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The pharmacokinetics of D-penicillamine
in neonates

G. O r o s z l á n ,* Teréz S z a b ó ,*  L .  L a k a t o s , Gabriella M á r t o n

D e p a r tm e n t o f  P aed ia tric s , D ebrecen  U n iv e rs ity  M edical School, D eb recen , H u n g a ry

T he p h arm aco k in e tic s  o f  D -pen ic illam ine  in  p re m a tu re  b ab ies  was 
s tu d ied . T he m etabo lism  o f th e  d ru g  w as characterized  b y  a  long  half-life 
(11Б m in) w ith  a  low p la sm a  c lea ran ce  (2.84 m l/m in /kg  b o d y  w eigh t) in 
c o n tra s t to  ad u lts . T he m ean  vo lum e o f  d is tr ib u tio n  (649/in l/kg  b o d y  w eight) 
w as sim ilar to  th a t  o f ad u lts .

Since 1973, D-penicillamine (D-pa) 
has been used in our department for 
the treatment of neonatal hyperbil- 
irubinaemia and on the basis of more 
recent experimental and clinical ob­
servations, for the prevention of ret- 
rolental fibroplasia [2, 3]. It seems 
that the mechanism of action is based 
on the antioxidant activity of the 
drug [5]. Since oxygen-free radicals 
are generated continuously and the 
antioxidant defense mechanisms are 
inefficient in the early period of life, 
it seems advantageous to achieve 
high plasma levels of an exogenous 
antioxidant such as D-pa.

Throughout the several decades of 
the drug’s use in adults kinetic studies 
in man have been lacking, primarily 
because a specific and sensitive assay 
was not available. Previously, the 
metabolism of radiolabelled D-pa has 
been studied in animals [8]. Unfor­
tunately, in the interpretation of the 
results only few data were given about

the pharmacologically active free D-pa. 
More recently the pharmacokinetics 
of D-pa was studied in adults using 
highly specific and sensitive assays 
[11, 12], but there are no data what­
ever concerning the pharmacokinetics 
of D-pa in neonates. Pongor et al [10] 
demonstrated the rapid clearance of 
D-pa from the plasma of two hyper- 
bilirubinaemic patients by the TLC 
method. They measured the concen­
tration of D-pa disulphide and the 
earliest time of measurement was 1 
hour after the intravenous (i.v.) admin­
istration of the drug.

In the present study the concentra­
tion of pharmacologically active free 
D-pa was determined in preterm ba­
bies after a single i.v. dose of the drug.

P a t ie n t s  a n d  M e t h o d s

T h e  k inetics o f D -pa w as s tu d ie d  in  6 
su b je c ts  w ith  a  g e s ta tio n a l age o f  29 to  
32 w eeks and  a  b ir th  w eigh t b e tw een  1200 g
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T a b l e  I  

C linical d a ta  o f

Gebt, age 
(weeks)

Birth weight 
(g) IKDS pH Htc Hb

(g/1)

I .V . I. 29 1250 7.38 0.62 194
2. D. P . 32 1450 i - i i 7.28 0.66 166
3. N. A. 33 1900 и 7.36 0.46 160
4. K . G. 30 1300 I 7.40 0.50 148
5. M. A. 32 1600 I 7.40 0.45 143
6. H . Z. 34 1700 — 7.35 0.60 186

a n d  1900 g . T he  p a tie n ts  show ed  no  ev i­
d en ce  o f  se rio u s disease. D -p a  (M etalcap- 
ta se® . K n o ll AG, L udw igshafen ) w as a p ­
p lied  i.v . in  a  single dose o f  100 m g /k g  body  
w e ig h t, a n d  th e n  seria l b lood  sam p les  w ere 
co llec ted  a t  10, 16, 30, 60, 120, 240 m in. 
O n ly  tw o  to  th re e  sam ples w ere  ob ta in ed  
fro m  th e  sam e  p a tie n t. C lin ical a n d  lab o ra ­
to r y  d a t a  o f  th e  p a tie n ts  a re  show n in 
T ab le  I .  D -p a  c o n cen tra tio n s  w ere  co r­
re c te d  to  a n  overa ll 0.6 h a e m a to c r i t  value. 
P la s m a  co n cen tra tio n s  fro m  d if fe re n t in ­
d iv id u a ls  belonging  to  th e  sam e  p o in t of 
tim e  w e re  averaged  an d  a n  e lim in a tio n  
cu rv e  w as co nstruc ted  (F ig .l) .  P la sm a  
e lim in a tio n  half-lives (Tl/2/3) fo r D -p a  w ere 
d e te rm in e d  b y  ca lcu la ting  th e  lin e  o f  b es t 
f i t  f r o m  th e  linear reg ression  o f  th e  loga­
r i th m  o f  th e  p la sm a  c o n c e n tra tio n  v s tim e. 
T h e  t o t a l  a re a  u n d e r each  c u rv e  (AUC) 
w as e s t im a te d  b y  th e  tra p e z o id a l ru le  [12]. 
T h is  p e rm it te d  ca lcu la tion  o f  th e  a p p a re n t 
p la s m a  c lea rance  (Cl) a n d  o f  th e  volum e 
o f  d is tr ib u tio n  (Vd) fo r D -pa . F o r  d e te rm i­
n a tio n  o f  p la sm a  D -pa c o n c e n tra tio n , P a l’s 
m e th o d  w as  a d a p te d  [7]. B lood  w as col­
lec ted  in  E D T A  c o n ta in in g  tu b e s  and  
c e n tr ifu g e d  (3000 rp m  fo r 16 m in ) as soon 
as  p o ss ib le . T he  p lasm a w as s e p a ra te d  and  
th e  p la s m a  p ro te in s  w ere p re c ip ita te d  w ith  
tw o  p a r t s  o f  e thano l co n ta in in g  0.1 mol/1 
H C L . A f te r  cen trifu g a tio n  th e  su p e rn a ta n t 
w as u sed  fo r D -pa  m easu rem en t. 0.1 m l 
w as m a d e  u p  to  2.0 m l w ith  d is tilled  w ater.

To each  tu b e  0.5 m l o f 0.2 m ol/1 K C N  
so lu tio n  a n d  0.015 mol/1 FeC l3 so lu tio n  w as 
u n d e r  m ix in g . A fte r  6 m inu tes  in c u b a tio n  
in  w a te r  b a th  a t  66 °C th e  tu b es  w ere  cooled  
an d  c en tr ifu g ed . T he b lue s u p e rn a ta n t w as 
m easu red  a t  646 m in  in  a  p h o to m e te r  
(S p ec tro m o m  196, MOM B u d ap est, H u n ­
gary ). A  s ta n d a rd  so lu tion  o f  D -p a  (100 
/</ml) w as  an a ly sed  p ara lle l w ith  th e  s a m ­
ples. T h e  m e th o d  w as h igh ly  rep ro d u c ib le : 
th e  w ith in  r u n  coeffic ien t o f v a r ia tio n  w a s
0. 5 % , a n d  th e  d a y  to  d ay  co effic ien t o f  
v a ria tio n  w as 6 .9% .

R e s u l t s  a n d  D i s c u s s io n

The elimination curve of D-pa after
1. v. administration of a single dose of 
100 mg/kg body weight was clearly 
biphasic (Fig. 1). During the distri­
bution phase the free D-pa concentra­
tion in the plasma decreased quickly; 
after 30 minutes only a little amount 
of i.v. administered free D-pa could be 
measured.

The rapid distribution of D-pa in 
the extracellular space, oxidation to 
penicillamine disulphide and disul­
phide formation with cystein and other 
thiols, binding of free D-pa to proteins
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s tu d y  p o p u la tion

Blood glucose 
(mmol/1)

Sebi
(7«nol/l)

DPA /4g/ml
10 15 30 60 120 240

min. after injection

2.6 162 317 6i 31
3.1 156 — 248 — 112 — _

5.8 150 232 — 115 — 63 —

3.6 178 — 282 — 97 — 34
3.1 153 329 — 146 — — —
2.6 147 — 296 — 124 — 47

were responsible for the phenomenon. 
The binding of D-pa to albumin was 
reversible and did not influence the 
albumin-bilirubin formation even at 
high concentration [1]. The rapid de­
crease of D-pa concentration in plasma 
is characterized by a large mean vol­
ume of distribution (649 ml/kg body 
weight).

The second phase of the elimination 
curve is influenced by the renal ex­
cretion of the drug [9]. The plasma 
elimination half-life was 115 min, slow­

er than the 62 min reported for 
adults [12]. The plasma clearance was 
2.84 ml/min/kg body weight. In com­
parison to that of adults (7.46 ml/ 
min/kg body weight [12]), this value 
is quite low.

In our previous studies we found 
that D-pa has age related effects [4, 
5, 6]. It seems that the pharmacokine­
tics of the drug in newborns differs 
from that in adults. Longer elimina­
tion and decreased plasma clearance 
of D-pa are characteristic of newborns.

F ig . 1. P h a rm aco k in e tic s  o f D -penicillam ine in p re te rm  b ab ies
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