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D-penicillamine in the prevention of retrolental
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The effect o f  D -penicillam ine on the occurrence o f  retrolental 
fibroplasia w as analysed  in 196 infants b om  in the years 1977— 1980 w ith  
birth w eights betw een 700 and 1500 g. A m ong 109 D -penicillam ine treated  
infants a single one w as found to have retrolental fibroplasia w hereas o f  86 
w ithout such treatm ent 10 developed severe cicatricial retrolental fibro
plasia. It seem s th a t in preventing hyperbilirubinacm ia and oxygen  tox ic ity  
the m echanism  o f  action o f  D -penicillam ine is a  protection o f  biom em branes
against lipid peroxidation.

Nearly 40 years have passed since 
Terry [33] had described retrolental 
fibroplasia (RLF) in prem ature in
fants. W ith the decreasing m ortality 
and increasing survival rates of pre
m aturely born infants, the  risk of 
R L F  is still a serious problem. Clinical 
and experimental evidence has sug
gested th a t oxygen toxicity is a major 
factor in the aetiology of R L F  and 
bronchopulmonary dysplasia [11, 13, 
31, 32]. Identification of agents or 
drugs to  protect against oxygen toxic
ity  m ay provide a means to  reduce 
the incidence of these disorders.

D-penicillamine (DPA) for the con
trol of neonatal hyperbilirubinaemia 
was introduced in our D epartm ent in 
March, 1973 [18, 19]. This treatm ent 
was especially effective in jaundice 
of haemolytic origin such as ABO or 
R h incompatibility, and is used with 
phototherapy for the prevention of 
hyperbilirubinaemia of prem ature in
fants.

The present study was performed 
to draw attention to a  new possible 
use of DPA, in the prevention of 
RLF.

M a t e r ia l  a n d  M e t h o d s

In  a  previous retrospective stu d y , 407  
premature in fants w ho had received  supple
m ental oxygen  therapy during th e  period  
May, 1974, to  D ecem ber, 1978, were 
exam ined by  indirect ophthalm oscopy. 
E leven  cases o f  R L F  were diagnosed  in  
th at study. D uring the tw o  and  a h a lf  
years prior to  the developm ent o f  our 
neonatal intensive care u n it there w as  
only  1 ou t o f  168 in  contrast to  th e  10 out 
o f 249 cases during the follow ing tw o  years  
w ho were found to  have cicatricial p hase  
R L F . E very  in fan t who developed R L F  
had a birth w eight under 1600 g  and a  
gestational age o f  26 to 33 w eeks. I t  w as 
surprising th a t am ong babies treated  w ith  
D BA  to  prevent hyperbilirubinaem ia in  
the neonatal period o f  life there w as on ly  
one case o f  R L F . T he clin ical d a ta  o f  th e  
193 infant survivors w ith a birth w eight 
betw een 700 and 1600 g  are show n in  
Tabló I . Two aspects have to  be considered:
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T able  I

D istr ib u tio n  o f  very low  b irth  w eigh t infants receiving supplem ental oxygen  therapy  
and  D -penicillam ine trea tm en t in  the retrospective screening program

B irth w t Intensive care nursery

g
Gestational age, D P A Before A fter T otal

wks
n /R L F

<  1500 _ 46/0 86/10 132/10
26—33 + 25/1 36/0 61/1

i /R L F  =  Incidence o f  retro len ta l fibroplasia in  th e  g iven  groups

T a b l e  II

Survival rates o f  in fa n ts  weighing less th an  1500 g, in  1975 — 1980

Y ear

1975 1976 1977* 1978* 1979* 1980*

Survival rate
percent 31.5 47.6 60.0 60.6 54.3 60.9

* Treated in  in ten siv e  care nursery

fir st , i t  is  obvious that D P A  trea tm en t was 
a ssoc ia ted  with a decrease in  th e  incidence  
o f  R L F ; second, only the oases in  th e  m ark
ed  quadrant can appropriately b e com 
p ared  i.e . the patients d ischarged  after 
th e  developm ent o f  in tensive care nursery. 
T h e unequal division o f  cases probably  in 
d ica te s  the hesitancy to  w ith h o ld  D PA  
trea tm en t for premature in fa n ts  in  view  
o f  it s  presum ed beneficial in flu en ce. So we 
d ec id ed  th at no additional in fa n ts  should  
b e p laced  in the “control” group , and all 
in fa n ts  weighing less th an  1500 g and  
requ iring  oxygen received D P A  therapy  
d u rin g  th e  period May 1979 — October 
1980 [17a]. Our decision w as supported  by  
th e  follow ing considerations, (i) For infants 
w ith  respiratory difficu lties a t  an y  tim e 
in  th e  neonatal period, o x y g en  adm inistra
t io n  w as always indicated. U nfortunately , 
a t  th e  sam e time we had no  p ossib ility  to  
m easure the arterial P a 0 2 system atica lly . 
T h e m ethod  o f oxygen trea tm en t has re
m a in ed  unchanged since Ja n u a ry  1977.

Then, a ll prem atures were assigned to  
routine (unrestricted) oxygen  for th e  18 
m onths o f  th e  supplem ental prospective  
study. A s can  be seen in  Table II , during 
the p ast four years, th e  survival rate o f  
in fan ts w ith  very  low  birth w eight has 
im proved sign ificantly , largely because o f  
their treatm en t in  the in tensive care nur
sery, and  it  tends to  rem ain unchanged.
(ii) E levation  o f  the unconjugated bilirubin 
level is a  frequent occurrence in  preterm  
babies. A lthough D PA  itse lf  ha3 a m oderate 
effect against hyperbilirubinaem ia o f  pre
m atures w ith  a short gestational age (15), 
together w ith  phototherapy it  seem s to  
control th e  plasm a bilirubin level satisfac
torily in  very  low  birth w eight infants too.
(iii) L ast, b u t n ot least, eth ical aspects 
have also influenced our decision, R L F  is  
nam ely a  severe disease resulting in lifelong  
blindness.

D P A  (M etaleaptase®  — K noll AG, Lud
w igshafen, FRG ) wa3 applied intravenously  
in doses o f  399 m g/kg body w eight daily,
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d iv id ed  in to  4 equal am ounts, starting a t  
12— 24 hours o f  life. T he period o f  trea t
m en t varied betw een 2 and 6 days. T here 
w ere 160 preterm in fan ts w ith  very low  
birth w eight adm itted  to  the neonatal in 
ten sive  care un it from  M ay 1, 1979, to  
October 31, 1980. A ll neonates required  
supplem ental oxygen . O f these in fan ts 91 
(67% ) survived. T he in fan ts were exam ined  
w ith  regular neurologic and  developm ental 
evaluation  in  our n eonata l clinic; 73 (81% ) 
w ere then  exam ined b y  indirect ophthal
m oscopy w ith  scleral depression. The rest 
o f  th e  patients (n =  18) could not be con 
tacted  and did n o t report a t the clin ic. 
G enerally, the first fundus exam ination  
w as scheduled at 3 to  6 w eeks o f  age. I f  th e  
in itia l finding w as norm al, the baby w as  
exam ined m onthly up to  6 m onths o f  age. 
T he eye  changes were graded according to  
R eese  e t al [28]. G estational age was d eter
m ined  from  the m enstrual history and con
firm ed by  th e  clinical criteria o f  D ubow itz  
e t al [6 ] . The m edical records o f  the 196 in 
fan ts, 109 treated w ith  D P A  and 86 u n 
treated , discharged betw een 1977— 1980, 
were review ed and th e  system atically  ta b 
u lated  clinical data  were analysed by  
S tu d en t’s t  or the x 2 te s t.

R e s u l t s

The clinical da ta  and neonatal 
m orbidity factors of the 195 survivors 
w ith a  b irth  weight between 700 and 
1500 g are shown in Table I I I .  These 
d a ta  indicate th a t the two groups of 
infants treated  with or w ithout DPA 
were well matched on the basis of 
b irth  weight, gestational age, and 
neonatal m orbidity factors. Also, the 
neonatal factors associated w ith the 
inspired am ount of oxygen showed 
no significant difference except for 
phototherapy in the D PA -treated  and 
no t in the control group (Table IV). 
The d a ta  for the 11 infants who devel
oped R L P  and survived the  neonatal 
period are summarized in Table V. 
One case out of 109 D PA -treated  
infants was found to have R L P, 
whereas 10 out of 86 w ithout such 
trea tm ent developed severe cicatricial 
R L P. The difference was statistically

T a b l e  I I I

C linical data  and neonatal m orbidity factors o f  all in fant survivors w ith a birth w eigh t o f
700 to  1600 g , in  1977— 1980

Clinical data DPA-treated Control P value*

No. of babies 36 +  73 =  109 86
Birth weight, g 1261±19.8 1242±20.0 N. S.
Gestational age, wk 32 .6± 2 .8 32.4±2.3 N. S.
Apnoea once 10 8 N. S.
Apnoea several times 56 39 N. S.
Septicaemia 7 4 N. S.
Maximum weight loss, g 121 ± 4 6 8 8 ± 7 N. S.

* =  P robability  value derived from  %2 te s t or S tu d en t’s t test. N . S . d en otes  
P  >  0.06
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T a b l e  IV

F actors associated w ith  o x y g en  dose

F ac to rs D P A -trea ted  
(n  =  109)

Control 
(n  =  86)

P  value

No. o f infants treated w ith 0 2. Duration 
of Oj exposure (hours)

FiO 2 =  1.0 58 39 N. S.
2 .7 ± 0 .5 3.2±0 .8 N. S.

FiO 2 =  0.6 70 54 N. S.
77 .8± 27 .8 47.1±6.4 N. S.

FiO 2 =  0.4 109 86 N. S.
61 .1± 5 .9 50.2±5.3 N. S.

Exchange transfusions, (number) 26 25 N. S.
Phototherapy, (number) 56 22 <0.01
Respiratory aids:
No. o f infants treated with CPAP 60 49 N. S.
Duration of 0 2 exposure, (hour) 49 .1± 6 .1 51.1±6.5 N. S.
No. o f infants treated w ith 0 2 

via mask 109 86 N. S.
Duration of 0 2 exposure, (hour) 6 5 .3 ± 6 .0 49.8±5.3 N. S.

CPA P =  C ontinuous positive airway pressure  
FiO 2 =  F raction  o f  inspired O t

significant by the X 2 test. In  addition 
the  D PA -treated R L F  infants had 
more to ta l hours of oxygen treatm ent 
th an  the control R L F  babies.

D i s c u s s i o n

The results suggest th a t DPA 
trea tm en t hi the neonatal period is 
associated with a  m arked decrease 
in the incidence of severe R LF 
among very low b irth  weight infants. 
Such a protective effect of DPA 
would be consistent w ith a radical- 
m ediated mechanism of oxygen toxic
ity .

A t present, hydrogen peroxide 
(H 20 2), superoxide radical (O2 ), hy

droxyl radical (HO- ), and singlet 
excited oxygen (x0 2) are all consid
ered to  be possible agents of hyper- 
oxic tissue damage. Oxygen radicals, 
in tu rn , participate in radical chain 
reactions causing lipid peroxidation, 
depolym erization of mucopolysaccha
rides, protein sulphhydryl oxidation 
and  crosslinking, which lead to enzyme 
inactivation and damage of nucleic 
acids [5, 8, 17].

P rotective agents act directly to 
elim inate the formation of toxic sub
stances such as oxygen radicals. 
Exam ples of such agents are radical 
quenchers or antioxidants. A second 
type of protection occurs w ith com
pounds th a t induce tolerance by 
increasing the activity o f enzymes
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T a ble  V

In fants w ith  retrolental fibroplasia

In fan t
No.

D ate of 
b irth

Gesta
tional 

age, wk

B irth  w t, 
g

Cicatricial RLF Total hours O, FiO, Total hours O,
Et. DPA CommentOD/OS

1.0 0.6 0.4 CPAP Mask

l 1977 28 1200 o / v 8 100 100 100 108 + — IRDS

2 1977 28 950 v / v 6 72 48 72 54 + — IRDS

3 1977 31 1500 v / v — 48 48 48 48 + — IRDS

4 1977 29 1400 v / v — 60 50 60 50 — — IRDS

5 1977 30 1200 v / v — — 50 — 50 + — Tachypnoea

6 1977 32 1420 v / v 6 84 20 84 26 + — IRDS

7 1978 26 1150 v / v 6

C
O

00 20 180 32 + — IRDS

8 1978 33 1300 v / v — 40 10 40 10 — — IRDS

9 1978« 32 1250 V/III — 30 10 30 10 — — IRDS

10 1978 27 950 1/П — 60 70 — 130 + — Sepsis

11 1979 29 1100 v /v 4 200 200 200 204 — + IRDS

E t =  E xchange transfusion

L
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th a t  p ro tect against oxygen. Several 
studies have provided clinical and 
experim ental da ta  dem onstrating tha t 
D PA  m ay act by bo th  pathw ays of 
the  antioxidant defense mechanism.

I .  D P A  as an oxygen radical scavenger

(i) DPA, chemically dimethylcys- 
teine, like other sulphhydryl com
pounds, can protect tissues from 
oxygen toxicity and it is related to 
its free radical scavenging SH group 
[7, 21, 27].

(ii) Enzym es which catalyse the 
d ism utation  of are metallo-pro- 
teins term ed superoxide dismutases. 
Lengfelder and E lstner [22] found a 
superoxide dism utating activ ity  of 
the red-violet-copper-DPA complex. 
R ecently  it  has been reported by 
R obertson and Eridovich [29] that 
the  complex does no t catalyse the 
d ism utation  of 0Г- I t  is, however, 
no t entirely  stable. I ts  gradual de
composition releases Cu(II) or smaller 
complexes of DPA, and these catalyse 
the dism utation of O-f. In  any case, 
if  such copper complexes are formed 
during  DPA treatm ent, th is m ay offer 
pro tection  against free radicals. Our 
previous animal experim ents showed 
th a t  prolonged hyperoxia caused an 
increase in superoxide dism utase activ
ity  while DPA was found to  inhibit 
th e  inductive effect of oxygen. These 
d a ta  suggest th a t D PA  m ay provide 
sufficient antioxidant protection to 
p reven t the usual biochemical response 
to  hyperoxia [14].

(iii) An undefined p a rt of the drug 
effect m ight result írom  its chelating

properties since trace metals, espe
cially copper and iron, are po ten t 
catalysts of lipid peroxidation [1, 3, 
16, 34]. This may be the m ost prob
able hypothesis, for it is well- 
known th a t  the accumulation of trace 
elements is higher in the new born’s 
organs th a n  in those of adults [30].

(iv) D PA , as other thiols, has a 
great tendency to form mixed disul
phides w ith  disulphide-containing se
rum  proteins, and through these oxi
dations i t  may have a protective, 
reducing effect on free radicals and 
act as a  hydrogen donor [25].

(vl D P A  satisfies several criteria of 
radioprotection. I t  is a dose-modify
ing agent whose dose reduction factor 
is d irectly  proportional to  the  con
centration of the drug, and it affords 
protection when administered before, 
bu t no t after, irradiation [35, 36]. 
Based on the report of Gerschm an 
et al [9], i t  has been widely accepted 
th a t  irradiation and oxygen exposure 
produce a t  least some of their lethal 
effects through one common m echa
nism, th e  formation of oxidizing free 
radicals. In  addition, in our experi
m ents the  radioprotective effect of 
D PA  was significantly greater in 3 —4 
days old mice than in adult anim als 
[20].

(vi) In  several previous reports we 
have shown th a t DPA given in tra 
venously to  newborns reduces the 
plasm a bilirubin concentration or pre
vents the  increase usually seen during 
the first few days of life. There are 
a  num ber of observations to  show 
th a t  bilirubin is a photodynam ic 
agent, i.e. in the presence of oxygen
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and light it produces Ю2 and per
oxidation of unsaturated  membrane 
lipids [4, 10, 12].

I I .  D PA as an inductor of enzymes 
contributing to antioxidant defense

(i) Adm inistration of DPA may 
liberate some of the protein-bound 
glutathione and thus increase the 
concentration of free glutathione. This 
thio tripeptide plays an im portant 
role in the stab ility  of cell membranes 
and in protection against damage 
from superoxides and free radicals 
[26].

(Ш In  a recent study [24] we have 
examined how in vivo treatm ent 
affects the enzymes of peroxide m etab
olism in the liver of newborn rats 
and in the tissues of adult rats. I t  was 
found tha t the drug acted in different 
ways in newborn and adult rats. In  
both cases DPA caused an increase 
in the liver microsomal cytochrome 
P-450 activity and a decrease in lipid 
peroxidation. As regards the enzyme 
changes, DPA treatm ent led to  an 
increase in liver peroxidase and ca ta
lase activity only in newborn rats. 
These findings are in accordance with 
our previous observation th a t DPA 
shortens the hexobarbital , sleeping 
tim e in newborn b u t not in adult rats.

The age related differences in the 
drug effect can well be explained by 
the data  of Maines and Kappas [23]. 
According to  their studies, metal ion 
induction of haem oxygenase, a rate- 
limiting enzyme of haem degradation, 
is accompanied by  various d isturb
ances of haem metabolism including

alterations in delta-amino-laevulinate 
synthetase activity, decreased micro
somal contents of haem and other 
haem proteins. When m etals are 
complexed with cysteine or g lu ta
thione, their ability to alter the m etab
olism o f haem is totally blocked. 
The high activ ity  of haem oxygenase 
in the  newborn could reflect the 
enzyme-inducing action of metals 
derived from the breakdown of fetal 
erythrocytes. Chelation therapy  in 
neonates restores the normal activ ity  
of enzymes participating in haem 
metabolism. Briefly, chelating agents 
facilitate haem synthesis and inhibit 
haem degradation, thus boosting the 
newborn’s liver to the adult detoxify
ing level. Since the enzymes which 
play an im portant role in antioxidant 
defense and drug metabolism (per
oxidases, catalase, cytochrome P-450) 
are haem  proteins, it is likely th a t  the 
prevention of hyperbilirubinaemiaand 
of oxygen toxicity by DPA rests on 
a common mechanism, the protection 
of biomembranes against lipid per
oxidation.

Finally, we wish to emphasize th a t 
although DPA was administered to 
the babies in uncommonly high doses 
as com pared to  those applied in 
adults, no serious side effects have so 
far been recorded in more than  2000 
infants trea ted  in the last eight years. 
Furtherm ore, on the basis of a follow
up study  carried out a t 3—4 years 
of age we could demonstrate th a t  
DPA had  no harmful long-term side 
effects. N either had the drug a bili
rubin displacing effect on the albu
min-bilirubin complex [2]. Conse-
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quently , concerning risk vs benefit of 
D PA  therapy  of neonates, the data  
o f th e  present study provide support 
for conducting further controlled clin
ical trials.
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