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A total of 330 newborns suffering from haemolytic disaease of the
newborn and hyperbilirubinaemia was treated with D-penicillamine. The

therapy resulted

in a significant decrease in the frequency of exchange

transfusions and of high serum bilirubin levels among preterm and fullterm
babies with or without sensitization. Concerning the drug’s mechanism of
action, reduction of the bilirubin level is achieved by means of the copper
stored in the liver. The intravenous route is suggested for application of the

drug. In preterm
than phototherapy.

Since its first use in the treatment
of Wilson’s disease [48] D-penicill-
amine (DPA) has found a number of
applications [1, 7, 9, 10, 14—1(5 19,
21, 24, 25, 37] and it has proved ben-
eficial in neonatal hyperbilirubin-
aemia [32 34]. The present study
was undertaken mainly in order to
summarize our experience obtained
in the treatment of a large number
of patients with hyperbilirubinaemia.

Material and Methods

In the period March, 1973, to Novem-
ber, 1974, 330 hyperbilirubinaemie new-
borns were treated with DPA. Among
them, 308 infants fulfilled the following
criteria.

1. In 147 newborns with a birth weight
of more than 2500 g without any detectable
sensitization, the serum bilirubin level was
above the limit defined as pathological
[44] at the point of time when DPA treat-
ment was started. The babies had had no
previous exchange transfusion.

infants D-penicillamine treatment proved more effective

2.In 132 preterm babies without

detectable sensitization, and a serum
bilirubin level higher than 8 mg/100 ml
during the first three days of life.

3.In 29 term and preterm infants with
Rh and ABO sensitization with a direct
positive Coombs test.

The serum bilirubin level was deter-
mined by the method of Mertz [36] as
modified by Jezerniczky [29].

Dosage and route of application

DPA was applied orally and/or
intravenously in a dose of 300 400
mg/kg body weight daily, divided
into 4 equal parts. The period oftreat-
ment varied between 2 and 5 days.
The drug was administered to 40
patients intravenously; to 189 pa-
tients orally; and to 79 patients by
both routes.

The mucii more effective intra-
venous application could be chosen
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only in the most severe cases, be-
cause suitable preparations were a-
vailable in limited quantities.

Results

1. Mature hyperbilirubinaemic infants
without sensitization.

The dye-levels measured at the
beginning of DPA administration
are indicated in Fig. 1 as a function
of age in hours. The bilirubin values
falling between the two solid lines are
to be regarded as pathological [44]
and require constant observation.
An exchange transfusion becomes
necessary if the dye concentration
exceeds the higher limit (i.e. the
upper line). Figure 1 reveals that
3 exchange transfusion were perform-
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ed in the cases where the dye con-
centration had exceeded the Ilimit
of indication at the beginning of
drug therapy. On the other hand,
in 20 cases where the bilirubin con-
centration had exceeded the critical
limit, the level could be reduced by
intravenous DPA in 12—24 hours.

This group included a considerable
number of early jaundice and hyper-
bilirubinaemia of such severity that
occurs only in grave ABO haemolytic
disease of the newborn or in cases
of a severe conjugation defect [13].

2. Preterm infants

Table | demonstrates three groups
of hyperbilirubinaemic preterm in-
fants treated with different methods
during the period 1971—74. Every

b~-irq

Fig. 1. Term infants with hyperbilirubinaemia without sensitization
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Table |

Comparison of preterm infants treated with: (1) DPA; (2) phototherapy; and (3) glucose
infusion (control group)

DPA (N = 122) PRSI Controls (N = 162)
Weight 1000 1600 30 27 40
(9) 1501 2000 56 64 60
2001 2500 46 34 62
Cause of  “Idiopathic” 65 69 84
jaun- ABO incompatibility 24 23 26
dice Rh incompatibility 7 7 u
ABO - Rh incompatibility 3 2 4
Respiratory distress
syndrome and incompatibility 29 22 33
Respiratory distress
syndrome 4 2 4
Maximum 8-12 27 (20.4%) 6 (4.8%) 15  (9.3%)
Sebi. 121 16 40 (30.3%) 25  (20.9%) 36 (22.2%)
value 16.1 20 48 (36.4%) 48  (38.4%) 37 (22.8%)
&m / 20 < 17 (12.9%) 46 (36.8%) 74 (45.7 do)
Ogml)
No. of Once 14 33 58
Et.-s Twice - 2 7
Three times — 2 4
1Total (Et./all cases) 14 (10.6%) 42 (34.4%) 84 (51.9%)
Et. = Exchange transfusion.

baby had a dye level higher than 8 mg
per 100 ml during the first three
days of life. The kind of treatment
chosen was mostly determined by
circumstances beyond our control.

a) In 1971, most cases were treated
solely with 10% glucose infusion.

b) In 1972, about two thirds of
the babies were subjected to photo-
therapy.

c¢) In the period March to October,
1973, DPA could be used only when
it was available. In its lack, photo-
therapy and/or glucose infusions were
applied.

d) In the period October, 1973,
to August, 1974, a controlled clinical
trial was performed. The infants were

treated with DPA or phototherapy,
or glucose infusion in the order of
their admission (Fig. 2).

An exchange transfusion was car-
ried out in babies with a birth weight
of less than 2000 g at a serum bili-
rubin level between 18 and 20 mg
per 100 ml and in babies exceeding
that weight at dye levels between 20
and 22 mg per 100 ml.

As can be seen in Table I, DPA
treatment was superior to photo-
therapy in reducing both the number
of blood exchanges and the critical
dye values. In cases with respiratory
distress syndrome, the development
of jaundice was prevented by DPA
much more effectively than expected.
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All cases were treated with DPA
[0 DPA was not available
B One third of all cases were treated

Fig. 2. Incidence of hyperbilirubinaemia and frequency of exchange transfusions in
the period 1972 to 1974

3. Coombs positive preterm and term
infants with haemolytic disease.

As demonstrated in Table 11 blood
exchange became superfluous in
about 60% of the 29 newborns treated
with DPA.

Table 11

Preterm and term Coombs positive
infants treated with DPA

No. of cases No. of Et.-s

Rh incompatibility 22 9
(Lrepeated
ABO incompatibility 6 2
ABO -)- Rh incompa-
tibility 1 1
Total 29 12
Et. = Exchange transfusion.

Mechanism op action

Our experimental work has re-
vealed that:

(i) DPA has no direct effect on
bilirubin:

(i) reduction of the dye level by
DPA is achieved by means of heavy
metals, especially copper. In this
respect DPA behaves like a chelating
agent and the copper-DPA complex
formed destroys bilirubin. This is
supported by the following data.

a) Heavy metals, and copper in
the first place, are known to acceler-
ate bilirubin decay both in the dark
and under light, suggesting an im-
portant role for bivalent cations under
these conditions [12, 31, 35, 46].

b) The concentration of bilirubin
was reduced by DPA only in the
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presence of Cu4+ ions both in agueous
alkaline and in albumin solutions.

c¢) The bilirubin decreasing effect
of DPA in vitro in blood samples or
icteric sera is inhibited by previously
added EHOTA

«» In Gunn-rats pretreated with
copper, DPA causes a rapid fall of
the bilirubin level.

e) In the blood samples of new-
borns responding well to DPA treat-
ment, plasma copper concentra-
tion increased during therapy. On
the other hand, babies who were
requiring blood exchange in spite of
DPA treatment had low or unchanged
copper values. This must have been
due to the mobilization by DPA of
the copper stored in the newborn’s
liver. Thus, from the point of view
of DPA-therapy, it is favourable
that the newborn infant has some
biochemical traits of Wilson’s dis-
ease: low serum Coeruloplasmin and
copper levels, and a high hepatic
copper content [42].

(i)
rising on its decomposition by DPA
are soluble in water.

There are certain data indicating
that DPA can be of some benefit
in haemolytic processes, by its in-
fluence on immune complexes and
immunoglobulins [41, 47]. Thus, the
production of bilirubin is also in-
hibited. Our clinical experience tends
to support this hypothesis. It was
unexpected to find that late anaemia
developed only in three out of 17
cases without blood exchange; they
only necessitated simple transfusions
of blood.

The products of bilirubin a-
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Side effects

In the diseases requiring long-
term DPA treatment, application
of the drug is limited by the high
incidence of side effects [3, 5, 17, 18
20]. They are troublesome but not
grave and disappear on withdrawal
of the drug.

Although DPA was administered
to our babies in doses comparatively
much higher than those used in
adults, no dangerous side -effects
have so far been recorded. This may
have been due to that treatment
usually lasted less than 5 days. Be-
sides, the adverse reactions were
mainly allergic in nature [26, 27],
as with all penicillin metabolites.
Such manifestations, are however,
unfrequent in the neonatal period
[39]. The lack of dangerous side
effects was clearly reflected by the
mortality rate and the gain of weight
of the babies treated with DPA in
1973 and 1974 (Tables 111, 1V). These
data show the superiority of DPA
over phototherapy and/or glucose
treatment and seem to prove that
neither DPA nor the products re-
sulting from the decomposition of
bilirubin by DPA have a harmful
biological effect.

Most side effects occurred when
DPA was administered orally; they
consisted in vomiting, anorexia, loose
stools, and frequent thrush. They
originated probably from the local
influence of the drug on the gastro-
intestinal mucosa.

On intravenous application, the
only side effect was a mild erythema
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Table 111

M ortality rate and causes of death among preterm infants after three days of life in the
period 1972 —1974
DPA, N = 131 Controls, N = 141

Causes of death Birth weight (g)

1000— 1501—  2001— 1000— 1501— 2001—
/o om0 OE Tep oo w0 o

Intracranial haemorrhage 6 1 7 10 3 1 14
Pulmonary haemorrhage 2 2 4 2 | 3
Idiopathic respiratory distress

syndrome 2 2 3 3
Pneumonia 5 2 7 6 5 1
Congenital anomalies 1 2 3 1 1 2 4
Total 16 5 2 23 22 10 3 35
per cent 17.5 24.8
in 1st week, per cent 114 17.7
after 1st week, per cent 6.1 71

Table IV

Gain in weight of preterm infants treated with (1) DPA; (2) phototherapy; and (3)
glucose solution infusion

Mean Body Weight (o) Statistical signii-

Ao (1) DPA (2) Phototherapy (3) Controls icance
2 months (birth 2200+320 2260+240 1970+280 1:2- ns.
weight below 1500 g) (N =25 (N = 24) (N=28) 1:3- p<
0.01
2:3 —p <
0.0001
1 month (birth 2240+230 2090+£290 2030+250 1:2- p<
0.01
weight over 1500 g) (N = 55) (N = 60) (N=860) 1:3- p<
0.0001
2:3 —n.s.

+ = Standard deviation,
n.s. = non significant.

in two cases; it responded readily to side effects. Serious side effects of
to antihistaminics. Thus, intravenous DPA observed during long-term ther-
treatment is more advantageous than apy, such as copper, iron and pyri-
oral application, not only in reducing doxine deficiency, thrombocytopenia,
the dye level, but also with respect agranulocytosis, proteinuria and ne-
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phrosis syndrome never occurred in
our patients.

Three further questions have to be
discussed in some detail.

Anaemia. As haemolytic disease
of the newborn and prematurity
are accompanied by anaemia, some
of the cases treated with DPA dis-
played a low RBC, requiring late
transfusion of blood. On the other
hand, considerably less late transfu-
sions were necessary among the DPA-
treated patients than in the other
groups. This is an indirect evidence
that DPA causes no depression of the
haemopoetic system.

Copper deficiency. This question
has arisen in view of the physiologic
importance of copper and of the
chelating nature of DPA. It is difficult
to induce a copper deficiency in
normal infants [43], but some neo-
nates maintained on unusual diets
or fed parenterally for several weeks
have developed copper deficiency
presenting with anaemia, neutro-
penia, and vascular and bone changes
which were relieved by oral copper
treatment [2, 30]. In contrast, all
our patients treated with DPA had
a normal serum copper level and
there was no need of supplementation.
This is believed to have been due to
the short course of treatment.

The copper content in the fetal
and neonatal liver, muscle, skin,
adrenal glands, thyroid, testes and
uterus, is much higher than in adults
[11, 45]. These elevated tissue copper
levels decrease soon after birth, while
there is a corresponding increase in
plasma copper and Coeruloplasmin

D-penicillamine 99

concentration [22]. DPA seems to
hasten this process without causing
copper deficiency in such a short
period of time. In addition, 8 cases
have been reported [8] where before
and during pregnancy women were
treated with DPA for Wilson’s disease
or cystinuria, and they delivered
normal babies except one who dis-
played Ehlers Danlos’s syndrome.

Immunosuppression. It has been
established [23, 40] that DPA is not
a cytotoxic-immunosuppressive agent
in man. DPA treatment does not affect
the immune system and does not
predispose to tumour formation. Lym-
phocyte transformation and serum
complement are not inhibited by
DPA therapy. DPA seems to cause
clinical improvement and normaliza-
tion of immunological and serological
abnormalities without immunosup-
pression. This is supported by its:

a) influence on antibodies fixed
to cells [41];

b) splitting of intermolecular di-
sulphide bridges of macromolecular
and polymeric proteins [14];

c) changes of 7S, 19S and 22 S
immunoglobulins [6];

d) mesenchymal suppressant effect
[38];

e) reduction of C-reactive protein
acting as phagocytosis promoting
factor [14];

f) action on the recipient cells in
tissue culture by increasing their
resistance to viral infection [28].

These clinical and experimental
findings may explain that the number
of complications associated with
immune inhibition did not increase
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among our patientstreated with
DPA.

Conclusions

I. When is DPA
bilirubinaemia ?

ineffective in hyper-

1 In grave haemolytic disease
with apparent jaundice where the
dye values approach or exceed the
limit indicating a blood exchange.

2. In the rare cases of a low hepatic
mobilizable copper content (mostly
in preterm infants).

3. In the course of oral adminis-
tration when because of vomiting
and gastrointestinal disturbances the
absorption of DPA is affected.

Il. When to start DPA therapy ?

1 As early as possible if clinical
symptoms or laboratory findings point
to a haemolytic process;

2. in preterm infants with a dye
level higher than 8 mg/100 ml during
the first three days of life;

3. as early as possible in all cases
of early jaundice due to incompati-
bility.

Il. when
commended ?

is DPA therapy not re-

Jaundice in the first week of life
is a symptom of several illnesses. It
may be the earliest sign of infectious
diseases, sepsis, bleeding or mild
haemolytic anaemia not due to in-
compatibility. Because of obscuring
the adequate diagnosis, DPA therapy
should be started with great caution
in such cases.

L. Lakatos et al.:
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IV. Are the babies treated with DPA
without exchange
to

transfusion exposed
the danger of bilirubin
pathy ?

encephalo-

Pollow-up of patients with high
neonatal serum bilirubin levels re-
vealed no ill effects whatever in these
babies of whom now several have
past the age of two years.

To sum up, [we believe that in the
control of neonatal hyperbilirubin-
aemia, DPA treatment surpasses the
effect of any other drug or of light
therapy.
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