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Abstract: To examine the efficacy of wild ginseng extract (WGE) on psychomotor and neuromuscular
performance recovery following acute eccentric exercise. This study was a double-blind, crossover,
and placebo-controlled design with a 14-day washout period. Ten male adults, aged 27.1 ± 4.33
years old, voluntarily participated in the study. Subjects were assigned to one of two parallel
conditions (WGE or placebo) in a counterbalanced manner. Subjects consumed two packs of WGE
(350 mg/package) or placebo drink immediately after acute eccentric exercise and the following four
days. The eccentric exercise consisted of 20 min of downhill running at 60% of VO2peak and five sets (of
20) of drop jump exercise. Computer-based cognitive function test and neuromuscular performance
tests, including straight leg raise, vertical jump, isometric leg strength, and anaerobic power test
were administered four times, at baseline, 2 h, 48 h, and 96 h after acute exercise. The interleukin-6
(IL-6), myoglobin, cortisol, total antioxidant capacity (TAC), and perceived muscle soreness were also
assessed at each time point. A significance level was set at 0.05. No significant differences between
the WGE and the placebo groups were observed in psychomotor and neuromuscular performance
variables. Blood markers, including IL-6 (p = 0.013), myoglobin (p < 0.001), and cortisol level
(p = 0.047) were changed significantly across the time. A post-hoc test revealed that a significant
increase in IL-6 was observed only in the placebo group (p = 0.014), while no significant changes
found in the WGE condition. The perceived muscle soreness was not different between the WGE
and the placebo conditions. The administration of WGE immediately after acute eccentric exercise
and the following four days have no benefits on psychomotor and neuromuscular performance
recovery in healthy adults. However, the acute WGE supplementation may attenuate the eccentric
exercise-induced inflammatory process, such as IL-6, but future study with a large sample size is
required to clarify the anti-inflammation process in response to acute eccentric exercise.
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1. Introduction

Ginseng is a popular selling product among herbal medicines and it has a long history concerning
its efficacy on adaptogenic properties, such as stress management and fatigue recovery among Asian
countries [1,2]. Various ginsengs, such as Cultivated Ginseng, Mountain Cultivated Ginseng, and
Wild Ginseng have been introduced based on the grown environment and harvest methods [3]. Wild
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ginseng is grown in nature for an extended period to propagate in the mountain, while other ginsengs
cultivate within 5–6 years in a farmland or mountain [3]. Chemical components of ginseng are also
varied, depending on cultivation methods and curing processes [4]. One of the active ingredients,
known as ginsenosides, plays an essential role in anti-inflammatory agents [5], and supplementation
of these ingredients has been used to address the risk factors of cardiovascular diseases (CVDs) [6].
Over 40 different kinds of ginsenosides, such as Rb1, Rb2, Rc, Rd, Re, Rf, Rg1, Rg2, Rg3, Rh1, Rh2
have been identified to date, and the ginsenosides are determined by their positions on thin-layer
chromatograms [5]. It has been reported that ginseng extract improves brain function, neuromuscular
strength, and endurance [7–10]. Additionally, a decrease in anxiety and depression [11], as well
as an increase in cognitive function [12] have been observed following ginseng supplementation.
For these reasons, ginseng has been administrated not only for natural herb medicines but also for
health supplements [13,14]. Recently, it is believed that ginseng may act as an ergogenic aid or
recovery facilitator [15]. However, the ergogenic effects on physical performance is still unclear due to
inconsistent results from the previous studies [2,16].

Participating in regular exercise and physical activity improves physical performance and immune
function [17,18]. However, acute strenuous exercise or intense eccentric exercise can cause the
disturbance of intracellular pro-oxidant-antioxidant homeostasis that leads to an increase in the
accumulation of inflammation [19]. For instance, Banerjee et al. reported that an acute bout of exercise
and/or prolonged intense exercise may cause a transient reduction and damage of various body tissues
due to the augment exercise-induced oxidative stress [20]. In other words, performing one-off intense
exercise can cause physiological imbalances, and this imbalanced physiological function is linked to
immune dysfunction, lipid peroxidation, and free radical production. One of the common symptoms
following intense or eccentric exercise is muscle soreness. Particularly, repetitive eccentric contraction
exercise causes severe muscular pain 2–3 days later, which is known as Delayed Onset Muscle Soreness
(DOMS) [21]. This acute muscle soreness is initially identified at the muscle/tendon junction, and
then is gradually widespread to the entire muscle group [21]. An increase in muscle damage and
soreness following intense or eccentric exercise affects performance recovery [22] as well as cognitive
function [23].

Nutritional supplementation, such as ginseng, may be one feasible nutritional option to attenuate
exercise-induced inflammation, as well as to facilitate performance recovery. Previous studies have
reported that ginseng supplementation improves endurance performance [24–26], but fewer studies
have been examined in other performance areas, such as neuromuscular performance. Pumpa et al.
reported that ginseng supplementation following downhill running exercise was not associated with
jump performance recovery in well-trained males [27]. Recently, a meta-analysis study demonstrated
that there was a significant effect on fatigue recovery following ginseng supplementation, but the
author pointed out that insufficient literature may not guarantee its efficacy on fatigue recovery [2]. We
believe that well-designed studies are necessary to clarify the efficacy of ginseng supplementation on
performance recovery, especially neuromuscular performance in healthy adults. Therefore, the purpose
of this study was to examine the effects of wild ginseng extract on psychomotor and neuromuscular
performance recovery following acute eccentric exercise.

2. Materials and Methods

2.1. Subjects

Subjects were randomly recruited by flyer and oral presentation in the university. Inclusion criteria
of subjects were a) male adults aged from 18 to 40 years old, b) have no health problems, including
skeletomuscular injuries, cardiovascular or pulmonary diseases, and c) have no experience using any
ginseng supplementations. Subjects who were a) not able to participate in the physical activity or
b) take any herbal-related medications were excluded from the study. Initially, 12 subjects agreed to
participate the study, but only 10 subjects completed all procedures. Two participants voluntarily
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dropped out of the study for personal reasons (i.e., lack of interest, personal reason). All subjects
received oral explanations, including the study procedure, possible risk, and benefits. Participants
completed a physical activity readiness questionnaire (PAR-Q) and a written risk stratification screening
form. When participants reported no issues with exercise, resting heart rate and blood pressure were
taken, according to the American College of Sports Medicine (ACSM) guidelines. A written consent
form approved by the Institutional Review Board of Texas A&M University, San Antonio, (#2015-126),
was obtained from each subject.

2.2. Experimental Design

This study was a double-blind, randomized crossover design. All subjects participated in the
pre-tests baseline measurements for their basic characteristics, including body weight, height, resting
blood pressure, body composition, and peak oxygen uptake (VO2peak). Then, subjects visited the
laboratory three times (1st, 3rd, 5th day) to complete the first supplementation trial. Subjects performed
the acute eccentric exercise, including 20 min of downhill running and five sets of 20 drop-jump
exercises. The wild ginseng extract (WGE) or placebo drink was given to subjects immediately after
the acute eccentric exercise and the following 4-day period. The WGE and placebo drink were in
the identical packs manufactured by the Korea Food Research Institute. The dependent variables,
including computer-based cognitive function test, physical performance test, blood analysis, and
perceived muscle soreness were measured four times, at baseline, 2 h, 48 h, and 96 h after the acute
eccentric exercise. The second trial was conducted after a 14 days washout period. The procedure for
the second trial was the same as the first trial, with different supplement. All tests were performed
at the Human Performance Laboratory in the university. The time points of each measurement are
presented in Table 1.

Table 1. The time points of measurements.

Variables Base Eccentric
Exercise 2 h 24 h 48 h 72 h 96 h

• Psychomotor Performance
• Neuromuscular Performance
• Blood Analyses
• Perceived Muscle Soreness

4

Downhill Running
and

Drop Jump Exercise
4 4 4

2.3. Supplementation

The WGE used in this study was 350 mg of cultivated wild ginseng extract in 140 mL packages.
Subjects took two packs of WGE (WGE powder 350 mg/package) a day for five days after acute eccentric
exercise. The ingredients of WGE drinks were composed of 13.8% of Korea wild ginseng, 1.5% of
soy powder, 1.5% of almond paste, 1.75% of isomaltooligosaccharide, 1.75% of fructooligosaccharide,
0.05% of refined salt, 0.05% of scented almond, 0.025% of xanthan gum, 0.19% of sodium bicarbonate,
0.05% of grapefruit seed extract, and 79.335% of water. The placebo drink was manufactured to be
identical in appearance and content, except the ginseng extract. The placebo contained 0.25% of
scented ginseng, 1.5% of soy powder, 1.5% of almond paste, 1.75% of isomaltooligosaccharide, 1.75%
of fructooligosaccharide, 0.05% of refined salt, 0.05% of scented almond, 0.025% of xanthan gum,
0.19% of sodium bicarbonate, 0.05% of grapefruit seed extract, and 92.885% of water. The WGE and
placebo drink were provided by Korea Food Research Institute. Supplements were given to subjects
in a counterbalanced manner to minimize the order effect. Subjects were asked not to consume any
caffeine-containing (i.e., coffee, energy drink) or herbal-containing beverages during the intervention.

2.4. Pre-tests

The pre-tests included body weight, height, resting blood pressure, body composition, and
VO2peak test. Subjects’ body height and weight were measured by a wall stadiometer (PAT #290237,
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Novel Products, Rockton, USA) and a digital weight scale (HD-366, Tanita, Tokyo, Japan). Then,
resting blood pressure was measured using an autonomic device (BP79IT, Omron, Japan). Systolic
blood pressure, diastolic blood pressure, and resting heart rate were recorded. Three sites of skinfold
thickness, including chest, abdominal, and thigh were measured with a skinfold caliper (PAT #3008239,
Beta Technology, Santa Cruz, USA) to estimate body composition. Each site was measured three
times by the trained technician and an average value was recorded. The body density and body
fat percentage was estimated by Jackson and Pollock and Siri’s equation, respectively [28,29]. The
VO2peak test was performed to accurately prescribe the exercise intensity for downhill running. The
subject sat on the chair and wore a mask that connected with a metabolic cart (TrueOne 2400, Medics,
USA). When the subject’s respiratory exchange ratio (RER) dropped below 0.75, the graded exercise
test begun on the treadmill. The Bruce protocol was applied at a speed of 2.74 km/h and a 10% grade.
The speed and grade gradually increased every 3 min until subjects reached exhaustion. The VO2peak
test was terminated when subjects met at least two of the following conditions: (a) showed signs of
intense effort (heavy breathing, facial flushing, unsteady gait, and sweating), (b) respiratory exchange
ratio (RER), 1.15, (c) rating of perceived exertion (RPE) ≥ 19 (Borg 6–20 scale), or (d) volitional fatigue.

2.5. Acute Eccentric Exercise

The acute eccentric exercise program consisted of downhill running and drop jump exercise.
The exercise program was modified based on the previous studies [30,31]. Prior to exercise, subjects
performed jogging for 5 min on the 0-graded treadmill. Then, subjects performed downhill running
for 20 min on a treadmill with a grade lowered to −10◦. The speed of downhill running was set at 60%
of the subject’s VO2peak. The average speed of downhill running was 6.4 ± 1.11 km/hour. After the
downhill running, subjects performed drop jump exercises—five sets of 20 maximal drop jumps from
the height of a 60 cm box. There was a 2-min rest interval between sets.

2.6. Psychomotor and Physical Performance Tests

Psychomotor performance test: to assess the subject’s psychomotor performance, the
computer-based cognitive function test was performed. Prior to the test, subjects performed one trial
for the familiarization during the pre-test. The test included psychomotor vigilance task (PVT) and
delayed-match-to-sample task (DMS). The PVT test was composed of 40 trials for 5 min to assess mean
reaction time while the DMS test consisted of 20 trials 20 min to assess memory ability [32].

Physical performance test: the physical performance test included straight leg raise, vertical
jump performance, isometric leg strength, and anaerobic power. The straight leg raise was measured
with a goniometer (Baseline stainless steel goniometers, USA) to evaluate the range of motion. The
subjects lay on the medical bed in a supine position. Then, the subject raised the dominant leg as
high as possible with the knee fully extended while the opposite leg remained on the bed firmly
without movement [33]. Each subject performed two trials and the best score was recorded. Vertical
jump performance was measured to evaluate the explosive power. The subject raised the dominant
arm, fully extended, on the measuring board, and the point was marked as an initial point. Then,
subjects performed a countermovement jump as high as possible and marked the highest point. The
vertical jump performance (VJP )was calculated from the maximal jump height minus the initial
point. Each subject performed three times with one-minute interval between trials, and the best score
was recorded [33]. Isometric leg strength was measured by a hand-held dynamometer (Lafayette
Instruments, Lafayette, USA). The device was validated in previous studies [34–36] and has been used
to measure isometric muscle strength in healthy subjects [37]. Subjects were seated on the table in
a supine position, and the knee and hip were positioned 90 degrees. The handheld dynamometer
force pad was placed just proximal to the ankle joint area and the subject’s knee extensor and flexor
strength was recorded in kilogram force. All subjects performed two maximal isometric leg extension
and flexions, holding for 3 to 5 s with a minute rest interval between trials. The highest score was
recorded. Lastly, subjects performed anaerobic power tests measured by an Automatic Power Cycle
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(Power Cycle, Austin, TX, USA). The device has been validated in previous studies [36]. First, subjects
performed 2 min of warm-up cycling at 100 to 120 rpm with power of 100 to 120 Watt. Then, subjects
performed cycling maximally for approximately 5 s. Each subject performed four trials with one-minute
intervals between trials, and the highest peak and mean power were recorded [37]. Standardized
verbal encouragement was applied to all subjects for their maximal performance.

2.7. Blood Analyses

Blood sample was collected four times at baseline, 2 h, 48 h, and 96 h after acute exercise to analyze
the markers of inflammation (interleukin 6; IL-6) and muscle damage (cortisol, myoglobin) as well as
antioxidant capacity (total antioxidant capacity). Moreover, 3 mL of blood sample was withdrawn from
an antecubital vein at each time point by the trained phlebotomist. The collected blood samples were
drawn into a tube containing ethylenediaminetetraacetic acid (EDTA) to prevent coagulation. Then,
the blood samples were centrifuged at 3000 rpm for 10 min. The upper layer of plasma was transferred
into a conical tube and stored at –80 ◦C. Inflammation and muscle damage markers, including IL-6,
myoglobin, and cortisol were analyzed by the enzyme-linked immunosorbent assay (ELISA) method
using a commercially available Human ELISA IL-6 kit (EMD Millipore, Germany), myoglobin kit (EIA,
Biocheck, USA), and cortisol kit (ELISA, DRG, USA). Total antioxidant capacity (TAC) was analyzed
with the ELISA method using an antioxidant assay kit (total antioxidant, USA). All measurements
were performed in duplicate. The coefficient variation (CV) of all blood analyses were below 10%.

2.8. Perceived Muscle Soreness

Perceived muscle soreness was measured by a Visual Analogue Scale (VAS). The scale was
distributed from 0 to 10 scales where ‘0′ indicated not sore at all, and ‘10′ indicated maximal soreness.
Subjects were asked to point the score four times, at baseline, 2 h, 48 h, and 96 h after the acute
eccentric exercise.

2.9. Data Analysis

All data analyses were performed by a computer software program (SPSS version 25.0, SPSS
Inc., Chicago, IL, USA). Prior to the data analyses, a Kolmogorov–Smirnov test was applied to check
the normality of data. All variables exhibited normal distribution. Descriptive statistics, including
mean, standard deviation (SD), and 95% confidence interval were computed for all variables. The
repeated analysis of variances (ANOVAs) for conditions (WGE vs. placebo) by time (baseline, 2 h, 48 h,
96 h after acute exercise) were applied to assess the effects of WGE on dependent variables. If any
significant interaction or main effects were identified, paired test for condition effects and repeated
ANOVA with least significant difference (LSD) post-hoc test for time effects were applied. The effect
size was presented as a partial eta-squared (ηp

2) value. The effect size can be considered as “large
effect”, if the value is 0.14 or higher [38]. The level of statistical significance was set at 0.05.

3. Results

3.1. Basic Characteristics

All participants underwent pre-examination, including height, weight, resting blood pressure,
heart rate, body fat percentage, and VO2peak tests. The results are presented in Table 2.

3.2. Psychomotor and Neuromuscular Performance

The results of psychomotor performance are shown in Table 3. No significant interaction effects for
condition by time were observed in the psychomotor performance, including psychomotor vigilance
task (PVT) and delayed-match-to-sample task (DMS). However, the DMS correction (F = 8.844, p = 0.019,
ηp

2 = 0.317) and DMS time (F = 4.961, p = 0.025, ηp
2 = 0.355) were significantly reduced across the

time in both conditions. Regarding neuromuscular performance, no significant interaction effects for
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group by time were also identified in all performance variables. However, there was a significant time
effect on straight leg raise (F = 4.100, p = 0.030, ηp

2 = 0.313) where the straight leg raise value was
significantly greater at 96 h compared to 2 h after exercise. The results of physical performance are
presented in Table 4.

Table 2. Participants’ basic characteristics.

Variables Mean (SD)

Age (year) 27.1 (4.33)

Height (cm) 174.8 (9.39)

Weight (kg) 78.0 (13.70)

Resting Systolic Blood Pressure (mmHg) 117.8 (17.84)

Resting Diastolic Blood Pressure (mmHg) 73.4 (9.42)

Resting Heart Rate (beats/min) 65.4 (7.96)

Body fat (%) 12.7 (4.43)

VO2peak (ml/kg/min) 44.9 (7.48)

Table 3. The results of psychomotor performance following acute eccentric exercise.

Variables Group Base 2 h 48 h 96 h
p-Value

G T G × T

PVT
Correctness

(score)

Placebo 36.7 37.7 37.7 37.3

0.568 0.498 0.969

(SD) −3.91 −2.16 −2.21 −5.17
95% CI 33.9–39.5 36.2–39.2 36.1–39.3 33.6–41.0

WGE 37.2 37.9 38.1 37.5
(SD) −3.77 −3.21 −2.77 −4.17

95% CI 34.5–39.9 35.6–40.2 36.1–40.1 34.5–40.5

PVT
reaction time

(msec)

Placebo 335.3 338.8 340 346.1

0.073 0.355 0.626

(SD) −34.07 −28.4 −26.07 −32
95% CI 311.0–359.7 318.5–359.1 321.4–358.7 323.2–369.0

WGE 345.2 350.3 345.8 349.2
(SD) −32.12 −34.29 −33.24 −39.13

95% CI 322.3–368.2 325.7–374.8 322.0–369.6 321.2–377.2

DMS
correctness

(score)

Placebo 26.5 25.2 * 26.7 26.7

0.136 0.019 0.768

(SD) −2.68 −3.68 −3.68 −3.56
95% CI 24.6–28.4 22.6–27.8 24.1–29.3 24.2–29.2

WGE 27.3 26.0 * 27.2 26.6
(SD) −3.27 −4 −3.19 −4.67

95% CI 25.0–29.6 23.1–28.9 24.9–29.5 23.3–29.9

DMS
time

(msec)

Placebo 2942.1 2533.5 * 2598.9 * 2283.9 *

0.272 0.025 0.416

(SD) −1948.13 −1747.26 −1495.75 −1524.06
95% CI 1548.5–4335.7 1283.5–3783.4 1528.9–3668.9 1193.7–3374.2

WGE 3335.8 2507.6 * 2806.3 * 2908.4 *
(SD) −1948.13 −1390.8 −1849.86 −1535.01

95% CI 1846.8–4824.7 1512.7–3502.5 1483.0–4129.6 1810.3–4006.5

DMS
reaction time

(msec)

Placebo 1784.9 1740.9 1711.7 1533.2

0.139 0.061 0.412

(SD) −715.58 −790.94 −516.6 −518.58
95% CI 1273.0–2296.8 1175.1–2306.7 1342.1–2081.2 1162.3–1904.2

WGE 1905.1 1693.3 1881.8 1823.8
(SD) −351.92 −366.75 −759.4 −629.23

95% CI 1653.3–2156.8 1431.6–1954.9 1338.5–2425.0 1373.7–2274.0

Note. * p < 0.05, indicate a significant different compared to baseline. DMS, delayed-match-to-sample task; G,
group; G × T, group × time; msec, millisecond; PVT, psychomotor vigilance task; T, time; WGE, wild ginseng extract.
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Table 4. The results of physical performance following acute eccentric exercise.

Variables Group Base 2 h 48 h 96 h
p-Value

G T G × T

Straight leg
raise (◦)

Placebo 71.2 69.2 69.1 75.4 *

0.29 0.03 0.412

(SD) −7.13 −8.82 −11.49 −7.23
95% CI 65.5–77.1 61.7–75.9 59.2–77.7 69.6–81.3

WGE 67.5 66.7 69.8 72.6 *
(SD) 7.32 −5.44 −7.13 −4.5

95% CI 62.3–72.7 62.8–70.6 64.7–74.9 69.4–75.8

Vertical Jump
(cm)

Placebo 53.5 50.4 51.5 51.1

0.205 0.324 0.307

(SD) −6.93 −7.92 −9.12 −6.62
95% CI 47.4–57.9 43.5–56.1 43.5–57.7 45.4–56.0

WGE 50.6 50.1 49.8 51.2
(SD) −8.62 −7.06 −6.76 −7.79

95% CI 44.4–56.7 45.1–55.2 44.9–54.6 45.6–56.8

Isometric Leg
extension (kg)

Placebo 44.1 40.9 43.2 43.3

0.818 0.259 0.832

(SD) −9.3 −9.49 −11.1 −11.9
95% CI 37.5–50.8 34.1–47.7 35.2–51.1 34.8–51.8

WGE 44.9 42.1 42.2 43.3
(SD) −11.04 −13.04 −9.02 −9.75

95% CI 37.0–52.8 32.8–51.4 35.7–48.7 36.3–50.2

Isometric Leg
Flexion (kg)

Placebo 35.5 34.8 36.8 36.2

0.671 0.173 0.911

(SD) −8.77 −7.54 −7.48 −6.99
95% CI 29.2–41.8 29.4–40.2 31.4–42.1 31.2–41.2

WGE 35.5 33.5 36.5 35.5
(SD) −8.21 −6.81 −8.9 −6.39

95% CI 29.6–41.4 28.6–38.4 30.2–42.9 30.9–40.0

Mean Power
(Watts/kg)

Placebo 13.9 13.9 13.6 13.9

0.45 0.447 0.389

(SD) −1.11 −1.71 −1.58 −1.36
95% CI 13.1–14.7 12.7–15.1 12.4–14.7 12.9–14.9

WGE 12.7 13.8 13.8 14.2
(SD) −4.33 −1.56 −1.34 −1.36

95% CI 9.6–15.8 12.7–14.9 12.9–14.8 13.2–15.1

Peak Power
(Watts/kg)

Placebo 14.1 14.1 13.7 14

0.583 0.452 0.786

(SD) −1.15 −1.73 −1.62 −1.33
95% CI 13.3–14.9 12.9–15.3 12.5–14.9 13.1–15.0

WGE 14.1 14 14 14.3
(SD) −1.63 −1.56 −1.31 −1.35

95% CI 13.0–15.3 12.9–15.1 13.0–14.9 13.3–15.3

Note. * p < 0.05, significantly greater compared to 2 h after acute eccentric exercise. WGE, wild ginseng extract; G,
group; T, time; G × T, group × time.

3.3. Blood Analyses

In this study, IL-6, cortisol, myoglobin, and total antioxidant capacity were analyzed to evaluate
the changes of inflammation and muscle damage markers as well as antioxidant capacity following the
acute eccentric exercise. There were no significant differences in all blood variables between the WGE
and the placebo conditions. However, IL-6 (F = 5.671, p = 0.013, ηp

2 = 0.387), myoglobin (F = 23.309,
p < 0.001, ηp

2 = 0.744) and cortisol levels changed significantly across the time (F = 3.553, p = 0.047,
ηp

2 = 0.282). Especially, a significant increase in IL-6 was observed only in the placebo condition
(F = 5.995, p = 0.014, ηp

2 = 0.400) while no significant difference found in the WGE condition. The
results of blood analyses are presented in Figure 1.
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3.4. Perceived Muscle Soreness

There was no significant interaction effect for group by time on perceived muscle soreness
measured by VAS. However, the increased in perceived muscle soreness was observed both the WGE
and the placebo conditions after 2 h of acute eccentric exercise (F = 9.236, p = 0.001, ηp

2 = 0.506). The
results are shown in Table 5.

Table 5. The results of perceived muscle soreness following acute eccentric exercise.

Variables Group Base 2 h 48 h 96 h
p-Value

G T G × T

Perceived
Muscle

Soreness

Placebo 0.6 3.0 * 2.3 0.8

0.922 0.001 0.462

(SD) (0.70) (2.16) (1.89) (1.03)
95% CI 0.1–1.1 1.5–4.5 0.9–3.7 0.1–1.5

WGE 0.4 3.5 * 1.8 1.2
(SD) (0.47) (2.34) (1.75) (1.69)

95% CI 0.0–0.7 1.8–5.2 0.5–3.0 0.0–2.4

Note. * p < 0.05, significantly different compared to baseline, 48 h, and 96 h in both trials. WGE, wild ginseng
extract; G, group; T, time; G × T, group × time.

4. Discussion

The present study examined the efficacy of WGE on psychomotor and neuromuscular performance
recovery following acute eccentric exercise in male adults. Our findings showed that the administration
of WGE immediately after acute eccentric exercise and the following four days have no benefits on
psychomotor and neuromuscular performance recovery. However, a favoring trend has been identified
that a significant increase in IL-6 was observed only in the placebo condition, while no significant
changes were found in the WGE condition.
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4.1. Psychomotor Performance

We examined the computer-based cognitive function test including PVT and DMS task to evaluate
psychomotor performance during recovery. The supplementation of WGE following acute eccentric
exercise did not provide a benefit on psychomotor performance in male adults. Consistent results have
been identified in the previous study that 14 days of Korean ginseng (GINST15) supplementation prior
to resistance exercise were not associated with the improvement of cognitive performance (i.e., quick
board reaction time test) in healthy male and female adults [39]. A single dose of Panax ginseng
(G115) for eight days also did not improve the working memory process in healthy subjects [40].
In contrast to our findings, Reay et al. reported that a single dose of Panax Ginseng (200 mg, G115)
improves cognitive performance, such as serial seven task in healthy adults, but high dosages (400 mg,
G115) and placebo conditions did not improve the cognitive performance [41]. Other Ginseng studies
also demonstrated that cognitive functions, such as speed of the attention task [42], and secondary
memory performance of cognitive research battery [43], improved following a single dose of Panax
Ginseng (200 mg, 400 mg, respectively). Some possible explanations, such as the modulation of blood
glucose and nitric oxide (NO) production have been proposed as potential mechanisms that may
contribute to the improvement of cognitive performance [41]. It was believed that one of the active
ingredients, ginsenosides, contributes to the enhancement of NO synthesis [44], and it modulates the
glucose metabolism and insulin secretion in patients with type II diabetes mellitus [45]. Although
some possible mechanisms, as well as benefits on cognitive function, have been demonstrated in
the previous studies, our study confirms that five days of ginseng supplementation following acute
eccentric exercise does not provide benefits on psychomotor performance recovery in male adults. In
the present study, the DMS task correction and total time were significantly reduced across the time
both in WGE and placebo conditions. We assume that decreased DMS correction partially related to
‘speed accuracy trade-off’. Therefore, it is difficult to confirm that a decrease in cognitive function,
such as DMS correction, was due to acute eccentric exercise.

4.2. Neuromuscular Performance

In the present study, straight leg raise, vertical jump performance, isometric leg strength, and
anaerobic power were measured as indicators of neuromuscular performance. We found that WGE
supplementation has no benefit on neuromuscular performance recovery. Ginseng supplementation
has long been believed to improve stamina or fatigue recovery, but it is unclear whether the apoptogenic
properties can facilitate the performance recovery or not. In particular, the discrepancy among literature
to confirm the roles as an ergogenic aid may be limited. While the favoring results have been found
mostly in animal studies [15,16], the literature with human studies are limited. Pumpa et al. reported
that five days of Panax Notoginseng supplementation, before and after downhill running exercise, did
not show significant improvement in jump performance [27]. A recent study showed the 14 days of
Korean Ginseng supplementation (GINST15, high dose: 960 mg/day, low dose: 160 mg/day) following
acute resistance exercise (5 sets of 12 repetitions at 70% one-repetition maximum (1RMmax)) had no
benefit on peak power in healthy adults [39]. However, authors pointed out an important consideration
about the responder and non-responder effect in the supplementation research. Although this approach
is not a novel concept, Cadwell et al. reported that the responders among high dose trials showed
greater peak power compared to low dose and placebo trials [39]. Relatively long-term treatment
(> 8 weeks) also demonstrated no benefits on neuromuscular performance, such as anaerobic peak
power and mean power in active women [46]. As opposed to the current study, Liang et al. reported
that 30 days of Panax notoginseng (1350 mg/day) supplementation have contributed to improve
endurance performance time by >7 min in young adults [24]. Supplementation of ginseng saponin
complex mixed with taurine and other substances for 15 days improved free fatty acid utilization
during exhaustive cycling tests, which resulted in improving endurance performance by average
2.94 min in male adults [26]. Interestingly, the efficacy of ginseng supplementation has been observed
in the particular area of performance, such as endurance performance [24–26]. A recent study reported
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12-week administration of high-dose ginsenoside complex (500 mg/day) improved maximal oxygen
consumption, but the efficacy was not found in muscle strength [25]. It has been proposed that ginseng
supplementation improves energy utilization [15]. Although it is difficult to explain the outcomes of
the animal study directly into human studies, Ma et al. reported that the administration of Panax
ginseng extract improves glucose uptake, fatty acid utilization, and lower the lactate concentration
that possibly contributed to the improvement of endurance swimming performance [15]. We assumed
that if ginseng or active ingredients, such as ginsenosides, modulate the energy metabolism, such as
glucose and free fatty acid utilization during exercise, the improvement of neuromuscular performance
that predominantly utilized the energy through ATP–PCr and glycolytic energy system may be limited.
In summary, we confirm that the administration of WGE immediately after an eccentric exercise, and
the following four days, have no benefit on neuromuscular performance recovery, such as muscle
strength and anaerobic power. Further studies may be needed to clarify whether WGE could act as a
potential ergogenic aid for endurance performance.

4.3. Inflammation Markers of Muscle Damage

Acute intense or eccentric exercise changes markers of muscle damage and inflammation resulted
in inducing delayed-onset muscle soreness [19]. Various nutritional approaches have been introduced
to attenuate the inflammation process or facilitate the recovery from muscle damages [47]. In this
study, blood markers, including IL-6, myoglobin, cortisol, and TAC were not significantly different
between the WGE and the placebo conditions following acute eccentric exercise. However, a favoring
trend has been found that the serum IL-6 level significantly increased only in the placebo condition
during 2 h recovery, whereas this value did not significantly change in the WGE condition. Similar
results have been reported in previous studies [48–50]. Jung et al. reported that 7 days of Panax
ginseng supplementation (20 g/d) prior to the uphill treadmill running (45 min at 10 km/h speed
with a 15 degree) attenuated the increment of IL-6 level during 2 h and 3 h recovery period in young
adults [48]. Another study also demonstrated that administrations of ginseng-based steroid Rg1 (5 mg)
one night and one hour before 60-min cycling exercise suppressed the exercise-induced expression
of IL-10 mRNA in quadriceps muscle [49]. Recently, Pumpa et al. reported that the level of serum
IL-6 declined after downhill running in the ginseng group whereas the placebo group increased up
to 4 h [27]. However, their findings revered 24 h after downhill running where the placebo group
demonstrated a rapid return to baseline compared to the ginseng group. Interestingly, the placebo
condition in this study also returned the IL-6 level to near baseline 24 h after eccentric exercise. A
question arises based on the present and the previous studies whether the benefits of acute ginseng
administration only valid during the first 2–4 h after eccentric exercise. However, this question should
be approached carefully in the future study because the present and the previous data demonstrated
inconsistent patterns from 24 h to 96 h after acute eccentric exercise. Although our study revealed
a favoring trend at the first 2 h after the exercise, the benefit is not guaranteed until future research
with a large sample size is conducted to clarify the anti-inflammation process in response to acute
eccentric exercise.

Myoglobin is a muscle protein that is released from the damaged muscle following high intense
eccentric exercise [19]. In the present study, the myoglobin level increased two hours after acute
eccentric exercise, but no difference was found between the conditions. Lin et al. reported 12 weeks of
Panax ginseng supplementation did not change inflammation adaptation, including muscle damage,
oxidative, and inflammatory biomarkers to eccentric exercise training [51]. Pumpa et al. applied 5 bouts
of 8 min downhill running at 80% of maximal heart rate (HRmax) with lowered −10◦ and participants
received Panax notoginseng capsule (4000 mg/day) or placebo for 5 times (at 1 h prior to exercise
and the following four days) in a crossover design. The author reported that myoglobin significantly
increased after downhill running, but no significant differences were observed between conditions
that support our result [27]. Cortisol is a glucocorticoid hormone that regulates energy metabolism
during exercise [52]. It also interacts with inflammatory markers and nutritional supplementation,
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such as carbohydrates, and has been shown to lower cortisol levels after intense exercise [53]. In
the present study, there were no difference in serum cortisol level between the WGE and placebo
conditions. Youl et al. reported that a single bout of ginseng root extract (20 g) administered following
a standardized exercise did not make a significant difference in cortisol levels [54]. Thus, it is confirmed
that cortisol response following eccentric exercise was not influenced by ginseng supplement.

There are some strengths and limitations in the present study that need to be considered when
interpreting the data. This study was well designed with randomized, double-blinded, placebo
controlled, and crossover design. It assessed a wide range of markers of muscle damage and
neuromuscular performance variables assessing effect of WGE in response to the eccentric exercise.
However, small sample size may impact the statistical significance of the findings. Secondly, the
outcomes can result differently by exercise protocols. The exercise protocol in this study was modified
from the previous literature that was performed with healthy adults [30,31]. Although the current
eccentric exercise protocol demonstrated a change of markers of muscle damage, such as myoglobin,
IL-6, and cortisol, no significant changes in neuromuscular performance were observed after acute
eccentric exercise. These results may tell us that the exercise protocol used in the present study may be
insufficient to induce the delayed onset of muscle soreness.

5. Conclusions

Our findings indicate that the administration of WGE (700 mg/day) immediately after eccentric
exercise and the following four days have no benefits on psychomotor and neuromuscular performance
recovery in male adults. However, the acute WGE supplementation may attenuate the eccentric
exercise-induced inflammatory process, such as IL-6, but a future study with a large sample size is
required to clarify the anti-inflammation process in response to acute eccentric exercise.
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