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= Abstract=

A Study on Relation Between Red Cell Electrolyte Concentrations and Serum Digoxin Level

Seong Yun Kim, M.D., Jung Kun Lim, M.D. and Ye Hwe Kim, M.D.
Department of Internal Medicine, In Je Medical College

Young Woo Lee, M.D. and Sung Ho Lee, M.D.
Department of Internal Medicine, College of Medicine, Seoul National University

For the purpose of elucidating relation between red cell electrolyte concentrations and

serum digoxin level, measurement of red cell electrolyte concentrations and serum digoxin

level by radioimmunoassay were done in 46 normal controls and 63 patients of CHF inclu-

ding 8 patients with digitalis intoxication

The results obtained were as follows:

1. Red cell sodium concentration and ratio of red cell sodium to red cell potassium

concentration in normal males were significantly higher than those of females, and red cell

potassium concentration in normal males was significantly lower than that of normal

females,

2. Red cell potassium concentration in patients of CHF was significantly higher than that
of normal controls, but there was no difference in the red cell sodium concentration between

the groups.

3. There was no relation between red cell electrolyte concentrations and serum digoxin

level, and red cell electrolyte concentration did not exactly estimate serum digoxin level.

4. Red cell electrolyte concentrations in the patient of CHF were valuable in detecting

digitalis toxicity.
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Digitalis &= #fEe] 73l sodium-potassium
activated adenosinetriphosphatase(Na-K ATPase)
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B% 43 AaEL Na-K ATPase #fiife -2 dig-
italis &) A BAAE Jeh)=® digitalis & {EE
= B#EY FKMmEA sodium {H+E NSt potassium
e PR FG0, .
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Fatel ROMRA BHEEBE ) LB BET HEE %
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Digitalis ¢} FJEHl= BRN A LEEEBHA &9
HREE EHEZA A, S5 AE BRAOA 8M
HEORBERES A% BET 4 /b3 MEs Sed
& iR B3k digitalis o] @M A=t sHleh. BE
digitalis (F ] HEd HT FEl MR T o
FRMIRA BRES WETozy digitalisfffH HES
& = gobd R & E80] A Aelsk EA, R
MERFA ERESEC fih digoxin {Ee} AERBMRAT
dukd o8& Hker me digoxin fES EHHE WE
= GTE MR RmERA BHE WESER M
digoxin fHE ML E HET 5 o de7ix =
fo] & Aol AA, digitalis pFREANA FRMIKA
WEES Mk digoxin ffie}e] BARE BEZS Ael=h
W), digitalis 2 BfEE BENA FREeH Hd
A BEMESY HEE FE ERXRAA MEL E 4
A& Aol
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A+ RBEREE ¥ BRRARNA AR =x /K
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E#EA BT 50 FIRM furosemide(Lasix®) &
B somg+ 7HR #Eslx HHEK 3A € 7HA &
% FIMIRA BRES BEsA T

EHEA BT 10004 #EA oz} digoxin FFIE
1.0~1.5mg & 2HFSF REK FH &R 0.25mg,
0.5mg, 0.75mg ¢ &% WEE # 27Ee) mEE &K
st eh. M digoxin fHe] ==l 1ng/mlEITAl #if
1~2ng/ml el #, 2ng/mlplkqd FozZ v B
ggalgl om FRMERA BHEES mA digoxin fEeh2]
BB tRE BiZstd el

Bl OR2ERERE « digitalis }BERT Bl W
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digoxin & st BEE BT
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< g BEAC
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FIF M= furosemide(Lasix®)$} spironolactone(Ald-
actone®) &-& KCI-& 3 B BE7F Kool dd
o}, YaERT HigZel WHEHR 16Mel A BERTHES &K
mERR 2 mFEEMES 2 BHE BEsidod o
16615 masr B @ sspel FmskAn BEREE
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o2 o] BEEslgod RmERA EHREs G
digoxin fie}e] HEABEGRE BZsIA =k

WS BAENERLE WEY M digoxin fHY HE
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2% o

OEEE P-RMEER ¥ JpRH: ST-T bl i
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FIEHEEES] e MRS =) PEER ek JEch
FER 55012 hre] st os hEBE 8 M
et hFEE 4019 BROE e PEE 4AE Jrach
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o] E&3] glolAl FEillelw BLIE PEES TER
o] MARY S RdAY PHE RS 2y}
LIRS IERES ¥ 5 ddnl Eilel sk

2) /B &
(1) FmzkA BRENE

® Barf# (tourniquet) §lo] heparinized syringe &
FIFste] 5cc o] IRIM-Z $REGEH =

@ FIRMm-S REE # F ok 3,000 r.p.m.O & 104
Zb B LR EEE (buffy coat) & F54r3
ErFkstgeh

@ & FRMEHE $EE MeCLEBOE Foa)
BEAA KRMIREE =l ole) S Fm
IO 2~3f% BES Bo= o9, ks R4l #
3,000r.p.m. 2.2 550 ROSMESS LBESIEHR
& BEeEy o
ABEG N Bl T RMBMMAS Bihel Vi
WEsE MRS Bkl A9 9 3,000 pmo s o
Al 1051 RO SN 42 LERS ERES Gk
ShR RMIRARE WAl Rk olWAl sk shimERBERK
ol Bffdhs MAERS-S TS B Bstd ok

@ o18A Q- FHRMmEM 0.2 ml K 9.8 ml o
Al magnetic stirrer & FH sl 155H =28 &m
AlA flame photometer & sodium {HE HEskg L.
# sodium FEWH 1 ml & FEK 9mlot BEAA
potassium fEE JEFL (o] =) EEEHS K:100
mEq/L, Na: 14,8mEq/L ¢ #%%¢ ).

® @Y FMmIRH —#;E 12,000~15,000 r.p.m. L. 2
105 LAk #0085 = microtube method & hemat-
ocrit & JESS FMERMAA A= KFERTY K
B ERch

® FMERF BRE-S o3k e Aakem Hilish
Ak

RBC Na=measured Na (mEq/L) XT—I-EIt%O‘y—ZT
100
RBC K=measured K {mEq/L)XW

A S 2@ RiEwgs. 2ow -

(2) M Digoxin & %

B R RIE F 3 (Radioimmunoassay kit) &2 #i
E3FRH whx 2k digoxin #HME ¥ 5~6RERIMH

£ o old FRMMA BRBEUES Zol T
vt BHRREHEHRES ZE %EY Amersham
itEd (**1)-digoxin & fFRIsld o™ BIRAA # 3cc
KM T BWOSHSS miss SEE —20°CY %
EY AEREA A

I & i
1) ERA iR ERE

EWA RRA BRES $—E) 2ok #4600
9 FRIERAY sodium, potassium f = FRMERK sod-
ium-potassium {EH. (¢F2. 8 Na/K {LE BRI £4%&
8.3+1.3mEq/L, 91.8+3.2mEq/L, 0.091-£0.015%
o olrh B 239 FRiuEkfy sodium, potassium
fi @ Na/Kt¥e %% 8.9+1.2mEq/L, 90.7+3.4
mEq/L, 0.098-20.014% .27 ZF 23fel A& &% 7.
7+1.0mEq/L, 92.9+2. 7mEq/L, 0.083=0. 01224
BFolA ZFol Kl HRMmEA sodium{E ¥ Na/K
HE HESA F3kx(p<0.005) potassium fHE HiE
A F e (p<0.025). FHIE = E—F A 9} 2ol
BRI Fgpel =2 RMEA EFESY ERE ddch

2) FERE HEE E¥A FOA ERE

EHA BF 58] FIR#H furosemide(Lasix®) &
{gH 80mg-¢ 3H X THR HEHE KRMERA BHEE
o gmogkst ek HER 5614 HRMIEA sodium,
potassium ffi ¥ Na/K b= %4 9.1+1.4mEq/L,
89.7+2.9 mEq/L, 0.101:£0.0160191.2= FIRHE 3H
B #HBE £4 8.6+2.5mEq/L, 89.2+2.5mEq/L,
0.097-0.012, 7HMHE #AKE &% 8911 1mEq/L,
90.9-+2.5 mEq/L, 0.09820.0102.2 £HE¥, FiRH
3H 2 7HH BHEKS KROKA BEENE £4 F
a3 #ZR7F d9eH(p>0.05).

3) Digoxin#% 8% ERA RmikA ERE

EHA BTl digoxin $REEE HEFHE M+ digoxin
fESl ARIMERA BAE-S 553K} 2ok 248 27619
digoxin #H#%e] M digoxin {, FIMERA sodium,
potassium fi @ Na/K lbE %4 1.38+0. 65 ng/ml,
11.4+2.6 mEq/L, 85.4+4.0mEq/L, 0.13420. 0302
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Table 1. Red cell electrolyte concentrations in normal controls.

RBC-Na RBC-K RBC-Na*

Age(yrs.) Sex No. of cases (mEq/L) (mEaq/L) RBCK —
20— M 12 9.1+1.1 90.9+2.6 0.100=+0. 013
F 11 7.4%+1.0 93.1+2.8 0. 080+0. 010
30— M 5 8.6+1.6 88.6+2.7 0.098-0. 020
F 3 6.610.1 90.3+1.3 0. 074+0. 001
40— M 3 9.0+1.1 90.214.1 0.1004:0.014
F 3 7.8+1.1 93.24+2.9 0.084-0.013
50— M 3 8.8+1.2 92.1+5.1 0. 096-+0. 008
F 6 8.31+1.3 93.3x3.0 0.090-0. 015
Total M 23 9.941.2 90.7+3.4 0.098+0.014
F 23 7.7+1.0 92.9+2.7 0.0833-0. 012
P<0. 005** P<0.025 P<0.005
46 8.3+1.3 91.8+3.2 0.091:0.015

RBC-Na: red cell sodium concentration(mean-+S.D.)

RBC-K: red cell potassium concentration(mean=+S.D.)
* : ratio of red cell sodium to red cell potassium concentration
** . P value between male and female controls

Table 2. Red cell electrolyte concentrations in normal controls after treatment with 8¢ mg & day of

furesemide.

Case No. Age & Sex, Before diuretics. 3days after diuretics 7days after diuretics
(yrs.) RBC-Na RBC-K RBC-Na RBC-Na RBC-K RBC-Na RBC-Na RBC-K RBC-Na

(mEq/L) (mEq/L) RBC-K (mEq/L)(mEq/L) RBC-K (mEq/L) (mEq/L) RBC-K

1 31 M 10.3 86.6 0.119 9.8 87.8 0.112 9.3 91.8 0. 107

2 29 M 8.5 86. 6 0.098 9.0 86.7 0.104 9.3 88.7 0. 105

3 29 M 10.4 91.8 0.113 8.6 90.8 0.095 9.9 94.8 0. 105

4 26 M 7.1 91.8 0.077 7.1 87.8 0. 081 7.1 88.8 0.180

5 31 M 9.0 91.8 0.098 8.5 92.7 0.092 8.8 90.5 0. 097

Total Mean=+S.D. 9.1 89.7 0. 101 8.6 89.2 0.097 8.9 90.9 - 0.098
1.4 +2.9  £0.016 2.5 42,5 £0.012 1.1 =2.5 =0.010

NS* NS NS NS NS NS

*: NS: not significant(P>>0.05) as compared with the data before diuretic therapy.

Table 3. Red cell electrolyte concentrations in normal male controls after digitalization.

Serum digoxin No. of RBC-Na RBC-K RBC-Na
level (ng/ml) samples (mEq/L) (mEq/L) RBC-K
<1 9 11. 62, 7** 87.93. 0% 0. 13320, 027%**
1~2 13 10, 812, 3** 84, 613, 4*** 0. 1282-0. 028***
>2 5 12. 612, 4%** 83. 145, 4*** 0. 1530, 036***
Total(1.38+0. 65) 27 11,422, g*** 85, 44, 0*** 0. 1347-0. 030***
Normal male controls 23 8.9+1.2 90.74-3.4 0.098+0.014

*: P<0.05, **: P<0.001, ***: P<0.001 as compared with the data of normal male controls.
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Fig. 1. Relation between serum digoxin level and red cell electrolyte concentrations in normal male

controls after digitalization.

Table 4. Red cell electrolyte concentrations in 16 patients of CHF before and after treatment*.

Serum digoxin RBC-Na RBC-K RBC-Na Serum-Na Serum-K

level (ng/ml) (mEq/L) (mEq/L) RBC-K (mEq/L) (mEq/L)

Before treatment — 7.84+1.3 96.843.5%*  0.0810.012*** 13645 4.510.9

After treatment* 1.50+0.52 10.7%+1.8 92.713.4 0.115=0. 021 13744 4.210.5
p<0.001 p<0. 005 p<0. 001 NS NS

CHF': congestive heart failure

*: patients were treated with digoxin only or digoxin and diuretics.
*®k: P<L0. 005, ***: P<0.025 as compared with the data of normal controls.

& digoxin HHF] EWMAF T sl digoxin £tk
HRMFRA sodium fi @ Na/K kb FHHT EBINE 29
2w (p<0.001), potassium {Hi: FEHS Mo E 24
t}(p<0.001). M digoxin fHell =}e} H¥Esl= Ing
/ml LJFel BS 92 FrimEkA sodium, potassium
f 3 Na/K ity #4% 11.622.7mEq/L, 87.933.0
mEq/L, 0.13340.027¢1¢1.2= 1~2ng/ml gl F-& 13
BlE %% 10.8+2.3mEq/L, 84.6+3.4mEq/L, 0.
1280.028, 2ng/ml L kol #2512 £% 12.6%
2.4mEq/L, 83.1+5.4mEq/L, 0.153+0.0362.% 4
Aol B ERy 992 (p>0.05) £ &K
MmE¥A BHRES EFRABT ksl FET 2871 9l
A5 (p<0.05). oE el Al M digoxin flie]] =&
FMERA BHEE ERMAGRE 29 51 B 2.
M digoxin fiie} FHMIERA sodium, potassium {f
Na/K to] #HMEHE &% 0.08, —0.07, 0.1824
HED HBERGE .

4) BOMOTRERE KnBkA EBHE

RN RGREIZ] TR BlEOARRESRE 16
mle] BFEH M digoxin{Ee}l KRMERA 2 MF
BRES Eake: 2ok o] 16619 WHIFRT RMERRA
sodium, potassium ffi ¥ Na/K M, M sodium,
potassium {§& 2 £4% 7.8-+1.3mEq/L, 96.8+3.
5 mEq/L, 0.0817-0.012 136+5 mEq/L, 4.5--0.9 mEq
/L2A EEA K KRmEKA sodium i RS
Rk (p>0.05) potassium fi ¥ Na/K b HHE
g #ERE 253 (p<0.005, p<0.025) MmiF sodium
fE+ Wor2= potassium fli= #E8ho] =t HFsk
9] ffirp digoxin{E, RMIERA sodium, potassium {H
8l Na/K tt, Mm# sodium, potassium = £4% 1.50
+0.52 ng/ml, 10.7+1.8 mEq/L, 92.7+3.4 mEq/L,
0.115:£0.021, 13744 mEq/L, 4.2-40.5mEq/L 4]
R ROBRA BRES B b EEY 85
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Fig. 2. Changes of red cell electrolyte concentrations in patients of CHF before and after treatment.

Table 5. Red cell electrolyte concentrations in total 55 patients of CHF after freatment.

No. of Serum digoxin RBC-Na RBC-K ~__RBC-Na
cases level (ng/ml) (mEq/L) (mEq/L) RBC-K
Digoxin only 16 1.5140.68§ 10.32-1.9 92.7+3.6 0.11120. 022
Digoxin and diuretics 39 1.45+0. 747 10.9+2.0 92,.7+3.4 0.118+0.023
NS NS NS NS
Total 55 1.46-20.72 10.7+2.0 92.7+3.4 0.116-0. 023
P<0. 001* P<0. 001 P<0. 001

§ : Serum digoxin level was not checked in 3 patients.
#: Serum digoxin level was not checked in 4 patients,
*: P value as compared with the data before treatment.

Table 6. Red cell electrolyte concentrations at various serum digoxin levels in patients of CHF.

Serum digoxin level No. of RBC-Na RBC-K RBC-Na
(ng/ml) cases (mEq/L) . (mEq/L) TTRBCK
<1 16 9,941 0*** 93.443.5* 0. 1070. 012%**
1~2 24 11, 02, 1%** 92,743, 8*%* 0. 1190, 024***
>2 8 10. 92, g¥** 91. 63, 4% 0. 12070, 033***
Total 43 10, 62, 1%** 92. 7-£3. 6*** 0. 1150, 023***
Before treatment 16 7.8+1.3 96.8+3.5 0.081£0.012

*: P<0.01, **: P<0.005, ***: P79 001 as compared with the data before treatment.

o] dglen (p<0.005) IMFEME-S WEho] sick(p o] & 16fIS] RFERIHSY KRmERA BRE BIHS 2
>0.05). % o digoxin i 1.50:£0.5 ng/ml =2 2o Bk 2ol FnERA sodium fH: WBIEE 1661
24 BREmERd gk - R 15l A #hnE, potassium fiE 145044 RAE

- 4

A
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Fig. 8. Discrimination of patients of CHF before and after treatment by means of red cell electrolyte
concentrations(j : Mean+SD. Solid line: Discrimination line).
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Fig. 4. Relation between serum digoxin level and red cell electrol yte concentrations in patients of CHF
after treatment,

Na/K [t 284 Bng % 29 = BEY B4E 247 (£<0.001). ol digoxin B

o] 16f1% W& WBRPd BRELTRESE R BHHLT 1M ek digexinfF, FHEHA scdium,
55¢] i digoxin {H, FRIMIKA sodium, potassium rotessivm ff ¥ Na/K Ht¥& £4 1.5120.68rg/ml,
f @ Na/K e §53%9) o] £4 1.46+0.72ng/ 10.8+1.9mEq/L, ¢2.74+3.6 mEq/L 0.1114+0. 0229
ml, 10.7+2.0mEq/L, 92.7+3.4mEq/L, 0.1160. 2H digexin3t FRBZ IRYBHL gz £4%
023224 ¥FERTdl Hsl FKRMmERA sodium i ¥ Na/ 1.450. 74 ng/ml, 10.9+2, 0 mEq/L, ¢2.7+3.4 mEq
Kl B3 #ins 2932 (p<0.001) potassium & /L, 0.11840.023.2.% digoxin BEEREAS digoxin
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Fig. ¥5.” Discrimination of toxic and nontoxic patients by means of serum digoxin level and red cell
electrolyte concentrations. (§: Mean+2SD. Solid line: Discrimination line).

2 FIRBS SFRBERA A= FET 2827 Y
=+ (p>0. 05).

Digoxin {4 HE&E PESZ] 8] digoxin ¥R
#e FmBRA BHEES HiEks 29 F3E 2o
HRIMERA sodium { 9.5 mEq/L & H#o e 3}v ¥
A 166 1561614, B S50 38Ul A,
potassium ff 95 mEq/L & R#:o 2 s BRI 16
Bl 120 A1, FafEEsk 55619 406114, Na/K ki 0.
1004 Ko 2 shwd WRIERT 161 1561, HE#E
55fcF 41610l A &% PlEe] wREsH o}

Bk OASERE 556 M digxin HE NED
4801F M digoxin ffe] wel ¥Es] 2a [556 &S}

Ze}, b digoxin -} 1 ng/ml IRl B-S 16(]%
RIMERA sodium, potassium{fi = Na/K H: £4%
9.9+1.0mEq/L, 93.4+3.5mEq/L, 0.107+0.0129
Lo, 1~2ng/ml ¢l FL 24ME K% 11.012.1 mEq
/L, 92.743.8mEq/L, 0.119-0.024, 2ng/ml}J |
B 8fIE &4 10.9+2.8mEq/L, 91.6-+3.4 mEq
/L, 0.1202-0. 033224 £HfAbolo] HEY £RE ¢

L (p>0.05) YRIRT BEel Kl £RES) KmERA
ERES BET B 299 (p<0.01). o] 48l
A i digoxin ffe] =& FRIMERA BEES B
e 24 H4E} 2oh RMEKA sodiumfE 2 Na
/K e HHFREST £% 0.32, potassium i —0,
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0652 HE HMMGRE gk

5) Digitalis PHEERE FmkA BRE

Digitalis i fES Hal 8419 FEKHR, HRMRA
BHHE 9 @b digoxinfis £7H 2oh o) % 8
Pl Al RS PEER LY 4f= LI B
FEI AL 1o 4] Biaee] BEfRql sleles 26
A} {& potassium fiiE-S EAc) ol & 8H1 FKRmEkA
sodium, potassium i ¥ Na/K 2o} i digoxin &
2 ¥9g &K% 18.9+8.1mEq/L, 89.5+6.0mEq/L,
0.218740. 105, 2.48+0. 65 ng/ml A4 FifuEkA sodium
fl,, Na/K it 2 vk digoxin fie JEhEERE
A RAESE BiE 2geoew (p<0.001), potassium i
= BET B A9 (p<0.05). o1 E 8plth ki
R ERES B85l HEddA mrh digoxin s}
2ng/ml Ll kol fil7F 4% (case 1,3,5,8), EMH] #
Bhol BF s A Mk digoxin {7} 2 ng/ml L Fel #l
7F 1fi(case 7), BAEHS #Fho] Ho=dA4 2ng/ml
ELEQl BI7F 2fi(case 4,6), WMEY #gho] Ao
A 2ng/ml AT Gi7b 14 (case 2) 24 8ffldh 566
A FRIERA BRE @ digoxin {HY] MHIMGE
Hoo},

firp digoxin e} FRMIRA EMEE digitalis hF
fE3F JERFE S Bk 2w & 5ot ek firh
digoxin i an/ml LAES e e ¥d PEER
% 864 601 (75%) oA, FEPEEBRE 4801+ 406
(83.3%) 1A el WHESH # 57HIA 46071(82.1%)
sl A el wrigstslel. RMERA sodium {E % Na/

KiE &% 15mEq/L, 0.1600 L& hEfEL 2 Hu)
REEBE 8 561 (62.5%) ¢ A, 3?4’:&@*& 5561
540 (98.2%) ol A &4 ZHol WHESHA R, FRlER
7 potassium fiE 86 mEq/L J,J\Twa— hEFESLRE X
FEER A A = BETEe] HelX sfldr 261(25%)
Alnk WEEstg o R EHERE 550 5461(98.2%)
ol A 2ol WaEskgich. PEERE 8HH ARMIRA
sodium {§ % Na/K (b= 2He] "THEI 561+ EF
FBEEB B Wl AKmERA sodium @ ¥ Na/K Hrt
B B2 Aol HEkel det

V. % i

Potassium & 2 #ifife] FESIEE M pota-
ssium {2} MBEA potassium ¥ total exchange-

able potassium % B8 potassium F¢ BEHS IE

BeslA FKpdl 2 4 9.oH ™ sodium & = st
ol fEfEsh) B mEERE2Y, B LARRIES ", &l
B R AR TE ), FFRELEED R, BRI
Wi o) gAdlA MEA sodium fist BEjIE R
iR sodium B FE-L o1& KBS BEi=t R
S £ 4 grbx stgch =etd miEs A A
Maps BAEE WES BN BME ST LY EE
A FEekE kel & Aol

#E= QA L& 5 g RMmE
A EMES WEs

Bk AR BRI NEHES 2B, i
hematocrit 2% FIH o]—°f] RIOFRA BAREMBE R
e EHEHQ FEELR05L RMMME SEESH
B JEss HETem0e] glgnh. FHHEE Rl
BT SEeld miE WEste Hkd #Asigien
B kel s SEEHE MeCLE FmIEME 24 %
weste] TRERT ¥ MRS BRFEER2H, magnetic
stirrer & FJeld A s5is] HRmRe] B
o odvh, FRMBRA BFES » T HUEER(K: 100
mEq/L, Na:14.8mEq/L)& g .eH, Fo=
hematocrit & JlEsd HRMmBRHMAS dE KFEE
st s olabm o] FmEA EME JEANA
A 4 g WMEET WEM Foldx BH F
#o) i IR WEe]l WaEske] Fifflel fiiv=
Qo= Hsr fEEalel Hﬁxf“ﬁédvﬂ AA AT
T+ A=

EAY HROBRA BRES 29 WEHEA ek
ER} o] A MR HEes JED D Amico®:
FRIMERFY sodium % potassium {HE %% 16.8+4.4
mEq/L, 94.3+4. 6 mEq/L 02, 452 19,39+4,0
mEq/L, 97.76-4.17mEq/L, #/%- 18.1%5.4 mEq/
L, 4¢ 19.9-2. 1mEq/L, 125.6+2. 3mEq/L,
Kessler #2902 17, 6+4. 7 mEq/L, 135%5.8mEq/L,
Flear 2292, 90 0 mEq/L, 98.2 mEq/L, Singer %39
2 FROERA potasium fiE 68~103 mEq/L 2 £4&
kg b FROMEBME Sl H#E WES Helbock
o FRimERA sodium I potassium fEE £% 10,
1+1.0mEq/L, 94.9+1.6 mEq/L &, Loes &% IE
RO A 7.24-0.3mEq/L, 98.540.6 mEq/L, Na
/K Ht 0.073+0. 0052, Beilin &322 BFA 7.
446 mEq/L, 88.42mEq/L, &4 6.500 mEq/L (40
BUF) 7.304(405%L) 1), 92.4mEq/L, Astrup %%
2 7 1-+1.1mEq/L, 93.7-:3. 7 mEq/L, Czaczkes %39
2. 7.840.71 mEq/L, 93.0%4.9 mEq/L 2 &% #

= FIfishe] Ak
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skgd ok

ol WA AL EHA 4661 FHRMmIKA sodium,
potassium ff @ Naz/K it %% 8.3:%1.3mEq/L,
91.8+3.2mEq/L, 0.0910.01524 (£ 1%) BH# I
EF el ffEr s Lol wislg o [l
B0 B JGET: Hi4-eneni0ol e EoL 9lgiel. Bei-
lin 3%, Aet.up”’ E0 o]yt ERE

Czaczkes &

FHiie) R stell SR FRMmIREA BERshe M
Bl ¥¥ BIL BE, ARBHd: AmBESL gt
ol E %}:;;% E:ﬂ 253 Ef’}‘d“’ o‘T‘ %Lﬁ

sl FRERE SEE LB v Ml AEREE
qA WinE TR o o83 Mg Wi RmER
(7\‘1 potassium /i ecly st olwl FRmiERsiel —#
o8 WIS MES 2504 BESF AL+ 4
r+:_ sgirh 4he) sodium 2 /w!l T 2 OfFfEsle R

SR EB ] e ff;;;;o} ] RE 2 ¢
slehatg ow w0, e Fikol A FORAE 5

EM: MgCl2
e i"*ii:c'ﬁ 2
*‘“w' ¥r) Funder 499 & FROERA sodium

ul ERESL ggen Love #3908 potassium {frl %5

7b lebx shgleh, &%, 449, Czaczkes %92 5

Zeoll Al FRMERA EAEMM ZRJ gebm shged

Beilin #3202 BT ol 4 TRl FHRIMERK sodium{é‘

= EFRI potassium flHE E ek dhe] figHEA o

2F ZERSL glgiel. e BEd A #1FE /‘i Bei-

lin 59235} 2o ,ﬁé,fri--a 2g.or Beilin £ o] 2f gt

B ERe —Toi 1 l@#ot o s -gelet skl vt
HHO WEAA = AIRrt He Bk &% FEHI

EZRE 9o Beilin DL Tl A fEfEe] B

ol wtel RmERA sodium fErF HEhslgos ok

Ffpel »HE hormone Bl wFolzt 14k
EEY BWEAA ERA BT sH6lA FIES 85

# 30 ¥ 7Hel sy EREASHS ARG %R

b = 2 .

Bergstrom #3.2. % Ad] furosemide(Lasix®) &
7THRE BB A potassium = BFel glglet
IM#4% potassium &= BBEI BAE Yotz dlgo
= Tarso 9.2 FiMmMERENA St FIRM S8R
{& mif—’: potassium {Hx JF4s9] o) B4/ potassium

= Bbsb gle] olel R BEE)-S potassium WSz &

7& Aol ohel f8Pel A potassium o] EHAr- 4o

] wFolel stgivl. Lauwers &493 Dorgie 4D

< BMEEEANA FURK BER o1& total exc-

- °I¢'] —flt:%} MR

Wr

hangeable electrolytes o} BRBME-L Mo s B
O R EXSR REAST sl ol WE W
Biell= MEo 2 BRE Hhite] Binstgdrl = Lolv
R RERE MEBEE WA 2 BRE T #ks
A7 = Eole)t she] B FURA SR A pota-
ssium F9] $Eho] ¢leic}= Bergstém £33 Tarso
98] gwsle] X®l 990} o] Lauwers o
3} Dorgie £40¢] #ifhel #isle] oL BE THY —
%E 2 gk
R BIE F0J B8R potassium B WA= #ik
73 potassium fHS] A E PRl 2212 ko]
ol A FRMERFY potassium flis} BEjo] gloiche £
e EREA dgel Hutt 520 jRmERP potass-
ium ff= BP9 potassium £-¢ Fm¥ 4 Utz 3}
louk 429, Flear 4529400 u/umﬁﬁﬁ%cﬂﬂ
FRILERPY potassium fiie §4F3 potassium 8] KIS
& o] £ 9= HiPI potassium fEe}k Hﬁ(fﬂ-/ﬂ ok
FRIMERA potassium {Hi: 87 potassium B-& Kpks]
F2 grrla stg.on, Loea %935 Hara®® Bm
OB EA A B potassium &2 WA <
5% FRMIRA potassium fHE HF{inste] o] F Lol
= B detx skl %UPT&?!"J BRI F1ie] g
BREES Bosh) FHY BEAA RmEkEA @ﬁ?
Hol #Epol g Avhe Rt FROLEBA BHEHE @
EFES W Fx Eikgdebe 49 iﬁ%g’”’”'“'“’
oF —Fehe HRE BEA. & $99 EFAd I
fES FIRKE SHME BEK M 2 KRARA BRE
#Ehe qlsich st FRS HBRA —HKs FE
S FRMY BRI 78 ¥ sEMes
WE ggkrl o el RMIRA BAEST] J9-2 7
s dota shgleh
EHA BTl digoxin #Hi% M+ digoxin {Hel] =t
£ FROBA EHEE X9 digoxin B M dig-
0.51~2.71 ng/ml ¢] HiEd] giglon &g
PO Zho] FRMERA sodium fH ’\Ia/K It
= B SHAl #nsta potassium i+ RN 5
o e digoxinfsF 1ng/ml LTl fiel /HE E
B BEE & 4 ddah 0. 28y gk digoxin
fEdll w8 &REAbolol & FRMIRA EAIERS A1
3 ZRCF ddor 2o R HEe HMEMGE o
QH(E3E, & 1M0). Bontig 828 L& Mgl i
s FRmEREE] Na-K ATPase J2EE7F 744 ol ¢
gl-ow Hoffman®, Gardner %%, Glynn®.& B
L2 FREOBMIE SEEstd RORA BRESTO 4

oxin ¥



80 —=3] ALY A 1R B A2E—

B digoxin 22X vhehbe frol @ingel wel of
L RRE KA BRI dsles —E BellA Kk B
ol viebd™ 2 DLk Bell AL #Hel oz kg
o B EWHEZE 3R Jre] &% B H
#9 digoxin & IR A RimkA BRESES
BiEEsle] digoxin £l Hfiste HRMuERA sodium
fEx @imslg o= potassum ffHi= WA stP et #ik
abe] FEO KON BHES mb digoxin e}
BABALRZT Sl sl 2R dddh o8l ERE
EES BRAAE digoxin®] kg #Es HHEsle
i digoxin 7} 0.51~2.71ng/ml ] F& FE
AL @08 Hithdl A= HREW K& digoxin
FH7L hgste] & BEatolol BES i digoxin ff
o] £R gyl e s BERC

EEY BEAAE FEY HHEMfEe ohgdoy
Iirp digoxin el whel FrmEkfA sodium f ¥ Na/K
= #nsta potassium i HA s MRS 2
S (F1HE) o ¥ 5 mA digoxin fis} o B-&
BEOBCT LEYE Ao s BESY ABAAE digo-
xin§ K& KEAT 5 g+ #HEe] o Astrup?
<+ EFAA i digoxin e} FRIERA sodium &
o= B ot shgd e flloF A foeh digoxin
&S] FEAF Fot EREs) FET 4 otk

Bt ORRERES B BHEREDS St
FRel BESIL. mMHBEMAEA WL RESRE £
Mokotoff £, Tarso 4598 [fniF sodium = WA
&9 o]l sodium M} k4ol v EHRE S =) Fol
2} dlgl.om potassium fHE FEEhglel Exelzl syl

t}., Hara®®s} Seller #4702 i sodium fis RE

EFel® ¥ ol & A5 potassium fEE EH &
+ BT #BSE 2dvhxz sgla Lees &V i
sodium = [Exeln @358 potassium fHx: #inst
felz sigom D'Amico™, 4%, ML MEE
WS BB dRrhn o WK o= R
Agivh FES HEAA L F4FEANA MmiF sodium
e wAetgd 2w potassium i EHoR £29,
Mokotoff £47, Tarso Z49¢] el —FKslgd b ol
i ERE B OTRIEY BE 2R BEIAA 8
Mt OAZEEBZA A = M7 sodium s EH el Ay
Ha 7% WAk potassium it 25 #ighe] &
Aol et

Bl OARERES RmBRA BEEC BT @E
£ 29 D'Amico®®, £, f#, £ FKMmHRA
sodium & EW AL BEES] %2 LARZEE #

g2 sodium fHE Wit .on potassium iy
el gtz stgich. Kessler %202 RimBRA sod-
ium = WAeted ol KoES e -Folzl 3}
glar Flear 202 RiBRA WA EBES A sicba st
§li=v] Squires 42 FRMIKA sodium ff 2 ohz}
E3 LARZRIER potassium (X #ingistz shgd o
Loes &%, Clifford £, Hara*®:= FRmERA potass-
tum = Bmmslgl 2 sodium fiE BHhe] godds
@k % EOUEOTREN B BREEHS fkd
o BRol EEsn stk du BiELREE
% secondary aldosteronism o] fk3%} total exchang-
eable sodium % #{ sodium B #EHnst total
exchangeable potassium % B4/ potassium B-& K
Attt BEE —HKE B glopo,

K& BEAA FRMmIMA potassium fHE Hhmsty
2 sodium fii= #Ejo] §le] Loes &9, Clifford &
w, Hara®e] #4h —gatg o 919 o8 8
ERE LAY BEY £#, FnikR EHH N
EHEY ZR Fd kel & + Jd& Aol

HHS BEEo| A A potassium o] WA B
MiEDRZIEBEN A FRMERA potassium {HS] 18N
= 4%, Flear 42942 Loes 4%, Hara*®¢] #H49}
o] FRImERKA potassium {EE A potassium FS
sl 5= s A 2ok

R BEAA Bl OARBERE 1661 FdA
digoxin {5 % ARMIKA sodium fHx 15FIN 4 Bin
£, potassium fH& 14fdl A WA E, Na-K ke 200
oA EiNE &% EYcHEE2E). ol M digoxin
fli 0.37~2.75 ng/ml = #EHIE gl5iel. Hara®
E Bl OARRIERE AN A digoxin {&HE: 106 & 9
ol A FrfuERPY sodium &S] #InE 2g2= potas-
sium fs 24 WS Byt st Kettle-
well 49 126 2ol A digoxin W 48RS <k
FMERA BREBEE 230w Loes 25 2fid] A
BHjol vl st FEES R wlssid ok

ARMERA BREHBEL digoxin Jloil = MmpBEMER
@“11,5'\‘7,12,25,34753)’ %@%ﬁ%%ﬁ?,22,28,52), E“E&g%
BERERG 2728, ERER R fES 220, [FRE (LR 2830,
hyperaldoteronism®’ 4] 2 ZFEENA eld
Qo 3] K potassium JfE (3.5 mEq/L LAF) <l A
+ digoxin 3} 7+ BES FRMIERA BREEHS B
sk & potassium MifiE (5.5 mEq/L Ll k)l A& #
MmMIRA BFREC #3 digoxin & {EFHe]l M=t
%}_ﬁ 1—/“1,5"-7,12,28)‘



—&W 4 A KRR BRES @ digoxin fEele] Bifhdl Bk W — 81

EE BZAAE BRENMHE MmF potassium fEe

WHE] glel M potassium o] KT FRiMmERA
EREA v = BB PRT T ddon BiEEm
i potassium -} WEHgle] ERTEE B AL o
F el g0 FRHM Sl digoxin Y spiron-
olactone (Aldactone®)e]v} KCl & [EFErol] #riaslg
7l AEoE BESCH

FEe A A digoxin JRIRAT 166 Il BE
#% 55018 FMEMA BREAL oL& 109
o] EEET BEIS Xl om ol Mk digoxinffie 2
FlE B/bstae 0.4~2.8ng/ml 2 BiFEEA Bl
gdrh. o] 55fith digoxin B 3 digoxinzl FR
BOLH RS BEAreldl = KMEHA BFE ¥ Mo
i digoxin fiE £R7F 9o KRR EHREEEHS
digoxin fEfinko.2 BEH= FREE BEL #A
A Zste A Ao 53K). Loes HY.& digoxin B
2 digoxin 3} furosemide (Lasix®) ff FHiAEE BE AF
ololl A BME £RE otz stg.or Seller
0% Bt OTRERENA KB hydrochloro-
thiazide (Esidrex®) 3% AR BREHE o
grta ste] FE Aspel —Fskg o

B A BHBOELTRERENA BEN
total exchangeable sodium -& #Ejsl total exch-
angeable potassium & A st FIEHM 155 total
KES 1, total
exchangeable potassium -& o€ B4 sl e}so~ 3
o FES BEANA FRH-L FORA BRED 28
4+ A A Xehgdvbe AR ERIE Ao olEE
ZRE #FHY B A digoxin zk FIRK XH HE
ub.o X A gpironolactone (Aldactone®) o] i)
KCl & Frfol #eEsIgrl =13 wREHE dov IE
# A B Fol] furosemide(Lasix®)FeHitE HKRINIKA B
AR Yoche ¢4 FE BEER & ¥
o} i o u]Fo] ol FIRAIL HF potassium
B WAAs W RiERkA BHREA L FEE 23X
E3E A 2ok =T FAEY ol¥ #RE 429, Flear
&40, Loes &%, Hara®®9] jRmEkA BMHL BA
BRELS Rys $2 Eidrs #hd —86EE
wERer sl ok

FFe PEANA RENKY RMRA BEHEHAE
EH wol ol BHE Koz by WEES)
Bk digoxin B AEE HEIF AN KOIRA
sodium {§ @ Na/K & &4 9.5 mEq/L, 0. 10022
sl FBIEFT 1661 B 15fe 4], potassium {H-E 95

exchangeable sodium & FEHFoZ

mEq/L 2 E#o2 sld 166t 12604 &4 AE
o] WHEsglt). WBEHEE RMERA BREMEY fE}
Hel #E FTHEM-E EHT HASAH (B3 HE). wehy
FRMRA BRENESR BE digoxin hR BEE H
Biste oA digoxin G ME W BEHE £ B
Edhed EEE T ¢ A4S Ak

EES BEAA fb digoxin el #8 FMBAE
REBIE 19 %6 KA M digoxin ffie] =& £
Baboldl = HET ZRE 992y mrb digoxin {Er}
1ng/ml LAFQl Bl Al fBiRao] sl RmEBRAER
He BEgs #BEs 2o digoxin 9 A Ed A Rimik
A BREEE)C] Yeld 4 dvkE Hoffman?, Gardner
&9, Glynn®9] #thol —FKske #H#el sl

firp digoxin fHie] =& FRmERA EHEES HIEH
fH#E Ed FRMERA sodium, potassium i © Na/K
e FES HHEMGT 9t (E4E).

F potassium 3} w)cgr THEQl rubidium (Rb)
assay'®!”9l BEFWEERPEe 2 mrh digoxin fEE
WEY 2] HEHEL mF digoxin fFd  HFistd
gEpo] vehlnz o #E B =k @ digoxin
BE HEYE + ddvtzn st FEe HEAA Km
KA potassium i HE HMEFAT ddote &
R7F ER7E 9l Rb assay'®' v BERRERED L
= JEst digitalis ErpIERES M digoxin fi
HEs &% 0~8ng/ml, 0~6ng/mlolglod HHRE
HRlE D (Radioimmunoassay). 0 2 HIES FE #H
2ol A= 0.4~2.8ng/ml (2% 4}), Smith &19.20.0.
0.3~3ng/ml 2 &% @Wksld M digoxinf FHE
ol R Jdder EEY BN M digoxin
o] EEsF Fob TR HEMGE £ 5 dddl A
o] ohdrst EER ). Singer 392 digitalization £
Bell =8 RIMFERA potassium i+ HRI BEL 2
ol A ¢korow, T HMAT gtz slgdo A
= Az RmERA EREANE HEE det ERS F
B} B#Eslgd o, Hoffman?, Gardner 4%, Glynn
46 Hara*®, Loes %9, Wessels £19& digoxin
ik RMRA BAES @ digoxin Hx HET 9
o} stglvh

ke BWEoA fush digoxin fHd] #WI KM
sodium fii & Na/K b= Ehinsle HHGS 2z
potassium fiii= ifish digoxin fliell =2} HA sk H
FIBAGRE X ¥-& fiFAY i digoxin o} o w
2 MEFWANA L FRAL HEARGKRE L9 £ Aoz
BRI A A e digoxin-& KEHRFI B
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oz BE E2 M digoxinfiE Reole dig-
talis EHE B A FRIMEA BRES Wazad =
%ol & Aelrh.

Beller #5902 LER FTRE H¥o 2sld AREE
o FEEEE PEER 23%, SOHE FHEEL 622
WEShT AL hEEe] Wl BEA ks off
HAE Bz s-g.o™ Handerson £592 43k f&rh
10. 3% 4 LEE FTREZ fFEiEe] Fiel Irin
sieh. BRI A #1472 &8 51 RS hEE
< B 4.6%, FELEE PEES 66IE 3.0%% #
Hatg o FHY BZA AL HES BEEY 4p=
248 630 (FEehFRAE 5500, HIE 8H1) 9 6.3%, FEL
HiE hEiEe] 4f2 28 6.3%2 Y HEL
AP iR e BT wgoy S B4 OR
T sokeh. FEY B v Bl OAREESSY o
€ FEe = digoxin & #HI Ml ¥ TR B
TEE ¥ FFEES FBY fle ®isrsds] = 2
B PEEHEE o 9%E Aotk

FEIEEE 8fle] Mk digoxin iy FEhBERE
o sl Bl :hom ol rhE HE066NEL)
wiES —HIAHETE, F£5E).

AL JEehEBIERE 97.6%7F L.6ng/mlLITYH.L
v hEEEES] 70%e4 1.6ng/ml 2el & [
digoxin fEE& Hg v} slgl.® Smith 9} Haber &20.0.
RS2 FERBEREY 90%7F 2ng/ml LI Tgo
= hEERESY 87% A 2ng/ml B} Frixw sl
fud digoxin B9 el ugom FEY BEAA
= i digoxinfE¥ 2ng/ml-& Hikto = shwl Fgeh
FAEBHE 48FIh 4071, 83.3%N A 2ng/mlLITFHLo
o hEBERE 8HITF 66, 75%)A 2ng/mlf Loz
A7, Smith 298] #ekel ko] i digoxin fHY)
B3 @85 ¢+ dHESH). hEES EhE
JE AFel 9] eol=lg i digoxin ff®] #|/#-S digoxin
#a EEAY KEd ¥Es T+ 98574 2R, &
M BEMRERE'2® 48] MiF potassium {H, BH
FEpEmss s, (KRR, RROBESE®, H
ARIRERERERG %P0 wlel Kol weld <+ v
] Folz} 31925 Ingelfinger &} Goldman®®-2 ffirh
digoxin ff BB 2+ digitalis hFHIES 2HislEn)
HIRMel ferytal elvka &g ek

Loes %931 Wessels #1908 rhiBfE 2] me dig-
oxin fE9] o]&] 3 HIfE=Eol] digoxin FFE 44 &
BY 4 9t AMRA BREE WES PEE B
Biol £ rHE WStk Loes 9] fkshal

FERERENA RMIKA sodium f % Na/K = JE
hEAEREC sl BED BE 2g3 potassium
= BEL HAE Bgor i 34m9 rhighE 2 9k
qﬂﬁﬁ“&%ﬂﬂ/ﬁ i‘fﬂilﬁ’?‘l BERENESE 32(e] 4 2
Bl wragstslod o]l fhe) e digoxinfiiy i
fE = 3?41?&,%'\%4] "o‘ 23k mHel lel A WE
o] FREE KRMERA WHAENE) digitalis hifiE 2
Bl 24 =8¢ Folx dgoh. Wessels 9.2 5k
MmN BRES WEste PHESE 24 Fih
A sodium & ¥ Na/K b %% 17.0mEq/L, 0.2
HEeoz JeeRifiEEER e A4 ol HHol i
FRMIRA potassium i JErhFiEal sl wgto
EHol Jdsloen digoxin ik ¥ HIEHEE PHE
o LEEFR 2 BRESST g et RmIkR
BRELS REEA e EEe #BEe 2dctn e
sl e}

EHS PEAAE FOEA sodium {E 2 Na/K H
T hEEd A JERBIEREA e BEEY Bing B
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0.160% o 2 sl FEhFAEBE 550 546 (98.
2%)ol A, FREEEE 8FIF 5MHI(62.5%) N4 K& &
Brol WIgEstY T FRMERA potassium fHE FHEES)
FEhBIERE A el o] EBol sl BEIZE] Mol
= o] fERE Loes %93 Wessels 4109 #iEole
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M digoxin fEE #Esle v AEE @M OREE
BEANA RERA BRENES 2 digoxin BT, I
PEE, PREEEEEZ 24 Jredle =gl Hu
EfEsHA ffirh digoxn fiE #EE 45 ¢4+t

V. &

E
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e RYAstaAF EBA 4601 2 digitalis him g%
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L EHEA BFY #HRmEHRA sodium {§ 2 Na/K K
£ XFRo s %ok3 potassium fHE FE¥s] o
ke,
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A ek
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xinfiE #EL 4 fl9+h
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