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A Study on the Hormonal Analysis as a Diagnostic Tool
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Abstract

There are lots of endogenous substances which have cntrical functions at
very low concentrations such as sterood hormones 1n body. Steroid hormones
are synthesized from cholesterol precursor and play an important role to alter
the activities of target organs or target cells. During the biosynthetic pathway
of steroid hormones, - 3 B-hydroxydehydrogenase, 21-hydroxylase,

17 a-hydroxylase, 17,20-lyase, 18-hydroxylase, cortisol oxidase, 5 e-reductase

and cortisone reductase enzymes are necessary to convert to the final products
of sterotd hormones. If body lacks any one of these enzymes, there will be an
change of precursor and product steroids concentrations 1 body, and these
physiological changes will lead to some diseases.  Therefore, 1n order to

diagnosis these diseases, we trnied to attempt to quantitate the steroond hormones

from urnne.

The wet procedure of extracting steroids from urine consists of an 1mtial
1isolation of lipophilic compounds on a column packed with XAD-2 resin,
followed by enzyme hydrolysis with A-glucuronidase from Escherichia coli.
After extraction, the hydrolyzed steroids are derivatized to the corresponding
trimethylsilyl  ethers. We used MSHFB/ITMSIM/TMSCI mixture as the
denivatizing reagent, and cholesteryl butyrate as an internal standard. The
denvatized steroids are analyzed by gas chromatography/mass spectrometry with

selected 1on monitoring of their characteristic 10mns.

We set up three groups of sample from normal men, women and children

to quantitate the concentrations of the endogenous steroids. The steroid
hormones that we tned to quantitate are as follows; androsterone,
ethiocholanolone, dehydroepiandrosterone, pregnanediol, pregnendiol,

pregnantriol, 16-pregnentriol, 11 A-hydroxyandrosterone, 11 #-hydroxyetiochol-
anolone, 11-keto androsterone, 11-keto etiocholanolone, tetrahydrocortisol,
> a-tetrahydrocortisol, tetrahydrocortisone, tetrahydro-11-deoxycortisol,

tetrahydrocorticosterone, 5 a-tetrhydrocorticosterone.
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We detected almost no difference of steroid concentrations between men
and women. In the group of children, however, the concentrations of lots of
sterood hormones were significantly low. Based on the range of the
concentrations of each steroid hormones we tned to get the ratio of precursor
and product concentrations of steroid hormones for the specific enzymes in the

biosynthetic pathway of the steroid hormones.



Chapter 1. Introduction ....... ...t ennernernnnans 11
Chapter 2. Theoretical Background ..........civireieennnnn. 16

Section 1. Biosynthesis and Metabolism of the Endogeneous

R A0 1B s - 16
Section 2. Analytical Methodology for the Endogeneous
N A3 0 T £ PP 25
Chapter 3. Experimentals .......iiiiiiiiiiiiiininnnnennnn. 28
Section 1. Sample collection ... ..ot inennns 78
Section 2. Appratus and reagent 78
Section 3. Experimentals 39
Chapter 4. Results & Discussions .........cvovvierinnnnnnnn.. 36
Section 1. Establishment of sample preparation procedure 36
Section 2. Establishment of derivatization method 37
Section 3. Establishment of calibration curve 61
Section 4. Determination of endogeneous steroids 1n normal
blank urine 61
Section 5. Establishment of important ratio .............. 69
D -3 -1 1 T -1 S AU Q9
)03 0123 1T 5 G AR Q7






B PR 11
AR A OB MIZ ettt 16
AN E WUA ZEHRol= AT HAF ............. 16
P B L | oL+ S 25
K B = AR 28
) = B - 28
= B | - 78
A A et 32
A A AT G A et 36
Al A Y B e 36
ARA S A et e 37
A3A HAAFAY A e 61
24 2 Blank urinew 2] WHA] steroid =44 ....... 61
252 Important ratio®] A& ... ..., 69
A A4 & 90
T A AR 92
= R Q7






F718 438 gE ok 24s $TEAH7I7IE 80 i, A=
2 gl FESATY HF, YEEs FE, 7Y EoldAx
Fo|jg E4o] AA fFsel, 19 SE£HAE Hd=o sz Y
53] 7|z g oo {784 B8, oW FHFEHe] UAHlA
oJgA Zge=Ae AREF 2 dAAABS I8 ST, =R
AERAZEANA Wt=A] 27=HE 393 3Ee S43 434
AFJME & ELS F Uk I Ay ZdHHAME
F71842 882 Fuse] 7t R A =g BA45
biological AJ&Eo] &% WA =g dixapy A A
AZ49E TdFE HE7 =H & Qo] 19%60dd ERE XA
34717150 s dFH7 AFREd AA AEFs A e
229 QA T I3 HE goli, =E3JF biological sample
Sl B2 interference 7} £203}7] wjFol] ol =2 sensitivity &
e 717100 &gt AEHH 5HET AlEAe] dile] HAF JAE
o e= A7t AT HHE Ko APIH HE HAF #HS
&8 A] $ate] ZHZolE FEF Jevel & monitoring s Al=7}
it oy, HIH level & AYUEL] AFE VIELER 34
AAERa, = 7]leH HolHE v]F Hol o] & AFoAE=

11



normal rangeS AHAsd WHEWAARTRL] Zde HEHz
A =81 R o}

FAHeg JEBAF Zdd Fo¥F JES = HUA
LE|RZo|l=ES HAFEHYIIGC/MSD)E AHgsted HE 9 EEEH
224 &z, GIdF %Y FEAG WHES olEdd
HEWAE FF2A AEsRen, o= §471A] ZeHZol=2 HH
TES VAR gdgegsd WAHEEs WE 2¥9 AFE
A2A717] s, Y=l YA AFERY o Y4H4EF Y 2
HAHHE TS Al F3F, vl Aok

12



Abbreviation

An

Et

DHEA

PAD

PED

PAT

16-PET

11 8-0H An
11 8-0H Et
11-K A
11-K E
THF

5 a-THF
THE

THS

THB

5 a-THB

Androsterone
Etiocholanolone
Dehydroepiandrosterone
Pregnanediol

Pregnenediol

Pregnanetriol
16-Pregnenetriol

11 #-Hydroxyandrosterone

11 A-Hydroxyetiocholanolone
11-keto androsterone
11-keto etiocholanolone
Tetrahydrocortisol

b a-Tetrahydrocortisol
Tetrahydrocortisone
Tetrahydro-11-deoxycortisol
Tetrahydrocorticosterone

b a-Tetrahydrocorticosterone
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A o|EH 7
MEA., LEC!2T Steroid @] AHBHML CHAL

Hormone o]@ 53 & A7) = ZAoA] YA SRA2A A5
Bulgle] Yajo) FulgH107-107) o7 ZaAsted, EARN} =39
B54de A= #718%Zclct.  Hormone2 AAI7)%Hol webA
o7}z g BF=xn, 3grEA4e2 B, renin, 1nsulin, ACTHS}
7t w2 peptide hormone, thyroxine, adrenaline Z& o}m|ic4t
S5 hormone, 8] corticoidiv} androgen S  steroid
hormone 22 Y& 4 AUtk (1)

1929 d0)) Doisy 9 Butenandt(2)oll <2J3l] Ea)=lojZl steroid
hormone 2] 3}1}¢l estrogens AFE  dfod 1950'do) Simpson o)
aldosterone & AAEZNA Fad¥, ZHEds WS /o
1930'dcholl  Zimmermann'”' 2  w]AYE  o]§sfod ketosteroid &
AT, o] WS YMdlAg Su|Fo] Exleti= hormone =
HaEdts dle AESRAE 3, AZFGod AAseo] Wi
Steroid hormoneS FE XFAloZHE] Eulslm AYNor]e 28
w2t FAdALe) Fojste] Z|ZAHAE FAR, glycogen HAHE
283, &9 9 FLHAALS = glucocorticoid, F71HF4l
thAloll Fostol Nadt Ko FHIFAES H[AXNA F&=  mineral
corticoid, YA FIZES FZsn AR AHAALH, Y47 e =

& A 8F= androgen, estrogeno 2 HH8 471 9
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Acetate ZHE] A|F=slo] A3AHH  cholesterol & AHEYHoE
F3% JAA  steroide] AHTEZHo|d. o] cholesterol &
desmolase B} #HAol o) &4 21/01F Zt= pregnenoloneo] = I,
o]AL& 3 B-hydroxy dehydrogenases] 285 wrol 17 a-hydroxy
pregnenolone ¥ progesterone 22 MH3sled HH FAEI} A@sH
17-hydroxylase, 21-hydroxylase, 11 S-hydroxylase, 18-hydroxylase,
17,20-lyase, 5 a-reductase, cortisone reductase’s AL =F &
HFHoZ glucocorticoid® corticosteroid, mineral corticoid ¢!
aldosterone, androgen 2 estrogen?l {festosterone, estradiol =
Y AJstA Ao

old}E  YEuAE =HFHgE  od#)7}x]  steroid  hormone

AAZFH(enzyme deficiency)Eol 23 oJAo] A7|H A= L
ol xgoll 2jsf RAZo] 24 Hr}

-3 Bulgs FAsHoF ¥ hormoneo] AL Tgg WA
Z3ug, 1 o] T|Fe] HEXA, FEFA =Ho] AAd oS
Vel ALY AR 75 F ol o] o] Azl

Scheme 1oll4] XE%o] 11 S-hydroxylase & 47F ZAY=H
deoxycorticosterone(DOC) o] 2 o5 UYALAHRE ZIgY=|x] K3}7]
dlEof] DOCe IFEulo] 7])olstod 3 A-hydroxy dehydrogenase =
progesterones A S3sl= 2T glucocorticoidy}t mineral corticoid
AuAdel Z|xdAlel] [odstr] wiFo], o] AEI FFI{ FIFol=
B4 FAo] ofF Fol AF T ApYsiA I
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21-Hydroxylase+ NADPH — NADPH — Cytochrome C 3} H{4#&4A& — P
450(0H HXZHAY H4L) — 0: o ZFEE #A4H%H AL(C,; X
OHE AH7l4t= mechanismS 7}X EA)7F ZAE = progesterone ol A
O oy ZAE2¢A DOCE ZIPYsA] Eekxx 17-0H progesteroneS AX
€= 1970 2] androgen(testosterone £ o2 J}A=]o] androgen &
TH|E Q3] Fole] He AHEs, ool e A7 FA e
dYs 7HH A =3, corticoid 8] E4FHez 4% A4 T4
2A .

21-Hydroxylase YT dEvlold T4 8sAHEE 2|3},
NaCl Zdfoll <& AF 1-2843Fo ApdstAa i =3
21-hydroxylase ZHEF3 11 B-hydroxylase ZHAHFLE FAlo] A=
B]3E7] wfFoll 1975de)) Curtius 5(4) 2 FAL2ZE F71x] AYPSFSE
THE 4 7] w&ol steroid profiled Farute] FEE F
okt Bk 21-Hydroxylase Z3)¢ol #ALX androsterone,
etiocholanolone, pregnanetriole] VA A FS7}st3r 11 B-hydroxy-
lase 2] 74+ normal level 3} wi¥al 11H x|l oxygenationH
steroid 7} 3] H2Yoledr} wARR] ¢33, 11-deoxytetrahydro-
cortisol (THS) ¢ %& F7tstxr, tetrahydrocortisol(THF) 2] level &
23, DOCS} aldosterone< normal level ¥ Bv|Tdctx B33}

19843 PikeS5(5)2 AHAQ# 21-hydroxylase deficiency 32+z}¢]

urinary steroid profile2 u)ms}dc}.
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e
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17 a-Hydroxylase 2] 7%+ pregnenolonedlA] o] X A2 EFo
17-OH  pregnenoloneo] =3, dehydroepiandrosterone &  7}4]
androgens ATASA =He ZEo) HRIY HALolrh o XAV}
A= androgen Aol BHHsd FAe A A4 FAol
Ao}, DOCY corticosterone el EnjFo]l FrtelA Xk azv}
2 v AN aldosterone ] 42 FbebA] edsdl 1 o)
o} X712 2| ¢4t (6)

1977 do)) Honourx= 17 a-hydroxylase ZAH3ZE 32t2] urinary

e

profiles B|EE A3, 17-ketosteroid} cortisol metabolite”}
dAsHA TR H3s

18-Hydroxylase+ corticosteroneollA] aldosterone o2 Zl3)3}+=1
HQE enzymel & o] HZAS ZHAo] o zJaldosterone FAo]
dojr}xz, Na 3} KE Z e aldosteroneo] A7jeS vhatx] Ha}7)
dFoll B4FAte]l oy, xF  17-ketosteroid:= HAXE
e x)2l,  tetrahydrocorticosterone(THB) 3 5 a-tetrahydrocorti-
costerone(5 a-THB) & Y2 S vieldr}, 5 a-Reductase?} ZYPYY
4%+ 5 a-hydrogen ] wjidFo] Hojx]7] el 5a/5 84 ratioR
gFotAl 5] cortisone reductase’} XAE 7§+ corticosteroid
o] 3HeE 2 5)= Ao] EHE 7] wjEol] tetrahydrocortisone <
H ] gko] =31  t{etrahydrocortisol, 5 a-tetrahydrocortisol £
T H] o] urinary profiles SHEH VA Y= Zo] Ry

SEHT). 1978yd Horning(8)<> 5 a-THF/THF, An/Et S premenopausal,
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postmenopausal AHle F groupe® 5o 1 g2 H|,

HEI}R T

MR A, LHCIA] steroid Q| =AdEtEH

Urine o2 X E] JJ2olA] steroidS <] metabolite s} GASF }TEES

A B2 AN HE g o] LRtYAME HAAE o] o

%ol == 249HEeld. 2 A= Radio-Immuno-Assay(RIA),

T = HPLC/WW e]lx A== GC/MS ol o).

Radio~-1mmuno-assay

2E RIAol o3 APFHEE T§2 s R FAHHEE
substance( o] hormone) 2 o)A 2] U3 Q= radioactive 1sotope form
Fo 2 special proteine] ZY SR oA ME HYAd WHISH
BFY ABF 55 hormoneolA  of7|El=  antibodyZ} Rt
Hormone 2] protein ZA¥ 3o F ol 4F v} radioactivity 7} i3
hormone & =rs A 4(calibration curve ) 3 B)] ;L &} o3
FoldTH9-12).

ol2|t HAZFWHI 9 AEAZ 88A =Hed o HEWRAE 25
pg/mlojct,. 2y FAHAHE hormoneF} v FZRE 713 &
hormone 32} AJZ}A] 242 A HE-G-o] A4717] ufFoll AF2H antigen 2]
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specificitys #A@FE QF8A Sk olAZ TdA HFAS
BoEol 24 AR HAEREHA= o3 &AW e
W7 i Fol 2 HH(false positive) s HES

substance & &S24 9

At

HPLC

HPLC %2 column chromatography ¢} Blsostir ©x] =2 <4=H(400

bar7}2]) & o] &Rl Aot Steroid FHAHONA  column

RP-column(reversed phase column) o] Zojx= 10-25cme]lrK16).

25d W-detector & AFE3tE olfE& I8A U3 oll4] steroid 9
chromophor group(double bond 2] conjugate system) S FSAYT 4= Y7]
wjF o]}, o] AL androgenic/anabolic steroidollA]lE= H¥eh} F=
metaboliteolAl&= A2 ebck. HPLCS] FE=AKd), § 209

chromophor groups A3t W) WHS 252 IAA LAsZA

J3ig= ¥ UV-detectore] o]8cocga HE AHYdxl extinction
coefficient 7} injection @ Ing7}A] IAA Fo}lFH}
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GC/MS

Urinee2 R¥| FFPHI od=3 2oi(13-15).

1) AA9 HAERS A= HHOE urine sampledld] FF.
Steroid¥= conjugate 2 s =]7] uji-ol] enzymatic hydrolysis&
FAHv acidic hydrolysisES 3}od conjugate formEs EEAH
extraction ¢tel

2) Chromatography ¥HH-& F3& AA.

3) Derivatization

4) BEd FAT FUS FHe g O/NSE Ao

a A= WHE A F#Ae] AoiA] hydrolysis B*H, extraction
solutionA1&], derivatives 2] A€z} 1wl awwjr} Ee]ld M3
22 2F7ke] Apolrt A

GC/MS+= SIM mode & steroid 7} characteristic fragmentationg Z7]
o]l A&}k,  SIM method+= AHdXx(sensitivity)”Z} 32
detection limit = 10-100pg7}A] 7} 3}l



MIE, Al =

AZ¢ 49 U z2a3: ojdel 7 68w(25-404), 34
(25-354), 8WH(3MNHE-114) ol AlA 24 A &<t iAdE =5 339
A7) #A 20 Coll 4 Basich,

MR, &K % A%

7h) £4717] 9 ZA

B Adoa A3 B47]7)2= Hewletf{-Packard(HP) 5890A
Gas Chromatograph(GC) ol direct interface® <IZ2 X 5970B Series
Mass Selective Detector(MSD)E A&}l ar, RBE AH& HP
7673A  AutosamplerE A}&3tod GColl FYUsH) Data
systeme 2= HP 7946 disc drivez} 723 HP 59970 MS
ChemstationS ©|&3%%32 chromatogram® mass spectrum HP
2934A Printer2F€ <A,  AFY FEHHA AE¥
A X2+ rotary vacuum evaporator(Buchi, Z£$14), Buhler 7400
Tubingen Z1&7)(Edmond, = %), Varifuge-F #A1E2]7] (Heraeus,

= 9), heating block(Gebr. Liebisch, SU)ES =5 Uk
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\}) GC/MSD ZHEx 7

2 AReA A4$H £47)7] A52AL G2 H 2k
217] &= : 280TC

N x
zl

W o split mode(ratio 10:1)

wHEZIA 2 5 0 L4nl/min 4

Transfer line &% : 300TC

= Rois SE-30, Zo] 1"m., W7 0.2mm, film thickness
0.1lumRem, FHeg IE= FEAYPH A: 180 TolA
4C/mine2  224T7A o3,  224TColl4 300 CHHA
15C/mine 245711, 287 HER

=X Bi= 180 CollA 4 C/min o2 250 T71x] 33z, 250 Tojl A
2
30

v HFEE23, 15T/mineE 280TC7HA] -GS, e
CE A5AH 2E7 HER L

SEAY CE 180 Coll 4 4 C/mine 2 230 T7LR] 43z, 230 Tol) A
REZ wFE3 2C/mineE 240T7HA] %, 4TC/minoz
7] E8lx, EdlE 300 C7HR] A5A1H 28T HER O

r{

L

™o
QD
S

B A%l A48 NS¢ e} o)
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Androsterone (Sigma, w|)
Etiocholanolone (Sigma, w|=)
D,~Testosterone (Sigma, @)
Dehydroepiandrosterone(Sigma, w|=F)

11 B-Hydroxy androsterone (Sigma, w|=)
11 B-Hydroxyetiocholanolone  (Sigma, ©|=F)
Stigmasterol (Sigma, v|=)
Cholesteryl Butyrate (Sigma, w]=})
11-Keto androsterone (Sigma, w|=)

11-Keto etiocholanolone (Sigma, V=)
Pregnanediol (Sigma, w|=)
Pregnenediol (Sigma, V=)
Pregnanetriol (Sigma, w]=)
16-Pregnenetriol (Sigma, ©|=%)

Tetrahydro 11-deoxycortisol (Sigma, w¥|=)
Tetrahydrocortisone (Sigma, v|=)

Tetrahydrocortisol (Sigma, ©|=)

allo-Tetrahydrocorticosferone (Sigma, ®|=x)

Amberlite XAD-2 resin(100-200 microns) : Serva(S59%)
2R T U H o, acetone(2 &),
methanol (2 ), FHTHIE)E 7 Al A

>
K°3
afl
o
e
e
o
3R
Lo

BA” i FF
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Phosphate buffer(pH=7) . 0.2M KHPO, &} 0.2 KH,PO, &
AojA pH T2 SrFo] A-g3)9ld

Acetate buffer(pH=56.2) . 0.2M CH,COOH¢} CH,COONa= pH
5.2% Zrao] AL 3.

B-Glucuronidase from E. Coli  Boehringer(=%) & }Ej
TURe, specific activity:= 10U/mg
(25C)Q ZS 25ul & A3

B-Glucuronidase/Arylsulfatase from Helix Pomatia

Boehringer( &%) 2 H-¥ 7o,
B-Glucuronidase activity+ 5.5 U/ml (387C)
o] 31, Arysul fatase activity= 2.6
U/ml(38TC) ¢l AS 50ul & A& Rt
FEAZAI2F : A) MSTFA(N-methyl-N-trimethylsilyltrifluo-
roacetamide) &} TMSI(Trimethyliodosilane) &
Sigma( v]=+) 2 B g] 4+on] MSTFA S} TMSI-S
1000:1(v/v) &2 4HE T &9

AH-8-8H R ot

B) Methoxyamine hydrochloride-& pyridineo
%ol A2% obS, MSTFA  TNSCIE
100:2(v:v) 9 wWlEE 42 E¥EIYE
A8 3t A o}
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C) MSHFB(N-Methyl-N-trimethylsilyl hepta-
fluorobutyramide) +  Machery-Nagel
(FDEFE  FYURew], Trimethyl-
silyl 1midazole® Trimethyl chloro-
silane 2 Sigma( vl E FE FY3hv,
MSHFB  TMSIM : TMSCl-& 2:2:1(v:v:v) ¢

HEE 4e TELAL LSt

Analysis schemeollA] HAFE AXZ steroide FEFIHNAHS

7h3s] 98 7 gl s3I .
7} XAD-2 column 2] &£¥]
Disposable glass pasteur pipette( W3 0.5cm)oll glass

bead & WolA old|FES =Hidws, T AHA XAD-2

resing 30| 2cm AEE 2HA] gHEL
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XAD-2 column (length = 2¢m, ID = S5mm)

A : D,-Testosterone
- Blank urine bml B : Stigmasterol

C : Cholesteryl Butyrate
- Water b5ml
- Elute with 3ml MeOH (Iml portions)

- Dry by vaccum evaporator

Residue

- Add Im] acetate buffer (0.2M, pH=5.2)
- Add 50ul of Glucuronidase/Sulfatase from Helix Pomatia
25ul of glucuronidase from E. Coli
- Hydrolysis overnight at 37°C or lhr at 50C
- Cool
- K,C0, 100mg
- Diethylether 5mil
- Shaking for Smin
- Centrifuge at 2,500rpm, Smin.
~ Transfer the ethereal layer
- Dry by evaporator
- Dry 1n desiccator
- A : MSTFA/TMSI(1000:1), 60C, 15min.
B : Methoxyamine in pyridine 1¥ 80 °C, 3hr
MSTFA/TMSC1(100:2) 60°C, 15min
C : MSHFB/TMS Imidazole — TMSCI1(2:2:1), 60°C, 10min.

GC/MSD

ANALYSIS SCHEME
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1)) &wlo ZRE steroide] Ea

bml Z2H-S YAET]ste] 10ml plastic syringeE 5 o}A]
Z8]H XAD-2 columno] FHFHA WHIEEE EFS FEA
b Aol D,-Testosterone S, SEAE Bo:=

stigmasterol S, SZA Coll= cholesteryl Butyrate &

ZHE L£2HE ETFY FTHFE XAD-2 columnE HolFx
free$} conjugated steroidS<g S2slxr P += XAD-2 columnol
iml %) methanol 2 3 E 2l stopper7} Y= HAIE] {ubeol
ab=r]l 2|3 mefhanol &L vacuum rotary evaporator &

Az A7}

t}) Free 9 conjugated steroide] £

Residueoll Iml phosphate buffer IE= acetate buffer=
W phosphate buffer 2942 S-Glucuronidase(200ul/ml)
25ul & Wi, H50CoA [AZHES 7R A]7]132, acetate
buffer 2holl A-glucuronidase/ Arylsulfatase 50ul S W2,
37 CollA  overmight 7l alAl T, el kR
22870 LS pH=92 =3F7) Y3l potassium carbonate

100mgS @32 diethylether 5ml 5 AF&-38ted 55 7F shaker o A4



=50 F#EUd. EEF FYs W4AEF (2,500rpm, 5&)
33 freezer (-30C)oll Wol buffer =& LAr}S ether =&
t}2 Y412 E tubed] 7). o] ether32 evaporator olj4]
JAZEA7I FEAS W2 AF|7]™0) E& AA7)
S 8§ &) vacuum desiccator(P,0/KOH) of] 30 87 o] Fic).

) =A% HkE

A) MSTFA  TMSI(1000:1) %8 100ul & steroidE F=3
HAET tubeol] Wi 60TollA] 15 F7F w34t}

B) Pyridineo] ¢ methyloxylamine hydrochloride £}
100ul & steroid5 53 U4lE 8 tubeol Y32 100 TojlA
JAIZE WREA]Z) ¥, evaporatorollA] ZAZAIZ|R, t}A]
MSTFA/TMSC1(100:2) Z3H8< 100ul & wol, 60T A
156 %7 432 7k

C) MSHFB - TMS Imidazole  TMSCI(2:2:1) %8 100ul &
steroid& =3 Y4 £ tubeoll Wiz 60T 10E3F
Ll R kdl=
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2 ditel Had AFzFAAARAYS A= 4 urined s
A steroid Sol Wi $HY FEH}Ho] g7H 53
WelA  steroidE2 diEEL nonconjugated Hezl o},
conjugated 3 ¥l = glucuronide ¥ e} sulfate HelE A Joi| 4]
H3lslol 2 $£840] EolA urmmeoR wjdo] Z =ojIid
AR EoA  oln] AFH AFZHAAHHA Solj HI
Amberlite XAD-2 resing AFE3F Hldl HE AFE-E o] &)= XAD-2
resin Bt A3 mesh size7t HZ A& ASH= olws
adsorption EloA&= FS FIAZIZI SdAdd, 399
EUQ3 EA(TAHERE & AAAYL. I dg dAZEs €9
deconjugationA|7l& @AE HR=E 3&=d o]F #8 E.
Coli BEX¥] F£3% F-glucuronidase®t Helix pomatia 2H-FE
223 arylsulfatase/ B-glucuronidase & Z}z} AL-&-3}ivt
o]Zto] enzyme & AH&3tod hydrolysis & dt= ol acid4
baseol] £J3F 7}=EsllAlol] steroid ringo] cleavage® 754 ol
A7) wiio|dh
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MR, FEMZIYEel 48

UrineollA] &3tz df= 167FA] steroid hormone <
¥EEHES MSTFAS9E TMSI =¥EE  HFE=A3}sled  mass
spectrumoll A 8] S5 A o] &2 Table 10 YeMRA ]

> oHoez  steroid hormone  perhydrocyclopentano-
phenanthrene rings Zx N3, 7} steroid7} vr27]j= spx|qt
F2 ringd 3HAR Y "4, 11HAXY gL 161X &4,
17 x]e] w4, 20H9x] €4 aglxr 21H 99X €4
hydroxy 7|1} ketone 7]-5& 7Fx]32 i}, o] hydroxy 7]} ketone 7} =
polar 3}7] w0l gas chromatographol} M3k x] ¢&7]ol, polar gt
ARE FolZ, HELAHE FI/HAZE FHoZ {FEAZ d=d,
MSTFAe}  TMSIel ERES  AHg3std A steroid &
trimethylsilyl-enolether 3tA|#H Z}7Z}e] steroidSo] GCA)A] A
T HAA RS §Ah

TMS-enolether 3}3F steroid = mass spectrumoll&] [M'], [M-15],
(M-18], [M-90]%0°] 5AHez & vehdr},

Androsterone 3 etiocholanolone2 R Ago] 29022 A-ring 9
JHYX] €42 hydroxyZ]2} D-ring 17HS1X2] ketone”?)7}
TMS-enolether 3txjo] M ¢l 4347} HAJolRo]i(reaction 1),
11-keto androsterone<> ring® 3¥HSAX], 11H $x], 17TH X<
hydroxy 7] TMS-enolether3}=]o] M Q1 5200] 54 o]&o|x:,
11-keto etiocholanolone2 [M-15]¢1 5057} EAXolRko g

e
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Tetrahydro-11-deoxycortisol(THS) = E A o] 35002 3 S 4],
17H9)x%), 21¥H9xed22] hydroxy?]7} TMS-enolether 3}%]oj
[M+"13] Ql 548 o] H Aol o|r},

=) |

MSTEA:THMSI

EO™ :
H TS0

Androsterone
(reaction 1)

(M-9010] EAo]&oz eI} steroid= 16-pregnenetriol
2ld), 3702} hydroxy 7] 7} TMS-enolether 3}5]o] 4600] S AJoj 2o &
Hebyt o},

¥ gk tetrahydrocortisone(THE) ] 74 §-oll = s} 9]
compound Yol gas  chromatographAollA] 3I/e] peakoE
LHERT

wAFo] 364¢l THE: ring 3| IR] ®hd, 1THSX] &£,
21191 x] etZo hydroxy”?], 113H$)x] &2 20H$)x]o)] ketone
717} sle=dl, polar &Aool 5 TMS-enolether 3 HAo] 2749
peake 2 JVEl3, o & 1709 peakd 3N  groupnlol
TMS-enolether3t = Zeo] vyeldr}, MSTFA9L TMSI E£E-E
FEAE wie]l ZHHIWHA GCAA EEseol F71 dwiEd
anabolic steroid & HE3=dl= Wol AHE=AK16).
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Table 1. TMS-enoletherRTMIZFS ZHZ10) steroid S0 E012 & MCHHEEA
Compounds Relative Retention Characteristic
Time Ion
Androsterone 0.773 434 (2 TMS)
Etiocholanolone 0.789 434 (2 TMS)
DHEA 0.887 432 (2 TMS)
11-keto An. 0.889 520 (2 TMS)
11-keto Et. 0.899 505 (2 TMS-15)
D,T = IS 1.000 434 (2 TMS)
11 #-0H An. 1.031 522 (2 TMS)
11 5-0H Et. 1.054 522 (2 TMS)
Pregnanediol 1.199 449 (2 TMS-15)
Pregnenediol 1.250 462 (2 TMS)
Pregnanetriol 1.294 552 (3 TMS)
16-Pregnenetriol 1.511 460 (3 TMS-90)
THS 1.522 548 (3 TMS-18)
THE 1.584 634 (4 TMS)
1.594 634 (4 TMS)
1.610 562 (3 TMS)
THF 1.635 636 (4 TMS-18)
5 a-THF 1.642 636 (4 TMS)
5 a-THB 1.649 638 (4 TMS-18)
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22Jv}, endogeneous steroidsS A Fs7] A= androgen,
corticosteroid5ol 2% F2 FHele 3 87 7z compound vir}
AN peakoE gl AFS TS UA Hd. IPEE,
TMS-enolether F=3} HWhHe=R $A=H corticosteroid
metaboliteFollA] 1mportant ratio®] A& W2 &3 3}A
2] tetrahydrocortisone(THE) 7} o] W oe g8+ AgS T4 Q7]
wj 5-ol], Table 2] Yelh} A=A, ketone] 735 methoxyamine
hydrochloride & pyridineol] -&&3t 1x-§Hdo 2 B)ColA] 347+
HF-2- A} 4] methoxime(CHON)** ez  ARA7|m, 2}
hydroxy 7)== MSTFAS} TMSClI E34EE TMSH=A)3}sted, mass-
spectrumoll 4 2] S4ol2-5 YERHUH.

Methoxime®} TMS $=xj2}3 steroid hormone2 ketone 7]%}
hydroxy 717} Q= ALE= [M-31], [M-90-31-18], [M-180-31],
a3 [M -180-31-18]¢] EXHeoz & v}Jeltaz, hydroxy 7)sk
A= ALE= [N], [M-90-15] z8lxm [M-90]°] mass
spectrumAollA] £ abundances e Androsterone,

etiocholanolne, dehydroepiandrosterone, 11-keto androsterone,

I1-keto etiocholanolone® 22 keton”]9} hydroxy”Z|7} 4
Za8t= 7<= mono methoxime, mone TMS3}=le] [M -31]¢l

40



ot 24240] sterold =2| SE0(=

Table 2. MO/TMS &G Mzt

E
0%
(m
a2
10
(i
>
M

Compounds Relative Retention Characteristic
Time lon

Stigmasterol (IS) 1.000 484 (TMS)
Androsterone 0.445 360 (MO/TMS-31)
Etiocholanolone 0.462 360 (MO/TMS-31)
DHEA 0.503 358 (MO/TMS-31)
11 #-OH An. 0.605 376 (MO/TMS-31)
11 5-0H Et. 0.615 376 (MO/TMS-31)
11-keto An. 0.537 374 (MO/TMS-31)
11-keto Et. 0.546 405 (MO/TMS)
11 8-0H An. 0.623 448 (MO/2TMS-31)
11 8-0H Et. 0.640 448 (MO/2TMS-31)
Pregnanediol 0.689 449 (2 TMS-15)
Pregnenediol 0.744 462 (2 TMS)
Pregnanetriol 0.830 447 (3 TMS-90-15)
16-Pregnenetriol 0.878 460 (3 TMS-90)
5 a-THB 0.890 474 (MO/3TMS-31-90)
THS 0.916 384 (MO/2TMS-90-31-18)
THE 0.956 326 (MO/2TMS-180-31)
THF 0.980 310 (MO/2TMS-180-31-18)
5 a-THF 0.991 310 (MO/2TMS-180-31-18)
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Scan 218 (8.68268 min) of DRTRHR:S—a=<R/RGL1A/_.D

o 3. QE3 x
4 SCUBTRRCTED A7 3
5 2. dES
go
C /S 173 el 3 218 3dd
- z - . .
| 130 280 380
Mass ~Ch arge
————— e —— e —
Scan 228 (8.7 minl) of DHTH'ﬁjﬁéﬁGEFLEJ
g =. 353 -
o 1.SE%
S 1353
T 1.8E57 g 213 215 160
3 5. 9F4 / 1?@? 1S58 \\/// # /
l‘% (a ! I f . r o
1283 3515 3308

8.8E4" ’f/

U5 az4% 77 129

o )

w4 . BF 4 | 14
= ]

32 £ 4 ,//
2 < 1 'I !ﬂ | L. f. i
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1S3

Fig. 1.1 Methoxime/MSE === o
a) Androsterone
c) Dehydroepiandrosterone

L S

Mass/Charge
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stero1d®] Mass spectrum.
b) Etiocholanolone
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Scan 233 (3.882 min) of DRATR:5-04ARW3R.D
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ug . BE4 B 1 B4
| S ?5
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Fig. 1.2 Methoxime/TMSR R ¢  steroid® Mass spectrum.
d) 11-Keto Etiocholanolione e) 11-Keto Androsterone
f) Pregnenediol
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Scan 346 (8.68W min) of DATR:3—d4RW4/.D

P
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Scan 3682 (8.148 min) of DRATR:3—-84R4W4A. D
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=can 37 ($.338 min) of DATRHR:3-g@4R83AR.0
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Mass~Charye

Fig.1.3 Methoxime-TMS 2 QT X=F %  Steroid<e Mass spectrum.
g) 118-0H Androsterone(Methoxime + 1TMS)
h) 118-0H Androsterone(Methoxime +2TMS-31)
1) 118-0H Etiochloanolone(Methoxime + 1TMS)
J) 11B-0H Etiocholanolone(Methoxime + 2TMS-31)
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Scan 421 (18.139 min) of DRTH:S~-04RKR13AH.D
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Fig. 1.4 Methoxime/TMS & FE=™|F Tr Steroid™ Mass spectrum.

k) Pregnanediol
m) 16-Pregnenetriol

1) Pregnanetriol
n) Tetrahydrocortisone
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Fig. 1.5 Methoxime/TMSZ R Tb Steroid & Mass spectrum.
0) Tetrahydrocortisol p) Tetrahydro-ll-deoxycortisol
q) Sa-Tetrahydrocortisol r) Sae-Tetrahydrocorticosterone
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E ol o el }il(reaction 2) ketone?]E HA|A] &
pregnane AHlE2] pregnanetriol S 3712 hydroxy 717} TMS 3} %]o]
[M° -90-15]¢] 447¢] EAo]2ojr}. 11 B-hydroxyandrosteron}
11 B-hydroxy etiocholanolone® ZA$-+= 3¥Yx @49 11 HX

gAof) hydroxy 7], 10H9 %] & 4ol ketone7]1& 7}A]3 2

H - |

Methoxime /MSTEFA : THSCL

THSO
EO

d iandrosterone -
Dehydroepiandros (reaction 2)

11 H X = steric hindrance & WA= HXo]7] wlEel] A
TMS 3} 7} o]lFojA|x] ¢t} we}A] 11 B-hydroxyandrosterone 3
11 B-hydroxyetiocholanolone2 11 X]o)) TMS 37} HAN =)=
Aol 74zt 2719 peak o2 JelAl Heh o|Fto] Methoxime
I} TMS S=A3 ozl 167F&] steroid hormones X%
AgFs 871 7] g2, HidnloldTds dssd Fa%
od3+S 3} steroid hormoneEco] gas chromatogramollA] single
peake 2 2 YehtA sl dheE7o] 8.

%, steric hindranceS W 11HL X9 hydroxyZ]olx= TMS

247 AFHer T YA, WA E ZHHEI Fx2A)
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Wis A=’ Z3), MSHFB/TMS-imidazole/TMS-Cl mixtureol] &%t
FEAg Yo, o] E ZAS WHFALSF UK.

Table 3o} e}t MSHFB/TMS-imidazole/TMS-Cloll £j%+ WhHE
[M'-90], [M-15], [M-90-15]¢] 54 fragmentation patterno]
e} reaction 3) ¥y}, corticosteroid metabolite ol A
Fig. 20 velyd mass spectrumS H {7THYX g4
hydroxy 7]17F Q'+, tetrahydrocortisol, tetrahydrocortisone £
AL-=  [M-13], [M-131-18], [M-131-90]¢] SAHezg
e, ol 2099 x elbXoA] fragmentationo] Lo}
o)},  17THLX] €20 hydroxyZ]7} Q= tetrahydro-
corticosterone® ZAS$E= [M-103]¢] EAXo]l&ez el
ol= 21¥H9|x] waor] CHOTMS 2] fragmentatione] Lo }7]
] - o] o}

CH, CH,
E—C—0H E—C—0\S

=>

MSHEB : TMS IM : TMSCL

Ho.""’" TI*T.SO ”

Pregnenediol _
(reaction 3)

Fig.3o) vebh#  chromatograms EdH JYREZFEAYU

cholesteryl butyrates, H&E3dAsl= steroid hormone}

g A Zte] MY B AolE Bl
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Table 3. TMS{TM@E ZH240| steroid 52| SH0I2

o
02
[
=
10
[l
>.—
[N

Compounds Relative Retention Characteristic
Time Ion

Cholesterolbutyrate(IS) 1.000 368 (1 TMS)
Androsterone 0.286 272 (1 TMS-90)
Etiocholanolone 0.299 272 (1 TMS-90)
DHEA 0.329 360 (1 TMS)
11-keto An. 0.336 376 (1 TMS)
11-keto Et. 0.408 448 (2 TMS)
11 2-0H An. 0.426 450 (2 TMS)
11 £-OH Et. 0.444 450 (2 TMS)
Pregnanediol 0.509 449 (2 TMS-15)
Pregnenediol 0.546 462 (2 TMS)
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Compound | A 3 4 ;)
Cholesterylbutyrate 10 10 10 10 10
Androsterone 10 20 50 100 150
Etiocholanolone 10 20 50 100 150
DHEA S 10 20 50 100
11-keto An. 1 S 10 20 50
11-keto Et. 1 5 10 20 50
11 A-OH An. 1 5 10 20 50
11 #-OH Ext. 1 5 10 20 50
Pregnenediol 1 S 10 20 50
Pregnanediol 1 5 10 20 50
Pregnanetriol 1 5 10 20 S0
16-Pregnenetriol 0.05 0. 0.5 1 2
THS 0.5 1 2 5 10
THE 50 100 200 500 1000
THF 10 20 50 10 200
5 a-THF 10 20 S0 10 200
5 ¢-THB 10 20 S0 10 200
THB 10 20 50 10 200
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Table 5. 7§20 (G LI steroid sT0| B al,
Compound Children Female Male

(n=8) (n=34) (n=68)
Androsterone 0.19 48.10 45.92
Eti1ocholanolone 0.19 46.23 35.07
DHEA 0.72 29.68 18.91
11 B-OH An. 0.11 23.87 25.08
11 #-0H Et. 0.46 10.13 6.48
THE 2.62 254 .17 282.92
11-keto An. 0.10 1.39 0.49
11-keto Et. 0.12 3.39 0.64
THF 1.94 82.74 181.91]
b a-THF 6.69 51.14 118.22
THS 0.13 .55 4.24
Pregnanetriol 68.75 18.75 6.61
Pregnenediol .79 4.92 2.65
16~Pregnenetriol 0.01 1.29 0.05
Pregnanediol 0.67 17.72 J.35
5 a-THB 0.33 11.43 20.82
THB 2.31 21.62 20.89
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Table 7. Concentration range of Endogeneous steroids for male, female and

childen.
Compound Children(n=8) Female (n=34) Male (n=68)
An 0.05 - 0.12 11.6 - 61.69 4.57 - 77.91
kt 0.05 - 0.12 2.04 - 66.09 l 4.26 - 68.53
DHEA 0.20 - 0.48 0.005-126.72 0.008- 59.23
11 2-0H An. 0.01 - 0.14 0.80 - 55.64 0.14 - 89.14
i1 B-0H Et. 0.04 - 0.87 0.31 - 22.94 0.18 - 36.05
THE 0.15 - 2.00 0.35 -205.87 0.01 -278.58
11-keto An. 0.01 - 0,07 0.06 - 3.12 0.01 - 6.18
11-keto Et. 0.02 - 0.15 0.08 - T7.04 0.1 - 13.27
THF 0.21 - 1.40 8.26 - 38.83 | 1.98 - 5.62
5 a-THF 0.21 -10.74 1.23 - 38.46 0.60 - 8.03
THS 0.01 - 0.12 0.66 - 7.48 0.54 - 9.32
Pregnanetriol 0.02 - 0.15 0.08 - 7.04 0.1 - 13.27
Pregnenediol 0.004-17.19 0.005- 27.91 0.007- 28.30
16-Pregnenetriol 0.003- 0.007 0.004 - 11.40 0.007- 0.65
Pregnanediol 0.01 - 0.86 0.23 - 13.63 0.007- 15.96
5 a-THB 0.04 - 0.33 0.30 - 1.57 0.006- 26.38
- THB 0.09 - 2.38 1.74 - 8.76 0.006- 22,88
Vol. L/24h 0.3 - 0.8 0.8 - 1.2 1.0 - 1.5
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Table 6. 7iXI=0 = LIl steroid =T S,
Compound Children Female Male
(n=8) (n=34) (n=68)

Androsteron 0.13- 0.29 2.08-112.00 5.53-282.90
Etiocholanolone 0.13- 0.30 3.7 -120.20 7.73-165.90
DHEA 0.49- 1.16 0.01-228.50 0.01-427.20
11 5-0H An. 0.03- 0.35 1.54-106.60 0.36-273.20
11 #-0H Et. 0.09- 2.22 0.60- 43.94 0.35- 55.24
THE 0.45- 6.07 0.82-750.40 0.01-846.20
11-keto An. 0.03- 0.17 0.12- 5.93 0.01- 7.84
11-keto Et. 0.04- 0.39 0.15- 13.41 0.14- 16,84
THF 0.65- 4.27 18.93-237.20 3.03- 10,29
5 B-THF 0.65- 32.79 2.81-234.95 0.91- 14.72
THS 0.03- 0.35 1.43- 16.38 0.94- 16.33
Pregnanetriol 4.06-319.90 1.48- 51.27 1.52- 69.24
Pregnenediol 0.01- 45.63 0.01- 55.55 0.01- 45.00
16-Pregnenetriol 0.01- 0.02 0.01- 23.83 0.01- 1.36
Pregnanediol 0.03- 1.73 0.46- 72.77 0.01- 51.17
5 a-THB 0.11- 0.96 0.66- 3.45 0.01-154.10
THB 0.25- 6.96 3.82- 51.24 0.01-133.67

(ug/ml)
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steroidE2 HAHU P enzymeol 2 ZA==d,
B FEE MAZ vlad xolrt FAHexg e
weh4],  HAdEE U4 AFEEREFN o gAdAMbES
daHe 2 Fopsts Zo]l AxAH IdES S EHasd.
Fig. 12, 132 Z steroid® F=ul&g AT & x99
Hs el ofF A oS53 el ZAzZEe] enzyme
deficiencyoll wetr] Hrlsliof st ratio S5 £ e At

1. 3 A-Hydroxy steroid dehydrogenase deficiency” ™

3 B-Hydroxysteroid dehydrogenase: A’-steroid ] C, o
A& -CHOHOlA) 2708 445 AAsZ 3HdLEe OHE
ketoneo 2 ABstA 22 A'-Isomeraseol]l 24 C,
#x1e)  o)FAI A -Steroid)ol  C(A 4 -steroid) 2
o]% 3k}, 3 B-Hydroxysteroid dehydrogenase deficiency+:
N7 A'z diasa) g7l wiEdl A ARE AXNA
dehydroepiandrosterone ¥4 A=z2 A o
Glucocorticoidit  mineralcorticoid®  A'-steroide]nZ
aasHA o, E3Z, o] ST IS Ao ketones 7HA|R
R testosterone FE 7] wifo] dxe A5 AA
o]4o] @A) ) (Scheme 1.c)
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B2, 3 P-hydroxysteroid dehydrogenase deficiency
testosteronee] HFrER<¢l dehydroepiandrosterone, o]}

androsterone, etiocholanolone® corficosteroid9 B|EZE
important ratios ZASA S 1971 d 0. Janned
19793 Y. Yamaguchioll &JspH AJ<LFde] 739 DHEA/THE + THF
+b5a - THFZF 3y Z+7} 0.35, 0.100]32, An + Et/THE + THF
+ 5 a-THF 9] v)-&2 0.863} 0.660]ck. 2a]x ratio?) ghol
57} do affected valued} Hrs}cl,

g3 2489 dataE wlms] HH, DHEA/THE+ THF +
5 a-THF &} g2 Mg X H2gS vehix, An + Et/THE
+ THF + 50 a-THF = & A3 A7l Ea& Heolx Uk

Important Ratio Normal

C M F

DHEA/THE + THF + 5 a-THF 0.82 0.06 0.07
An + £t / THE + THF + S5 e-THF  0.09 0.39 0.34

79



21-Hydroxylase deficiency*"™

Cortisol &) AYAo] Hodsl= 21-hydroxylases= 21
gael OHE FH7lehes 7S 7HXid. F49 434
o A} 2 32 ) 3EH Q) A o) Congenital Adrencal
Hyperplasiaelx, % 7[3 @2 HH7r wAs:= Aol
21-hydroxylase deficiencyoltk o] F4 mineralcorticoid
o] aldosterone 2] Q¥-Ao] BH(HAsIRT, % 17-ketosteroid,
Lig=2

w2} A] 21-Hydroxylase 2] diagnosisoffi= cortisol metabolite

P

pregnanetriol o] F7Ist3, ¥E% cortisole] 7

¢} pregnanetriol ®] ratio”} F 23}k 21-hydroxylase+
progesterone o] &) deoxycorticosterone o2 A3}t =&
Fx= f A0l 21-hydroxylase deficiencyQl ZAS+= corti-
sol AAJo] BAHE7] wFo] androgenQ! testosterone o]
FFEn|slo] ol A AAxzs Aol dojua, ofof
A5 AR FA3 d4e] wddHdg, =} £ TS O
Simple compensated forma} @ Salt-losing type 2o =
trolAled O A9 HUAY ACTHE I3FEalo 93
cortisolo] AHAolEA] YA vieldd, EJ ACTHSE 3o
B-MSHE F7}38t7] wifoll &322 Hele] 7= 3
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@2l ZASL:  aldosteronee] ZrxEIZ, FE, g
Asae]l FAMN vEe A= AF FEHE5F
H33o]l RFslod Fr|y Aeelxn, XFEH}A ¥ew
1-2 /M YFol] At 3] 2 A7E 971 FAEF
NaCl deficiency & e 32, 2 7] 1-2 dF-ol=
AzsolgdErt FAME el doh (Scheme 1.e) WA,
21-hydroxylase deficiency= 17-hydroxyprogesterone ol 4}
corticosteroid®  ZI8Y3s}A 232  pregnanetriel o]
Z7}sk2 2, pregnanetriol® corticosteroid®] ratio”Z}
2ol Hxyk =k, 1981d joannou $F De Peretti G ol
PT/THE + THF + 5a - THFel gkd B AL ZHF
0.03-0.158kxn EHxsgxs, & APZAFE odojd BF
aghol 23,5022 ®©A3] U, G442 0.06 9442 0.13=

LHEFU A T

Important Ratio Normal

C M F

PT/THE + THF + 5 a-THF 23.50  0.05 0.13
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3.

17 a-Hydroxylase deficiencyzg*”'

17 a-Hydroxylase:= pregnenolones steroid 2l 17 £ Xx]o
hydroxylatione] =l&=dl EF& F+ Hiolrh, o] #HAI}
deficiency®|®™, C, steroid®} cortisol metabolite”} A<l
WARX] = 17THA X7} hydroxylation Eo+=
testosterone, cortisol metaboliteT e w7} EH-AAHS7]
Eol FAHe A A4} E= NS Y

el A}, 17 ekXo] hydroxyZl7F fl:= corticosterone

tjo

metabolite 7} S7}8+32 2 F product ¢l aldosterone 2] Eu}7}
WobA Nagl K9] FHHHS FAetA X377 wjiEol nEY
ZAT e o] A% 21-hydroxylase deficiency$
ulX7+A| 2 ACTHe] FHFEn|9t tjEo] melanine stimulant
hormone(MSH) & 3=} F&EB] wjFo] FHFEAL FAe HSLE
A=}, 17-hydroxylase deficiency: 17-keto steroid &}
cortisol metabolite”} Xdol] F83% HE7l Hd w4
17 &Aool hydroxylationo] =o] %+ cortisol metabolite 2}
corticosterone  metabolite2] ratio, Cis Stroid¢!
androsterone, etiocholanolone® corticosterone metabolite
2] ratio?} 8% YL st FZH ok (Scheme 1.e)
1982'd PetersenZ 5a-THB&= Y42 0.19, A4 0.33,

THB/THF + 5 a-THB + THB/An + Et & ratioxs YA, A4 zz
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0.11 3 0.28 oJ3r, Z} ratio7} 200] Jo™H affected value
g Basgc AU A AU £ AEAEAIH} W2
Apolg Ho|A= AN ojdo|e ZHF 5a-THB + THB/An +
Et 2] ratio”} 5,088 Yeldidd.

Important Ratio Normal

5a-THB + THB / 5 «-THF + THF 0.57 0.95 0.28
5a-THB + THB / An + Et 5.08 0.58 0.84

17,20-Lyase deficiency” ™

17,20-Lyase deiciency= 17 a-hydroxylases} A< u|&
332, C,, steroide] Iu|gFo] ZH4Ast3, corticosterone
metabolite 2] Euv|Fe] F7gt.  C; steroid pregna-
nediol 3} pregnanetriol & Eu8]7} (4) TopA]xr, 17,20-Lyase
deiciencyS ZId3l=uvl:= cortisol metabolite®} C,
steroid, C,; steroid® ratio7} F83% Hxzr} =}
(Scheme 1.¢)
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C,, Steroid7} C, SteroidE =Htdl =S F+ enzyme
ol 2 17,20-Lyase deficiency+ 2 47}A12] steroid
ratio & 7F58A ok 198243 Roger &} Zachmann< THB +
5a - THB/THF + 5 ca-THF9} ratio7} AAIALS 0.19,
JdodAd2 0.33, z28xm, 1.5-2.59 H97} affected
valueo]x, An + Et/THE + THF + 5a - THF= dFA42 1.0,
o3 0.80)2kx K3l

Important Ratio Normal

C M F

THB + 5a-THB / THF + 5 «-THF  0.57 0.95 0.28
An + Et / THE + THF + 5a-THF  0.09 0,39 0.34
PD / PT 0.15 0,77 1.58
PT / THE + THF + 5 a-THF 23.50 0,13 0.05

5 a-Reductase Deficiency” ™

Urineol]A] steroid= epimeric pair<l 5 /4, b a B Ea3r}.
o] ZAL epimeric pairZ FEa)stE steroid 7} 5 e¢-hydrogen
steroid & Ev|Fo] 743}, Wt} 5a/5 82 ratioE o

A2 deficiencyE &0 4 Q).
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19843 Corral! 3} Tvedegaard+= epimeric pairE S
steroid 2] ratioo]A Et/An G4 1.24, 442 1.73, 1148
-OH Et/11 8-OH AnZ ‘FAlo] 0.35, ofAde] 0.51, THB/S a-
THB+= F4do] 0.57, ofAdo] 0.48, THF/5 ¢-THF &= 34 o] 1.56,
oj4de] 2.000]2F Hustde.

2 A3 3§ ojdolx THB/S a-THBS ghol 12.07&
vehdi=dl, ol AR JAFE HA ool A9 AR

g GAS Hol: Aoz 4zHHy,

Important Ratio Normal

C M F
Et / An 1.04 2.72 1.07
11 #-0OHEt/11 #-0HAn 3.48 1.61 0.54
THB / 5 a-THB 12.07 2.16 5.16
THF / 5 a-THF 0.90 4.72 2.26

18-Hydroxysteroid dehydrogenase deficiency™ ™

R Zo] RAE aldosteroned] FYAH A 18-

hydroxy-corticosteroneoll A aldosterone o8 A3}s}=d]
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4oy st 18-hydroxy-steroid dehydrogenase2l A:MH Z%to)
o]3t 2] aldosterone FAold, Y HT Ulicke
corticosteroneol4] aldosteroneo® A3dwl, F kA<
18-hydroxycorticosteronee] o}y, (Scheme 1.d) cortico-
steroneo] A3}E ol aldosterone o8 H3s|= AW
=, a#¥e] A3 e AR 2dA] side reactiono]
AojL}4A] 18-hydroxycorticosteroneo] =718 FAHP}
LA, 202}  corticosterone oA 18-hydroxycorti-
costerone 0. 22 o] TFodd}= 18-hydroxylase2o] A AA
43S corticosterone methyl oxidase defect 13, 18-
hydroxysteroid dehydrogenase deficiencyE == AHA A
aldosterone&< corticosterone methyl oxidase defect
[18o]z} ghrl) {18-Hydroxysteroid dehydrogenase
deficiencyw A¥F F wzagElzm, AHE 1-3/48F0 FA4A=
Ve, AYF 5olHoA] A= Fdel vEeld

Fel o] TAS AF8ul= Y Nao]l A3, K& F2&US
el R, €3 C0; §F2 A, 5342 LBIN)S ¥
R 17-ketosteroid = pregnanetriol S AHAro]3l {etra-
hydrocorticosterone, 5 a-tetrahydrocorticosterone =
¥ ks HERHC (Schemd 1.4d)

w2}A] corticosterone metabolite®} cortisol, cortisone

metabolite 2}2) B]FE important ratiosS ZHASA It}
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G. Pillipou:=ratio 2] gko] 10] go affected valuez}
B3 3¢gn, B AFHL (0.04-0.282 HYE JeliRid)

Important Ratio Normal
C M F
THB / THE + THF + 5 a-THF 0.23 0.07 0.07

ba-THB / THE + THF + 5 a-THF 0.28 0.07 0.04

. . . ‘5- 4'8
Cortisol oxidase deficiency.

Cortisoned} cortisol > 7F¥gHo|r}, o] Hhgzoll T3l
enzyme ©] cortisol oxidase®} cortisone reductase o]t}
cortisol oxidase deficiencyi= of fo}o]ollAl &3] S5 U,
tetrahydrocortisone e Ewlgroe] 7+2A3}3, unconjugated
cortisol metabolite 2] ¥nv]ZFo] F 7%t}

w2t} THF + 5a-THF / THES} 5 a- THE / THF 9 gte =
important ratioS ZA A3}
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19821  Fiselierv, THF + 5e¢ - THF/THE: 22.9,
5 a-THF/THF = 3.00]™ affected valuedtx B3 3%, &
AlS o)) cortisol oxidase deficiency?d] 7S+ o}a#lg
Zto]l 1mportant ratio®] g5 . 5 a-THF/THF =
3.00]] affected valuedtxr XM I13}%ir],

Important Ratio Normal
C M F
THF + 5 a¢-THF/THE 2.76 1.05 4.74
b a-THF / THF 2.15 0.58 0.79

. . 49
Cortisone reductase deficiency.

Cortisone reductase deficiency = cortisol o}
cortisone2 2 reduced metaboliteol] disorder7} A7|:=
Aol

Adrenal androgen®} HFI7IE Ql&ted  femaleollAl =
Hisutism( b2 3) o] e}l xr, tetrahydrocortisoneeo] t}iF
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Fo)%]2, tetrahydrocortisol, b5 a-tetrahydrocortisol &
=8}7}  Z4asteZ, THESYS THF, 5 a-THF2 ratio”}
diagnosis & 5 8.3F HE7} =i

= O

Tayler < cortisone reductase deficiency®] 1mportant
ratio2 THE/THF+6 o-THF2 ZHAsted FAHLE 0.97, A4S
1.430]32 20 0] Ao]™ affected valuedt R ich

T ARZEAHE ofdol= 0.52, P4 1.65, A4 1.86 5
LHERY 2t

Important Ratio Norma]
C M F
THE / THF + 5 a-TNF 0.52 1.656 1.86
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o7tz UdAd BHEES EY¥Z A =AEA steroid
hormone®HS AL 4 Y=E XAD-2 resins A3, hydrolysis+
enzyme g AH&3te] 2P W IgFo] L3 AAHH(AHS R
Gas Chromatography S Al23o =3 (Co] H4Hel S=AuHoz:=
Hz|, MSTFA/IMSI®*HS & Hgto}), 49A] 942 H¥Eo] Ui,
2% Methoxime/MSTFA/IMSCI & # Efeov} A LA 42
steroid wjFol], HEZ3A &= EE steroido] HE3E MSHFB/TMS-
Im/TMS-C1 E8& F=AHe F534Rd. £, HeA| o JUAA
S wiAst, HEZEIAE Y selected 1on monitoringol] 23tk
e AH&std kollXe] 1774 WA steroid® =5 AY A<
, U, ojde] 379 AMAFeE o] ZAAAG I AAES
vlatsl] Eul GATH AAHAES F Ao EF HolX| = wUnAINE oj”ele AHS-
MA = HRAATE PR steroid 9] FEHA F=&A|A Ao)rl P&
A4 P}, dlE Eo] androsteroned HS FAF AL 45,929
48.10ppms JERH=d] dbsl] ool 0.19ppne 2 HE ghs e,
Enzyme Z¥]ol] o} & W&E1] A $8HE ofH enzyme 2] ZAHUA] €U
Adolr 7] 2slA], L enzymeo] Z}-£3}= steroid & precursor & product 2
sEnlEe ZAPsd #¥e ddEA Hd gGogx & 4AFdAME
3 f-hydroxysteroid dehydrogenase, 21-hydroxylase, 17 a-hydroxylase,

17,20-1yase, 18-hydroxylase, cortisol oxidase, 5 a-reductase,

cortisone reductased] AP @} & 7} Fxu)|a2 ZAASN.
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o= YE 5
&y ARS 712 B xg2 HE]l A steroid

profile o H-S Yol 2z} 3}
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(Appendix) -

7RAatoll & Pregnendiol o] 2R XE

o

WAool GE
A Foll ut

&
Aol GE Y¢

THE 9 F=& X

Androsterone 8] =2 R ¥

THE ¢ =258 X

11-Keto Androsteronc e} =R X

WQl4] Steroide] % HoF
WjelA] Steroide] Ex v|SEX
Ji¢lA) Steroid o] s ul&HFA
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PREGNENEDIOL (Female)

CONC. 1

. '-_.-n.__n__.-___-__:---._i-._.___—' o R— -J—-—-—-—-A-—-—-—-——-—v'————--:-—-—-—-—-—{
% S 18 JS 4" 23 30 35

PREGNENED 10L (Male)
45 :

48 +

30 -
25 +~
_ONC,
20 — _ .
1S + -

18 -

SUB.

Fig 10-1 4=2° 92 pPregnendiol 9 5% 2X(ug/ml)
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CONC.

CONC.

880 +

700 —

680 -

580 —-

408 —

308 -

208 +

1800 —

308 -

8080 —

708 —

6808 —

o588 —

400 —

308 —

208 —

Fig

THE (Female)

10-2 HHZ2) 92 THE 9 5= BE(ug/ml)
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ANDROSTERONE (Female)
128 —

180 +

CONC. 6@

40 + | ]

ANDROSTERONE (Male)
380

250 -
208 -
CONC. 158 + .

100 — :

58 - . ] -

Fig 10-3 Td2° T2 Androsterone & %% 2 (ug/ml)
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THF (Female)

258 -+
| )
208 +
;
1Sa J[ '
CONC. ' )
| i
100 +
| ' . - .
58 — . S .
a TS G — —_— —_—
3 5 12 15 20 25 30 35
THE (Male)
12080 —
1800 —
|
800 —
CONC. 680 —
400 — - ' '
208 - ) .S i _ )
a 19 20 30 49 5@ 60 78

Sus.

F1g 10-4 =2 ®g F 9 T EE(ug/ml)
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11-KETO ANDROSTERONE (Female)

CONC. 3 )

11-KETO ANDROSTERONE (Male)

CONC. 2

Fig 10-5 X2 T2 1l-Keto Androstercne 4 T = (ug/ml}
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CHILOREN

18 ~ 6.59
2 .62
8.198.199.72 9.1 8.46 a1 m.12 -

5.79
a.81 8.67 a.43 231

AN ET DHEA 11B- 118~ THE 11-K 1J-K THF Sa- THS PAT PED 46- PRD Sa- THB
ot OH RM ET THF PET TH
RN ET

8.13

FEMALE
308 +

1 =
=8

|
208 b)

ConC. 158

1&‘!4[ 82 .74

.14
49 .145.23 -1

.BZ
18.75 17.72 ¢ o]

18.13 $.55 4.92 1.79

1‘.3:!5 3.29

@t ET OHEA 118= 18- THE 11-K 11-K THF Sa=- THS PAT PED 16- PRJ Sa~ THB
& OH n ET THF PET H8

At ET

MALE

308 - 282.92

181.81

ONC. ISB-:-

Iﬁﬁj[

1
45.92
S8 + 35.87

1g.91=-58 '
i | G.48 IR g 49 0.64

RM ET DHEA 1:8- 118~ THE 11-X 11-K THF Sa- THS PAT PED 16~ PAD 3Sa- THB

H OH RN ET THF PEY ‘HB
RN ET

2B .828 .89

4.24 6.61 2 g5 g pc 3.35

Fig. 11. sajFoll &2 A steroide] =5 HF.
a) oo}l D) AH4Ad H4 ) Hdd T4
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BHER/THE+THF +Sa~THF (Female)

3.4‘|~
B.35 '

8.3+

.25+

|
RATIO0O 8.2 +

r

8.15 ¢

0.11

DHEA/THE+THF +5a~THF (Male)

RATIO 0.4 —

2 T 26 10 40 sa
SUB.

F19 12-1 X2 T8 QY steroidqy 5%=g RE.
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AN+ET/THE+THF +Sa-THF (Female)
8.6 T : "

8.3+

8.4

ATIO 8.3 : )

AN+ET/THE+THF +Sa-THF (Male)

2.5 —

ATI0 1.5+

Fig 12-2 HFZ2° Jg HWAY stercidqy x:@g BE.
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PT/THE+THF+Sa-THF (Female)
8.2+ .

9.18 -
8.16 —
6.14 +
a.12 + .

RATIO B.IT - -

B.BBT .

.06 — .

3.04 — . .

0 5 16 5 20 25 0 35

PT/THE+THF +Sa-THF {Male)

RATIO 3 —

2 T 20 3@ 40 5@ 50 78

Fig 12-3 HH2° =8 YUY steroidd 5x®|g BX.
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Sa-THB+THBAN+ET (Female)

3.5+
|
1
2.5+
RATIO 2+
l ]
1.5+
1+ . )
8.5 ot .
B 5 10 1S 20 25 30 35
Sa-THB+THBAN+ET (Male)
6 —
5..‘..
4._
RATIO 3 -
2_...
I_- . i -
B : e . - - - A._;_-_"_..._-.._._.__.__:__;;___,__n_____.—._____-—l
", 10 20 30 40 59 50 70
SUB.
Fig  12-4 H{HZ S HAY Steroidd 578 BE.
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Fig

PO/PT (Female)

5 10 (5 20 25

PD/-PT (Male)

12-5 H{=2C |2 HH9Y Steroidd 5:¥g 2XE.
109
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35




ET/RN (Female)

3.5-|- -

2.9+

RATIC l
1.5 - - -

ETAN (Male)
12 +—

18

RATIO 6~

Fig  12-6 {Hz2c 98 “idd Steroidd 5= ®g 2X.
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118-0H ET/11B-0H aN (Female)

gRATIO 1 .

118-0H ET/11B~0H AN (Male)
25 -

8

1S +—

“A710

10 -

Fig 12-7 HHAZ2 8 HAG Steroidq g BX.
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30

1S —

RAT 10

18 —

Fig

THB/Sa-THB (Female)

10 15 20 25

THB.Sa~THB (Male)
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