between mean values of the analyzed parameters before and
after intake of the dietary supplement. Data was represented
as Mean±SE. Values were considered significant at p<0.05,
otherwise were considered non-significant.

RESULTS AND DISCUSSION

Physical and medical characteristics and profile of mood
states: Data obtained from the clinical sheets showed that the
subjects included in this program after the intake of the
adaptogenic formula were enjoying relatively better health
state than before entering the program. This is evidenced
from the measured parameters shown in Table 2.
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Table 2: Physical and medical characteristics and profile of mood states of all subjects
Subjects (n = 15)
---------------------------------------------------------------------------------------------------------

Parameters Before After Change (%) p-value
Age (years) 20.29±0.81
Height (cm) 174.29±1.34
Weight (kg) 64.14±1.96 64.43±1.88 0.45 NS
BMI (kg mG2) 21.11±1.85 21.16±0.57 0.24 NS
Body fat (%) 7.85±1.00 7.78±0.77 -0.89 NS
LBM (kg) 58.31±1.49 58.58±1.51 0.46 NS
SBP (mm Hg) 110.00±0.03 110.00±0.02 0.00 NS
DBP(mm Hg) 80.00±0.02 80.00±0.03 0.00 NS
Resting heart rate (pulse) 75.00±0.04 76.00±0.04 0.02 NS
Mood 4.20±0.03 4.30±0.03 2.30 NS
Memory 4.10±0.02 4.20±0.03 4.20 NS
Focus during playing 3.90±0.03 4.20±0.03* 5.10 0.000
Enjoying training 3.90±0.03 4.60±0.02* 17.90 0.000
Recovery time 3.00±0.02 2.00±0.03* -33.30 0.000
Time before feeling fatigue 3.00±0.03 5.00±0.02* 66.70 0.000
Feeling sleepy 3.00±0.03 4.00±0.03* 33.30 0.000
Sleep quality 2.00±0.02 3.00±0.03* 50.00 0.000
Data are represented as Mean±SE. Values are significant at p<0.05, otherwise are not significant (NS). BMI: Body mass index, LBM: Lean body mass, SBP: Systolic blood
pressure, DBP: Diastolic blood pressure. Mood, memory, focus during playing, enjoying training, recovery time after training, time before feeling fatigue, feeling sleepy,
sleep quality were evaluated subjectively for each participant when interviewed individually on 5 points scale, where 1 = Least and 5 maximum. *Denotes significant

As shown in the table blood pressure (systolic and
diastolic) and resting heart rate (pulse), remained stable
showing that the adaptogenic formula did not exert any
hazard to the heart function or the blood flow. Regarding the
physical characteristics or anthropometric measurements
(weight, BMI, body fat% and LBM) of the subjects (Table 2), no
statistically significant difference exists between the values
measured before entering the program and at the end of
intervention. This shows that it exerted no effect on body
weight or body fat. Since a decline in cognitive and skill
performance has been observed previously after fatiguing
exercise36, it was important to evaluate the cognitive
performance and the mood states of the subjects before and
after enrolling in the program. It can be noticed that many of
the parameters reflecting the cognition and mood states of
the subjects such as mood, memory, focus during playing,
enjoyment of training, recovery time after training, time
before feeling fatigue, feeling sleepy and sleep quality showed
improvement (Table 2). Each of these characters was given a
score from 1-5 and were measured twice, once before
entering the program and the other at the end. The
improvement was significant in case of focusing during
playing with a percent change of +7.7%, enjoying training
(+17.9%), recovery time after training (-33.3%), time before
feeling fatigue (+66%) and sleep quality (+50%). This is again
a confirmation that the adaptogen contains ingredients or
compounds that help the body to keep fit and even may be
more fit than before entering the program (Table 2). Similar
results previously reported by other authors agree with these

findings. Ginseng products were reported to have a positive
effect on the mood, cognitive performance, well-being37, as
well as anti-fatigue effect38. Also, L-arginine supplementation
prior to a single bout of eccentric exercise in athletes was
reported to alleviate damage of muscle fibers and to preserve
its performance capacity of the exercise39. Moreover, whey
protein supplementation in young resistance trained men and
women was reported to improve exercise performance as they
enhance muscle protein synthesis20. Thus, it seems that the
combined  and  synergistic  effect  of  each  of  Panax  ginseng,
L-arginine and whey protein was able to combat fatigue and
enhance physical performance. This also proves the
importance of including more than one component in the
formula.

Exercise performance: Parameters that measures the change
in fitness and performance of the taekwondo athletes which
were carried out before and after enrolling in the program
(Table 3) revealed improvement in the performance and
muscle endurance. The anaerobic system for energy
production in which lactic acid is liberated was assessed by
two parameters; the muscle endurance and the performance
endurance each for one min. The improvement in muscle
endurance was measured by counting the number of each of
setups and pushups per one minute and that for the
performance endurance by the exercise of the front turning
kick for one min for each participant before and after enrolling
in the program. Results (Table 3) revealed a very highly
significant increase in the number of setups and pushups and
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Table 3: Exercises for assessment of anaerobic power for muscle and performance endurance, motor speed and explosive strength before and after having the
adaptogenic formula for all participants

Subjects (n = 15)
---------------------------------------------------------------------------------------------------------

Parameters Before After Change (%) p-value
Muscle endurance for 1 min
Setups for 1 min (No.) 55±0.94 68±0.73* 23.6 0.000
Pushups (No.) 45±1.96 57±1.95* 26.7 0.000
Motor speed for 15 sec
Right front turning kick (No.) 25±1.69 28±1.70* 12.0 0.000
Left front turning kick (No.) 24±1.15 27±0.96* 12.5 0.000
Right-left front turning kick (No.) 13±0.71 15±0.069 15.4 0.204
Explosive strength
Standing long jumping (cm) 190±1.65 225±1.68* 18.4 0.000
Performance endurance for 1 min
Right front turning kick (No.) 50±0.79 62±0.93* 24.0 0.000
Left front turning kick (No.) 49±0.55 60±1.40* 22.4 0.000
Right-left front turning kick (no.) 26±0.50 32±0.66* 23.1 0.000
Data are represented as Mean±SE. Values are significant at p<0.05, otherwise are not significant. No.: Number, *Denotes significant

for the front turning kick for one min revealed a highly
significant increase in the number of counts per one min
either for the right alone or left alone or right and left together
by a percent increase of 24, 22.4 and 23.1%, respectively. The
obtained results can be explained on the basis of lactic acid
formation due to intensive exercise and its removal after
adaptogen intake. Lactic acid is known to be liberated in serve
exercise during the anaerobic oxidation to cover body’s need
and demand from energy by the rapid pathway of energy
production which is the anaerobic system40. The more the
clearance of the lactic acid, the more the recovery from muscle
soreness and consequently the more the increase in the
number of setups, pushups and the front turning kick each per
one min. L-arginine supplementation was reported to facilitate
the removal of lactic acid produced during intensive exercise
and thus reduces fatigue and recovery time4,41. The other
anaerobic system for rapid production of energy within few
seconds is the ATP-PC system which liberates inorganic
phosphate as a by-product whose accumulation causes
fatigue42. Two parameters tested this system, the motor speed
for 15 sec and the explosive strength (Table 3). Motor speed
was measured by front turning kick for 15 sec and the results
revealed  a  significant  improvement  in  counts  per  15  sec,
either  right  alone  or  left  alone  or  right  and  left  together
with a percent increase of 12, 12.5 and 15.4%, respectively.
Results for the standing long jumping, which measured the
explosive strength, revealed an improvement evidenced by
increasing the jump by 18% after having the adaptogenic
formula  compared  to  the  baseline.  It  was  reported  that
there was an increase in anaerobic power by L-arginine
supplementation15,43.

Biochemical parameters: Biochemical parameters that reflect
the clearance of the accumulated by-products of the
anaerobic oxidation resulted from the intensive exercise, so as
to prevent muscle soreness and consequently enhance the
performance, such as serum lactate dehydrogenase-5 (LDH-5),
creatine kinase (CK), cortisol and nitric oxide (NO) were
determined (Fig. 1a-d). The LDH-5 is responsible for the
clearance of lactate which is the by-product of anaerobic lactic
oxidation while CK for clearance of inorganic phosphate which
is the by-product of the phosphogen system. Muscle cell
degradation releases these two enzymes into the circulation.
Their presence is indicative of muscular damage21.

Activity of Lactate dehydrogenase-5 (LDH-5): The value of
serum LDH-5 activity (Fig. 1a) amounted to 171.64±9.44  U LG1

for subjects before being enrolled in the program and
decreased to a value of 113.08±15.69 U LG1 when analyzed at
the end of the program with a percentage change of -33.91%.
This is an indication that the adaptogen given to the subjects
lowered the activity of the circulating LDH-5. It was previously
mentioned that lactate accumulation in muscle cells leads to
acidosis and muscular damage which in turn causes fatigue44.
Results obtained by Kim et al.12, who studied the effect of
acute red ginseng intake on male volunteers for recovery from
repeated anaerobic exercise, seemed to be in accordance with
our results. Panax ginseng, one of the ingredients used to
compose the adaptogen in the present study was reported
previously to combat fatigue and enhance physical
performance38. It was also reported to have a vasodilator
effect45, to enhance the blood circulation and to lower the
arterial stiffening46. In addition, the strong antioxidant activity
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Fig. 1(a-d): Parameters of catabolic status, (a) Lactate dehydrogenase isoenzyme-5 (LDH5) activity p<0.004, percentage change
is -33.91%, (b) Cortisol concentration, p<0.000, percentage change is -34.89%, (c) Creatine kinase activity (CK) p<0.000,
percentage change is -56.14% and (d) Nitric oxide concentration (NO) p<0.001, percentage change is 265.04%
Bars represent Mean±SE. Values are significant at p<0.05, otherwise are not significant. Significant values are denoted by*

of the ginsenosides13, the active components of red ginseng,
may act to prevent the oxidation of the cellular membrane of
the muscle cells and prevents the leakage of muscular LDH-5
into the circulation. Also, Gupta et al.47 suggested that
supplementation of L-arginine acts at a cellular level to
maintain the energy-dependent process of membrane
permeability and in turn prevent leakage of muscular LDH-5
enzyme into the circulation, consequently lowering its activity
in the circulation. Chen et al.48 reported that whey protein
supplementation decreased the level of LDH activity in the
circulation of trained mice.

Concentration of cortisol: Concentration of serum cortisol
was  significantly  decreased  when  subjects  were   enrolled
in   the  study  and  given  the  adaptogen  (Fig.  1b).  The
values  obtained  were  27.77±2.23  µg  dLG1  before  enrolling
in   the   program   which   is   considered   as   a   high   value
(the known normal range is up to 13.51 µg dLG1 in male). This
value became 18.08±1.47 µg dLG1 after entering the program
which is nearly normal. It is worth mentioning that Hill et al.22

reported an increase in circulating cortisol level as a response
to the physical exercise. Once released in the circulation,
cortisol is up-taken by different tissues such as skeletal
muscles, liver and adipose tissue where it mediates catabolic

physiological processes that helps to increase exercise
capacity. In skeletal muscles, it promotes proteins to be
broken down into amino acids while stimulating
gluconeogenesis in liver to provide additional energy49,50.
Ginseng was reported to treat patients having disorders
related to the hypersecretion of cortisol51.

Activity of creatine kinase (CK): A remarkable finding is that
the plasma creatine kinase (CK), the enzyme that catalyzes the
creatine conversion into phosphocreatine (PC) utilizing
adenosine triphosphate (ATP)52, significantly dropped from
387.41±31.04 U LG1 at baseline to 169.91±11.60 U LG1  after
4 weeks of enrolling in the program (Fig. 1c). The CK levels
were reported to be elevated following heavy exercise and it
may be increased up to 30 folds the normal range within 24 h
of   extensive   physical   activity   and   declines   slowly   within
7 days53. This enzyme usually exists in the muscle tissue and its
occurrence in serum indicates muscle damage or increased
cell permeability due to intensive exercise. Jung et al.54

reported similar results of increasing the circulating CK due to
severe exercise that induce muscle damage after uphill
treadmill   running    in    humans    and    supplementation    of
Panax ginseng resulted in lowering creatine kinase activity.
Reduction of the activity of CK in the circulation as occurred in
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the present study is indicative of the ability of the formula to
minimize liberation of this enzyme in the circulation. A similar
finding was reported by Gupta et al.47, who  mentioned  that
L-arginine counteracted the increased cell membrane
permeability and cellular membrane damage on exposure to
stressful conditions as it stabilizes the cell membrane due to
its antioxidant potency thus prevent the leakage of the
enzyme creatine kinase into the circulation, hence decreased
its activity.

Concentration of nitric oxide (NO): Another finding is that the
level of plasma NO of subjects enrolled in the present study
increased significantly, the value obtained after giving the
adaptogen was more than 3 times the value before with a
percent change of 265.04% (Fig. 1d). Similar results were
reported before by Lomonosova et al.39, who mentioned that
supplementation of L-arginine which is a precursor of nitric
oxide prior to single bout of eccentric exercise in rats led to
alleviation of muscle fiber damage through increasing NO
content of muscle fibers. Civan et al.55 reported similar results
of increased NO by ginseng supplementation in women
athletes. This was explained depending on vascular effect of
ginseng which is mediated by pronounced increase in the
expression of endothelial nitric oxide synthase (eNOS) and
thus a rise in the production of nitric oxide45 which increases
blood flow and oxygen to the skeletal muscle56 and thus helps
for clearance of the accumulated by-products resulted from
extensive exercise.

Concentration of malondialdehyde and total antioxidant
capacity: Regarding the state of oxidation and generation of
free radicals in the body, there was a decreased generation of
free radicals as indicated by a slight non-significant decrease
in serum malondialdehyde level which is a measure of the
oxidation product in the body after enrolling in the program
(Fig. 2a, b). Also, the value of plasma total antioxidant capacity
(TAC) recorded a slightly non-significant increase after the end
of the program. Such pattern shows that the body during the
exercise was not subjected to drastic oxidation and formation
of free radicals because the antioxidants present in the
constituents of the formula particularly those of ginseng could
exert their action and protect against the oxidative stress.
Panax ginseng  extracts have been reported to up regulate the
antioxidant defense system of the body as well as attenuating
the oxidative stress in rats57. Also, ginsenosides, the main
bioactive components  of  ginseng were reported  to  have  a
potent free radical scavenging activity58,46. Kim et al.59 studied
the effect of supplementation with Panax ginseng  extract on
healthy male subjects that performed exhaustive exercise and
they reported a decrease in the level of plasma  MDA  and  an

Fig. 2(a-b): Parameters  of  antioxidant  status:  (a)  Lipid
peroxidation    product    concentration;
malondialdehyde  (MDA)  p<0.678,  percentage
change is -6.02% and (b) total antioxidant capacity
(TAC) p<0.07, percentage change is 8.67%
Bars represent Mean±SE. Values are significant at p<0.05,
otherwise are not significant

increase in the activity of both superoxide dismutase and
catalase and they attributed their obtained results to the
antioxidant effect of ginseng extract. Also, whey protein was
reported to decrease MDA and increase TAC when given to
rats with liver toxicity due to its antioxidant activity as it
increased cellular reduced glutathione (GSH) level since it
contains cysteine which is the building block for glutathione
(GSH) synthesis60,61. In addition, Gupta et al.47 reported a
decrease in MDA and an increase in the activity of antioxidant
enzymes by L-arginine supplementation in rats subjected to
generalized and comprehensive stress.

Liver function, kidney function and complete blood count
(CBC):   Regarding   the   general   safety   of   the   formula,
Table 4 and 5 show the values of the parameters reflecting the
state of the liver such as AST, ALT and total protein and the
kidney function represented by the values of urea and
creatinine and complete blood count (CBC). As shown, there
were no statistically significant differences between the values
obtained for these parameters before and after admission in
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Table 4: Liver function and kidney function of the studied subjects
Subjects (n = 15)
--------------------------------------------------------------------------------------------------------

Parameters Before After Change (%) p-value
AST (U LG1) 10.50±0.70 8.33±0.52* -20.67 0.050
ALT (U LG1) 10.99±0.28 10.59±0.66 -3.64 0.590
Total protein (g dLG1) 7.05±0.35 7.38±0.39 4.68 0.070
Urea (mg dLG1) 37.27±1.87 34.57±1.72 -7.24 0.189
Creatinine (mg dLG1) 1.23±0.06 1.10±0.04 -10.57 0.860
Data are represented as Mean±SE. Values are significant at p<0.05, otherwise are not significant, *Denotes significant

Table 5: Complete blood count (CBC) of the studied subjects
Subjects (n=15)
--------------------------------------------------------------------------------------------------------

Parameters Before After Change (%) p-value
Hb (g dLG1) 15.37±0.45 15.29±0.39 -0.52 0.622
RBCs (106 µLG1) 5.18±0.15 5.23±0.14 0.97 0.466
WBCs (103 µLG1) 6.66±0.60 6.63±0.40 -0.03 0.939
HCT (%) 42.39±0.13 44.01±0.91* 3.82 0.005
MCV (fL) 82.04±1.56 84.29±1.47* 2.74 0.000
PLT (103 µLG1) 240.86±0.35 322.88±16.89* 34.05 0.000
Data  are  represented  as  Mean±SE.  Values  are  significant  at  p<0.05,  otherwise  are  not  significant.  Hb:  Hemoglobin  concentration,  RBCs:  Red  blood  corpuscles,
WBCs: White blood cells, HCT: Hematocrit value, MCV: Mean corpuscular volume, PLT: Platelet count, *Denotes significant

the program for 4 weeks except for a slight but significant
drop in the activity of plasma AST. This decline may be
regarded as a good sign for improving the performance and
recovery from fatigue, since AST was previously described as
one  of  the  muscle  enzymes53  and  was  reported  before  to
be   one   of   the   biochemical   parameters   reflecting   the
post-workout fatigue62. Another biochemical parameter that
evaluates the safety of the prepared formula is the complete
blood count (Table 5). Also, there was no change of clinical
significance in any of the analyzed parameters for CBC, except
for a significant increase in the platelet count. This increase
may be due to the potentiating effect of ginseng on bone
marrow, particularly on the platelets which was mentioned
previously by Raghavendran et al.63, who reported that Korean
red ginseng enhances myelopoiesis as it promotes platelet
count after myelosuppression induced by 5-fluorouracil in
mice. In fact, most of the ingredients of the formula were
reported to be safe in many previous studies. Lee and Rhee.51

mentioned that ginseng supplements are safe, whey protein
was reported to be safe for most adults when being used
appropriately64 and L-arginine was also reported to be safe
and well tolerated up to 20 g/day in studies with healthy
subjects65,15.

CONCLUSION

Based on the obtained results, it can be concluded that
the constituents of the composed adaptogenic formula act in
a synergistic way and reinforce each other without any health
hazards so that it can be used with no restriction and for
longer time. Using this formula by athletes of anaerobic

exercises leads to getting rid of anaerobic by-products that
helps to combat muscular fatigue, enhance recovery time thus
improve athletic performance and anaerobic endurance.

SIGNIFICANCE STATEMENT

This study discovered that providing athletes of anaerobic
exercises with the newly composed adaptogenic formula
promoted their anaerobic power as it succeeded to combat
fatigue and reduce the recovery time by removing the
undesirable by-products of the anaerobic exercises. Thus, it
was able to enhance the physical performance and improve
the anaerobic endurance. This will help athletes to have the
chance for participating in much more international
competitions and for playing with their most optimum
performance so as to achieve their ultimate aim of having new
high records in their sports. Also, this study will help and
enable the researchers for better understanding of the
biochemical changes accompanying the high-intensity
exercises and how we can restore these changes to overcome
fatigue and perform better.
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