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Abstract : The effect of Panax ginseng administration in muscle inflammatory process induced after eccentric exercise,
that causes myofibrillar disruption, was studied. Changes in lipid peroxidation, inflammation, glycogen levels in muscle
and release of myocellular proteins to blood were measured. The analyses were performed immediately after eccentric
exercise and over week since this period are necessary for the muscle damage-repair cycle. The ginseng extract (100
mg kg!) was orally administered to rats for three months, before the eccentric exercise performance. The results showed
the protective role of ginseng against skeletal muscle damage. This effect could be associated with their membrane sta-
bilising capacity since creatine kinase (CK) activity was significantly decreased 96 h post-exercise from 523170 to
381453 and 120 h post-exercise from 443x85 to 327475 in treated animals. B-glucuronidase activity, as indicator of
inflammation, showed a significant reduction of about 15-25% in soleus, vastus and triceps in these post-exercise times.
The lipid peroxidation, measured by malondyaldehyde levels, was significantly decreased in the 24 h post-exercise
period in soleus and vastus intermedius muscles and on the recovery period. Finally ginseng administration reduced sig-
nificantly the decrease of the glycogen levels immediately after exercise and when the regenerative process took place
(72-168 h post exercise). Collectively, the results have showed that ginseng did not inhibit the vital inflammatory
response process associated with the muscle damage-repair cycle but presumably ameliorate the injury.
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INTRODUCTION

Panax ginseng roots have been used in traditional Chi-
nese medicine for their important therapeutic qualities. The
pharmacological effects of ginseng have been demonstrated
in the cardiovascular, immune, endocrine and nervous sys-
tems." Until recently, the use of ginseng has been primarily
empirical. However, systematic research has provided evi-
dence for the antineoplastic, antistress and antioxidant
activity actions of Panax ginseng.z’ 3 Most pharmacologi-
cal actions of ginseng are attributed to ginsenosides, which
can act in a wide range of tissues. Among all ginsenosides,
Rb , , and Rg, are the most abundant.¥ Some of the indi-
vidual effects of ginsenosides have been studied; thus Rb,
increases thermogenesis and cold tolerance;” restores the
action potentials of free radical-damaged cells to normal
levels indicating its anti-oxidative action, and shows cal-
cium channel blockade activity, like Rb, or Rb,.% In addi-
tion, the non-ginsenoside constituents of ginseng also exert
pharmacological effects.” Ginsenosides are amphiphilic in
nature and have the ability to become intercalated in the

membrane environment.-®

Evidence points out that the medicinal efficacy of gin-
seng has been closely linked to its protective properties
against free radical attack.”'%") Panax ginseng adminis-
tration in the rat prevented myocardial ischemia-reperfu-
sion damage induced by hyperbaric oxygen.'”® We have
reported the hepatoprotective effects of Panax ginseng on
oxidative stress induced by exhaustive exercise.'” Gin-
seng extract was also reported to scavenge superoxide
radicals'® and inhibit lipid peroxidation through transition
metal chelation® to diminish oxidative DNA damage
caused by Fenton reagent.'” The active role of Ginseng
extract scavenging hydroxyl radical and protecting unsat-
urated fatty acids may contribute to stabilize the structure
of lipid membrane perturbed by free radical attack.®
Although the mechanism of ginseng actions remains
unclear because of the complex composition of ginseng
extract which precludes a structure-function activity.'>

Free radicals play an important role as mediators of
skeletal muscle damage and inflammation after strenuous
exercise and muscle disease.'®!?

Eccentric exercise (EC) produces high muscular tension
when the muscles are stretched and is associated to
delayed onset muscle soreness (DOMS) provoking ultra-
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structural and metabolic changes in the muscle cells. The
injuries are subcellular and generally in small areas of the
muscular fibre, therefore they suffer a transient reduction
in strength, subsequently muscular pain and finally an
inflammatory process, that causes further tissue deteriora-
tion. Direct evidence of inflammatory cells within skeletal
muscle has been reported in both animals and humans.
Cellular infiltration is associated with proteolytic degrada-
tion of muscle tissues and is only associated with the
eccentric exercise. The early changes in exercised-
induced muscle injury consist of a disruption in the myo-
fibrillar banding pattern and disruption of the sarco-
lemma. From 2 to 6 h later, secondary changes such as
fibre autophagy and heterophagy by macrophages are
shown in the muscle fibres. This stage continues for the
next 2-4 days. Regenerative processes usually start within
4-6 days.'® Eccentric exercise is also responsible for the
low levels of glycogen.!” Muscle glycogen levels not
only reflects the muscle activation and exercise metabo-
lism but the phases of inflammation-status post-exercise.
The aim of the present work was to study the effects of
long-term ginseng administration in muscle inflammatory
process induced after eccentric exercise in opposite to ani-
mals without ginseng treatment. Specifically eccentric
exercise leads to severe inflammation and edema. This con-
dition provides an informative experimental model for
evaluation of compounds believed to exhibit therapeutical
properties such as antioxidant and antinflammatory agents.
The amount of muscle injury was measured biochemically
by analysing the activity of the following: creatine kinase
(CK) in plasma as indicator of membrane integrity, muscle
B-glucuronidase activity as lysosomal enzyme indicator of
inflammation, malondialdehyde (MDA) levels as index of
lipidic peroxidation and muscle glycogen concentration.

MATERIALS AND METHODS

Drugs and Chemicals

The standardized ginseng extract used was obtained.
This ginseng extract contains about 4% of ginsenosides,
as determined by HPLC.2Y The roots of Panax ginseng
C.A. Meyer contain other compounds such as polysaccha-
rides, peptides, polyacetylenic alcohols, fatty acids and
minerals. Standard enzymes or products were obtained
from Sigma Chemical Company (Spain).

Animals and exercise protocol
Male Wistar rats with an approximate initial weight of
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200130 g, supplied by Iffa Credo (Madrid, Spain), were
used. The animals were kept 2 or 4 to a cage under con-
trolled conditions of temperature, light and humidity. The
feed consisted of a standard diet marketed by Panlab S.A.
(Barcelona, Spain). Drinking water and food were sup-
plied ad libitum throughout the study period. All animal
handling practices complied with the principles of Coun-
cil Directive 86/609/ of the European Community con-
cerning the “Protection of Animal used for Experimental
an other Scientific Purposes”. The ginseng treated animals
(Ginseng) received 1 ml of ginseng extract at a dose of
100 mg kg™' day™! along 3 months of the experimental
period by gastric intubation and performed the exercise
protocol described below, a subgroup (n=6) of these rats
did not perform exercise (Rest-Ginseng). This dose was
chosen based in our previous works.? The control group
(Control) received saline instead ginseng extract for 3
months and at the end performed eccentric exercise. The
control group included a rest group (n=6) which did not
perform exercise (Rest-Control).

The eccentric exercise performed was on a rodent tread-
mill with the following protocol described by Armstrong.*"
The rats ran an intermittent protocol downhill (—16°
incline) at 16 m min~' for a total of 90 min; 5-min bouts
(18 bouts) separated by 2-min rests.

Taking into account that the development of damage
associated with eccentric contraction does not occur
immediately after exercise and that it shows temporal
variability, the study was performed immediately after
eccentric exercise and over one week after this. So, the
exercised rats (both Ginseng and Control) were divided in
eight subgroups (n = 6 for each subgroup) and killed at 0
(immediately following exercise), 24, 48, 72, 120, and
168 h after the realization of the exercise. At the time of
slaughtering the animals were anaesthetized with pento-
barbital sodium (5 mg 100 g body wt™! i.p.). Blood was
sampled from the tail vein and used to determine plasma
creatine kinase levels. Muscles were rapidly excised,
trimmed of extraneous fat and connective tissue,
immersed in isopentane, dropped into liquid nitrogen and
stored at —70° until further analysis. Tissues were
homogenised at a proportion of 1:10 w v™' in a phosphate
buffer 0.1 M (pH 7.4) at 0°C and centrifuged at 750 g in
order to separate the cell residues.

The muscles studied were extensor tonic muscles-
soleus, vastus intermedius, red part of triceps brachii,
and red part of gastrocnemius (the percentage of fibres
type I and Ila is higher than 90%); extensor phasic mus-
cles-rectus femoris, extensor digitorum longus (EDL),
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white part of triceps brachii and white part of gastrocne-
mius (the percentage of fibres IIb is higher than 75%)
and flexor phasic muscles-plantaris, tibialis anterior and
biceps braquii (the percentage of fibres type Ila and IIb
is higher than 90% in plantaris and tibialis, but biceps
braquii shows a low IIb type proportion of 8%).

Biochemical analyses

Plasma CK levels were analysed using a commercially
available kit (Sigma Chemical), immediately after (O h) or
in different times (24, 48, 72, 96, 120, 144 and 168 hours)
after eccentric exercise.

B-glucuronidase

B-glucuronidase was assayed according to measuring
the hydrolysis of p-nitrophenyl-B-D-glucuronide.”” The
homogenate (200 pl) was incubated for 60 min at 37°C at
a final volume of 1 ml containing 0.2 M sodium acetate
buffer, pH 4.5, 0.1% bovine serum albumin, and 10 mM
p-nitrophenyl-  B-D-glucuronide. The reaction was
stopped by adding 2.0 ml of 0.1 M NaOH and 3 ml of
water, and absorbance was measured at 400 nm. One unit
is the activity that catalyses the release of 1 wmol of p-
nitrophenol per minute from the substrate.

Malondialdehyde (MDA) measurements
Malondialdehyde (MDA) was assayed by quantifying the

release of malonyldialdehyde (MDA) in muscle homoge-
nates using the 2-thiobarbituric acid (TBA)-trichloroacetic
acid (TCA)-HCI reagent, following the method of method
of Buege and Aust.”® An aliquot of the homogenate and 1
ml of reagent were added to the centrifuge tubes. The mix-
ture was kept at 100°C. After a short centrifugation at 3000
g for 10 min, the absorbance of the supernatant was mea-
sured by spectrophotometry at 535 nm. Parallel standards
containing tetramethoxy-propane 5 pM (TMP) were pro-
cessed.

Glycogen

Glycogen concentrations of the muscle samples were
measured according to Varnier?” Samples of muscle
(160 mg) were homogenized in a 1 ml of water at 0°C. The
homogenate was hydrolyzed in 100 pl of HC1 6M, incubat-
ing at 100°C. Subsequently the samples were cooled, neu-
tralized with 285 pl of KOH 2M and centrifuged at 1000g
for 10 min. The glycogen concentrations were analysed
using 15 ul of centrifuged sample and a commercially
available kit (Test Glucose Sigma Diagnostics).

Statistical Analysis

The results are presented as means+SD. Statistical eval-
uation of the data of the groups was performed by
ANOVA followed by a post-hoc Newman-Keuls test. The
level of significance was set at the level of p<0.05.

Schema 1. Cross sectional view of the rat hindlimb. Directions indicated are anterior (A), posterior (P), medial (M) and lateral (L). Thigh
muscles: Rectus femoris (RF), Vastus intermedius (VI). Leg muscles: Tibialis anterior (TA), Extensor digitorum longus

(EDL), Soleus (SO), Plantaris (PL), Gastrocnemius (G).
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Fig. 1. Plasma Creatine Kinase (CK) activity determined from
Control (C) and Ginseng (G) administered animals in rest
and after eccentric exercise. Values are expressed as
meantSD. *Significant differences from rest groups.
#Significant different from control groups. P<0.05.
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after exercise (523+69 U 1™!), and the ginseng-treated
group showed significantly (P<0.05) lower values when
compared with their control (38153 U 1) CK levels
were also significantly (P<0.05) lower in ginseng-treated
groups after 120 h of exercise.
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Fig. 2. B-glucuronidase activity determined from muscles of Control (C) and Ginseng (G) administered animals. Values are expressed
as mean+SD. *Significant differences from Rest groups. #Significant differences from Control groups. P<0.05.
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Table 1. MDA (nmol g muscle’!) in Control (saline administered) and Ginseng treated animals in rest and after eccentric exercise

Control Soleus Vastus Triceps Rectus EDL Tibialis
Rest. 40.22+3.82 23.39+2.71 25.05+2.13 22.61+1.39 24.02+2.57 22.90+4.31
Oh 42.71+3.90 25.44+3.34 26.12+1.81 24.51£5.36 22.36x1.17 21.39+4.27
24 h 59.88+1.08* 31.68x1.13* 26.12+0.16 25.63+5.88 26.66+3.72 22.71+2.32
72 h 44.91+4.45% 23.88+2.63 31.59+1.19% 27.29%2.45 34.07x1.70%* 29.98+2.53*
120 h 37.68+2.35 23.49+2.28 25.63x1.54 32.51x1.76 27.19+2.82 28.95+2.86*
168 h 37.49+3.59 26.90x1.53* 23.73+0.90 26.56+1.67 26.56+1.98 24.07+4.55
Ginseng
Rest. 38.95+2.65 20.17 £1.45 23.63 +1.61 20.17 +1.45 24.22 +1.67 22.31 x2.40
Oh 40.08+1.03 23.19 £1.92 23.09 =1.10 23.00 £1.12 26.32 +2.72 21.44 +1.87
24 h 50.37x1.13%# 27.73 £ 1.89*# 24.71 £2.71 23.88 +1.92 25.83 +1.33 22.17 £2.16
72h 39.83+£2.71# 22.12 +0.58 29.73 £0.92* 25.97 £2.18* 29.99 +0.82*%# 25.68 +2.20#
120h 36.66x1.64 23.34 £2.66 23.63 £2.47 28.85 £0.18*# 26.95 £2.54 25.63 £1.87#
168 h 37.88+1.13 22.41 £1.16%# 22.85+2.72 26.32 £0.93 26.75 £2.16 22.07 £2.60

Values are means + SD, n=6 animals in each time. *P<0.05 vs Rest groups. #P<0.05 vs Control groups.
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Fig. 3. Glycogen determined from muscles of Control (C) and Ginseng (G) administered animals. Values are expressed as meantSD.
*Significant differences from Rest groups. #Significant differences from Control groups. P<0.05.

shown in Fig. 2. There is an initial increase of the enzyme
activity followed by a reduction lasting for about 7 days,
with a peak on 120 h post-exercice. Our results showed
that the extensor muscles as soleus, and vastus interme-
dius are the most affected in an eccentric activity. The
soleus presented an increase of about 100% compared
with Rest-control group 120 h after exercise; the vastus
402% after 120 h, the triceps 29% after 72 h; the rectus
168% after 120 h; EDL 25% after 72 h; and the tibialis

anterior 19% after 120 h.

In the ginseng-treated group a significant (P<0.05) reduc-
tion of about 15-25% in enzyme activity was found in
soleus, vastus and triceps in these post-exercise times. The
EDL and tibial and muscles showed the lowest increases in
these enzyme activities, and in a similar manner the activi-
ties were significantly (P<0.05) reduced by ginseng extract
administration.

The modest increase in B-glucuronidase activity of the
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gastrocnemius red (16%), indicates low damage. The non-
injured muscles are basically composed by fibres type IIb
(plantaris, biceps brachii, white gastrocnemius and white
triceps) and were excluded in the further analyses.

Table 1 shows the levels of MDA after eccentric exer-
cise. Significantly higher MDA levels, as an indicator of
membrane disruption, were noted a few hours (24 h) after
the exercise in soleus and vastus. The highest differences
between the rest and control exercised rats were shown in
the muscles with the highest percentage of glycolytic
fibres (less oxidative potential): i.e., rectus, EDL and tib-
ial muscle after the inflammatory process developed (72-
120 h). However, with ginseng treatments MDA concen-
trations were significantly (P<0.05) reduced in all the
muscles studied over the same period of time stated for
the muscle enzymes above. The reduction percentages
associated to ginseng administration varied between 15-
20% in the chosen muscles except for triceps muscle with
a significant decrease of only 8%.

Fig. 3 shows the results of muscle glycogen concentra-
tion. Ginseng administration increased significantly the
muscle glycogen stores in soleus from 3+0.5 in Rest-Con-
trol group to 3.73+0.4 in Rest-Ginseng rats. The overall
results clearly show an increase of glycogen concentration
in ginseng treated animals that can be divided into 3
phases. Immediately after exercise (0 h) there is a signif-
icant reduction in glycogen contents. The glycogen con-
centration decreased about a 50% in all studied muscles
but in vastus, rectus and tibialis the ginseng administra-
tion diminished the decrease about 20%. After 24 h there
is a significant increase and the glycogen contents were
higher than control values with significant differences
respect to control groups in the rectus, EDL and tibialis of
ginseng treated rats. In the subsequent days, when the
regenerative process takes place, the glycogen levels tend
to decline and reach basal levels. Ginseng treated animals
showed significant increased levels from 72 to 168 h in
soleus, rectus and tibialis muscles.

DISCUSSION

The events of EC injury at cellular, biochemical and
biomecanical levels are unclear. EC damage seems to be
fiber type specific. In human experimental models this
kind of injury appears to be more frequently associated to
type II fibres,” while in animals the extensor muscle
(deep vastus intermedius), basically composed of fibres
type I was preferentially damaged.?® It has been also pOs-
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tulated that muscle damage from EC is as a function of
oxidative capacity. Selective damage in fast glycolytic
fibers in rabbit tibialis anterior muscle after EC contrac-
tion was demonstrated>” to be due to the low oxidative
capacity that predisposed them to injury, but the increased
oxidative capacity did not protect the muscle against elec-
trical stimulation-induced injury,® neither the supple-
mentation with soluble antioxidants and vitamins.?
There is a large variability depending on the fibre type
pattern and exercise model demonstrating that is neces-
sary to clarify this kind of injury. The results obtained
here showed clearly a differential muscle response in the
inflammatory process after eccentric contraction. The first
parameter studied related to this process is the B-glucu-
ronidase activity as a sensitive and quantitative marker of
muscle injury and its total activity correlates with the
overall histological changes in injured muscle.’® Several
works have demonstrated an increase of this activity asso-
ciated with exhaustive exercise both in humans and
animals.?*3? B-glucuronidase have shown that the tonic
muscles (vastus, soleus and red triceps) and phasic exten-
sors (rectus, and EDL) were the most injured because they
facilitate the forward movement and acts as a break
against gravity. The soleus have as main function to sus-
tain the body against gravity. Running or walking, they
are responsible for the increase of force necessary for the
elevation of the body and its forward movement. Succes-
sively, as the velocity increases, the gastrocnemius is
incorporated. The vastus and the rectus are directly
responsible of the knee extension, the first one responsible
for the antigravity maintenance of the body in the resting
state. Downhill they are overloaded because they have the
main responsibility of breaking. The EDL and the tibialis
are responsible for the extension of the toes and dorsiflex-
ion of the foot respectively, during walking or running,
provoking a forward movement. The red triceps is an anti-
gravity muscle acting as a break to maintain the velocity
when moving.

The time course of CK efflux is coincident with the
high values of B-glucuronidase and Ginseng had a protec-
tive role decreasing elevated CK levels significantly,
although it did not prevent leakage of CK from the muscle
to the blood after exercise. Increased levels of CK in the
blood stream show myofibrillar disintegration and is
taken as evidence of the disruption or increased perme-
ability of the muscle cell membranes.*> B-glucuronidase
activity showed decreased activity in soleus, vastus, red
triceps, EDL and tibial after ginseng administration. The
highest protection was found in the vastus in the early
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stage of the inflammatory process (72 h). B-giucuronidase
activity reflects the overall damage associated to injured
fibres, inflammatory cells and affected but surviving mus-
cle fibres.*® The highest protection by ginseng extract
was observed in the most damaged muscles (vastus inter-
medius and soleus) composed mainly of type I fibres.

Regarding to oxidative stress and lipid peroxidation,
there are several mechanism involving free radicals that
could contribute to the damage process after eccentric
exercise and lipid peroxidation so free radicals alter the
normal permeability barrier provided by the sarcolemma,
or mitochondrial and lysosomal membranes, permitting
abnormal diffusion of molecules such Ca®*3*3 The
altered Ca** homeostasis actives various Ca®* dependent
degradative pathways in the cell such as endogenous pro-
teases (e.g. calpain).®® In addition free radicals may also
initiate and or amplify via the upregulation of genes
involved in the inflammatory response such as nuclear
factor kB and contribute to cellular damage during phago-
cytic stage of muscle injury.** However, the role of anti-
oxidants in the damage prevention after eccentric exercise
are controversial since supplementation with vitamins C
and E and N-acetyl-cysteine not attenuate the muscle
injury but increases oxidative stress in humans after
eccentric exercise.?”*” The protective effects of ginseng
related to increased MDA levels were mainly shown in
the 24 h period in soleus and vastus intermedius muscles.
Mechanical experiments reveal that excessive sarcomere
strain is the primary cause of injury and allows extracellu-
lar or intracellular membrane disruption, and the hydrolysis
of structural proteins.*® The significant lipid peroxidation
measured by MDA in triceps, rectus, EDL and tibialis was
over 72-120 h and could be associated to the inflammation
that occurs after injury which degrades the tissue. Concern-
ing membrane integrity and damage induced by free radi-
cals, ginseng may stabilize the lipid structure of the
membrane perturbed by the attack of free radicals, the sta-
bilising effect was reflected in the percentage of MDA
decrease." reported the ability of ginsenosides to target the
cell membrane modifies its physical properties, interacts
directly with membranes proteins, and even ginsenosides
become incorporated in membranes. Moreover estrogen
have a membrane stabilising effect and a protective role
against skeletal muscle damage.*®

Other possible mechanism that could explain the sup-
pression of lipid peroxidation is through the inhibition of
enzymes such as lipoxygenase involved in the metabolism
of unsaturated fatty acids, arachidonic acid, to prostaglan-
dins. In addition compounds that block the effect of pros-

NS S

tanglandin synthesis might reduce or abolish the
stimulatory action of bradykinin, factor involved in the
inflammatory response.>> Ginseng has well known anti-
inflammatory actions® and such effects could be caused
by a decrease in phospholipase A, activity®® and by the
reinforcement of muscle fibre membranes in a similar
manner to another anti-inflammatory agents; i.e., pred-
nisone.*!) Several authors have found that decreased phos-
pholipase A, activity can lead to a decrease in the
hydrolysis of membrane phospholipids, decreased mem-
brane fluidity, and a decreased Ca®* influx and muscle
damage.*!4?)

Wang and Lee*” showed that after exhaustive exercise
skeletal muscle glycogen levels of ginseng saponin treated
rats were slightly higher than those of saline treated.

As reported in previous studies,?"¥? we also observed
an alteration of glycogen levels in the period immediately
after the eccentric exercise, commonly named first phase.
Others authors, found a decrease from day 1 to day 10
after exercise.!” The glycogen pool is dependent of glu-
cose transport across the membrane from the blood by the
GLUT-4 transporter. Eccentric exercise can reduce
GLUT-4 expression and in this way reduce glycogen stor-
age in muscular cells.*** observed a reduction of
RNAm for GLUT-4 in skeletal muscles of rats submitted
to eccentric exercise.

After eccentric exercise there were significant differences
in glycogen concentration between saline and ginseng
treated groups in vastus, rectus and tibialis. *®” demonstrated
that depletion of muscle glycogen also modifies Ca®*
release reducing contractile performance and leading to
muscle fatigue. The concomitant reduction in the mainte-
nance of energy used may be an important step in maintain-
ing the structural and functional integrity of the cell.

Regarding to the second phase of glycogen levels after
eccentric exercise,’” found a significant increase in muscular
glycogen in the first 24 h of exercise in a treadmill that also
resulted in several muscle injury. In spite of the reduction in
GLUT-4, eccentric exercise can increase GLUT-1, and this
transporter is involved in glycogen reposition in resting con-
ditions.*® Over 72-168 h the presence of inflammatory cells
increase glucose utilization and reduce glycogen resynthesis.

In animal models, ginseng have been shown to alter the
mechanism of fuel homeostasis incresing the capacity of
skeletal muscle to oxidize free fatty acids in preference to
glucosa for celular energy production; ginseng increases
the antioxidant capacity reducing the effects of the oxida-
tive stress induced by exhaustive exercise. This work was
based on eccentric exercise whose energy cost is unusu-
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ally low and the magnitude of the force produced unusu-
ally high. Both properties are physiologically fundamental
since muscles exposed to chronic eccentric training
respond with significant increases in strengh, size and
spring properties. These responses have clinical and phys-
ical performance consequences. Our results have showed
that ginseng did not inhibits the vital inflammatory
response process associated with the muscle damage
repair cycle but presumably ameliorate the injury as well
as the pain. Further studies with humans will be required
to confirm this findings.

11

REFERENCES

. Attele, A. S., Wua, J. A. and Yuana, C. : Ginseng pharma-

cology, multiple constituents and multiple actions. Biochem.
Pharmacol. 58, 1685-1693 (1999).

. Shin, H. R, Kim, J. Y., Yun, T. K., Morgan, G. and Vainio,

H.: The cancer-preventive potential of Panax ginseng: a
review of human and experimental evidence. Cancer Causes
Control. 11, 565-576 (2000).

. Gillis, C. N.: Panax ginseng pharmacology: a nitric oxide

link. Biochem. Pharmacol. 54, 1-8 (1997).

. Mahady, G. B., Gyllenhaal, C., Fong, HHS. and Farnsworth,

N. R. : Ginsengs: A review of Safety and efficacy. Nutr. Clin.
Care. 3, 90-101 (2000).

. Wang, LCH. : Effect of ginseng saponins on cold tolerance

in young and elderly rats. Planta Med. 66, 144-147 (2000).

. Jiang, Y., Zhong, G. G., Chen, L. and Ma, X. Y. : Influences

of ginsenosides Rb|, Rb, and Rb, on electric and contractile
activities of normal and damage culture myocardiocytes.
Chung Juo Yao Li Hsueh Pao. 13, 403-406 (1992).

. Bahrke, M.S. and Morgan, W. R. : Evaluation of the ergo-

genic properties of ginseng: an update. Sports Med. 29, 113-
133 (2000).

. Zhang, Y. G., Yasuda, T., Yu, Y., Zheng, P, Kawabata, T.,

Ma, Y. and Okada, S. : Ginseng extract scavenges hydroxyl
radical and protects unsaturated fatty acids from decomposi-
tion caused by iron-mediated lipid peroxidation. Free Rad.
Biol. Med. 20, 145-50 (1996).

. Chen, X.: Cardiovascular protection by ginsenosides and

their nitric oxide releasing action. Clin. Exp. Pharmacol.
Physiol. 23, 728-732 (1996).

. Maffei, F. R., Carini, M., Aldini, G., Calloni, M. T. and

Berti, F. : Panax ginseng administration in the rat prevents
myocardial ischemia-reperfusion damage induced by hyper-
baric oxygen: evidence for an antioxidant intervention.
Planta Med. 65, 614-619 (1999).

Lee, H. J., Kim, D. Y. and Chang, C. C. : Antioxidant effects
of Korean red ginseng components on the antioxidant

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

The Effect of Ginseng on Muscle Injury and Inflammation 25

enzymes activity and liver peroxidation in the liver of mouse
treated with paraquat. J. Ginseng Res. 23, 182-189 (1999).
Voces, J., Alvarez, A. 1., Vila, L., Ferrando, A., Cabral de
Oliveira, C. and Prieto, J. G. : Effects of administration of
the standardized Panax ginseng extract G115 on hepatic anti-
oxidant function after exhaustive exercise. Comp. Biochem.
Physiol. 123, 175-184 (1999).

Keum, Y. S., Park, K. K., Lee, J. M., Chun, K. S., Park, J.
H, Lee, S. K., Kwon, H. and Surh, Y. J. : Antioxidant and
antitumor promoting activities of the methanol extract of
heat-processed ginseng. Cancer Lert. 150, 41-48 (2000).
Kitss, D. D., Wijewickreme, A. X. and Hu, C. : Antioxidant
properties of a North American ginseng extract. Mol. Cell.
Biochem. 203, 1-10 (2000).

Kim, Y. K., Guo, Q. and Packer, L. : Free radical scavenging
activity of red ginseng aqueous extracts. Toxicol. 172, 149-
156 (2002).

Liu, J., Yeo, H. C., Overvik-Douki, E, Hagen, T., Doniger S.
J., Chu, D. W, Brooks, G. A. and Ames, B. N. : Chronically
and acutely exercised rats: biomarkers of oxidative stress
and endogenous antioxidants. J. Appl. Physiol. 89, 21-28
(2000).

. Stangel, M., Mix, E., Zettl, U. K. and Gold, R. : Oxides and

apoptosis in inflammatory myopaties. Microsc. Res. Tech.
55, 249-258 (2001).

Sorichter, S., Puschendorf, B. and Mair, J. : Skeletal muscle
injury induced by eccentric muscle action: muscle proteins
as markers of muscle fiber injury. Exerc. Immunol. Rev. 5, 5-
21 (1999).

Costill, D. L., Pascoe, D. D., Fink, W. J., Robergs, R. A.,
Barr, S. L. and Pearson, D.: Impaired muscle glycogen
resynthesis after eccentric exercise. J. Appl. Physiol. 69, 46-
50 (1990).

Cabral de Oliveira, A. C., Perez, A. C., Merino, G., Prieto, J.
G. and Alvarez, A. 1. : Protective effects of Panax ginseng on
muscle injury and inflammation after eccentric exercise.
Comp. Biochem. Physiol. 130C, 369-377 (2001).
Armstrong, R. B., Ogilvie, R. W. and Schwane, J. A.:
Eccentric exercise-induced injury to rat skeletal muscle. J.
Appl. Physiol. 54, 80-93 (1983).

Rosenfeld, M. G., Kreibich, G., Sabatini, D. D. and Kato,
K. : Biosynthesis of lysosomal enzymes. Meth. Enzymol. 96,
764-765 (1983).

Buege, J. A. and Aust, S. D.: Microsomal lipid peroxida-
tion. Methods Enzymol. 52, 302-310 (1978).

Vamier, M., Leese, G. P. : Thompson J, Rennie MJ. Stimu-
latory effect of glutamine on glycogen accumulation in
human skeletal muscle. Am. J. Physiol. 269, E309-315
(1995).

Fridén, J., Sjostrom, M. and Ekblom, B. : Myofibrillar dam-
age following intense eccentric exercise in man. Int. J.



26

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Alvarez, Al, Cabral de Oliveira, A. C., Perez, A.C,,

Sports Med. 4, 170-176 (1983).

Schwane, J. A., Johnson, S. R. and Vandenakker, C. B.,
Armstrong, R. B.: Delayed-onset muscular soreness and
plasma CPK and LDH activities after downhill running. Med
Sci. Sports Exerc. 15, 51-56 (1983).

Lieber, R. L. and Fridén, J. : Selective damage of fast glyc-
olytic muscle fibers with eccentric contraction on the rabbit
tibialis anterior. Acta Physiol. Scan. 133, 587-589 (1988).
Patel, T. J., Cuizon, D., Mathieu-Costello, O., Fridén, J. and
Lieber, R. L. : Increased oxidative capacity does not protect
skeletal muscle fibers from eccentric contraction injury. Am.
J. Physiol. 43, R1300-1308 (1998).

Childs, A., Jacobs, C., Kaminski, T., Halliwell, B. and Lee-
wenburgh, C.: Supplementation with vitamin C and N-
acetyl cysteine increases oxidative stress in humans after an
acute muscle injury induced by eccentric exercise. Free Rad.
Biol. Med. 31, 745-753 (2001).

Salminen, A. and Kihlstrom, M. : Lysosomal changes in
mouse skeletal muscle during repair of exercise injuries.
Muscle Nerve. 8, 269-279 (1985).

Child, R. B., Saxton, J. M. and Donnelly, A. E. : Compari-
son of eccentric knee extensor muscle action at two muscle
lengths on indice of damage and angle-specific force in
humans. J. Sports Sci. 16, 301-308 (1998).

Komulainen, J. and Vihko, V.: The course of exercise-
induced skeletal muscle fibre injury. p. 59-73. In: Reznick A
Z, Packer L, Sen, C. K., Holloszy, J. O., Jackson, M. L
(Eds.), Oxidative Stress in Skeletal Muscle. Birkhéuser Ver-
lag, Basel (1998).

Lieber, R. L. and Fridén, J. : Morphologic and mechanical
basis of delayed-onset muscle soreness. J. Am. Acad.
Orthop. Surg. 10, 67-73 (2002).

Best, T. M., Fiebig, R. Corr, D. T., Brickson, S. and Ji, L. L. :
Free radical activity, antioxidant enzyme, and glutathione
changes with stretch injury in rabbits. J. Appl. Physiol. 87,
74-82 (1999).

Yu, B. P.: Cellular defenses against damage from reactive
oxygen species. Physiol Rev. 74, 139-162 (1994).

Fridén, J. and Lieber, R. L.: Eccentric exercise-induced
injuries to contractile and cytoskeletal muscle fibre compo-
nents. Acta Physiol. Scand. 171, 321-326 (2001).

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Vila, L., Ferrando, A. and Prieto, J. G. T ol4tars|A|

Warren, J. A., Jenkins, R. R., Packer, E., Witt, H. and Arm-
strong R. B.: Elevated muscle vitamin E doses attenuate
eccentric-induced muscle injury. J. Appl. Physiol. 72, 2168-
2175 (1992).

Kendalil, B. and Eston, R. : Exercise-induced muscle damage
and the potential protective role of estrogen. Sports Med. 32,
103-123 (2002).

Matsuda, H., Samukawa, K. and Kubo, M. : Anti-inflamma-
tory activity of ginsenoside Ro. Planta Med. 56, 19-23 (1990).
Li, S. H. and Chu, Y.: Anti-inflammatory effects of total
saponins of Panax notoginseng. Chung Juo Yao Li Hsueh
Pao. 20, 551-554 (1999).

Jacobs, SCIM. and Bootsma, A. L. : Willems, PWA., Bar, P.
R. and Wokke, JHJ. : Prednisone can protect against exercise-
induced muscle damage. J. Neurol. 243, 410-416 (1996).
Flower, R. J.: Cytokines and lipocortins in inflammation
and differentiation. In: Meli, M., Parente, L. (Eds), Progress
in clinical and biological research. vol. 349, p. 25-30 Wiley-
Liss, New York, (1990).

Wang, LCH. and Lee, T.: Effect of ginseng Saponins on
exercise performance in non trained rats. Planta Med. 64,
130-133 (1998).

Asp, S., Kristiansen, S. and Richter, E. A. : Eccentric muscle
damage transiently decreases rat skeletal muscle Glut-4 pro-
tein. J. Appl. Physiol. 79, 1338-1345 (1995).

Kristiansen, S., Jones, J., Handberg, A., Dohm, G. L. and
Richter, E. A.: Eccentric contractions decrease glucose
transporter transcription rate, messenger-RNA, and protein
in skeletal muscle. Am. J. Physiol. 41, C1734-C1738 (1997).
Chin, C. R. and Allen, D. G. : Effects of reduced muscle gly-
cogen concentrations on force, Ca’* release and contractile
protein function in intact mouse skeletal muscle. J. Physiol.
498, 17-29 (1997).

Blom, P. C., Costill, D. L. and Vollestad, N. K. : Exhaustive
running:inappropriate as a stimulus of muscle glycogen super-
compensation. Med. Sci. Sports Exerc. 19, 398-403 (1987).
Ren, J. M., Barucci, N., Marshall, B. A., Hansen, P., Mueck-
ler, M. M. and Shulman, G. L. : Transgenic mice overxpress-
ing Glut-1 protein exhibit increased muscle glycogenesis
after exercise. Am. J. Physiol. Endocrinol. Metab. 278, E588-
592 (2000).



