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Summary. An inter-individual, randomized, double- pronounced flattening of the T-wave than D; and
blind study of digitoxin (Dt) and {3-acetyldigoxin (D) plasma glycoside levels within the "therapeutic"
was performed in 120 healthy male volunteers. range corresponded to observed effects on the heart.
Groups of 10 persons each received orally D 0, 0.1,
0.2,0.3,0.4, 0.5 or 0.6 mg and Dt 0.04, 0.08, 0.12, Key words: Digitoxin, (3-acetyldigoxin,plasma levels,
or 0.16 mg daily for 7 days; Loading doses were cardiac performance, dose-effect relationship, 86-
given for the first three days. Plasma levels were Rb-erythrocyte assay, systolic time intervals.
measured with an 86Rb-erythrocyte assay 24 h after
the last dose. ECG, carotid artery pulse and
phonocardiogram were recorded prior to (b) and
24 h after (a) the last dose. QTc, amplitude of T-
waves in V2 to V6, electromechanical systole (QSzc) Determination of digitalis plasma level is a com-
and left ventricular ejection time (LVETc) were monly used method of monitoring glycoside therapy.
measured. The differences between a and b (L1-val- For the diagnosis of glycoside intoxication, the value
ues) reflect glycoside-induced changes in heart func- of this method appears well established [17]. How-
tion. The plasma glycoside concentrations depended ever, there are few data about the relationship be-
on dose and ranged from 0 to 2.4 ng/ml for D and tween therapeutic plasma levels of digitalis and gly-
from 0 to 42 ng/ml for Dt. QTc, QSzc, and LVETc coside effects. The first attempts to correlate gly-
were significantly shortened by the glycosides and coside concentration and therapeutic effect were
typical parallel, sigmoid, log dose-response curves made from the reduction in heart rate during atrial
were obtained for the L1-values.Dt was 3.8-times as fibrillation [23]. Studies correlating plasma concen-
potent as D in diminishing these parameters. The tration with cardiac effects using systolic time inter-
maximal effect of the two glycosideswas almost iden- vals (STI) have given conflicting results [8, 16, 26].
tical at the highest doses: L1-QTc= -45 ms, L1-QSzc There is a further problem about the dose-
= -25 ms, L1-LVETc = -12.5 ms. The latter two response relationship of digitalis glycosides. In con-
parameters showed a plateau of maximum efficacy. trast to many other drugs, the dose-response rela-
Both glycosides caused significant flattening of T- tionships of digitalis glycosides in man have only
waves, Dt being 7.2-times as potent as D. Significant been established for single doses in a relatively nar-
relationships between plasma concentration and car- row dose range [1, 20, 28]. Ideally, however, dose-
diac effects were observed (p < 0.001) - L1-QTc(D: response curves should be based on the effects
r=0.7; Dt: r=O.77), L1-QSzc (D: r=0.7; Dt: attained under equilibrium conditions and should
r=0.75), and L1-LVETc(D: r=0.46; Dt: r=0.43); cover the range of therapeutic doses [10].
D correlated less well than Dt with the flattening of T In order to elucidate these problems of the clini-
(r=0.46; r=0.76, respectively). The most important cal pharmacology of digitalis glycosides, it was the
conclusions were that: Dt was about 4-times as aim of the present study (a) to correlate plasma levels
potent as D in influencing cardiac performance; the of digitoxin (Dt) and the {3-acetylderivative of digo-
effects of D and Dt on systolic time intervals reached xin (D) with their cardiac effects, and (b) to establish
a plateau at "therapeutic" doses; Dt induced more the dose-response relationships of these glycosides
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for their effects on cardiac performance following under standardized conditions [18]. Daily ingestion
chronic administration. of the tablets was supervised.

h d Recordings and MeasurementsMet 0 S

All measurements were done blind. Recordings of
V. I t STI (QS2 and LVET) and ECG (RR, PQ and QT-
o un eers . I ) d d d d' .mterva s were ma e un er stea y state con ltlons

The study was carried out in 120 healthy male volun- (240 C; between 6:30 and 8:30 a. m.; in the fasting
teers, aged 19 to 35 years (average 26 years), weigh- state).
ing 55 to 102 kg (average 76 kg). Persons with a Following the method of Blumberger [6], STI was
weight exceding ± 10 per cent of BROCA's index obtained from simultaneous high speed recordings
[15] were excluded from the study. Written, (100 mm/s) of ECG lead A [22], a carotid pulse trace
informed consent was obtained from each volunteer. [7] and a phonocardiogram (> 140Hz). Twenty con-

Values of cardiac variables were determined prior secutive heart cycles were averaged to obtain STI.
to and following a 7-day period of drug administra- Variables measured were: QS2 (electromechanical
tion, the measurements always being made at the systole), LVET (left ventricular ejection time), RRI
same time of day. (R-R interval) from which the heart rate (HR) was

calculated, PQ-duration and QT. The amplitude of
D Ad" t t' P . d the T-wave was measured in 5 consecutive beats inrug mlnlS ra zon eno

leads V2 to V6of the standard ECG and averaged as
Every participant received D or Dt daily for 7 days. follows:
The treatments were performed as an inter-indi-

vidual, controlled randomized double-blind study. "'""' "'""' "'""'
Ea~h volunteer took part in only one treatment TV2- V6= L TV2+ L TV3... + L Tv61 25
penod. N = 5 n = 5 n = 5

Groups of 10 volunteers each received the fol-
lowing daily maintenance doses of D: placebo, 0.1, QTc was calculated according to Bazett [3]. Correc-
0.2,0.3,0.4,0.5 or 0.6 mg; and the daily doses of Dt tion of STI was done according to Weissler et al. [29].
were: placebo, 0.04, 0.08, 0.12 or 0.16 mg. The difference between predicted and calculated STI

was defined as QS2Cand LVETc. The effects of treat-
The following loading scheme was used: ment were defined as ~-values, i. e. the difference
Day 1 2 3 4 ..... 7 between the value before and after treatment.

Immediately following the second measurement
D 3- 2- 1- 1- 1- multiple of (a) of STI and ECG, plasma concentrations of gly-
Dt 6- 6- 3- 1- 1- maintenance dose coside were measured using a modified 86Rb-eryth-

rocyte assay [4, 5, 19].

Thus for D there was a 2-day, and for Dt a 3-day C I I t' d St t' t' I A I '. , . a cu a zons an a lS lca na YSlSloadmg penod. Dunng days 1 to 3 the doses were
divided into equal parts and were given at 8 a. m. and As a first step the groups of volunteers were tested
6 p. m. From days 4 to 6 the doses were administered for homogeneity using the absolute values of QTc
at 8 a. m., and the last dose on day 7 was given and TV2-6'Prior to treatment, the groups were found
exactly 24 h before the various records were made. to be equal at the 5% level, but after treatment they

The digoxin preparation used was a ,B-acetyl were inhomogeneous.
derivative (0.1 mg tablets - Novodigal mite®). It is As a prerequisite for analysis of variance, the var-
completely desacetylated after absorption [24] and iance within the different groups was shown to be
shows a high absolute biovailability of ~ 80 per cent equal by means of Bartlett's test [27] performed on
compared to an intravenous standard [11]: Tablets of all absolute and ~-values.
Dt 0.12 mg (for the loading period) and 0.04 mg The analysis of variance was performed both on
were used. D, Dt and placebo tablets were kindly absolute and ~-values. Differences were considered
provided by Dr. N. Heinz, Beiersdorf AG, Hamburg, to be significant when p < 5%. Several tests, espe-
Western-Germany. The various tablets had identical dally when ~-values were used, exhibited a signifi-
galenical composition and showed the same rapid cance of less then 0.1%. After performance of the
dissolution rate - > 90% solution within 1 min analysis of variance, the means of the groups (with



G. G. Belz et al.: Dose-Response Relationships of DigitalisGlycosides 105

exception of HR and PQ) were compared with each Dose Effect-Relationships
other using Duncan's test [27] at a 5% level of sig-
nificance. When various data were correlated with Systolic Time Intervals. The shortening of QS2C by
plasma concentrations, the slope of the regression the two glycosides was parallel (Fig. 4). The highest
line was shown to differ significantly from zero. For doses of the glycosides shortened this parameter by
descriptive purposes the mean and standard error of an average of ~ 25 ms. From the digitoxin curve it
the mean (SEM) have been used. Logarithmic dose- could be inferred that maximum efficacy had almost
response curves of the mean effects were analysed for been reached. The values for half maximum effect
half-maximal effect using graphic logit regression. (100% = maximum Dt-effect) were 0.2 mg daily for

D and 0.052 mg daily for Dt. Thus, Dt was 3.8-times
R It as potent as D in shortening QS2C.esu s .

Shortemng of LVETc revealed a plateau of max-
The measurements of STI, ECG and plasma gly- imum efficacy (-12.5 ms) for both glycosides. The
coside concentrations are shown in Table 1. half maximum effect occurred at 0.22 mg daily for D

and 0.06 mg daily for Dt, i. e. Dt was 3.8-times as
Gl 'd PI C t t' potent as D in shortening LVETc.YCOSIe asma oncen ra iOns

With D 0.1 mg the average plasma level was 0.37 ng/ Electrocardiographic Parameters
ml, and with D 0.6 mg it was 1.25 ng/ml. The .
administration of Dt 0.04 mg daily led to a mean Compared to the placebo, both glycosldes showed
lasma level of 9.3 ng/ml, and 0.16 mg to one of only.minor and insignificant effects on heart rate and

~3 5 ng/ml PQ-mterval (d.Table 1). The dose dependent short-
.. ening of QTc is shown in Figure 5. Parallelism of the

curves for D and Dt is apparent. The highest doses of
Correlation between Plasma Glycoside Concentration the two glycosides induced almost identical shorten-
and Cardiac Effects ing of QTc. A shortening of 24 ms (i. e. 50 per cent of
Correlation coefficients and equations are shown in m~ximum effect of D) was produced by D 0.3 m.g
Table 2 and the interdependence of plasma levels dally and by Dt 0.077 mg dally. ~rom these values It
and ~ QTc and ~ QS2C are illustrated in Figs. 1 and ~as calcul~ted ~at Dt was 3.9-tImes as potent as D
2. There was significant shortening of the parameters m shortemng Q c' ..
with increasing plasma concentration of each gly- Dt .caused a ~tatistIcally significant. d~se-related
coside. In Figure 3 the correlation between plasma flattemng of T (F~g.5). The curve wa.ssimIlar to that
level and ~ T is shown. In principle there seemed to of QTc. The ~axlmum effect at the highest dose of D
be no difference between the two glycosides, as T was only 65 Yo of the great~st Dt effect. The dose
flattened with increasing plasma concentration. necessary. to cause flattemng of t~e T-wave by
However, whereas for Dt the degree of correlation 0.17 mV (I.e. 50 pe.r cent of the maxlmum.effect of
was the same as for STI and QTc, the correlation for ?t) was 0.51 m~ dally of D and O.O~ mg daIl~ of Dt,
D was much poorer than those for changes in cardiac I.~. Dt was 7.2-tImes as potent as D m flattemng T at
performance. The absolute slopes of the correlations thiS degree of effect.
of the two glycosides could not be compared since the
plasma concentrations had different ranges, although Discussion
a relative comparison was possible. For this purpose ..
~ QS2Cwas assumed to be the most suitable variable The present stu.dy mv?lved co~panson of plasm~-
to represent the glycoside effect on cardiac perform- levels of glycosldes ~Ith ~ertam pharmacodynamic
ance. For D and Dt, respectively, the slopes of the par~meters. For nomnvaslve measurement of gly-

rrelat' ons between plasma levels and ~ QS c were coslde effect STI were used. They reflected drug
co I 2· d d h . d' f C' Iset to 1.0 as the reference slopes. The relative slopes m uce . c ang~ m car laCper orma?ce. ertam e ec-
for the other parameters were calculated by dividing troc~rdlOgraphlc parameters (ampht~de. of T-wave,
their absolute slopes by the absolute slope of ~ QS2C. ~Q-mterval and ~Tc) ~ere added ~omdlcate change
For D the following slopes were obtained: ~ LVETc m the electrophyslOloglcal properties of the heart.
= 0.7, ~ QTc = 1.7, ~ TV2-6= 6.0 X 10-3;and for C I t' b t PI Gl "d.. _ orre a iOns e ween asma YCOSIeDt the correspondmg values were. ~ LVETc - 0.6, C t t" de d' E'ff
A QT = 13 A -T = 113 10-3 Th . f oncen ra iOn an ar laC JJects
Ll c ., Ll V2-6 . X . e ratIOs0

the relative slope D/Dt were: ~ QS2C ~ 1.0, In the present inter-individual study on D and Dt,
~ LVETc = 1.2, ~ QTc = 1.3, and ~ TY2-6= 0.5. relatively high correlations were found between



Table 1. Measurements before (b) and after (a) treatment with digitalis. Each group shows data from 10 volunteers; the entire series
contains 120 males. On the left the various doses of the glycosides are shown. HR = heart rate; PQ = PQ-interval; TV2-6 = mean
amplitude of the T-waves in the standard ECG leads V2 to V6; QTc = QT - interval corrected for heart rate (according to Bazett (3));
QS2 = electromechanical systole; LVET = left ventricular ejection time; plasma glycoside concentrations were measured using an 86Rb_
erythrocyte assay

PQ TV2_6 QTc QS2 LVET Plasma No. HR PQ ;;; :t'I'c QS2 LVET PlasmaNo. HR ·v2-6Glycoside Glycoside
(min-1) (ms) (mV) (ms) (ms) (ms) (ng/ml) (min-1) (ms) (mV) (ms) (ms) (ms) (ng/ml)

1b 59.5 150.5 0.354 401.2 408.5 308.2 1b 53.9 181.0 0.646 368.6 423.2 315.5a 67.5 155.7 0.256 410.1 402.3 294.3 a a 52.5 171.8 0·562 369.0 431.4 319.9 0.32b 62.7 196.1 1.132 385.5 404.2 291.6 2b 60.2 160.0 0.458 392.1 436.8 295.6a 53.2 171.5 1.091 359.7 419.0 305.0 a a 63.3 168.8 0.455 390.8 426.2 298.0 0.1
3b 82.5 150.6 0.806 417.7 363.7 279.5 3b 55.6 179.0 0.675 400.1 431.1 319.7a 102.3 144.8 0.727 419.6 318.7 247.0 a a 52.5 186.5 0.607 411.5 436.3 329.9 0.49
4b 60.4 163.1 0.862 402.9 416.3 297.0 4b 63.9 175.7 0.540 400.5 384.7 293.00 a 64.5 156.4 0.736 397.1 408.1 300.8 a a 58.1 191.2 0.644 389.5 417.3 311.0 0.22.0

""
Q) 53.8 171.4 0.817 406.6 446.7 316.0 E 5b 81.3 152.8 0.356 344.4 398.2 285.2•• 5b
'" 61.2 164.2 0.629 418.8 447.8 319.6 a ~ a 67.6 153.2 0.270 359.6 408.6 312.1 0.50M a

P-
o

" 6b 48.8 148.3 0.647 443.5 478.2 349.9 6b 60.5 132.5 0.812 435.9 445.9 318.6...• 46.2 150.6 0.714 428.2 497.4 360.7 0.18 " a 58.3 131.6 0.642 412.5 435.8 323.3 0.85a ...•><
><0

58.0 1.184 393.4 409.0 298.5 0 7b 48.0 159.5 0.811 373.6 442.4 334.7"" 7b 152.3
""

'.-j 63.0 145.0 1.147 426.8 405.2 293.0 a ...• a 46.8 166.0 0.721 352.2 435.3 316.3 0.38Q a
Q

I 8b 67. , 165.7 0.286 429.5 398.3 301.6 I 8b 71.6 156.9 0.560 409.6 415.0 300.5M a 71.0 152.6 0.373 422.2 386.5 287.5 a M a 57.1 155.9 0.685 393.4 450.4 314.0 0.31,., ,.,..
0.478 431.9 ..

67.0 147.5 0.558 417.2 369.2 283.0
., 9b 60.2 156.7 382.7 310.1 .. 9b" "« a 58.0 157.2 0.493 376.1 436.5 314.6 a « a 69.8 150.8 0.478 433.1 371.0 287.8 0.27I I

c<l 10b 58.7 143.5 0.929 425.2 420.2 319.6 c<l 10b 59.4 189.0 0.620 411.7 423.2 303.2a 45.9 160.6 1.052 415.6 446.2 330.5 0.25 a 49.2 196.9 0.490 390.9 443.7 317.5 0.26

1b 73.5 125.4 0.770 435.3 386.1 285.6 1b 56.0 132.8 0.973 418.6 428.7 304.6a 67.6 126.7 0.521 423.2 386.7 294.5 0.43 a 52.2 137.3 0.989 406.1 426.9 301.6 0.562b 68.4 136.9 0.902 422.2 407.0 288.2 2b 59.1 167.0 0.658 397.4 454.0 329.7a 62.3 140.2 0.745 427.6 406.6 306.9 0.57 a 60.0 159.2 0.586 393.9 438.3 324.3 0.97
bO 3b 54.7 192.2 0.629 422.2 442.4 332.7

""
3b 55.9 191.1 0.566 420.5 467.3 334.361.9 196.3 416.4 413.7 318.7 0.24 E 59.6 183.4 0.388 405.0 432.9 299.8 1.14E a 0.500 a

N '"4b 61.6 189.5 0.478 405.7 453.2 310.3 .; 4b 54.0 189.8 0.653 412.8 437.8 316.40 69.4 198.7 0.381 422.7 424.1 300.8 0·58 a 63.4 218.7 0.459 412.1 427.0 319.8 1.15a

"" ...•...• 5b 68·5 179.6 1.285 393.2 400.1 295.9 >< 5b 68.4 122.9 0.642 420.9 401.6 297.4>< 00 a 67.5 191.6 0.983 384.5 395.3 291.6 0.75
""

a 59.5 120.3 0.422 380.7 386.0 291.0 1.07bD ...•.... 6b 71.1 150.2 0.467 431.9 430.4 308.8 Q 6b 64.1 172.8 0.543 423.8 425.5 301.1Q

a 69.2 150.1 0.285 407.4 422.1 308.0 0.75 I a 62.8 144.7 0.399 396.1 410.9 282.8 0.92I
MM 7b 78.6 178.7 0.616 430.6 410.6 296.6 to 7b 63.1 144.5 0.686 417.2 421.8 299.4,., 69.0 194.2 0.367 406.9 411.4 305.3 0.50 Q) a 60.4 181.8 0.525 391.0 411.4 293.8 1.10.. a.,
"" 8b 63.5 144.2 0.767 402.0 426.9 313.3 « 8b 60.1 113.1 0.564 397.4 422.7 309.8« II a 65.3 145.3 0.666 378.7 406.3 301.9 0.40 c<l a 55.2 116.9 0.425 356.6 414.9 301.7 0.92c<l

9b 64.8 151.9 0.730 430.0 447.5 318.2 9b 80.6 149.7 0.459 424.9 376.8 285.3a 63.6 153.8 0.570 408.2 445.8 321.6 0.37 a 66.8 155.0 0.375 391.9 393.6 296.8 0.7110b 55.6 161.6 0.518 375.7 428.3 323.7 10b 66.3 164.8 0.322 :'03.2 425.5 319.6a 52.9 155.8 0.477 370.4 428.6 318.3 0.44 a 56.9 184.3 0.698 357.3 432.5 322.4 0.67

1b 65.3 94.0 0.761 407.7 397.3 297.6 1b 78.3 180.9 0.455 425.4 386.3 279.8a 59.2 94.2 0.598 374.3 390.2 296.6 0.95 a 53.3 190.7 0.334 356.0 412.7 309.1 1.602b 63.1 160.7 0.692 427.3 436.4 330.4 2b 57.9 183.4 0.916 380.5 421.6 308.0a 50.1 164.7 0.604 377.5 438.8 328.9 0.72 a 52.0 187.2 0.533 364.2 420.7 313.2 0.823b 60.4 172.8 0.555 428.5 436.0 306.4 3b 56.1 11>4.5 0.791 407.2 442.7 331.9a 45.9 177.1 0.308 368.4 431.3 311.2 1.04 a 57.4 155.4 0.436 356.5 436.8 333.9 1.414b 68.4 164.9 0.672 415.9 402.7 298.8 4b 68.0 192.0 0.689 404.7 4c5.5 289.3a 55.7 177.0 0.537 387.9 413.2 306.8 1.19 a 63.3 215.7 0.555 378.1 397.1 278.0 1.085b 58.3 173.2 0.753 422.5 429.2 304.3
"" 5b 54.0 148.3 0.923 387.3 418.1 315.2E

"" a 53.0 199·7 0.682 406.8 430.1 315.3 0.80 a 65.0 150.0 0.650 364.5 402.1 304.1 0.82E U;..or 6b 53.7 128.7 0.880 419.4 435.9 336.9 0 6b 52.5 149.4 0.663 365.3 431.9 304.80 a 54.7 131.1 0.556 399.4 416.9 326.1 1.10 a 51.7 152.4 0.601 347.2 406.0 299.9 1.00"" ...• 7b...• 7b 52.4 105.2 0.854 374.7 424.9 323.0 >< 68.9 149.4 0.258 421.9 412.9 307.00>< a 54.9 111 .7 0.688 348.0 405.6 309.7 1.13 bD a 55.0 162.0 0.240 369.5 420.2 302.0 0.9~0
bO ...• 8b...• 8b 87.8 162.4 0.488 414.6 373.4 266.4 Q 58.0 155.9 0.412 412.6 437.9 319.4Q

I aI a 87.4 149.6 0.330 387.4 355.7 255.9 0.94 59.9 181.8 0.523 376.6 399.1 289.4 1.56~ 9b M 9b70.0 180.0 0.398 395.6 413.1 291.2 ,., 62.4 153.1 0.842 423.9 424.5 318.9.... 68.0 187.2 0.296 369.2 398.7 282.5 1.09 .. a 57.0 154.0 0.637 379.4 411.4 313.4 1.43
., a

"" i' 10bi'10b 86.3 203.0 0.638 428.9 399.8 298.1 62.8 153.4 0.746 402.5 431.8 315.8c<l 72.8 199.8 0.619 394.0 416.4 297.4 c<l a 64.7 0.486 394.4 411.7 304.7 1.14a 0.55 153.1
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No. HR PQ TV2_6 QTc QS2 LVET Plasma No. HR PQ TV2_6 QTc QS2 LVET PlasmaGlycoside Glycoside
(min-1) (ms) (mV) (ms) (ms) (ms) (ng/ml) (min-1) (ms) (mV) (ms) (ms) (ms) (ng/ml)

1b 72.3 192.0 0.711 422.2 414.1 308.7 1b 62.7 174.0 1.000 429.0 414.1 310.0a 64.2 207.3 0.451 381.7 413.9 306.7 0.86 a 57.9 176.3 1.090 413.7 433.5 314.9 0
2b 66.2 140.2 0.467 419.7 418.0 291.2 2b 82.3 130.0 0.670 433.9 414.5 286.7a 55.8 141.5 0.335 369.8 402.6 291.6 1.54 a 71.3 129.1 0.715 436.7 424.2 289.5 0
3b 69.5 140.6 0.593 394.7 387.6 291.2 3b 64.6 157.4 0.681 399.8 407.6 295.0a 66.8 151.8 0.320 359.7 385.3 292.8 0.93 a 64.3 152.2 0.696 402.5 412.4 305.0 004b 62.0 1.92.5 0.829 407.4 422.3 314.4 .c 4b 53.7 159.4 0.609 409.8 428.2 312.6"bD 58.6 167.2 0.662 389.8 421.4 314.4 0.76 " a 54.1 150.9 0.610 409.0 430.2 315.7 0E a

'"ri~ 5b 70.4 161.1 0.377 428.0 420.3 314.4 '" 5b 54.8 154.6 1.062 388.6 406.9 299.20 a 63.5 176.0 0.188 373.3 408.4 305.3 0.96 " a 46.3 159.4 1.052 379.1 423.6 308.5 3.50'M

" 6b 71.6 151.2 0.583 417.9 402.2 301.6 >< 6b 73.5 188.0 0.337 392.4 401.2 264.4'M 0
>< 69.1 162.8 0.404 358.8 384.0 292.9 1.41 -+> a 74.9 185.8 0.262 392.3 399.7 262.7 00 a 'MbD bD
'M 7b 62.9 214.2 0.921 399.3 417.4 313.3 'M 7b 60.0 130.3 0.617 385.0 412.7 292.9'" '"a 74.0 210.5 0.515 364.8 388.4 286.5 1 .14 a 67.1 126.6 0.641 399.5 407.9 303.7 0
I 8b 55.9 166.6 0.473 421.3 444.3 325.2 8b 59.2 151.8 0.642 409.7 426.4 318.1ri 51.1 173.4.0.459 393.2 433.1 318.7 0.95 a 67.3 155.8 0.632 406.6 407.8 294.3 0I» a

-+>

63.8 0.451 369.0 402.9 306.5'" 9b 51.6 165.7 0.821 430.3 451.4 325.9 9b 175.1u.. a 48.2 181.6 0.402 371.8 425.4 315.1 1.51 a 65.4 180.5 0.579 362.8 413.0 303.2 0I

"l 10b 57.3 132.2 0.862 416.1 450.0 325.8 10b 57.4 158.4 0.496 408.2 416.4 307.0a 42.1 134.8 0.646 346.9 451.8 336.9 2.43 a 59.1 161.7 0.461 398.5 419.7 300.9 0

1b 56.4 148.4 0.588 403.0 446.6 338.9 1b 51.1 150.3 1.012 426.5 456.8 335.8
B 55.9 153.6 0.499 396.7 432.6 334.5 8.80 a 44.7 151.2 0.758 383.4 453.3 337.8 23.50

bD 2b 63.6 182.3 0.546 413.1 406.4 306.1 ~ 2b 58.4 127.1 0.676 389.2 428.3 313.9E a 54.2 187.8 0.606 400.5 428.4 316.1 10.80 a 56.8 141.5 0.441 360.5 413.3 308.9 23.20... co
': 3b 74.1 148.1 0.758 436.2 422.5 303.1 ': 3b 65.4 159.0 0.266 423.1 408.1 297.50 a 59.6 154.0 0.556 408.8 417.2 301.2 10.20 0 a 64.0 159.8 0.240 404.4 403.2 294.8 17.70
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Plasma Digoxin (ng/ml; ·'Rb- Ery-Assay )

Fig. 1. Correlation between individual plasma digoxin level and
changes in QTc and QSzc. Abscissa: plasma glycoside concentra-
tion 24 h after the last dose. Ordinate: differences of QTc and
QSzc before and after treatment (Ll-values).
The slopes were significantly (p < 0.001) different from zero

.., .., -., - - -,.

Fig. 2. Correlation between individual plasma digitoxin level and
changes in QTc and QSzc. Plot as in Figure 1.
The slopes differ significantly from zero (p < 0.0001)

plasma level of glycoside and Ll QTc and Ll QS2C.Dt
showed a distinctly higher correlation with flattening
of T than did D (Table 2) ..

It may be concluded from the results of the corre-
lation analysis that there is a statistically close rela-
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--
Plasma Digitoxin (ng Iml )

Fig. 3. Correlations between individual plasma glycoside level and
changes in the amplitude of the T-waves for digoxin (upper part)
and digitoxin (lower part).
Plot as in Figures 1 and 2.
Ordinate: change in the amplitude of T-waves in leads V2 to V6
(LlTVZ-6)' The slopes of the two regression lines differ significantly
from zero (p < 0.001)

Table 2. Correlation coefficients (r) and correlation equations be-
tween plasma glycoside concentration (x) and changes in ECG-
parameters and STI (y).

Digoxin Digitoxin

r equation r equation

tl Heart 0.29 y=- 4.41X + 0.15 0.30 y= -0.17x - 0.19
rate
tl PQ 0.28 y= + 6.18x + 0.06 0.31 y=+0.39X + 1.82
tl TV'-6 0.46 Y= - 0.11 X + 0.05 0.76 Y= -0.01 X + 0.01
tl QTc 0.70 y= -30.98X + 1.24 0.77 y= -1.13x - 2.39
tl QS,c 0.70 y= -18.38X + 1.98 0.75 Y= -0.89 X + 1.82
tl LVETc 0.50 y= -1O.83X + 1.01 0.43 Y= -0.37 X - 0.79

tion between plasma glycoside level and the influence
of glycosides on contraction of the heart. The results
support the value of plasma glycoside measurement
in control of digitalis therapy and not only for the
diagnosis of digitalis intoxication.



Daily Digitalis Dose ( mg, log scale)

Fig. 4. Digitalis dose versus change in systolic time intervals. Daily
oral maintenance doses of the glycosides are given on the abscissa
(fJ-acetyl digoxin = D; digitoxin = Dt). Each point of the log
dose-response curves represents the mean of the 10 different indi-
viduals (Total no's. for D = 70; for Dt = 50). The differences (~-
values) of measurements before and after 7 days of treatment (the
latter 24 h after the last dose) are shown. LVETc = left ventricu-
lar ejection time corrected for heart rate, QS2C = total elec-
tromechanical systole corrected for heart rate. The mean values of
the following treatment groups (mg daily maintenance doses) dif-
fered significantly at the 5% level in analysis of variance and mul-
tiple t-test (27) (0 = placebo).
~LVETc - D: 0 versus 0.3 to 0.6; 0.1 versus 0.3 to 0.6
-Dt: 0 versus 0.12 to 0.16
~QS2C - D: 0 versus 0.2 to 0.6; 0.1 versus 0.2 to 0.6
-Dt: 0 versus 0.04 to 0.16; 0.04 versus 0.12 to 0.16;
0.08 versus 0.16

Dose- Effect Relationship

In this study in man sigmoid-shaped, log dose-
response curves for glycoside-induced changes in STI
and ECG-parameters were demonstrated during
maintenance therapy. The doses employed resulted
in a plateau of effect (maximum efficacy) for ~
LVETc and ~ QS2C,whereas for the electrocardio-
graphic parameters (~ QTc, ~-amplitude of T-wave)
the highest doses still appeared too low to induce
maximum efficacy. Higher daily maintenance doses
(> 0.6 mg of D, > 0.16 mg of Dt), which would be
required to reach this goal, did not appear feasible
for ethical reasons.

Generally, it is difficult to state the lowest effec-
tive dose and the minimum dose producing maximum
efficacy, i. e. to determine the range of dose effect

Daily Digitalis Dose (mg. log scale)

Fig. 5. Digitalis dose versus change in electrocardiographic para-
meters. Plot as in Figure 4.
QTc = duration of electrical systole corrected for heart rate;
TV2-6= mean amplitude of the T-waves from leads V2 to V6.
The following groups differed statistically significant:
~QTc - D: 0 versus 0.2 to 0.6; 0.1 versus 0.2 to 0.6
- Dt: 0 versus 0.04 to 0.16; 0.04 versus 0.12 to 0.16
~TV2-6 - D: 0 versus 0.2, 0.4 to 0.6
- Dt: 0 versus 0.08 to 0.16; 0.04 versus 0.12 to 0.16; 0.08 versus
0.12 to 0.16; 0.12 versus 0.16

curves. A factor of 3-6 between the lowest effective
and the minimal dose producing maximum efficacy
was estimated for both glycosides from the curves of
~ LVETc and ~ QS2C, and this range was in good
agreement with the results of Greeff and Schlieper
[14]. In a study of dose-effect curves of k-strophan-
thin on human, guinea pig, and rabbit atrial strips
they observed that from onset of action to maximum
contractile force the concentration had to be
increased by a similar factor (4-fold).

In considering the dose-effect curves of the two
glycosides, it should be remembered that the biologi-
cal half lifes of D and Dt are different [9, 28] and that
our measurements were made in a state of equili-
brium 24 h after the last dose, when relatively more
D would have been eliminated.
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