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Abstraet — Special attention has been paid to human chorionic gonadotropin (hCG) for athlete doping control
because it stimulates the endogenous production of testosterone and epitestosterone without increasing the T/E
ratio which is a doping indicator for the exogenous administration of testosterone. Even though the [OC
banned the use of hCG, a detection method has not been decided upon since there are a variety of immunoassay
kits available on the market. We evaluated three kits in terms of their performance characteristics. The assay
value of the control sample varied depending on the kit, resulting in 198 mIU/ml for the MAIA kit, 172 mIU/
m) for the IRMA kit, and 143 mIU/ml for the MEIA kit. Considering the IOC inter-lab distribution of results
(55 - 312 mIU/m]) using 27 different kits and the mean value (178 = 56 mIU/ml), all three kits are within the
range of —=15.8% - +5.6% of the mean value, which proves them useful for the hCG assay. The MEIA kit
resulted in lower hCG values because it detects only intact hCG molecules, in contrast to the other two kits
which detect intact hCG and B-hCG together. However, it is suitable for screening purposes because of its
advantage of being an automated system. When 123 urine samples of athletes were analyzed in 22 batches
using this system, the variation of control values fell within =10% of the mean values, and all specimens
tested negative with hCG vahies less than the detection limit of 2 mlU/ml.
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AQAFEAMAATZEZE (human chorionic gonado-
tropin, hCG; MW: 37,900 dalton)-= A]g2 8] Fekaa
(sialoglycoprotein)®A] 141 % #}4k2] trophoblast cells
M EHEE F2Ee|th o] REF2 FAT A9
2H RO = HREE AL AF3RE XNBAZ A
3L glvt. wekA] o] 2 EL AAV|AS ol &I W
ol A8 EHAEAHE m= 7)) anabolic steroid?] YA
T EXAFE e mR EATE| AU 1w FA
< $ls 283 5 e A7 H2 U (Cowan er
al, 1991),
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vl gl 23 HE ok BAEAEES 9F-elM
Folshd T/ES wge] FolA BE HAEANUES] Fo
5 AR £ glont, AP LR HAEAHES
A o] welAd TE wlgol| W} gleus 234}
oA o] RPE-E AMEE 47} gioh wekA 1987 10C
oAl hCGE FX| & FFol THAIH2H, hCG 10
mlUmle FA %29 cutoff o=z HASIT 9ot
(Laidler et al., 1994).
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T E o] Tk o-subunits 9278] elm|=Abe® A E
14.9KDa¥ glycosylated polypeptide©] =}, ¢] o-subunit:=
=8l A £ 2 29] human Iuteinizing hormone (hLH),
human follicle stimulating hormone (hFSH), human
thyroid stimulating hormone (hTSH)2] a-subunit®} &3}
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o, AAZ o5 T2 Ee] A|gd Aol B-subunit]
zfolo| A ehte Aoz oeld glul (Hoermann et
al., 1990). kol B-subunity= 145702] oju|:Ale 2 7
A= 230KDa®] glycosylated polypeptide®A serum %
free B-hCGE intact hCGS 2F 1% Axal AR aix]
3lvt. £3] hCGY P-subunit™> hLHS B-subunite} -A}3}
v, ©A] cterminal amino acids F 717} ©hEH, gly-co-
sylatione] ©] o] e glvhe Ao|Ale] 9l L} o]
= 32322 Aol gt 9ol A G2z wedd
A ENYPLR 1 Sl o8 HEF 4 ot

hCGE dAalshAl o2 A7 A4 4% 3-5mIu/
ml AEe} AP A Wi F 7- 1195 F)
817] Alabsled A} 5571A] Z)skEeA LR Fr)EE R
DalHA 2 wlAZ o] 8HI Qe 27 A AS
A9 A&EA @on, 504 ot A= 0.7 mlUml, 50
Al ol Aol M E 2mlUmlE R gloh (Alfthan et
al, 1992). =5k hCGE YAA B9} A ZoA H}o] 7}
PE Ao =2 HIHIT v} (Alfthan e al, 1992).

TEATES GBAA N hCG £ b EE
o el glom, B wet o EAgke] zbo)7)
w B2 A ez 9l 20019 = 10CHA A 48 3t
A< Ao o]slm AR hCG HALA FE
ulel A ES Aol F vl A2 BIFG e,
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1992). o= AHEM Y] A3} A9 SekgAS
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MAIA Clone™ hCG Kit (MAIA Kit; BioChem
ImmunoSystems, Roma, Italy)
o) AEE ARERAE ALEHE AYE A
M7 E (magnetic solid phase radioimmunometric assay,
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MAIA)EA EA ot HAA 85 AH-8he hCGS et
subunit®E FAl| AET 9 e AFEA FlEo|d, o
Z1E= calibrator, '*l-anti-hCG reagent, A|3.8]4 ) x}A]
A3 ApehA Ll A oF, Al2 B ol M AN controlsE T4
o] 9l=h. hCG calibrators 6 level (0, 5, 10, 25, 100,
500 mIU/mD)EA] WHO 3rd IS 75/537 & AR&sle] &5
3Hg).2m, calibrator matrix® =S AM&shed . 125-
anti-hCG reagent (UAF SRR Al ek)= 151E labelSt F £
o 223kl HFEH-E labeldl 3 FFY T
FE4AY EFEEA PIE labeld F THe BT
Z2¥A+ 47 intact hCG2} B-subunitel] E-oluh-g-4-&
vehe, HH4EAS labeldt FxrFEFA = B-subunit
of HolihgAE& e ES Ho{oltt Separating re-
agent (M7 2LbA -2 Al ey AP ALl HHE
A3HA L AP 7 FFAA okelv). A RE AL T
YAE Ao, AHAL ws buffer £fo|r]
control2 247 FA 26L£3 mlU/ml) 2 level2 T4
o] 9le}.

Coat-a-Count® hCG IRMA Kit
Euro/DPC Ltd., Llanberis, UK)

o] Z1E = polystyrene test tubee] LA EFEIAZ F
ete] A AR, Pllabeled T ZFEGA 45
tracer S}A| 2 ARE-5t= whAlm 9 B4 (immunoradio-
metric assay; IRMAY2.2A] hCGE AEE 4 = AH
B4 zlEe|t} o] FIE= calibrator, 243 A, 1]
PAb reagent (UAMIZ=]ZE8A] tracer), 4 buffer, %
EMHY oz FAH ¢lvh hCG calibratori 7 level
0, 5, 25, 50, 100, 250, 500 mIU/m)E* WHO 3rd IS
75/537 (=WHO 2nd IS 61/6)8 A}-&3)le] EFFglon
calibrator matrix} hCG7} ¢l 7+d AL ARl
A EA = GAFE2AE polystyrene tubed]] 2 FHA]
71 Ay, WBLEEE}A Alek (AL A A hE
PIE labeldt EHEEHAGA o)t 4 buffers W&
He g AREAY ARIHH T AMEE = 9lv) 5
S A YL FHF2 BN T ARE-g

IMx hCG MEIA Kit (MEIA Kit; Abbott Labs.,
Abbott Park, IL, U.S.A.)

o] ZlE= AFHE FM775 AHESRs nHAREA
B BAZE  (microparticle enzyme  immunoassay;
MEIAEA HA o]} YA RE A48} hCG A -
A ZlEo|r} o] Z1E= calibrator, reagent pack, control
2 FA=o] vk hCG calibrator® 6 level (0, 10, 50,
250, 500, 1000 mIU/m)EA WHO 3rd IS 75/5378 A&
8le] {TF35] 2| calibrator matrixl= AL A}23
9ol Reagent pack> U] A3+A| (mouse monoclonal
hCG antibody-coated microparticles), &A%} (goat B-

(IRMA Kit;
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hCG antibody-alkaline phosphatase conjugate), EA~7]A
(4-methylumbelliferyl phosphatate; 4 MU-Pi), A] 3.8 <}
(animal serum)2 2 FA ] 91k 3 level®] control-2-
hCG AZFe57) 22b 2547, 10025, 6004 150 mIU/ml
olth, L gkl 717] AHE 3t mE reaction cellS AHE-3}
A+t

S A2, Blank &, Control

+EATEY 2= A7 HF AFs AMHAI7EA
4oCo| BA3}9 o, assay validationS: 9]l F-oF3}A] ¢
= AT xE blank® ARSEIGT A A wE
12,000 pm 2.2 5%-7F AA-F-elsted A3t Control
Z A Lyphochek® (BioRad, CA., U.S.A)S ALg-sl4d o).
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=
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MAIA Kit

B ~EFBel calibrator, control, A FE Z+ZF 50 ul
7F8}aL o 7)ol HRAMA A Al 9F 500 wE FHE F 2 A3
37°C 2P M 1583 9 R =) & =FakA
Fe|A S 200ul 71 ¥ 7PEA] £ £ F Al
A 58-ZF BHg-A| 71}k Magnetic separator rackel] ¥ha-%
B AEREE 23 287 A AW AL complex
7v AR A A5t AFAE HElZ FeA]d)
A blotA 7] F TrA] 500ul8] AlH S ZhEbet b A
mix8t F separator rackel 2437F ¥FR|ElE AU H AL
complex”} w4 FAEA Hel ©fA] 3] A5 S
HE I FpA A 587 ARAS T F Puls)
+THE 187 7RESe B AEE duplicate assay®
AIE A

IRMA Kit

G EEYA 7 299 24 A wbeel 22 100 ul
2] calibrator, control, A B 7}5T Al2ela] 30&7F
tube rackZ £5o Frh. FHo| gl whsA g d7E
sta, AHAE 2ml 7hef] AgelA 128 wkxgr F o
Al H|ZFESt] A A BT AFEA S FhAlo Al
v}, 121.PAb reagents 500 ul 7}l Ao 3057} tube
racks EFo] & F HTEINT AHYE 2ml 7 A
2o A 128 HER|E F v}A] H|ZRE Sl ARENL F
Ao Tzl AHAHE T o rEsle] F
Aol FFAIZ F e EHE 1§70 JheEd ZE
A&& duplicate assay® Z3-& Gk

MEIA Kit

Calibration curve 2% %W A|S¥AHE s o234 7
o] aslgvt. AYHe F7ZE FI reagent heater
blockel]l E*=v}. Reaction cell2 carouselsl] =3, calibra-
tor2} controld reaction cellel 7FF=h. CAL modeE A
3} RUNE =} Display windowell MULTI TASK=}

T =47 vreld bottong FEI AR e AR
¥ 7158} Calibration®] accept=| ™, control® A3
200ulE 272 carousele] ¢l reaction cellel] X} =
7}8tE RUNE FEvh ZHEFHS] v} FAE e E
3 7}8ket. Calibration=> duplicate assay® AZ2 d¢l.e
= A|2E single assay®. s vt

hCG EESY EE B AlZat AlMt

EFZAL p/CAlA Window 98FF Microsoft Excel
20003+ AA 8l AHg-sledv). FFEFAeA]2 (standard
curve equation)> MAIA kit®] 749 yZol| net cpme x
Fof hCG ¥ = MIU/mI)E log-log scaleZ. plotd-<
Z} 412 (linear regression equation)a Y2 4 9d%i+h
IRMA kit®] 7%, y&el % boundE x| hCG %
(mIU/ml)Z log-log scaleZ plotdS ] 2A2L 9&
 9ddem, MEIA kit®] A%, yEe JPuteAg e
x&°l hCG %X (mIU/ml)Z log-log scale® plotd] &

W A0 L 9L 5 s

[=]

Al FF 7lE 7 F 5§ hCG EFEEAH (WHO
3rd IS 75/537y& AF8-3le] RAT calibrators ARS8
=], MEIA kif:= 0-1000 mlUmle] FE2FAHYS A2
33 912w, MAIA kite} IRMA kits= 0- 500 mIU/ml #
218 AMg-sl 9lv). 28y} calibratordl] AFEEE matrix=
Ztzb Zela] MEIA kits 2838 MAIA kits 983
<, IRMA kite hCG7} 9l Q7F8AE AHEsla ot
A FF HE ZF log h(G £EF xFOZ log U&=
F yELE plotdl S W M40 E Jelytow, o] BF
FAle] AAdAo] o] RS =B HA T £ UL
o} (Fig. 1).

F=2Mo J#AH % Rup-to-Run Precision

FEFAL AR ZFFHY FAA (log y=a
log x+b)llMe] WAl as} be] HEAHEE SA A
o Aot 4] FA HA calibration curved] T
A 442 MAJA kit®] 739 log y=0.927log x+521°]
o, IRMA kit®] 7% log y=0.9011log x-0.808, MEIA
kite] 7% log vy =0.918 log x+0496 Z v}ejytoem
slope®] A$ CVZ} 0.5-4.8%, y& intercept.®] 73-%-
vardatione] % ZAl CV7} 92-21.5%¢|v}, correlation
coefficient®] 7 CV7} 0.1% ¢]3}2 e} Adalo =z
data® G4 T 4 duvh MAIA kite} IRMA kit®]
734 | batch »}=} calibration curveZ 2181, control
ZS o B B4 8bed calibration curved] variation®)

ktl
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Fig. 1. Typical calibration curve of hCG assay
A: MAIA kit, B: [IRMA kit, C: MEIA kit

Table 1. Standard curve reproducibility

Linear Regression Line of

Correlation
Kit N a OS gta; iaﬁ (f]gu;vf b) Coctficient
a b ©
Mean 0.927 5210 0.999
MAIA 4 SD 0.044 0.480 0.001
% CV 48 9.2 0.1
Mean 0.901 —0.808 0.996
IRMA 4 8D 0.029 0.174 0.001
% CV 3.2 21.5 0.1
Mean 0918 0.496 0.999
MEIA 4 sSD 0.005 0.060 0.001
% CV 0.5 12.0 0.01

AAZ A A= AR 2 AdE T £ o A
$ ek H o g VehlT ¢lee ¢ 4 AU MEIA kit
o] 7 BEFAle] vt kA s 1090 U4 =) s
™, control Fko] HAWH = e viebd = &
T4 AT S22 H7kede

o] o] QC&S2 AM83t control kel variationS A
2 2]3}e] mun-to-run precision ZFo = HL3Eel o2 2
#H A2 71279 y& intercept?] M o]AMS (coef

Table II. Run-to-run precision study

ficient of variation)”} wj-§- o} ZFEFA 2] AFAe] -
satge} (Table 1). ™R low, medium, high rangeei] A
9] nun-to-run assay variation® %CVE & W, ¥4 Z 7}
T ATHE JdAT T gl HHEAM MAIA kit?] -5
3.5- 10.8%, IRMA kit®] 7% 5.7-11.5%, MEIA kit2]
7% 5.3-11.3%5 eli ol (Table I0).

hCG ZIEQ| HI ¥ 233 ZIE9| MHA

A 7 AEE d7 JEUEY BAES ZT e
o, 2 BMA% =5 FASIET (Table 1), MAIA kitt
IRMA kit radioisotope 'ZI% tracer® AME-3l= ol o
Z H7E A Ad F FHFel olel el slom, uhat
MM APE sfof sk gHAA ] et =g 54
manual type assayell A 2= @& A2 4 gleat
Table I3} Table IIo A e SEo] AAlZ 7 W<7) a5
Aglon] dAake] ABE A5 batch assayoll =&
apiet, el MEIA kite Al9ke] 718 ] w4 Blo] &
of v}, A5 3HE 7|7 F AM-ElEE AP RA A o=
23E #HAs) & g glew, 7|7|EAte] ol bt =
A" Qe A W3t BAE SEE 4 ik ot
elA Aol ARE AT FAEEY HgERE 354
FE] A 2R MEIA kit A7 sho] A-E-3tdet.

TRMA MEIA MEIA
MAIA L M H L M H L M H
N 4 4 4 4 4 4 4 4 4
Mean (mIU/ml) 6.7 24.0 190.7 52 209 183.9 4.4 14.9 126.8
SD (mIU/ml) 0.4 2.6 6.8 0.6 12 14.9 0.5 0.8 11.0
% CV 6.0 10.8 35 11.5 5.7 8.1 11.3 53 8.7

Immunoassay control: Lyphochek? (BioRad, CA., U.S.A)).
L, M, H: Three level of control: low, medium, high
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Table ITI. Compatison of characteristics of three kits

Method MAITA IRMA MEIA

Principle tmmunoradiometic sssey using "0 e IR N I mumosssey using fuosogenic
magnetic particle separation separation substrate using membrane separation

Assay system Manual type Manual type Auto type

Instrument General gamma counter General gamma counter Built-in fluorometer

Result measurement End point agsay End point assay Rate assay

Target analyte Intact hCG & -hCG Intact hCG & -hCG Intact hCG

Sample volume 50ul 100 ul < 100 ul

Assay time/batch 2.5 hrs 3 hrs 1 hr

Detection limit 1 mIU/ml 0.3 mIU/m] 2 mIU/ml

Assay sensitivity 50 ulU/test 30 ulU/test -

CHE ZlEfte] AEM 9T (MEIA vs. MAIA & -

MEIA vs IRMA)

MEIA kit® hCG AAPH oz AT wlzl MATA
kit IRMA kitehe] A#A-S TAsd et 3 level (low, 160 L
medium, high)8] controld AR&-&le] A 72 7 ER
7zt BAEE F 1 ko] A& MEIA vs. MAIASH

MEIA vs IRMA (Fig. 2)2. 2 plotslelel. #alale) et g 120 ¢
o

A< (comrelation coefficient, 1) 7% 12 el 1 E 5

29 ABHL S4B} A2 AR AV UG E 9 4|
=

2 @2 xo]E el hCGY MAIA kit £4 %
MEIA kit B4 ZE2 ot hCG leveld] we}l 40-60% RS
Loren] IRMA kit™ MEIA kit®B o} 35-50% Ax & 40 f .:®-- RMA/MEIA (n=3)
oo} (Fig 3). °l5 A £79) zl== F$YF standard
=4 (WHO 31d IS 75/537)2 E58% calibrators A

~—o— MAIWMEIA (n=2)

= 0 e S
g AL med o ARy g AR 8k 9, 1 10 100 1000
calib-rator matrix, ¥4 2] zlolo A 2= g hCG (miU/mi) by MEIA
Ao vk L] Apol=A o]} o] BE ZhE viehd Fig. 3. Ratio of hCG values for META
£ FAF P glvh AAR nAEE oA 71 Al With each of the other two kits.
3 A 3 B
= y=1.0757x+0.0237
- { y 1'0_8 g%xg;g_oza = r=0.9985
E = £
5 E
€ 2t g 2}
o 0]
g e
.C.' o
o S
- 1 < 4
<L =
=z 4
=
0 - 0 -
Q 1 2 3 a 1 2 3
MEIA ; Log hCG (mil/ml) MEIA : Log hCG (mlU/ml)

Fig. 2. Correlation study between the MEIA kit and the other two kits
A: MEIA kit vs MAITA kit, B: MEIA kit vs IRMA kit
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ZEMrE2 = F hCG

7 ZER BA% AR MAIA kit 198 mIU/ml,
IRMA kit= 172 mIU/ml, MEIA kit= 143 mIU/ml& v}e}
Wor 27 2§ hCG AEZEE 243 234l 10C
9] inter-lab A EE% 55-312 mlU/ml (n=73)2)
gk 178+£56 mIU/ml (CV 31.7%)7 w2 o, A &
79 AE =F FHFA -19.7%-+112% ¥ FE
vehd et

ZIE2] BAA MAIA kit®} IRMA kits intact hCG
A48} B-hCG AL FAl AEd o sl 7B,
MEIA ki3> intact hCG FARHE ZE3He 7 ER2A
MAJA kit-} IRMA kit 2o} hCG 24 A7) F2 Ao
ot A% 7% Ao}, 2evt WAEHE 1 A
Aol oigt Algs] B2 A2 veplE e® dA
ol I0CAME A3Adzke] 2afe} FAZIEZE] A}
= F7 2uEgska glen), 20014% AFel P2 A

120 r
100 L—.‘.—‘\_—.\.
E
2
2 80
D
£
= an t
i
E
) L
) 40
)
=
20
0 1, L L 'l 1
0 20 40 60 80 100
Urine in serum matrix (%)
Fig. 4. Effect of urine in the matrix.
50
® Serum dilution
40 O Urine dilution
g a0}
3
E
®
Q =20t
10
1] 1 1 1 1

0 20 40 60 80 100 120
Dilution (%)

Fig. 5. Dilution linearity by serum and urine.
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A 7ke] hCG 7Y Zpeol: 178+ 56 mIU/ml (CV 31.7%)
2 vehdel ol#ldt Fale vloksl hCG HE| A5
A9} A oF Bl AoleA 7]Qlshe Ao2M 1
Eote] o7 #He] W3 Eo| 9luvt (Kemigan er al,
2001, Choi et al., 1991, Thomas et al., 1989),

ZA|E9| Matrix Q&

AE8E hCG kit F+2 Ao} PAL ARR A}
L3R Hol 9long BARE AME ¢ viEle
4 9l matix S EAFECE MEIA kitd] 74+
matrix °3&FE hCG calibrator® XA 22 3] At F A
EY hCG FE F3le] wimslgeh o] o, gAEE
blank =2 3)MFon], o} FAHEE ASIHHAE 3
Azt 2 A, matrix F 52] oFo] 60% |5l o
serum matrix®} 22 ZAFH 98- 100%)F g9+, 70-
90% ¥ = serum matrix®] 90%ell A-§-3l= hCG Zh<
2L d2ER wARE AHESE dol BE matrix
L AL g ALE e (Fig 4. =3 5%
9] $FATES wAEY) hCG A AL ks o
EA 8ol PhF matrix 3 THFA dobw HE= A
o2 vjepyet.

Dilution Linearity

MEIA kitE AMH-8lA, Al 8844 w& hCG 3k
9| linearityZ ZAHE w Fig. 58 Zo] vl A8
slHdel gAoz A AP (y =-0433x+43.1)%}
2 A A$ (y=-0437x+ 43.0), urine matrix
effectell ] B5o] ¥ sEoME hCG FT-Eo] Fo}
linearity/} .01} W2 FEoiA k 34ujsel] ) 2
Fpgol ol 2F9 Aol gl AL 2 eyt

ESMFEY & T hCG M
A 123799 AR E G whel 22709] batch

10000

= 1000
E *«® s svewa®, e ®® g
=2
E
2100 I A S T S S
3
(O] 0000000000000000000090
Q
=
10 & Gontrol L
# Control M
® Control H
1 . . .
0 S 10 15 20 25

Number
Fig. 6. Distribution of control values for day-by-day assays.
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Z EAM3en 3 level?] control A/ EF QC validation
27 Abgsted 2 AFHE 9o 22 bawch®] QC
variation= Fig. 63} 2o, o]§ FA|ZH ez H4E uf
low, medium, high controlellA] Z+7} 26.2+2.5 mIU/ml
(CV  9.5%), 1024+92mIU/ml (CV 9.0%), 6304+
50 mIU/ml (CV 7.9%)°] 22 &|A}=]2] 10% oWle] 23}
2 Ao agEHUSE o ¢ U wEA 2E &
Az 2HEAE A= 77 ¢l9e, MEIA
kit?] A& QmlUml) 2o} 22 3h& Jeyong
hCG 2422 A E .

HA2H 2% MAIA kit, IRMA kit, MEIA kite 25
$SAFEL] n AR Azl AR glgden,
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