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Abstract

With the inténsjty increasing among teams and athletics in
high level sport corr.xpetitions_,'to avoid fatigue and injury become
more and more important for achieving victories. The accumula-
tive exercise fatigue is one of the main causes of athletics’injury.
To understand and clarify the mechanism of development of fa-
tigue may help effectively éliminating different exercise—induéed
fatigue and thus" have great importance in the field.

MDA is an intermediate produced during' the process of physical
activities due to oxidative stress and lipid peroxidaﬁon. It is an impor-
tant index of exercise and stresses,or the so called “exercise stress fac-
tors” (ESFs). MDA-related toxic carbonyls can inevitablely formed from
the side-reactiéns of the free radical oxidation and non-enzymatic glyco-
sylation of:energy metabolism. MDA, as a representative product con-
taining two carbonyl groups, is detected consistently with oxidative
stress and Aglycation stress during energy metabolism. It”s reaction co-
valently with the amino group(more actively with thiol)to cause cross-
linking of different biomolecules,is known as the*carbonyl-amino reac-
tion”’. Such reaction with proteins,nucleic acids ;1nd further cross-linking
with other biological macromolecules have been found to induce exten-
sive and irreparable injury. Such carbonyl poisoning injuries may present

everywhere and everyday in human body.
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Human body prevents oxidative stress with mainly three de-
fense systems, namely anti-oxidative stress, anti-carbonyl stress
and repairing systems. The anti-carbonyl stress system is the
central defense system. With assistance of glutathione, carbonyl
compounds can be cleared and degraded thus to prevent oxidative
stress injury. Therefore, based on the mechanism studies of ex-
ercise-induced fatigue and carbonyl stress theory, we propose
that the “carbonyl stress may be an important key to understand
the exercise-induced fatigue”. This study is aiming to applying
carbonyl stress theory of aging as the theoretical basis to investi-
gate the toxicity of the carbonyl substances,such as MDA ,in an-
imal exercise-induced fatigue models. Red blood cells' model has
also been applied to study carbonyl stress. Through measure-
ment of carbonyl stress, various anti-fatigue chemicals were also
used in a series of experiments to explore the possible mecha-
nism of exercise-induced fatigue.

A significant increase of MDA-related toxicity may increase
during exercise and blood storage. A simple experimental model
of erythrocytes’ carbonyl stress was established. From viscosity
and morphology of red blood cells, the protein carbonyl content
and fluidity of membrane lipid and many other aspects were in-
vestigated. The MDA induced carbonyl stress was assayed by
studying the blood viscosity, the electromicroscopic morphology
of erythrocytes,protein carbonyl content and fluorescence polari-

zation of membrane of erythrocytes, analysis of productions by
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LC-MS-ESI. The relation of carbonyl stress and blood viscosity
changes has also been studied. Different amino and mercapto
containing small molecules have been applied for anti-carbonyla-
tion in the defense system. The rat exhaustive exercise treadmill
fatigue model was established and glutathione, taurine, lysine
and melatonin were taking into account in the exercise-induced
fatigue in amino acid metabolism. Different concentrations of ly-
sine at different pH under different conditions of MDA were also
investigated in the sport-related fatigue situation.

The results show that:

1. MDA treated red blood cell suspension significantly in-
creased blood viscosity; GSH decreased apparently the viscosity
of red blood cells;10 mmol/L. MDA caused red blood cells aggre-
gation morphogenesis after treatment; GSH can reverse scattered
red blood cells; GSH can significantly lower erythrocyte mem-
brane protein carbonyl content (p<C0. 01); 50 mmol/L. MDA
caused the fluorescence polarization of erythrocyte membrane
and increased micro-viscosity; 20, 50, 100 mmol/L of GSH re-
duced the red cell membrane fluorescence polarization and micro-
viscosity. In addition, 20 mmol/L of GSH treatment did not
reach significant level (»>>0. 05) compared with the control,the
rest of the treatment compared with the control reached the sig-
nificant level (»p<<0. 01). MT reacted with MDA produce a new
product(the maximum absorption peak at 345. 0 nm); MT also

inhibited MDA caused increase of blood viscosity.
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2. Supplementation of taurine prolonged the running-time
in exhaustive exercise of rats, but the control group and treat-
ment group were no significant differences(p>0. 05). After ex-
haustive exercise significarit increase were observed with MDA
levels (»p<<0. 01) and SOD activity. However GSH content and
total Ca’" concentrations were significantly reduced (»p<<0.01).
Supplementation of taurine reduced the magnitude of this change
significantly (»p<0. 01), suggesting that taurine can reduce car-
bonyl! toxicity and protect the mitochondrial function.

3. In the lysine-related model system,the reaction products
of lysine with MDA showed a new 400 nm UV absorption peak.
The UV absorption peak was positively correlated with MDA
concentration and reaction time. The fastest increase of UV ab-
sorption peak were in the pH=7. 4 condition. Exercise can in-
crease the amino acid metabolism in rats and to increase the con-
centration of free lysine and MDA, addition of lysine significant-
ly reduced MDA level in rats after acute exhaustive exercise.

In summary,through the carbonyl toxicity andrelated stud-
ies,we found that MDA is an useful “exercise stress factors”.
The carbonyl-amino reaction appeared to be one of the important
reasons in the Vdevelopment of exercise-induced fatigue.

Keywords: reactive carbonyl species, carbonyi stress, ma-
londialdehyde, oxidative stress, exercise fatigue, bio'active small

molecules.
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(Abbreviations)
WEFE L LK X
AA amino acids HER
AD Alzheimer’s disease P JR 3% 18 BR 9w
AGEs advanced glycation end products B A AL AR =Y
ALEs  advanced lipid peroxidation end products g fiid E ALK K=Y
BSA bovine serumalbumin 4mEBEH
DMCs. = di-,multi-functional carbonyls ZHEEAKRELEY
ESFs exercise stress factors E R EF
GO glyoxal 7
4-HHE 4-hydroxylhexenal ‘ LERECKRE
4-HNE  4-hydroxylnonenal S-BETRE
5-HT . 5-hydroxyltryptamine(serotonin) 5-¥5 {8
L- lipid radical ClRAmE
LOO+ liphl peroxyl sadical ' Mot 2
MDA  malondialdehyde [t
MGO methylglyoxal FRZ @
MT melatonin ' B X
OH - hydroxide exdioel BREAmE
PKA protein kinase A EEMME A

PUFA  poly-unstaturated fatty acid PN o
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RCS reactive carbonyl species EHERELY R
ROS reactive oxygen species A

SOD superoxide dismutase B E AL Y 5 1k g
TBA 2-thiobarbituric acid WAEHZR

TBARS thiobarbituric acid reactive substances WA 2 B N R
TMP 1,1,3,3-tetramethoxylpropane PO B 5 I e
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