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1980FENDEZ 7T AN By 7T, #FHiziz#30
fE¥HD F—b > 78 YprsBmS 1, 51219824
28, Ny bEBOREEZIT A 74 L
FALARTORYAMbShE, ZIHEOHICE
L DEY P - IBREZITL L ICR
N, 19834%KFTIc I OCESEEESTAREN
fo F—t o 783 EIc7IR I B (Table-1)
ABELITHWINL TV Z e TREINS,

Ko DRI TIIMEEEL ) P> IBEE
OWMEB\/RL, EH7 24 v DEESIE,
TR T A b AT 8 o SirEn R IO
TiE, T CICBRISTERE, 2 R— VBRI HE?
THEL 2T, SEEIIELICATEZED T
1) ANcBUFaREAH 7 = 4 B BOKE,
2)GC/MS itk 2 RFTA I AT Y, RUZE
TR AT e RO,

D 2B IZDOWTHFER1T - 72

$7, SEELVELTWFEEREE L TERY
TAN) 2y ZIZBWCHHEEN & 7 - 7249308
Bz d.liz, 3) 10CESEESTAR
ENEHRBINEDOBETIZ DWW T LR L FAE
L7z TEbETHET %,

1. NMeBUTBREFS 7 = 4 R ENOHET
1-1) syt

Table 1 List of doping drugs,

1, Miscellaneous central nervous V.

1. Psychomotor stimulant drugs.

1 .Amphetamine 2 .Benzphetamine system stimulants

3 .*Caffeine 4 .Chlorphentermine 1 . Amiphenazol

5 .Cocaine 6 . Diethylpropione 3 .Doxapram
(Amfepramone) 5 .Leptazol

7 .Dimethylamphetamine 8 . N-Methylamphetamine (Pentylenetetrazol)

9 .Fencamfamine 10. Meclophenoxate 7 .Strychnine
(Centrophenoxine) 9
12.Methylphenidate

14.Pemoline

9 .Cropropamide
11.N-Ethylamphetamine

13. Norpseudoephedrine
15. Phendimetrazine

.

) . Anileridine
16. Phenmetrazine

18.Pipradol
20.Fenfluramine

17. Phentermine

w4
1
3 .Dextromoramide
5 .Dipipanone

7

19. Prolint; .
rolintane .Diacethylmorphine

II. Sympathomimetic Amines (Heroine)

2 . Ephedrine 9 .Hydromorphone

4 .Isoetharine 11. Methadone

6 .Methoxyphenamine 13.0xocodone

1 .Chlorprenaline

3 .Etafedrine

5 .Isoprenaline

7 .N-Methylephedrine 15. Pentazocine
17.Phenazocine
19. Thebacon

Narcotic analgesics

REFH 7 =4 v EEBSTEICOWTULT TR
A2, BHLSTEE, RBHmEICBWTHREL
720 AE, Tizicmhy 7 =4 iz onTh
RoOMBEEL Z0x $HEAL TERETL2ER, &
WERLEZ B EICE ) B TERIEON, B
Fo7F—2 LIz E30E, BARRFEYSICE
WTHRELRY,

1-2) IEEEBDHT—F

FEEBICBTAREFA7 24 VBEICOWTE
BT B0, BEBRL (F420~307F) 6ANE
B 2 BIR & BRE L AR EOWTHIE L 28R, 1.
134075 ug/ml Th otz TNE IV T F =
(CRN) ®iIEL T3} 1.87+251ug/mg CRN
L, i3 ) EnEE 2~ L7z (Fig-1-a,b), &3
JVTF=rEERYY 7B LN ITE -
729,

1-3) ZR—VEFIZBITLEHFRRDOS
Mo

HEAFERCBW TPy 7B o
BREORTY, #MLVWEBARC L) RHIRHES
NB2EHT2AVBELEEEZRTIEDEZSL
Nize TOROEEREFELI2AZNERIEDR]
BB LEUOREE200ml 2 A I COEEBRE
BREPERBRWL SN EAT- /2. ZORR, 7V
TF=BEEDSHEL 2B 2B W GES AT

(1983) .
Anabolic steroids
.Clostebol 2 . Dehydrochlormethyl-
testosterone (4-

—

2 .Bemegride

4 .Ethamivan Chloro-methandie-
6 . Picrotoxine none ; Turinabol)"

(Cocculin) 3 . Fluoxymesterone 4 .Mesterolone
8 .Nikethamide 5 .Metenolone 6 .Methandienone
10.Crotethamide (Methandrosteno-

lone)
2 Codeine 7 .17a-Methyltestos- 8 .Nandrolone
. . terone (19-Nortestosterone)
4 .Dihydrocodeine
. 9 .Norethandrolone 10.Oxymesterone

6 .Ethylmorphine 1.0 thol 12,5t 1ol
8 . Hydrocodone .Oxymetholone .Stanozolo

(Stanozol)
14.Ethylnandrol
(Ethylestrenol)

T
10. Levorphanol 13. *Testosterone

12.Morphine
14.Oxomorphone
16. Pethidine
(Meperidine)
18. Piminodine

* Definition of positive depends on the following ;
For caffeine-+++-- up to 15ug/ml
For Testosteron------
1) A ratio of testosterone to epites-tosterone

20. Trimeperidine more than 6.
(Promedol, 2) A ratio of total testosterone (n mol/1) to LH
y-isomer) (IU/1) more than 400.
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Fig. 1 -a. Urinary caffeine value of normal adults.
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Fig. 1-b. Urinary caffeine of normal adults
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LRSS 7 24 v OFRSIRA KR E B
L72Z &2 bz, KRIZ, —RAR—VEF
(L) > 7, BeL, Kiketc) BLAIANZI5IC
EEATTRTL L BB AREIR 2 & 2 SRELL 24T
AT o720, ZTORER, KRR R 20 F RAHR
DR E BT e h - 720%, EBIRT A & L Hy &
BERTETLEBBRDRFS 7 24 Y BEDOK
TE7 EFIZA LG > 7218 ) T, HIE
FETL DIRELRTHL & L7z (Table-2),
1-4) 777 =4 51k 2 RPHEEE
MHBREDHEF, B L OHREH24F/M R P HE
ey — i OWTHRER 5720, BEEEL

Tabl. 2.

Urinary caffeine values of A-class athletes ;
Group- I were obtained in the elevated levels from
after training following in the range of up to 0.5ug/
ml from before training, Group-II were also
obtained in the elevated levels from after training
following in the range of less than 0. 5pg/ml from
before training and Group-IIl were obtained in the
range of lower levels from after training.

Urinary caffeine (ug/ml)

Group N before training  after training
1 14 ** 1.26+0.59 2.11+1.13
(0.57~2.65) (0.58~4.85)
I 15 0.28%+0.15 0.55+0.46
(0.06~0.47) (0.17~1.90)
I 19 1.37£1.29 0.86£1.00
(0.05~4.38) (0.05~3.45)
#x X £SD

(min~max)

%ﬁ% I—bt—BIUA T =4 8HK (H7 =

&F 186 mg, 22—t — 2FRICHEY) kO
%dﬁé%ﬁ%ﬁo 72, TOAEREEMFIBEICET S
F T2 0.5~2 FER & Hl A <o 2 1R IR &
NasZebdroiz (Fig-2), /2, FEHAHHE
FEIZ DWW Tid24R M TR EEkE 2 1.00
ELTRIEL 220 B L LIRS 2 T, &K
PR T 2413 3 ~ 5 BRI ¢ 0 {REHEE b ok
RN Z &b -7z (Fig-3),

2. GC/MS 2L R TA AT uyBLUx
BT A MAT v GhTEORET
2-1) SHTEEDREL
i) o3&

ZEEBIC#F A L 72 Testosterone,

one, Testosterone B-D-glucuronide (Free acid),

(Type H-1) % t*1-Dehy-

Epitestoster-

£ - glucuronidase

Plasma caffeine conc. (ug/ml)

O Wk UTOY ~1 00
P S

T T T T

012 4 6 10 24 (hr)

Fig. 2. Change in plasma concentration after p.o.
administration of 186 mg of caffeine.



drotestosterone | Sigma Chemical
LoisU.S. A.) 25 AF L7z, ORI,
S TR F 72 13RI D SRR %
L, FEARAMKBERE NS 27 vy 7 2B,
WHEII 7R 7 n TERBDL DE VT2,

i) ok

GC/MS i3t a—Vv vy by h— FHBD T2
su=t 727 HP-57T10A # B AETHE D
JMS-D300 w2 27 b a X —F— |28k L,
AVEL—IRIT A X7 FIA4 7L, BLCH
AEFHE D IMA-2000S K& f MS-DK400 % 4
L7z,

iii) FHEMA{LB L GC/SIM %4
FEARLRE DRI DWW I RTE 0 EEERES
TITICHBEETH L, 40, REEICOW
THET 22 —EREE L7z, Bl b, Eihe TFAA
IR L, 40C TS5 MBI PIc KGR 72D
LBEREL NoWFIc L VALY icE
BIREL 72, RO A AT PviE, &FA4 * >
E— 27 M/Z480 »°5 { Brih & 7z (Fig-4), %72
TFRY) v 7ATaA FD1D2TH51-Dehy-
drotestosterone % % 5 & F BRICFFE ML L 72 &
IAHTAANRT PG TFA A E— 7 M/ZAT8
HE R E e (Fig-5), MDD 227

Fig. 3.

Urinary excretion pattern during 24 hr after
administration of caffeine tablet (—O— . Ke=0.164
(hr™Y), t0.5=4.23(hr)—®— : Ke=0.233 (hr'), t0.5=2.
98 (hr)) or coffee (——2—: Ke=0.142 (hr™'), t0.5=4.
89 (hr) ——a—-:Ke=0.147 (hr™?!), t0.5=4.70 (hr))
containing 186 mg of caffeine, respectively.
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L2k, 7797 AT —vareBE3 2 9FA
T E— 7 BED KL A L1, M/Z430,
478 % B 72 SIM A 5w BE & 7 - 72 (Fig-6),
iv) S
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Fig. 6.

Standard mass fragmentogram of di-TFA
derivatives of Testosterone(T), Epitestosterone
(ET) and Internal standard (IS).

TAMAT RO L TIEERKBIC LD
iz icEPORMB G E (RO LI, S TMS
WCHa e RERZELICZEE LD, 7)—>
Ty TICTREMZ B LEESE LI, 22T
Fxiz SepPak #—+Y) v ¥ (AEAT7 3 —F—X
HE)BL O TLC 2R LB 2272, 7
JUAL 245 FAR O —ER (10ml)& L, BESR/KMRICSEST
- TSep Pak C18 #— VY w2k VRPZT
oA FEEEZ5EEL 72, B-glucuronidase I & % B
ZAKBODL, TFHRY v 7 ATaA FGHoRE
IR ICHE - THIHE L, TORE 21872, KicZ
1% Sep Pak Silica #7— } ) »v PICIEEI Y
JUNRAE YA VB THERE NS B
oy B AL 2, & 512, TLC7 v — |
(Kieselgel 60F254, Merck)iZ ZA+&w b L, N>
v BTN, PruNryy /I FIn—
FTOUTIERERL, PIErdiczy/ — it 24T

1000 4 (ET)
(T)
2
% 0 m/z=480
g
£10007 (1s)
m/z=478
0] + ) }
1 2 3 (min)

Fig. 7. Mass Fragmentogram of a urine extract.

272, A NoWAFic L D 8 L, di-TFA1LL 72
DL GC/MS Firic AWz & 2 ABRIFR w27
ZTA T T AELEN (Fig-1,8),

2-2) BEBIUERRR

AR INE AW (0 ~120ng/ml) %#FF8LL, =
BRI > THI L2 L 2 A — 7 & H(M/Z480/
478) EIIMBE X BT 2 EMRMEE R L 72 (Fig-9),

Urine(10ml)

Sep pak C18 Cartridge

residue
‘redissolved with 3ml of water
adjust PH 5.0 (0.1M acetate buffer)
Enzyme hydrolysis (8-Glucuronidase 1500FU, 40°C, 24h)

adjust ‘'PH 8.5~9.0
CHCls/2-propanol (8:2) 20ml

¥
Agqueous phase

rinsed with 0.1N NaOH and water (waste)
dehydrated with anhydrous Na:SOs
evaporated to dryness

Organic extract

Residue
Sep Pak Silica Cartridge
eluted with 6ml of CH2Cl./MeOH (95:5)
Residue
_TLC

DC-Fertig Kieselgel 60F 254 (Merck)
1st; Benzene/EtoAc (6:4)
2nd ; CH:Clz/EtoEt (95:5)
1.S.(1-dehydro Testerone)

Residue

Derivatization(TFAA)

GC/SIM

Fig. 8. Schematic flow diagram of the extraction
procedure

m/z 480 / 478(peak height)

ng T,ET per ml urine

Fig. 8. Calibration curve of determination of urinary
Testosterone (T) and Epitestosterone (ET).



ZOBE, BEEZIBLATH-72, T2, E&
REIIFEFRTFZA ATy, TEFA AT
121 ng/ml (S/N=10) LR LHI2IDTH
-7,

2-3) RIAEEDHEE
BEBFORFT AP ZT O AfEIZOWTWE
RIARICE2EEDIEERL2, RIA B2k
LRHET 2 M AT arHlzEl, Sep Pak Cl8 7
— b)Y, BEREKME W, RELEONDL,
HIRDT 2 2T a v HEFRIAX Y ik s
THARETIT R 5 72, FDOFER, GC/MS R Y &
T2 &V =057x+283, r=0928 & % 1) RIA ¥
PHENEELZ R L 22 HEIE BT TH - 72 (Fig
-10),

Wiz, BEmmY > 7 VERBLAXy b
TAMAT O T 2RI RE2 T2 5
BAUROTR T IGHERH sz (Fig-11), GC/MS
EEORBKICBWTRIAE)EERL-EE
LTz TAMAT Y BLUMBORFZT 2
A P& DT RBIGHHER E 7z,

2-4) IEEEEOHES

20~30F DEE B EIONICDOWT, 24FRR
PIRBLUIEEEZBEL 2, T0kEER Table-3 12
ROENDRICLTFICHARB TR et &l g
MEL, HERDADTAMATuwryBLUIET AL
27 a3, HTEREEOSHE (T/ET=1) %
wL7z,

y

0T n=10

y =2.83+0.57x
60T r=0 .928

50 +
40 4

30 1

GC/MS Method (ug/day)

20 +

10 <

0 + + +- + 4 & 4
0 10 20 30 40 50 60 70 X
RIA Method (rg/day)

Fig. 10. Correlation of results for urinary T in healthy
men by GC/MS and by RIA.

Ll EomFgen—ERic oW Cid 862300, FEERILY
SESTHRELRZY,

3. 1 0CEEEESTARINFHEMEY
DEET

SR, IS AFLE F—Er 78 Y, 175
B(Em@EER 6 B, FIREEEIRE, EF,
SEEELRE, LAAMEAT A FARE) 2
DWTGC/MS G # ATV AART PV T —
2 % JMA2000S 77— MBS 2T DT A4 77
) — gL 72, ‘
3-1) HIEB L otk
FUEHMRE L IR 700y 7 L HHE
K, WMHEZ 2 7eTlELEOL D2 AW,
Fherxrsu=et 727, BESOVETT — 5 0H
VAT LT OWTIIT A AT v A & E U
e FHEL I,

3-2) oAt

A T7a B 7L121318%0V-17 or 3%
SE-30 on chromosorb W-AW DMCS, 2mm 1.
D.X6Ft % F\: 7z, F 72, EESWETOEMIZA &
LB 70eV, 4 & LB 300uA, MEEE 3.
0KV 2%z L, EI (Electron Impact) #i2 kL 3%
S EAT- 72,

Observed T content (ng/ ml)

Added T,ET (ng/ml)

Fig. 11. Specificity of RIA (Double antibody method) —
®— . added testosterone (T) into physiological
saline solution, —x— ; added epitestosterone (ET)
into physiological saline solution, ——a——; added
T into pooled urine, ——[}+—; added ET into



3-3) FERAL

BEEB L UEFEEOTTIHRT 3 ez
DWTITEL L EREICERL CZnEEGClzE
AL7zd%, 18k, 2T I>HLIZ0OHESA
THMAEWOVWTIZITFAB LU TMS FHitifk
IZLTCGC/MS i #4772, $72, 72 A AR
2784 FIZD2WTE L CTMSIb#AE L 72,
BALEMDFERICIZ LT D&M TIT- 72,

i) TFA{t (AMP, EAM, PHT, FE
F, HCO, EMO, COD, PTZ), 5~10u &
DFEME 100l DT 2 AbH (BB F0 . TF
AA=1:1byvol) ICEfELG60C TL05 LIt
SRk, BREOAELr EBZMTIc L VBHL 72,

Table. 3.

Urinary excretion of Testosterone (T) and
Epitestosterone (ET).

Healthy men

Sample Exrlc‘retlon (ug]/;;ly) 'Ir‘ég;f
A 17.6 38.6 0.5
B 27.6 34.3 0.8
C 23.8 31.0 0.8
D 16.3 11.8 1.4
E 18.3 11.0 1.7
F 40.8 37.5 1.1
G 24.3 23.1 1.1
H 22.7 18.8 1.2
I 38.5 45.4 0.8
J 30 11 43.7 0.7
Mean+SD 25.9%+ 7.80 29.5+12.64 1.0%=0.36
Range 16.3~40.8 11.0~45.4  0.5~1.7
Healthy women
K 5.8 5.8 0.9
L 4.1 7.8 0.5
M 14.6 9.5 1.6
N 8.9 17.2 0.5
¢} 16.9 19.7 0.9
P 28.0 18.8 1.5
Q 18.7 12.3 1.5
R 12.4 8.0 1.5
S 9.7 15.5 0.6
T 8.1 4.5 1.8
Mean®=SD 12.74 7.17 11.9£ 5.58 1.1%0.49
Range 4.1~28.0 4.5~19.7 0.5~1.8

7

HEREY 100u] OFEET FVICHERL TED
1pul 7272 I2EANL R,
i) TMS{tk—1 (EAM, PHT, FEF,
HCO, EMO)

5~10ug DIZH % 10041 » TM S 1b# (Bl =
F ) B S A (N, O-bis-trimethylsilylace-
tamide) =1 1 by vol) IC¥#EfEL, £ 1 ul %
BESZ 7 al2EAL R,

iii) TMS{t—2 (COD, PTZ)

5~10ug DIER% 100l »DBSTFA (N, O-
bis-trimethylsilyltrifluoroacetamide) |z % % L,
60C CTLOA RS & 7218, BE DRI S R
MLV BEL 72, BEEE 2 100x1 o Pyridine
AL CED L pl 2727 aicFEAL R,

iv) TMSit—3 (OMT, STN, FLM)

5~10ug DB % 1000l > TM S 16 % (B
SA : Pyridine ©: TM C S (Trimethylchloro
silane) =7 1 4 . 1 by vol) I L 80°C T 1 B[
G874k, 2D 1 ul 2 EHES A2 7 2IZiEAL
726

v) TMS1t—4 (NAN)

5 ~10pug DB %E 100l DTMS I —HIZHE
L, ZIRT59HMTMSI{L%4T- 7212, BEBE D
RELZERWPMTICINEEL 2, KIbEE 2
10041 o n-Hexane ICHEHBL TED 1 ul 27
A7 aZHEAL Tz,

4, HRBELIUESR

4-1) 77 =4 >

IOCEEZEREE&TIEF—EY 7B E 25 R
hh 7 A VIBEOEEES5ug/ml Ll E X HE
LTw3, 4, Friz@EBLPeaR—yEF
ENRGRELTRP Y 7 24 VIBER % Bl%E LK
TEAQKER, BEOKRE, HD5WITHELVES
ZLEBROBEENZRICBWTY, ZnxkE
fB% ERl» 727 — 23— B3 2 d - 72, 186mg @
N7z ACEREEROERLY, &EOKEICLY
WP E 72 7 = A4 > FANEHEREE § i
B9ER <, REMWE (7724 >) DEENER
(T¥) 133 ~5BMTH)REHIFHMEDE
FIBED 8 ug/ml 2z 57 —2 L RN, F
CESRBINEBRTIZY 7 =4 VEEFI 25 LT,
horwiFa——z2RAL T EBEORE <5 —



CERNLIZ, EINIHT T 2 A L VWIER)
BORFIBEICKBENE ETOBEICIE, #7
= A > OIRIN & PEIERE, B X OROBREICN T
LHRMEVEELRTF &L L TEWTWS, it
THhHy 71D I —1—350~100mg N# 7 =
A>%EH, —FHh7 24> DEMGERSED
200mg THBEZ &E2EZ D L, TN HDEEIH
AEZIFI—e—2KAL T, HDWEIH 7=
A2 R BEL7ZBAITOWT L RAEED 15ug/
ml 282 2850552 L0t THRE NS,
4-2) TAMATav
GC/SIMEic Lk 2RFTAPZAT R Y R T
BT A ATarnssEEEIC OV TISED
BEICIZIFESL T B Z LD TER, F72, TAb
2T B ZOWTIZR I AEEOHEBEL RIFTH
-7z, TO0CEEEESTE -t IHBiEE L
LRFTANZTurghEEN—DE LT
T/ET>6 2#EL TWw 525, 20~304 DEHE B
TEIZICOWT T/ET 2Lz 25, BF
Tl mean+tSD=1.00£0.36, ¥ 72 & F T I3
mean+SD=1144+049 TH Y, 6 2@z 5> —
xli 1803 eh -7z,

-3) FHLEINEY
Wﬁt%7477U~" 1) A+ % Table
4I1TR L7z, 72AEB AT A Mg b—x/
— VTR STARBE E 0 72 65 B LA I I T
V) IACEERRESL T I RS FRI NG,
B Z X4 EBET L 72 NANIZ 17a-OH DA % &
DIAET 22 L 2E 2 NITHENTBWRET T
170-OTMS K %2185 Z & T & 55, FLM®
118-OH % & ) Wb T %113 H %0 D 5 v Sk ht
WEEL 5, 72 GC/MS St #1475 1B L v )
MERIDZEE T2 70 IciEAT LI LI, T4
DELR R =5, BLXOEESHOA 4>
BENEGREZEZ D ERFFELISZT, M5
DTN =Ty TERAESSEEEZ LD,
5. 4N TE

MEEEL DML CERr 724 BIUT 2
FAT ez oW, RPEERERALES (L
H) SrEosd 2% L QTR T T2 25T
&7zo =71, 10CEEEZEELTIZINMEEKRE
TIZ Table-1ZR L 2B ICTIE B F—r > 7

Table. 4. List of inserted new library data

. . EI mass spectra
Doping drugs éggroen nonderiv  TFA-deriv TMS-deriv

1 . Amphetamine AMP O

2 .Benzphetamine BEP O

3 .N-Ethylamphetamine =~ EAM O O

4 .Fenfluramine FEF O O

5 .Meclophenoxate MEC O

6 .Phentermine PHT O O

7 .Doxapram DOX O

8 . Picrotoxinin PIC O

9 .Strychnine STR O

10.Codeine COD O O

11. Dihydrocodeine HCO O O @)
12.Ethylmorphine EMO O O O
13.Pentazocine PTZ O O
14.Fluoxymesterone ~ FLM O
15. Nandrolone NAN O
16.0xymetholone OMT O
17.Stanozolol STN O

MEREL TWB P, %@V\ﬁfﬂ DITSEE THAE

METE2EWIZNHIENBET, kA

FOEYL 3EEERL Twb, #-7T, FTL2DHF
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