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Exercise and Sex Hormones

Shin Shan, Lu

Naticnal Taiwan College of Physical Education

Abstract

[t has been well established that anabolic effect of steroid hormones on
- skeletal muscle and then robust athletic performance, Recent studies have fo-
cused on the effect of physical exertion on s¢x hormones. The purpose of this
review is to examine blood levels of sex hormone following exercise. Upon
basic neuroendocrine physiology, sex hormones are regulated by a sophisticate
mechanism in which hypothalamus-anterior pitvitary-gonadal axis and intra-
cellular cyclic adenosine monophosphate play an important role in synthesis
and release of sex steroid hormones. Animal study demonstrated that exericse
raised blood sex steroid via post exercise wich elevated lactate to stimulate an
increase in intracellular cyelic adenosime monophosphate in gonodal tissue and

not regulated by gonadotropic hormones,
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ZHl B

— 6 T TR 53 T R 7 R A R R B B T R
ReURE o ST o B ST B R O R B M T R B -
BT ) TTREEAD %—80% ~ 30-454 . EH R A R IHE 5
L T P 396 —379%6 = 5L 50 08 27 e 45 0 2 T L
J1Z BRI BT AR sub-max ima | ) SRS I B8 5 A
R B (23, 06)BE FRE(s) ¢ IEMERIEN R e R RE
IEhnm_EF(21, 37) = Jurkowski et al. (37)RG IG5 & T EL 3 WA ME
Mz B HMEREE S SRR LA EEE 7 MR AR 1
FEEEHE W RRE] - R 2 B 5 4 T R ) S ST I AW -

A~ PRI EGR

— ~ F[E#(Testosterone) *

S YHLLMIELevdig cell)SEEE 335059 S E F - 3 FCHHIAR L
R (acetate) B IRIBTE M sk iR AME S EEE E (low density lipo-
protein; LDL) HEREZMEIEIME(cholesterol ) EIERE « TEAUHY A JEmE (L HL
WL (pregnenolone) H#ENITSHERFRARGR 2HEEREYF
(steriod hormones)(28) « Fb¥h » MORSZEEI R FiE RS Al Beariih
FEASREB MY « & HRFEH R SWMESFIFRT. 0 ng/al » 0,
T ng/day ~ 7000 wg/day © BRFAHEINYE - FRYE « K& 07 dr 3l
#1550, 4 ng/ml ~ 0.04 ng/day ~ 300 1t g/day(51) « A2 M M rhay
EEEFRHEGEHES [ BUEEEM2) -

PR RS R K o SRR A I 7 B M b A o 1 4
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HESE(88, 89, 80) - AREMfHZE R S5 3% 2R free form) ~
Mi42% ~ 39% ~ 16% 4 B/ 52 [T — i — 7 —% & B B (testosterone
~estradiol-binding- globulin; TeBG) ~ B (albumin) ~ A IEflmm
A RS (88, 89, 90) - HILIFEHRREERE LA S2E IR RpY
< 5] P A R SR (101 ) = 5320 2 17 A 2 {0 e o S [ A e £ 3
ZAEF (89, 90) -

Z[ERAE ST S MUHIFD ( target celtls)HiTE BILME a BIREEE (S
a-reductase ) {ER B — 5 2 [ M (dihydrotestosterone; DHT) *
A REME AMHIAZ P B A SRR o AT DR B R (T A A B

B TR TR o Hhz s 0 — e UL SE I i S p A
#k(transcription) B2 EH - HASEREIRSN - fiLio2ZAHE
HE IR ARG = — 38 ARt v 22 FBT L BT Y5 5 ( ey toso L) P82
st (receptor A& (32) - SR IEFIATEEMR LAY E ST I 2558101
8) v AEEEPASR— ARG O R A R (transeri ption) (& E Tl
EAGHLA s R SDNAZ ZEE B (genetic code)(28, 32, 63 )& 4
HARRES HmRNATEER  translation) EMMUAE W FRHEBEIAES S
RN C32) -

HEA NS 2 EEE el (B R M e 2 R e AR A PSR
0 B B - S IR FARAS & B BE AL « 5 — a —BER(G-a re-
ductase ) (FFHMESEN R LEEER S S RERN - fTaEEmsEE
R Moz - SEEH SIS EMRLEME (steroid
sul fate }SAE (G 24 B Ef 88 (g lucuroi des ) B BEAHAEYN « B 4214
Je ¥ A MR aromat i zationlUR A WIS 1 e 08.2 HF SR (estrogen)
BNl —EF (estradiol )(101) -

S AR S SR TR - MMl BRI (Sertoli cells)
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. AP T4 (spermotogensis) v AT EE S L fil B A Ve A BAE S AL
L INRE o IBLERH R E AR ATYIIR (prostate) (64, 67, 100) * Bl = (epididy-
mis)(11, 51, 64,100) * fEFE % (seminal vesicle)(58, 67,98, 100)%F = H
fis FELARZIHAE T (28, 67) ~ METEHR (2, B4, 67, 86) ~ THLIT(64,67)  F
#5028, 67) ~ Wh#(6T) ~ FFIE(6T) ~ R AMLIR(28, 67)55:E 2 B EH .~
W

— ~ BbZ & (Progesterone) :

B 228 (progesterone ) (RREVE H B F SRS Z pIIEY - MM
E BT (corpus Tuteun) @ AN (granulosa cell) BT
T Bl R W R M o 2R e B AR BRI R R T AR IR - 1Y 2 B
"B (estradiol )TEH 6 5 M 52 H] (secretory phase)TTHE f7
FE K (inplantation) * 2R ITHIL fbs - T A ERE WS R
T P SR A W B A R T S U Cendometr ium)E10-13K » —
(e A S 3 I B PR R HA ST - BRIERAERBR S O p A o R B AR
3% (human “chorionic gonadotropin: hCO)HERF=E - ZREIRIGAZ
ORI AR B E YRS RO R (Juteolysis) v B ZEMR I T RETIHE I
(29,101) »

WAt B E T EEF I (premature contraction)-Z{FH] -
BB (v T T O M By 2 I B N BT P 52 B A & IR B IR e 11 ()
01) © West(101)RETH 7R = #1575 Mofe i SRR Pk b (=] o
TG - DX SRR S T B AR T S G - R R TR
9) + {HCsapo( 16 )5 280 L B 22 FH H BT (progesterone block) = HHFS
ANHUZ F e B 171 ¥ B 2 P R P G RN 0 R R T B A B i A
STRRMETT (39) » AT S5l 2Pl L BT 84380 2 50 e L LY 5 IR B AR A
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EMEL TN E Al S o ) A =T TR S kT T R
FURIFH16) « BySEEEET fENGR(ERY « I B8 &3 aLE -
(0 7 B2 B A 1 T L B B R L2 B - WG Rl B/ ifu bl
BT Z DIRE(SS, 101) « BE4T + FF 2190 Heim it e o] S B
& Vr(38) &R 1G (5, 43) (LB ~ HEE (ventilation)(19, 23) ~ FFHk%
(gastric emptying)(13) » MEEEFE(insuline)(39, 94) - LR FE
(growth Hormone)(22,31) « H [ B (cortisel )(25) ~ B [ fd
(aldosterone)(72) - WL (luteinizing hormone) MIMEHI{EZE(fol-
licle-stimluting hormone)(29) °

B ZRA IS R E K » Butcher et al. (10)HEIEEIL R
P 168 L TE R ME AR A FT R 2-T ng/ml LTFE {46 ng/mlif4E
FERFRIAY T RECLO) « AMES M AR B, 2o e 50, 15-0, 33 ng/ml » T
2L {1 [T 58 B Z i P I FUR R IR BIET TR R IR 77 00, 1-2 g/ 100m) (3
5))&11—32 g/100m1(53) » LAk » BZemi 2 5 ELIE S « Zander et

al. (lﬂﬁiﬂ‘%,ﬁuﬂjﬁilzﬁﬁﬁﬁlﬁ&%ﬁwﬁﬁﬁ v 77 S o T I
L -

PRIERT S WET « (SR SR PR S I8 R iR S -
FMERT - I - SN IRRSILRREY - AT b
PIEREERER AR B -« iR - RGeS T
i - EIELARE A R LR TE TR IS e
T BRI BRI T SR ] SRR (R
= EPBEE (Luteinizing Hormone, LH):

IEHEES 2 fie EHRAH B gonadotrophs ) 2 Tl S 2 il &1k
Bedy V0 R e (i A K B TR - 7 T EHTR 3000032 2
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++ (gonadotropic hormones) ' EfEFE(luteinizing hormene; LI)EIE
HMPEFE(follicle-stimuiating hormone; FSH) = T {2 S5k Eh 9 15 B
R o2 32 B (receptors 2 CHHIMAGTE MR E © BEBMER H (cye-
lic adenosine monophosphate; cAMP) ' SMESEFIES (androgen) ERIHE
F (estrogen)Z 7 HE 7T (28) »

e (I % S R R o Bk A o e PRt R U 2 R

FE HEME S (R (R WS 4R (spermatogensis) © EEHEFRIGE
"B R A EEPI T RE o R A R R
(luteinization) Tk EEEMIE - SiEMEEERL L EREDEHE
TR R I — A PR S DA M TR 0 B i HA B HEA (20) ¢

M ERSWRZ PR A B RATATE(28) - — TR (R
ORI A2 G AR S LA R M A G (6 protein)
5L ERER% % C (phophol ipase C) + (FRI 4@ phophatidylinosi-
tol biphophate (PIP2)EC& SRR H(diacylglycerol, DAGIELL
4 5=WERIILEF (inositol 1, 4, 5, triphosphate, IP3)-1+4'5=
ot o T T A T P2 7 o 5 e T PR T S I M P 5 -
A R S S AL T P B 1 M (protein kinase C) + 0| SRl EMZ
{EYEIR A IE  gonadotrophs ) AL A A M BERE (57 - Bhah » (W MERRAME AR
B IE (LIS B i (adeny] cyclase, AC)ERIIPEREERARE (cye-
lic AMP)EEEIEIMH{EIESSHR L £ S a1 28) -

FHUHRIET BT EEREE SRR 2 a0 IR IR
MR E R R E DUE TR TR R R - IS R
AT EE R 2 75 B (paracr ine ) Bautoer ine” 1 5 528 (87, 10
4) - BHIEiR - AUEMPZ AR (endothel in) + RIEEARHITE(fol 1i-
culostellate cel DTG EIFE (inter leukin-6)(103) - {R AR
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oA S i iz activin(78) Mangiotens i n e #) SR =E a0 1o it 4o

~ MFE3,E (Gonadotrpin-Releasing Hormone, GnkH) :

MEFEE (gonadotropin-releasing hormone; GnRH)72ESchally et

al. (84)%F ATE19TUFHERARIE 2 IR oA MR AE I o S BEEZR = (AT
i (diencepha lon ) TR 2R A AR 2o i 1 0081 e 5 e A el e A I LGS
W (pyro) Glu-His-Trp-Ser-Tyr-Glu-Leu-Arg-Pro-Gly-NH(84)
Schally et al. (85)H {2 I A2 {F H W oy 5 Iy ¥R FE (gonadotropin-
releasing hormone; GnRH)
: (LA S T pi B (medio-basal hypothalamus, MBH)LLSRE b AT I
(preoptic area, POA)"ETRIERES ZIMFETTHEIOE - fif 4 A
PHEBTIEA TR 2 FS RS RSB TR ot B S RREE MRE(28) + MR
RS B R PR (median eminence) Z FEIERIEAT D « ELA -
T =5 A T AT 6 — B 29)) B R 1 ( 28 ) s i ] o B2
M- TR R AR B R T M T S oz PSS Cendorphin)  TERF IREE
(norepinephrine) (75, 76) * Il & & /) # (serotonin) * AR
neurotensin * ML Y (neuropeptide Y)(42, T4) * galanin (H4)
angiotensin 11028 %55 5 S il Sl 8 (L 22 {8 Y) Y (neurotran-
smi tters) R if#EFERL (neuropeptides ) fb o] BRI H IR B R IEH
H TR Z SR FIR EZor i FA -

VeFRsRAER Bl MR B LABE60-90 55 88 — R (Pul se ) S7UATib(20)
PRI PR e (median eminence ) EM PR (hypophysial
portal blood system)E|ZEATER (anterior pitivitary) - Z0FFERIE
P R L A (R T e A AR S R PR U R R R R R L
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L FH(28) -

Ml B WA ATHANT » Wl ER it I e (e -
i AT AT o EERPTIRIOE T o B2 TR R R
Sy TN (T S - T B O 0 o O 2 T e
(surge)HETMTFEBIEIN (ovulation) » MLAEIEFE A3k - PIIRTRE
PERS MR B HUHS » 77 BB 4 P S M B MR U 1 - BT SR s il
S M B AR L R B - T L B RN s TR S (28) -

H o BEMBIETE (Cyclic Adenosine 3 :5 Monophosphate,
cAMP) :

B B R B2 (F B Suther 1and BtRal 1 £ 195 TARFr 8838 (95) » |4
Tk L Mot R 7 7 U 0 o P 0 2 BB AT R Ry
5 {5 (second messenger)(28) -
¢  REBMETE—BIREARY (adenosine triphosphate; ATP)#EHIRE
LiEfbe IR B LM (adeny late cyclase)ERIATEESE » SHFERde
g iz H IR {5 2 e AR MR 22 8% (peptide hormone receptor) * W65
HAZ (coupling unit) ~ Beatalytic cyclase=ih{afrH§ak(80) = HHT
R WE RN ESHatalytic cyclasefRELZE N » THRES
BSOS (19 BRIV « HE U - ZHREWER - B
& B R fA W TS (L =R 5 (guanosine triphosphate; GTPYAEHS
& o (S AT E =R TR SRR L (Act ive) + HIT "B E
H(guanosine diphosphate; GDP)&: Bl & #EE L (inactive) « E
M - RS EAL - SRE SRRSO AR RN ESS
m{EEfE S HAN =B R ZE S (12) « e 2BE - /R - 2
o+ SHESEEG R catalytic cyclaset s S TS LI i IS FLA B
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MEEr o BEZEC101) » a0 R B b (degradation) HE 45" — Bk
B (5 ~adenosine monophosphate; 5 —AMP)ERF#IE T |35 5 B0 iy
EiRENInE I#EC101) ¢

SR P P R R A B LT I R M (P T - AT (it
itary) » PRZRRAEETEE T R R R AR A3 (adrenocor ti-
cotropin hormone; ACTH) » PiFllRX (antidiuretic hormone; ADH) *
HI$EZE (caleitonin) ~ WS (follicle-stimilating hormone; FS-
Hy - EREFE(luteinizing hormone; LH) * @l FEIRER 35 (parathyroid
hormone) ~ 4 {5 (melanocyte-stimulating hormone; MSH) » EH{E3%
{thyroid-stimulating hormone; TSH)Z#(101) °

S5 SRR R o (Tl 0 M P L R R R E ORI
BB S I I TE ¢ BRI R LU A BRI R RS e I SR A3, 77, 83,
00 ) 5 B[ £LC 02 )4 AR T R R ST ¢ Rl vt Rl oK B S5 R B SRR
TR (33, 62, 69, T1, 73, 82, 91, 93, 09) R RIZRHR (92) - FRT « BELH YT
oA ST, P T P AR T R ET I P A T R R A (99) ©
Wang et al, ¥99)LABEHNIGSE (salmon calcitioning sCT) RS i
R ST - 0 S 0 L 400 S S L T L AR R B R R Y
JITTTES 07050 52 oy, L 4 28 T L 7 S B A R

2 ~ EBE K Tl SR — TR R

A R SR R R s P E TR E—ET
e 14 R 8 5 o2 T2 A 3 LU P B O = B [ S M R
FEET - S 5 R AR A (e Y L e AN tREE N
B o FF TR NN S I SR NP 4 S M (9, 15,17, 20, 23, 2
4,26, 34, 41, 44, 45, 46, 47, 48, 57, 60, 66) B2l s i — B2 RN, 8,




S gl B Ak SR

. 37, 40,50, 52, 65, T0) = HERETEEN 2 1% (intensity) * B8R (dur-
ation) 5 20 (node )R B2 8RR S PR IR 50k BN E(49) © Kuoppasalmi
et al. (40)FHEZME LT 05 S EMIE (3. 3 min/kn) B rhifg
(4.3 win/km)FERIE « (MIFSEE DR EHT9%6R21%(49) » TIE k%
730 ~ 45~ 60 * 75 * K90% s ASERE (V02 max )EBF » G5 E i
ESRETR S B2 IEHM102) © Fahey et al, (20)EHaakinen et al. (2
777 R B e L SR TR I 1 SR i B R R - T
KT (sub —maximal )RR G525 11 08 32 e e i = 00 93, 96) =,
TEREC6) = Il 0 5T 19 et o I S o2 18 i =21, 37)
 Jurkowski et al. (37)MuRlERIGEA SIS TR BB - Sellig
B 7 0 I L T S U R R R R A (=9 Fi=20-24
B ) RACEEILIR S (power output) » TIE A HIESRE (HEINH4-
6) REEH] ( HBEE6-0K) R4 Bl1LA30-35% - 60-66% - #85-9
o0 i ATUREMHARE /& - RERGE T 0 HET) - FIRES
PSR SR R A R T AR ] [ a2 A T e
11 25 FE R IS IR R FR AR « Turkowski et al. (37) /KM A i1 3
BEZERRER AREY PR ER S SRS i -

o 2 9T B LA 1T B (R 5 B I T 14, 47, 48) T2 (48, 102)
Toriola (07 )5 R (14 =2 550 F 25 0 i Ao s e (R e % A it -
HE R S R e w2 20307 S & R S S I ST HE (1, 4, 36,
61, 68, 81) » [ e s I A 3 T SR 0 S i 8 (14, 47, 48)
(HETE M R O RE L R N R R 2 @ (L
A FFAE ER L I T G A e P R SR 2 R R (1) -

AT E T PR ks | 402 B HERR S B FaR Co 1 B 32 (GnRH) ~ JIE
HERMERIEF (L) ~ SHILEETHE (T) - Bl EB) 2R (P42 I - F
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JE PO e o ek e g v K T S T — Iz e dkalliR (BEH 2R L &K
05 8D - Wk ERAET24NE - EABBFIRE —iEE - AH - KERK
= Wik B LA6 ~ 0~ 12 ~ 16 ~ 18 ~ 255/ S ras/k il i ok e 2 43 B BRI 1T
o ABUET IRV (R =25'C © KR = 187/ it |
%ﬁﬁ%%wﬁﬁh~ﬁmﬁﬁﬂﬁ@w~m~w'&%ﬁﬁﬁﬁmﬁ=
F G A ok A E R R T R R IR A R IR - AR B
iid + ETAVRERL0 ~ 15~ 30 ~ Re60/HERRINER - Hrfl KB4 R
R A AR R L PR 24/ NS A DB B B E T 07 S FUBR (13 me/ke/
min)EAE B K ERIR ARG « MGATAL2 ~ 5~ 10 ~ 15~ 30 * 60 ~ B12047
BRI (E—) - MYESEF - B3 - iR FRED
%4515 (Radioimmnuassay) b0 - 1570 B B w0 R P X L B BE MR AR I
o AN o S RIS R - SR © SR S R IR
SIS RIEHA34°C 3T A Locke' sIAMREFRRIS R0/ 8% » LIE
FB-isobutyl-methylxanthine (IBMX; | mM)ZLocke' sitifll » —H#E LI,
BECLA: 0,01-10 m; pH=7. 3)WI » 5 —HEHI 4B LA RRAEE (2 2 (hCG
- 0.5 TU/nl) AR (R OFSH; | wg/nl)HIM604 Sl E SRR R
W METEOYREEEH - RN - B E AL R IR
i R RN LU S W R o KB IR I ]
—3f » fEEI0SHZ BN RS 0 LIS ELEE(LA; 0. 1-10 M) B/ HEf:EE
F(GnRH: 10 nM)Z 5B i s g0/ SR BB IR W - ARBROZ DR
B - I END RS AR IER R R - A R E TR L
(MBH)TE3T'C 2 7K th Ll Locke' siFilEs 800/ @k Ll & H BILH(KC
- 60 mM) * FLER(B M) ~ B W E Locke' s BRI B0 L © BB
W R Y DA ST R - K10 ~ 15+ 30 sriE RN
B - FL0E - SENE T lh Sl e B S T - TR0 SR e
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. B R R T IR (R SRR - LRI
5-304 RN M - A - R0 R S R - i e (R
SRR o MBS S0/ T SR LM M o A BRI Py
R Y - R R R RS SR « [SEBL
FLERI B BT R (R TR« T [ TR B A L AL R
P o TR R R SR 2 AT B [ B R A AR - LR -
SREER BN RO o 0 TR 0 o T S 0 U
TR R A e A o T R 1 M R B 2B 8
T R WIS « A TR R R T LR AL T A
| ER R RS S LT R R AT SRR A

R E R R Y RIS - MR B S S R L S
T T SEL S0 TR A O (R e - B BRI
T T 2 BT 5080 4 RO R S L 9 B PR T
R (RF AW AT e (B =) (55,56, 57)

" B4 A8

H i E AL EY R BB SR P AR - AT R -
A LR AT 4 S R AR DT AR R U, - TR A B DL AR A S
TR RS ~ N~ TR - RAGSERHRE - AR SR - e
S5 0 5 L R W 20 T T — Ao A R PR LI R T
T RS R - IR AR RIS MER A B
B L0 4 R L B B A2 R -
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