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A Study on the Hormonal Analysis as a Diagnostic Tool
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Summary

The twenty seven endogeneous steroid hormones from human urine
were simultaneously analyzed by selected ion monitoring(SIM) method of
Gas Chromatograph/ Mass Spectrometry(GC/MS). Urine samples were
collected for twenty-four hours from sixty eigflt normal males, thirty four
normal females and eight normal children. Urinary steroids were
extracted by using XAD-2 resin, hydroylzed with §-glucuronidase/aryl
sulfatase from Helix Pomatia and quantitatively derivatized by N-methyl-
N-trimethylsilylheptafluorobutyramide(MSHFB)/trimethylsilylimidazole/
trimethylchlorosilane (2:2:1) mixture in order to be detected on the GC/
MS.The observed concentrations of seventeen endogeneous steroids in
human urine were in the range of 0.01-300 ug/ml.

A GC/MS method for profiling of six diagnostically significant
plasma androgens, e.g., 4-androstendione, dehydroepiandrosterone,
testosterone, epitestosterone, S -dihydrotestosterone, S -androstane-3
a,17 S-diol have been developed successfully. The observed
concentrations of six endogeneous steroids in human plasma were in the
range of (0.01-5.6 ug/ml.

And we have done two case study for diagnostic purpose with this

profiling already setted. One is Cushing's syndrome and the otheris 17 ¢ -



The data obtained from this study can be used as reference values for
the diagnosis of any kind of diseases in Korean, and this study will be
extended further to determine normal reference value for other oriental
people and applicable to routine clinical use. We believe that our
sophiscated findings regarding the profiles of urinary and plasma steroid
hormones of diverse sector of humanbeing establish a fundamental basis

to the clinical research on diagnosis of various diseases related to the

metabolism of steroid hormones.
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Nomenclature and Abbreviations

Androsterone 3 ¢-Hydroxy-5 c-androstan-17-one

Etiocholanolone 3 a-Hydroxy-5 B-androstan-17-one

DHEA 3 S-Hydroxy-5-androsten-17-one

11-Keto An J a-Hydroxy-5 ¢-androstan-11,17-dione

11-Keto Et 3 a-Hydroxy-5 S-androstan-11,17-dione
Androstenedione 4-Androsiene-3,17-dione

11 5-0H An 3 a,11 A-Dihydroxy-5 a-androstan-17-one

11 #-0H Et Ja,11 A-Dihydroxy-5 S-androstan-17-one
Pregnenolone 3 f-Hydroxy-5-pregnen-20-one

Progesterone 4-Pregnene-3,20-dione

Pregnanediol 5 B-Pregnane-3 ,20 a-diol

Pregnenediol 5-Pregnene-3 5,20 a-diol

Pregnanetriol 5 B-Pregnane-3 a,17 «,20 a-t{riol

16-Pregnenetriol 5-Pregnene-3 5,16 ¢,20 a-diol
THS(Tetrahydro-11-deoxycortisol) b B-Pregnane-3 a,17 @,21-trihydroxy-20-one
THE(Tetrahydrocortisone) B B-Pregnane-3 ¢,17 a,21-trihydroxy-11,20-one
THF(Tetrahydrocortisol) b 8-Pregnane-3 a,11 8,17 «,21-tetrahydroxy-20-one
5 a-THF(5 a-Tetrahydrocortisol) 5 a-Pregnane-3 a,11 8,17 a,21-tetrahydroxy-20-one

5 a-THB(5 @-Tetrahydrocorticosterone) 5 @-Pregnane-3 a,11 £,21-trihydroxy-20-one
THA(Tetrahydro-11-dehydrocorticosterone) 5 8-Pregnane-3 a,21-dihydroxy-11,20-dione
THDOC(Tetrahydrodeoxycorficosterone) 5 B-Pregnane-3 @,21-dihydroxy-20-one

Cholesterol 5,(6)-Cholestene-3-o0l

Prednisolone 11 £,17,21-Trihydroxypregna-1,4-diene-3,20-dione
Cortol 5 B-Pregnan-3 «,11 8,17 «,20 a,21-pentol
B-Cortol 5 B-Pregnan-3 «,11 #,17 «,20 a,21-pentol
Cortolone 5 B-Pregnan-3 a,17 «,20 a,21-tetrol-11-one
B-Cortolone 5 B-Pregnan-3 2,17 «,20 B,21-tetrol-11-one

H-AT 5-Androstene-3 5,16 a,17 B-triol
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Table 1. Endocrine Glands and Their Hormone.

Source of hormone

Hypothalamus
Gonadotropin releasing hormone
Thyrotropin releasing hormone
Corticotropin releasing hormone
Prolactin inhibiting factor
Melanocyte stimulating hormone
(MSH) release inhibiting factor
Somatostatin
(somatotropin release inhibiting
hormone)
Somatocrinin
(somatotropin releasing factor)

Pituitary Gland
Posterior Lobe*
Oxytocin |
Vasopressin (arginine vasopressin)
(antidiuretic hormone)
Melanin concentrating hormone
Pars Intermedia
Melanocyte stimulating hormone

Pars Distalis
Follicle stimulating hormone (folli-
tropin)

Luteinizing hormone (lutropin)

Prolactin

Thyrotropin
(thyroid stimulating hormone)

Corticotropin (adrenal cortical stimu-

lating hormone )

Somatotropin (growth homrone, GH)

GnRH

TRH
CRH
PIF®

MIF®

SS

AVP
ADH
MCH

MSH

FSH

LH

PRL

TSH

ACTH

STH

e ey~ )

—» —>

— —>

P —P

!
1

Major phystological roles®

FSH and LH secretion
TSH secretion

ACTH secretion
Proiactin secretion

MSH secretion

STH secretion

STH secretion

Milk secretion. uterine contraction
Renal water absorption; vasoconstriction

Melanosome aggregation (teleost flshes)

Integumental melanogenesis; melano-
some dispersion

Female: ovarnian follicle growth; estra-
diol synthesis

Male: spermatogenesis

Female: ovulation; ovanan estradiol and
progesterone synthesis

Male: testicular androgen synthesis
Milk synthesis; corpus luteum pro-
gesterone synthesis in some species
Thyroid hormone (T, and T;) synthesis
and secretion

Adrenal steroidogenesis

Hepatic somatomedin biosynthesis

*The effect of each hormone on either an increased or stimulated ( T ) or a decreased or inhibited ( | )

physiological response 1s indicated.

® There is some evidence for putative prolactin and MSH releasing factors (PRF and MRF. respectively).
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Table 1.(Cont.)

Source of hormone

Thyroid
Thyroxine

Trodothyronine

Adrenal steroidogenic tissue
Cortisol
Corticosterone
Aldosterone

Adrenal chromathin tissue [9}
Epinephnne
Norepinephrine

Ovary (preluteal follicle)
Estradiol

Ovary (corpus luteum)
Progesterone

Relaxin

Placenta

Chorionic gonadotropin (chonogonado-

tropin)
Placental lactogen

Testes (Levdig cells)
Testosterone
Testes (Sertoh cells)
Inhibin
Miillenan regression factor
Pineal (eptphysis)
Melatonin

Thymus gland
Thymic hormones

Pancreatic islets
Insulin

Glucagon
Somatostatin

Pancreatic polypeptide

NE

CG

MREF

SS

PP

28
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Major physiological roles?

Growth: differentiation; calongenesis ( 1
metabolic rate and oxygen consumption)
Same as for thyroxine

Carbohydrate metabolism; sympathetic
function

Carbohydrate metabolism; sympathetic
function

Sodium retention

Muitiple t and | effects on nerves,
muscles. cellular secretions, and metabo-
lism

Generally same physiological roles as
epinephrine

Female sexual development and behavior

Uterine and mammary gland growth; ma-
ternal behavior

Relaxation of pubic symphysis and dila-
non of utenne cervix

Corpus luteum progesterone synthesis

Possibly fetal growth and development,
mammary gland development 1n the
mother

Male sexual development and behavior

Pituitary FSH secretion
Miillenan duct regression (atrophy)

Gonadal development (antigonadotropic
action)

Proliferation and differentiation of lym-
phocytes

Blood glucose; T protein, glycogen, and
fat synthesis

Blood glucose; gluconeogenests, glyco-
genolysis

Secretion of other pancreatic islet hor-
mones

Secretion of other pancreatic islet hor-
mones



Table 1.(Cont.)

Source of hormone

Gastrointestinal tract
(iastrin
Secretin

Cholecystokinin

Gastric inhibitory peptide
Vasoactive intestinal peptide
Chymodenin

Motilin

Neurotensin

Substance P

(astrin releasing peptide

Parathyroid glands
Parathormone

Thyrotd parafollicular ceils
(or ultimobranchial glands)
Caicitonin

Skin, liver, kidney
Vitamin D,

Plasma angiotensinogen
Anglotensin 11

Kidney
Erythropoietin (erythrocyte < imulating
factor. ESF)
Most all tssues
Prostaglandins

Prostacyclins
Thromboxanes
Leukotrienes

Yanous tissues
Epidermal growth factor
Fibroblast growth factor
Nerve growth tactor
Somatomedins
Endorphins

Epithelial tissue
Epidermal chalone

Heart
Atnal natniuretic factor

CCK

GIP
VIP

NT
SP
GRP

PTH

EP

PGE,
PGF.,
PG,
TXA-
LTE,

EGE

FGE
NGF

ANF

— —»

> — —

-

|
1

Major physiological roles?

HCl secretion

Pancreatic acinar cell luid (bicar-
bonate) secretion

Pancreatic acinar cell enzyme secretion:;
gall bladder contraction

Gastnic acid (HCI) secretion

Intestinal secretion of electrolytes
Chymotrypsinogen secretion from the
exocrnne pancreas |
(Gastne acid secretion; villous motility
Enteric neurotransmitter

Enteric neurotransmitter

Increased gastrin secretion; decreased
gastnc actd secretion

Blood calcium;
bivod phosphate

Blood caicium

Blood Ca=*; bone formation, intestinal
Ca-* and PO} absorption

Yasoconstaction: aldosterone secretion;
thirst (dipsogenic) behavior

Erythropoiesis

Cyclic nucleotide (CAMP) formation
Cyclic nucleotide (¢cGMP) formation
Cyclic nucleotide (cAMP) formation
Cyclic nucleotide (¢cGMP ?) formation
Cyclic nucleotide formation

Epidermal cell proliferation
Fibroblast proliferation

Neurnite development

Cellular growth and proliferation
Opiateitke activity

Epithelial proliferation

Renal salt and water diurests

*The major effect of each putative chemical messenger on either an increased or stimulated (1) or a

decreased or inhibited ( | ) physiological response is indicated.
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712 (Action Mechanism of Hormone)g 23X ™, adrenalined® Zo]
E} 7|32 FQle] FE7|To] w2 ZFE3= AHFY FHEol U,
anterior pituitary gland®] TSH(Thyroid Stimulating Hormone) 7}
thyroid gland & A=3t3, Z==]o] +£98]7} Eo}3) thyroid hormone &
HoZ anterior pituitary glandoll 223t TSHe] Eu]E Aojst=
A3 A2 X SR AES ot 4EAFe] Uk xR, anterior
pituitary gonadotropin®l ICSH(Interstitial <cell stimulating
hormone) = uterusol Zr§sit o] A AR #E2 ol ovary s
&t o] =Bo] glojZk  ICSHE uteruso] oy 2| AHzg2
oly 2 QvarysS AF=3tod estrogens AAse] o]AHo] uterusol
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Catecholamine 75 ®u|3t= SHMELE chrome A3 ZEHeoz
chrome4te.2 AAsH FHME"e] 2o =7 did vl F'Hol
HsieiFig.2). F4AFAZ FuiA(mesoderm) ofl A L Ysp, 2/§U 3
Botell = Fed 7 At oju, F4lHEL wlo}A(fetal zone) 3}
A4 A(definitive zone) 22 FAHo] Aedl, H4F7171 HYA 2
ARstol Al 27\n AR, 43 wman Adeld ARk
2Au7 94 An, gREol éﬂ‘ﬂii =lo] At Hof FRiE
AAF717 slH BAEE 2S5 E 2 E(adrenocorticotropic hormone,
ACTH) o) =4S A =Aql, ejolRols {AH QN o= steroid
Aol HAR ALF ofF AYAEHA U ALwEod HolRy
{HA2 Eulsls T2E9 47k Aot Rk o, HjolRH
BHde] BAl= YA AsEd, aF HA dopygo] # Es
4 3INME7A FojEh  olF FAFHZRY upgelA v AMEF O]
FAstd 3IFF AUN<AH(adrenal zones), =5 AbTAFh(zons
glomerulosa), A< cl(zona fasciculata) ¢} “J%tll(zona reticularis) &
HA[g, olg A dY¥gL 7leHeR YE ZHERE IEES
AR bR wpgel A= AFAYUS  mineralocorticoid 9!
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Right Suprarenal Gland

Right Rena! Vein

inferior Vena Cava

Left Kidney

Abdominal Aorta

Figurel. Gross Anatomy of the Human Adrenal Glands.

Adrenal Cortex.
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aldosterone-S AAst=dl 17 a-hydroxylasezt Q171 wi&Eoll cortisol
o]\} androgenZ HHE XA Rk o] AFAYdlE FEd F4o
glon] R4l & ofdfjo] AFE FiFe] H2 HMEEE E1A Urh
Aeu] Y3 Muts A E2AE FoF cortisol A androgens
8¢}, olF e MEE AR R TFo] Wol ZAYHoE HA
s, AFo] whA £ clear) MEZ Yeldr o] MEEL H4F
RS o|FH ot AR WA FL UYAUEZFE AFAFAY e
ofef7k2] A Ak,

FAUE M Fel AR, FRAES A3 o HYde Fhol
cortisol # androgend ATt oo HMEEFE YUY RGoE
sjdso] Aewn, AF FFE Heu EF{(lipofuscin) o]
Bdes ZEA Ak olgie] dFol A FAH(GAd,
dgdl) S ACTHe ZHol#] Uoix AFo] Zstd FAS €e7x
ACTHS] AHulE 91F0o] A}, =, 2AF¢ ACTHE ASstd Ao
AASFo] FoIET, HAve WY MERSES =A =i, F3ol
;W ASHAE wdde] ddo] HEde dHE dAE Ao
Holch wEa], o]y A2 Ayl ACTHE T4 #ASo dhesx
FARE AEH ACTH #A5o Hbgsted, cortisol EWIE F3ex
B4 AvKFigure 3). ol9h3te], RAFHAZENA FEul=Ee

ZHZole 2R  HEAY  42A)(cytosolic  receptor) 2}

Atst=d, olyl AHBolr IR Ha Eazke 59309
daltonol] &3k},
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Fmotonal
stress

Limbic system

Hypoglycaemia

Hypothalamus

. . N7/
Rebcular \Ad 8nohypophysis "\,
formaton | | \?@m
of brain Corticotropin e
stem \\
\ \
\
Traumabtc , \.
stress Z.fasc:culam_L O - Hydrocortisone
Z glomerulosa : corticosterone
otensih
'T\'Bﬂg\(:n
\
Kidney el ste

ﬂ Aldosterone

Ficure 3. Normal Regulation of Adrenal Steroid Hormone Secretion. Secretion of

CRH is regulated by central nervous system afferents mediating the
circadian rhythm and responses to stress.

34



Steroid-Receptor
Complex

Chromatin

Figure 4. Mechanism of Steroid Hormone Action.

A complete understanding of the relationship between steroid receptor
binding and the mechanism of hormone action depends on valid
characterization and accurate measurement of steroid receptor

35



MB A,

Figure 49 3to] Ze|Role X2fo] A9} AYY Fols=
AEZY s 7 Gastn Y 58 Al(nuclear receptor) 7}
718, LeHEolE FEA S A(steroid-receptor complex) =
) ERY Ageted dtdl, f8 ZelRol=y £EA AAE o™
7160l 9k, F8A7 dgE: TEEH APsA HE 8A 34
TEHIIL ol ARE FAT 5 WA He Aol

i HEREZES HUS HAZE wA#Hok & WAL EH]

oY i 1 A9 olAed Wrgel ol EE REAbe)Auy

ek, WEY] A9 AlFe] Ao HUE A s 24 FE
A2 Q7] wjEol] o] AXHe] HAE F WHEH|HAY YA T
olr}.  Congenital adrenal hyperplasiaclA] W7 HAZHH A

5]
sl JFA#EAo] doju xF pregnanetriol 3 17-ketosteroid 7}

7 2L scheme [of]A] YUolX ™ 11 A-hydroxylases] ZAFo

re

rir

BG4 o2 Fridch. a2, oAU AL cortisol Al ol
ZohskAl ool a0 UYL ACTHS®  feedbackol] SJ&llA tTlo] 4
FolubAle e,

wpgha], o AXAE LA A== 18-hydroxydeoxy

corticosterone 8] H&E%x%yl 2hasts 2o Hol |1 A-hydroxylase 9}
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Table 2. Endocrine Pathophysiology of the Adrenal Cortex.

Adrenocortical Hvpofunction
Addison’s disease
Primary adrenocortical insufficiency
Secondary adrenocortical insufficiency
Pituitary origin (no ACTH secretion)
Hypothalamic ongin (no CRH secretion?)
Hypoaldosteronism
Pnmary (adrenocortical insufficiency)
Secondary
Hyporeninemic hypoaldosteronism
Adrenocortical Hvperfunction
Syndromes of excess cortisol secretion (Cushing’s disease)
Cushing’s syndrome (pnmary ongin}
Adrenal adenoma or adenocarcinoma
Cushing’s syndrome (secondary ongtn)
Bilateral adrenal hyperplasia
Pituitary onigin (microadenoma secreting ACTH)
Hypothalamic ongin
Ectopic. ACTH syndrome
Syndromes of excess aldosterone secretion
Pnmary hyperaldosteronism. Conn’s syndrome (adrenal adenoma, aldosteronoma)
Secondary hyperaldosteronism
Bartter's syndrome (hyperreninism)
Malignant hypertension
Renin-secreting tumor
Syndromes of excess adrenal androgen secretion (vinlizing adrenal tumors)
Male (precocic s pseudopuberty in the preadolescent boy)
Female {masculiinization)
Syndromes of excess estrogen production (feminizing adrenal tumor)
Male (gynecomastia)
Female (precocious puberty in the preadolescent girl)
Adrenal Enzvme Deficiencv Syndromes
Congenital (lipoid) adrenal hyperplasia (fatal)
Congenital vinlizing adrenal hyperplasia
3 B-Dehydrogenase deficiency
11 B-Hydroxylase deficiency (hypertensive form)
21 B-Hydroxylase deficiency (salt-losing form)
Congenital |7 a-hydroxylase deficiency
Corticosterone methyl oxidase (type II) deficiency (hypoaldosteronism)
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Pituitary
Gland

Pituifary
Gland

{(-) \
f (Corticotropin)

(Cortisol)
\ ) i

(+)
Adrenals Adrenals

Primary
Normal Addison's
Diseaqse

¥ Ectopic Corticotropin
Secretion

Pituttary
Gland

Pituitary
Gland

Pituitary
Gland

Pituttary
Gland

Ficure 5. Summary Scheme of the Etiology of Hypocortisolism and
Hypercortisolism.

+

) ' ) (+)
Adrenals Adrenals Adrenqls Adrenals (+)

Secondary Primary Secondary Secondary
Addison's Cushing's Cushing's Cushing's
Disease Disease Disease Disease



Choleste rod

Desmolase ——-—p Cﬂs CH3
‘ngi) *?*”"*’?’ﬁfwm O?
Pregnenclone 17 x-MyGroxypregnencions Dehydroemandrosterone

38-0H-oehydrogengse, —
A3 A% isomerose T |

CHs v
C=C ti:IJ
{7 (~tydroxyiose
—_—v
0% |
Progesterone Androstenedione
|
21 = hydroxylase e i ——————————————————— |
CH,0Nn CH,OM “
C#* A 4 C=Q OM
-OH
0% 07N O
-~ Deoaycorticosternne t-Deoxycor11sol Testosierone
; k
1 8~ Iy Oy |08 g e
| CH-OH | CH,0M {
¢=0 \ =0 v OH
5"
0% HO
Corticosterone Cortisol Esiradol
| A
18-hydroxyiase i
and —> fIVERL ey i
8-0OH~dehydrogenase i |
Vv {
g =0} £=0
HO Qq-. ~ QM
0% 0%
Aldosterone Cortisohe

Scheme 1. Metabolic Pathway of Steroid Hormone.
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18-hydroxylase= 493 §FA3 ALUAog 25450 Q)

17 a-hydroxylase deficiency®] %%, FALEE AE7]o] ¥,
AZEds, AN 7Hd-E Hpseudohermaphroditism) 5o F4ol
vebdo A7)0 YA4A ZEHEolm 28 o] FrtetA| ghol4]
22 Aol velA] of7] wiFdl o] Al7lo)] wWo] wWAEE Aolw,
11 A-hydroxylase deficiency2t: o2l A3V AH YA
gick o] Az T2 AR F oA 17-keto steroid5o] HEHA
ot3r, cortisol 7433, 16 a-hydroxyAle] ujelAE Ro] Tlo}
A, 1983 doll Fennessey+ GC/FIDE £ A3e] ZlckA] androgen
metabolite 7} WA ZA] YR, BF RA|FA] Wo] wA=lE THEY
THFR o} THByt THAZF Tdol W ZAEAG B3¢, THEY THF =
17 a-hydroxy Ale} steroide]x THBY THA:= C-172] hydroxy moietyE

%A k7] WEed Aoz YrAgsY

Ao wAHdH FAAIA7SE#ZSo)}. o] AZte Helez:
ARoA  A71HeF  glucccorticoidE FoFd AL F 24

(iatrogenic) FAHFIFTLolw, AgdwygHed HUloe2E x5

2 Hasal olge ZFoA 7)Ae
FUol o RANE AFE2ESY FYPut Yol o]xA

(Ectopic ACTH Syndrom)$o] Ut} =3l o]
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s
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E_%
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4
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X
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X
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Hl2EH R vUws & Acd, gE&4SFTds FAHIg o]i4
FA9E AFEEE FFTo] 2=, o] Afde 43R 2AH
289 Y Ao wE R4AASHE G dYgde] 54
N3, o]o] we} glucocorticoid®} adrenal androgene] En|7} &7}
ot FAHR ASEEE B|YEL FASFFIES AEFH2E gluce-
corticoidsS AASI= H-Al4AF(adenoma) ojr} A< adenocarcinoma) ol
ojspm o] AL st FAAE 25 TEE Fuls dAEo] U4,

wpetx, ol FAFFL dAH FAZ HFol AH ¥
A, H¥HA FHAuTFoE cortisol IJoll 3 FH 9}
ARz I 7AH 202 WBe W3S zANWHFigure 5).

olg} 72 WHIE HHeEzE, FAME W JdFAESo] 9 wigh
(obesity) 3} cortisol W A€ Rol= FTE2Re] FAo il A7}
ubslA Y= Ao olAHY, AZESY FdA|des A
dexamethasone <74}, w]MHojr} radioimmunoassayE o83}
cortisol & F5AHst: WHezE 27ZFdE P&k 28y, steroid
profilingS 8% AL cortisol metaboliteS =, THE, THF, THB,
5 ¢-THF 59 FZXHoE uq HUAEE ZZs HRIstEE &4
A3 Fdo] Ha ey YAHd
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A 44

HXIAIZ0IA] Steroid Hormone 2 & AdgttH

AAANEZRE HAA steroidE EA4Hs7] A= HBd
FEuel AAET oiv HAT £471719 HdYER F3dd.
1930 dc steroid hormoneo] &4 wWZAEJ] AZFEuwE n]4 Yo
FHE olFo] 1, 471719 wad} tiEo] Radio Immuno Assay,
HPLC/UV, @3 GC/MSGSo] 2to]x Ad

H] A

Steroid hormoneo] XS WAFISuFEE AE3 wiwo
TEHog Hx¥ APIU AF THel Erheskx, il sy

EE 22 ASS SHYET Aol At

. Kober reaction : Alcoholol]l F&MA|AH 90% H2S04} wHs-AlA
Yo 2 et

2. Diazo coupling reaction : Diazo-p-nitroaniline® sulfonilic
acid 2 Wh&3shd HMo] vielyic)

3. David reaction : H2S04 %} arsenic acid2 34 o] e}l

4. Bachman reaction : Na-p-phenolsufonate 2 85% H;P04 -B<ojA]

A HAML JepHH540nmol] A & &)

—n

5. Phenylhydrazine reaction : acetic acid <E243s}oll steroid

hormone 2] 17 a-OH 7} phenylhydrazine sulfate$} ¥H-S3jod 3349
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Hd F597F 410mmellA vebdroh o] kg2 o] 220]7]
& Aat Folut bilirubing Lz Qs waljzt Y7715 B}

. > 19-20
Radio-immuno-assay’” =

Radio  Immuno-assay AFHL SFAHSH+=  substance(d
hormone) &} o]Ae] U1 QU+t radioactive isotope form go#
special proteine ZAYY A X|oA] XMZE ZFAgL WHAFAH HPQl
739 57 hormoneoll tietod YA H antibody 7} Urt.

Radioactive forme & label®o]Zl antigen(el] hormone)3}
label ] x] 22 hormonee] E3%5L anti-hormone antibody %}
A3A 2 o] antigen-antibody complexE <©}A] staph A
proteini} ZHATAAHA HHAZoZul bound forme antigen
(hormone)2 unbound forme& XE] E&jA 715, bound form<
hormone & ¥S FAHzte] ZFJTAHE HAstzn, FHHnz =

A 2.2 hormone 2] YL ZFZ A3 uvjmsted Haggte} %Y

o2t A2 xS HEAHE 884 Hed o HE¥AE
25 pg/mlelet. 28V F AL hormone 3} Bl F2EF 717
£ hormone 32 A7k} 9k mApHRS-o] A7|7] wiF o] A&
antigen®} antibody 2}2] immuno-specificity”} 3] zole} 3=

dHol Ak wepA RIAYE o8 AR =230 AT
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N2, YT HolMs oA E¢EH EA7H dhe] substance

24 £S4 7] wjFo A= FH(false positive) S WES:

HPLC %2

HPLC A %2 column chromatography$} nl&Eds: dx =2
U400 bar7tA) S o|§ Ut Aojrk.  Steroid FHoA
columnE RP-column(reversed phase column) o] Zol=

10-25¢m o] o}

259 U-detectorE ARt ol FUHH  UHE A
steroid©l chromophor group(double bond 2] conjugate system)-&
2% & 97l wjEolr} o] A&  androgenic/anabolic
steroidoll A= Hesht F3H metaboliteojAl= HEX okl

a3y, ol E¢HIAY ZEAFY F2Y A JTE
TZaiglel £48 4 s AHel Ad. HPLCe F=x3K o,
T 2 9 chromophor groupg Ad s W) WS 254 3/
b)) ekl UV-detectore] ooz HE&E AHuUEE
extinction coefficient 7} injection % Ing7}A] A A FTolR o},
=] FQlol o§y7] widl wmAY FAHJ AF EA4
o] #-Fo] Urh
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GC/MS!#2 7%

P47k 2) steroid hormone S HFE437] 3 e wwgl
GCMS= 1960ddi GCo A3 1970 dc] Masse] J&5% g
ol e AFAHB|R2A AZe JBES FAH HEE &
9T 7 S EAgol Wi S4oley WEEAGoZ BT
87] djifo] FERHAE HKT HUSolTE AHEHEA BF
yig=

Urineo.2 3E| Mgy e oS3 ztg P77

1) Wl B 2L A AsT steroid hormene®whS 7] 3 EHog
urine sample 2XE] FZ&. Steroid: conjugate &2 ujA =)
wjifof]l enzymatic hydrolysisS @Ay acidic hydrolysis&
8l conjugate forme E A H extraction,

2) Chromatography WS =3l A

3) Derivatization

4) BF3 FHI HRIS FHLZ (M E A-&3

AFS 37 At 2 A AHE €2 Vo] HAH HA, HA|AH
o] UoJA} hydrolysis ', extraction solvent4®, derivati-
zation method o] A8} 4ol Bg EejF Adgs3} = it

2ol 7t 3!
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Fide) FYozt 7715 ol4d E49 YAE 4 Y,
GC/MS 2] selected ion monitoring modes 7} steroid”} ZE
4ol fragmentaionol]l 2Jsted A}-§=|7] wiFEo, detection
limit= 2+ 33gEvid d27]1& A% 10-100pg7hA] 753t

A5 (sensitivity) & o}
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1) =
YsHY W3l JHd

24 AIZHEE wAEE x

e
=
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-20 Coll A} B33} o},

2) @Y
A A FAH20-304) 2] Hs 10mls ANEdo, FA HALETF
TAHE tubed] HUF LRE7] A7HA] 20 Coll A H{e

MRE, =717 % &X

E AgoA A28 E471712+ Hewlett-Packard(HP) 5890A Gas
Chromatograph(GC)oll direct interface® <¢I7Z4% 5970B Series Mass
Selective Detector(MSD)E AM&#x, RBE AlSc HP T7673A
Autosampler&  AF&sled GColl FUSRTh Data Analyzing
systeme 2+ HP 7946 disc drive”7} 97X HP 5970 MS Chemstation-&
o]- &4t chromatogram¥ mass spectrum HP 2934A Printer E5-¥]
Q. AR FEHHAM AEF} FXEZ Rotary vacuum
evaporator (Buchi, A$4), Buhler 7400 Tubingen ZI¥7](Edmond,
£9l) Varifuge-F H#A1%¥2l7) (Heraeus, ¥ <), Heating block(Gebr.

Liebisch, Y55 5 Urh
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M o3&

CCMSD EHEZT 7
E AgeA A4 BE47)7] H52AL oS 2o

1) Urinary Steroid Profiling
FU71 T2 . 2807C
9 W : split mode (ratio 10:1)
+HE71d] 2 H45 0 Ldnl/min 4
Transfer line &% : 300TC
223 . SE-30, Zeo] 1™Tm., W7 0.2mm, film thickness&
0.1lumleny, Fajde 25= 180TCol4 2T/mineE 240 T713)
=83, 40CA 2E HFE o, EnkE 80T7HA] 83,
280 Coll 4 300 CE ASAUF 3L HEU

2) Plasma Androgen Profiling
7] &% : 2007C

Transfer line &% : 300C

welg : SE-30, Ze] 1Mm., WA 0.2mm, film thickness+
0.1lumBeny, Fejde 25+ 100CoA 15C/mine 2 210 CT7}x]
=e|, 210CojA 2&87F FE& F, EvkE 212T7HR e,

212TCollA] 287 vREEZ {C/mineE2 216C7A] Lz,
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216 Coll4 3EZF HEE o5 82 0TC7R Zex 437

M43 Al

2 Ago A4LH AFL G

Androstenedione (Sigma, ®|=)
Progesterone (Sigma, ©v]=F)
Pregnenolone (Sigma, ©|=)
Cholesterol (Sigma, »|=)
Dihydrotestosferone (Sigma, w|=¥)
Methyltestosterone (Sigma, v|=})
Testosterone (Sigma, ©|=})
Androsterone (Sigma, v])
Etiocholanolone (Sigma, w|=})
Dehydroepiandrosterone (Sigma, w|3f)
11 A-Hydroxy androsterone (Sigma, u]=)

11 B-Hydroxy etiocholanolone (Sigma, ¥|=)

Cholesteryl butyrate (Sigma, v|=)
11-Keto androsterone (Sigma, ®|=})
11-Keto etiocholanolone (Sigma, w|=)
Pregnanediol (Sigma, ©|=)
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Pregnenediol (Sigma, v|s})

Pregnanetriol (Sigma, v|=H)

16-Pregnenetriol (Sigma, ©v})

Tetrahydro 11-deoxycortisol (Sigma, w]F)

Tetrahydrocortisone (Sigma, w|=)

Tetrahydrocortisol (Sigma, V|F)

allo-Tetrahydrocorticosterone (Sigma, o) =)

o-Androstenetriol -

a-Cortolone

FA-Cortolone

a-Cortol

B-Cortol

Tetrahydrodeoxycorticosterone

Tetrahydro-11-dehydrocorticosterone

Amberlite XAD-2 resin(100-200 microns) : Serva(S%)
2 HE] T8kl o, acetone(2 ),
methanol(2%), FTHFBRE IFFAHA
AR ds Fagol ol XAl

Acetate buffer(pH=5.2) : 0.2M CH3COOH®} CH;COONaE pH
5.2 2 a0l Ag .

Sepadex LH-20 : Pharmacia( ZA¢9) B2XE  FUsiPon,
cyclohexane @} ethanol 2 9:1¢ n|&E
T o) 24 A7 FEF AHEsholo
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SIS

P-Glucuronidase/Arylsul fatase from Helix Pomatia
Boehringer Mannheim(HSY=E2 (g F+¢
o, [F-Glucuronidase activitys= 5.5
U/ml (38°C) o]32, Arysulfatase activity
2.6 U/mi(38C) ¢ g 50ul & A& 3.

. A A

1) MSHFB(N-Methyl-N-{rimethylsilylheptafluorobutyra-
mide) <+ Machery-Nagel(H L2 KFE FUNow,
Trimethylsilylimidazole® Trimethylchlorosilane &
Sigma( wl5) & Fe] F+Ysted, MSHFB : TMSIM : TMSCI
& 2:2:1 (viviv) 9 HERE 4L EYLYS A4S
&t ot

2) Heptafluorobufyric anhydridet Sigma(w|=)& JE
FUsted acetonitriled 5:2(v:iv) H|EFEE 42

=4 dE A

1) Urinary Steroid Profiling

7}) XAD-2 column & &9

7o) 0.5cme) disposable glass pasteur pipetieol glass bead &
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5 ml urine + |.S. (Cholesteryl Butyrate, 2 ug)

4

Apply on XAD-2 column
Elute with 5 ml of METHANOL
Evaporate METHANOL to dryness

U

1 ml Acetate Buffer(0.2 M, pH=5.2)

Enzymatic Hydrolysis
with Helix Pomatia

37 °C for overnight

100 mg POTASSIUM CARBONATE
5 ml DIETHYL ETHER

Shake 5 min. and centrifuge 5 min.

Evaporate organic layer to dryness
Dry in desiccator for 30 min.

|

MSTFA/TMSimidazole/TMSCI
(2:2:1), 60 °C, 10 min.

J

Inject to GC/MSD

SAMPLE EXTRACTION PROCEDURE FOR MEASUREMENT
OF URINARY ANDROGENS, PROGETAGENS & CORTICOIDS.
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ol ofgl 53 U2vg, Twd MAHIHA FiFgod BHAxoz
XAD-2 resine =o] lem AEE YA 9tEd

W) 2HE steroide £
5ml x5 HAHET2skd 10ml plastic syringeE 3o}, &n]d

XAD-2 columnol] SHFHA HFEEE S22 cholesteryl butyrate &

Yol

EHE = =F FHFE XAD-2 colummEe AolFI free}

I = XAD-2 columnol] methanol =

I
ot

conjugated steroldES I

iml 2 3 Z2{4] stopper7} U= Y4AEE tubeo WE=r}l glx

methanol &2 vacuum rotary evaporator & ZZEA|r}

t}) Free @ conjugated steroid 2 &

Residueoll 1ml acetate bufferE @3, acetate buffer -F<§oi
B-glucuronidase/ arylsulfatase 50ul & 32, 37 CollA] overnight
A7l F-glucuronidase/arylsulfatase 8 7} sA|IE
diethylether 8 F&3}7]ol] U2 pH=9E 47] 8] potassiunm
carbonate 100mgS Y3 diethylether Sml & Y3 5% 7t shaker ol A}
TEo] FE% EFH EHE 2,500rpmoll A 5E L AR
-30°C2} freezer of] wo] buffer HF Léchy, ether 2 &
HABA] tubeol] 7lcl, o] ether F & evaporatordi AZRA|7|Z
G2 "whkaS AF7|HA sES AAST] HAsHA] P.0s/KOHZ

My x Q= vacuum desiccatorol 3052 7F Wo] ¢}
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2) |E=A3 HkE
SteroidE &% YA £ tubeol] MSHFB : TMS Imidazole
TMSC1(2:2:1) 389 100ul S W3 60ToA 1087 HFsAIUF
auto sampler% vialoll A4, GC/MSDo}) 1445 injection %o}

2) Plasma Androgen Profiling

7}) Free 9 Conjugated Androgen2] &2
N3 S AT TF AT Inlg tubed] FUF, WF-EE
Z210] methyltestosterone 100ng& Wiz, 34CollA] 1 A7k equilib-
ration ¥c}, Equilibrationdt3, 0.1M acetate buffer 1mé-g g,

1

acetate buffer -2-<§ofl LB-glucuronidase/arylsulfatase H0u~0E Wi
45 CollA] 21 A1t 7briell AT}, B-glucuronidase/arysulfatase &
?l--"-‘?-"“w{i’:all;‘-]ﬂ-?: ethylacetate bmé-2 Wi, 1587 shakerolX <&
Fzech,  E3¥ E9Z 2,500rpmollA] S5ET  HAEEHIA,
71§ oisE oS tubeol] FH7d o9 AE FAE 2H HHETSFY
e'thylacetate%"-% evaporator o)A AZA|Zit}.

1}) Sepadex LH-20 column 2] 1]

Sepadex LH-20 resin 20gsS cyclohexane® ethanol 9:1¢ n|-&=
A E8F71809 100mlel] 24 A2k 2o YFA|Zg o]
0.5cm) disposable glass pasteur pipetteol glass wool S doj4]
oz HES 2 v, ¥&FAIZ Sepadex LH-20 resing lem AEE
AN HA ghE
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1 mi of Plasma

Add |.S.(Methyltestosterone)
Equilbrate at 34 °C

Enzyme Hydrolysis
with Helix Pomatia

0.1M Acetate buffer
Incubate at 45 °C for 21 hrs

Extract with EtOAc

LH-20 Treatment

(cyclohexane:EtOH=90:10)

¢

Dry under nitrogen

(HFPA in AcCN)

Extraction Procedure for Plasma Androgens

o
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t}) Plasma androgen2] £
Ethylacetate5S HZAIZ tubeol] 500402] cyclohexane 3 ethanol
3271208 yo] :93F Sepadex LH-20 columnol] FE&HZFr}.
8571 8olo] = residue’t RF E AT Fol 500409
cyclohexane @ ethanol ITHF7|FulE Hol&Er a8z, oA
3mle] cyclohexane® ethanol EEF7]-8vlE elutiond 3}HA

tubeol] wri, evaporatorolj&] AZE A}l

2}) Plasma Androgen o GE )3} wlk-g
AZ¥ tubeol] acetonitrile 20429 heptafluorobutyric anhydride
B0 ulg W@, 15Coll 307 Wb AIUF, FEAS AL nitrogen
evaporator 8 ZAZA|7]3, ethylacetate 5000 o autosampler &

vial o] 74}, GC/MSDoY) 50E injection§Hrl,
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M1, AKESE Steroid profiling| A&,

Androsterone, etiocholanolone, dehydroepiandrosterone, 11-keto
an, 11-keto et, 11 8-OH an, pregnenolone, 11 A-OH et, proges-

terone, pregnanediol, pregnenediol, pregnanetriol, 16-pregnene-
triol, THS, THE, 5 «¢-THB, THF, 5 «-THF, cholesterol, prednisolone
2 NYEQAIE) AXREno)d 28] L profilingell EsiE
ZH Zol=F ol

2 A7 9 steroid profileo]s R4AIHE T2EAle Y EnEPE
Adstsd Aol F2F FES 3t AeZ Ao dAY ZHolgd
17HAE F7ksled 2 225 £34Rd. 2 WS Lol de#
2,

Steroid acid® €F2& cortisol metaboliteo]BA] cortisol 3}
FZHozx FA3F cortol(5 B-pregnan-3«a, 1183, 17Ta, 20«,
21-pentol),  B-cortol(5 B-pregnan-3ea, 118, 17, 208,
21-pentol), cortolone(d B-pregnan-3 e, 1Tea, 20, 21-tetrol-11-
one), BS-cortolone(b SB-pregnan-3a, 17a, 2045, 21-tetrol-11-one)
& carboxylic acid®] A3 #HelE 21H X9 & 4of hydroxy
moiety S 7R U}, olE9 ¥HEY WAL cortoic aciddti:
ok, dAls LdZol= dikl A YAl UM o]E2 HIIL
AZo)] ofd JFE wA=A 7t ofF Bl EHA AR ¥
224}, 19803 Shackletonaoll &jaliA] 64 Lzt urinary
profilingollA) cortoic acid AZZks EH 80-649ug/24hr o gh=
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Scan 1345 (32.165 min) of DATA:STE _B1.D

) 1.2E5§
g’l.BES
iﬁ 8.0E4 147
T
E.BE4
&
5 4.0BE4 H\\ i
£ 2.BE4
| % l-[lh;.!&ui:ﬁlﬁwu!nlh}lﬂdﬂhyﬂm f 1a 3 2 L
| Vol %)%
| Scan 1343 (30.
nd . GE4
t O
c3 .04 147
u N
- _ i
c < BE 4 3 191
3 | / |
. Elﬁhjikﬂﬂﬁlmwhh~z | |
%)%

Figure 6-1. Mass Spectra of TMS-Derivatized8 -Cortolone andf8 -Cortol.
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Scan 8364 (23.968B min) of DH{H:STE_Elﬁﬂ
4 A

@ass/Charge

Figllre 6-2. Mass gﬂpectra of TMS-Derivatized 5-AT and THLOC.
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Scan 1297 (29.274 min) of DATA:STE @1.D ]

02.5E4 443
roe

350t e I
- ,
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5180080 19 1 ™~
T 598 | ™

o M i u_l__nhrdd_h_ﬂ_,n_n*_,. I R

%1% 3480 434 oy
Mass - Charge _ s

‘ 290 390 490
Mass~- Charge

Scan 1212 (27.687 min) of DATA:STE @1.D J

FFigure 6-3. Mass Spectra of TMS-Derivatized Cortolone and THA



Table 3. Characteristic Ions and Relative Retention Time of
Steroids by TMS derivatization.

L
TE—————.

Compounds Relative Retention Characteristic
Time fon

Cholesterylbutyrate(IS) 1.000 368 (1 TNS)
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)
Androstenedione 0.308 358 (1 TMS)
11-keto Et. 0.408 448 (2 TMS)
{1 8-0H An. 0.426 450 (2 TMS)
Pregnenolone 0.400 298 (1 TMS-90)
11 8-0H Et. 0.444 450 (2 TMS)
Progesterone 0.452 380 (1 T™S)
Pregnanediol 0.509 449 (2 TMS-15)
Pregnenediol 0.546 462 (2 TMS)
Pregnanetiriol 0.613 447 (3 TMS-90-15)
THS 0.524 435 (3 TMS-131)
16-Pregnenetriol 0.668 460 (3 TMS-90)
THE 0.770 449 (3 TMS-131)
THF 0.721 343 (4 TMS-131-180)
5 a-THF 0.744 343 (4 TMS-131-180)
5 a-THB 0.762 463 (3 TMS-103)
Cholesterol 0.793 J68 (1 TMS-180)
Prednisolone 0.977 265 (3 TMS-131-180)
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NAME RTN
N=1
CH 28.00:29.50, 368
SM
ITH=14
TH 1TH, 0
INT

[F ACT=1 THEN
WRITELN 701, #13#10 CB (ISTD) PREDNISOLONE
RT1=RTS*1.000
RT2=RTS%0.958
ITH=10
[01=368
102=265
DR?
ENDIF

[F ACT=2 THEN
WRITELN 701, #13#10 ANDROSTERONE. ETIOCHOLANOLONE
RT1=RTS%0.231
RT2=RTS%0, 245
ITH=10
101=272
102=272

TEE G mage EEE B oiph TEEE B e A B gy CEEE A e CEE B e CEFE S Sl UEE EEE ks U EEE A T S B TEET B A CTTT B Ak TEEE W - T B sl T Eer el TR S S S e B U O A T O A T PR sl U B e I CEE s TEE B s A

Fig. 3-2. Macro Program for Steroid Profile.
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[F ACT=3 THEN
WRITELN 701, #13#10 DHEA 11-KETO AN
RT1-RTS#0. 276
RT2-RTS#0. 285
[TH=10
101=360
102=376
DR2
ENDIF
~ IF ACT=4 THEN .
WRITELN 701, #13%$10 11-KETO ET 11 3-0H AN
| RT1=RTS*0. 366
i RT2=RTS*0. 389
, ITH=10
E 101=448
| 102-450
| DR2
ENDIF
IF ACT=5 THEN
i WRITELN 701, #13#10 11 8-OH ET PREGNANEDIOL
% RT1-RTS#0. 412
RT2-RTS#0. 489
ITH=10
101=450
102=449
DR2
ENDIF

S ey e oL e T Sy SR A A T T s ol S EEEE Semin finl S S A ey eyl A A T Tmer Ay  E e e T e o T T et S Gy e e ubee TP S S S Ty e e et i el e ek el S, e S S W T - E—e— e, mnl AR B

Fig. 3-2. Macro Program for Steroid Profile. Continued.
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IF ACT=6 THEN
WRITELN 701, #13%10 PREGNENEDIOL
RT1=RTS%0.535
RT2=RTS%0.641
ITH=10
101=462
102=255
DR2
ENDIF
IF ACT=7 THEN
WRITELN 701, #13%10 THS
RT1=RT5%0.643
RT2=RTS%0.690
1TH=10
[01=435
102=460
DR2
ENDIF
IF ACT=8 THEN
WRITELN 701, #13#10 THE
RT1=RTS%0.724
RT2=RTS%0. 750
ITH=10
101=449
102=343
DR2

- PREGNANETRIOL

16-PREGNENETRIOL

THE

—‘ﬂ*-—————“—#“-“ﬁ—_-______—“l—_—-_——__--ll_-ll—-l'_l_—---—_—---—-_—-—__—*h“—___-—h

Fig. 3-2. Macro Program for Steroid Profile. Cotinued.
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IF ACT=9 THEN
WRITELN 701, #13%10 5 a-THF 5 o~ THB
RT1=RTS#0. 758
RT2=RTS#0. 776
[TH=10
101-343
102-463
DR2
ENDIF
[F ACT=10 THEN
WRITELN 701, #13#10 PREGNENOLONE PROGESTERONE
RT1=RTS#0. 410
RT2-RTS*0. 452
I TH=10
101-298
102-386
DR2
ENDIF
IF ACT=11 THEN
WRITELN 701, #1310 ANDROSTENEDIONE CHOLESTEROL
RT1=RTS%0. 308
i RT2=RTS%0. 793
§ [TH-10
§ [01=358
i [02-368
DR

Fig. 3-2. Macro Program for Steroid Profile. Continued.
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NAME DR2
TH 1TH, 0
Wl 1, 0:0.5, 0.5:1
WI 2, 0.5:1, 0.5:1
SM
INT
DR 1, Y
DR 2, X
SCREENP 550, 320
ENDOPRO
| NAME GO

—r

Fig. 3-2. Macro Program for Steroid Profile. Continued.
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Table 3-3.Concentration of Urinary Steroids and Prednisolone by Group of Age. (18/m})

89

0 - lyr lyr - 3yr \ dyr - 6yr yr - 10yr J 10yr - 1Tyr J0yr - 4Tyr
o e T e [
Androsterone Y 2.10 4 24 2.53 3.97 5.39 6.47 1.34 119.47 120.54 |52.40 |49.54
Etiocholanolone 2.97 1.50 5.25 2.41 4.74 6.30 T.32 5.52 110,93 1.78 | 68.29 | 39.24
DHEA i - |- -l oor | - | 005 | 0.02 ! 287 | 154 |39.47 |42 14
11-keto An. - - - - - - - - 0.19 - 0.47 | 0.92
11-keto EL. | - - - 1012 | -
Androstenedione - | 0.15 - 0.91 0.87
11 £-Olf An. - - - - - - - - 0.31 - 1.47 | 1.92
i1 5-0l Et. - - i | - - - ~ - - - -
Pregnenolone - - - - - - - - 0.21 - 0.91 1.07
Progesterone | | " - | = - - - - - 1 - 0.79
Pregnanediol 0.14 - - - - |- - 0.12 0.14 | 0.02 .93
Pregnenediol - - - ~ - - ~ - 0.1 0.01 | - 5. 45
Pregnanelriol 1.21 0.80 { 0.24 | 0.17 { 0.52 | 0.59 | 0.17 .63 | 9.4 0.01 {30.47
THS | - - - - 4,27 0,87 2.54 1.9 9.57 .80 | 59.41 | 60,34
16-Pregnenelriol - . - 1 - |- - - - - - - -
THE 60.23 6.12 5.25 | 10.53 9.35 .54 [49.71 135.97 | 34.53 [59.47 |64.94 |72.47
THF 8.46 B.54 4,96 )10.46 | 8.5] .37 5.37 6.60 111.45 ]10.92 | 36.48 | 48.33
5 a-THF 18.50 1.75 116.43 9.98 7.371 110.58 §.92 [10.72 115 47 9.18 149.14 | 35.29
5 a-THB - - - - - - - 0.15 - - 24.50 117.31
Cholesterol 118.8 7.83 110,59 | B8.17 | 14.97 9.74 10,78 [ 15.14 ;10.47 [19.41 |21.41 |29.75
Prednisolone 25.417 - 32.94 |52.47 |41.54 |29.46 |27.31 | - 41.96 - 45.97 -
N=number of samples | 2 2 2 | 3 1 3 10 3 11 2 5 4
Yol.(ml/24hr) 30- - 30- 100- 50- 760- 400- 1200- | 400- 760- 1150~ »§ 1200- | 1300-

400 500 | 450 | 150 | 1200 | 950 | 2000 | 1400 | 1400 | 1400 | 1600 | 1500




VeElIRit), =R, anorexia nervosa gl Lo o)E cortoic acid 9
wj 2ol Frtdg Hasgd',

w4, B dAFoAE Figure 60149+ Zo] 47}A19] cortol,
B-cortol, cortolone xelxx B-cortolone 2] mass spectrum=S LojAj
steroid profilingoll ZHE 4A&%ct  Cortisol metabolite A
17 a-hydroxy moietyE Z+= Z2 THE, THFEo] it ol
17 a-hydroxylase deficiencyS Z@sl:= 7% 17 e-hydroxy moiety S
Zk3 7] wifol o rmlgoerw FHESc  webA, 17 a-hydroxy
moeietyS ZT U2 ¢ #H3Eo| 17 a-hydroxylase deficiency !
352 Zido] FL3%¥ HES d}7] afjFoll THA(S B-pregnan-3 e,
21-diol-11,20-dione), THDOC(5 B-pregnan-3 c, 21*"diol*20'o'ne)9}
17 a-hydroxy moietyE  ZE  5-AT(5-androstene-3 /5, 16 a,

17 B-triol) & ZF713l%ich.
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M 27, Cushing’s Syndrome

kM glucocorticoid YA cushing FFILE Sold
NAAeE 1S £ olYe, AAWYHA AL B¢ FALF,
B¢, & RAHREASTZIERSFI LTS AEZde] HRdd
2 A7l Yo Ho] YT 299 cushing FFF A xA|59
steroid profilings <delHStct 1)9 AL 79 294 daz
cushing T¥To] Sjddo] WA, AlFo]l 100kge] P& nlAPLH
AARE FAsE ARk 2) 2 FAQU B 24M2] 922 cushing
FFTolHA, AFo] 8kgHERT. F FIB[AE- BT olL4
B3R 2AFZTERFI o o3 Cushing’s syndrome 22 ¥4
FYAEQ ZAeg FGdsict. Figure T3 o] AU} ot=2A
androgen¥+, progestageni, corticosteroidfFsol 2 A YelYAlE=
okttt Table 4-5oll&) X, X5H, F9 cortisol metabolite ¢l
THE, THF, 5 a-THF, 5a-THB2] %eo] X&EHe] F=7F €4 ol
AHS U U oja4 FAF|RAAS = E(ectopic ACTH) &
Aol 2 #FS cortisol o] EHIHEE, o3 AV vEYE
Aole}, ¥k, prednisolonee U= FAHS2Z therapeutic drug
monitoring(TDM) = ¥4 Ur}.  w}e}A], cushing’s syndrome &} of
F+ urinary profileS Yol 2= UUAT o/ AEE EUE
stod, Yoz VA cushing’s syndrome &) patterng YolH v W2
Zao] e 4430,
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Cmin. 0

Figure 7-1.Urinary Steroid Profile of a Patient with Cushing’s Syndrome.

(pre-medication.)
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Figure 7-2.Urinary Steroid Profile of a Patient with Cushing’s Syndrome.
(post-medication.)



Table 4. Steroid Quantitation of Cushing’s Syndrome.(Case 1)

73

i FREE Conjugated form |
Steroid i |
Post medi. | No Med1 | Post Medi. | No Medi.
_ .
An 0.017 0.100 0.298 0.153
Et 0.138 0.414
DHEA
11-Ke An
Androstenedione
11-Ke Et ; 0130
11 £-0H An 0.378
Pregnenolone 0.015
Pregnanediol 0.098
Pregnenediol -
THS 0.003 1.406 0.041
Pregnanetriol 0.004 0.390
16-Pregnenetriol - :
' THE 0.8 6.910 |
THF * 0.158 | 0.061 | 7.290
5 o-THF , ‘ 0.063
Cholesterol ! 0.355 0.250 0.506 0.603
Prednisolone 1.215 | 0.018 0.631
b a-THB i 0.511
- THE/THF 13.115 0.947 |
( g/ me)



Table 5. Steroid Quantitation of Cushing's Syndrome(case 2)

il P A — L =i - .
el

| FREE Conjugated form
 Post Medi. . Mo Medi.  Post Medi. = No Medi.
An 54,40 32.00 35. 36 $8.96
k£t $4.16 132,48
DHEA
11-ke An
Androstenedione
11-ke Et 41.60
11 5-0H An 120.96
Pregnenolone .30
Pregnanediol 31.36
Pregnenediol
THS 0.96 449,92 13.12
Pregnanetriol 1.28 124,30
16-Pregnenetriol -
THE 256.00 221120
THF 57.60 19.52 - 2332.80
5 a-THF 20.16
Cholesterol 113.60 80 .00 161.92 192.96
Prednisolone 388. 30 5.76 201.92
5 a-THB 163.52 (ug/day)
THE/THE 13,11 0.94
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Ml 34&. 17 a-hydroxylase Deficiency

Yuifo] U3 21418 oz} #zQldl congenital adrenogenital
syndromeol] 2Jstod 46, XY YA HAHYE Esn o4
ojgod FAst 71UeHIA A A9 HAMFEE A EI
Foby od4de AATFEE 232 AN o] 5 cholesterol
ZHE] A2=l= steroid metabolismollA] o= #HAe] ZFo g XE]
olgigt F4el uYelA FRWE A4dsiAl o vlARe
17-hydroxy corticoid & FAsA =l 735 cortisol & <F 90% o] 4 o]
17 a-hydroxy moietyE Z3t 7] wjFol o= K9] fnAQiA] 7550l
E7HsskA He.

upefi] B JPollA] 237}A] steroid profilingS 3| Z3}, Table
6 Zo] AYAYU oAz, ACTH Fo4H, FF vladte] JehiAr)
17-hydroxy moietyE Zt+ THE, THF, 5 ¢-THF &< 73’9?_-‘4 735
16-1107 ug/24hr & Yep o), AL - A WAHRA dskm,
16-hydroxy moietyS Zr'+= 16-pregnenetriol & FHAQIL wAsA
ot evt, THake] 749 460-498 ug/24hr o)}t wi A =R},

Figure 8-20lj4 K iulel 7o}, AHAAY 35 U2 androgens

H|Z38teq, diZfe] HUAEZel EA vepd ¥k, Figure 8-39
¥ A= androgen2 o F Al elkich (b2 chromatogram@l 7§
A 2Y8S Fojg o] o] aHY)

THDOC, 5 a-THB, THA= AA¢I3 3#zE wlwsi2w, 27
0-16.04g/24hr 2 99.6-3452, 8 ug/24hr & YEM= Aoz Ho}
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Pathophysiology
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CRH
4
Pituitary
ACTH
Fasciculata Cell ——— —
CA\LMP
Cholesterol {7~ Hydroxylase
J{ (absent)
Pregnenocione iS5 |7~ Hydroxypregnenscicne —> Dibydroepigndrostercre
! !
Progesterone —— ———tomne. > | 7~-Hydroxyprogesiergne —--—-> Andresienediine
| !
! b o
H-Deoxycorticosterone iI-Decxycortisol jesiesterone
| } ,;,
Aldosterone Certisol Estradiol
Aldosterone CortisOl — = = == — = === — = - -

(Negative Feedback)
( Hyperaldosteronism)

Scheme 3. Genetic Defect in 17a -Hydroxylase Activity Leading to Hyperaldosteronism.
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FFigure 8-1. Total lon Chromatogram of Standard Steroids.

i Androsterone 2. E{iocholansione 3. DHEA 4.11-Kelo An 5.Androslenedione 6.11-Kelo E{ 7.11 #-Oll An &.11 2-0ll Et 9 Pregnencione
10 Progeslerone 11 Pregnanediol 12 Pregnenediol 13.Pregnaneliriol 14.THDOC 15.T1IS 16.16-Pregnenetriol 17.THA 18.THE 19.1UF
20.5 a-THF 21. 5 a-THB 22.Cheleslero! 23.Prednisolone 24.Cholesteryl Bulyrate(Internal Slandard)
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Table 6. Concentration of Urinary Steroids in a Patient (pre-ACTH, post- ACTH)
with 17a -hydroxylase Deficiency.

!
Compounds . . Normal Female Pre-ACTH - Post -ACTH
(1,600mi/24hr) | (1.660mi/24hr) (2,600ml/24hr)
E E
Androsterone 0.466(745.0) | 0.017(28.2) | 0.089(231.4)
ctiocholanolone ¢ 0.400(640.0) 0.016(26.5) : 0.068(176.8)
DHEA ©0.129(206.0) | N.D. N.D.
[1-Keto An N.D. - N.D. - N.D.
Androstenedione N.D. N.D. . N.D.
11-Keto Et. - 0.024(38.4) 0.143(237.3) 0.055(143.0)
11 3-0H An. 0.208(332.8) | N.D. - 0.038(98.8)
11 8-OH Et. - 0.010(16.0) 0.440(730.4) | 0.163(423.83)
Pregnenolone E N.D. ; N.D. E N.D.
Progesterone j N.D. E N.D. % N.D.
Pregnanediol 0.277(#43.2) | 0.239(429.9) | 0.170(442.0)
Pregnenediol NLD. 0.171(283.8) | 0.256(665.6)
Pregnanetriol | 0.106(169.6) | 0.010(16.6) | 0.021(54.6)
THDOC ND, 0.060(99.6) | 0.047(122.2)
THS ©0.014(22.4) | N.D. N.D.
6-Pregnenetriol | N.D. | 0.300(498.0) | 0.177(460.2)
THA ©0.01(16.0) | 0.503(33.9) | 0.261(678.6)
THE ©0.692(1107.2) | N.D. N,
THE - 0.583(932.0) | N.D. )
5 o ~THF ©0.670(1072.0) | N.D. N,
5 -THB ' 0.006(9.6) | 2.080(3452.8)  1.030(2678.0)
Cholesterol - 0.024(38.4) - 0.31116.2) - 0.015(39.0)
Prednisolone - N.D. . o.D. - N.D.

( )': ug/24hr
N.D. : Not detected

All concentration values are in 42/mi.
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17 a-hydroxylase deficiency¢UAS L Ubc}, =&,  ZAe
X AH5E Selected Ion Monitoring Mode 2 injection ZTw¥ o r
e 2Z3t0dA] scan mode 2 injectiondtPt. ATl dERA] 4

< steroid hormone Al #}3%-Fo] Wol ET&=o] 27| wfiol scan
dataE Az 3%t A, AdSUURE Z} k= AHZolE FEfe
scan datas} 5 AHZole 2R3 v)aR48t ZA3 17 a-hydroxy
moiety S 7}2 AL wA=A] o}orir, 16, 21, 20 £ x]o) hydroxy
moiety S 7}Z Ze| AAAQAI nvlms) Eu F71EH o2 wj4dHE
a4 AU G, B AHel A= pregnenoloneoA] 17-
hydroxypregnenolone &2 Zig)=|ojof 33t= FHAoA 17 a-hydroxy-
lase2] o] <Loiik7] wEol progesteroneoE AN o) 2} 7}
Z18)xjo], corticosterone#d|?l THB, THDOCE ogF HAsAH =He
Zelr}, wkef, nlYHjoletER], RIAZ 4% 749 profilingol
o0 Hego]l ssdiA USeE AAAYPFTES UddEd LFE
HaA "ok olgA 4AHA Profilinge2 o3se HUAERS
AFeA =Y, A, TeA 42 AZo|ANE HAGJ ALHAYS

gy geornz, ZgdS de=d F2 ARE olfHSs Ao
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M 423, Plasma Androgenl| &

Aol A7) sol F2% 6712 712 * androgenS 5 @-androstane-
Ja, 178-diol, epitestosterone, dehydroepiandrosterone, andro-
stenedione, dihydrotestosterone, testosteroneo|c} <LFH<Q Hosz
=2d A F23%  androgen> testosteroneE E4 Utk
Testosterone 2} 95% o] A2 testis 9 #oltys] AMEo)] s ¥usn,
a2 Uz BAoA] U2}, Testosterone o]fJol= testise
7423  androgen$l dihydrotestosierone(DHT)$} <F§F androgen ¢!
dehydroepiandrosterone(DHEA) 2 androstenedioneS A &51|3kc})
dA4F androgen A X AU AP AHE
EAMget, = WREe HF  testosteroned FE ol
androsterone % etiocholanolone$} 2 dYAEZE  HE=of
glucuronic acid % sulfuric acidoll 28] conjugation3¥,
17-ketosteroid ™ el 2 w3}  HEE 2 androgen target
cell WHollA] testosterone> microsome X A<Ql 5 a-reductasecl] <23l
0 443 94 22U DHTE AZ#/ G

ul2} 4], o]F androgen ejohdAF FA HF d &F Y479
HAd 235 Sl Ha5Ho|w, AE7lde 5d, Hd, HYUAS
Aol el £ dAFoXE olHE HEE 3 674
androgen® 4= HYHoA] FHToz JA AAM7IE A5,
androgen 2H2olA5 9 FAARE o)Lz ¢}, o] androgen
Yol m|Fo g E2et7] wiFo] HIFolttE #F A3 Hhgo] Z
dojiL}= heptafluorobutyric anhydride S AF23}RtHTable 7).
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Androstenedione2 Figure 9ol4 Yepld ule} o] 1 FAgo]
286 0] 2702 ketone moietyoll 2709 CsF/C02 |E=A7F 3Aslo]
C;F7C00 717 "ol QojFl FAlolZo] 482 olZo|r}. Testosterone
B Aol 2880 %hoNe] ketoned % Ne] hydroxyoll 242} CsF,CO 7}
Ao} 680(M )7 S4ol2or HAHUG. HASRE AL
EQE 3o HA Aol I 2099 plasmaolA] 67FA] androgen-S
AFaRd. HFE a2 Table 83 o,

ol AlE9 20-30412] A} GAEAQ 7HF ZH3Ir androgen
DHEA®] 23  0.02-5.60ug/m&  Yellm  testosterone
0.26-4.01 g/ mé5 VepQI),  EE¥E, plasma s A ¥, GC/MS
injectionatel olF data§ ol Lol UA #7) HAsto]
Figure 103} 7o} macro program= ARE-3ted ek o] program
< W .E{E%Q?J methyltestosterone 2 retention time 2] Al ¥<l
AZE ANFog #ol window 43E dRong, YAAIW o
HAEAS AU FAgna =3},
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OCO-C,F7
HFBA, AcCN
80 °C, 5 min
O ' -
u C,F,CO0 .
testosterone
HFBA, AcCN
W
80 C, 5 min
o C,F,CO0
androstendionae |
OH OCO-C,F,
HFBA, AcCN
80 °C, 5 min
o) 4 0 H
dihydrotestosterone
OH OoCO-C,F,
HFBA, AcCN
80 °C, 5 min
HO” C,F,C00"
Sa-androstane-3a,1748-diol
0 QCO-C,F,
HFBA, AcCN
80 C, 5 min
HO C,F,C00”
dehydroepiandrosterone
OH OCOC,F,
- CHa -'CH3
HFBA, AcCN
80 °C, 5 min %
QO C,F,CO0

androstendione

Scheme 4. Derivatization of Plasma Androgens with Heptatluorobutyric
anhydride.
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Table 7. Relative Retention Time and Characteristic lIons

for Detection of Plasma Androgens.

Compounds M.V,

Selected ion Relative
. (HFB derivative) R.T.

L

Methyltestosterone 302

(I.S.)
b a-androstane-3 «, 292
17 B-diol

Epitestosterone - 288
Androstendione ? 286
 DHEA 288
' Testosterone ; 288
DHT 290

r'

480

470

680
482
270
680
414

1.000

1.161

AL T TR T . o E e e m

1.175
1.258
1.264
1.175
1.335

Table 8. Concentration of Plasma Androgens in Normal Male

% Plasma Androgens

Range (n=20)

1
r\_‘..w_ s o, A N S e B LA

; 5 a-Androstane-3 ,17 B-diol

i Epitestosterone

Dehydroepiandrosterone

' Androstenedione

ETestosterone
Dihydrotestosterone

0.09 - 1.618
0.08 - 0.83 f
0.02 - 5.60 '
0.01 - 0.65
0.26 - 4.01
0.04 - 4.97 i

(ug/md)

I

J— - - —_———— e e—r = ——

88



Eienl mhe ok I

N e R EE - gEE A g m e g mmoap R - wgmemadng ey e ke o ey — ' mal

gl , ﬁ“—h“iiﬂi—w‘-“
R
1

Ll
. . . - . - e — it s M‘t “i.“il!l'!.‘.l- Bl ypmy - WA R k- ¥ o el f— e AP - ey . L L - - Lror o e wroars ¥ e A g S ik owlr- . oy maR AR SRR s ww crr ol
G. % * 1)
Tn menf] m .
. L
LD iy p
_ ] — h m | , _..H
" Tk ;
al_ i
. el 1y _ | o
=4 *l-_l_ - . ..ﬂ
i ¥

-
|
-
L
r
-—
"
'
-

a
N

y

ﬁ
i'
[ ]
=
L
i
-

.

serio i ek € WY e .. SRR £ S Y T N I R L I IS ¥ B TR LA

_w“..u.
.” D_ '
e T A
| .

+

L)

L

L‘F
—— —

iowe o LYRCT R
@l
or
T M
d Androgen by Macro

“ - T ¥l AP A w w Bkl g

.lm LR R L R T - b e

L

B | Ul ty 1..m
L= . IR o

ﬁﬁ [ L I

L ]

"
- 1 L [ } -
R e R T AU LALY aat - TY TRy YT e ey - ....— [ _"_““ LRI § 5501 it ALY AR AL A D j—
RN SRS S SR LI ERRNS B S B0 IO I oI ©

Ut Li uvy 3 ¥ T 9
+ + + & B B |
i 1 L 8 40 ULl W
o g 30 0 G

- Ba

]
§- +- 2 +- { SR vy o -W, I IR I 0 B VI
{2l ;] " TV Y D . T R B I YR
&Y 1) ] % Y 2 9 BT i IR U i

E (] 4 ) 1 - -..—. . ' —_m mm ..“ 1. -”-— -.-.-. " LT §

*

rvatize

M

!.-
]
.

T TEear b oy B Sl o m S W

o
1
L

vt e w134} 511 v} (¢} - Vi) ) 7k 1) T,
{.J I AL R KRS

- . - - i .. W - dmwit - usE s N b s

BT L E PPL PO | TR P g

B T o T e, el B oy g e . i P T T T T

| hmde mom

r IF
II'*IH
gy —

S

[
T
1

e .
[ ]
[
o e e ey R
L]
=l

-
—

Rk
¥l
|
=

¥

.
Al
. .
p -
‘—‘:

y
—I'
1_
—
Fl-ll
il
-~
[ ]
I
-
L |
il
i

L
r
L

v © I RpeT SERL R

' = e K
- I._-_.._" ey R l.i..ﬁ... .*.u.-.*.....-..1 l..._.-_.-l...____-..iln.l

Fram OFTE P LMRRGY A, O

i
i
:ﬁ
1
'

R A e b

Aty g = .

[ |
N o 3 Al
” ﬂ _..._-.. - il ! ..I.“_
_"..l s - L * M L .

-

89

it
il
b1

1}
e

J
L
J

Ul

L}

R I | i_-..T__.. L i_ru,w;ﬂiﬂ:_...‘..q:_ Y-

bl

&l

0

T T

m.w.--.— ___.--_._—...-. n _ .1....-— 1

iy
vd
i

i
£}

1)
i
6
41
P J

T

1%
%]
»
]

i)

2
G

]
L)
L]

L

- ¥

)
C)
)
I”]

]

“nl.ﬂulm

i
Ud
3
i

S TH LI (V0 0 0] e

cm At o = . e m marrErh d gy - - " mm o bl I oma L

noog ol mais mmmv
'

T R t th_ 171

Figure 10. SIM Chromatograms of HFB-De

Program.



NAME RTN
N=1
CHR 20.5:21.5, 394
ITH=14
SM
INT
WHILE NPEAKS<=0 DO
ITH=1 TH-N
SM
TH ITH, 0
INT
N=N+]
ENDWHILE
GETS
A=XHIGH
STI=A
RTS=ST1
STARTSET
PLASNSIM
NAME PLASMSIM
ACT=ACT + 1
RTW=1.5

[F ACT=1 THEN
PRINT
WRITELN 701, STI(ISID) 5 a-ANDRSTANE-3 «,17 £-DIOL
RT1=RTS*1. 000
RT2=RTS%0, 494
[TH=10
[01=394
102=470
DRAWZ
ENDIF

—y o R sk wis gy ey g CEEE S A A ke g™ TR I T A B G e o o W A A TR ey R W AR A e ey S A A i’ T BT B T G S S e o A A S SR T S B SR mpyy T B BT A Sk v T OWE G sk s oy TEE

Table 9-2. Macro Program for Plasma Androgen.
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IF ACT=2 THEN
PRINT
WRITELN 701, EPITESTOSTERONE
RT1=RTS#0.505
RT2-RTS#0. 542
ITH=10
101=680

f 102=482
DRAWS
ENDIF

IF ACT=3 THEN
PRINT
WRITELN 701, DHEA
RT1=RTS#0. 545
RT2=RTS%0. 550
[TH=10
101270
102680
DRAW2
ENDIF

~ IF ACT=4 THEN

§ PRINT

f WRITELN 701, DIHYDROTESTOSTERONE

% RT1-RTS#0. 575

[01=414

DRAW2

ENDIF

ENDSET

QUIT

i NAME. DRAW2

i TH ITH, 0

ANDROSTENEDIONE

TESTOSTERONE

— G o T e T T A I A e’ T B T A sigee T AL gy A opge TS ke gy LA B o A mgge S Bkl ol e wagy B i gy e mpyn VL N peay D S g e g W ey e v s sl PUEE S TR L oW O S Y W ™ S ek TR SR s S

Table 9-2. Macro Program for Plasma Androgen. Continued.
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Wi 1, 0:0.5, 0,5:1
Wi 2, 0.5:1, 0.5:1
CHR RTI-RTW:RT1+RTW, I01
SN

INT

! DRAW 1, Y

' DRAW 2, X

SCREENP 550, 320
TAB RES, "#6:", Y
TAB RES, "#6:", X
PLASMSIM

NAME GO

TAB HE, "#6:"
ACT=0

RTN

Table 9-2. Macro Program for Plasma Androgen. Continued.
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B HIAMoAE=  androsterone, etiocholanolone, dehydroepi-
androsterone, 1l-keto an, 11-keto an, 1l-keto et, 118-OH an,
pregnenolone, 11 S-OH et, progesterone, pregnanediol, pregnenediol,
pregnanetriol, 16-pregnenetiriol, THS, THE, 5 a-THB, THF, 5 a-THF,
cholesterol, prednisolone, cortol, B-cortol, cortolone,
B-cortolone, THA, THDOC, 5-androstene-3 2,16 ,17 S-triol(5-AT) 9
BAABANME RHEEH S EA%RG. AP ZEHRel=
TERYoE WiHeld o ARVSoldSe ANIAZT sol:
prednisolone 2] ZAFoE T FHEF JEHF L5228 9 EA4o|2L

AHste] BHzAL AUt

folA]  EAY ZLHRel= XEEFNA THA, THDOC, Cortol,
B-cortol, cortolone, B-cortoloe, 5-AT+ F71¥ HJTYEEA, o|&EF
THA, THDOC:= 17 a-hydroxy moiety S Z=A] ¢7] wlFo] 17 e-hydroxy
deficiency ¢! 4% 23 w43}k  wiebA], 17 a-hydroxy deficiency &
AGe AL §83% £x]71 Hcef, R, cortoic acid®] €5 ¢ cortol,
B-cortol, cortolone, B-cortoloneE ®zl, o]E2 A AT Wol
dAA AR AR AHEFEH 2US AW FEoE2EH o 9
AZZ s&8F AU YA odAHE ZolEmzl A=
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testosterone, t{estosteroneZ plasmaoljrie]l APPEMH ZHAESE 429
8tsich.  Plasmaolli= ©}E androgenol SoulgF EAst7] wFEo] AR
Axe]l 2 C/MSo] Fde7] A¥ FEA #APs A¥sSod W
olglFeol uwfc Wiy EF dAFdAE HA4HU Aol 671A)
plasma androgengs ABIFTZH, 4, AUA7sAHsGEF, E&

androgen Z}-golid5 o HAARE o]&stA 43,
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Appendix
Figure I. SIM Chromatograms of HFB-derivatized Androgens in Plasma

Extract by Macro Program(Normal Male of age 26 years).

Figure II. SIM Chromatograms of HFB-derivatized Androgens in Plasma
Extract by Macro Program(Normal Male of age 30 years).

Figure III. SIM Chromatograms of HFB-derivatized Androgens in Plasma
Extract by Macro Program(Normal Male of age 25 years).

Figure IV. SIM Chromatograms of HFB-derivatized Androgens in Plasma
Extract by Macro Program(Normal Male of age 22 years).
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Figure IV-2. SIM Chromatograms of HFB-derivatized Androgens in Plasma Extract by Macro Program

(Normal Male of age 22 years).
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