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D-Penicillamine decreases the H 20 2 and 
phenyl hydrazine induced lipid peroxidation 

in the erythrocyte membrane
G Oroszlán , L L akatos, Margit Balázs1, L K arm azsin

D ep a rtm en ts  o f  P e d ia tr ic s  a n d  B iophysics,*  U n iversity  M ed ical School, 
D ebrecen , H u n g a ry

T he p ro tec tin g  effect, o f  D -ponicillam ine against, h y d ro g e n  peroxide 
an d  pheny lhyd ra /.ine  induced  h aem o lysis and  lipid p e ro x id a tio n  is discussed. 
I t  m ig h t rep re sen t a  possible w ay  o f  ac tion  o f th e  d ru g  in  so m e  n eo n a ta l dis­
o rders like h y p e rb iliru b in ao m ia  a n d  re tro len ta l f ib ro p las ia .

In previous studies we have re­
ported that D-penicillamine (DPA) 
had a significant therapeutic effect 
in infants with neonatal jaundice [2]. 
The overproduction of bilirubin is the 
consequence of haemolysis of differ­
ent origin in the neonatal period. 
Lipid peroxidation has been suggested 
to be a mechanism of membrane 
damage in a number of red cell disor­
ders leading to haemolysis. Since the 
susceptibility of red cell lipids to 
autoxidation is about three times 
higher in the newborn than in the 
adult [7], it was of interest to investi­
gate the influence of DPA on lipid 
peroxidation of red cell membranes.

Goldstein et al. [1] developed a 
spectrofluorescent assay suitable for 
demonstrating red cell lipid peroxi­
dation in vivo. In the present work we 
studied the inhibitory effect of DPA 
on the fluorescence of lipid contain­
ing extracts of red cells peroxidized 
in vitro by hydrogen peroxide, and in 
vivo by phenylhydrazine.

Materials a n d  M ethods

C hem icals w ere p u rc h a s e d  from  R eanal 
(B udapest,, H u n g ary ). A ll re a g e n ts  were 
o f  an a ly tica l re a g e n t g ra d e . D I ’A (Metal- 
captase® ) w as a  g if t  f ro m  K noll AG 
(L udw igshaven, F R G ).

S ensitiv ity  o f  red  b lo o d  cells to  hyd ro ­
gen  peroxide w as a ssessed  acco rd ing  to  
th e  m ethod  o f M engel e t  a l  [4].

L ip id  p e ro x id a tio n  o f  re d  blood cell 
m em branes caused b y  H 2 in  v itro  was 
d e te rm in ed  b y  th e  flu o re scen ce  assay 
described  b y  G oldstein  e t  a l  [1 ]. The same 
m eth o d  served fo r th e  d e te rm in a tio n  of 
ph en y lh y d raz in e -in d u ced  lip id  perox ida­
tio n  o f  red  cell m e m b ra n e s  in  v ivo.

S p ec tro fluo rim etry  w a s  p e rfo rm ed  w ith 
a  H ita c h i—P erk in  E lm e r  M P F  4 spectro- 
flu o ro m e te r in  th e  d ir e c t  m o d e  a t  25°C 
w ith  exc ita tion  an d  em iss io n  s lits  a t  5 nm  
a n d  sensitiv ity  se t a t  30, a n  excita tion  
m ax im u m  o f 360 n m  a n d  a n  em ission  m ax­
im u m  o f 440 nm . F o r  lip id  e x tra c tio n  a  
scaled-dow n version o f  th e  R o se  an d  Oklan- 
d e r  chloroform  : iso p ro p an o l p ro ced u re  was 
pe rfo rm ed  [6].

I n  vitro experiments

B lood w as tak en  in  h e p a r in iz e d  syringes 
fro m  h ea lth y  in fan ts . E ry th r o c y te s  were 
w ashed  th ree  tim es in  p h y sio lo g ic  saline 
a n d  m ade  up  in  5 .0 %  so lu tio n . H 20 2
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h a e m o ly s is  te s t  was carried o u t u n d e r  d if ­
f e r e n t  c o n d itio n s  as follows.

1. R e d  b lood  cell su spension  w ith o u t  
p re in c u b a tio n  w ith  D PA ;

2. R e d  b lood  cell suspension  p re in c u ­
b a te d  w i th  D PA  for 10 m in ;

3. R e d  b lood  cell suspension  p re in c u ­
b a te d  w i th  D PA  for 60 m in . T h e  fin a l 
c o n c e n t r a t io n  o f DPA  w as 0.1 m m ol/1 .

T r ip l ic a te  sam ples o f 0.5 m l c e ll su s p e n ­
s io n  w e re  m ixed  w ith eq u a l v o lu m e s  o f 
5 %  H 20 2 in  buffer a t  p H  7.4, in c u b a te d  
a t  37°C  fo r  15 m inutes an d  th a n  a t  ro o m  
te m p e r a tu r e  fo r 2 hours an d  45 m in u te s . 
B u ffe r  b la n k s  were carried  th r o u g h o u t .  
100%  h aem o ly sis  was caused b y  d is ti lle d  
w a te r .  A f te r  cen trifugation  th e  s u p e r n a ­
t a n t  w a s  re a d  a t  540 nm  a f te r  c o n v e rs io n  
o f  h a e m o g lo b in  to  c y a n m e th a e m o g lo b in . 
P e r  c e n t  haem olysis w as c a lc u la te d  a s :

l^samlpe ^biank ^  | ()()

D ioo%  haemolysis ^‘blank

R e s u l t s  o f  trip licate  d e te rm in a tio n s  wore 
a v e r a g e d .

A n im a l  stud ies

F e m a le  C FY  ra ts  w eighing 1 0 0 — 140 g 
w e re  u se d . T he anim als w ere d iv id e d  in to  
th r e e  g ro u p s , each of w hich c o n ta in e d  four 
to  f iv e  an im a ls .

O n  t h e  f i r s t  3 days th e  a n im a ls  in  G roup  
1 w e re  tr e a te d  w ith 200 m g /k g  D P A  
in tra p e r i to n e a l ly  (i p  ) d a ily  w h ile  t h e  a n i­
m a ls  in  G roups I I  and I I I  w e re  in je c te d  
w ith  p h ysio log ic  saline o f th e  s a m e  v o lu m e .

O n  th e  following 6 d ay s 200  m g /k g b w  
o f  D F A  w as adm inistered  d a ily  t o  G ro u p s  
l a n d  I I .  T h e  anim als in G roup  I I I  re ce iv ed  
p h y s io lo g ic  saline i.p. in s te a d  o f  D P A . 
30 m in u te s  a fte r  each in je c tio n  20  m g /kg  
p h e n y lh y d ra z in e  was g iven i.p .

B lo o d  w as collected b y  h e a r t  p u n c ­
tu r e ,  in  heparin ized  syringes w h ile  th e  a n i­
m a ls  w e re  u n d e r  e ther a n a e s th e s ia . F lu o re s ­
c e n c e  a s s a y  w as carried  o u t  b e fo r e  th e  
s t a r t  (G ro u p  0) and a t  th e  te r m in a t io n  
(G ro u p s  I — II I )  o f d rug  a d m in is tr a t io n . 
T h e  a s s a y  w as rou tinely  done in  tr ip l ic a te .

R e su l t s  a n d  D iscussion

Table I shows the effect of DPA 
on haemolysis and peroxidation in­
duced by H 20 2 in a red blood cell 
suspension. Preincubation with DPA 
resulted in a significant decrease of 
both the haemolysis and the fluores­
cence of chloroform: isopropanol red 
cell lipid extracts induced by H 20 2. 
The fluorescence activity and per 
cent haemolysis were significantly 
lower in the erythrocyte suspensions 
preincubated with DPA. The inhibi­
tory effect depended on the incuba­
tion time.

Figure 1 shows the influence of DPA 
on fluorescence of red cell lipid ex­
tracts in rats injected with phenyl­
hydrazine. In Groups II and III the 
fluorescence activities were higher at 
the termination of drug administra­
tion, than before the treatment. In 
Grouj) I DPA pretreatment for three 
days resulted in a decrease of fluores­
cence, i.e. DPA prevented the phe­
nylhydrazine induced lipid peroxida­
tion. The inhibitory effect was signif­
icant statistically.

The mechanism of action of DPA 
in neonatal hyperbilirubinaemia is 
complex. DPA exerts an influence on 
heme metabolism, regulating the ac­
tivity of heme-oxygenase which is the 
initial and rate-limiting enzyme in 
heme degradation. DPA treatment 
diminishes heme oxygenase activity 
in the liver of newborn animals, lead­
ing to a decrease of bilirubin produc­
tion [5].

The present study showed that 
DPA prevents the H 20 2 and phenyl-
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T  л шло I

H aem olysis  an d  lipid po ro x id a tio n  in  e ry th ro c y te  m em brane in d u ced  by
h y d ro g en  pero x id e

Preincubation with 
D-peniciUamine

% erythrocytes 
haemolyzed Fluorescence unite

None 39.98±3.63 89.00 ±  0.68
10 min 16.17drl.36“ 60.17rl-9.ll“
60 min 11.95 ± 1 .32“ 36.33 ±7.23”

a p  <  0.01 (S tu d e n t’s t-test.)

hydrazine induced lipid peroxidation 
of the erythrocyte membrane. This 
results in a decrease of haemolysis. 
It might be another, a direct mode of 
action of DPA moderating the hyper - 
bilirubinaemia in newborns. Neonatal 
disorders related to oxygen toxicity, 
such as haemolytic diseases, retrolen- 
tal fibroplasia, bronchopulmonary dis- 
plasia, hyaline membrane diseases, 
have a multicausal aetiology. Their 
common feature, however, is a free 
radical induced lipid peroxidation 
leading to tissue damage. Thus, the 
decrease of membrane lipid peroxi­
dation under DPA treatment may

give an explanation for the beneficial 
effect of the drug in the prevention of 
retrolental fibroplasia in very low 
birthweight infants [3].
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