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EFFECT OF NUTRITIONAL INTAKE AND ACCUMULATION OF BODY
FAT ON SEX HORMONE SERECTION AND NEUTROPHIL FUNCTIONS
IN FEMALE ATHLETES
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Masashi Matsuzaka®” and Shigeyuki Nakaji

Abstract

The aim of this study was to investigate the relationships among nutritional intake, body fat percentage and situation
of sexual hormone secretion in female athletes, as well as their effects on the athletes’ neutrophil immune function.

A total of 51 female university athletes participated in the present study. Out of 51 athletes, 15 of them were
gymnasts, 17 long-distance runners, and 19 judoists. We investigated the body composition, nutritional intake, menstrual
situation, blood biochemistry and serum opsonic activity (SOA).

In the present study, % fat and total energy intake was lower in gymnasts than long-distance runners and judoists.
Additionally, the prevalence of menstrual abnormality was highest in gymnasts, followed by long-distance runners and
judoists, suggesting that lower % fat is a risk factor for menstrual abnormality. On the other hand, body fat percentage,
total energy intake and fat intake were found to have a significant positive correlation with SOA.

Hence, the stress arising from training and diet restriction as well as decrease in body fat mass was found to cause
reduced immune function through decreased HPG functions. The extent of this decrease was affected by total energy
intake especially fat intake and body fat mass of athletes.
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KREOW G HE L, KFELMET A — 514
Tdh o 72 (4E#E196 £1.05%, HE1578 6.3 cm,
fRE535 88 kg, MHIENIZ20.3 £58%, BRIEN;
422 45 kg) (Table 1). X %H O WFIZ AR
B TF154 (4E#H19.6 = 115, & £153.1 £54 cm,
R#E480 £54 kg, HIENZ82 £4.1%, BNz
399 +35 kg), RHi#ERE #1745 (F219.7 =
087%, #1599 +49 cm, fA#494 +50 kg, 1k
NEIizE180 £4.1%, FRIENi#404 +32 kg), Feil
194 (FE 196 =105, £ £159.6 6.0 cm,
RE615 £79 kg, RIENI=R252 £49%, BRIEN;
#458 £4.2 kg) TdH - 7z (Table 1). WNHHITZ
NZENHET S22 57 THG6 H, 3~4KHE
BOML—= V7 2FEL Tz F2, ABF%E
TR E BT, B, A EICER S
N5 RBURBEHAH, REBERE -4 AR EEERE
NBENER S N EERBHME, FEEF
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Z, SR E LCRE L.

B, PRI 3 HHE LITHEM A LRS-
727 v — X D20094E 3 H I L 72,

72, ARPAIIIARTR AR A R ZE 2 oK
BEZT 2 1T, FEICENEHITHEOHK &
WHEZHAL, RE~0zh, HhoREZET
Fhti L 7.
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yua7 v (gG, IgA, IgM), #ifk(C3, C4)%
W L7z

MERIK ST D4 TOEHIEY A A v 7 240 H B
Bl € 2418 (System XE-2100 and SE-9000, Kobe,
Japan) % Hiwifllz L7z, AST, ALT, LDH, CK i
JSCC #E #e AL % it 32 (JSCC standardized method)
WCEOVME L REZaTY) r, HikollE
X 72 9% M % P:(Turbidimetric Immunoassay :
TIA) & 7z 72, JRlA#k V€ > (Follicle-
stimulating hormone : FSH)13{ba238 005 M 5% 1
(Chemiluminescent Immunoassay : CLIA), T A
k¥ % — )V (Estradiol : E,) i& Radioimmunoassay
B HCIE L. 2B, ABIZEICBT 541
FHAOHEHOETIE, ZEATA T AMR)ICE
FLLME L 7.
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b 2 & Y6 ¥ (chemiluminescence : CL) 1%, f
PSS FE (reactive oxygen species : ROS) % J&JEE
MM T 2720 CHRTH 2. KT
I A+ 7Y = UG (SOA) &2, KR RH O
MFIZ Lo THT Y = UMfL3hF AL EF U %
FEHE L 7 BUF R IR AT HBEICEA T 5 ROS
BErHET LI LICEoTRMliL:. 220
BE, V¥ 7 = ¥ (bis-N-methylacridinium nitrate
(Sigma, USA) : Lg) Z B E#A & L THW
7oV Y = AR AL 258 6 (LeCL) &V 3
/ — JV(5-amino-2,3-dihydro-1, 4-phthalazinedion
(Sigma, USA) : Lm) # W72V 3 ) — VIR
L2258 63 (LmCL) @ 2 D D )71 T SOA = #ll 2
L7z arg i3 aEtto, #%Eidmstto ROS %
3 %.

T2, WEOFMMOFFAMILLT D X ) IZHD
72. Lg |3 HBSS Z 2, # 405 mM/L (pH
TAIZ 5 X9 IZHEI L7z, Lm (& NaOH 12T
fig L, HCl, NaCl, HBSS # Il z, #&#M1205
mM/L (pH 74)127% % £ 9 \ZHFEi L7z,
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Table 1. Characteristic of study subjects

All subjects(n=51) Gymnasts(n=15)

Long distance

runner (n=17) Judoists (n=19)

Age (year) 196 = 1.0 195 += 12
Height (cm) 1578 = 6.3 1531 = 59
Body weight (kg) 535 = 88 480 = 54
%fat (%) 20.3 £ 58 167 = 4.1
Fat Free mass(kg) 422 + 45 399 = 35

197 + 0.8 196 = 1.0

1599 + 49 ** 1596 + 60 **
494 = 50 615 =79 **T7
180 * 4.1 252 = 49 **T7
404 = 32 458 £ 42 **77

Resuls are expressed as mean = SD.
** p<0.01, compareed with the value of gymnast.

1. p<0/01, compareed with the value of long distance runner.

WIZH T = AL W 2 (0Z) 2B L7z
Zymosan A (Sigma, USA) % 5 mg/ml ® i & T
Hanks'balanced salt solution (HBSS) (2 &% L,
WL T 570 B E BB 2Nz 72, ¥4 E
R (5 mg/mD IS L, R @ L 72
BERRE O IMLTE 2 2, 37C Ot A 12 T304 [
"eIHIL, * 7V = fLEiT-72

FeHE X 20 BUFHERIZ 1 AOREE B, HERILL,
MONO-POLY RESOLVING MEDIUM (Dainippon
Pharmaceutical, Japan) (2 & - T#F vk % 45 B
L30%10° cells/ul IZ % % X 9 |2 Hank’s Balance
salt solution (HBSS) 1% & ¥ 72, fb5 5ol
ENX6 R~ A 717 L — b (well capacity 400 pl,
Greiner Japan, Tokyo, Japan) Z >, Z O#frhEk
FREMRS0 pul ik L, FWmE & LT O0Z %50 ul,
EHICHEAI & LC50 Wl @ Lg, Lm & 22l
Z, HWef\ZHBSS 2100 pl R 7. iR BE 2 0.1
mM, #E250 pl 2L, HEMLAFREEHIEE (Auto
Luminescence Analyzer, Alfa system (Tokken,
Funabashi, Japan)) (2 TllEL72"%. &TollER
JTCOBE T CHEMI N,

SOA DFFliiL, GO K Al Peak height
(PH) &, 4547 [ o F& i #t T 1A 2 fo L 72
Area under the curve (AUC)IZ X D175 72,

-7, #EHERAROSIRAE

ARWFZE T O 72 250 2 TH H o 5L 78 % 5
Rix, £ FHE % — IR E 5 #0557 (one-way
ANOVA) J Uf Tukey #: (Tukey HSD) # v 3
TR L 7, HRRRICBT % 3 #F
M oE &% x B (Chisquare test) 12 &
DA L7z, 25108, &R EICBIT S 5HE

HHMOBEMZ Y7 v ¥ OMBEFRE (Pearson's
correlation coefficient) (2 & V) §FAli L 7z. 7 3B,
ETOMHAERIL, p<005% b > THATFMIC
HEED LHE L.

. #& S

Table 1 1%, WRZFDFERYFFEZ /R L T
L. EREE 3 R TAR G EZITALDN o7z,
RidERe LRT, FEETOHRIIEERETOME
WCHNEBEICE L o Twiz(p<001). FEET
O BW, FFEM &, HR#EET, REHERE Lo X
DHHBICEL RoTWw/z(p<001). FHEETD
%Wfat (TAMET, REMEELELOMEID HEIC
L Tr o T 72 (p<0.01).

Table 2 1%, WHEZHFOFEBPRMZ /R L T
5. RERTOBT A F—EBIGE, HHEER
wiE, RBREFOMLIVIARIIE o TW
72 (p<005). F7z, MOEHIZBWTH FEROMEHE
MIAA SNz, IHBTHEERAZTAONS
Nnoi.

Table 3 1, WZHE DA R T HEEIRN %2
ARLTWAS, HRIEEHEOEEGIFRERTH TR
bE L, MW TRERERE RF, REEETF LI
Kl ZmoTwi 72 Tho0EEIE3 M
THERAEDGD 57z (p<0.05).

Table 4 3/} 5% D WBC - Neut - g7 a7
)Y RO ER LTS, EREEFRTO
[gA 1%, FBEEFLRERTODOL Y AREIK
{725 T2 (p<0.05, p<001). %&B, Fofho
HHICHERZIA LN h o 7.

Table 5 (&, WMRFOFBEIREFEHZEMEEZ R L TV
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Table 2. Nutritional intakes of study subjects

All subjects(n=51)

Gymnasts (n=15)

Long distance

runner (ne17) Judoists (n=19)

Total energy intake (kcal) 2158 * 550 1894
Protein intake (g) 746 = 251 57.6
Lipids intake (g) 722 £ 234 63.8
Carbohydrates intake (g) 2947 £ 74.1 261.1

+ + H+ K

456 2115 = 528 2406 + 554 *
19.0 76.1 £ 20.7 867 = 261 *
19.1 69.3 = 21.3 814 = 26.1
62.7 290.3 = 74.0 3251 = 735

Resuls are expressed as mean = SD.
*: p<0.05, compareed with the value of gymnast.

Table 3. Menstrual condition of the subjects

All subjects (n=51)

Gymnasts (n=15)

Long distance

runners (n=17) Judoists (n=19)

Normal 23(45.1)
Secondary amenorrhea and

Oligomenorrhea® 8(17.7)
Irregular perlodbmenstruatlon and 19(37.3)
Polymenorrhoea

Non-menstruation 1(2.0)

4(26.7%) 7(41.2) 12(632) *
0(0.0%) 7(41.2) 1(53)

10(66.7%) 3(176) 6(31.6)
1(6.7%) 000.0) 000.0)

Resuls are expressed as numbers (%).

* Secondary amenorrhea and Oligomenorrhea occur by acrinia of GnRH mainly.
" Irregular period menstruation and Polymenorrhoea occur by hyposecretion of GnRH mainly.

*. p<0.05, Statistical analysis used chi square test.

Table 4. Leukocytes, neutrophils, immunoglobulins and complements of study subjects

All subjects (n=51)

Gymnasts (n=15)

Long distance

runner (n=17) Judoists (n=19)

Leukocytes (/ul) 5778 + 1613 6047
Neutrophils (/pl) 3449 + 1239 3757
1gG (mg/dl) 1055 = 183 1047
IgA (mg/dl) 1771 = 589 193.6
IgM (mg/dl) 1280 + 445 1214
C3(mg/dl) 872 = 115 86.5
C4(mg/dl) 202 = 44 20.3

F + H+ K+ + HF K

1820 5365 + 1348 5937 + 1669
1479 3238 + 1008 3394 + 1238
163 1007 = 210 1104 = 167
70.9 1373 += 365 * 1998 + 477 "7
382 1335 * 523 1283 = 432
129 875 = 112 875 = 113
41 200 = 4.1 204 = 5.1

Resuls are expressed as mean = SD.
*: p<0.05, compareed with the value of gymnast.

™. p<0/01, compareed with the value of long distance runner.

L. REEET-0 AST, ALT IZEMHBERT L OE
EETFOMI Y AREITE L o Tz (p<001,
p<001). F/HEKEBEEFOCKIIFREEFOL D
X DAEBICEMEE 72 > TWw7z (p<0.01).

R HEDE, - FSH O fii % Table 6 1278 L 7.
WIHIZBWT 3 M THREFAWICHEE 221G
KRNl hroiz.

5% D SOA + SOD Ofitiz Table 7 (2R L7z
F % T o LgCL - PH, LgCL - AUC 1%, 1A #

# T (p<0.05, p<0.01) %> £ ik e 3% F (p<0.05,
p<00) D X W HEIZE L o TV & B,
LmCL @ PH % AUC, SOD O fid, 3 M TH
BERAEZIREDON R o7z,

Table 8 13, 4Bl % kG HAZHACRI S O
% fat DFBEARRIE E, - FSH & OB#EZ R LT
. REHIURD N 0% fat £ E,, FSH & ORI

BRI SN ho 7.

Table 9 1, 49 B 2 xF 812 5 2 UK
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Table 5. Serum myogenic enzymes of study subjects

All subjects(n=51) Gymnasts(n=15)

Long distance

runner (ne17) Judoists (n=19)

AST (IU/D) 236 = 84 317 = 110 214 =40 ™ 192 + 32 ™
ALT (1U/1) 187 = 7.6 262 = 96 154 =37 ™ 157 £33 ™
LDH (IU/1) 2154 = 350 2208 = 478 2108 = 323 2152 = 25.7

CK (IU/1) 2110 = 1106 281.1 = 1345 2088 = 87.8 1576 = 771 ™

Resuls are expressed as mean = SD.
**: p<0.01, compareed with the value of gymnast.

Table 6. Serum estradiol and FSH of sutdy subjects

All subjects(n=51) Gymnasts(n=15)

Long distance

runner (n=17) Judoists (n=19)

5
2

Estradiol (pg/ml) 65.3 * 531 61.0
FSH (mIU/ml) 38 £ 18 3.8

H

9 50.1 = 431 82.3

e 55.2
34 =17 4.2

1.6

H +

7.
0

Resuls are expressed as mean = SD.
FSH: Follicle-stimulating hormone.

Table 7. Serum opsonic activity and SOD of study subjects

All subjects(n=51) Gymnasts(n=15)

Long distance

runner (n=17) Judoists (n=19)

LgCL - PH(cpm) 1428 = 176 137.7 = 161 1352 = 133 1537 += 172 *'7
LgCL - AUC(counts x min) 4390 + 554 4218 + 502 4173 = 405 4719 = 572 *T7
LmCL * PH(cpm) 2953 + 182 2964 + 126 2920 = 111 2973 + 260
LmCL - AUC (counts x min) 70924 + 3671 71225 = 2933 69496 = 2860 71963 + 4509
SOD (%) 36 * 14 33+ 13 33+ 12 40 £ 16

Resuls are expressed as mean = SD.
SOD: Superoxide dismutase.

LgCL: Lucigenin-dependent chemiluminescence respons, LmCL: Luminol-dependent chemiluminescence respons.

PH: Peak hight. AUC: Area under the curve for 45 min.
*. p<0.05, compareed with the value of gymnast.
T, p<0/01, compareed with the value of long distance runner.

Table 8. Pearson’s correlations between relative body weight,
nutritional intakes and serum estradiol, FSH

Estradiol (pg/ml) FSH (mIU/ml)

Relative body weight (%) 0.207
Total energy intake (kcal) 0.126
Protein intake (g) 0.132
Lipids intake (g) 0.110
Carbohydrates intake (g) 0.103

-0.263
0.081
0.074

-0.082
0.205

Resuls are expressed as Pearson’s correlation coeffient.

FSH: Follicle-stimulating hormone.

K Y% fat @ F R IR & SOA J 1°SOD & @ PH, LmCL - AUC ¢t HFELRIEOMBEZ/RL 72
Bz /R L TWwW5b. %fat, BT R F—HEH (p<0.01, p<0.01).

(X LmCL - AUCt AELRIEOMBE 2R L 72

Table 1013, 4JEf] x5 IZE, - FSH & SOA

(p<0.05, p<005). %7z, MREHEINEIZ LmCL - JLO*SOD & OBz /R L Twb. FSHIZLgCL -
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Table 9. Pearson’s correlations between relative body weight, nutritional intakes and serum opsonic activity, SOD
LgCL - PH LgCL - AUC LmCL - PH LmCL - AUC o
. : SOD (%)
(cpm) (counts x min) (cpm) (counts x min)

Relative body weight (%) 0.254 0.232 0.223 0314 * 0.182
Total energy intake (kcal) -0.134 -0.152 0.273 0.275 * 0,025
Protein intake (g) -0.035 -0.054 0.251 0.250 0.046
Lipids intake (g) -0.206 0.233 0.410 ** 0426 ** -0.039
Carbohydrates intake (g) 0,071 0.078 0.124 0.104 0.017

Resuls are expressed as Pearson’s correlation coeffient.

* p<0.05, **: p<0.01.
SOD: Superoxide dismutase.

LgCL: Lucigenin-dependent chemiluminescence respons, LmCL: Luminol-dependent chemiluminescence respons.
PH: Peak hight. PT: Peak time. AUC: Area under the curve for 45 min.

Table 10. Pearson’s correlations between serum estradiol, FSH and serum opsonic activity, SOD

LgCL - AUC

LmCL - PH LmCL - AUC

LgCL - PH(cpm) (counts x min) (cpm) (counts x min) SOD (%)
Estradiol (pg/ml) -0.080 -0.108 0.072 0.082 0.117
FSH (mIU/ml) 0.300 * 0.118 -0.060 0.091

Resuls are expressed as Pearson’s correlation coeffient.

* p<0.05.
FSH: Follicle-stimulating hormone.
SOD: Superoxide dismutase.

LgCL: Lucigenin-dependent chemiluminescence respons, LmCL: Luminol-dependent chemiluminescence respons.
PH: Peak hight. PT: Peak time. AUC: Area under the curve for 45 min.

PH, LgCL- AUC L A IEDOMM % /R L 72
(p<0.05, p<0.05).

V. & =®

1. 3EEBRFICHTZAHHMMIEE REBIUIKR

HEO M —= v ZNERHEBT OEE kX O
T EOREMEOE D B A R — 0 TS
SRR R B, —T, S DBHAR—Y D
e, REHERE LEFIEITAE - Fan ks
2 72O RIEN 2 ERIChRELERIEL 2 L
R, REEBRTFDET 2 HOBER R % 1) L
SHLLLEBHI, AEMOFHEIZ X S FHME
o3 2 MR LA Z ] L2 57-012
FRZHEFSELZE RO TVWEY. £
72, THASEENINZ EFHIBRIC & 2 I FE
AN LMo ETHE. Thabb, KGR
TH SNz 3 B TH% fat, FFM OEWE, &
NOEIBHAEHOHED ML —= v FNER R
223 I SINVIOL SN R S ARSR-Y (AR ¥ (8

2. F 72, F0 7% T BW ORREAL AN R
WSS 2 R ERR T R BERE 1 3#F Cld BW
% fat FERERF LY DML o T 7,
B O BB X O TR H N TH B FEET
T, b2 fiHOEFICHFFEM 256 B2 <
ToTWiz, B, FEEFIIBLWTILIELIE
AEWNHET 2 RF L ALNL DS, KA
Ty —=AVENCERBEIN-Z LD, ZOREIL
ZEAERWEEZ BN

—J, AR L7z L ) IZZET A — MBS
W ALEEY N 2 EFH P X > TEMSH, 2
DT EEARERHRERY, BHEOKTED
2ot AR STV I EATY
%Y. KIERTIEIHOLITHREBERT ORI
VF -G, SPEENE? R DKL 2o T
72, F7z, WBHOWAIR AR & % 5 HRFEE
By2sHE ML —= U VO TARE % 5 BREEERE g
T U TR T T% fat, T AV F—EHL
BAMEL o T2 L3, (REEE T CRZHHIR
EDWMEN L VB EBSN TN L EREL
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Tz, B, REBRT L RHHERELET
OB T AN F—wIE, RHRE L FER T
BB EEZ S OHARALED 1 HOHeE Y
F132350 keal/ HD, #4806 £194%, 900 =
225% T - 7.

—J7, ARERTIERD EFHIR R L < %fat)s
i DD o 7R T T HRRE B A2 b <
(737%), W\ TREHERE 1ET (588%), Fib
HT(368%) Lo TWiz. Thbb, AREHERIC
BT HHEITER L 72% fat OK T A5 H &R
EOLLOTHELRVAZ T 7 —LkoTW 2
T EAURIEE N

2. BRI EVERBRABA DXL

T A — N OPEERIVE VOS5 E B O
WAMRAL7M7EL D, HREEE TIAREDR
ALl Bz, BURTER O TEAEDSOWFLE
Y OIMBEERA SN, TR X Y IIEEE DY
TLHREEDSFRINLZEDPWSPIZENT
wa? 72, ZhTmA, KT AV —FOH
FERLE S CIBUR T — FEARICH 3 2 A v
EBUGWICEDL T A= NNy 7RO BEEINT
VAR D R E T w B,

—7J7, ARRIIZ X o CTE, FSH o Ifit i i
BRELSET LI ERWALLTH L. AHRT
ARBRIG < HRIRDELC 3 BER (AR, Bk, Fl)
THELREDBARLNTH, E, FSHIZBWTIE
SHBMTERELREIAON o7z o, 4
BIZIRE Do 2h, B8 HE %2 IEHEARYE
AR H K L E, OFHiEzE g L 728
&, IEH ARG OMIZ77]1 557 pg/ml, AR
WH DOMEIE555 £499 pg/ml TH Y, HREEWEEH
TR Z RO 72D DOMEHENA A TREDO SN
otz E51Z, FSHIZBWTHIEH ARKE
38 1.7 1U/ml, H&ERF#38=18 IU/ml & A
BEEIEBEIN P o7, Lo T, KERET
X E, & %\ & FSH O3k T b o THERRN
AT LI EIITE R o7

FO—oODFERE LT, HikL7-BNRED
AT T H BRI & BN X > THIREL X 750
KilpdprolzZ EDBIT SN

—Ji, 3WEDLRHITid % fat 2K < EFHIBR
Mk L 2> o 72K 8% T ¢ GnRH O 73 A4 & B

%Ib

WY B &b B ARSI H I O E H e h%
%<, WICHREEEDPS A O NI R -
EFTGIRHOBWETEEDYBH L LN
B s A R ORI A RN L b v,
BIREWRERELEON. CoZ L33 HOH
RIEFELR b L — = ¥ 7 OB H RO F i rh A
FThHhOLHLEHKRTHICKATHEZEEZRET DD
DTH5DH. LhL, KWfFETIE GnRH 2 BHHEL
WHIETETBLT, SHELIHRE LTV IH]
HMThrEEZOLNT.

3. SEBEFICH TS 54 - WAL

Al & EMEtEEE

T A — P TEBINDLHMLVERIZE S
BRI - BRI A P LR, BBV ISR 2
B FHI R AR % A & & H RO T HitkRE 3 %
HDHBRTEHEEEORT 2725632 L33 TI
A7 L DR S b H R O RAE
GHUR T ORRERFICHK T2 2 EARIB S
7z.
APMVAERRTEHOBMEIZEHLT, ShIT
OMEI LU, EENZ X > TEL 2 K1 - 4
A & L ZADFHKEAD, BUR FERICBWTA b L
AIESEB OB & % 9 corticotropin releasing
hormone (CRH : EI%¥ K& &V E ¥RV E
) EREHEEL, BEEHLVEBT Y FRT 1V
Z4rLC GnRH 2zl L, ZhhFEETO
PR A OV € >~ (LH, FSH) 7O T, JHE
TOMERE AV E ~ (Progesterone, T A b T4 V)
DR T 2 &8, MEEFEKTIsEEZLNTWY
B2 F 7, TAIVE—HEEATK & W R B
EHRCHERA ML AL LTIERL, B,
SAMWMENBLANLVARTVEY (TNVFS =)D
SWEILET S, Thbb, ZCXDEEIN
B 15 2V F T — OV ILE SR T SRR e 2 $0) L,
GnRH D78V 253w OBEE 2 ¥ L, PERERE DK
TEELERE LRSI EBEHEIATHEY, &
512, Sakamoto Y X Koike K & @ — 38 @ Bf 7%
X, A AL THFE SN PERER T &
LTIEHT A4 EH 4 ~O—FiTdh 5Cytokine
induced neutrophil chemoattractant (CINC)
A5, R T EB — T # A4 5R (hypothalamo-pituitary
axis) 12 Chemokinergic neuronal pathway & LT
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FAEL, AFLVAICRIGLTHRERLVESELT
MR END 2 2SN LM, F72,
5 5 1% CINC 2% H M 4 C corticotropin-releasing
factor (CRF : EIEF R BURITRA V€ A ) &
g sELdbic, TERAFHEMBORERT
LHXR FSH @5z md 5 2 & 252
L: L(—b\526,27)‘

—J, A MLADATIE, HRIEDIRAICHE L
7VEREER T D A 1 = XA DIFAEDE 2 HIT W
5. bbb, BERIVECTHLT Vs
AT R IR 3 v T F Rk (aromatization)
S X barviliisns, LarLl, WIE
P AT L2 IREETIZZ DR sk 23K F L,
STy rarviREE &L, HREEE 0K
L% F7, MR A N a s s A
DEELEHN 2D, T4obb, KENEIL
JE SN T 5 IREE Tl estradiol-17B 13 BRI #H 4%
T16 a-hydroxylation (K EEfk, b Fu ¥ ¥ nv1k)
% %) estriol (T A M) F — V) IZHEHE X ALHEME
RIS, LaL, WENZD 2 WIRETIE
estradiol-17B 13 g Wi #L#% T 2-hydroxylation % %
I T 2-hydroxyestrone (catecholestrogen) & 72
D, ZoOMA GhRH bz ¥l L, FHDLT
DT HAEREDIK T %2 b 72 5T etk AR S h T
WwaY K51, EETIE, BENOBRAICE S
L7 F 25 OART DBUR T SR O T I B 5
FHIRED RBI TS, Zhiamz,
SRR L PERRBE 2 A L 7-0F2e <, EEh St
DEEOT AN F—RBIBVTHOZ AL F =N
YA, TbLENT AV F—2HE T L
F—% TH 541213 GnRH 5K T35 2
EDRENRTWVEY,

KGR TR, REHRICRR & E,
FSH A B BEIZEED 5 NS, BATwigess R
ERGo Tz, ZOMBEIZIZLTO X9 2B
BEZHNTz, —DIEARFA % 0 L 72Kl A% 3
HEBITHAH I 7 — XV HITH
D, BXREDVAKEINER), AFHIRIC X 29
wEE L TR o722 LA EE L 720 BEMEAS
hrrErZoNl T AERTIINSR 3B
[ CT% fat DA F RO HNhs, 2 DM
WCHW 7 G 2Rk D% fat 13203% ThH -7z, 4
bH, ZOMIIAATIIIEHN IR 2 PR RE & HEFE 3

% 72D W F 72 % fat 22% I\ LAY Wl & 7 o
THEYY, ZOZERENEBEEZNELE LD
RISGEBEL2RERD 5. 51, Rif%Eo
A O—o L LTT TIC P75 s o HdEm
RUREICX S TE ok, THRARKET
D E, FSH OMANEDSHD TREVRo22 L
b, COMPITHBLTWEEEZLN.

4. 3EERFICHTZES - BELRIERE

HILER (G EkZe &), fEra 7)) &, ik
b N ORERREE F S EE MRS TH B,
F72, IO EEE)E Db D IZOn
T, HEMICERE, SHECMN —=v 7 %25
i35 57 A1) — bTIET A — MMIIHARMER
IgADMERAETH 5 2 &% MLl b O w AR AME Al
THHIENREERTHEY. 2512, Zhb
DFATIRFE CTIX R IR FR TS0 AR ER R
DT AN — FRFAMEEE R ICRE ST T) LR
WRIAMEDS RO SNDZ L2 WME L2 b DA%
WP g abb, ARBRETRIBIALF—HE
TR DMK o 7o R BB TR I A b L —=
TDOFARE 7 B RERTICHAREREERE LR TT
[GADEEIRAE E e o722 L 1d, S BHURN
DFBEINLLLAHABYEINL PL—= v
IHRFEIHBHEERTHLZ ENEEL VLI
RELEATRIE S 7.

—5, BEGEBHEO X H = X BTSRRI R D 0
CIERRNRLONDH Y, FFERNRDOLELT
ELEHIN, R ERIC L AEANEETH L &
SbhTwb. T/, MPEERTLHEI T
U R R CEAE(F T =) L, &
hERIC & 2 B OAEEM 2RI 5. &5
2, fFHERIE A Ty = LS B e AR L
WVERR AR 2 A L B A BT 5. F 72, W
A S AT B ROS THRWNICE A D 5 W idfk
WCH U7z B L CRBCRI Ak 2 3859 % B
ROS 28 @ FNZ AW S N7206, I NHSIEH 2
HoZ THHO RIS EZ b 72 53R
bR ENTWAEM Y —J 7Y = LiEk
X ZDBOUFHERIC X 5 ROS @ pE AR 2 B
L, ZORBELLTCOANTH A I LARENT
Wp  F 72 AR TV 72 LeCL 1, ROS
RO O 1 BREWE CHRENH TN X
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RN—FF T F(0,) DA RE R 55 F 72,
LmCLIZ, 3 TuOXLVAFIF—FoMIizk

DA=X—=FF T PPN, EESINS K
35 O R R 35 R (HOCL/OCI) %5 0 g A
RIBLE 35 E L B2, ROS OB RO
ERBEVDRTWE™™ . b, FHedk
WF7E Tl % L 72 SOA % & R H O L E D ROS
BB M O IR ERBERE D IRIE & L CTHI W 2.

CNICHLTAKREAL L, FEETO
LgCL - PH, LgCL - AUC &, A#E TR M
e ERTFOMIDAZICELS Lo T L
Do T, ZORFIIFERET CLREHRIC RN
PEDK W ROS Y EEAE SR WIREE, Swikz
MM 2 FEFE O BT X 0 IF R BkBERE S THE L
TZIRETH - 7-WREEZRIE L Tz, ZOEK
&L CHRERERTFAHFEIITE L W50
MERE A Z IR T VER 2 L, o 2 Bisk
DEF L0 AR OGS - MR, ZoBE
D 72D H I ROS D REAEEEAL L T % IREE
Lo TWBREMD D 5 LRI

AAGE R TRARPRIE, Bz A0 F—EHGE G
LmCL - AUC &, fF B # I & 1 LmCL - PH,
LmCL - AUC L A EZIEOMBEZRLZ v
ez L, ZoORRISIEEEINZ POIcRT R v
F—EREIMEEFITE, PRSI T LT
WA ZRIBL Tz, $72, SHIHEEL
THEUZ2EBEYHROET S, FhEkigE o #l 2
72O THERKE 2 B HEM D RB Sz,

IR X 9 12PER VT v & ki O %
FART-RHTIX, ToOmMFEOREEITEL, MR
E UOSRIERERE O E T OMERRIC B R 5 & 5
ORI LTV A, LaL, B o
M OBEIC = L2 AHSHE LTS & idwv
A, Flz, FOLRPTWL OO, I8
HHEZRTIADNT VI — VDFHERDOROS
PEAERE R TUHET B 2 E 2SN L TV B,
RIFZECTIREMD 2 5 = XLV IR TH 52,
FSH % & SOA O IEDOMBEBERI /R SNz §
bbb, EEREFOFREAEEOZILDHRIERIC
L CHE% RIZT LTV A I REEIRIE S 7.

DEXY, W72 — P CEBINLEHDH
VT NN A TEB SN2 R, HED
HEH 53 2 8UR T 82 5 NS T HwARRRE

IR T S ELRMAVRB SN, —F, HAD
TEE)R IR & DB S A IRHIEE & e pkRE L
DEEAA LN Lo L, L HREMEON
SrIBEEE L ORI S 2 2 R IZA DN Do
7.

BB, AREFFEICIZPAT O X 9 R BRASAAET
LrEZOLNL, Thbb, Fik EE£THIA
LTW3 EHI, —DERGHE 0 HRE % W
MEWZIX T XS, PRV E Y DI 5
S 2 RAT, BTSSR o 2 L ih B, F 2,
b —2d, KWEPHBMETHL7-0, HE
7 B ASERD & TRV E v s L i kB e
EOREBBREHLNCT LI ENTE R
X512, A7 REBUTEAR TSI TH - 7295,
3 WO EERIV %L, 3 BAIHH BT
RITZABHBE TR o722 EDL ) —DDRRE
Thotz. Tz, RWF7ETIEHRBEERIED 22
THIHEBRRE, TEAMEREIZZNZENE, FSHIC
Ko TR L7228, & LALBERE T 2 UK T
e BB TX A ALVEVZUELTESY, H
EpRE ek iig, MEIc&hdor.
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