Measurment of 18-Hydroxycortisol by Gas
Chromatography Equipped with Single Ion
Monitering; Establishment of the Method and its
Clinical Application
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18-Hydroxycortisol O H A7 v < } 757 4/
CUITNAFVEZEY VL L AHEIEED
MEYL &t DERKRPEZRDOBS

SRAFEEBOMFLHME (L HERHLR
Ao —
(ER 542 BI0AEA)

anFVub (cortisol, F) DISKIKER{LIZ X h &F X5 18-hydroxycortisol (18-OH-F) 1, 19824, Chu, Ulick iz &
D, BRETVFAT e vEBEORFL VOO CTHERAEINLEIBREAT =1 FTHD. Lhrl, RKEAAT A FO
BELMEE LR, 18-OHF 04£FEBRCHMET, FLORESH LOERICE L CRTHOEALS V. SEEEIT, B
i 18-OH-F O X HIEHIMERELTd7cd, FAZe< 757 4 /v v FA4%vE=8Y V2 (gas chromatogaphy/single
ion monitering, GC/SIM) IZ X APUEELHIIL, BEBGE 7 rn~ 257 4 —~F24+ 4 4 7 424 (high performance
liquid chromatography-radioimmunoassay, HPLC-RIA) 12 X 2iI%E & thEi#&Et L. Fiz, 18-OH-F OS5 WoOBGRF2HS
PICTHENTREELHEIESHR, BLU7ee FUMNARET, bav—T7 vt T vy VRERIELEEED
18-OH-F 0% By#% 7/v FAF = v, 18-hydroxycorticosterone (18-OH-B) B & LLatist Lic. —F, ERUT AL FAFu viE
DY 724 TDEHC 18OHF Bv—p—ATF A FLigh 5 2T(ERERARD D, TAVAT e vEARER L O
UTNFATFr v ERERZ WL 18-OH-F, 180H-B, 7A FAFa vEHELXRELE:. FORER, GC/SIM 12X %
18-OH-F JIEIZ &\ T, BEMRIZ 2.65nmol 75 80.0nmol DEFH TRIFLERENB LN, HERNBEEIT6% T, AEY
BELIIBTH o7z, RNKER 2.65nmol/50ml RTH - . BEZCKITHESEB L b, B 18-OH-F, 18-OH-B,
aldosterone (aldo) BFiftik, T RTEBCH ML, ZOBMEIBOaLFaxrT oAl FCRIERAETH- . BEZ BT
A7m4 3 FYMARICESVTE, @A 18-OH-F, aldo X EFICHIN L7z2d, B 18-OH-F R BB PRI ehotz. =
DBEEELTT7 e FIMAMCIZ L= v —7 v O+ 7 vy v B~ORIBSREORFENE %, 18-OH-F 02485812
WRBERIE DD EEL BN, 47e & b1 18-OH-F, aldo AT LT LR LzFEr S, BEAKCK T 18-0H-F &4
WRv=2v—7voF 7 vy yROXMTEDDHEELDR, RETA VAT e vEEZ, 74 FAT e vELBBICR
TREUETAL VAT e VEEX D LBETH -, BERETR 7. —F, B+ 18-OH-F, 18-OH-B kB3 7 /L F A
TRVELBRECEGCTHEREET A PAT r VEL D AERCEMETH D, R4 18-OH-F Brlt BRI LR+ 18-OH-B Bt &
RELF$Z, 7TV VAT e VEEREBELBERET AV AT e vELOBINCEREZE 2 bR,

Key words aldosterone-producing adenoma, gas chromatography/single ion monitering,
18-hydroxycorticosterone, 18-hydroxycortisol, high performance liquid chromatogra-
phy-radioimmunoassay, idiopathic hyperaldosteronism

18-hydroxycortisol (18-OH-F) 1%, RREME TV FAF = VEHE
FORFICABERE XN AHHE - LT1982412 Chy, Ulick
LIZX h D CHEEBRAEIRLY. T0#, BITBREMBOR
FERWC X b, 18-0OH-F 12, cortisol (F) % #&EE & L THREAMIZ
18-0x0-F WA I N HENHER I 1™, 18-OH-F 0I5
AT & LT, BIBEEHR B+ =E v (adrenocorticotrophic
hormone, ACTH) BB R AL R LTV HHELHEREI LT
WA — IR TR 18-OH-F WA EST 528, 4
BAY7 voF 7Ty v 1 0%E5E T 18-0OH-F oGt R 5 h
us L HiEE X RT L BT, 18-0H-F DAMSMENE, $ 55

NanFad Vigh, Zraanrsas Vit A Ll
<, 18o0x0F &2wTd, i x3ranrsaf FFEKRER
aldosterone (aldo) ©0.6%, Z/ a2 aLFa A FERKIZFD
3.8% LB TEIEAHY, Gomez-Sanchez HIZ X » THAIR
T ZALORBRRELE T L N AT m VEDRREEILIC
18-OH-F MO ENZ LWEXREB LTV,

L Liahh, FE, TArFaFe vELRBREOM, ¥+
AV URIEME T VAT v v fE (dexamethasone-suppres-
ible-hyperaldosteronism, DSH) = 36\ ~"C 18-OH-F O & 4 JTHEH
bbb, KATaA{ Vit DSH HERMAT v F TV

Abbreviations: ACTH, adrenocorticotrophic hormone; aldo, aldosterone; B, corticosterone; DSA,

dexamethasone-suppresible hyperaldosteronism ;

cortisol ; GC/SIM, gas
jon monitering ; HPLC-RIA, high performance liquid chromatography-radicimmunoassay ; 68-OH-F,

chromatography/single

N e
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18-OH-F @ GC/SIM & = DEERHE S 239

PEDEBENRELRTVDE™ . —F, HERTAFAT A Y
i, ERETAFAT e VIED S HR20-35% & Hb b L &
TV B, FEOWINC KT 2&EFIZHENT, LTLIEST
7ol PR, BEEMAT RS VOSWBREORMEY Rt
5 e T ARANBLZNTD., ThLOFTTRERT NV FAT
o viEK BT B 18-OH-F EAEWL, 7TAPAT e VEARE
£ DSH ¢ Rich, EFELAETHD LREZN, KR
BTNEATRVEDY 7 24 7OEHNBHO~—n-L L
<, 18-OH-F MEDHERMEIEH Sh T a0,

UtnmBRrsE i, EHILT, RF18OHF 0L hIER
NEBXYBIILA D, HAZr= I S5T7 4 /v v Il d
v ®=2%1Y v 27 (gas chromatography/single ion monitering,
GC/SIM) 1= X ARUEBEL ML, HROBERG 7 m <+ 7
574 —32VFA &7 v A4 (high performance liquid
chromatography, HPLC-RIA) &9 = X A {IEfE & L8 &5
L. hWT, EBR (D) ELTVv=v—=T7 2T vy v RO
18-0H-F HWICE LiETHELY WA T, BEEYHE
LL, ELERRE, KLU 7 et FUMATHET - ED
18-OH-F OFEBEHRF Lz,

ww, BRI ELT, RERT AV FATr VEQRELA
BB L 0ENZKIC BT S 18-0H-F 0BHYPOLMNICTHE
BT, KERELXNRICETS 18-OH-F LT R 18-hydrox-
yeorticosterone (18-OH-B) e L, H#& L1,

W& REUFE

. R%E*

1. GC/SIM iz X B flEE:

1) R+ 18-OH-F #izE (M 1)

BHHEMUED, Sml DA Z /7 —, 10ml DERGKEZRLTB
7= Sep-Pak C18 (Waters, Massachusettu, USA)"IZ R 50mi %
EALZ. 10ml DEBAKIZTH T A2 EERE, 6ml OFFEE= 7+
A& (Ethyl acetate) \oTEBEA T & 4 Vo ERHE L.

B+ LA ER T ADOK DT TEEK, 5004
OFfEE = F NV IC CEEM L. 18-OH-F & 6B-hydroxycortisol
(68-OHF) & & s Biced, Ml E A+ F v LT WEE
Brrm-<1t 2357 4 7L — Lt (Reversed phase thin layer
chromatography, r-TLC) (Whattmann, Maidstone, &) IZ#s
Mlz. rTLC ORBWICIZA %/ —n /K, T/3 (v/v) & H
v, BRCTRBE LA, 1y ¥ gL L 1I8OHF o
Ri {E120.83CH b, 68-OH-F & Rf {E1X1.13TH » 1.
18-OH-F 4E* I L, 3ml ©0.2% bV =F AT I v —x &
7=V AR, S04TEEE L. B2 Aml oEL, BB
WAME#Y)E (internal standard, . S) L LTAFZ <R T
= (FOEREE T3, KR, lug Hinz iz,

ERTAGEE, F-BEEOBEBLTPLLTATRA
FOr rEDA b+ FF v albktr 5w, 12mg D o2 Fbn
A Fedon7 s ViR (FCMETE) & 300u Oy 2o v
(M T #n%, 70CT 1 BFEMB L. T, BFR
HRAEE T vl EEYE 2ml OFf=F N &
Iml DfgFIREAREINZ, BEB=F LB AT nA FOEELY
T&%, SAMAEKBILBREDO A FAAL FrREVYAT IV

BRI LI, RICE 2BREEOFELLDOLD, Flg=F
NBEOSBRL, EREEK, 0 ON-PV 2 FL Y g 8
v — L (N-Trimethylsilylimidazole, TMSi) (FIYt#i3E T %),

90ul D N, O-2& (P AFLYL) T& I F (N, O-Bis
(trimethylsily) acetamide, BSA) (FIYtHIZE T 2), 60ul D+ U &
#F127 awvF v (Trimethylchlorosilane, TMCS) (F1Y#iZE T
#) %Nk, T0C TISEMmME L. HESLABE, BROH
BRI 70, RIGHE % Lipdex 5000% 7 4 (Sigma,

St. Louis, USA IZ@E LT, 2mlD~FH v /LY S v /~F4
AFNLYSHY (FINMETE), 98/1/1 (v/v) ZAVEBEL
fo. BHRYERA AR TEEE, 10d O~F4 /N, O-£'2
(PURARFAYYAY FPYVTAERrRT 2E I N (N, OBis
(trimethylsilyl) trifuluoroacetamide, BSTFA), 1/1 (v/v) I TH
WL, 5% 24l % GC/SIM 1A L. GC/SIM iR,

GC/MS-QP2000 (BB HIERT, RE) 2BV TT » 1. RIESRHK
LT, FoE¥FU—pFaix, B 16m, AK0.2mm, &
[E0.33um @ Ultra 1 (Hewlett Packard, California, USA) % {&
Bli. EABEIZ, 300CL L. »T2BEZ, WHRE
80C% 6 MR FL, 200C & TOC/HWTHE L, 200CH

ISep-PakC18(with Bml ethyl acetate)-extractrion

v
IELC—separation J
v

Add 1« g stigmasterol as internal standard to the
elution from the 18-OH-F fraction

v

Add 12mg methyloxime hydrochloride and 300 u |
pyridine,heat at 70°C for 60min{Methyloximation)

v

Add TMSIi/BSA/TMCS(S0 4 1/30 . 1/80 w 1),
heat at 70 ‘C for 13hr(Trimethyisilylation)

v

Lipidex-5000-extraction

'

|Redisso|ve in 5| BSTFA and 5« | hexan

v

[Apply 2 41 10 GCisIM |

r-TLC; reversed phased thin layer chromatography
TMSi; N-Trimethylsilylimidazole

BSA: N,O-Bis(trimethylsilyl)-acetamide

TMCS; Trimethylchlorosilane

BSTFA; N,O-Bis(trimethylsilyl)-trifluoroacetamide

Fig. 1. The assay procedure by GC/SIM for urinary 18-OH-F.

68-hydroxycortisol ; 18-OH-F, 18-hydroxycortisol ; 18-OH-B, 18-hydroxycorticosterone; r-TLC, reversed phase

thin layer chromatography



H320CTETIOC/HWTHRE LY. BEEHL, 1+ /{LBH
300mcA, 4+ V{LBE 70eV, IHEBE KV, £+ V7 —H
ANV 9 a) 0.6Kg/em* WTE L TRIELK., £E=8) v
14V, BRESIUHREXZERLT, 18-OH-F LT
693 (M-31), AFF<=2F o — LK LTI84 (M™) 2 7.
18-OH-F {EiZ, BMEMHE T3 L UMBAD e — 27 BDOH X bk
»ic.

2. HPLC-RIA = k A HIEEE

1) [k 18-OH-F DllE (K 2)

R 0.5ml 12 2000dpm @ *H-18-OH-F 3 X 0% 100ul © 5 % D
REEKFEF PV 72 BEE ML, 4ml QBB = 5 L 10 THH
®, ERTACEEL, EEYx =2/ —VCEBBLE. %
D% HPLC w#E A L. HPLC v 2 5 43 LKB (Pharmacia,
Uppsala, Sweden) ¥ B TfT-7. # 5 41X 4.5cm X 35¢cm,
54mODS # Z & (Backman, California, USA) % L, BER
#igs CTOBA (BEBERN) 12X h25CIHE L.

BRI, K/ 7= VA /227 —0, 72/23/3 (v/V)
T, MBI 2ml/CEE L. 18-0H-F DREEREI21H T
Hotz. 18-OH-F HlEix 5B LIt BRAMEIZ T RIA #1575
7z, #1 18-OH-F #itk, ‘H-18-OH-F | Gomez-Sanchez f&+
(South Florida BRI K%, USA) & hit5 v Zitie.

2) M 18-OH-F oifllE

i # 2ml ¥ 2000dpm @ °H-18-OH-F % I % 7= % ,
Sep-PakCI8 W@ L, » &/ —ATHE L., F0#%, RE
18-OH-F & @Dk T, HPLC 48tk RIA %1 - 7.

3) K 18-OH-B D illE

R 5ml iz 2000dpm @ *H-18-OH-B % nx 7-#, Sep-Pak-
CIBIZHEL, A%/ —ATHHE L., TO#KHPLC SH* 1T -
7z. 18-OH-B ORERFIZ2T4 TH - 7. 18-OH-B 04 Ex 4
Bk, BROTHGY RV RIA 2477, #1 18-OH-B #itk,
°H-18-OH-B 13 Vecsei @+ (Heidelberg k%, Garmany) & b
HErZIT.

Add 100 x| of 5% NaHCO3 and 2000dpm
of °*H-18-OH-F

v

Extraction with 4ml ethyl acetate

'

Redissolve with ethanol

v

Apply to HPLC

v

Radioimmunoassay in 18-OH-F fraction

Fig.2. The assay procedure by HPLC-RIA for urinary
18-OH-F.

4) [Reh aldo DRITE

R Iml % By, BEHOM<®, \EIz T pHl wiRk LK@
%, RIA %5 b (B—8E, HF) CTHEL:.

5) Mm#ff v = viEK (plasma renin activity, PRA) DO#ilgE

Ethylenediaminetetraacetic acid (EDTA)-2Na ARz T
i 4 CRETHEEOE, Mir 8T, MMCEnRREs
LT voA T vy —vHEEHEINL, 37CT 2~ 3RIAR
CRE, FlEEINLET v+ T vy v I% RIA £,
(FarEy b, ®BR) THEL, *OBMBRIOEREY L =
VIEME L L.

1. ERHET7ILERFOECEKT 3RS 18-OH-F HEtt

DOI]E

NBIBHDOFERMT N VAT v VEERET, 168413741
AFrvELRE (BEIE, 14, 3B5-720F), 945K
EUETANAT e VEE (Bl A%, K54, 32-68F) Th-
o. BOE, BV Y AME, Br=vilifE, TLFRFry
EEBROBBNBESEE I VERRT L KA 0 vEEL
ZHIhi.

FruazangFal FREET A VAT e VEEORND D,
FERYAF VY 2meg/B, 2BEBEET-. FEy Ay
YREW I DMET A FRAT e v(E, MEH Y v AE, 0

— 81
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Fig.3. Calibration curve for the determination of urinary
18-OH-F. The horizontal axis indicates the urinary
18-OH-F concentration. The vertical axis indicates the
peak height ratio (18-OH-F/internal standard).
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Fig.4. Correlation between GC/SIM and HPLC-RIA in the
measurement of urinary 18-OH-F.




18-OH-F » GC/SIM & T DRRMER

EAE#L Lic i,
e VERBRA L.
EBEIRY v 7Y v /TR TAMEIBEROLET A F A
sFuvEREL, CT A%+ YREBLWTHERUOREBEEEZAD
HGBE, BREET AV FATr VELBHR L.
IBOERMET A VAT 08 VEEY 7 2 4 FTICRITHENE
Fozit, MBHVOLE(TNHFAT e vELARE, 2.7
0.2mmol/l; M7 N FAF = VEE, 2.940.3mmol/l), miE
Ve vER(TA VAT e vEARE, 0.0811£0.011ng/l/s; ¥

graandFal FRIGET NV FAT

p<0.05

241

EHTAFATa ViE, 0.089%0.031ng/l/s), MiE7 NV FAF
o VBE (TAFAT e VEARE, 1410£270pmol/l; Hset:
T FARTF rvfE, 896+350pmol/l) THH, ThZ hif £
CREBEERRDRI 1.

B, &, > 1Y Y4 180mmol, A U ¥ 4 60mmol &
EUEEYED, B el LY 3BMETL pPIE L.
X, xoia, Tra-nbEz Rk,

. 5 ERIC & BRP 18-OH-F HEtt OB Et

SEZDEBZECS L, ®EA (NaCl 180mmol, K60mmol &

p<0.05
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Fig. 5.

Urinary excretion of aldosterone, 18-hydroxycorticosterone and 18-hydroxycortisol in patients with aldosterone producing
adenoma (APA) (N=16) and idiopathic hyperaldosteronism (IHA) (N=9).

There was no significant difference in aldsterone

values between patients with APA and IHA. The values of both 18-hydroxycortisol and 18-hydroxycorticosterone were
significantly greater in patients with APA than in those with JHA. The shaded (area) indicates the range of normal control

values. The horizontal bars indicate the mean.

p <0.05 =
e b - P <0.05
% F r 1
5 | € 30 £ 1000 -
) 80 ° €
g 5 <
< 2 a
] a = 750 -
S 8 g
2 £ >
g 40t g g
©
= E 15 | T 500 [
> g 3
3] o’ Bl
£ ® z
> oy 2 250FfF
© -
£ =
=]
Normal Low Normal Low Normal Low
sodium diet sodium dict sodium diet sodium diet sodium diet sodium dict
Fig.8. Effect of sodium restriction on the urinary excretion of aldosterone (aldo), 18-hydroxycorticosterone (18-OH-B), and

18-i}ydroxycortisol (18-OH-F) in normal subjects. Sodium restriction was achieved by 4 days of low sodium diet (48mEq/day of
sodium) after normal diet (180mEq/day of sodium). Three corticosteroids increased significantly after low sodium diet. Shaded

area with horizontal bar indicates the mean®SE.
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Fig. 7. The effect of furosemide administration on the plasma level of aldosterone and 18-hydroxycortisol (18-OH-F).

) LEIE AR 4 H B (Nacl 48mmol, K60mmol &%) TOR
7 18-OH-F, 18-OH-B, aldo D &&kift &% LIRS L.

V. 70t2%4 FiIBFEO 18-OH-F SR ZEHOHET

WAoBENEEYELT, BOE, BEECHE X OBRER
EEIDIECABRBELR (B 8L, k104, FHESMD) &
W7 wEwA F 80mg PR, ABERINIARITY, £ ORIK
<if, R 18-OH-F, #7A VAT e vERIE LK. BRF
18-OH-F fllED DRk, 7 r k<A FRIRETO2465HEK,
3B X CPIRE D4R D & 4 50ml 27,

V. #EtaE

WEEIVSh L P L ERERETR L. FHECRE
EWHEIL Wilcoxont-BEXFH:, BRES UL T THEED
hEf@ELI.

54 "

. M AIERERUVEEBRY
Freh 18-OH-F © GC/SIM ww L AHIETIE, BR/IEE R
2.65nmol/50mi R TH - 7. WERTIL, B&H 18-OH-F 2.65
nmol 5 80,0nmol DETRIFILEHMEAEONAL (K3). ¥
fo, BIFEREEZL 6 %, WEMBEZRINXTHY, BHELH
RTEBHETH -,
18-OH-F ® HPLC-RIA &= X 2T, B/NERER0.13
pmol/tube T# »7c. PEPFREL 9% T, WERMBRERIZX
THo7o.
I. GC/SIM, HPLC-RIA WHIFE*IC & R 18-OH-F {&
(-4 3
F—R#&&Ex A\, GC/SIM, HPLC-RIA MHElEE R T
18-OH-F {E#& k. T ORER, MHEW L2 RIEME S HHBE RE
r=0.81& BIF/REBEER L. LhL, £BRECOHTOME
wHAH L, GC/SIM JEEDHH HPLC-RIA JIEMEIZE~E
WERERRLE (K4). '
M. BREMT7ILEAFOLECETDERS 18-OH-F HEtt
Qe

—~ 3007
>
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Fig.8. The effect of furosemide administration on urinary

excretion of 18-hydroxycortisol (18-OH-F).

Kb aldo BEHEZ, BREMET AL FATF o VEETIX86£25
nmol/BTHH, T/ FATFE VEARETIZI61:78nmol/H
Thote. MEMCEERZIR DN ST,

Reb 18-0H-B SRt &3, #HFEM TV VAT = VETRIIE
3.3nmol/BTHH, TAHFATm VE 4§ ETI239+5.2
mmol/BTHotc. TAFNAT e vEABRBI S THECS
ETH 7. FRI18-OH-F Bt Bi3, RET L VAT = VIE
TI3541£93nmol/BTHbH, TAFRTF v VELRE TR
1660+318nmol/H &, BERX BV TEBELEETH - (B
5). .

V. S5%IBIC & 3R 18-0H-F #Ett 0 L# D%t

EAEIBRIC X b Repo- b U AEEIZ170+53mEq/R X D




18-0H-F @ GC/SIM &+ DEEKIE S 243

;8+4.7TmE/B~EFA L, ML = ViE¥EI2 0.7£0. 20/
mi/hr 225 3.2+1.0ng/mi/hr ~& EF LT R aldo BEtE
12, f4 SR X b 20.5£9. 2nmol/ B & 40.0£15.0nmol/ B
AL EEREME T L. S, R 18-0H-B Sk,
7.242.8nmol/B & 1 15.5+6.Inmol/ B~ L HELHMME T L
1.

Feh 18-OH-F Bt @2, oI X 0 508+7Tnmol/H &
n 1013+413nmol/ A~ & R/ ME R Lz (K 6).

V. 70t<4 RI{IAREEO 18-0H-F SBEBORE
smt<w 4 FYMABIC I H, M aldo 12 244.04£30.4
pmol/l % 546.6:£64.6pmol/l ~& FEIcHMIMER L. FAR
\o ik 18-OH-F 12 1.39:0. 14nmol/} 2% 2. 18£0. 23nmol/l ~
LEBEME R L (RT). R 18-OH-F BHt &1, AT
+137.5+15.4nmol/l, BHHT128.8+13.4nmol/I TH 0, H
ELEBHYREDIeh T (K 8).

% ®

19824 Chu & Ulick bid, BEM TV VAT = VEEBREDHE
A7 e A4 FoEEY GC/MS SR, RO -2 2 R07EL
k.o HEYBEESHTL, TOBER, 118 17 18,
91-tetrahydroxy-4-pregnene-3, 20-dione ; 18-hydroxycortisol (18-
OHF) ThnLAELE". &bk, 7TAHFATFr VELRE
MR 54 A% HF 25N TRBENC RV TER LI
B2, kE®D HISOHF DEANER S AL, L2 L,
*H-corticosterone (*H-B) & ¥ L7234, *H-18-OH-F £
Bofrhotc. U EORESL S 18-OH-F R FORERBEY
Tk, BIBRBIVAWERDE AT ol FTHLHF, ¥
f, P &AL LTEBIRAENRI ALY

EIREBREG, 1T AKBRLEEL R, ZOBTERS
hAAFr 4 FiZ 17-deoxysteroid Bl%, corticosterone (B),
18-OH-B,aldo Th 5. —F, TR KELBRVRBE I h 2RI
BTz, MRBCED LD IBAKELEEZRIALTVAR
B, RRBTERENWDITFEAT L FRIFTH 5. 180HF
1, 176z, 18w kEEEAE L, MEOMBREYETHL A,
B, "7V, FRAFrAL FEEHREA, AIBACBTS
18-OH-F g & LT, UWFD 2 o0k HEIh Ty
5. 1003, BRIRBELRRE L OMCME L, WEORIENY
& U CITh KB LB & IS KER(LBER O E B L TV 5
WHaRED & 7c 5478 (transitional zone) THM I 5 Al HEY
THHE® 4103, RRBTERESNZF AP &
hEIB~OBEROB, BRREXEEL, I 2 TISMOKBEL
BRI D, 18OH-F #4&MT2ESRTHS. BIFNMIIZSt
UL BRMUANE? S P A RFOUEFREBR LTS
B, KRB TERSh - FREETRRBICEBRA LG
V. Davis 5%, HERHOZUMEZRAT SRS, EFA
T, BHEOF, BIUBEHEF * 8RMEAZRY TV,
180H-F nELBELFA. TORR, BEEOFRXEALR
%4, 18-OHF 04RO MIAD bhes, BAETIR
Bhhishh ot fEo THSDRED L, BERSIIEEN
EEZ2bh, 18-0HF RBITHETERIND L THHNEL Y
DTRIEWHEBEIND.

18-OH-F 2%, ERMEET7 NV FAT e VIEERETELEZSWER
TWAEEIINL, BRETALFAT e VEIREWT, Tod
R=—v R, {&H ) v AMEE, BOECBERTLFATF VY

WEWHT L HBAI LAV ERLAF X viEE S h, Binavis
ixSmalFas FELTD 18-OH-F OBFHFNEEIRT
Wi, E DA, BERY 7 Gomez-Sanchez HDOEE T
i3, 1B0H-F D s 2S5 arFad FERENOEESEILT LV
FRFrYD0.13%THD, Fraardal FEEE~NDOR
BEIIFEF AV VD0 1% ThHoT. Fho, XT3N
Fa4 FEM, Zraarsad  FERRAIEREL T TS
729 UTOREELD, Zhb 17 Yy FAT AL FOEY
HHERIIEDTEL, BERET LV FAT v vEORECHS
THUREN IRV EELLRA.

18-OH-F oo fRatw@ L, B\ T 18-0OHF 2
18-0x0-F B I B MY, Z OFEFIL 18-OH-B 2% aldo i2%F
BEINHOLABROBFIZL D LEEND.

EXMTLFRAT e VEBRZI BT 18-0HF Lt
18-0x0-F DWW AELTWAHERL D, 18-0x0-F DEHFEN
EM LB, bR L7 18-OH-F & RA#BEDOERR
TRIAINHEE, 180 FDixFrarsdat FEEE
DREAEET aldo MBI TH D, FNazFalf FEREN
DREAEIFFH ATV D0.2%ThHotz. $2FAarF
24 FIEMR aldo ©0.6%, A a a3l FEEZTFY
AV vD1.06%, FO3.8%THH", wIhd, 18-0HF
L, RITASORAEETRLTRD, EHOZIFBEERITLD
LTI WEE L bR,

4@, BEHRELAEEBRCKT A I8OHF E£E, ¥/
18-OH-F HHHERFEX AN, A2 7 = 4 FOBRKHERL R
T 518, GC/SIM IC X A WELH XL L., —8ERBRECE
\~Tix HPLC-RIA, GC/SIM D@k & h JilE L, mlEs
DHEBH T -1, AHEC I AAUEBOBERKL =
0.81TH -T2y, GC/SIM iz & B MIEMEE HPLC-RIA DOfIE
L hLEHEAERR L. GC/SIM iz & ARl TR, RER
Bl M A v OBREOMARIC LD, REESRES
nTvsd, —7, RIA R IAMETIR, Va3 LT LY
18-OH-F 1o BRI Tievod, HPLC K CHMiBr BT
— WA ERIED D BKEMT D A EE RSB L EX LR S.

BN, GC/SIM Tt 2.65nmol/50ml R TH B DIz %t
L, HPLC-RIA Ti% 0.13pmol/tube TH h, BEWE L TiX
HPLC-RIA & i nsFEENCER T3, GC/SIM FHic By
T, #AZe=T b 257 4 2T L8N H 5D 18-0H-F
REEENAES, HOF L ET ) —h 5 ATHE L FE
BRI EINELDE. fERL D AT A F GC/MS H#7
OEBELIZIT, r PRI LT A FAEs AL, KEREICK
LT hY 2FA YA {bdfibh TR, EELLTD 2R
BEDFES{LA B, UL, 180OHF 2@ & LT, 18
CkEEHEEETARAT A FIRZALORILBICH L2 E
EHEY ENTY, F LT -n T ARE PR, B
EAMETTAEANED SR, WBICHZ > 2REXEL
BHE P EFTV—HF AL 16m EECLORFERALE. LAL
—F, HuF e SV —h T ARERTH L, THENED,
BUKTFDOYAT S F AV FAUELL TV % 68-OH-F &,
18-OH-F DRERMIMED TEL fe-. £Z T 180H-F #l
EEOJAEMA BT B 7%, 68-0H-F & 18-OH-F &L Doy
B, GC/SIM 4#ifiic TLC 2T & 5B 1.

GC/SIM D #IEE L HPLC-RIA ORIEEE D ERYE
CREEELTWL orOfERAEL RS, & 11, fil
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Lick 5 RIA KBWTR—EMDOAFr4 FEDFERG
23& 9, HPLCRIA TREXKFTMT 2 TEETH S .
18-OH-F 18R %K, # 2/ —LErgst e, MOWRT L
51z free C-18 alcohol, 20, 18-hemiketal form & 2 D REES
ED 5%, BEORKEELZFA, 20, 18-hemiketal-form 234 *
hTWitWEYHERTE 2%, GC/SIM 2 X5 18-OH-F i
SEIT free C-18 alcohol IW4ERM A # v A BIR L TF -7, L
2L, —EEF T 20, 18-hemiketal form 22 L,
GC/SIM IZ X BARUTEI 2o 7R\ o, SB/NERAT L o ATHEME 2%
BowELzbNB.

FEOBMNERBECOWTOIHETORNATIE, 74 FA
TevELREOM, FEYAVIVEERTAL FAF e VIE
WWHEWT 18-OH-F EADFENMR S AT p00sm
BEMET VAT o AE, RERBELEEC 32 18-0H-F
ELEBRERELRAETHD EREIh T B9,

FERETLFAT e VEOERZMDOSS, 7AFATFa v
EERELBEROEINCI, B, RERSENERCERT
REIE#BRY 7 v, UNARZILDEADT AL FRT
B YORRBICE T ARIGERSBC LS TER. LaL,
EOBEXAVCCLE—DRET, FRAENZH I TSR
U,

FPRC BT, BEFRRREETA VAT e VEOY 7 24
TOEFNCEEL , R 18-OH-B, R 18-OH-F 28, =—H — =
FrA Fe LTERANBOROEREER T, FORE, R
H 18-OH-B, R 18-OH-F iz, HRM 71 FAF v VK
N, TAVAT e VEEBRBCRS G TEBLSEYTTZ EH
bl , BEHESICBI+ 2B b, K 18-OH-F DRIk
13 Ee 18-0HB LAETH 7. FHE, BEFCREF
18-OH-F Brifit& i 18-OH-B X h &<, EFEZEWEWTIIHS0
EDMETH>7DT, 180H-F O FREHND~—H—E LT X
hEREELLRS., L L, R 18-OH-F, 18-OH-B Bt &
i, BELEEREOBIZRS W TA =R —3F y T 5 L <L
HB. Lrd, —HOBEESNC BT, 18-0OH-F, H5B\ T
I8OH-B- Sk BEAXATEEB LR T I LN B BDOT, R
18-OH-F ® 18-OH-B OBt ENIEE TH - T HIREDO WHES
FELBETAHZ EILTEA.

18R AKEE{LDIEEL LT, FORBEWOLEBC T 2
18-OH-F O3 hBWEJlOo~—H - Lz hi85 &, BE
Irony ¥ 1 3E LT W5,

18-OH-F WO REMAR F 2 BE T % 7%%, Corrie, Gomez-
Sanchez HIXEHEEWX BT ACTH 85, 424V v

Ho §HZOH CH,OH
L o1
H,C C=0 ¢ —-0H
OH ..|||OH C

R
0 0

Free C-18 Alcohol Form 20,18-Hemiketal Form

Fig.9. Chemical structures of 118, 17a, 18, 21-tetrahydro-
xy-4-pregnene-3, 20-dione (18-OH-F). 18-OH-F exists as
the free C-18 alcohol in equilibrium with the 20, 18-hemi-
ketal form.
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GEfTo7. 180HF ELE ACTH #4510 THE A
L,f##xﬁfV&gwfﬁﬁﬂﬁ&Lt.itm$
18-OH-F B+ FEELFETFLENERE R L

2HIZ, R 18-OH-F St Bz R+ F = 18-0x0-F Rt g »
THERBED (r=0.36; p<0.01), (r=0.42; p <0.0])
DHB%ER Lz, LvL, Rk 18-OH-F gt & & ok aldo (¢
=0.36; p=0.15942) L OMBIRFED D hieh 7. Zhbo
RERIZ, 18-0H-F SWRAMnEEL LT ACTH KikHETHoE
ZRLTWS,

—J7, Gomez-Sanchez BZEBEIC B\ THEOERE, 7o+
T I BERT B 18-OH-F SWMOLEE) &8st L
EZA, EHHIBIZ 35 Tid 18-0H-F 4 Wds8in Liess, 7 v
ATV ITHEEW T 18-OH-F REEch -0, 5>
T, ZOFELIHEL AL T B, ZEi 18-OHF 4
W B JETHESHIRR O RS 18-OH-F, 18-OH-B g%
SV aldo BEMEDRIEHBF L, EBI, 7r+ 3 P &R
s, M 18-OHF, aldo DZEE) & $412 ffds 18-OH-F Bhitk o
BB >WThBEE M. EH6Bs L iz, Be
18-OH-F, 18-OH-B ¥ X ¥¥ aldo Bz TR LML, $0OR
BRI IEDOAT oA FCAZETH-T. Fh, 7a+1 Py
AR TiXfF 18-OHF & aldo iddticin L. Lirl, B
ISH A aldo DF D - 2. R 18-OH-F Bz LB %
REIrotzeh, TOFRRELT7 rt 3 FYARIZERE
DEFRB T, 24REMRFEHBEOEINE LTRBEI A%
BEDEBEE LMol b DEEL LR, ZThbHOER
i, 7rE 3 FYAMII7 L FAT v v MAORBE E~
HEFEA, 180OHF HWELMEL>B 2L, Thbb
18-OH-F i v=v -7 vt 7 v v RER T dsE
ZRLTWA.

B, Irony B2 TAFRT e vEARBERS X CEERT
NEATF B VECTROBEEESY L XGEESE T
AT R VEDCHFEYHEL TV, HHNERRLII4FAOER
RETAFAT e VEDS BI2BIAZDOHF =) —E4L
2. 5B 8 PIKEEIE AR A R LA, 7L FAF e vDs
WHRIRE L ABROEFATH 7. BOOAFIAAEORE
BrAETIN, TLUFAT o vOSUBIEIZERET LV K AT
B URE L REOEARTH -7, BOITETE L ERNEIEEY
B, BERLV=VvRIEETAF AT vELRE L LT TV
H, V=vRIGET AV VAT e VEAREIL, L=V RIEET
N AT e v EARE L AR EERBIBREE TR E
EROBENPETEL . FRRUEITEHM L HBELHC L
DGR E IIEROHBL A D . BEUET A FRF 5 VER
BIFESMA L VIIERCTLEROLEL TP DI L &
NTVDDEF LT, BRECERUEIBBYRIC B TLFER
BRAEHTHD, BENZHOEENNBAI LTV 5.
18-OH-F i, BEMET7 A FPATFr VER L = VRIEHT
N FAT R VEERBTRIRE L ZERSOEYTRTH, V
SVRGHET VAT e vEERE, RESEIBFEVRTID
WIER, B LENLEREEL5.

TARART e VEEREIZ ST 18-OH-F BEERTELT
WA TORBEIR T, 1D0EHRELTTAF
27 e VEARBIC BT, ROEDBIBRMTOEAPE
Zh, VeV AFENLUCHETARRBCERERLFS
BRENCEZRAT S THEEIRIESRLTVS. ZORRCE
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6&3%EWfFﬂB&K@kW%§H%§@1&@+Fﬁg$
xn5n. BE, BEARKI 3B-hydroxysteroid dehydrogena-
se™, 17a-hydroxylase®®, 118-hydroxylase®™"7s COBEEFEM N
4, P-450 17amRNA, 11AmRNA“DFFE SR SN TR, F
BEERNTEBEEERI 2L IATND.

¥ B

E@lMﬂF@GU&MK;%M%&&%tL,
HPLCRIA 12 & B & HBBET 21T » 2.

$7-, 180HF OHWBEEWAMCT BT, EFETSE
CESHBR IV 7B FUMAFZ T, 180HF,
18-OH-B & X U* aldo DB LS Lic. Fic 18-OH-F DK
%%i%%#m?étb,7»Fz?uvgiﬁﬁgﬁ%ﬁ7
N EAT R VEBRZICBT B RE 18-0H-F, 18-OH-B, aldo Bkt
BYIEL, DTFORREELT.

1. GC/SIM &= & % 18-OH-F HlE OB ERRIZ 2.65nmol A
% 80.0nmol OEETRFLERK LR, AFECL DN
ﬁﬁ%%ms%f,Wﬁﬁﬁﬁmu%féb,ﬁgﬁﬁ%%ﬁ
RTEARRTH-C. B /NEREELZ 2.65nmol/50ml [RTH D,
HPLC-RIA ©FMER T,

9. EEEBEZRTHESHBI X bR 18-0OH-F, 18-OH-B,
aldo 13, TRTEEICHEMLE., 7oxAd FIfL AT L
<, M 18-OH-F, aldo 12 EE R L4y, R 18-OH-F 12
EEOHMARIEN oo, R 180HF OEMzRDL
ot BEE, 7RI FUMABC LA V=Y =T VIOFT
vy v R~ ORISR T4 T, 4R BRI R E
PRIETREL b s TeicbEEL DRI, M- 18-OH-F K
Gk aldo EEF LT WHBENDL, ZTOAT A L= % s
Bi=v—T7 v o7 vy yRER TS LAIcEhIc.

3. ReR7AFAF e v kg, 7o FAT e VEEREC
BWT, BREETAFATEVEINLEETH- 1, FE
feETIRIch »72. —F, 18-OH-F, 18-OH-B BHit &k, 7/ F
AF e vELBRBICRWT, BRETAFATRVELINLE
BrEETH- .

LEDRE» b, EH 1R 18-0HF oflEk, R
18OHB sz 7 L FaTe VELABBLHGERET LV FAT
RUERENTA L THRALTFR TS LERLL.
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Abstract

18-hydroxycortisol (18-OH-F), produced in vivo by hydroxylation at the carbon 18 position of cortisol, is a unique
corticosteroid, which was first isolated and identified by Chu and Ulick in 1982, in the urine of patients with primary
aldosteronism. The pathway in the biosynthesis of 18-OH-F, its regulatory factors and usefulness of the differential diagnosis
for the subtypes of hypermineralocorticoidism have not been established yet. In the present paper, to quantify urinary 18-
OH-F correctly, the auther has first, investigated the measurement by gas chromatography/single ion monitering (GC/SIM),
in comparison with the measurement by high performance liquid chromatography combined with radioimmunoassay (HPLC-
RIA). Next, to clarify the regulatory factors of 18-OH-F, the effect of renin-angiotensin system on the excretion of this
particular steroid, 18-OH-F, aldosterone (aldo), 18-hydroxycorticosterone (18-OH-B) were determined under the condition of
low sodium diet, and after oral administration of 80 mg of furosemide, followed by 4hr of upright posture. To further study
the usefulness of 18-OH-F as a marker steroid for differential diagnosis of the subsets of primary aldosteronism, urinary
excretion of 18-OH-F, 18-OH-B, as well as aldosterone were measured in patients with an aldosterone-producing adenoma
and those with idiopathic hyperaldosteronism. The calibration curve for the measurement of 18-OH-F by GC/SIM showed
good linearity between 2.65 nmol and 80.0 nmol. The coefficients of intra-assay and inter-assay variation in the GC/SIM
method were 6%, 11%, respectively. The sensitivity of the GC/SIM was 2.65 nmol/50m! of urine, which was less than the
sensitivity of the HPLC-RIA method. In normal subjects under low sodium intake, the urinary 18-OH-F, 18-OH-B,
aldosterone were significantly increased. The magnitude of response to low sodium intake was nearly identical for all the
three corticosteroids. In normal subjects oral administration of 80 mg of furosemide, followed by 4hr of upright posture
induced a significant increase in the plasma levels of 18-OH-F and aldo. However, the urinary excretion of 18-OH-F did not
change, and the reason for this discrepant finding is assumed to be that the stimulatory effect by furosemide-upright posture
test was not enough to influence daily excretion of 18-OH-F. At least, from the data of parallel changes in plasma aldo and
18-OH-F, 18-OH-F was thought to be under the regulation of renin-angiotensin system. Urinary aldo excretion was higher in
aldosterone-producing adenoma, compared with patients with idiopathic hyperaldosteronism, but not significantly. On the
other hand, urinary excretions of 18-OH-F and 18-OH-B were significantly higher in aldosterone-producing adenoma (39+£5.
2 nmol/day, 1660+318 nmol/day) compared with idiopathic hyperaldosteronism (19%3.3 nmol/day, 541193 nmol/day). In
conclusion, urinary 18-OH-F and 18-OH-B concentrations were useful markers to distinguish aldosterone-producing
adenoma from idiopathic hyperaldosteronism.



