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Abbreviations : Dex-P, dexamethasone disodium phosphate ; Dex-S, dexamethasone
sodium sulfate ; DME, Dulbeco’s modified Eagle medium Fk-P, hydrocortisone disodium
phosphate ; Pred-suc, prednisolone sodium succinate ; RIA, radioimmunoassay ; S.A., speci-

fic activity.
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DOREFTEAL EREFFEIC L > THRERET 5 0kt
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I. ACTH bioassay

1. 7y b EIRMie s E Rk

PRI 6 WD & -1 6 B LIS, o> RS £ B
B L& TEHE L7, AE 180~200g Ot 4 A
F—% Fw &Y by ¥—b (Nembtal,
Abbott Laboratory U.S.A.) FFBEL, b I F{HE]
BriEd Lo, B HUZBIRE, ke LR 20mM

Hepes, 10%EFEEEF Vv L, ~=v Y (&
NIy )Y G AU A®, 100 [U/ml, BIESBIEE), 7
LRT VY B(7 7 XV r® 0.25ug/ml R 7 A
7'#:) %&ty Dulbeco’s modified Eagle Medium,
pH 7.4 (DME, Gibco #, US.A.) xE», #ELE
F L7 tissue slicer (EEHBERT) TIE0.3mm D
AZ74AEL, 0% 2T5 5 —+ (1mg/ml, type
1, Worthington#t, U.S.A.) #&& DME#) 30 ml i
FilE S &, 3TCIRB T 40 44, 100 E/F 0% & TR
BL, OM5 SMBTTIC L 2R N2 BIBMHK
RS RIE, 710 Ay 260 ICTRBL .

Z4UZ DME #) 20 ml #H1Z2 E 512 100 X g, 10 £l
HEOH, LBEERBREL A 16%450 2 mE

(FCS, Gibco #t, US.A) #&ir DME (16%FCS.
DME) £M1%z, 100xg, 10 SHESFELL 1, LiE2
&L oMl % 16%FCS-DME I B & ¥ 7=, #i
JaidER R DML IE, 0.5% trypan blue THEE L
A EFEL, 1 X108/ml &% 3 & 5 MR
% 16%FCS-DME TH#HE L ;. ZOMIEER 1 ml
HHHLUDIUFCS-DMEIml 2 3EL TH 3
35X 10 mm tissue culture dish (Falcon #t, U.S.A.)
WhNZ, 37°C, 5 %C0,-95%0,D&META v F 2 _—
bU7e, BEEREIE, 24 R ICHT L SR s iR L
fo. BRTRBIL LA S MO I, BEEBHIS 36 BF
MRz 1T, AMEREBOSZEMEIE 0.5 N KL+
U LATEBMEL, Lowry 590 fETHBEOERE
ERE LT,

2. ACTH Hht Hi%

ACTH A B & CHEICE T Ty Y o 4L
L7245 AHBRE 2R L 72, ;i 0EmsEi e,
A~ AL L A 1~ 5ml 2 500 KIE/ml o &l
Fr7aFr (+r5Yo—1® N4z A—-RHE
#£) % 50 %, microsilica granules (QUSO G-32,
Philadelphia Quortz CO, U.S.A.) 10~50mg >Nz
TIRFIL, Sayers®DAFICHEU THE L, T4b
B, QUSO G-32 %0 Z /- Mk % 1 53R E. 5 5Hk
FUZEE L, 3,000 rpm, 10 RIS ELEOE EIE 5 %A
BEL, 2ml ZBEK TR LELL TEEE2ER S EBE
#2E DKL THEL, 1~3ml D 0. INEHES
MzaH U7, e ACTH #lE £ T—-20°C T
HRFEL, BIER2N KB MV Y424 pH
TORHEBLTEAL .

3. avFarTuryoflE

BEHROISmMIZY 70—V A% 2 15ml %148
Mk 1 IRMHBEL, KE2BRIIBREREZTHT 45°C
RBHTY 70—~ RAY v EEEL, 0.2ml =5 /—
IR Fo, I 0.01M Y BRI (pH 7.4) %
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Az 10 f5ICHRL, 20 0.1ml % RIA THIEL 72,
FaHic & 2 EUCE 98.542.5% (MeantS.D) TH
51 HEIERDOBIEERTRbR N7z,
4. ACTH E# iR
TFTEEFEHET v > & DB ACTH free D4 1 ml
2, DME i ¥Af# 7= 100 pg, 500 pg. 5ng ® ACTH
(1~24) (Cortrosyn ®, Organon, US.A.) @ 0.1ml
iz, BiBROFETACTH 2 MHGHEY
0.01~0.1 ml BB /@i dish iz, 37°C,
2 BEE, 5%C0,4 v ¥ ar—F —NTHEL 2. HE
WhoaFaRATa v EARERHEL, FEHRE
ERIL 72,
II. &REITREXT R A FAFTER
200 g BIED Y 4 A5 —RHET v bRV bV E
F— VBT I HAEIE 2R L, 0.9%AEKkES
z, THRCARBEBRERAT o4 FRFEEERI
B/E L7z, BE5%304%4, 1, 2, 3, 6RMEICLE
HMET-o7. FARBIRTTIAFy I I Y
(FreEi) KT~ VEmL, Ebiky Y a il
BLEY 7 ABRBRECHEL, 7 70F =% 500 KIE/
ml OEETINA 12, BERLET> /. LM
WX ACTHHIZZ T-20CHEBHREL, HREL
EREIBEEA 7 04 FEEE, dexamethason diso-
dium phosphate (Dex-P, ¥4 F o >®, X127 EH),
dexamethason sodium sulfate (Des-S, 7 ¥ ¥ ¥ zu
Y v® vx—Y ¥ 7)), hydrocortison disodium
phosphate (Fk-P, k¥4 Foa— b >® Xz
BH) B & U Prednisolone sodium succinate (Pred-
suc, 7V k= »®, %K) TH D, Dex-P B & Uf Dex-
SikEhZhN 2.5, 25 50, 100 xg/100g6E, Fk-P
1 50, 100, 500 £g/100 g {&E, 7z Ped-suc & 100,
250, 500, 1,000 £g/100 g KB % 5 v b ERERIZIES
Uiz, %7, MEEL L CEEREKREERRCES
L, R 72,

o, mesgsl s34 4> (Dex.), N FA
a—Fvr (Fk), 7L F=var (Pred.) ®
AE
Dex., Fk 8 & Uf Pred. iZHR1ODFikicfitv» RIA
THIE L7, mEF0.1ml e EIRKRAER D 1,2,4,6,7-
H-Dex. {specific activity (S.A.), 85.0 Ci/mmo]l), 1,2-
H-Pred. (S.A. 40.0 Ci/mmol) 1,2-*H-Fk (S.A.) 47.69
Ci/mmol) %2#7 3,000 cpm Iz, Y7 a—n A% > 15
ml THIHEEE LEE 0.5ml =¥ /- 22 %
@ 0.1ml % RIA Bz, 0.1ml % EUSRRAIERICH L
7o, NS & B EINEE 0% U LD HFIEL 2o
7z,

V. $EHEHNIRE
HEBIZ—E 2k & Mean=SEM Thob L&
EEOREICIE LT Student D t-HREE 72,

151 #

1. ACTH bioassay

1. ACTH #H

1) M4 ACTH M ORESRMG

125]. ACTH (S.A. 54 uCi/ug, New England
Nuclear, U.S.A.) 100,000 cpm #/1Z 7204 1 ~5ml
122w T QUSO G-32 10~150mg THREE ¥, 0.1N
Bl ~4ml TEH S, BEE, BHE, BEEES
MEt L7z, B 1M 1ml, K 1ml & LI2BE&0
ERE2RL. QUSOG-32 DFEAENSKE T ICHWE
ERIERT 2, BHBEIARERIETLL, o1
B X 1k, QUSOG-32 D &4 & 10 mg f A K
73.7% &b BIFRERER L, WHEELHELT
b EIEE 70~72% L ¥EHE 1 ml, QUSOG-32 10
mg D&M EEX R <, M4 1ml TE QUSO G-32 10
mg, WHE Iml & Uik, ERROGET, M2~ 4
ml Tt QUSO G-32 20 mg, %5 ml TiF QUSO G-
3250 mg, WEK 2ml BECETH 5 = & BHERL 2.
ZDEETOME 1 ~5ml DEUFEIZ 69.710.5%
ERELGERRD LMo,

Percent "™M-ACTH

10 20 50 100 150
QUSO (mg)

Fig.1. Effect of doses of QUSO on adsorption,
elution and recovery of '*1-ACTH from plasma.
1ml of rat plasma to which labeled ACTH had
been added was mixed with various amounts of
QUSO. This QUSO was centrifuged, washed
twice with 2 ml distilled water, and mixed with 1
ml 0.1 N HCL. Percent adsorption, elution, and
recovery (percent adsorptionX percent elution)
were determined.

0—0O, % adsorption; A—a&, % elution; @
~—®, % recovery.
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Tadle 1. Recoveries of ACTH added to pooled plasma.

added ACTH sample 1 sample 2 % recovery
(pg/ml) Found % recovery Found % recovery average
0 8.6 11.9
50 52.9 88.8 63.1 102.4 95.6
100 107.8 99.3 116.5 104.6 101.9
250 247.3 95.5 250.0 95.2 85.3

overall average 97.6 + 3.9*

Various amounts of standard ACTH were added to pooled rat plasma and assayed.

*Mean = SEM
)
E
c
s
3
500,
4
a
v
[
2
v x1
H
8
3 x2

4
12 25 § 10 25 50 100 250 800

ACTH concentration (P%g)

Fig.2. A typical standard curve.
@—eo, standard ACTH; A—A, dilution curve
of plasma extract from adrenalectomized rat.
X1, undilution; X2, 2 fold dilution; x4, 4
fold dilution.

2) ACTH #iseghis, EIEE, HRMEOR

2 e AR B & UREIRET#R %~ L 72, ACTH 5
~250 pg OEEFCEMBEM LD, BVREIEIR 2.5
pg TH otz BB 7 v bIMEE TEREAERE S v b
m4 (ACTH freell#f) THWR&MH LAEL 2
ACTH B 13, fEHedhin e & < BITL TEELL.

RIKEINEOEREZRLE, 2EDZ v X0
R T 75 72 1fn 4% o2 BE SN & (50, 100, 250 pg) ®» ACTH

(1-24) Iz £BELT», ACTHBEZHEL
MZ7:ACTH (1 -24) # & @ L 72, ELE|
97.6+3.9% £ RIFTH - 7.

# 212 Inter-assay 3 £ U Intra-assay variation %
~L 7z, Inter-assay variation |ZIMM&E & DAl L 72
ACTH #hiti % 4 BIERIZ T T —20°Cicf_EL, 4@
DRE D2 OIS THRAMES ¢ ACTH BE %2 Hl

T L7, 72, Intra-assay O 7z 12 [E—H A b
S8dish iR WML TACTHEE*RABITRHIEL
7z. Inter-assay DEEMEHIE 10.7%, 12.4%, Intra-
assay DERFHIT 20.2%, 5.4% L BIFTH -7z,
2. 7y bBIUE MM ACTH R
MREIEREE 2 v + oM ACTH #E W, 578.7+
40.3 pg/ml (AT 1 ml MR %6EM) THH, =—Fn
IBRBZLZ2A ML A2MAEROS Yy b i
1572.0+37.0 pg/ml, 2> po¥ L E ¥ — L EREET D
7 v T 10~15 3% 7 1545.5+32.0 pg/ml, 30 5
%T224.8441.0pg/ml TH 7. EBEXRE N DFHI
L0HED & F# 12D ACTH # 13 25.0 pg/ml B
TTHolznt, 1H0 Nelson FEMREE T 287.4 pg/
ml TH-7z,
II. #BEBRT O 1 FEHOMYE ACTH B E
BLUMBERT A A FBEORENZE(L
1. ZATIVOE L3 HERE
312 Dex-P % 100 pg/100 g 458, 50 1g/100 g &
B, 25 ug/100 g (&8, 2.5 4g/100 g A EIEREN I 5.0
DOIHE ACTH BE ORISR 2 Z 2R L 72, 100 pg/
100 g AERSHETEES L IFMoHBR L EE
(p<0.001) iz M4t ACTH 3] = h, LUk 6 B5RT =
THHTL 72, F7:25 ug B L U 50 wg/100 g AEIR S
BT 18R L D 6 BT E T 100 ug/100 g A&
B L FBEOMHE 2R L, 2.54g/100 g AERS
BT 6 HMEBORNOATH 2L 0 KEOFERAR
L[EER, BE(p<0.001) M) % 7L 72, &4 12 Dex-
S100 ug, 50 ug, 25 ug 5 & U 2.5 1g/100 g B 5
BrO M4 ACTH B E O #ER 2 ISR L 72, 100
1g/100 g RER LTI, 1M TIIERE L ORE
BEATOT, 2HMBCEILHTEE (p<0.001)
DETFTERRL, 6BHEE THE W, 50 ug B L U25
u1g/100 g RERETIE, 100 £g/100 g RER 58 L [
BRIC2MM & D 60 THE (p<0.001 721k <
0.005) DIET%#mRU 23, 2.5 4g/100 g REL ST
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Table 2. The inter-and intra-assay variations of the method.

sample ACTH concentration pg/m! mean = SD  %CV*
1 900 980 780 800 865 *+ 92 10.7
inter-assay
2 3980 325 350 290 338 £ 42 12.4
, A 475 336 457 320 ° 38780  20.2
Intra-assay
B 162 148 147 132 149.7 £ 8.5 5.4

Plasma ACTH concentration(P%,)

(o4 1 b 2 bt 3 6 hr

Fig.3. Plasma ACTH concentrations after

intraperitoneal injection of dexamethasone phos-
phate (mean+SEM).
Plasma ACTH concentration after 3hrs was
assayed only in the rats injected intraperitoneally
1004g/100 g b.w. of dexamethason phosphate.
Plasma ACTH concentration of the rat, injected
intraperitoneally  2.5.g/100 gb.w. of dexa-
methason phosphate, was assayed only after 6hrs.
C, control (n=6); [N, Dex-P 2.542/100 g b.w.
(n=6) injected; 7Z7, Dex-P 25ug/100 g b.w. (n=
6) injected ; B , Dex-P 50ug/100 gb.w. (n=6)
injected ; EEg, Dex-P 100ug/100 gb.w. (n=6)
injected; *, p<0.001 us the control.

126 BB O M ACTH 3EE OIS (p<0.05) %
RTDAETH o7,

51 Dex-P 8 & Uf Dex-S 5% D M4 Dex. &
BEERRICR L7, Dex-P a5 154 T 137.2+
30.5ug/dl % & 0, BEAEIZHEL 04Ty
25.5pg/dl DMMIBE T U 7278 6 BEME & T4
HWEEL 7. —7 Dex-S 100 1g/100 g (A B SR T 1115
5304, 1, 2, 3EMIZTEH 2.1~4.2 pg/dl £ 13IT
ZA <, 6 FEMTRIC T 29.5 ng/dl & MARIAEE 131
U7z, 25 pg 8 & TF 50 £g/100 g 4K E D Dex-P, Dex-

Plasma ACTH concentration {P%y)

*9%CV: coefficient of variation

Fig. 4. Plasma ACTH concentration after

intraperitoneal injection of dexamethasone sul-
fate (mean+SEM).
C, control (n=6); MM, Dex-S 2.51g/100 g b.w.
(n=6) injected ; , Dex-S 251g/100 g bw. (n=
6) injected; B2, Dex-S 50uxg/100 g b.w. (n=6)
injected ; B, Dex-S 1004g/100 g b.w. (n=6)
injected; ns, not significant; *, p<0.001; **,
p<0.005; *** p<0.05 »s the control.

SIGRHL & 12100 xg/100 g REKR SHIC L LD
FREIEVD, ABOMBBEOHBERLE. 6
KR OIM4E Dex. & % Dex-P & Dex-S 5T
HBET 2 L3 NTORSRICHE T Dex-S B 58
Dex-PRBREBIVEWERFR L.

2. BHRBIBEEA T oA FETOHKRE

B46, 7, 8iZDex-P, Pred-suc # & U Fk-P #&5
%®1, 2, 6FERIBOMEE ACTH IBE 255 L 1=, 5
% 1 BRI (2 6) Tit, Dex-P i3 25 ug/100 g ETH
W ACTH %1 % R9 DIz L, Pred-suc 100 £g/100
g RETi3 ACTH #I%% 1 & ¥ 250 42g/100 g (kBT
BEOWEER L, £/, 9 7ITRLTuEL
500 1g/100 g A E T LI 2R L 7z. Fk-P x50
1g/100 g RER SR THE S 7 ACTH 14 % F L
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Piasma free dexamethasone lP%‘)

5 8B 8 88, 8

05 1 2 3 6
Time [he)

Fig.5. Plasma levels of free dexamethasone after
intraperitoneal injections of dexamethasone
phosphate or dexamethasone sulfate (meanz
SEM).
®—®, Dex-P; 0—0O, Dex-S.

8

Plasma ACTH concentration (P9}

Fig.6. Plasma ACTH concentrations 1 hour after

intraperitoneal injections of various doses of
glucocorticoids (mean+SEM),
C, control (n=6); , Dex-P 254g/100 g b.w.
(n=6) injected ; , Pred-suc 100.g/100 g b.w.
(0=6) injected ; {7773, Pred -suc 250.g/100 g b.w.
(n=6) injected ; =, Fk-P 501g/100 g b.w. (n=6)
injected; ns, not significant; *, p<0.001 H
P<0.005; *** p<0.05 vs the control.

ns

g

LS

DT

Plasma ACTH concentration (%)

SR

|
C Dex-P — Pred-suc — Fk-p

Fig.7. Plasma ACTH concentrations 2 hours after

intraperitoneal injections of various doses of
glucocorticoids (mean+ SEM).
C, control (n=6); . Dex-P 25.g/100 g b.w.
(n=6) injected ; gz, Pred-suc 250ug/100 g b.w.
(n=6) injected ; BN, Pred-suc 500.g/100 g b.w.
(n=6) injected ; N, Pred-suc 1000.g/100 ghb.w.
(n=6) injected ; [EH, Fk-P 500£g/100 gb.w. (n=
6) injected; ns, not significant; *, p<0.
001; ***, p<0.05 vs the control.

g

Plasma ACTH concentration (%)

(] Dex-P  Pred-suc Fk-p

Fig. 8. Plasma ACTH concentrations 6 hours after

intraperitoneal injections of various doses of
glucocorticoids (mean+SEM).
C, control (n=6) [0l , Dex-P 2.51g/100 g b.w.
(n=6) injected ; Pred-suc 10004g/100 g b.w.
(n=6) injected ; EEY, Fk-P 5004g/100 gb.w. (n=
6)injected ; ns, not significant; *, p<0.001 ws
the control.
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Fig.9. Plasma levels of free steroids after
intraperitoneal injections of prednisolone succi-
nate and hydrocortisone phosphate of 500.g/100
g b.w. (mean+SEM).
®—@o, Prednisolone succinate (Pred.) injected;
0—0, hydrocortisone phosphate (Fk) injected.

fo. 5 QBB TIZ (7)), Dex-P i 1EfEE LR
125 ug/100 g R E THEV: ACTH | £ 77 L 7243,

Pred-suc & 250 4g/100 g E Tk £ -7 < ACTH
ENISEHF, 500 pg/100 g FAETEED ACTH I
H 2D B8, 1,000 /100 g EETIZ U D THEH

(P<0.001) 7#0%l%RL 72, Fk-P & 500 £g/100 g
HEHRE T ACTH G2 REZ» o7, &5 6
%3 (2 8),Dex-P iz 2.5 ug/100 g A E THRA®
V> ACTH %1% 7= L 7253, Pred-suc & 1,000 «g/100
g {58, Fk-P 1% 500 ug/100 g kE T%x -7z { ACTH
&l T &Rd o7,

9 1 Pred-suc 8 X U* Fk-P 500 »g/100 g (R & #
SR M Pred 8 & O Tk B 2 BRI R L 2.
Fk-P i3 30 5> T 480.0 pg/dl DEZE £ D, 1FEH
BITIZFEH 27.3 ug/dl £ D 3BEME, 6MFRITIX0.3
ug/dl ORERELT & 7% 5 2. —7F Pred-suc 35

1 BESRAC T 00.0 wg/dl, 2 BERIT 14.4 pg/dl, 3B
BT 7.8 pg/dl, 6ESRIT 3.1 ug/dl £ Fk £ D& \{E
BRUT.

% =

1. BIB#RB B L £ 5 ACTH bioassay (=
22U T .

ACTH 0ERHERTH EIBHROAT oAl F

EE4HE% FIE L7 ACTH bioassay #i2id, fEk&D

TEERELE Sy FE2AV In vivoiE: LTEIRE
820, BB 7 2 a0 B v BE™, BIEHIRIT £ 7203
Bt oL FaR T o v 2 EE L T 5 HEky
ThhiTuwr, ZhoDFERIZBREMEMTHY, L
PHBEABLILINIFLAYEERFERIALL
itofs, Zhehrb-oTInvitroke LTEERAZ 4
AR R BB HENFEFE Y, BIBRS
4 A%IZ ACTH K4 2 BRENE B I L LY, EIFE
12 -1 S BB HEMIE £ v 2 ACTH bioassay #
KT bhTwa, BIEEEEL 8T K E s
MEOFERLLTHBVwANE LD ITk27201,
Feinstein 529, Klopzenberg %2%, Swallow 52”0
EneThHD, FOBML 2 BITERRREM -2
ACTH bioassay ##4% Sayers®® I X D EE S N, fEFk
D bioassay WAL B ICBES L {EELER
LD THE I e NRES NI g, HEVY
Sayers® & [FI# i B & HREM AL 2 v 72 ACTH 0
bioassay iEDIRET 21T\, £ DBE L 4 pg/ml & BIF
THOBEP L CBRECENLRBINS ACTH #iE
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Abstract

An ACTH bioassay based on the steroidogenic response of rat adrenocortical cells in mono-
layer culture was developed. The minimum detectable ACTH was 2.5 pg. The dose response
curve showed excellent parallelism between the standard ACTH and plasma extract from adren-
alectomized rats. Both accuracy and reproducibility were satisfactory. Using this method, the
relative ACTH suppressive potency of various synthetic glucocorticoids was evaluated. All
steroids were injected intraperitoneally to adrenalectomized rats. Dexamethasone phosphate
(Dex-P) caused a rapid and marked ACTH suppression, while the effect of dexamethasone sulfate
(Dex-S) was slow and moderate. In contrast to prompt rise of plasma free dexamethasone after
Dex-P, the free dexamethasone became measurable only later than 3 hours after Dex-S injection.
The results suggest that, unlike the previous intravenous study in men, Dex-S injected to rats
intraperitoneally can be hydrolyzed gradually and to a limited extent. Hydrocortisone phos-
phate and perdnisolone succinate were hydrolyzed efficiently in the abdominal cavity. Compared
to Dex-P, however, the pituitary suppression by both steroids was weak and transient. For
evaluation of glucocorticoid potency, both intensity and duration of action should be taken
into consideration. In this sense, the conventional data on the relative glucocortocoid activity (i.
e. hydrocortisone 1: prednisolone 4: dexamethasone 30) seem to underestimate the potency of
dexamethasone.




