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Characteristics and Applications of the Established Testosterone Immunoassays
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2 2k : Testosterone® radioimmunoassay (RIA) 7} 19703t] 7N etg olal, A A& o)
Jud & st goh BAIH G S RIASH RMA)S wHAE &%
E9 A4y Fol A4 2AEAG. FZ 89, g9, Bx SN S2EL S BT 49 A7)
2EYAG 718 W), 97 2 HAZEE 29 59 =3 84, A4 % I
48 714 T2 29 HiE FA 5] 94, femtogram-% 2% &3 A
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_l[)l-
2

o] SFHIL itk A
209937} Testosterone ] S8W & 7N 23 $-43td 2FHE ERE, 2d2ol=] Y S /ML - FHAY, 71E WY
< A7l AFE o, 339 WYES FdE T o, 4¥S AYY o TN 2T AFE 2432 Sk £

275 SAEE ALY $HY 2S¢ 58 & A= TFE ANGZA A

SHA tRES AR MR AT FAA EIAY, FEA kitE A, o iAol i, ¥t
of2-¢H, AsHE et Utk BFE3E SEE, Ho) T2 YAE A TFEHI, SHWHE T AAo] RFo BF
stat 7, st Brsta, AEAZ, AFAR ME AT 5 e JEE R8T T e = 7 AFo] HEA
o ghtt. 3 HIFAHE FHES At v g3 o)A A 8= Training programe ¥ \d A A = ojok 54, F717 244
o Aol deositty ddd

ABSTRACT : Since the first radioimmunoassay (RIA) was developed in 1970s, many conventional RIAs and non-isotopic
immunoassays (NIA) had been developed in which the degree of precision, accuracy, specificity and practicability have progressively
increased. Recently ultrasensitive assay method at femtogram to determine testosterone in serum, saliva and feces is required for the
study of sexual dysfunctions in male and female, monitoring the psychological stress and conditions, aging process such as menopause
and partial androgen deficiency in aging male, the hormonal changes of small experimental animals etc. This review discussed the recent
developments of steroid assay methods, based upon the testosterone assay results of authors for 20 years, and the problems associated
the assay set-up, the characterizations and applications of the established procedures, and designs of assay, reliablity criteria, and the
practical aspects of assay set-up and application, based upon the data of the authors. The present study demonstrates the general problems
methods to be consider in order to set up the highly sensitive assay methods and to increase the assay quality and the necessity of
assay quality control program. To improve the assay quality of each laboratory and to compare the assay results in homeland, the national
QC programs should be organized..
Key words : Androgens, Testosterone, Immunoassay, Quality control, Saliva, Feces.
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AZVEISRY YRFH B3 EE FF 24 TS o8
3} A Y (Chemical assays)a} A &38H4 AW (Bioassays)
o] FF& oA, HEE WS WU 1970 FH
steroid RIAZF 7R H ATk RIAE I5¢ ATA, A& 3

B ZEE THAL, E 5olH 4] 7hed HeR
A st A SEEoE S BEE IA ubrd] 3%
o 2y AV FALLE AR ket whE AR A,

oo BRA, A2 BA2GH I 98, P
EARA 5 AR B ] 2 P e, B
A7 AL, 484 Aulo] B Aust AeHE Fol B
ARE A% =FEUT 198040 0Tl wgAE

A (NIAYY 7ol 459 WS o o], RIAE A

g e FF6) o)]23 9tk (Voller et al,, 1980; Albertson &
Haseltine, 1988; de Pablo et al., 1993). NIAE EAHAZ A
(enzyme, EIA), 3 ZHGZAY (fluorescent; »FIA; time-resolv-
ed fluoroimmunoassay, Delfia) A ZH¥=4 8 (luminesent or
chemiluminesent, LIA or CIA), YA HGZAH (particle, PIA),
viro (VIA)- or metalloimmunoassay (MIA), ZEA IR A S
A9 (light-scattering and particle counting, LSIA or PCIA),
biosensor method, spin lable immunoassay (SLIA)E9] ®]=FA}
HESGYo] AdET AHHALH, F4sHy Ao
(Voller et al., 1980; Albertson & Haseltine, 1988; de Pablo et
al., 1993; Yoon, 1996). 7} 2% steroid hormone®] &4 ¢ 7+
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4 (labeled antigen)©.Z FAHTE tjREY S HA
AA R XS FAE o] &-3l= A} ]t“ (limited reagent
method)3} FAHE FF ALEste wAYHO R AT
Z 35 (reagent excess method) 2 2 FEITE A= F
A28} 57 (o, WA (radio, R) / &4~ (enzyme, E)] + B
g4 (immuno, I), &4 (receptor, R), ligand or %t
(transin, T) + S3Y [assay, A]2.2 TAE T = RIA, A}
RRA), AW S (ra-

A

LAY (radioreceptorasssay,

diotransinassay, RTA)59] HA-& AHESIL ok A 3z
T FAAE T Yo AM-EY Tk & WAEAY
F5%4% (immu-

(immunoradiometric assay, IRMA), HY 33
nofluorometric assay, [FMA), A9 E4AZA¥  (immunoenzy-
mometric assay, IEMA) 502 A}4-3813 th I8, 34
of 348 Z¥AA AHLSHE ELISA (enzyme-linked immu-
nosorbent assay)2] 73-$-ol EIAS} IEMAS] 25 ALL3o 2 &)

B 29 ojgo] EF-E FT Utk Testosteroned] 7$-+= th
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Table 1. Sensitivity of testosterone estimation methods

Methods Sensitivity (ng)
Bioassay 100~10000
UV-absorption and spectrophotometry 100~2000
Fluorescence methods 5~50
Double isotope dilution 0.5~10

Gas liquid chromatography
- flame ionization 5~20

- electron capture (GCMS) 0.05~1.0
Radioligand assays

- plasma proteins 1~10

- receptor proteins 0.01~0.1

- antisera 0.005~0.1
Fluorescent immunoassay (FIA) 0.001~0.1
Enzyme immuoassay (EIA) 0.01~0.1
Chemiluminescent immunoassay 0.001~0.1

GCMS: gas-chromatography-mass spectrometry

BB AXE 935} 9lo], Testosterone (T)-RIA, T-EIA, T-FIA
(Delfia), T-CIA %= T-LIA 502 &3t}
TestosteroneZ| (|:||)':'._‘|‘l."§§;I Ho| EM

1. 2AH20|2 2229 F2|, HHJIE Chromatography

HZ Folio] W% & FAES o)&3td RIAY NIA
7} e o] g0y, tEES &A= 5 ¢ -dihydrotestosterone
(DHT), androstenedione (A), progesterone (P) 5] AH Zo|E
S S ETE Tk T AEe S = £ ZAHA
o] g3t}

Eze] gAY androgend] F& -2 diethyletherE F2 o] &
2 loh YA A B ol A& hexane/ether, ethylether 59 3

FUoERL FE, A U 2% HFohd, FA o
A 2B R0 EE ZA A, B (saliva), B (feces), L&
(urine)5¢] T 3= F2HA o] FrFolth 35 A &
Wd, B3] testosterone-estrogen binding globulin (TeBG),
cortisol binding globulin (CBG) 52} A| 77} ¥ L3}tk

3% Mge] x7)ele Y o androgen] £ o)
chromatography (chro)7} 2 ol &=tk 1969~19743 A}
olo] BIIH oF 687 =<l A thin-layer chro (17%), alumina
column chro (3 %), celite column chro (13%), paper chro (13
%), 283 (no chro, 39%)7F AFEEH 01}, EAl+ Sephadex
LH-20 &%= LH-50-60, HPLC7} F£& o|£32 9t} Paper
chrot} TLCE= ZAAHolr FEF37 & o gk @9

column chrox= sjA}Eo] £, £uj9 o] Ay, A&7



Dev. Reprod. Vol. 5, No. 1 (2001)

A}go] 7h53te Zjeli= LH-200] v Lipidex 5000S o] &%
liquid chro7t 2 AMHE-¥th

2. C}7} (polyclonal antibody, PcAb)2} Tt} (Monoclonal
antibody, McAb) &tH|2 ‘4t

197080} 25 tiE 2g 202 HAFAE trt
FAE AHEstd SR MY AIAAE SHE
ot A A&A Wi A E FE ARt YU
A AelE E7) (2%), F28%), H18%), 711 I
%), AHE, B, &, HA, BF, A 5& A 284
Ae B7), & €47 F SR OlHL A% 2L F
AFE Booster FAME AMG3hE AY, FE ISFAHA%)E
o3k, 93t NF(6%), +5(17%), F3tet Lu=H(8%),
A3(6%), =5 33t 3%)FAHE 043171 % Ft}. Booster
FAE A BE AH(14%)E Fotol FAMG) STPY] 74
2 A7E2 E7Y § 59 20~509K o] 2% g4
(50~100 pg/rabbityg Wi FAFSIH, 65 o)FolA HH3
q7te] FAE 2E F AT

1) Testosterone2| &#l &M

T+ hapteno] 22 TE #FA}gFo] & A (carrier protein)
of F&A|Ak o] Atk TY UL FZ TY 3 (ox0) &
= 1791 &2 (hydroxyl)oll, 5 A} D ringel] F&A7Ic} 18
o] AXEL AETFH A4S Yells Y2 SolAo)
S PAE 9EA Rk JHEE 79, 119, 159, 199
A 2FAZ] FLE o]-43H DHTSHS ZaHe-&
A £ A Y Aake] 7453th (Nieschlag & Wicking,
1975,1981). 121} T-7-BSA, T-11-BSA= DHT S FAHgh-So)
Z SA7F A E . T-17-BSA 33l = progesteroned} deoxy-
corticosterones} 50% o]}, A<= 30% oAl Wapu2-o] A1)
T A S0l AL AL A gte] AT b Eo)Ao]
F& T-15-BSA ©]u} T-19-BSAS] 34 9 A] DHTSS] Tk
50] 3~6%0°] 01X testosteroneS Eo)lF o2 ZA 3L o

B el

= 4

2) ZRtEo B5

ZHZOEE A% & d¥dd] AFAA FNE B
EEE ZA¥d A S 34 e dgudy 2
T, 2% linkers] F57, 2839 394, F93 hapten?t
o s A%, 349 £, A, 399 EA 5& 2 A7
gtoof ¢-& A7 Aok T ZFA 7= g de

globulin fraction, serum albumin, hemocyanin, ovalbumin, thy-
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roglobulin, fibrinogen §¢] %1t} Bovine serum albumin (BSA)
9} hemocyanin (KLH)o] 71 @ol AL&E T dytd oz 4
A 9] epitope density= BSA off 15~208] Z g o] o}F o]k
3t} (Nieschlag & Wicking, 1975, 1981; Anguila et al., 1986;
Gosling, 1990; Birch & Lennox, 1995; Yoon, 1996).

3) AHZ0|E &9 &Y

Azt A3 AAglo] AejZo]EE C-terminal (Asp, Glu
%), N-terminal (Lys); imidazo phenolic group (His, Tyr); Cys
] sulfhydryl group 5ol 2Nk F2 FA= FL9 &
4714 By "old HXd AZANAES | Fodth
COOHE 714 2B Z o] =& mixed anhydride procedure =&
N-ethylbenzisoxazoleZ BSA-NH, groupe]] ZA3A]7) Y, carbo-
diimideZ ©]&3} N-terminalo} A3 A7tk NH, (aromatic
or aliphatic)E 7F2 739, nitrous acidE ©]2-3}a] diazonium
saltsZ w}4o] His, Tyr, Trpoll ZEA|Z1th. Aliphatic group-&
water soluble carbodiimide® BSA¢] A A 71th ddo) OH
(alcohol, phenol, sugar, polysaccharides, nucleosides)E& 7+3 A
HZo|E 3229 A5 COOHE 7} hemisuccinate (HS)
1} chlorocarbonate, aminophenyl derivatives, carboxylmethylo-
xime ((MO)52 Z2¥A 7 & @ o] A sl SdE A
4Hgit}, o] E conjugatest absorbance spectrum o] &35t E
A& ZAFHY ((Nieschlag & Wicking, 1975, 1981; Anguila et
al., 1986; Gosling, 1990; Birch & Lennox, 1995; Yoon, 1996).

4) g2 Mat

A Y AR Wi WY FALStA @77k FAE YA
3= Short-term protocol (STP)# wj€¥ W FA}sl= Long
-term protocol (LTP)E. -3t} TestosteroneS B £33+ AH)
2029 P AANE F2 LIPPES A58 B a7
9] 7.9 A-3-CMO-BSA<} DHT-3-CMO-BSAE LTP H# 0.
E JAE Gol 9719 S-S Hrlste] Table 20 2.94819)
=3

5) &xlel g7t

liquid-phase RIAE ©]-§-3}o] 50%2] A&&& Vel &
AL E vehdh AubE 02 12500001439 97h8 744 &
AE ol&std S-S FEEE Yrte FEAY £57, 0
S, 8N, 43, 2%, WA, 299 S #E

[} [+]
g9 2y $& A4S EZRAA g AT 2 Q7
g7} 1/25,000~1/60,0008] Z=Zo]c}
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Table 2. Specificity of antisera raised against different testosterone conjugates

Steroid T-3-BSA T-7-BSA T-11-BSA T-15-BSA T-17-BSA T-19-BSA
Testosterone 100 100 100 100 100 100
5- @ -Dihydrotestosterone 60 42 15 32 1.8 6.65
5- 8 -Dihydrotestosterone 8 5 nr. nr. 0.7 0.63
Androstenedione 0.3 2 19 31 0.90
Androstenediol 1.6 nr. 0.16 < 04 0.05 0.51
Progesterone 0.05 <0l nr. 0.4 55 0.00
Deoxycorticosterone < 0.001 <035 nr. nr. 35 0.00
Titre 1/25,000 1/35,000 1/48,000 1/48,000 1/60,000 1/25,000

The data on T-3-BSA, T-17-BSA, T-19-BSA are stemed from our laboratory and expressed as percentage of cross-reaction. T = testosterone; BSA
= bovine serum albumin; nr = not recorded; T-15-BSA = T-15 § -thioalkyl-BSA; T-19-BSA = T-19- hemisuccinate BSA; T-3-BSA, T-7-BSA, T-11-BSA
= T-3-CMO-BSA, T-7-CMO-BSA, T-11-CMO-BSA; T-17-BSA = T-17 SHS-BSA.

6) &H2| &4 "I}

gutn o 94 FAE O ¥ 97} (titer), @ ¥ AT
Ylavidity), @ £ B (finity) e Ak oS A
g A53E 329 do| Foldth 349 B4 W &
el 3 R OE Aol

7) S7FHA (McAb)S| At

198013t o] % HASAYY o 50% ool McAbE A
Absla] Al23)H, hybridoma technology7d ©]- £ "t} (Gosling,
1990). @7t A 9] At BF-E o|n FYst= Aok FA
o] A& AAFsl= hybridoma line& §3A1# WE bispeci-
fic McAb, anti-idiotypic antibody 5 Eo[3 &4, F £ &
344 (inter-specific chimeric antibody)E-& hybridoma tech-
nology<] &Jaj A AJAbo] 71z}l L8y} steroid®] McAb
o] A 977t £, Bo]Ado] PeAbd] HlE GO E
A GOEE, AAAE 58 F 9 PcAbel] &3 5l
o} (Yoon, 1996). 33 T-19-BSAE 322 McAbE A4t
He Ale7b 8 AR g8 ARHT 2y o] B¢
Az A Bold2 FRHA B}, o] F EIA, FIA, CIA,
RIAT o8] 7kA] 399 wisle ¥ EE S84
ATt (Table 3). o] A ojn] o2 FAgf 3f T4
=3 3t} (White et al., 1985; Crosby et al., 1986; Kemeny &
Challcombe, 1988).

.84 CHEE 0|8

A QAo E AL BHAEde 53] d74e=
%ol /i e, A EZ Bol ATk 53
avidin (chicken egg white)Z A3 T4 2 3} steroid receptor &
o] AM-H AT} Cortisol?] &3] 79, corticosteroid-binding

Table 3. Cross-reactions of produced T-3-CMO BSA antiserum

McAb PcAb

Compound
EIA FIA ClA RA RA
Testosterone 100 100 100 100 100

5 g -Dihydrotestosterone 187 177 167 15.0 64
5 B -Dihydrotestosterone 1.6 10 08 0.5 15

Epitestosterone 06 01 03 02 04
Androstenedione 09 04 03 <01 0.2
Estradiol <01 <01 <01 <001 <0.05
Progesterone 2.1 19 <01 <01 <0001
Cortisol <02 <01 <01 <01 <00005

PcAb : polyclonal antibody; McAb : monoclonal antibody; Percen-
tages at a level of 50% replacement for testosterone using polyclonal and
monoclonal antibodies in assays.

globulin & transcortins-< o} Z o|&HIY Atk B3] AE
84 grlgel S AERA) 24 ) B9EL AeTe
2 gEeY 54E 340 £ 238 UT o 59 4
A O @gmde F2Eo| EAL Wt £EATADL
Jegon 23E B2 AEHY J12 A7 ¥R &

e Aol At

4. XX} (Labels)

HAZSHPAA FHAZ ASEHE EFES enzymes,
fluorescent, ligands, luminescent, particles, radioisotopes,
vesiclesS o] AME-Eoj 4t} (Table 1). F3 2} Eo]& (specific
activity), ¥ X4 (labeling)2] £-o]Al, endpoint determination
o §olE, HBHE 43 (hamdol®, FPRUOE $5
54, B A 0 BHBEY 93 5 29 22 B
AYET 322 AY Al F28H IHE A 539
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Eolde oA 549 A UG I AL AYE
o J3HER 2AXNEZ wEE: FQ  EF(fraction for
detection)¥] $Z 7154 (degree of amplification)o] B-22] &

= X A& (efficiency of detection)o] =&7}o wat Az}

7h ddEd H2 FAAER AMgEHe B9 FRE 3A
dadte 10714 ool HA Utk @ WA £944
[radioisotopes (RI) spec. act.; I (1 detectable unit/sec/7.5 x 10°
labeled mol)], @ &4 (spec. act.; amplification factorel] 2}&),
@ ¥FEZ (many detectable unit/labeled mol.), @ & 7+E, ®
43%E4 (1 detectable unit/labeled mol.), ® A} (particle),
@ vesicles, ® g 2ol @ 2, @ spin-label, @ laser light
scattering, @ free radicals 52 & 4 Ut} 2HZoE &3
o< F& RI, enzyme, chemiluminescent dyes, lantanides?} 3

E AHdnh

1) YAKY S9laa
T-tracers QWM © 2 [1,2- *HT, [1,2,6,7-HTE AM&-3i).
olg FHAE 3/M¥rt PC, TLC, LC (3 Sephadex
LH-20) S22 ¢ &8 AA Sk gk T3 tritium (8 4)
RAAZLE FrtolBE,
“Llabelled ligand, 5 T-CMOo} 1-BSAU, LHSAS 3%
AZiT} B T-3-CMO- *I-histamine S-& ola‘lé} Ao 97t

HH)g Fol

57 Al liquid scintillation counting&

=70

2) 84 FHX| (enzyme as lable)

FHAE o]4HE EAE borseradish peroxidase (POX)
7} 50%4& YT 917, alkaline phosphatase (Alk P)7} oF 25%
AL @A AHEHT gtk POXJE Yol AHEHE o= &

7] B.3o] 7H5 3L, turnover number7} B3, o1F 714 2%
S PHOR ALY S AT, 2NN 208 9F
o]t} (Kemeny & Challcombe, 1988; Ishikawa et al,, 1990;
Yoon et al., 2000).

3) HAEH (fluorescent dyes)

Fluorescent isothiocyanate (FITC), thodamine 52 &3 2}2
AHgSt FREAVZ ZRWT BAE ARG A
7 FFYAE AHE A, bispecific McAbE o] 431 83
43 POXE UFd EFANI/E &t} (Smith et al,
1981). YFRISHY (FA)IE A4 B 23 (umi
e o1&tk HFE ULl wa o
ZHAZ Yrnh & A (8 B y )9 98w

nescence, L)&
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(radio-L), 3}8Hk-&-of gt 313H4d 34 (chemi-L), AJ A Ao &
Zof &3 B EZ (bio-L), @A F (thermal L), neon W 3}
22 A7 % (electro-L), HAA - 7FA] 34, Rpej o] 43
(fluorescence, short-life time emission) 5= 37434 (photo- L
long-life time emssion)5-©] $1ou, 818, A EAF 2 & Fo]

A2 F2 AMEET gtk E3] FIAS europiumS
lantanide Al E 2] 37 Y4 ZF 0] L3}= Delfia BH o] 7ty

ol RIAFE &3 o =2 ML= At (Diamandis, 1988).

4) 3&t (chemil-C)H
tracers)

KIAMY  (bio-luminescent (L)

luminol, isoluminol, amino butyl-ethyl isoluminol (ABEI) &
BE $44T 28471 FIAL E 802 G4
St ol & o] 43 AP HAZAY (CIAorLIA &= BIA) ¥}
HEo] MEso] gt} (Weeks & Seitz, 1984; Yoon & Kim,
1987). 9|52 o7 RIAZ AT & & T2 $AHSY
I, A FASHAT

HPAMH G S (NIA)}Z WA Fele gleu e g
dol 2o &S &4 sokdith. & NIAY ¥ ERE
& & 29 (carcinogenicity)o] AY: 713 24 (teratogeni-

city)l S AWkl ZA (general toxicity)e FERATH
(Albertson & Haseltine, 1988; Ekins, 1989),

o

4
1}

p
[}

!IEE

%éi'-} REge 22 (separatlon system)

E 238 8 BYste Y 447
L3y [11qu1d phase: anion resin, dextran-coated charcol (DCC),
florisill; 8&/7 %% [ammonium sulfate, polyethylene
glycol (PEG), second antibody (2nd Ab), 2nd Ab + PEG]; 73
A F2Y (solid phase, SP: glass fibre membrane, large bead,

microtitre plate, nylon membrane, tube); .3 A 3

ne

_lzi

A3 (magne-
tized bead + Ab, microbead + Ab, microbead + 2nd Ab,
protein A); X3 A 7H8 F2F (biotin +Ab / SP-avidin, FITC
Ab / SP-anti-FITC, microtitre + 2nd Ab) 5 B-& E2 A 7} A}
SR (Nieschlag & Wicking, 1975; 1981; Gosling, 1990;
Yoon, 1996).

RIAY A 233 (antibody-bound form)s} 4% (free
form)¢] £2jol= DCCE #-218& F% (absorbing)A] 7] AL},
22 $AE old3ted AFYE AN L, 9ARYN =
e At oZMA R DCCig ol AAH o2 713
Bol AHHT 1o}, ligandsih A S ZHARXA (solid
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phase, SP)ol] F-ZAA AL '5‘}7‘3 Aol 339 4
E FEE OFY Atk ] %
(direct or homologous 1A)°] 29% o|A2 2 Z7}ete=
o} &3] pmol 52 S HA = 70% o}A}o] solid phase
He F2 AL Sith 7P ol wed HE 96-well
microtitre 2 19803 Rol = oF 15%, 19903 ol = 80%¢]} o] 2
F gtk 24l precision molded plastic ballo] 1} plastic stick
of £ZA7IE Wo] oF 15% ol 3 2w, f$ f4
g o HrhEy it} (Kemeny & Challcombe, 1988;
Ishikawa et al., 1990).

i 9
E#
:4_,
:[o
Ak
of
m[o
e

Zsh= 71 (heterogeneous assay
system, Heta)—°~ EAF ] MPEAo)A] AMRE T glor},
SAAZ AN T, B4 7)) - A7t Tl A5
3 o ARtk T3 ol2 A% AT ol A
Hr}. o]e) 83t homogeneous assay system (Homa)x 33
A4 2 A7 ZFHAL o, AR AT (signal)ol
Halahy 2dg o] SHHES JHE 7]&o|th Homey 7+
e, mEY, Bt A&, A58 7bsiA AP SR
W (direct assay) o] sbesjATy. I 2AWYsL
nmol/L~ pmol/LEA, BA W vj3 b 48] &
A o, & A5E FEE BUHAYT o o]&sh} FFY
@A = AFEo] oE& o] Utk

UASHHO| Tolet Y

dutgoe s FA-4 whe2 33 £HEH WE (chemi-
cal kinetics)s} F 2} 9] W (mass action equations)ol] uw}
2. A9 338 (antibody affinity) A+, standard curve
fitting, assay®] A¥ (optimization), MZ SAHY M
TAE 339 ke gFyolth. @9 339 AL ¥
olZ, ¢ ARXE AANL, FAAY HIAL
‘”71 AdXE S3AG A YA Az By @
ARgo) HH o)) (Seth et al, 1989). ABL B
HE &7 AsAE 4 wEe dA9 AaA
@I AHESte Ao FFol. A& S &
olg} st IRMAE £A o] &L 32 Eoy, gz
ol old 3EE FAdE Abgo] oFth EF kit AN
Ale] Lot No. W3}d] m& w8} kit-tokit variation, com-
pany-to-company variation o] FHFOEZ ZAFojol 3

7

e

oxl o
oL do R

jin' l'llzi JIN' iy

oX

- o] & Ak A4
o A 2 e ARSSEE YR, AE8E, Bolx
EE IRE,

ZE7E Hrtsolol 3w AL (quality
control, QC) ABE o]&3le] ZAHLNE Zo|=

A= ofop .

=

’“Eﬂi*’lE 2R 24 S FAHOE RATYS
APt FEET & A7Hol AL RIAY AY H4 &
androgens& FHOZ 27489, $8 Hol $4 279 7
% 9%, BAVLE, JUESE 2437, AP Wl
A4 (Intraassay variation, with-assay variation, WAV)<} A&7}

1 o] Al s*(Interassay variation, between-assay variation, BAV)E
A& S WHAE T YRR A A9
QC AIEE o ThE assay batchuf o 4 3te] 203] A
U2 FhE o] 48 B AREY AFANA testosterone S
A AHLE o7 BS54 FY ZHE Table 42 e
Atk

2. 39| 8t (Detection limit):

1) ZEH EYUY (competitive assays)

PL.competitive RIAS] A4 B8 A4 10°Lmol2 o] &
Zel Z49 HAXA (theoretical minimun detection limit,
TMDL)L- 10”mol/L (2 pmoVL)o|th. T& 1} Z4¢] Eo]z7}
E2 NAE 0|88 A4, & uf% gYe] &2 5”"‘“(1(:
10"L/molyE A}28 Ao 1004) o}A} ZAsignal &
Aol oF 1010mol/L (20 fmol/L)7HA] &R 9] A %
Atk T2 2 androgens (A, T, DHT)¢| 53 3 E £A3
o MDLS €3 Wl 1~100 nmol/L, €t¢} 1] 10~1000 pmol/L
F2¢ 34T 5 YolA, S0uld R NANE 50
fmol/tube (15 pg/tube), Bt} W (<1 fmol/tube, 300 fg/tube)
29 34 94 S5

o5

ek

2) dhE3|E

o220 J}F B ZHAAES DE 4

2 wa

F3Y (reagent-excess assays)

+ Ak thrp 9
734 atto moles (0 4 amol/100 L well; 0.02 amol/tube) =5=0)
4449 2R8AE 29 we Jolr} Uk YA
oR= SP~ova1bum1n—androgens of. PcAb + 2nd Ab - biotin +
avidin- chemiluminescent dyeE o}-¢ A} 24 A E 1008)] &
2 4 Utk MDLE & F49 BFA 9 0 Fejo)A] o
W 45t HAF-28D (EFVADY #e A A=
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Table 4. Performance data of the measurements of testosterone in serum by immunoassays
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Factors EIA (n=27) FIA (n=18) CIA (n=24) RIA (n=45)
Slope (b) 2.11£0.1 248+02 241%06 234103
Correlation (r) 0.96+0.003 0.980.004 0.98£0.03 0.99£0.007
Intercept (y,nmol/1) 53107 56107 67104 55+09
Sensitivity (pg/tube) 1.7+01 35203 1.9£0.1 39200
Accuracy
a. 29104 3105 2.7%0.1 2.8%0.1
b. 9.8+09 9.610.6 9.6£04 9.5+0.7
c. 143+2.8 15.7+3.1 17.8£2.7 16.1£2.1
WAV (nmol/1) 73%05 45*t1.1 63*1.1 47+07
CV (%) 68+12 6.130.7 6.0£0.8 51%11
BAV (nmol/1) 7812 6.8£0.6 62%12 5.1+04
CV (%) 154£3.1 8.8109 194%2.1 78+13

Accuracy were tested with charcoal-stripped serum pool with a (3.0 nmolAl), b (10.9 nmold), and ¢ (16.5 nmol/l). WAV: Within-assay variation. BAV:

Between-assay variation.

Le Bost EAFCE 494 A A
b oA 4 BAV)IH BRHE b e

oxl
o
o
o
2 58

q

off rlr wx
off
ki
*

E2 Y AU (WAV)Ol 343 g8,

3) ZHd (Interference)

A5l MEE F ALste A9 544 FAT
A7 =elgtth 34} AYF kito] hHME EA7L A
7o) gou, ojmd WHHE WSS BPyL
& B2 UL Qigith J8 gy AAE A AE 7}
Z AWA YA ©]23 In-house 1mmunoassay—4 Aol F4

=

24E 248 92899
matrix protein®] 7+4 ionic strength, pH
Heterophilic antibody® A5 W] =& $x}e] €484 4y A

ZEEUH 530, BA, AF, lysozyme 5 EA7} A
B 2459 359 A& YAt 2 2YEFE e
dohe 2& 2Eso} g

o
ot
Y

MUY (Reliability) Z7}

ZE| 20|28 S HUH] B AT n R 23
o] AHA (rehab1hty)0ﬂ gl AL AT T & 2
AGA Aol FUsty, A3, AwWAe] 52 84 A

35 AT 4 19

1. A BILe) HY

AR BAA RBACE 245, 4 2 AHE 92
W EAPES IS AT HUNH A A4
9 7% 2aolth WEY AL A A2SH, 37
% F99) 2T, 42Y 277 FOH JREE FoR
o Qg 23] vizsE $49 AREE Folith
249 B2 RS VLTt 2 2ol AP
ok 7hsdith §9 AEY FRA) Wl (WAV)S} X324
ME BAV)Z 239 4940 EEAT BFARY Ha
4 24% ol U5 ARV BFARS 24 B
of gu, B NBAN 2 FEE FREth A A8
& 2L A7t Tx Bol4e M W 28 & Yo

%
)

U AAF QF (systematic error), & F&4u (extract1on
solvent), ppetting %4, A B2 ¥ F2H, SR 1] 3
32 BX 23 407 UA} (biases), FHAHQ 28, T AA
e A F i g gadrh

2. #F ZM (standard curve)
I3 EF TN 2R 259 A
g FHAY AT AE Aboly &7%]—* L}E}‘ﬂﬁ}. A <]

A EE logrEZ EEIY. & A 5
T Alele] ZA BAE curvefittingsts TR =2 7o)
Hr =l k. Logit-log transformationS & 3 23S logit2
AL FE (dose)= logZ A3l FF ZHL M
goz o HA AHE A& & Yrh Logit-log trans-
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formation HA7} gl 24 AAte] 715817, program
(o]

AIE ALE £ 9o, 33 AR 729 4T 4

1) 71271

Logit-log transformation®] 7]-&7
A T BRI 22 AR S R T
9ot -23030] Hek AAE, BASHUE Zahpell 3
gaA] ehobx, gk -23039 AV %}—% 7HAth AAstE
3 FAME HAAE b-1.999sb >2.303 >b+.999sb2] A F &
A oz HolAA g At SHYLE A A%t
ojo} rh

7 (b)—“— uw\}/ﬂ ig u] u}

17} z3gdd 1,

I

e

X}

Ao F34 71E2R A EE HE A
3 o EF 2Tt (Syx). o] wRSE “3
AZFH EFEA S FAoTh HA 7 qPeEn
BN 34 BF 2AE, o androgend] thE Syxe] 3
F7H2 0.161 (SD = 0.089)0I itk ALE ARAE (1= sh)E
gdutdo g 1 <012 AEF EAE NI 2> 048
TR £l Aot

S o

HN
O

2)
3
H

o

B 2
r}m oX b
=y

Y

-111 A ex

3) F-value

AXsE B FHY FEAL Festol| A F-value7} 95%
AT Br} BOoW, AN FJHLE 7 HF A
o Azt 25 FA49 & A& AYsrIk gk AYH
Aol AYd gAY ¥ gold 37 F& Bt golr
ok Fvaluew A A3te B 349 F3A 0 Bg AFolth

s FEA ] AW, F8 FAZ]
o 7bFe FAF (XY AL 4 log X = (logit Y -
a)b 02 gt} o] A2 TE 5% Fo APHLE 549

5) logit-log M| X

EFE 49 logitlog AELE A8t B2 AL
Ht} androgen®] RIAGIA = HF FMdstev), FHA¢
P T AT BEAY £ FAHY o]Z A0 S Hof
€ 4487t HA &=t Logitlog B AM 7H5E 37 £
HE Y gol o] g3tk £ A7E2 JMsE 2F F49
Y (2.0 > logit Y > -2.0, 2 12% < Y < 88% ol ¢t o=

N

ojEY T A

g}, 3 logit-log A M3l ZE XM F 143 Bogt
Noj gj&ejt}. & ZE A2 B0Z Y+, NSB7} o
o (Y = 100 B-NY(BO-N)). A4 EF F4He) AAH
Q1 @ = 4 parameter logistic equation® 2 v} s AH T}

1|1

A HUM (assay precision)

A2 N B8 B5 7Hed SAFRAA L5 v
= A7 ZYE EIA ¥ RIAY HUEe A4
= 949 8HZ Eol Y FY 848 BEY,
A& AYE EIA 2 RIAZ 233l 237} QA9

A W AUE7H oI FUHsih

ﬁf\lfﬂr

3.
Pk
24s
e

l~

207) 9]
9 el

= (sensitivity) - 58 | (minimum detection

B4R U8 24 ol 21 B9 e
ZEE (binding affinity)2] 4 7+ (s
= 0.Vka) *}o'sm"} Ztzrel BEFMOA A AR
(BO)9 -28D9] gtell T d ZEFEY & FEE o)%
gk B AFAY T 4 A, EIAY 95 <F 25pg/tube,
liquid-phase RIAE Spgftube, solid-phaser= 15pg/tubeE v}eERY
Atk PGS FE (B &3 ) gAY 2%
9 (33 4990 £2 W, MDLE RolRz, wdls) A9
FoRth FATRHLE 0 w5 TEEHE HaY B2 ¥
=& A% ok 2 logitlog :q;tm o] ,\}a uﬂ_}_:
AAF g 7HAA Ye
F09, g 3= & 94 7}'— *%}4 ’\]ﬂ 5}74]—\: —?—57_,
B o} Agols FA7E Yoldth 18 BE 8F
23238 72 8 SRFY 4A L/RE
49 Eg S Ao Frhch

Blank:= B84 AzelA 9 € 7k Atk F EF
Mg A 2gE AAY, A whe-E oA, &
Aot Aol WaE 902 4 ¢l chromatographic material
(blank), &7 27], & BSA, 7 globulin gelatin, &9 A
AT 718 g 5 E 2T L Blank7} $L0H, blank g}
< WX ZHE FAFoF Ak Blank FA3S 7 Ha
A% 5k okfold, blanke= 4 BVHsE o FAED 4

& F5E 9oH, #4719 blank®] EHE JAF}7] 93}
o} blankE R E tubed] Poiof vk FA-FA Y HYL T-
NIAG| A 1~4A]7h] o] F0}A 3, t}efst pHolA S 31SiTh

vy

=M MEM (accuracy)
ZE|Eo)|EE A AT Ao 15ng/ml, 7.5ng/ml, 3.75ng/ml
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9] testosteroneS 713 & EIA ¥ liquid-phase RIA, 2+ &
AEo 2 108] o) S5t EAETh ol £4 & &
< el #rhe ol 2T | Aol Tk FHIY,
WX (X)¢ #FEA (V)Ao] 9] J#aAE BE EIAY 9
Aol A= BHEA (Y) = 0.96X -0.89, (r = 0.985), RIAS]
2= (Y) = 077X + 349, (r = 0941)9] & vehidch
A= (Y) = 0.89X+0.44 (r = 0.986), $}9] AA2 Ho}
RIAY) H]&] EIAS] H4-E B2 5o e 97 84, ¥
FRAAE A7 WA SAHE S Ushided B4
A o2 fo3t Atole At AFAE A= 24 &
A

EZAE, QDY L7, BF IAY 27, Sol4 blank

s
@

6. SO0|Y (specificity) S£= WAIHIS (cross-reaction)
5o Bolge 5o AuNS 2%
2% 270 Bole Q7] o, MR W
3= AL androgens} £ A71E Zo] BR3th o2
o] ol 2} 4HS, F testosteroned} FTRHOE
ihydrotestosterone2 223} SEojth dutgos
A 9 50% AE= YER)E testosterone®] ¥ §-A} andro-
gens®] =T B X 1002 WA} HHeL 2 Absioh

o
oo o
o

HE 22| (Quality Control)

€ d7AY d7dY T84 J=de ZAHE Table 4
ol Yehiich

1. Within-assay variation (Intra-assay variation, WAV)

el F4e FYg QCE 207 o] &3l 24
T 3tk o} 2 F= F2 Wol A% (SD = £d2/SD)E L}Ee
Atk QCe £ ()7} 3001422 W, WAVE S43)3
o 2 A74e A w2, g3 2FUxE 8@ w
g} A2, G4 elul TS $4A WAVE EIA¢) 4 265.65
+ 1580 pmoll (n = 20, CV = 59%)°|% 3, RIAA =
274.22+14.09 pmol/l (n = 24, CV = 5.1%)Z v}ebdt}. CIAE
267.54 £ 15.2 pmol/l (n = 30, CV = 5.7%)0| 7, Delfia=
284.33 + 17.5 pmoll (n = 28, CV = 62%)Z ZE HHo]A]
CVE 10% ol & &3 9] Aol $48-& veh Yt 22t
assays SUAES S WIS ol ] g3, Yty
L BEFAYY F AFHY FFYAE /1522 349
QC sample A3t o] & 3 84 U 38 o|Ate] &4
dted CVZtol S ACV = 5~10%)el AL w £49
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ol ¥ux

o

7teke)

2. Between-assay variation (Inter-assay variation, BAV)

NES &0l B Y, 2 F BT B g o EReR
Y2 o, Al A9} QCE FH 3 244 WF S BAVE Ye}
doh BAVE WAVED v O 2 $E0|3 Hol AFg
o] 26%E F& 7497t vttt WAVE Hlwstd, 49
279 d4x NF wish oo 4G A WA, NS 4
o, 25, 4327, 717139 5 43 wste gFFel v B
< 2FE B 7HsAol 4717) Eolth

B Q749 testosteroned] &4 Ao] wtE2d, BAVE ¥
T3 REUA7E @A Wdth 42 34 g 9] BAVE EIA
o ] 287.55 £ 26.82 pmol/l (n = 14, CV = 9.3%)Z RIA%| A
£ 27943 + 24.49 pmoll (n = 24, CV = 8.8%)2 Jehdth
CIAT 26534 £ 29.52 pmol/l (n = 40, CV = 11.1%)01 % 7,
Delfiaz 277.84 + 29.79 pmol/l (n = 13, CV = 10.7%)2 R E
HHHOA CVE 15% o2 §3 9 o] £ el
=3

Y5 AU H AEHL 3o AstE £ e
E, AR F7}t A Eoo @t AR FEe EFE FA,
WAV, BAV ®0]¢} blankd] wj/is 5 44T AAL 8
sojol gtk fAM] AFol, Aok £4 ol W e
o), X3 = ojoF dt}l 1980~198837F 3=} Univ. Edin-
burgh7} UKEASSY &}3 A28k @3 W pituitary gonadotropin
(GTH) 249 Z=#e A7 239 & A74dA 9447
L2 Pste AxfE EE LGS E AT FYE Fo
=37 o3 uA ARE w3 SN e Hkshe
< AM-gtth 93T #EE UKEAS (3= U 17770 228
AEDAE vA Y L NEE A AP FF3o 74
9 A7dol A3t FFTLEAM 349 FS Hrhee
Aotk UKEASE IRMARR o] RIAS ¥]31] 17% & %
< Yehl i, LHY 74 33%<] ¥ SAXE yehigy
HI3Ath (Seth et al,1989). o] A= 239 WD
IRMA7} AlH4-8F= McAb7} GTHY] isoform& 2% 3 w0
2 BT o8 FAAJME WAV geometric CV
(GCV)& 10% AHEolH v]sld, BAVY GCVE 20~30%%
ET @S veth JER 494 Axdgrt o
F830E 2S¢ 5 Utk F between-laboratory resultS
HlZsted & AR e AL ¢ 4 Yok

WHO7} 2% QC program 8 F7te] Z24E Hg »
I HAARCR 548 & de 24 2FE gopigE
Y d@otk & A% FAWY ANds FHA

id

2
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W FYdte g¥slsty, 7 A9 £3717)
SAE £, AAZOE FEY BFNGS AT
sto] BE I MaEtd ZxdE SN S
routine assayol| X #o|7t & Ag ZAshs WAL ol
ATk AFAL B A BARL 4 71719 AYE
4 589 HAxY, X9 A4 (computer programming
& method), 7154}9] clerical error, specimend] 7124 B4
3 AES v, a3 44 Ay Fea4e 2R 5
< E 7 Utk E 43499 TAHLEE A NE &
22 AHsT, RINT o8 APUT Sue #}4
, @99 o] FHHAY F7)d 22FHAY, ERAE
& FHAIAY, BN E £71d BRIk &1, &
FEol ZHER AAdA A4 ZHHAY, &
2d e BT Y2 AAHE A 5S E S Atk o}
723 dolu 33, UVel &A7E 4k sdsith 1
b d % A9 ’@E-")rﬂ Aol & ZRHL FAH

ki

)

2
S

< oA, S]] AL A3
311:}. a8y S%HMW'—“- QC programo] A 3F-§0.
g8 £ de FIRAE 2887, AFQA 3
#HYE FAA e Aol Bag)

rukﬂ.&ﬂinf(ouﬂl-r(mﬁ
&

SEZ SYUHS| S8

1. A ELf testosterone2| MM

gutdos 3 AE F spy wy st -70Cq
20CE WS HaAs o} 3th. Testosterone AH2ofA] 24A] 7+
84S 2As9E 7491, haemolysiss} ‘2011&—"— BAeAx
AT B ATEL A FHS R &F 244
ZF Al g, T 50 ¥isirt %;u A& é_}%}ait} =
¥ 53] AL 9 freezing thawingdl = X9 Wste= gl A

2 Ho} testosterone> THE steroidef] H]3} wi-$- HAA °]
O3 #AgEY 28y od, @3¢ AF Wiy He
de @A%) FEE WAl gdoly} Mo A$ O]%e
o Tl 3 go] BOBE Y5 5tA v Iyophilizingdl e
>

Aol Hhgra s,

-{0 lﬂH‘

>,

2. Bioavailable testosterone

AndrogenicityE A7-3}7] 913t dutdoz Y T
FEE S350 B9 84U testosterone> sex hormo-

ne binding globulin (SHBG)o] < 44% AL 7} Hatse] &=
S EX Utk YA 4% Ax= 8A albuming] YA A
T8& W, free testosteroneS ¢k 2~3% BT 2 EA| sk

e PR

o] & free T (fT)$} albumin bound T (albumin T)E bioavailable
T (bio T)ZT @tk €49 AL 78%7} SHBGS, 20%E
albumin-bound formojt}. Free T equilium dialysis, gel
ﬁltratlon, ultrafiltration 0] £3}A, RIA & o] & ‘}04 2

A3t} (Yoon and Kim, 1987). B bioavailable T, & non-
SHBG-bound fraction (nSHBGT)o] A& &0 2 T Z}%%
dchz ¢ U} (Swinkels et al,, 1991; Yoon et al.,
2000). H9l= ©] bio TE A ETA ou)7}t U&= Yo
B gtk JZER ©] bio T £ nSHBGT7} androgenesity 2]
4733 biomarkergh= Zo] FAAET ik AAY bio T
(nSHBGT)$} SHBG bound T (SHBGT)E &3 AR L total
Teh Btk B3 49 Boh) 24 BYL 230 A%E
Table 52 Ve Sich.

3. El¥ (Saliva)Lf testosterone

1980 3th #8 A o] 43H ARZ gpd) T7F S4 5 of
$rh Saliva TERTH 2 QA U TY WES wedse, @
3 ] fTsk bio T¢] MEDE AN HTH: AT A}Eo] B
=t} (Howard et al., 1989; Padridge & Demers, 1991; Swi-
nkels et al,, 1991), 21822 salivary T= & ) total TR}
T oligospermiat} azoospermia $+:2}2] £-¢], androgenic alope-
cia, prostatic carcinoma, psy¢hological test situationol] 4] andro-
genicity®] £ A EZ o] & H 7 I} (Granger et al, 1999;
van Honk et al, 1999). o]& 3§ AlY2 free T, bio THT}
salivary T7} B0k A28 f&sithe A& gnjdtt. &
B dA 42 & AT, 2EHLE F4 47, wHEFe

Table 5. Concentrationa of bioavailable (free -+ albumin-bound)
and SBHG-bound androgens in serum

Hormones Male(n=75)  Female(n=95)
Total testosterone (nmol/1) 21.50£5.1 1,103
Albumin-bound T (nmol/1) 6.7111.65 0.2610.04
SHBG-bound T (nmol/1) 14.62+0.86 0.8210.05-
Bioavailable T (nmol/1) 710148 0.28+0.05
(free + albumin-bound)
Albumin-bound DHT (pmol/1) - 570.52£101.5  50.11%11.60
SHBG-bound DHT (pmol/1) 1201.00+58.1  148.92+18.56
Bioavailable DHT (pmol/1) 601.74185.8 5244199

(free +albumin-bound)

All values of the female sample were significantly lower than of male
sample (p < 0.001, by student's t-test). The bioavailable androgens were
determined in the supernatant after treatment of ammonium sulfate (at
final concentration of 50%) to precipitate the SHBG fraction (Yoon &
Kim).
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Table 6. Values of salivary T and serum free T or DHT in men
and women

Samples Male(n=90) Female(n=90)

Salivary T (pmol/1) 290.0+65.1 33.0x154
(70~415) (20~62)

Serum FT (pmol/1) 585.0%+19.8 26.1324
(245~710) (16~30)

Total T (nmol/1) 21.5%5.1 1.1£03
(10.5~33.6) (04~23)

Serum FDHT (pmol/1) 199+12 ND
(10.5~36)

Total DHT (nmol/1} 1.8+0.3 0.2+0.03
0.7~9.7) 0.2~14)

ND; not detectable, FT: free testosterone, FDHT: free dihydrotesto-
sterone. Serum FT and FDHT were determined, using a centrifugal
ultrafiltration through YMB membranes of MPS-1 devices.

2 o A7 7HeE £ o B4 €2 Bde
E2Z2AA ALY F 47] gEolt) Salivary T 4o}, A8
o SEe BA AeH Auusel 4E T2EY uE
monitoring & 4 & T AR ¢ A Yt (Granger
et al., 1999; van Honk et al, 1999), & A131= 198543 o))
et steroid hormone?] Fej & vlo}ale] gkom, o] £ T
o] A3} YBE Table 602 Qo3 th

4, 2o LYf testosterone

AL AEH EEY E (feces)W testosteroneE A U T
8 Fx 9 panallelstA] W E T SR 7] AFRT of
Z74A fecal T7F AH8kA bio T, free TE AT = itk
stoiats, ok FEolY AR MNHIE ATH] ALEAA
A] fecal TS £ T840 0 AEHT, £39] fecal
testosterone conjugates”} nSHBGTU bio T9] £ & A&
7hsAol SRIEEE, A (Billitti et al., 1998), 7|2 (Fiess
et al,, 1999), A} A} =5 (Hirschenhauser et al.,, 1999), 3}

ofelluh, ARt Fell M BRI gtk 58] ZFo] o]F 3, of -

AL AU, AEG 20 et T2 AL G2 AFA
T W3} Fol 2 S e B fecal TE ¢ Z1)
e ARHL E 5 Aok B A AAS 879 24
229 FEE FHIT Ao, fecal steroids FEAIQ
T-conjugates% A A T A 22357, solvent =S &
S AA G AL S BFE o g A5y Yok

5 08 MI|sHME ZUEESIIE T &3
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Lauman et al. (1999)2 17497 9] W= A F 43%7} o] A
A71=%o) (Female Sexual dysfunction, FSD)YE 7RI 312
o, Ao K75, AA%S, 4F FF R &7 SHdE
GAZER] FATY BIHT vk L2y 44 &

2 oy T 5 1~2pgml 52, W 2% =
Z2R9o] 2ok Iy dAe] ZAYPLEE
A7k oF$n2 ALAQY FAEY Mdo] o]FoAok
ok E3 gAY A4715E RUEHEE A4 estradiold]
eAo] R lon ojgd ST 42 HKH

01N s 2 orle ozi'

rﬂk
o

o _9_21,4 2R S 7H ukata) gt} o) v over-the-counter
kvl AR AQSEE AFe ATk PRG3R
RIASH RMAYS. HSARIS R (NAZ AL 43
o BAE Bolge] ¥& W A= IT FAAE
B4 luminescence E2-& ZHAIZ] enhanced non-isotopic
methodZ Al ¥ 9tk H3 assay formulationoff = solid-
phase method7} F2 AMLE Y, A2 23X wWhdo] Y& @
A ok T FME SRWE A FE 7]
ole HEAE AY ARSI FHS M 5 Ae
gzt AFg Aoy FYelA dREEe] A7t A
A AFY gl A gEAY, AR F kitg AHESte
#7t P& Aol T 4 Aol Y, v}
ofg]-¢H, gat& ety YFAE AFHY Aot 3
A AGL AT geiolth & Aol ZoH, S

H AL Yok TSHEE A2 FEOIU, &

TEY BHe - 2R A7

o n& ot

re

Ago EARAY
B ASE 100% 90, A2 A7 BE SANY, T8 2
gl 483, 2L 2429 AL, BIYAE DNA
AZY 7122 YAE 202 Ak AFYe) wgs =
39 o }—t— 23, AE BeAA A9, —s’_—z} w3 7)
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