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Protective effect of polysaccharides from Cortex Eucommiae on exhaus-
tive exercise-induced oxidative stressin mice.
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Abstract

Cortex Eucommiae iswell known in traditional Chinese herbal medicine. The present study in-
vestigated the effects of polysaccharides from Cortex Eucommiae (PCE) on exhaustive exer-
cise-induced oxidative stress in mice by measuring the changes in the activities of superoxide
dismutase (SOD), glutathione peroxidase (GPX) and catalase (CAT) and levels of malondialde-
hyde (MDA) and 8-hydroxydeoxyguanosine (8-OHdG). The mice were randomly divided into
four groups: a negative control group, a low-dose PCE intervention group, a medium-dose PCE
intervention group and a high-dose PCE intervention group. The micein the control group were
given distilled water whereas those in the three intervention groups wer e given different doses of
PCE (10, 50 and 100 mg/kg). After 28 days, the mice were made to perform an exhaustive
swimming exercise. Changes in the activities of the main antioxidant enzymes and the levels of
MDA and 8-OHdG in the blood, liver and muscle of the mice were measured. The results of the
study showed that PCE increased the activities of SOD, GPX and CAT and decreased the levels
of MDA and 8-OHdG in mice, suggesting that PCE has a protective effect on exhaustive exer-
cise-induced oxidative stress.
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| ntroduction ties [7,8]. However, the effects of PCE on exer-
cise-induced oxidative stress have not yet beeartegh

Cortex Eucommiae (also known as Du-Zhong oHence, the present study aimed to evaluate thetedfe

Tu-chung), the dried bark ducommia ulmoide®liv. PCE on oxidative stress induced by exhaustive svifigm

(family: Eucommiacede is one of the oldest tonic herbs exercise in mice.

in traditional Chinese herbal medicine [1]. It isdely

used to strengthen muscles and lungs, decrease bloblaterials and M ethods

pressure, prevent miscarriages, improve the fumatib

the liver and kidneys, and increase longevity Rcently, Plant material

several studies have shown that the extracts ofe€or Dried Cortex Eucommiae was purchased from a local

Eucommiae have multiple pharmacological propertieberbal drug market (Changsha, China) and was foshti

such as anti-oxidant, anti-hypercholesterolaemicby Dr Meng YJ, a botanist at the Central South ©rsity

anti-obesity, anti-complementary, anti-microbial, (Changsha, China). Voucher specimens (KIM-NA-9132)

anti-inflammatory, hypoglycaemic and hypolipidaemicwere preserved in the herbarium of the Central ISout

properties and that they protect against ultraviotedia-  University. The dried Cortex Eucommiae was groumd t

tion [3-6]. Cortex Eucommiae contains many phyto-fine powder and was stored at 5 °C until furthes.us

chemicals such as lignans, iridoids, flavonoiddygaxc-

charides and terpenes. To date, the pharmacolqgiopt  Chemicals and reagents

erties of Cortex Eucommiae have mainly been atieidbu Assay kits for superoxide dismutase (SOD), glutatéi

to lignans and flavonoids. Recent studies haveestgd peroxidase (GPX), catalase (CAT) and malondialdehyd

that polysaccharides from Cortex Eucommiae (PC&) al (MDA) were purchased from Nanjing Jiancheng Bioen-

exhibit significant pharmacological properties suab gineering Institute (Nanjing, China). The assay fkit

antioxidant, anti-tumour and anti-complementarypgre  8-hydroxydeoxyguanosine (8-OHdG) was purchased
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from Japan Institute for the Control of Aging (Fudi)  Assay of biochemical parameters
Japan). All other chemicals used in this researetevof  After completing the exhaustive swimming exerciak,
analytical grade and were obtained from Hunan Cbami the mice were immediately anesthetised using edthdr

Reagent Co. (Changsha, China). and sacrificed by exsanguination via the abdonaoata.
Blood samples were collected and serum was immedi-
Experimental animals ately separated by centrifugation at room tempesatu

Healthy male Kunming mice (weight, 18-22 g) were ob (2000 x g for 10 min). Next, the liver and hindlimb
tained from the experimental animal centre of tlen&h  skeletal muscles were carefully removed and rinsece
University of Technology. The mice were housed with cold physiological saline solution (0.9% NacCl), tixaol
libitum access to food and water and were maintainedry and stored at -80°C until biochemical paranseter
under constant environmental conditions (tempeea22 were analysed. Next, the activities of SOD, GPXd an
°C £ 2 °C; humidity, 50% = 5%; and 12-h light:12dark  CAT and the levels of MDA and 8-OHdG in the blood,
cycle starting at 07:00). Experiments were perfatrime liver and muscle were measured using procedures rec
accordance with the Guide for the Care and Useabbt. ommended in the commercial assay kits.

ratory Animals of the Central South University amdre

approved by the Ethics Committee. Satistical analysis
All data are expressed as mean + standard deviggionh
Extraction of PCE Statistical comparisons were made using one-waly-ana

PCE was extracted as described previously [9], slight SIS Of variance. P values of <0.05 were considetats-
modifications. Powdered Cortex Eucommiae was soakdif@lly significant. SPSS software version 17.0$SAnc.,
in 95% ethanol to remove pigments and small lipiphi  ©hicago, lllinois) was used for all analyses.
molecules. The residue was then washed thrice diith

tilled water (1:15, v/v ) at 100 °C for 30 min tateact Results

PCE. All the water extracts were combined, filtereah-

centrated and precipitated using absolute ethdn) y/v) Effects of PCE on the activities of SOD in the blood,
and stored at 4°C overnight. The precipitate walected  liver and muscle

by centrifugation (8000 x g for 30 min) and was rdep Effects of PCE on the activities of SOD in the lalplver
teinated using Savage method [10]. Finally, theesup and muscle are shown in Figure 1. The activitieSOD
natant was |yoph|||sed to obtain crude PCE. in the blood and liver of mice in the LP, MP and HP
groups were significantly higher (P < 0.05) thaasth of
mice in the C group. The activity of SOD in the @lasof

Experimental design T S ;
After one week of accommodation, the mice were ranr—nICe in the MP and HP groups was significantly kigfP

L , ; I < 0.05) than that of mice in the C group. Althouble
domly divided into the following four groups (10c¢®iin L . . A
eachygroup) based on their bo%ly wei%:]ht: %eg(jatimrob activity of S_OD increased in the _muscle of micehia LP
(C) group, low-dose PCE intervention (LP) group,- me group, the increase was not significant (P > 0.05).

dium-dose PCE intervention (MP) group and high-doSgtects of PCE on the activities of GPX in the blood,
PCE intervention (HP) group. The mice in the C grou liver and muscle

were given distilled water (2.0 mL) whereas thaséhe  gfects of PCE on the activities of GPX in the tdotiver
three intervention groups were given different 08€ g muscle are shown in Figure 2. The activitieSBKX
PCE (10, 50 and 100 mg/kg). Samples were admigBter i, the piood, liver and muscle of mice in the LFP fnd

once a day for 28 consecutive days by gavage WINgpp groups were significantly higher (P < 0.05) tiiaose
feeding needle. PCE solutions used in intervergi@ups ¢ the mice in the C group.

were prepared by dissolving PCE in 2.0 mL distilea-

ter. Effects of PCE on the activities of CAT in the blood,
liver and muscle
After 28 days, the mice were made to perform araegh Effects of PCE on the activities of CAT in the kdodiver
tive swimming exercise, as described previously].[11 and muscle are shown in Figure 3. The activity AT @
Briefly, 30 min after the last treatment, the micere the liver of mice in the LP, MP and HP groups wigsii-
placed individually in acrylic plastic tanks (50 cm50  cantly higher (P < 0.05) than that of mice in theGup.
cm x 40 cm) containing 30-cm deep water that wai®ma The activities of CAT in the blood and muscle oftein
tained at 25°C + 1°C. The mice were loaded 7% eof ththe MP and HP groups were Signiﬁcan“y h|gher (@@5)
body weight of lead threads at the bases of the fBiie  than those of mice in the C group. Although theviigts
mice were identified as being exhausted when thek s of CAT increased in the blood and muscle of micehim

into the water and could not rise to the surfacthiwia | p group, the increase was not significant (P 5)0.0
10-s period.
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Figure 3. Effects of PCE on the activities of CAT in the

Figure 1. Effects of PCE on the activities of SOD in theplood, liver and muscle. All data are expressedhaan +
blood, liver and muscléll data are expressed as mean £SpD."P < 0.05 vs control

SD."P < 0.05 vs control
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Figure 4. Effects of PCE on the levels of MDA in the

Figure 2. Effects of PCE on the activities of GPX in theblood, liver and muscle. All data are expressedhasn +

blood, liver and muscle. All data are expressednasn +
SD. P < 0.05 vs control

Effects of PCE on the levels of MDA in the blood, liver
and muscle

Effects of PCE on the levels of MDA in the blooyer
and muscle are shown in Figure 4. The levels of MDA
the blood, liver and muscle of mice in the LP, Mfel &P
groups were significantly lower (P < 0.05) thanshaf
mice in the C group.

Effects of PCE on the levels of 8-OHdG in the blood,
liver and muscle

Effects of PCE on the levels of 8-OHdG in the blood
liver and muscle are shown in Figure 5. The lewsls
8-OHdG in the blood and liver of mice in the LP, Mid
HP groups were significantly lower (P < 0.05) thlaose
mice in the C group. The level of 8-OHdG in the oies
of mice in the MP and HP groups was significanbiyéer
(P < 0.05) than that of mice in the C group. Aligbuhe
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Figure 5. Effects of PCE on the levels of 8-OHdG in the
blood, liver and muscle. All data are expressedhasan *
SD."P < 0.05 vs control
level of 8-OHdG decreased in the muscle of micéha
LP group, the decrease was not significant (P 5)0.0
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acids and is frequently used as an indicator ofl Iger-
Discussion oxidation and oxidative stress in vivo [24]. Incsed
MDA levels confirm the increase in exhaustive exer-
cise-induced oxidative stress. Increased MDA lecals
be normalised using functional food ingredients
[15,19,24]. In the present study, levels of MDAthe
blood, liver and muscle of mice in the LP, MP ang H
groups were significantly lower (P < 0.05) thansbmf
mice in the C group, indicating that PCE could effe
tively reduce lipid peroxidation.

It is well-established that physical exercise iscasated
with increased free radical generation, primariedo a
dramatic increase in oxygen uptake both at the evhol
body level and at local tissue levels [12]. Prodtuciof
these deleterious free radicals differs based erirtten-
sity, frequency and duration of various exercisE3].[
There is evidence that acute, intense physicalceseer
induces oxidative stress due to increased genarafio L i
reactive oxygen species (ROS) and/or reduced aimtioxo.X'dat've damag_e of I.DNA usually involves damage to
dant capacity [14]. These excessive ROS then atta ngle bases. It is estimated thaf[ ROS alter 8.6“65
vital biomolecules such as plasma membrane lipidk a Ifferent bases. Base damage differs dependinghen t
proteins, thus deteriorating normal cellular fuons. ROS th_at damages the DNA [25] Be_cause 8'O|_.|.dG IS
Moreover, exercise-induced oxidative stress mayde hot an mtermec_ilate of no_rmgl nucleotide metabqligm
dds used as an important indicator of DNA damage and

sociated with muscle fatigue, muscle damage and repair. The present study showed that the levels of
creased physical performance [15,16]. More thaeethr 8-OHdG in the blood, liver and muscle of mice ir th

decades have elapsed since the first findingseml&d L

exercise-induced oxidative stress, and the topstilisof MP and HP groups were 5|gn|f|cantl_y Ipwe_r (P < 9.05

interest to researchers in different scientifidd#e[17]. than those of mice in the C group, indicating tﬁﬁ.tE .
could prevent DNA damage and attenuate oxidative

stress. However, the detailed mechanism of PCoracti

is unclear. This may be because PCE also incré&asés

repair.

Previous studies have shown that exercise-induged o
dative stress can be counteracted by functional foe
gredients such as polysaccharides, flavonoids, rsapo
and phenolics [11,18-20]. Therefore, the presentlyst
was designed to verify the possible protective ctffef
PCE on exhaustive swimming exercise-induced oxid
tive stress by measuring the activities of antiaxiden-
zymes and levels of MDA and 8-OHdG in mice receiv-
ing PCE intervention and those not receiving PCE in
tervention (control group).

Conclusions

al'he results of this study indicate that PCE hasodep-

tive effect on exhaustive exercise-induced oxidativ
stress in mice because it increases the activifiesmti-
oxidant enzymes and decreases the levels of MDA and
8-OHdG in the blood, liver and muscle. Although the
detailed mechanism of the protective effect of REE
mains to be elucidated, this study provides eviddgheat
supports the use of PCE as an effective ergogéaifon
athletes.

The antioxidant defence systems (AOS) of a liviegyo
include antioxidant enzymes and nutrients, whichy ma
be involved in reducing oxidative stress. Becausg a
oxidant enzymes play an important role in providing
protection against free radical damage, a decrieage
activity or expression of these enzymes may pregisp ACknowledgment

tissues to free radical damage [21]. SOD, CAT aRXKG

are important components of the AOS. CAT catalyses This research was financially supported by the Bee
detoxification of HO, to H,O, GPX activates Foundation of Henan Province of China.
GSH-scavenging reactions of free radical®H) and
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