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Title: The effects of training on the hypothalamus — pituitary —
ovarian axis

Abstract:

Most studies have confirmed that hormone levels of hypothalamus—pituitary—
ovarian axis (HPO axis) will change in exercise and training in women. Because
many factors affect the functions of HPO axis, the study results are quite different.
For comprehensive understanding the effects of changes of HPO axis hormones
in exercise stress, it is necessary to systematically investigate the peculiarity and
rule of HPO axis hormones; to investigate the influencing factors to HPO axis; and
to investigate the reaction of target cells to HPO axis hormones as the same time.
Main anti— reproductive hormones and reproductive hormones are the important
influencing factors to HPO axis function. HPO axis hormone receptors are the
deciding factors to target cells reaction. Structure changes of every segment of HPO
axis are the ultimate factors to HPO axis function. AMI will take place when HPO
axis hormone level is disturbed. AMI may be related to overtraining. So resolving of
these problems will be help to explain the pathological mechanisms of AMI. Animal
experiment was adopted in this study, as human experiment is impossible.

Experiment 1, Establishment and evaluation of animal model about athletic
estrous cycle dysfunction:

Female SD rats were assigned randomly to training and control groups.
Training groups ran on a treadmill according to the protocal in progressive
increasing training load manner. Evaluation parameters included body weight,
fatigue classification serum total T and T/C, Hb, BLA, BUN and vagina shedding
cells. The results found that, during 9 weeks training period, weight gradually
decreased, and the range was over 1/30; fatigue degree graded >3; serum total T and
T/C greatly reduced with load volume increasing; Hb level undulately decreased,
and distinctly appeared athletic aneamic symptoms; BUN level enhanced; BLA
level continually increased; ovarian function frustration and downfall phenomena
appeared ( the ratio of white cells and nucleus epithelia alternately increased; white
cells were over nucleus epithelia) in vagina shedding cells monitoring. The results
indicated that these parameters may be used to diagnose athletic estrous cycle
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dysfunction. Phenomena appeared in succession in rats, including total duration of
estrous cycle prolonged, each cycle was disturbed, and estrous cycle was inhibited.
These phenomena were distinct signs of estrous cycle dysfunction, and there were
significant individual difference in the process. The modal accord with diagnosis
criterion of overtraining, and was quietly correct.

Experiment 2, Changes and roles of reproductive hormone and anti—
reproductive hormone levels during progressive increasing load volume training
periods in rats:

In order to explore characteristics, rule, and influencing effects, this study
dynamically traced the changes of reproductive hormone, anti—reproductive
hormone, and HPA axis hormone levels. Equation saturation RIA was used in GnRH
and B —EP determining in hypothalamus and pituitary; fluid order saturation
RIA was used in serum FSH, LH, PRL, plasma B —EP, and hypothalamus and
pituitary CRH; fluid equation competition RIA was used in serum E,, P, and T;
competition protein binding assay was used in plasma GC. The results found that
GnRH of hypothalamus and pituitary, serum LH, E,, P, T, and FSH level showed
significant fall/ downfall trend, and appeared relation to intensity and duration. The
obvious characteristics were lower gonadotropin and female steroids levels. CRH of
hypothalamus and pituitary, and plasma GC markedly increased with training load
volume increasing. p —EP of hypothalamus, pituitary and plasma, greatly enhanced
with the training duration, similarly to the serum PRL level. The results indicated that
normal relations of regulation and controlling of HPO axis hormones were disturbed;
the function of HPO axis was fully inhibited; the balance of reproductive hormones
and anti—reproductive hormones was destroyed. Inhibition of HPO axis was related
to HPA axis enhancing and anti—reproductive hormones increasing. But the true
position of HPO axis inhibition required further to be confirmed. Reproductive and
anti—reproductive hormone level gradually recovered during recovering phase. The
results suggested that these changes were reversed after training stopped.

Experiment 3, Changes of ER and PR levels during progressive increasing load
volume training periods in rats:

Hormone exerts its physiological action by its target cells. The target cells
reaction to hormone is another important factor of deciding hormone effects. The
receptor of target cells is the main part in hormone roles in this course. Female
steroids activate receptors by binding with ER and PR. Receptor—hormone



complexes bind to the special DNA segment—hormone response elements (HREs),
as a consequence, the target gene expression is improved or inhibited, which brings
out biological effects. In experiment 2, we found that continually progressive
increasing load volume training resulted in athletic estrous cycle dysfunction,
which went with lower steroids level (the main characteristics). In experiment 3, we
examined the relationship between lower steroids level and ER and PR of ovarian
and uterus, so that we can explain whether the change is consistent, its mechanism,
and significance. ER and PR binding capacity was detected by radioligand binding
(one—point) assay. The main results were: ER and PR binding capacity of ovarian
and uterus was gradually elevated during progressive increasing load training. The
elevation of PR level was prior to ER, and the extent depended on load intensity,
volume, and training duration. There was no obvious “up—regulation” of serum
E, to steroids receptors. These results showed that the elevation of receptors level
may be related to non—hormone dependence path, which was a character reaction
of body to lower steroids during long—term training. The significance may consist
in improving body’ s sensitivity to lower steroids, keeping the balance between
receptors and steroids, and holding body inner environment balance. Receptor levels
undulately fell down and tended to become normal levels after training, which
indicated that the elevation of receptor levels was reversible, and the recovery was
attribute to the elevation of E, concentration.

Experiment 4, Changes of ultrastructure of HPO axis in rats during progressive
increasing load volume training and recovery periods:

The aims of experiment 4 were to elucidate the potential mechanisms of
effects of structure changes on functions in rats’ hypothalamus, pituitary,
ovarian, and uterus during progressive increasing training load and recovery
periods. Transmission and scanning electron microscopes were used to observe
the ultrastructure in HPO axis. We found that long—term progressive increasing
load volume training resulted in ultrastructure changes in hypothalamus, pituitary,
ovarian, and uterus, and this changes successively related to training period and
training load volume. Gradually, organelles denaturalized, myelin sheath of
axons separated, synapse vesicles, microtubule, microneme, and dendritic spine
reduced in the neurons of arcuate hypothalamic nucleus in rats during training
courses. These changes indicated that cell functions were inhibited, connections of
neurons weakened, GnRH synthesizing and secreting were disturbed. Organelles
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denaturalized and nuclear membrane was abnormal, lysosomes increased in
gonadotroph (Gn) and somatotroph (GH) cells, but ultrastructure less changed in
corticotroph (ACTH) cells in pituitary. These ultrastructure changes were consistent
in lower gonadotrophin, and higher CRH and GC levels in the same phase. The
results showed that hormones synthesizing and secretion were restrained in
pituitary. The surface structure changes of epithelium were from promontory to
flatness, from integrity to imperfect; microvilli on cells from richness to fewness in
ovarian. Separate chromatin migrated towards the side, nuclear membrane breaked,
mitochondria became vacuole or dissolving, endoplasmic reticulum dilated, ring
board appeared, and lysosome increased in follicular theca interna cells and granular
cells. These changes were consistent in lower E, and P levels. The surface structure
changes of epithelium of endometrium may find: microvilli on cells decreased from
lightness to seriousness, cell membrane breaked and had leak, which showed that
secretion role of cells weakened. Organelles were abnormal, containing organelles
vacuole presented, constant chromatin became sparseness, separate chromatin
migrated towards the side and became clump, which indicated synthesizing function
was inhibited, and cell mature was restrained, so that endometrium were in diestrus.
Changes of endometrium were attribute to lower estrogen level. These results
suggested that athletic estrous cycle dysfunction based on the structural changes.
Hypothalamus was the center and initial segment of structure and function changes
of HPO axis. The structure changes of hypothalamus, pituitary, ovarian, and uterus
were progressively recovered after rest in 4 estrous cycles, which suggested that
athletic estrous cycle dysfunction was reversible, and the recovery course was based
on structural recovery and focused on hypothalamus structure and function.

Experiment 5, Changes of GaRHR mRNA and ER mRNA expression during
progressive increasing load volume training periods in rats:

The purpose of this experiment was to explore the change mechanisms of
GnRHR and ER levels by gene expression in estrous cycle dysfunction in continuous
exercise stress. We examined dynamic changes of GnRHR mRNA and ER mRNA
in each segment of HPO axis after 7th , 9th week training, 2nd , and 4th estrous
cycle recovery courses. GnRHR mRNA and ER mRNA expression were detected
by reverse transcription—polymerase chain reaction (RT—PCR). The results
obtained were as following: GanRHR mRNA in hypothalamus and pituitary markedly
decreased after 7th week training, the lower level went on 2nd recovery period.



Ovarian GnRHR mRNA significantly reduced in overtraining week. Uterus GnRHR
mRNA was no difference with control group, although it showed a decreasing
state. After 7th week training, ER mRNA in hypothalamus and pituitary obviously
reduced; ER mRNA level in ovarian and uterus increased compared with control
group, and went on 2nd recovery period. The results indicated that GnRHR mRNA
and ER mRNA expression were related to lower serum steroids concentrations,
especially, E, concentration. GnRHR mRNA and ER mRNA approximately
recovered to normal level through 4 estrous cycles. Serum estrogen concentration
may be responsible for the recovering course.

Key words: Hypothalamus—pituitary—ovarian axis (HPO axis); athletic
estrous cycle dysfunction rat; reproductive hormone; estrogen and progesterone
receptor (ER and PR); Gonadotropin—releasing hormone receptor(GnRHR); anti—
reproductive hormone; hypothalamus—pituitary—adrenal cortex axis (HPA axis);
progressive increasing load volume training; overtraining; radioimmunoassay (RIA);
radioligand binding assay; reverse transcription (RT); polymerase chain reaction
(PCR); ultrastructure
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ACTH
AMI
BLA
BUN
CRH
CAE
DA
E,
EGF
ER
ERE
FSH
GC
GH
GnRH

MLT

PKC

PR

PRL

RIA
RT—PCR

B —EP
p —LPH
a—MSH

FILAR

adrenal corticotropic hormone
athletic menstrual irregularity
blood lactate

blood urea nitrogen
corticotrophin releasing hormone
catecholaminergic estrogen
dopamine

estrodiol

epidermal growth factor
estrogen receptor

estrogen response elements
follicular stimulating hormone
glucocorticoid

growth hormone

gonadotropin relesing hormone
gonadotropin relesing hormone receptor
hemoglobin

hypothalamus pituitary adrenal cortex
hypothalamus pituitary ovarian
heat shock protein

insulin growth fator—1
luteinizing hormone

mitogen activated protein kinase
melatonin

progesterone

protein kinase C system
progesterone receptor

prolactin

radioimmunoassay

reverse transcription polymerase chain reaction

testosterone
f —endorpin;
p —lipotropin

o —melanocyte stimulating hormone
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A& RME R E AR, S0 AT, REKFERAE RGN
WAL, XFAE LA ST T Ei— Ak —N i (Hypothalamus—pituitary—
ovarian, HPO#) My, THM. . EEAREE L& B oW HReEK
£, BERHRBN TR TRZMER, SKE AL EMREE. R
E¥ AZAMSEANNSIEEEREYIX R, RERIDBNAEERE 54
FHEE AR AT &N WIhEeEhRI 28 BB R R XL X
ZHlFAFTREEE £ . RiMFEE. BRiEHEEERERNSER, HPOH
REBE KPR BN LR A 2 AR e EE G, SHEMERTH
T, SEHPOMIE—IA VT T REE R /K TR EFHLAEBBIAR, B2 F e
BfEE, HEALKIA.

19784 Jurkowski ¥ ¥k kil Tiazh b icissh A sE K ER A BEE L Y,
E IR Z AL iR B AR E Tz 5L HPOMMIX R, HFRENER
W, ZWMEEKFESERE. B3t Rz EEHEETHEX,
Xtix Legsmn R RiEHIR R A G —, SBEHEFEKFEFSREARNEL, H
WHFsRELE R &R P P, 20HE4E804E LA, FEE LHES AR IS
HAZH¥L, a3htE AL %A (Athletic Menstrual Irregularity, AMI) )% %R
HHE . MIERS, KEsmshilgem T, Kiash iR,
B W WA R P 2B IR 26 B B AR IR A =k ™ BT 19 %, 53
SHNZITHPORTHRE™ A T IR ZIFIREM , X FPzna vl GEid i R A TEB R R
HEFH S FRRER WS, UURBIER sk R k. S5@3hi)igk
BXRMELZHEE CsafmRE, BE., EFRL. BIEEE. AERERK. &
mFtw . BRERISSE) AKITRIBIER, BTSN IE R ETE, 5
HHPOMMTHRELR T, RAEAMI | B AMIFBEZE . S LEHPOMD)
RERY AR IR R TR EAE Y B TR LB Zh il T —idt R 2 &
A& —FREERHIAS A AR 2 AMIFYSRER HLAIE F2 Sl PR 5 WL &t A 2K
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BT %ot B GR B SR B XL T
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R HLHIFRFEHIZEA

BN HLARRRENR B TEZI, —ELR, FRErk s
SR T RS IR LTE) AL RFR A AR 2 R, S
&) MR AT R FIB R, ot A B E T, B3It
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