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Abstract

Originally D-penicillamine (D-PA) was used due to its potential benefits in the treatment of neonatal hyperbilirubinemia
caused by hemolytic diseases in newborn infants or immaturity of the liver enzyme uridine 5'-diphospho-
glucuronosyltransferase (UDP-glucuronosyltransferase). In that period, the prevalence of retinopathy of prematurity (ROP) in
infants who received treatment with D-PA. Later, studies were performed by different institutes in Poland, Hungary, the USA,
Mexico, and India. Short or long-term use of the medication didn’t seem to have caused toxicity or intolerance, even D-PA in
the newborn period was given in higher doses compared with the doses used in adult patients. Several bilirubin-induced
neurologic dysfunctions in the infants, including ROP and autism spectrum disorder, are possibly caused by metal
accumulation, unconjugated bilirubin (UCB), as well as UCB-copper complexes in sensitive regions of the central nervous
system. Apparently, neonatal hemolysis of red blood cells leads to an unphysiological release of copper and iron from the
cells, which pass the blood-brain-barrier (BBB) via the bloodstream. Also, reactive oxygen species contributing to an
increased BBB permeability, which creates a dangerous vicious circle in the neonatal brain. In this paper, we present two
cases of neonatal hyperbilirubinemia, which indicate the potential neuroprotective effects of D-PA.
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D-nenmumnnammud (D-PA) u3HavanbHO Hallen npumeHeHwe Gnarogapsi ero MoTeHUManbHbIM NpeuMyLiecTBaM B
neveHun unepomnuMpybuHeMUM HOBOPOXOEHHBIX, BbI3BAHHOM TEMONUTUYECKMMU 3aB0NEBaHUAMM UNU  HE3PEMNOCThIO
thepMeHTa neyveHn ypuouH-5'-gudocdo-rnokypoHosuntpaHcdepassl (UDP-rniokypoHosunTpaHcdepassl). B ToT nepuog
Obina ycTaHoBMeHa MOBbILIEHHAs PACMPOCTPAHEHHOCTb pETUHOMaTUMM HepoHoweHHbix (ROP) y peTed, nmomyyasLumx
nevenne D-PA. MosgHee vccnenoBaHus NMpOBOAMMNCH pasnuyHbIMU MHCTUTYTaMu B Monbwe, BeHrpum, CLUA, Mekcuke u
WHoum. KpaTkoBpeMeHHOE MnM ASINTENbHOe WCMONb30BaHWE Mpenaparta, No-BUAMMOMY, HE Bbi3biBanO TOKCUYHOCTA UIK
HenepeHocumocTtn, D-PA B nepuog HOBOPOXAEHHOCTM Aaxe AaBarv B Bonee BbICOKMX 403aX MO CPABHEHMIO C A03amy,
NMPUMEHsSIEMbIMI Y B3pOCHbIX NaLUMeHTOB. HekoTopble Bbi3BaHHbIE BUMMPYOMHOM HEBPOMOrMYeckue ANChYHKLMM Y AeTe,
Bkniovas ROP  u paccTpoiictBa  ayTUCTMYECKOrO  CMEKTpa, BO3MOXHO, Bbl3BaHbl  HAKOMMEHWEM  METarros,
HEKOHBIOTMPOBAHHLIM  GunpybuHom (UCB), a Takke UCB komnnekcamm ¢ Medbtd B YyBCTBUTENbHbIX 0OnacTsix
LieHTparnbHON HepBHON CUCTEMBI. [10-BUAMMOMY, HEOHATambHbIN FeMONU3 3PUTPOLIMTOB NPUBOAMUT K HE(U3NONOrMYECKoMy
BbIZENEHWNI0 MEM U Xemne3a U3 KNEeTOK, KOTopble MPOXOAAT Yepes rematosHuedanuyeckuin 6apbep (F3b) Yepes KPOBOTOK.
Kpome TOro, akTmBHble (hOpMbI KWUCTOpoZa CrocoBCTBYIOT YBENWYEHMIO MpoHMuaemoctn OB, 4To co3gaeT omacHbIi
MOPOYHBIA KPYr B MO3re HOBOPOXAEHHbIX. B 9ToW craTbe Mbl npeactaBnseM ABa crnyyas runepbunupybuHemum
HOBOPOXZEHHbIX, KOTOPbIE YKa3blBaOT Ha NOTEHLMANbHbIE HENPONPOTEKTUBHbIE 3dhdhekTbl D-PA.

Knroyeebie cnoea: D-neHuyunnamud;, meOb; 6unnmupybuH; Hegponoauyeckass OUCEYHKUUS;, pemuHonamusi
HOBOPOXOEHHbIX; aymusm.
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D-nenuumnnamun (D-PA) 6acTankbiga remonutikanbik aypynap Hemece bayblp ypuauH-5'-audocdo-rniokypoHocun
TpaHcepasa (UDP-rniokypoHocun — TpaHcdepasackl) (hepMEHTTEpiHIH, reMonuTUKanblK — aypynapiaH —TyblHAaFaH
HeoHaTangdbl rUNepounMpyoMHeEMUsIHBI eMAeyaeri  bIKTUMan apTbiKWbINbIKTapbiHa OainaHbICThl  KonaaHeingsl. Con
keseHge D-PA emiH kabbingaraH wana TyraH Gananapga petuHonatusiHbi, (POM) ken Tapanybl aHbiKTangsl. KediHipek
3eptTey Monbwa, BeHrpusa, AKLL, Mekcuka xaHe YHAiCTaH4aFbl SpTypni MHCTUTYTTapMeH Xyprisingi. MpenapatTbl Kbicka
MepsiMai Hemece y3aK Mep3iMAi KongaHy, YbITTbIIbIKTEI Hemece Tesbeywinikti Tygbipmagsl, D-PA TinTi epecek
emaenywinepae KonaabinFaH fo3anapMeH CanbiCTbipFaHaa HeoHaTanbAbl Ke3eHAe XoFapbipak aosanapaa ga Oepingi.
bananappaarbl GuNMpyOUHHEH TybiHOAFaH Keiibip HeBponorusnbIK AMCHYHKUMANAP, OHbIH, iwiHae ROP Koca anfaHaa xoaHe
ayTMaM CnekTpiHiH Oy3binbicTapbl, MeTanngapabl XuHakraymeH, 6annanbaraH 6unupybunmen (UCB) xoHe opTanbik
XKYWKe KyWieciHiH cesiMTan anmakTapbiHga Mbic keweHaepi 6ap UCB Tyabipybl MYMKiH. SpUTpOUMTTEPAIH HeoHaTarnbabl
reMonu3i KaHKyMbinybl apKbinbl remaTosHuedanukanbik TockaybinbiHaH (BBB) eTeTiH KaH acylwanapbiHaH MbIC NeH
TemipaiH, dusnonorusnbik emec beninyiHe akenedi. CogaH 6acka, benceHgi otTeri Typnepi M6 eTKi3riWTiriH apTThipagsl,
Oyn HapecTenep MublHAA KayinTi Katepni weHbep xacaigsl. Ocbl Makanaga 6i3 D-PA noTteHunangsl HENPONPOTEKTUBTI
acepnepiHe KOPCETETIH XaHa TyblnFaHgap rmnepdnnMpybuHEMUSIHBIH, eKi XarFgaibiH YCbIHAMbI3.

Hezizei cesdep: D-neHuyunnamun; Mbic; 6unnuUpybuH; HEBPOMO_USNLIK OUCYHKUUS, XaHa mybliraHoap
pemuHONamusiChl; aymusm.
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Introduction neuro-systems are vulnerable to peroxidative destruction

Currently, 50% of pregnancies in the USA result in  since they have a high level of fat insulate. To this concept,
postnatal or prenatal mortality, considerable congenital ~ ASD, ROP, and bilirubin-induced neurologic dysfunction
disabilities, neurological developmental problems, or in  (BIND) are neurodevelopmental and neurodegenerative
other ways, chronically sick and unhealthy babies [7,28,9].  diseases of the immature brain due to accumulation of
In recent years, the prevalence of immune reactive or  unconjugated bilirubin (UCB), UCB-copper complex (as
neurotoxic conditions like attention deficit disorder (ADD),  prooxidant), and free metals, respectively, in relevant brain
autism spectrum disorder (ASD), dyslexia, learning  parts, including the basal ganglia. The chelator D-
disabilities, as well as schizophrenia have increased rapidly ~ penicillamine (D-PA) is an a-amino acid metabolite of
[38,35,34]. In the organism, misplaced copper and ironions  penicillin without antibiotic properties (Fig. 1). D-PA can
catalyze the initiation and acceleration of the activity of  contribute to healthy cells through the reduction of free
oxygen radicals [31]. The interaction that exists between  radicals via the removal of metal ions (in particular iron and
oxygen radicals and their target creates a free radical  copper), which catalyzes lipid peroxidation [3,16].
cascade. Free radicals attack and cause disruption of Furthermore, heme oxygenase activity, the peroxidation
nearby cells, which additional will produce free radicals, and  of lipid in the membranes of red blood cells and hemolysis,
so on [30,23]. Reactive oxygen species and free radicals as well as the activity of uridine 5'-diphospho-
are drawn towards iron and copper ions [15,26], attack  glucuronosyltransferase (UDP-glucuronosyltransferase)
cells, disrupt cell membranes, neurotransmitters,  prior to and after D-PA treatment can be described as
neuroreceptors, and enzyme systems [32]. In particular, critical areas for bilirubin excretion and production [19]. The
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peroxidation of lipids also has been evaluated being a
membrane damage mechanism in many hemolyses due to
red cell disorders [12]. The susceptibility of red blood cells
to autooxidation is three times higher in newborn babies
compared with adults [37]. Also, a significant reduction in
the fluorescence detection of cell lipid extracts and the
hemolysis can be achieved by the in vitro D-PA
preincubation [17]. It may be an acceptable drug to interact
as a binding agent with the copper for use to control the
occurrence of icterus neonatorum [17]. Although the same
accurate information has been known over the last
decades, the complete mechanism of D-PA action is still

OH,C CHs

HO SH

NH,

Fig. 1. The metal chelator D-penicillamine
(dimethylcysteine, D-PA) is a metabolite of penicillin
consisting a thiol, a carboxylic acid, and an amine.

We present two cases of neonatal hyperbilirubinemia
from the Department of Pediatrics at Kenézy Gyula Hospital
and Clinic in Debrecen, which indicate the potential
neuroprotective effects of D-PA.

Case reports

Case 1.

The first patient was an ABO-incompatible preterm
infant (birth weight: 2200 g.), who received treatment with
D-PA during the neonatal time period [11]. Because of
serious hemolysis, an early exchange transfusion was
required, but not even this intervention was able to stop the
rapid increase in the bilirubin level. At the beginning of the
second exchange, the cardiopulmonary arrest occurred
requiring resuscitation. At an extremely high bilirubin level
(32.5 mg/dl) and with acute symptoms of bilirubin
encephalopathy, the intravenous D-PA administration was
started. After the first dose, a considerable fall of 6.5 mg/d|
in the bilirubin level in four hours was observed, and due to
the treatment, it was possible to observe that the
hyperbilirubinemia gradually disappeared. Today, this
patient is an opera singer and member of a famous German
opera house. What makes this case even more remarkable
is that neonatal hyperbilirubinemia frequently causes
sensorineural hearing impairment.

Case 2.

It was cared for a term infant girl who was born at 39
weeks’ gestation to a 24-year-old, blood group O, Rh-
positive mother. The pregnancy was uncomplicated, and
group A, an Rh-positive baby, weighed 3100 g. At 50
hours of age, the bilirubin level (Sebi) was 416 mmol/l

(24.3 mg/dl); the hemoglobin value was 130 g/l. The baby
was transferred to the neonatal unit, and the physicians
decided to perform an exchange transfusion. At the
admission, the baby’s parents, who were members of the
Jehovah's Witnesses, requested written in the chart that
blood not wunder any circumstances, should be
administered. On the other hand, they authorized the
application of alternative therapies, i.e., 300 mg D-PA per
day (divided into three doses) orally administered for three
days, intravenous  fluids, recombinant  human
erythropoietin (rhEPO), and phototherapy. The treatment
with rhEPO was started with on day seven as a
subcutaneous injection (200 U/kg) and was until day 23,
given every second day, supplemented with vitamin E,
folic acid, and iron. For this infant with ABO-HDN, the
clinical data are shown in Table 1. Interestingly, she also
has an excellent voice. At 16 years old, she was the
winner of a school song festival. Also, she is a very good
student in mathematics.

Table 1.
Clinical data of the reported infant (case 2).
Postnatal Serum Hemoglobin | Treatment
age bilirubin (1)
(umolll)
50 hours 416=24.3 130 D-PA+PT
58 hours 354=20.7 D-PA+PT
76 hours 277=16.2 D-PA+PT
100 hours 233=13.6 115
Seven days 214=12.5 113 rhEPO
Nine days 95 rhEPO
12 days 87 rhEPO
15 days 98 rhEPO
20 days 101 rhEPO
25 days 120
Six months 125

Abbreviations: D-penicillamine (D-PA); physiotherapy (PT);
recombinant human erythropoietin (thEPO)

Discussion

Although many well-trained physicians have been
practicing chelation in cases of neonatal hyperbilirubinemia
also in Poland, and the USA [18,2511,39,33], this
therapeutic approach is still considered controversial. The
use of D-PA as a copper chelator is accepted routinely for
the treatment of Wilson’s disease (WD), and it should then
be initiated as soon as the disease is diagnosed, in many
cases, in young children [14]. D-PA, as well as trientine, can
reduce the copper content in the brain of experimental
animals and in cases of WD, thereby preventing the
development of severe neurological signs and symptoms
[19, 8, 11.

Since D-PA is classified as an orphan drug by the U.S.
Food and Drug Administration [13], intravenous D-PA is not
sold in the normal drug market. Orphan drugs are
pharmaceutical agents developed for the treatment of very
rare medical conditions, which otherwise would not without
support from the government been profitable to produce.
These conditions are termed orphan diseases.

Already for more than two decades ago, it was known
that the copper metabolism of fetuses is different from
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adults and similar to WD [10]. This knowledge has led
researchers to suggest that WD patients have an error in
the change from the neonatal mode to the adult
mechanism. Both in normal fetuses and in patients with
WD, the biliary excretion of copper is considerable reduced,
i.e., low plasma values of copper, as well as low or absent
plasma concentration of caeruloplasmin [27].

Several heavy metal ions, in particular, iron and copper,
have a crucial pathogenic role in neurodegenerative
disorders, including BIND or other neonatal conditions,
having an impact both on oxidative stress and the structure
of proteins (misfolding) [4,5,6, 24]. A recently published
long-term  follow-up study [29] indicates that the
administration of D-PA to newborn infants can give
significant neuroprotection in severe cases of ROP and
BIND. Also, oxidative stress and copper dyshomeostasis
have been concerned with
neurodevelopmental/neurodegenerative disorders like ASD.
It is considered that elevated copper levels may be an
etiological factor in ASD [40,2,20,36,21,22]. In newborn
babies, the high activity of heme oxygenase may reflect the
enzyme-inducing actions of metals (in particular copper and
iron), which are derived by the breakdown of fetal
erythrocytes [22].

Conclusion

D-PA is the most common drug for the treatment of
copper overload. Also, some preterm infants have been
treated with D-PA for severe jaundice and to prevent
retinopathy during the last 28-40 years by Hungarian
neonatologists. D-PA also alleviates oxidative stress and
acts as a powerful antioxidant. D-PA also can reveal
neuroprotective effects in BIND, and ROP, and may act
protectively against other neurodegenerative disorders.
However, it should be taken into account that D-PA may
give rise to side effects. Monitoring of blood count, liver
function tests, and urinary protein are recommended
because of possible adverse effects.
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