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Abstract

AIM: To investigate whether American ginseng (AG, Panax
quinquefolium) supplementation was able to improve
endurance exercise performance.

METHODS: Thirteen physically active male college
students were divided into two groups (AG or placebo)
and received supplementation for 4 wk, before the
exhaustive running exercise. Treadmill speed was increased
to a pace equivalent to 80% VO,nax Of the subject. A 4-
wk washout period followed before the subjects crossed
over and received the alternate supplement for the next
4 wk. They then completed a second exhaustive running
exercise. The physiological variables that were examined
included time to exhaustion and oxygen pulse. Moreover,
the plasma creatine kinase (CK) and lactate were measured
prior to the exercise, at 15 and 30 min during exercise,
immediately after exercise, and 20, 40, 60, and 120 min
after exercise.

RESULTS: The major finding of this investigation was that
the production plasma CK during the exercise significantly
decreased for group AG than for group P. Secondary
physiological finding was that 80% VO;max running was
not improved over a 4-wk AG supplementation regimen.

CONCLUSION: Supplementation with AG for 4 wk prior
to an exhaustive aerobic treadmill running reduced the
leakage of CK during exercise, but did not enhance aerobic
work capacity. The reduction of plasma CK may be due
to the fact that AG is effective for the decrease of skeletal

muscle cell membrane damage, induced by exercise during
the high-intensity treadmill run.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Traditional Chinese medicine plays a key role in the
formation of integrative medicinel'l. Ginseng (Genus Panax)
root has been a popular Chinese medicine with the belief
of restoring Qi or life energy. It is also thought to be a tonic
to stimulate appetite, counteract fatigue, boost the immune
system, relieve pain and headaches, and improve mental
function and physical stamina®. The mechanism of action
of ginseng is not known, but it is thought to have effects on
production of corticotropin and cortisol, immunomodulation,
antioxidants and neuroendocrine activity, modulate carbo-
hydrate and lipid metabolism, and stimulation of nitric
oxidation production in cardiovascular system®9.

Adequate dietary supplements or nutritional ergogenic
aids are an important means to optimize exercise performance
and to ward off fatigue. Ergogenic aids are believed to increase
petformance by some of the following mechanisms: renewing
ot increasing energy stores in the body, facilitating the
biochemical reactions that yield energy, reducing or
neutralizing performance-inhibiting metabolic byproducts,
and facilitating recovery”®. Performance in aerobic-type
events depends on the ability to maintain a high output per
unit of time. There is a growing inclination among athletes
to use herbs to improve endurance performance ot increase
recovery after exercise.

The most studied herb for human aerobic physical
performance is ginseng. Although the mechanism underlying
the alleged ergogenicity of ginseng on physical performance
has not been defined, theories include stimulation of the
hypothalamic-pituitary-adrenal cortex axis and increased
resistance to the stress of exercise, enhanced myocardial
metabolism, increased hemoglobin levels, vasodilatation,
increased oxygen extraction by muscles, and improved mito-
chondrial metabolism in the muscle, all of which theoretically
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could enhance aerobic exercise performancel'.

In the review studies of Bahrke and Motgan, administration
of ginseng ot its components enhanced exercise endurance
by altering fuel homeostasis during exercise, increased free
fatty acid utilization in preference over glucose for cellular
energy demands in rats and mice'*'”l. However, the
evidence for ginseng as an endurance aerobic exercise
ergogenic supplementation in men is variable. As ginseng
is touted as a dietary ergogenic aid, incomplete study on
petformance has yielded little proof to reinforce performance
affirmations.

A number of chemically similar steroid glycosides or
saponin chemicals, known as ginsenosides, have been
identified as active ingredients in ginseng. The original
medicinal species of ginseng is Chinese or Korean ginseng
(Panax ginseng C.A. Meyer). American ginseng (Panax
quinguefolius) contains many of the same compounds, although
in slightly different proportions. It is the North American
variety of ginseng, which grows in eastern and central USA
and Canada.

There is relatively little research that shows a petformance
benefit of American ginseng (AG) in human beings. The
purpose of the present study was to determine, whether
4 wk of oral supplementation with AG had any benefit on
endurance exetcise and/or recovety after exercise.

MATERIALS AND METHODS

Subjects and anthropometric measurements

Thirteen male volunteers completed this randomized, double
blind, crossover expetimental research study with a washout
period of 4 wk. Both body height and body weight were
measured by an auto-anthropometer, Nakamura KN-3000
(Nakamura, Tokyo, Japan). Body weight was measured to
the nearest 0.1 kg with subjects not wearing shoes or
outerwear. Body weight was recorded to the nearest 0.1 cm.
Age, weight, and heights (meantSD) were 23.0£1.6 years,
70.2%46.3 kg, and 172.525.2 cm, respectively. A medical
examination was performed on each subject before entering
the study. Written voluntary consent to participate was
obtained from all subjects after informing them of the
purpose of the expetiment, the procedure, and the possible
risks. This investigation received the approval of the National
College of Physical Education and Sports (Taoyuan, Taiwan).
All subjects were healthy, physically active, college students
with normal dietary habits.

American ginseng supplementation

Each subject was instructed to ingest either 4 AG capsules
(400 mg AG per capsule) daily or a hydroxymethylcellulose
placebo in the same capsule form (both provided by Taiwan
Biotech Co., Taiwan), and received his allotment of CS ot
placebo in 4 weekly portions.

The Panax-bearing ginsenosides content was determined
from its degree of concentration in a hot water extract.
The compositions of the AG that we used were, ginsenosides
Rb1 (8.67%, w/w), Rc (0.99%, w/w), Rd (1.05%, w/w),
and Re (5.08%, w/w). At an initial meeting, 4 wk ptior to
commencing any supplementation, subjects were asked to
cease taking any dietary supplementations that contained

ginsenosides and were instructed to maintain a consistent
diet before and during the experimental period.

Procedures

VO, Was determined in the pre-experimental period.
Each subject came to the laboratory 7 d before the start of
the actual study, and petformed an incremental running test
on a motor-driven treadmill (Quinton Instruments, Model
1 860, Washington, USA) according to the Bruce protocol
until exhaustion. In order to determine the baseline endurance
performance time, maximum oxygen consumption (VO )
was determined by the automated system (Model 29C,
SensorMedics, Yorba Linda, CA,USA). The VO, Was
defined as the attainment of at least two of the three
following criteria: (1) an increase of <140 mL VOsmy with
an increasing workload; (2) heart rate within 10 beats of
age-predicted maximum; and (3) rating of perceived exertion
(RPE) greater than 17 using the Borg scale. Heart rate (HR)
measured by the Sport Tester (PE 3 000, Polar Electro,
Kempele, Finland) were monitored during the treadmill
exercise. The RPE was recorded by using the modified Borg
scalel'’l, Endurance performance time was also recorded at
the end of the test for each subject. On the day of the
experiment, subjects reported to the laboratory at 7-9 a.m.
following a 10-12 h overnight fast, and abstained from
tigorous exercise for 48 h prior to the test. An antecubital
vein connected to a three-way stopcock with a 10-cm extension
tube for blood sampling was inserted in the subjects. The
cannula was kept patent by periodic flushing with a sodium
chloride solution (9 g/L) and remained in place throughout
the experimental period. No hepatin was used in the catheter.

Protocol ]

Baseline physiological data was collected, while subjects stood
quietly on the treadmill (Quinton Instruments, Model 1 860,
Washington, USA) for 3 min prior to commencing the
running test. Subjects then commenced a 5 min warm-up
at a running speed equivalent to 60% VO omax, the treadmill
speed was increased to a pace equivalent to 80% VO of
the subjects. The subjects ran until volitional fatigue.
Volitional fatigue was defined as the point at which subjects
could no longer maintain the tequired running speed. VOomax
and HR were monitored throughout the exercise and were
recorded, and oxygen pulse was calculated from oxygen
consumption and heart rate. In addition, oxygen pulse
(mLO,/beat) was calculated by dividing oxygen consumption
(mLO,/min) by heart rate (beat/min).

Blood sampling and analysis

Blood samples were taken prior to the exercise, at 15 and
30 min during exercise, immediately after exercise, and 20,
40, 60, and 120 min after exercise. At each sampling time,
about 5 mL of venous blood was taken. Whole blood for
determination of hematoctit and hemoglobin was collected
in EDTA tubes cooled at -4 ‘C and examined within 4 h
after venepuncture to correct relative changes in plasma
volume by using hematocrit and hemoglobin values from
each test, according to the methods described by Dill and
Costill!?, The other venous blood was to obtain EDTA-
plasma and stored at -20 “C for later analysis. The plasma
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creatine kinase (CK) and plasma lactate were measured by
a spectrophotometer technique (Johnson & Johnson DT-
6011, Orthoclinical Diagnostics, Rochester, NY,USA) by
means of ultraviolet test kits (Orthoclinical Diagnostics,
Rochester, NY,USA).

Statistical analyses

SPSS 11.0 for Windows statistical program was used to
petform all analyses. The independent variables between
the two supplements (AG vs placebo), including an endurance
run time to exhaustion and VO, after supplements were
compated using Student’s #test for paired data. Differences
in oxygen pulse and plasma CK, and plasma lactate values
between the two treatment levels were analyzed by factorial
(two-way, timeX treatment) ANOVA with repeated measures.
A Tukey’s post hoc test was used to locate any significant
difference. Significance was accepted at the P<0.05 level.
All data are presented as meantSD.

RESULTS

Basic physical characteristics
There was no difference between groups in VOjmy and the
run time to exhaustion (Table 1).

Table 1 Maximal oxygen consumption and run time to exhaustion'

Group VOumax (ML/min/kg) Time to exhaustion (s)
AG 44.6+3.1 2279.5+252.7
P 45.1£5.0 2218.3£345.9

!AG: American ginseng supplement; P: placebo supplement. ?Values are expressed
as mean+SD (n= 13).

Oxygen pulse

Data of oxygen consumption were collected in the time
period of 0-1, 14-15, and 29-30 min. The oxygen pulse had
no significant difference between groups during these periods
(Figure 1).
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Figure 1 Oxygen pulse during exercise phase in group AG (—B—) and group
P (—@—). Each point represents the mean+SD (n = 13).

Blood chemistry
In both placebo and AG groups, plasma CK and plasma
lactate were significantly increased with the duration of

exercise and reached a peak at exhaustive time (Figures 2
and 3). Blood lactate concentration at 15, 30 min of
exercise, and 120 min after exercise in AG group (9.3%2.1,
11.4%2.7, and 2.2£0.4 mmol/L) were significantly
lower than in the placebo group (10.6£2.4, 13.312.7, and
2.620.4 mmol/L), respectively (Figure 3). Moreover, plasma
CK activity at 30 min of exercise, immediately, 20, 60,
and 120 min after exercise in the AG group (181.2178.0,
217.5%64.0, 167.5£56.2, 155.3157.8, and 167.7£61.5 U/L)
wete significantly lower than in the placebo group (254.3181.6,
280.2+90.0, 246.5+66.3, 227.8+58.4, and 231.9167.8 U/L),
respectively (Figure 2).
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Figure 2 Plasma CK levels observed during exercise and recovery phases
in group AG (— B—) and group P (—@—). Each point represents the mean:SD
(n = 13). 2P<0.05 vs P groups; °P<0.05 vs before exercise.
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Figure 3 Plasma lactate levels observed during exercise and recovery
phases in group AG (—M—) and group P (—@—). Each point represents the
meanSD (n = 13). 2P<0.05 vs P groups; °P<0.05 vs before exercise.

DISCUSSION

The research was designed to determine whether or not
supplementation with AG for 4 wk prior to 80% VOama
run would increase the time to exhaustion and/or have any
ergogenic benefit in healthy male college students. The
variables that were examined included time to exhaustion,
oxygen pulse, plasma CK, and plasma lactate. To our
knowledge, this is the first study of AG in human clinical
trials to determine endurance aerobic physical performance.
The major finding of this investigation was that the production
of plasma CK during exercise significantly decreased for
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group AG over group P (P<0.05). Secondary physiological
findings suggested that 80% VO;n., running was not improved
over a 4-wk AG supplementation regimen.

The CK marker is used to determine muscle damage. The
amount of plasma CK of healthy adults at rest is approximately
40-200 U/L for men(*®. In this study, the plasma CK conce-
ntrations before exercise are within the normal range in
both groups and have no significant difference between
groups (AG group, 108.1+62.4; P group, 138.6£94.6,
respectively).

Although most studies indicate that muscle injury is
assessed through prolonged endurance exercise, it is obvious
that it can be caused during high intensity short-term exercise
as welll'”?. During running exercise, the extensor muscles
of the lower limb performed eccentric actions as the foot
touches the ground and the dorsiflexors of the ankle
contract eccentrically. In eccentric exercise, the contracting
muscle is forcibly lengthened as it develops tension,
potentially causing damage. Therefore, endurance exercise,
such as an exhaustive running exetcise can induce damage
and pathological alteration in skeletal muscle.

With high-intensity exercise, the high-force contractions
cause muscle cell injury eatly in the exercise period?’.
Mechanical rupture of muscle fiber is one of the major
mechanisms to explain how the muscle injury was induced
by exercise. This stress on the cross bridges of the myofiber
causes disruption of the muscle fibrils leading to Z-line in
disintegration or Z-line streaming®!. Moreover, strenuous
exercise can also distupt the satcolemma and sarcoplasmic
reticulum®. Mair ¢# /., demonstrated a transient rise in the
serum concentrations of muscle proteins such as CK, an
indicator of muscle damage due to satcolemma disruption,
which cause a leakage of CK into the blood®.

In this study, the total CK activity significantly increased
in both groups during exhaustive running exercise. We assign
this to plasma CK increasing in both groups of the subjects
due to exercise-induced skeletal muscle damage. The increases
in plasma CK in this study indicate that muscle damage had
occurred during the exhaustive running in both groups.

Intense exercise may increase the production of free
radicals or reactive oxygen species. A free radical prefers to
steal electrons from the lipid membrane of a cell, initiating
a free radical attack on the cell known as lipid peroxidation.
Kanter et /., have demonstrated that post-exercise plasma
CK elevations may be related to an exercise-induced lipid
peroxidation®. The American ginseng Panax quinquefolinm
exhibits effective antioxidant, free radical scavenging activity,
and inhibiting lipid peroxidation®*),

Lactate is an important indicator of muscle performance
under stress. Lactate levels rise as intensity increases during
exetrcise. The lower blood lactate concentration during
running exercise presumably reflects a lower intramuscular
lactate concentration and an increased relative contribution
of anaerobic metabolism to ATP production. In this study,
the AG group exhibited lower plasma levels of lactate at
15, 30 min of exercise than that in the placebo group. It
seems unlikely to be due to amelioration of oxygen extraction
from the blood by the working muscles as a consequence
of AG supplementation, since VOjmu and oxygen pulse
was unaffected by prior supplementation. Decreased blood

lactate accumulation is not necessatily a result of muscle
tissue anti-hypoxia. Factors other than an increased cellular
PO,,a decrease in intracellular calcium concentration, decreased
activation of glycogen phosphorylase, or decreased intrac-
ellular pH can also cause a decrease in intramuscular lactate
production®’l. Otherwise, the rate of efflux of lactate from
the contractile muscle could be decreased due to the decreased
muscle cell membrane permeability after exercise-induced
damageP'l.

In conclusion, a 4-wk AG supplementation reduced the
leakage of CK from skeletal sarcoplasm into blood streaming
during an exhaustive treadmill run, but did not enhance
aerobic work capacity. The reduction of plasma CK level
may be due to AG that is effective for the decrease of skeletal
muscle cell membrane damage induced by exercise during
the high intensity treadmill run. In the future, we will investigate
if the reduction in CK efflux is simply an indication of
increased sarcolemma stability or whether the muscles are
in fact receiving less damage.
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