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ABSTRACT. Using four different digoxin kits, it was
disclosed that the majority of various samples including
amniotic fluid, cord blood, and serum from neonates con-
tained substantial levels of digoxin-like immunoreactive
substance. The differences in data seemed to be due to the
range of epitopes which are recognized by antidigoxin
antiserum. The day-to-day studies on sera serially obtained
from infants at birth to 48 days old revealed that the level
of the substance (0.31 * 0.12 ng/ml) in sera of the 1-day-
old neonates rapidly declined to the level of 0.1 ng/ml by
the 2nd postnatal wk and thereafter gradually declined.
The immunological specificity and accuracy of the detec-
tion of digoxin-like immunoreactive substance was con-
firmed by a sample dilution test, a recovery test for stand-
ard digoxin, and an absorption test with antidigoxin anti-
serum. The amniotic fluid and cord blood also contained
four to eight times more of a digitoxin-like immunoreactive
substance than they did digoxin-like immunoreactive sub-
stance. A significant correlation was observed between the
levels of digoxin-like immunoreactive substance and of
digitoxin-like immunoreactive substance (p < 0.01). (Pe-
diatr Res 20: 28-31, 1986)

Abbreviations

DLIS, digoxin-like immunoreactive substance
DTLIS, digitoxin-like immunoreactive substance
EIA, enzyme immunoassay

RIA, radioimmunoassay

Recent reports (1-3) renewed our attention toward the false-
positive digoxin measurements in the plasma of premature in-
fants (4). From the clinical viewpoint, these observations raise
some important questions. The first question is whether the false-
positive digoxin measurement really indicates the presence of a
DLIS which leads to an erroneous judgment about the level of
digoxin in monitoring of neonatal samples. The second question
is whether there is any similarity in biochemical specificity
between DLIS and the so-called “ouabain-like substances” de-
tected in other organs or body fluids (5-13). It seems that
previous reports (1-3) have not yet provided substantial evidence

_for their conclusion that the substance is not a product of
technical or nonimmunological false positivity. Therefore, in this
communication, we tried to confirm the previous findings using
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amniotic fluid, cord blood, and serum specimen from neonates
and also to evaluate immunological specificity of the reaction
and presence of a DTLIS.

MATERIALS AND METHODS

Thirty-one amniotic fluid and 53 cord blood samples were
obtained from mothers who had not received any digitalis gly-
cosides during pregnancy and labor. One hundred eleven sera
were also obtained from 23 neonates over 35-wk gestational age
who were delivered from healthy mothers who had not been on
digitalis therapy. The mean and range of birth weight of the
neonates were 3264 g and 2016-4420 g, respectively. The inves-
tigation was approved by the ethical committee of the hospital
and informed parental consent was obtained for blood sampling.
All samples were stored at —20° C in separate small quantities to
avoid unnecessary freezing and thawing, and analyzed at various
intervals, always within 30 days of collection.

For the detection of DLIS, one EIA kit and three RIA kits
available in Japan were used: kit A (Markit Digoxin, Dainippon-
Seiyaku, Osaka, Japan); kit B (Amerlex Digoxin RIA kit, Amer-
sham, UK); kit C (Spac Digoxin kit, Daiichi Isotope, Tokyo,
Japan) and kit D (Gammacoat '*I-Digoxin RIA kit, Travenol
Laboratories, Inc. Cambridge, MA). For the detection of DTLIS,
an EIA kit (Markit Digitoxin) was used. As a separation tech-
nique, a solid phase method (kits B, C, and D), and a double
antibody method (kit A and a kit for DTLIS) were used. To
increase the sensitivity of assay, first antiserum diluted to 1 in 3
was used in kit A and the preincubation of samples and antiserum
at 37° C, for 30 min was carried out in kit B. Other assay
procedures were performed in duplicates according to the re-
spective manufacturer’s instructions.

The cross-test was performed according to the protocol of the
kit, except for a mutual exchange of the digoxin antisera between
kit A and kit B.

In the recovery experiments, crystaline digoxin (Sigma Chem-
ical Co., St. Louis, MO) dissoved in 60% ethanol was added to
the sample at a concentration of 1.5 ng/ml. The recovery exper-
iments were done according to the method reported by Valdes
et al. (3).

In the absorption test, 500 ul of sample and the sediment of 1
ml antidigoxin-coupled bead suspension obtained from kit B
were incubated at room temperature. After 15 min incubation,
the mixture was centrifuged and the supernatant was transferred
to another tube containing the fresh antidigoxin-coupled beads.
The same absorbing procedures were repeated three times and
the final supernatant was subjected to the RIA. To examine the
possibility of uncoupling antidigoxin antibody from beads into
supernatants in the absorption process, the lyophilized standard
digoxin serum was dissolved with the supernatant which under-
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went an absorption process by the antidigoxin-coupled beads,
and the recovery rate of digoxin was examined. The uncoated
beads with antidigoxin antiserum were used as control in the
absorbing procedure to rule out the nonspecific binding of DLIS
to beads.

Statistical analysis was done by Student’s ¢ test and paired ¢
test. All values in the text are means * SD.

RESULTS

The levels (ng/ml) of DLIS in amniotic fluids were 1.35 +
0.33 in kit A and 0.38 + 0.16 in kit B. Those in cord blood were
1.33 + 0.17 in kit A and 0.45 =+ 0.07 in kit B. The magnitude of
values for DLIS measured by four different kits on each of 10
samples of amniotic fluid and cord blood is shown in Table 1.
Although the values obtained were highly variable between the
kits, the majority of samples contained material that competes
with the reaction between enzyme or '**I-labeled digoxin and
antidigoxin. In particular, the values obtained by kit A were
approximately three times higher than those obtained by the
other three kits. The large discrepancy in the data prompted us
to measure the digoxin levels twice in the same samples, using
the sera exchanged between kit A and kit B. As shown in Table
2, there was a tendency to obtain lower values when the anti-
serum from kit B was used for the assay. The standard and
dilution curves of kit A when the antiserum from kit B was used
are presented as Figure 1. The mean + SD ratio of the data
measured with the antiserum from kit B against the data meas-
ured by kit A according to the original protocol was 62.0 *
14.0%.

In the studies on the sera which were serially collected from
neonates of 1-48 days old, the levels of DLIS on the st postnatal
day were not statistically different from those of nonpaired cord
sera, then it rapidly declined to the level of 0.1 ng/ml by the 2nd
postnatal wk and thereafter gradually declined (Fig. 2).

The studies, which were done to demonstrate the immunolog-
jcal specificity and accuracy of digoxin measurement, presented
the following results. The dilution curves obtained with amniotic
fluid and cord blood paralleled that of digoxin standard (Fig. 3).
In the recovery test, we added the known amount of digoxin to
each of three samples of amniotic fluid and cord blood. The
average percent recovery of digoxin in amniotic fluid and cord
blood were 72.0 + 13.9 and 81.5 £ 3.7%, respectively, and there
was an additive interference that depended on the magnitude of
the endogenous baseline value. The DLIS levels around 0.3 ng/
ml detected in amniotic fluid and cord blood before absorption
were reduced to an undetectable level by absorption with anti-
digoxin-coupled bead (Table 3). The standard serum dissolved
with the distilled water which then underwent an absorption
process showed the titer to be compatible with that of original
serum. The nonspecific binding to the uncoated beads with
antidigoxin antiserum was negligible (Table 3).

Finally we measured digitoxin values by EIA for digitoxin on
the nine paired samples of amniotic fluid and cord blood. Am-
niotic fluid and cord blood contained DTLIS levels of 5.7 + 2.3
and 10.5 + 2.7 ng/ml, respectively (Table 4B). The dilution and
recovery test in this assay was shown in Table 44. The cross-
reaction with digoxin was below 1% and a significant correlation
was observed between the levels of DLIS and DTLIS in amniotic
fluid or cord blood (p < 0.01; point by point).

Table 2. DLIS in amniotic fluid or cord blood measured by the
digoxin assay kits with the antisera mutually exchanged
between them

Digoxin-like immunoreactive substance
(ng/ml) assayed by

Kit A (EIA) Kit B (RIA)

Sample no.

Antidigoxin from

Kit A Kit B Kit B Kit A

Amniotic fluid

1 1.05 0.48 0.28

2 1.15 0.49 0.20

3 1.30 0.46 0.27

4 1.20 0.54 0.33

5 1.15 0.52 0.51 Technically

impossible

Cord blood

1 1.45 0.44 0.49

2 1.45 0.46 0.46

3 1.35 0.45 0.42

4 1.40 0.47 0.50

5 1.50 0.45 0.56
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Fig. 1. The standard curve (® - @) and dilution curve of standard
serum (O - 0) in the assay when the antiserum from kit B was used in
kit A.

Table 1. DLIS in amniotic fluid and cord blood measured by four different digoxin assay kits (mean £ SD)

EIA (ng/ml) RIA (ng/ml)
Sample Kit A Kit B Kit C KitD
Amniotic fluid (n = 10) 1.24 +0.12 0.35 £0.09 0.17 £ 0.02 0.40 +0.19
Cord sera (n = 10) 1.35+0.16 0.47 £ 0.08 0.23 +£0.03 0.43 £ 0.09
Lower limit of kit (ng/ml) 0.1 0.08 0.05 0.1
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Fig. 2. Serial observation of DLIS in sera from neonates. In this study
the same samples were examined by kits B and D. Figures in parentheses
denote sample numbers.
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Fig. 3. The dilution curves in amniotic fluid (M and O) and cord
blood (@ and O) detected by kit A.

DISCUSSION

It has become standard practice to monitor digoxin therapy
by RIA methods. In daily practice, we sometimes experience that
in neonates who have never received digoxin, the drug is detected
by RIA in their blood samples, or that infants who are taking
digoxin show a high level of digoxin discordant with administered

doses. Recent reports by several groups (1-3) encouraged us to

study systematically the digoxin level in amniotic fluid, cord
blood, and sera of neonates not receiving digoxin therapy, using
four different kits. Since only small sample volumes of plasma
were available, it was not possible to measure simultaneously
concentration in the same samples by several assay kits. How-
ever, we are able to conclude that those samples contain DLIS
and that the substance detected in serum of premature infants
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Table 3. The absorption of digoxin-like immunoreactive
substance detected in amniotic fluid or cord blood

DLIS (ng/ml)
assayed by kit B

Sample no. Before absorption After absorption
Amniotic fluid 1 0.22 Undetectable
2 0.31 Undetectable
3 0.39 Undetectable
Cord blood 1 0.32 Undetectable
2 0.39 Undetectable
3 0.42 Undetectable

Absorbed by uncoated control beads with antidigoxin serum

Standard serum

1 0.34 0.30
2 0.68 0.64
3 1.58 1.62
Resolved with the
supernatant
Resolved with dis- which under-
tilled water went an ab-

sorption proc-
ess

Standard serum

1 0.34 0.31
0.68 0.69
1.58 1.73

gradually declines after birth. Recently Seccombe et al. (14)
reported that a distinct peak DLIS concentration in premature
infants occurred several days after birth. Although the reason of
discrepancy between our data and theirs is unclear, it might be
due to the difference of subjects. The mean birth weights in our
subjects were more than 1500 g, while those in the report (14)
were less than 1500 g.

To determine the meaning of the large difference between the
data obtained by kits A and B, we measured the digoxin level
twice in the same sample, using the antisera exchanged between
the kits. Although we could not perform a complete two-way
confirmation due to technical difficulties arising from differences
between the protocols in the two kits, it seems that the values of
«digoxin in samples depend on the range of epitope which the
antibody can recognize.

Previous authors (1-3) concluded- that the apparent false-
positive value was not attributable to technical error. The im-
munological specificity of reaction, however, has not yet been
fully elucidated. The false-positive result might be due to a
substance which nonimmunologically inhibits the reaction be-
tween antidigoxin antibody and labeled digoxin, since most of
the assay kits for digoxin use the competition technique (15, 16),
not the sandwich technique (17), as a principle. By the absorption
and dilution test, we confirmed that the substance which com-
petes with the labeled-digoxin is also immunologically reactive
with antidigoxin antibody. A small variation of data within kits
will also neglect the technical or nonimmunological false-positiv-
1ty.

Recently, several reports have appeared suggesting the presence
of endogenous digitalis-like substances in various organs or body
fluids (5-13). Besides the presence of DLIS, DTLIS was detected
in ammniotic fluid or cord blood in our study. It was not cross-
reactive with DLIS and there was a significant correlation be-
tween the levels of DLIS and DTLIS. This finding indirectly
indicates that there are multiple substances immunologically
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Table 4. DLIS and DTLIS in amniotic fluid and cord blood

A. Control data of assay in DTLIS
1. Recovery test (unit: ng/ml)

Sample Added Observed Recovery (%)

Cord serum 1 5.0 15.0 19.5 96.7
2 6.8 15.0 22.0 101.3
3 52 15.0 19.7 96.7
4 2.5 15.0 16.6 94.0
Amniotic fluid 1 6.1 15.0 24.0 119.3
2 2.3 15.0 17.8 103.3
3 1.0 15.0 18.2 114.7
4 0.9 15.0 17.5 110.7

2. Dilution test (Unit: ng/ml)
Dilution rate

Sample x1 XY XV
Cord serum 1 11.5 6.8 3.2
2 12.0 6.5 3.6
3 8.0 5.7 2.5
4 5.0 3.0 0.7
Amniotic fluild | 3.8 1.9 0.5
2 3.4 1.8 0.3
3 2.8 0.7 0.2
4 3.1 0.7 0.5

B. Comparison between DTLIS and DLIS
Amniotic fluid (ng/ml) Cord blood (ng/ml)

Sample DLIS DTLIS DLIS DTLIS
1 2.05 9.8 1.20 12.5
2 1.15 3.8 1.10 9.2
3 1.30 32 1.35 10.3
4 1.15 5.6 1.20 9.5
5 1.85 6.0 1.20 8.6
6 1.20 3.5 1.20 8.6
7 2.30 10.8 1.15 7.0 .
8 1.25 4.2 1.60 15.0
9 1.15 4.4 1.50 14.0

Mean £SD 1.49+045 5728 128%x0.17 105+2.7

similar to digitalis in amniotic fluid, cord blood, or peripheral
blood of neonates. To understand the potential importance of
the digitalis-like substances in the unique physiology of neonates
will require further investigation.
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