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ABSTRACT

In sport medicine, the research about the mechanism of exer-
cise-induced fatigue (EIF) as well as its prevention, elimination,
has been attracting many scholars for a long time. This key project
(NO.39430140) was supported by the National Science Foundation
Committee of China; the following works has been done.

Part 1. Theoretical Study

There are a lot of viewpoints about fatigue exemplified as gi in-
jured by overworking in traditional Chinese medicine (TCM) basic
theory, the relation between the five viscera(Zang), qi, blood, psy-
chology and fatigue was much paid attention. Since che founding of
the P.R.C., a lot of works have been done in eliminating EIF, as
well as definite effects obtained by adopting TCM, mainly using the
theoretical methods such as nourishing spleen or invigorating kid-
ney.

EIF related 1o the physiological and psychological activities, in
visceral manifestation theory of TCM, the liver's function includes
the physiology and psychology corresponding to the exercise and fa-
tigue. (1) The liver is in charge of regulating the activity of qi

which corresponds to the emotion. (2) The liver is in charge of the
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tendons which is concerned with the ability of muscle exercise. (3)
The liver is the root of physical stamina which relates to EIF. (4)
The liver stores blood, serving as a reservoir of blood to regulate the
circulating blood volume, which is one important originate of ener-
gy. (5) The liver can help the spleen 1o digestion and absorption the
essences of food which is one important originate of energy. (6)
Both the liver and kidney concern with the sexual hormone.

As combination with the viewpoint of “disturbance in liver qi
and spleen qi transformation resulting in EIF” advanced by the tu-
tor, Prof. Yang Weiyi, the paper expounded the prominent position
of the liver in the development and treatment of EIF from following
7 aspects.

1. The concept of fatigue: Literatures indicated that fatigue is
a subjective feeling, marked by the temporary descending of work
efficiency, and could be recover by rest. Meanwhile, fatigue is a.
signal indicating the body need rest in order to avoid the catastrophe
changes. Broadly speaking, fatigue refers to the unwell and the dec-
adence of work efficiency caused by any reasons, while narrow sense
of fatigue is such as vision fatigue, auditory fatigue, lumbar muscle
fatigue, etc. EIF is the fatigue of athlete, manifested by both men-
tal and bodily fatigue.

2. Descriptions of fatigue in ancient Chinese medicinal litera-
tures: similar descriptions of fatigue appeared in ancient Chinese me-
dicinal literatures, but they were mainly bodily symptoms which
emerged in diseases or syndromes (Zheng), and were mainly regard-
ed as spleen deficiency (Pixu). Those similar descriptions were more
serious as compared to that of EIF, and with less mental fatigue.

3. Pathogenesis of EIF: Based on the athlete being weary in

body and mind, the author considers that the pathogenic factors of
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EIF are emotional disorder and overtraining. Its key pathogenesis is
that the liver fails to regulate the qi and blood, furthermore affects
the functions of the viscera(Zang and fu), then results in EIF.

4. The relationship between the liver and EIF: According to
the liver's main physiological functions as well as its relation to the
spleen and kidney (the liver has additional partial functions of spleen
or kidney), the author regards: (1) The liver being in charge of
regulating the activity of qi is associated with the emotional abnor-
mal in EIF. (2) The liver being in charge of the tendons is con-
cerned with the ability of exercise in EIF. (3) The liver and spleen
are related to the energy metabolism in EIF. (4) The liver and kid-
ney are corresponding to the neurcendocrine of EIF.

5. The relationship between the liver and stress as well as neu-
roendocrine-immune network{ NEIN): From the concept and theory
of stress, homeostasis regulation, and the concept of wholism as well
as modern research achievements of the liver, spleen and kidney;
the author concludes that the disorder of NEIN in EIF should im-
pute to the abnormal of liver qi.

6. Exploration the syndrome of EIF and its differential diagno-
sis: As integration of literatures and clinical investigation data, it
can be found that the common symptoms are such as emotional dis-
order, bodily unwell, disturbance of spleen and stomach, the lose of
body liquid. The author points out that EIF should be differential
diagnose with overtraining fatigue syndrome, chronic fatigue syn-
drome, “Xulao” or “Xusun” of TCM.

7. Therapeutic method for EIF: The emphasis should focus on
adjusting the liver qi with the Chinese drugs which can regulating
the flow of qi, meanwhile, immediately nourish qi and blood for the
rehabilitation of EIF.
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Part 2. Experimental Study

Exercise, as a kind of stress, the change of neuroendorcine is
its basis. In the past, many researches have been done about the re-
sponse of neuropeptides level in blood to the exercise (including
sports intensity and duration}, such as beta-endorphin, adrenocorti-
cotropic hormone, and neuropeptide Y, etc. But the dynamic
change of related neuropeptides in the rat brain of EIF, and effect of
TFK on eliminating EIF have not been reported up to now. In this
study, radioimmuncassay ( RTA ), immunchistochemical method
(IHC), in situ hybridization ( ISH) integrated image pattern analys-
is, electron microscope were used, in order to explore the effect of
TFK on the related neuropeptides and their precursor gene expres-
sion in rat brain of EIF. The EIF rat model was done, by using the
method of treadmill {with slope of 0 degree) exercise with long term
(total 7 weeks) and high intensity (speed from 15 m/min gradually
increased to 35 m/min, 20 to 25 min/d duration), The main results
are as follows:

1. TFK can significantly down regulate the plasma beta-EP, L-
ENK and DYN A, _,; levels in chronic fatigue rat. While in the last
acute exercise fatigue rat, TFK can obviously up reguiate the plasma
beta-EP immediately and 30 min post-exercise, still down regulate
the plasma L-ENK 30 min post-exercise, no remarkable influnce on
the content of plasma DYN A, ,; with TFK was observed, and
TFK has obviously eliminating effect on the blood lactate immediate-
ly post-exercise.

2. In the rats with long term (total 7 weeks) and high intensi-
ty exercise (speed from 15 m/min gradually increased to 35 m/min,
20 to 25 min/d duration), at their un-exercise state, NPY was un-

changed in paraventricular thalamic (PV), dorsomedial hypothalam-
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ic nucleus (DM} and ventromedial hypothalamic nucleus ( VMH),
but it was changed obviously especially at 3 hours post-exercise after
final exercise. NPY was not changed remarkably in the chronic fa-
tigue stress by TFK, but it was double regulated by TFK especially
at 3 hours post-exercise in the acute fatigue stress, marked by down-
regulating in PV and DM, while up-regulating in VMH,

At their un-exercise state, L-ENK was decreased in caudate-
putamen, but it was activated with sharply increased after final ex-
ercise. TFK could significantly up regulate the caudate-putamen L-
ENK level in chronic fatigue rat brain, while down regulate in the
last acute exercise fatigue rat. DYN A, |, in hypothalama could be
activated by exercise, especially at 30 minutes post-exercise, but no
remarkable influnce on the content of DYN A, ; in hypothalama
with TFK was observed.

3. TFK could significantly strengthen POMC mRNA expres-
sion in hippocampal CA, and hypothalama of chronic fatigue rats,
while obvicusly inhibited frontal cortex POMC mRNA expression.
In the rats with long term (total 7 weeks) and high intensity exer-
cise (speed from 15 m/min gradually increased to 35 m/min, 20 to
25 min/d duration), after their final exercise, the expression of
POMC mRNA was decreased in frontal cortex in which POMC mR-
NA was not recovery yet at 3 hours post-exercise, and hippocampal
CA, in which POMC mRNA was recovery at 30 minutes post-exer-
cise; but it was increased in hypothalama. To the final acute exer-
cise fatigue rats, TFK could remarkable increase POMC gene ex-
pression in hippocampal CA, and hypothalama as well as frontal cor-
tex.

As mentioned above, the dynamic change of related neuropep-
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tides and their precursor gene expression in rat plasma or brain of
EIF was first observed. TFK has important effect marked as double
(up and down) and time-depending regulation on the related neu-
ropeptides, the results provide modern science basis for the relation
between the liver theory and neurcendorcrine.

KEY WORDS: liver (TCM); relieving the depressed liver;
TFK recipe; exercise-induced fatigue; stress; beta-endorphin;
leucine-enkephalin; dynorphin A, _;;; neuropeptide Y; proopiomel-
anocortin; radioimmunoassay; immunohistochemistry; in situ hy-

bridization.
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