<E

i
v

IftHr Digoxin
T X B HIE

AfkE B R R R
w B IE &7 N R

f&

19604F Berson & Yalow! 73 radioimmunoassay #
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M7 AT & - T radioimmunoassay [T - THllsE

U193 2% 13 polypeptide % steroid |TF TRk 51T
oz,

19674F Butler® %53 digoxin 1239 A HuADjE T
JGI L, radioimmunoassay (T J: A [ digoxin %
[ DHIE 2T RBIT L T2,

JONT, 19694 Smith® T & - T T DS IENHEL S
ni.

EBEFZ, b0l R b iU TR ZER UL
7% digoxin #4f¥ (D radioimmunoassay Tt A5 % i
Z, HEEICOWTHR 2 A BRNICH T WG 5 &
Dl 2 1F 12 DT X DRIRBFEL T 5.

hlll

I fFEOER

1. J7 ik
a) AP o
digoxin (Dig) ®4F fhkid 780 L/ &Iy, T
BRMTI, PR E UV, ZCTEdHLEwT
& % bovine sesum albumin (BSA) ¢ %54 3+ Dig-
BSA conjugate /8L THHE & U THL .
Coupling 1+ Butler, Chen 505D Ti/5 -

*HOKES 2 N
RS U T 4V~ — T
ok O 1L 22T
240197246 1
BURIEE SRS © R SORX AL 7-3-1 (F 113)
HORWEBE 58 2 NFE
BB % A
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¥ o Radioimmunoassay

P SA IS 5 A v
HXOOK OHOROR

foo HEEELIRUI D T, T O MIZEED 25
Iy,

‘ Digoxin,iiitOH, Dioxane

l 30 min at room temp
| NalO, BSA |
pH 9.0~9.5 l 1hr at room temp
. NaBH,
l 24 hr at room temp
1M HCOOH
pH 5.5 l 1 hr at room temp
}'”'171’\'/1“1\17}146}1” ‘

pH 8.5 l Over night dialyze

oiNHC
Vihrriarr 1800 rpm at 4°C
pH 4.8 l centrifuge

Precipitate

Preparation of protein-digoxin
conjugate

Fig. 1.

13 Btz conjugate DFE XTI HLE & SRAFBD YL A
Ry bhTLARIELTTE- 1.

# ¢ Dig-BSA conjugate &, #fighfe#t digoxin %
83% H,SO, 1ML, AR W Tl DY IR
ZVEK T 5. DG Dig-BSA conjugate & BSA Hijli
Z, ¥55 3% 0.1N NaH CO, BERKITAEMRL, I
i1 % IR AR %2 VR U 72,

b)  PulniE OVEE & BE
g )5H0% Dig-BSA conjugate o Bz 44 20mg
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256 % E %

% 0.05N-NaHCO; 1ml, (gL, ChlcELED
Freund’s complete adjuvant (Difco #:%) %Nz,
Foric AL S B, HKIROD TR AIAWIC 0.2 ml
DOWH L TiTe -1z, 1, 36 mER 7T — 24
= 1f7/5\ 7 ~10 AR U Thilk 215 12,

PR DT X R D 5 -liil"‘é%%m B S R0l
FML T, Yukilio EFE2H~z, 7750 ‘6%(&!’

TERU Pty 2 2haEh 0.1ml SoBEIce b,
zhnic *H-digoxin (New England Nuclear iﬂ;fﬂ, It
e 912 Ci/mM) 0.1ml % iz, 0.1M phos-
phate buffer 0.3ml %Wz TS, - % incubate,
dextran-coated charcoal 1 ml % iz TERAH, @l
EE (3500 rpm 15min) |, FiGF2aESIcEL, Th
|T Bray scintillator 15ml % jnz, 60°C, 207 &L,
WSS, @00 (2000 rpm 5min) U,
EBRUEH 4 ¥ VTBL, Ay FLr—vaih
Y2 —THIELR. A *H-digoxin OAfii4EE
(Total count) lzxd AHulk & #5A Uiz *H-digoxin @
46 (Bound count) D% FHEIL T, HibAfliZHE L
Wi Utz — OB 0129, MEWH & D%
HBGR . T 2N TIRNICE LT 5D TR
Intany,

2. #E A

digoxin 219mg & BSA 280 mg %[t &+ conju-
gate ZERLU72RAGER. SRR DS 239 mg 185
, I3 H48% T - 12.

conjugate DN A7 k7 AHITE A BOERAIL,
KITHBER B3 D Tdh - 12,

TIRELBI DRI B 2 1R i<,
digoxin -3 & WA 390 my & 470 my DT <

conjugate X fHE

———— Digoxin

extinction coefficient

30 3% 430 470 510 mu

Fig. 2. Spectrophotometry of protein-
digoxin conjugate

9 % 345 (1972)

2N A, 2D Eh B conjugate A3 digoxin %77
ATNS L PRI NI

UL, IEME7ZZ IR A 6%, conjugate & [l dig-
oxin OMIT 5mu (Db s, D &iF Con-
jugate X, ZOIFFWIT digoxin B ATIEN A0
OPEUTH AT & 2HPL TN A,

ERAH OB E TR B 3 TR g conJugate & BSA

DNy 280 mu WA R BN A DT conju-
gate 3 BSA #3ATWVWAC EWIERTEZ.

extinction coefficient

230 250 270 290 310 330 mu

Fig. 3. Spectrophotometry of protein-digoxin
conjugate (ultra violet)

NIFED IR L b, KR 8INT DN THE BT 12
FEHRIIMRO T b ) DEKESR LN, ©
DH 5O 2 FICONTHIEPRM B ORI H B E FLikMio
L5 s 2R 4R Uz, M DI Ll , prg
BOHBE TIEHAMLD BRI Hhzngs, T OREHIT
EARUTV S, 70 HEMZRITIZ, ZAEB O JUli,
2X10* (5OFHFATE 60% OFEVBRLN AR, AL
Polkili 2 43 2 PuE»E b,

LAY & D LNIIGD ik % Bad Lok, 19
Dhrziilgid digoxin & ORGSR, KOT
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immunization .

rabbit (A) /

dilution rate of anti sera at 60% bound

- s O e—— )
10 20 30 40 50 60 70

day after initial immunization

Fig. 4. Increase in anti digoxin sera titre

digitoxin, gitoxin DI Ty5< 7z - TV 5. digoxin D)y
ISPk digitoxin #9100 {5 T - 72,
F A3 A digoxigenin & digitoxose
DN % TG HE,  digoxigenin (I3 LG
RN TIH, 13 E AL RIGH D 1;)
nigh-iz.

Fr—DOAT o4 K{LEYWTadH % cholesterol, es-
tron, progesteson 75& 21, 13 EAELKEDED
nizh -1z,

digoxin

digitoxose (T

I REEO R

LUy ik
USRI RO O Tadh 5
I R LA 2 A3 TGS 21 X 10" fi%

AL TRV,

‘New England Nuclear #I:%4 ik

HEE 9~12Ci/mM % buffer ©

4X10° I AL, O 0.1ml

(0.01 £Ci) %fEMLI.

3. fiedigoxin - ffigh digoxin %/ itd 73~
VTR U IR TR T
i

4. Dextran coated charcoal®

2. 3H-digoxin -

veronal butfer |z charcoal &

dextran Thxh %R EML
ik %4 L C coated charcoal
& UTHW.
5, YLuFL—4
#%ix, Koz 1100 ml, PPO
4g, POPOP 0.1g, K54 b X
—100 400ml & |7z,
6. 0.1 M. PH 7.6 phosphate buffer
B O FRE S & U C, 73K @ radioimmunoassay
DJjHE% JHIWNT,  incubation [ & IR DG, HUE,
LR D IGHEIT IS 1T 2 IR IIER O AR IC & 5 50288 e
WTC, FRZERE U TOMEE QRO AEYE, £
&, vrFLr—2{HRORE 21T 1.
2. # R
a) Incuhation R[] & i
RIS % 4°C, 25°C, 37°C & U, lGHM %, 5,
15,30, 6073, 36, 12, 48], O xh Zhl c’)m'cm.ﬂ
Ut %2 B S IR LTz, Wind &0 Té in-

100 ¢
|
|
i
90+
5
’T
%
80+ o——o0 4°C
Roe e % 25°C
a—-—n 37C
O S
5m 15m 30m 60m 3h 6h 12h 24h 48h
time

Fig. 5. B/T ratio in various temperatures
and various incubation times

cubation & Z, 9§ TIlt85% DFEEDR BN,

i BEA T & A 780 *Bﬂfibwn‘: éBLC?ﬁE%Hi%
25°C &L 5 J‘uljﬂd) DG ENC W T S A 2N A 1z
U, R6ITRTNIL, BOGHHE 573 F Tl ERDA
LN AY, ZTOHRIET—TETH-12.

Do &Ep b digoxin &M D RIGICEWNTIE
MRS F h MEICE BT, T ROREIZ, JER
W@ EDBHEDITE 5 T,

BITE, 4201557 incubation Z{FA&EFHL T3S
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258 ¥ E %
100—‘
|
80
B Temp. 25
T 60
%
40
20
= - .
1530 1 3 5 15 30 1 3 6 12 24 (Time
s.s. m. m. m. m. m h. h h. h. h.

Fig. 6. Relationship between B/T ratio and
incubation time at 25°C

b) B, HADBRIIEE

ISINWERE %78 7 C standard curve Z{ESBLL 72454598 %
TR, Kbl bkl 7,
EPURE RIS W8, BiHE digoxin B fNA %5k
T, @ digoxin WEEDHIMCHFS, % bound DI

3H-digoxin

TWIFEAERLNT, 1 2TRBHTHUE & Pk G S
)k .
70 & % K
¥ * .
T a s
Xy T
60-+ B
‘ \.\ \J\\ D* I H®-digoxin
. | N ! Ab © Antibody
al .
B | \ % D Standard digoxin
o A
2 40 4 ‘\ \
- | \\ %
301* \'\ B
1 \ .
207 \ ®
| \‘
10t \
| o
-L§5¥—1~~ p—— JL?
| o1 o2 0.5 1.0 2.0 5.0 ng/ml
Condmon | 1st Step 2nd Step
A X—X D*  Ab D
B O—O | D* D | Ab |
- S | —
|
c DW~D o A D* |

Flg 7. Standard curves in the followmg
conditiony

9 % 3

5 (1972)

AHIETIE, HAIOW 207 curve M bh, %
FpEHE digoxin & ii{k & % G & ¥ 72 #% *H-digoxin %
MZ T, ILICKIGIE 27505 BB DE W curve
BB, COL S ITRINEREOHEICE - T, »ig
h DB RONIZDT, KHBEORWVHELLT,
iﬁwmmwmntm%t%FMéﬁt&
wind 2Lk eRHAT A EE L.

HER & U TS E H o S B,
0, 0.01, 0.05, 0.1, 0.2, 0.5ml &

3H-digoxin

c)
QIRGERAN) e

LT, ‘H-digoxin &§ifh% INA TGS B 2R
8lTRL . M2 mL e, B/T% 3% L
SEL, BUSKITINGE DA EETH 5 T EDH LD
iz -1z,

100,
B
5 m
T {
) ,

| [~}—"1

70, | '

m1~

0 — — -

0 0.01 0.05 0.1 0.2 0.5 ml

added serum

Fig. 8. B/T ratio versus amounts of carrier
serum

ankticon iz, 0.0lml & 0.5ml DBlic Ak &7
WD bNLNDT, (e, dFbhMHEICE LA
L\&%‘a b3
Mz oRs, #RmEs 0.2ml 230D T,
cmw1%k®%GCBx EflE LTy 0.2ml % nA

standard

B 2 E—T L.
@ v/fV—ﬁm&@&ﬁ
CHFFY LRV T V=2 O TINEE R 21T

g THES 251k E, RENEHEAIO—HTH S b 7 4
b X—100 ZJINTEE ZEMRS S, HENET 575
Uik Bl L C, standard curve BYELN L 7oiGHL, i

FZEMGPHN Tlal— 0 curve p3fEbh, I 4 b > X—100
& 2HIETY, AOWENIETH 2 T &3 - 72,

VB0 BGOSR, MEke M9 om, EALL
15
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(Sample)

‘ Serum 0. 2ml

[ +
| PO, Buffer 0.6ml

|
|

Voo

tW Anti Serililm

sy

It Digoxin i

(Standard) % 4kE4E digoxin
—— ity EE (fi1 &
‘ ‘ Standard L{llﬁut L/\(/\\JJ_[U.([—J
| Digoxin  0.2ml \ B. gL
5 + BL.
‘ PO, Buffer 0.4ml '
+ \

Horse Serum 0. 2ml

)& Radioimmunoassay [Tk %4

U, &,

©0.1ml

l Incubate 5min.

\ 'H Digoxin

0.11

l Incubate 15 min.

Dextran Coated Charcoal 1m1

l Centrifuge (3.500 rpm, 15mm)

|
| Supernatant

+
Scintillator

15ml

g

% Ml

PLEoFBE I 0.1ml A, BEE

g 0.2ml 5o %Nl
0.2ml % fji4, buffer 0.4ml % i
0.2ml |z buffer 0.6ml %z T

259

flce b,

5 73 i

3H-digoxin 0.1ml %4, & BICISHwEET
incubation 4%,

N dextran coated charcoal 1.0ml %A, I

QA

[ERIL T84 Y vicisd.
BLRAELUKE, WhvrFrLr—varhvri

ET 5.
Count |Z,

< quenching %L,

BRIz

3500 rpm 15530050 BE L, i % il B 2
15ml v o7 L —2 %A T

—CHl

automatic external standardization Jj:{
G RBITH 4% % bound
fikdllc digoxin 4% ng/ml 23T E b,

WEille % bound % & 5T 457 Lt 7oy b LT

standard curve AR LU#i{AHi0 digoxin

Wiz,

B %2 i A

Il #FZEOBRKIEA

1 0 %
Hijfto> radioimmunoassay 1T L - T,

HHDBE LTS O 21 T780, i

digoxin $¥1j

IRBE L DR % i

Flg. 9. Procedure of assays. ATz,

oW 5 i Moo s 0 W, E R

| i 77 = DIAYE O 10 B 4 | SERENY %4 5 O THRAE Friedman® |

| Bioassoy digitalis OFMIAICH | 23EME, oMz %3 | 25mug/ml i

BICRIST 5T & 205 5. | W9ard |
| Rb 75 % {, cHC[/T Rb ﬁfﬂﬁl — ‘ 1 myg/ml Corri \
BREBEHGR I 2 E. ‘ (1966)

| sH-digitoxin acetic-an- N ey - -

' Double isotope hydride-1-4C % i T, {M/I“Z'J feoHk, 7> )IMIUC ‘ Lukas &!'» ‘
dilution derivative | —f%fy75 double isotope ﬁﬁﬁj?%@_ % ﬂUH_ZJT; 10 mpg/ml Peterson
p— dilution derivative % DHITK G (S0mD) DEIR | (1966)

ot ‘ ﬂll’éié\gc‘_'g‘% ‘
25T digitoxin 75_aIFIJ}H 125] fos i digitoxin &ﬂf[[ 1"5I Iz k Zﬁg 3 j:fﬁ:[/l(\.i Oliver &!2

| LT 1 digitoxin A3pifd &35 | i s B R H 2 s } 1 mpg/ml Parker |

' Radioimmunossoy | A KIERIETC & BRI LT 5. | (1968)

1 — . I | | - o
Adenosine triphos- D)igitoxig;bi‘ Nfi & K@h?? ?sgoxin DUFEBT &S George &
phatase ik 3 Z”FfaeTTTempﬂgjmxﬁw>B@s Lol | 10mug/ml | Robert

sphatase (D(fg Iﬂ_ % Isﬂ = 7'.7’}: %é Di xtoxm ol | |
| enzymatic assay I 2 % F . Sk, 8 (1968) i

D OB ET 5.

=1 1[LLFF UF LY ZAPEE O K
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260 EE® 9%37%5 1972

HENE ORI 2 WA 128D, BRI % # B TlRIRE I BRI ORGSR B, FGa &bk & ORIFR
AU T O A 5% k¥,  standard curve DFF{LIT PEI2ICR LT,
L AREMHOREE 2 FH~T2. —J7, HLET & DRNEMD
FEBUE & BT A 720, digoxin 10> pool plasma & §
RRAEL, WEMOEHERZEZRD 2. [T pooled ‘
plasma % i TH N digoxin DK T 2 b 2Fj75 - 5o
7o BRIENE SR OME & LT digoxin #/50 & ol = |
PR & ORR 2 Nz, ChIT D0 TIRABIZEERD U 5
fo. T
2 & 4t ‘
2 x
BFCOJTIE TR U 72 standard curve d—{4i % K10 . - 1
WoRUTz, JE LA 2001 0.1 ng/ml €, WlET 2
& 4~ 5ng/ml FCHELES E ‘ %
- z.ol %
70 ‘
i |
60- Lo¥* - W _
Plasma digoxin level
50+ |
B 0 1o 20 30 40 50
(:I) 40 digoxin standard added (ng, ml)
- Fig. 11. Recovery test
20 4.0 | , | |
= T T T | [
0.1 0.2 0.5 1.0 2.0 5. 0 ng/ ml 3.0+ |
Fig. 10. Standard curve ‘ ‘
\ |
| o
Standard curve OIRALIC L 2 Ml DK 15 D FH % j R S e

TSR Rl oW Th - 1.
HHPICI 1 A MRS &, T ORI EEERZE (1 v
apy) ZiRd &, i digoxin )% 0.0-~0.5ng/ml ©

)
=]
[
‘

digoxin level ng ml serum

o o
#WiPl Tl +0.04ng/ml (8.8%), 0.5~1.5ng/ml iz I 9900
+ 0.03ng/ml (3.2%), 1.5~3.5ng/ml <|% +0.06 L £ o8

ng/ml (2.4%) Tdh - 1. 1 ‘ W ______ —

| Q

Pooled plasma 7 fJUCHllGE 80D fRBLHE % # fbt, T S QS(‘)“‘*------%----*
i, REAEfESEE 1.14+0.04 ng/ml G, FHhEEHE i 3 »__j_g_og_"j | ,
8.7% Th-1:. __ ‘ { | 3

. . . - PR 0000800 . | | 1

Pooled plasma |z E#E digoxin Z NI, HEKDJ; [ o 0125 | 0.5 | 0.375 ‘ 0.5 |
(’J—\T@ﬁ’}j‘_’ [/y tOtal digoxin (u{lrﬂfé‘/k@. %\:\)Jﬂ digOXin digoxin mg. day
ODMM%;%*&'%[/L’ IRERINTRL . KoM REF Fig. 12, Serum digoxin concentration at various

PAS e A maintenance doses of digoxin
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e 0.125 mg/day o Il Ho i &1, 0.51+0.91
(0.32~-0.71) ng/ml, 0.25mg/day Tix 0.95+0.201
(0.52~-1.50) ng/ml, 0.375mg/day T/ 1.28+0.221
(0.82~1.63) ng/ml, %L ¢ 0.5mg/day # 5 Tl
1.9840.224 (1,65~2.2.40) ng/ml Th b, gL
P #E & OFicHE OB R bh .

F 1z digoxin P L TV WEE RIS, FREETDH
HNTOTdh-1z.

U ES

Digitalis |3, (XIZHACOEINCEE > TOAREDBEREHA]
ELTEL b Tacds, digitalis fRAFOESE
DOHERNIE 2 LFEINCGERT 5 C SIIREETH - 1.

19674 Doherty, Perkins 259 3, M IcE#E H-
digoxin LT, D% 7THMIZHE> T, X, BH
FECRICE A T THIBNOZH L BE 2 REF LTIc. £D
#idL digoxin #3043 #1ICIZ0MIIT digoxin 23H|
U, LEE#ICE — 212 L, 121F2605 M1 - Tll—
P BT AT & AL 6 ~ 7 KR —
e h, TOHBAREL R T A L R2REBL.
— )5 I R I 3 A SRR O WL LI B, O e
ETEM@ERL, HTH, MiEEOHE DRELLR D
B, ERMEEEERIZIBWTE, TOMHIZ, 13I1IF—EK
Rizh B EBRVEBEINTZ.

Ok Sicd digoxin #EEIX, 131F OHihO dig-
oxin KT 5O T MARERIEL BRI, 7
47, mWhH B EZBILLNS.

[ digitalis FEEHIE BT DU TR EE 2 OS5 DS H
éﬂ«cm%s)xo)u)lz). %ﬂ%@)‘i&, E—‘{\ﬂj@&f; Flizo
WTIE, ELITRTHED TH 5.

CNHOFER, FBRMZ routine Miftik e LTI,
BYEDSEMETH A0, WEITKM 2L, BLTORD.

—7J5 Smith %2k - Tl &tz digoxin D radio-
immunoassay |, $FEM EEESESTH 5 &HiT,
Pz DS LS (T b 5 05T, FIREAEL & L TN
HETH A,

EHED T I UL, ¢ @ Smith HD)g
EICIBIRHE2MA T, TiDk 5 aFlE 257,

Smith %% @JjikTIE, HEICET 5 gEMRilIE LS
1.0ml Th-tzDickhl, bhbhdlETcid 0.2ml
O THRIAE LA 3.

HIEHREE LT, URBHNEDBED v v F v — 2 2,
koot xR0 O b, FEEHEAO—ETH
B3h34 8y X-100 BEOY U FL—22HNET L

& - T, AN, w0 5, EHAREOLHE
agCd g il T AU

T oW TIE,  Smith 259 (J5kds 0.2 mug/ml
Th-tediclbl, 0.1mug/ml &, 2{5DRBEHHHEL
niz.

iU,
I, Hie b il s, VWoh b g digoxin &
LT H S E 2 H L TN ADT, kv rFr—
Vel AR RREET BN, ZOMEETHS .

%21tk U1z, Oliver, Parker %12 p 125] @izt k
% digitoxin OFEIX, —MITL L FWR L TO S 7 #RH
WO Y Z v H w2 42 —THlET X 2000 HTH 5.

radioimmunoassay |2k % digoxin il

V £ & &

Radioimmunoassay 1T % - Cllii digoxin & Iz
5 N A

Digoxin & bovine serum albumin 7% coupling L
TATLHIHE U, 99 FeEL Thike/Elu iz, &
MU & U Tid *H-digoxin % [l 72,

WL ORI O FER, ISSEMHE, Zh e U
too FRWAYoFL—v s rh Yy Rk AHTEOR
DyrFL—42%, b4 by X-100 GHD D% H
VY, NERGE R DERVE 2 A LT,

BRI FERE O E, 55 & il AR ORI LS
ot

Pooled plasma |z J % #ll5 [ O FRE D #iat OFGHL,
sz {fi> standard deviation &, 3.7% T -1z,

Standard digoxin JRIMNT & 2 MK T 2~ OFEH,
BIFs st bni.

AMEEOREE 0.1 ng/ml Th- 1z,

X )3
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Summary

Radioimmunoassay of Serum Digoxin

Haruyo KUBOTA, Shigekoto KATHARA, Masahiro IIO and Satoru MURAO
The Second Internal Medicine, Uuniversity of Tokyo

Hiromi KUROSAKI

Datichi Rodiosotope Laboratories

Akio OHTA
Cardiovascular Institute

A rapid, sensitive method for measuring a plasma
digoxin concentration has been developed by the
redioimmunoassay technique.

Digoxin-BSA (bovine serum albumin) conjugate
was prepared by a technique originally described by
Butler and Chen.

Ten rabbits were immunized by the injection of
Digoxin-BSA conjugate with six injections in the
foot pads over a 60 day period.

The assay was performed by incubation in small
test tubes, to which 0.2ml of sample or standard
serum, 0.1ml of anti-serum and 0.6 ml of of buffer
solution. Then tubes were shaken and stood at room
temperature for 5min. after that 0.1ml of *H-digoxin
was added, and incubated again at room temperature
for 15 min.

Separation of bound from free labeled digoxin was
achieved by dextran coated charcoal.

The Supernatant phase was added to 15 ml of liquid

scincillator which consisted of toluene and Triton

X-100 and counted in a liquid scintillation counter.

Correction for quenching was made by automatic
external standardization.

A standard curve was constructed by use of so-
lutions of known concentrations of standard digoxin.

The precision of the assay showed that for serum
levels in the range 0.0~0.5mug/ml the relative
standard deviation was 8.8%, in the range 0.5~1.5
mug/ml was 3.2%, and in the range of 1.5~3.5
mug/ml was 4.4%,.

A similar analysis was performed on pooled serum
by repeated measurement.

The relative standard deviation was 1,145+0. 042
m g /ml.

The results of assays performed upon clinical cases
who were administered various doses of digoxin
showed digoxin levels in the range 0.0-4.5 mug/ml.

There is positive correlation between maintenance

dosage and plasma digoxin concentration.
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