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A Study on Digoxin®-like Immunoreactivity and Its Nature
in Patients with Chronic Renal Failure and Neonates
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Intrduction

Measurement of serum digoxin level with radioim-
munoassay is being used prevalently since the initial
development by Smith et alV. because of low toxic:

therapeutic ratio and poor relationship between dose
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and serum concentration etc?. Moreover, mea-
surement of serum digoxin level in cases with
chronic renal failure seems to have even greater
clinical significance considering frequent coexis-
tence of cardiac diseases & renal failure and changes
of pharmacodynamics due to renal failure. But it

was found that there are significant differences in
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the apparent serum digoxin concentrations mea-
sured with radioimmunoassay according to the
types & kinds of assay kits**. It is considered to be
caused by some endogenous substances having
digoxin-like immunoreactivity (DLI), and DLI was
also found in the sera of third trimester pregnant
women®, neonates®” & amniotic fluid®, subsequent-
ly.

Studies on DLI may be worthwhile not only in
heightening of reliability & specificity of digoxin
radioimmunoassay but also in investigation of Na-K
ATPase inhibitor in consideration of the suspicion
that the substance(s) having DLI may be related to
the Na-K ATPase inhibitor found in the circulation
of volume expanded experimental animals®. In the
present study, we measured the levels of endogenous
DLI in sera of patients with chronic renal failure &
neonates and analysed various natures of DLI’s.

Materials and Methods

Plasmata from 27 patients with end stage renal
disease of serum creatinine level over 6 and 27

neonates below 39 days of age were obtained and
(ng/ml)

0.8

stored at 20°C. All subjects were not receiving digox-
in therapy and the samples were thawed & analysed
within 60 days of collection. 10 healthy male vol-
unteers comprised normal control group.

GammaCoat Digoxin kit (Clinical Assays) using
coated tube as solid phase and Amerlex Digoxin RIA
kit (Amersham) emplo¥ing centrifugal separation
method were used for assay of DLI. Normal pooled
sera were used for dilution of respective pooled sera.
Pooled sera of patients with chronic renal failure &
neonates were treated with the 0.1% trypsin (Sigma,
type I) for 45 min at 37°C followed by addition of
Soybean trypsin inhibitor (Sigma, type I-S) for
measurement of trypsin sensitivity of DLI. Organic
solvent extraction was done by addition of equal
volume of methylene chloride (Sigma) to respective
pooled sera, and organic phases were dried and
reconstituted with same volume of normal pooled
sera before radioimmunoassay. Digoxin recoveries
were calculated as differences between afnoﬁnts of
the apparent immunoreactive digoxin before & after
addition of appropriate amount of true digoxin to
respective pooled sera divided by ‘amount of digoxin
added.
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Student’s t-test, linear regression and test of
pgrallelism‘” were used for statistical analyses and
p-value below 0.05 was considered arbitrarily to be
significant.

Results

1) DLI’s in the Sera of Patients with Chronic
Renal Failure & Neonates
DLI above lower limit of detection (0.1 ng/ml) was
observed in sera from 12 (44.4%) of 27 patients with

chronic renal failure using gammaCoat Digoxin kit

Digoxin Level (ng/ml)

(range: 0.11—0.41 ng/ml), whereas all sera had DLI
values below lower limit of detection with Amerlex
Digoxin RIA kit. In case of neonatal sera, all 27
samples gave positive DLI results (range: 0.11—0.64
ng/ml), and mean value of DLI's of 27 neonatal
samples (0.36+0.13 ng/ml; mean+S.D.) was signifi-
cantly higher than that of 27 samples from patients
with chronic renal failure (0.11+0.14 ng/ml), using
GammaCoat Digoxin kit. (p<0.001) with Amerlex
Digoxin RIA kit, DLI above the lower limit of detec-
tion was not found in all neonatal sera except one
sample (0.15 ng/ml) (Fig. 1).
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Levels of endogenous digoxin-like substances versus serum creatinine levels.
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Fig. 3. Levels of endogenous digoxin-ike substances versus blood urea nitrogen levels.
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All of normal control sera gave negative DLI
results with GammaCoat Digoxin kit except one
(0.17 ng/ml).

There was no significant correlation between the
DLP's of the patients with chronic renal failure
measured with GammaCoat Digoxin kit and their
serum blood urea nitrogen or creatinine levels(p>0.
1, p>0.01) (Fig. 2, Fig. 3).

2) Percent Recoveries of Digoxin

DLTI’s of pooled sera from patients with chronic
renal failure & neonates with GammaCoat Digoxin
kit were 0.24 & 0.40 ng/ml, respectively, and became
0.46 & 0.58ng/ml after addition of 0.45ng of true
digoxin, yielding 49% & 40% recovories of added
digoxin in the former & latter, respectively(Table 1).

3) Dilution Curves of DLI’s

2 pooled sera from patients with chronic renal

Table 1. Per Cent Digoxin Recovery
(Digoxin Recovered/Added)

Original Final

. . Digoxin . Y Digoxin
d;gs:lm added d"é?/)e(lm recovery
0
(ng/mi) ("8 (ngjmy) (%)
CRF serum
pooled 0.24 0.45 0.46 49
Neonatal serum
pooled 0.40 0.45 0.58 40
{ng/ml)
0.4
Neonatal
- © Pooled Sera CRF Pooled Sera 2
% .
5 0.2
2
; CRF Pooled Sera 1

0.2 0.4 (ng/ml)

Digoxin Level, Expected

Fig. 4. Tests of parallelism in pooled sera.
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failure gave DLI values of 0.21 & 0.50 ng/ml using
Gamma Coat Digoxin kit, and the DLI's became
0.11 & 0.23ng/ml éfter 2-fold dilution with normal
pooled sera, respectively. Neonatal pooled sera hav-
ing DLI of 0.39 ng/ml gave DLI values of 0.27 & 0.18
ng/ml after 2-fole & 4-fold dilution, respectively,
with GammaCoat Digoxin kit. The dilution curves of
both groups of pooled sera were not significantly
different from normal dilution curve when analysed
with test of parallelism (p>0.1, p>0.05) (Fig. 4).

4) Trypsin Sensitivity of DLI’s

DLI of pooled sera from patients with chronic
renal failure was 0.5 ng/ml, and became lessened to
0.42 ng/ml after trypsin treatment with trypsin sensi-
tivity of 16%, using GammaCoat Digoxin kit. DLI of
pooled sera from neonates before & after trypsin
treatment with GammaCoat Digoxin kit were 0.46 &
0.37 ng/ml respectively, to yield 20% trpsin sensitiv-
ity (Table 2).

5) Organic Solvent Extraction of DLI’s

Of the total DLI of 0.50 ng/ml in pooled sera from
patients with chronic renal failure, 0.28 ng/ml (56%)
was extracted into organic phase with methylene
chloride, whereas, no detectable DLI (below 0.01 ng/
ml, below 21%) was extracted into organic phase of
the total DLI, 0.46 ng/ml in neonatal pooled sera

Table 2. Trypsin Sensitivity of DLI's in Pooled Sera

DLI DLI
before before Trypsin
trypsini-  trypsini- sensitivity
zation zation
CRF serum 0.50 0.42 16%
Neonatal serum 0.46 0.37 20%
{ng/di)

Table 3. Extraction with Methylene Chloride

Total Extracted % Extra-
DL1 DLI ction
CRF serum 0.50 0.28 56%
Neonatal serum 0.46 below 0.10 below 21%
(ng/d1)
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using GammaCoat Digoxin kit (Table 3).
Discussion

This study documents the presence of variable
levels of DLI according to radioimmunoassay kits in
the sera of patients with chorinc renal failure &
neonates, which might be clinically significant. Simi-
lar results were also reported by many inve-
stigators®>*%!? but the true natures & identities of
these DLI's are far from clear. Tracer degradation,
nonspecific binding, variation in ionic strength or
other factors which are independent of antigen-anti-
body reaction do not seem to be plausible causes of
those results®. Dilution curves of pooled sera in this
study also are in contradiction to the theory that DLI
is due to nonspecific reaction, and suggest that some
substance(s) displace radioactive tracer in a com-
petitive manners. The apparent difference between
the calculated slope of dilution curve and 1 in case of
neonatal pooled sera as well as the apparently low
recoveries of added digoxin might be attributable to
the fact that these results were obtained in the lower
extreme range of log-logit curve with possible higher
error.

And the documented negligible cross immunore-
activity of commercial radioimmunoassay kits with
digoxin analogues'>!® and low against the possibil-
ity that DLI is caused by structural analogues of
digoxin or their degradation product.

The suggestion by Graves et al*. that DLI detected
in sera of patients with chronic renal failure might be
related to “middle molecule”® in based on the find-
ings that Na-K ATPase inhibitor simulating digitalis
action was detected in the serum'®, urine!” of
patients with chronic renal failure, volume expanded
human & experiemental animals®®. Gruber et al®.
and Klingmueller at al'®. reported detection of Na-K
ATPase inhibitor & DLI in the same post-salt peak
using gel filtration chromatography. On the other
hand, poor correlation between DLI’s & serum blood

Digoxin®s} iwa} mdubg9 1 o)
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urea nitrogen/creatinine levels and low trypsin sen-
sitivity of DLI as documented in this study suggest
that the substance(s) having DLI might be different
from “natriuretic hormone” advocated by Gruber et
al®,.

activity!®2®

ACTH fragments with some natriuretic
or vatious atrial natriuretic
peptides®?®, but the possibility that “natriuretic
hormone” is very small peptide and not susceptible
to trypsin action must also be borne in mind.

Also controversial are the origin & identity of DLI
found in the sera of premature or full-term neonate.
DLI was also detected in the placental homo-
genate?, third trimester pregnant women® & am-
niotic fluid® indicating that DLI is produced at the
gestational unit. But the hypothesis that the steroids
related to pregnancy engender DLI seems unlikely in
consideration of the low cross immunoreactivity of
the radioimmunoassay kits with structural ana-
logues and low extractability into organic solvent®.
This type of DLI is reportedly not related to the
weight or Apgar score of the neonate” and seems to
disappear after 60 days after birth™?®, suggesting
possible role of fetal adrenal in genesis of DLI”. But
report of Pudek et al*®. that level of DLI & dehy-
droepiandrostenedione ‘sulfate had poor correlation
is against the role of fetal adrenal in this regard.

In conclusion, DLI's are detected in the sera of
patients with radioimmunoassay kits, but the ori-
gins & chemical identities remain to be established
despite of intensive efforts by investigators. And
apparent differences of the various digoxin radioim-
munoassay Kits in the measurement of digoxin or
DLImust be kept in mind in the selection of assay kit
and in the interpretation of results in patients with

renal failure, neonates & pregnant women etc.
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