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Summary 

Study aim: Growth hormone, cortisol, and lactate play an effective role in regulating and stimulating the muscle building proc- 

ess. The current study aimed to investigate the impact of Panax ginseng supplementation on growth hormone, cortisol, and 

lactate response to intense resistance exercise in young female non-athletes. 

Materials and methods: Ten non-athlete girls participated in this double-blind counter-balanced crossover study. They were 

assigned to two groups: the ginseng group and the placebo group. In two 4-week periods, they received the supplement and the 

placebo. In the first four weeks, 5 participants received ginseng (100 mg daily) and 5 others received placebo (maltodextrin). 

At the end of the 4 weeks, blood samples (5 ml) were taken to measure blood levels of the factors. Afterwards, the resistance 

exercise protocol was implemented, and immediately after that blood samples were taken. In the second four-week period, the 

five participants who had taken ginseng received placebo, and the five subjects who had received placebo took ginseng. The 

same tests were administered again. 

Results: The results showed that except for cortisol in the ginseng group, there were significant pre – to post-exercise changes 

for all 3 indicators in both groups. No significant difference was observed in pre – to post-exercise changes in the levels of GH 

(p = 0.71), cortisol (p = 0.34), or lactate (p = 0.90) between groups. 

Conclusions: 100 mg ginseng consumption daily for 4 weeks does not have an impact on the response of GH, cortisol, or lac- 

tate to high-intensity resistance exercise in young female non-athletes. 
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Introduction and salicylates, which have antioxidant properties and 

   anti-fatigue effects [19]. The main effects of ginseng are 

increased physical endurance, improved function of the 

Physical fitness, in particular, the maintenance and de- 

velopment of muscle mass, needs to take advantage of all 

the sciences, including nutrition and dietary supplements. 

Therefore, non-athletes are also looking for factors that 

can even slightly increase their muscle mass. Nowadays, 

there is a growing tendency to use medical herbs in or- 

der to improve body composition and to increase muscle 

mass, and to improve athletic performance as well [21]. 

Ginseng is one of the most popular herbal supplemen- 

tations, and is widely used to enhance physical capacities 

of both athletes and non-athletes [3]. Ginseng has a high 

drug property due to the presence of some compounds 

such as ginsenosides [8]. The pharmacologic effects of 

ginseng are numerous and multifaceted, and are not only 

related to the ginsenosides, but are also associated with 

other compounds such as peptidoglycan, vanillic acid 

immune system [5], an adaptogenic effect for increasing 

muscular mass and strength, elevated resistance against 

stress and enhanced physical performance [6]. 

Alterations in the rating of hormonal secretion induced 

by strength exercise are the main cause of post-exercise 

protein synthesis and positive adaptation in the structure 

of skeletal muscle [17]. Growth and cortisol hormones are 

related to the hypertrophy, and lactate is also considered  

a factor stimulating anabolic hormones, especially growth 

hormone (GH). GH is an anabolic hormone secreted from 

adenohypophysis in response to various stimuli includ- 

ing emotional stresses, fasting, sleep, certain amino acids, 

some drugs and exercise [31]. Anabolic effects of GH oc- 

cur in almost all tissues [4]. Many previous studies indi- 

cated that severe resistance exercise stimulates human GH 

secretion [9, 25]. 
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Conversely, cortisol is known as a catabolic hormone Materials and methods 
and is released from the adrenal gland and some other tis-    

sues such as adipose, liver and muscle, playing a role in 

breakdown of proteins, triglyceride and fatty acids [18]. 

The secretion of cortisol is performed by stimulating 

adrenocorticotropic hormone (ACTH), and it is regulated 

by the mechanism of hypothalamus-pituitary feedback.   

It is demonstrated that intense exercise causes elevated 

plasma cortisol in males and the response depends on the 

magnitude of exercise stress [10, 23, 25]. 

Lactate is one of the final products of anaerobic me- 

tabolism which is formed from glucose in the absence of 

oxygen. Accumulated lactate disturbs muscular contrac- 

tion and results in fatigue [33]. Some studies reported de- 

creased lactate production as the result of ginseng intake 

[21, 26, 27] and some others [29] showed no change. 

Erhrnborg et al. [12] and Hansen et al. [20] reported   

a strong relationship between the level of blood lactate 

and GH secretion. Engels and Wirth [13] indicated that 8-

week ginseng consumption resulted in no significant 

improvement in the performance of healthy men within 

submaximal and maximal exercise. Similarly, another 

investigation on the use of 3 g ginseng supplement for     

8 weeks found no significant effect  on  lactate  thresh- 

old and performance among young men [29]. Kang et    

al. [22] reported that taking 15 g of ginseng root extract 

after intense resistance  exercise  in  men  did  not  cause 

a significant change in the response of GH, testosterone, 

cortisol or IGF-1. 

In contrast, Hsu et al. [21] revealed a significant 

decrease  in  plasma  creatine  kinase  and  lactate  af-  

ter 4 weeks of ginseng use (400 mg per day) in men. 

However, aerobic work capacity remained unchanged. 

Likewise, 2-week use of ginseng (4 capsules of 250 mg 

per day) in conjunction with resistance training result- 

ed in significant enhancement in bench press and squat 

strength [1]. McNaughton et al. [27] also reported an in- 

crease in the strength of pectoralis and quadriceps mus- 

cles alongside improved post-exercise recovery induced 

by ginseng use. 

Taking account of the literature, it seems that most of 

the studies have investigated the effect of ginseng supple- 

mentation on aerobic performance or muscular strength, 

and it is not very clear how ginseng affects strength. Nev- 

ertheless, the use of ginseng not only accelerates recovery 

from fatigue or injuries, but also may affect up-regulation 

of the hormonal response to anaerobic exercise. This ef- 

fectiveness would partly be attributed to possible altera- 

tions in anabolic and catabolic hormones, and lactate as   

a factor stimulating anabolic hormones, especially GH. 

Thus, the present research was conducted to determine the 

effect of 4-week ginseng supplementation on the GH, cor- 

tisol and lactate changes after intense resistance exercise 

in non-athlete girls. 

Participants 

The present double-blind semi-experimental study was 

conducted in the form of placebo-controlled crossover de- 

sign. Among young female non-athlete students (Guilan 

University) aged 20 to 24, 10 subjects were selected. In- 

clusion criteria were as follows: lack of cardio-respiratory 

diseases; no use of tobacco, drugs or supplements; regular 

menstrual cycle; free of any restriction on doing exercise; 

and lack of musculoskeletal injury. Demographic charac- 

teristics of the subjects are presented in Table 1. A pre- 

liminary session was held with the aim of familiarization 

with the process including study aim, various stages of the 

research, how to perform exercises, the manner of supple- 

ment usage, and being aware of possible injuries caused 

by exercises. 

 
Study protocol 

Subjects were randomly assigned to two groups of five 

members, and they used ginseng and placebo during two 

4-week periods. Ginseng supplement (G115 Panax gin- 

seng C.A. Meyer, Ginsana SA Company, Switzerland) and 

maltodextrin were provided in 100 mg capsules for ex- 

perimental and placebo groups, respectively. Two groups 

used provided capsules for 4 weeks. That is, in the first   

4 weeks, half of the participants consumed ginseng and the 

others used placebo, and vice versa for the next 4 weeks. 

At the end of each 4-week period, a high-intensity resist- 

ance exercise protocol along with blood sampling (imme- 

diately after exercise) was accomplished. It is noteworthy 

that subjects were instructed to follow their regular diet 

and physical activity within two 4-week periods. Subjects 

were also asked to avoid consuming alcohol and caffeine, 

and were invited to take part in the testing procedure after 

 
Table 1. Demographic characteristics of the subjects 

 

Variables M ± SD 

Age [yr] 23.4 ± 0.69 

Height [cm] 163 ± 1.76 

Weight [kg] 57.61 ± 6.9 

BMI [kg · m–2] 21.76 ± 2.81 

1RM [kg]  

Leg press 112.8 ± 24.18 

Lat pull-down 28.65 ± 3.7 

Leg curl 22.35 ± 5.7 

Bench press 22.35 ± 7.15 

Leg extension 17.7 ± 3.15 

Barbell overhead press 16.25 ± 3.7 
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36 h resting and 12 h fasting. The procedures were ap- 

proved by the Institutional Ethics Review Committee of 

the University of Guilan. 

 
1RM assessment 

One-repetition maximum (1RM) strength of the sub- 

jects for 6 exercises – leg press, lat pull-down, leg curl, 

bench press, leg extension, and barbell overhead press – 

was determined using the Brzycki equation [7]. That is, 

after 15 minutes of warm-up, each of 6 exercises was 

performed with a load almost equal to the maximum for  

8 repetitions. The numbers of repetitions plus the magni- 

tude of the load then were used to estimate 1RM. 

 
1RM = 100 × load rep/(102.78 – 2.78 × rep) 

 
Resistance exercise protocol 

Prior to the exercise session, 10 minutes were devoted 

transferred to the laboratory immediately after collection, 

were encoded, centrifuged and kept at –70°C. Eventually, 

blood samples were assessed in order to determine lactate 

levels (Enzymatic calorimetry, Lactate Mono Liquid kit, 

BIOREX UK, with the sensitivity of 2 mg/dl), cortisol 

(Enzyme immunoassays (EIA), GmbH kit, made in Ger- 

many, with a coefficient of variation of less than 9%) and 

GH (ELISA, Monobind, made in USA). 

 
Statistical analyses 

After testing normality of data using the Kolmogorov- 

Smirnov test, the paired t-test and independent t-test were 

used to determine intragroup changes and intergroup dif- 

ferences in the percentage of changes, respectively. All 

the statistical analyses were performed using SPSS 22 and 

Excel 2010. The significance level was set at P < 0.05. 

 
Results 

to warm-up consisting of jogging, stretching and dynamic    

movements. Afterwards, 6 resistance exercises with 80% 

of 1RM were performed in 25 minutes. Three sets of 8 to 

10 repetitions were considered for exercises with 1- and 

2-minute rest intervals between sets and exercises, respec- 

tively. At the end of an exercise session, 10 minutes were 

also spent doing cool-down including static stretching. 

 
Blood sampling 

Prior to the blood sampling (7:00 am), a stress question- 

naire was filled out by subjects with the aim of controlling 

the stress of participants. Approximately 5 ml blood as the 

pre-test was collected from the brachial vein before the 

exercise protocol. Immediately after the exercise session, 

a secondary blood sampling was done as the post-test.    

In order to minimize the effects of circadian rhythm and 

the menstrual cycle, the blood samples were taken at the 

same time of day and in the luteal phase. Blood samples 

The findings of the present study showed that after     

4 weeks of ginseng supplementation, both groups showed 

a significant increase (P = 0.03) in GH subsequent to high- 

intensity resistance exercise. There was no significant dif- 

ference (P = 0.71) between groups in GH (Fig. 1). 

Both groups demonstrated an elevated post-exercise 

cortisol level, but this increase was significant (P = 0.001) 

only for the placebo group, and the ginseng group showed 

a non-significant (P = 0.61) increase. Further, the differ- 

ence between the two groups in terms of the percentage of 

changes in cortisol was not significant (P = 0.34) (Fig. 2). 

Similar to the results of GH, lactate had a significant 

(P = 0.001) post-exercise increase in both groups. Moreo- 

ver, a non-significant difference (P = 0.90) pertaining to 

the percentage of pre- to post-exercise changes in lactate 

was found between the two groups (Fig. 3). 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Fig. 1. Pre- to post-exercise changes in GH levels for ginseng and placebo groups. * Significantly different in comparison with 

pre-test. 
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Figure 2. Pre- to post-exercise changes in cortisol levels for ginseng and placebo groups. * Significantly different in comparison 

with pre-test 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 

 
Fig. 3. Pre- to post-exercise changes in lactate levels for ginseng and placebo groups. * Significantly different in comparison 

with pre-test 

 

 
Discussion 

 

response to high-intensity resistance exercise among 

   young female non-athletes. 

The results showed that 4 weeks of ginseng supple- 

High-intensity resistance exercise causes further pro- 

tein synthesis and increased muscular strength. In addi- 

tion to being influenced by the volume and intensity of 

exercise, this increase in strength is also affected by the 

hormonal environment of the active muscles. Growth  

and cortisol hormones and blood lactate are factors con- 

tributing to anabolic responses to resistance exercise. 

According to the literature, ginseng supplementation 

results in improved bioenergy production  and  muscu-  

lar strength [2, 32], suggesting an effect on protein me- 

tabolism through stimulated anabolic pathways. Hence, 

this research sought to elucidate the effect of 4 weeks     

of ginseng supplementation on GH, cortisol and lactate 

mentation, 100 mg per day, has no significant effect on 

GH, cortisol and lactate response to high-intensity resist- 

ance exercise. The findings are consistent with the results 

of Kang et al. [22], Morris et al. [28] and Kulaputana et 

al. [29], and ginseng ingestion did not exert an ergogenic 

effect. Kang et al. [22] reported no significant alteration 

of GH, testosterone, cortisol or IGF-1 response to acute 

use of 15 g of ginseng root extract after intense resistance 

exercise among men. 

The finding of the present research pertaining to GH 

was similar to preceding studies. Some potential media- 

tors for non-significant changes would be the low dosage 

of ginseng, short period of supplementation, and the lack 
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of repeated sampling several times after exercise. Godfrey 

et al. [16] indicated that the secretion of GH is greatly in- 

creased after resistance exercise, which can partly be at- 

tributed to the accumulation of lactate. In the same study, 

the increase in lactate was not significant, and this can ex- 

plain the non-significant elevation of GH. 

In the present research, cortisol showed a significant 

increase in the placebo group, while in the ginseng group 

the increase in cortisol was non-significant. However, no 

significant difference was found between the two groups. 

The mechanism involved in the secretion of cortisol can 

be mediated by corticotropin-releasing hormone (CRH),  

a peptide hormone stimulating both the synthesis and the 

secretion of adrenocorticotropic hormone (ACTH) from 

adenohypophysis, resulting in the secretion of cortisol 

from adrenal glands [11]. 

26, 27] and are consistent with some others [29] demon- 

strating a lack of change in lactate as a result of ginseng 

ingestion. 

Wong et al. [35] reported that acute supplementation 

of 200 mg of Panax ginseng reduces plasma lactate con- 

centration. In contrast, Morris et al. [28] and Ping et al. 

[30] revealed no ergogenic property of ginseng in reduc- 

ing post-exercise lactate concentration. The findings of the 

present research confirm the results reported in two previ- 

ous studies, suggesting no adaptogenic effect of ginseng 

in terms of adjusting post-exercise lactate concentration. 

However, it is noteworthy that previous studies mainly in- 

vestigated whether or not these effects are observed after 

endurance exercises. 

 
Conclusion 

Ginseng  also  affects  CNS,  and  ginsenosides mainly    

exert their impact through the hypothalamic–pituitary– 

adrenal axis (HPA axis) [34]. Although ginseng ingestion 

showed such an anti-stress effect and partly adjusted the 

post-exercise increment of cortisol, there was no signifi- 

cant difference between the two groups in terms of pre – to 

post-exercise alterations in the cortisol levels. 

Kraemer et al. [24] reported an elevation in creatine 

kinase (CK), which is a sign of muscle injury, after resist- 

ance exercise. Given that the anti-inflammatory effect of 

cortisol is well known, its secretion can rise in response to 

muscle injury induced by resistance exercise. In this con- 

text, in a study 13 male students were divided into two 

groups of ginseng and placebo, and trained with 80% of 

VO2max  for 4 weeks.  Eventually, CK and lactate  dropped 

in the ginseng group compared to the placebo group [21]. 

In the same research, ginseng reduced CK, suggesting di- 

minished muscle injury. Gaffney et al. [15] also conducted 

a 6-week study into the impacts of ginseng on exercise- 

generated stress and some hormonal responses among 

male athletes. The findings showed no influence on corti- 

sol and testosterone. 

In another study, Gaffney et al. [14] investigated the 

contradictory effects of ginseng, which sometimes sup- 

presses and even sometimes stimulates physiological 

Collectively, based on the findings of the present study, 

it can be concluded that 4-week supplementation of 100 

mg ginseng has no effect on hormonal responses follow- 

ing high-intensity resistance exercise. However, these re- 

sults can be explained by the small numbers of measure- 

ments (just pre-exercise and immediately after exercise) 

and limited subjects. Furthermore, the type and the dos- 

age of ingested ginseng, plus non-athlete participants, may 

also contribute to these findings. 

The same study is suggested to be conducted on ath- 

letes and non-athletes with the purpose of comparison of 

the adaptogenic effects of ginseng among them. Moreo- 

ver, in this research only single session resistance exercise 

was considered. Thus, investigating long-term hormonal 

adaptations of resistance training alongside ginseng sup- 

plementation with the same dosage as used in the present 

research appears to be valuable in order to elucidate fur- 

ther data more precisely. 
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also be due to the increased stress hormone receptors. 

Based on another finding of the present research, pre – 

to post-exercise lactate changes were significant for both 

groups. This increment was greater for the placebo group, 

indicating a minimal capacity of ginseng for adjusting lac- 

tate concentration. However, no significant difference was 

observed between groups. These results are in contrast to 

some previous findings suggesting decreased lactate [21, 
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QUESTIONNAIRE 
D3 (20) 

The effects of Panax ginseng supplementation on growth hormone, cortisol and lactate response to high-
intensity resistance exercise 

INSTRUCTIONS 

• Read through the article and answer the multiple-choice questions provided below. 

• Some questions may have more than one correct answer; in which case you must mark all the correct answers. 

Question 1: What are the primary effects of ginseng? 
 

A: Elevated resistance against stress  
B: Increased muscle mass due to the adaptogenic 

effect  
C: Enhanced physical performance  
D: Increased physical endurance  
E: None of the above 

 
Question 2: Which of the following is the result of changes 
in the levels of hormonal secretion induced by strength 
exercise? 
 

A: A weaker immune system 
B: Post-exercise protein synthesis  
C: Lowered levels of growth hormone production 
D: Positive adaptation in the structure of skeletal 

muscle  
 
Question 3: Which of the following statements regarding the 
growth hormone is CORRECT?  
 

A: It is secreted from adenohypophysis in response to 
stimuli   

B: Its anabolic effects occur in almost all tissues  
C: Severe resistance exercise does not stimulate it 
D: It is related to muscular hypertrophy  

 
Question 4: While explaining the process of cortisol 
secretion, you mention which the following:  
 

A: It is released from the adrenal gland, adipose, liver 
and muscle  

B: It plays a role in the building of proteins 
C: It is secreted by stimulating the 

adrenocorticotropic hormone (ACTH)  
D: It is regulated by the mechanism of hypothalamus-

pituitary feedback  
 
Question 5: Is it TRUE that accumulated lactate disturbs 
muscular contraction and results in fatigue? 
 

A: YES  
B: NO 

 
Question 6: Which of the following statements are 
INCORRECT? 
 

A: Using ginseng supplementation might affect the up-
regulation of the hormonal response to anaerobic 
exercise 

B: Ginseng accelerates recovery from fatigue or injuries 
C: The effectiveness of ginseng is partly attributed to 

possible changes in anabolic and catabolic hormones 
D: None of the above  

 

Question 7: Which criteria were used for the inclusion of 
participants? 
 

A: Regular menstrual cycle  
B: Athletic 
C: No use of supplements or drugs  
D: Lack of musculoskeletal injury  

 
Question 8: Study protocol instructed the participants to 
………………………………? 
 

A: Avoid consuming alcohol  
B: Follow their regular diet and regular physical activity  
C: Follow their regular diet but abstain from physical 

activity  
D: Take part in a testing procedure after 36 h resting and 

12 h fasting  
 
Question 9: Which findings were determined following the 
four weeks of ginseng supplementation? 
 

A: Both groups showed a significant increase in GH 
after high-intensity resistance exercise  

B: Both groups demonstrated a decreased post-
exercise cortisol level 

C: There was no significant difference between 
groups in GH  

D: The difference between the two groups regarding 
the percentage of changes in cortisol was not 
significant  

 
Question 10: Is it TRUE that elevated GH secretion after 
resistance exercise can be partly attributed to the 
accumulation of lactate? 
 

A: YES  
B: NO 

 
Question 11: Literature suggests that ginseng 
supplementation …………………………………? 

A: Results in improved bioenergy production, but not 
muscular strength 

B: Results in improved muscular strength and 
bioenergy production  

C: Affects protein metabolism through stimulated 
anabolic pathways  

D: The dosage should be increased per the intensity 
of the exercise 

 
Question 12: Is it TRUE or FALSE that four weeks of ginseng 
supplementation had a significant effect on GH, cortisol and 
lactate response to high-intensity resistance exercise? 
 

A: TRUE 
B: FALSE  

 



Question 13: Which of the following statements about 
creatine kinase is CORRECT? 
 

A: Elevated levels are a sign of muscle injury  
B: Decreased levels are seen after resistance exercise 
C: It has an anti-inflammatory effect 
D: All of the above 

 
Question 14: What are some of the contradictory effects of 
ginseng? 
 

A: It can suppress or stimulate physiological stress  
B: It can inhibit 11-beta hydroxysteroid 

dehydrogenase one  
C: Enhanced energy can be caused by increased 

stress hormone receptors  
D: None of the above 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Question 15: Which reasons were given for the lack of effect 
of ginseng supplements on hormonal responses?  
 

A: Measurements were taken before and directly 
after exercise  

B: Limited number of subjects  
C: The type and the dosage of ginseng ingested  
D: The use of athletic participants  
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