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Summary.  L i p o p e r o x i d a t i o n  a n d  d r u g - m e t a b o l i z i n g  e n z y m e s  w e r e  m e a s u r e d  in  l i ve r s  a n d  p l a c e n t a s  of  d i f f e r e n t  m a m -  
m a l  spec i e s  d u r i n g  t h e  p e r i n a t a l  pe r i od .  I n  p l a c e n t a s  a n d  f e t a l  l i ve r s  of  r a t ,  r a b b i t  a n d  g u i n e a - p i g ,  c o f a c t o r - s u p p o r t e d  
l i p o p e r o x i d a t i o n  w a s  neg l ig ib Ie ,  as  we re  t h e  a c t i v i t i e s  of  d r u g - o x i d i z i n g  e n z y m e s .  H u m a n  f e t a l  l ive r  c o n t a i n e d  a n  
i n t a c t  d r u g - o x i d i z i n g  e l e c t r o n  t r a n s p o r t  c h a i n ,  a n d  l i p o p e r o x i d a t i o n  a c t i v i t y  w a s  a c c o r d i n g l y  o b s e r v e d .  I t  is s u g g e s t e d  
t h a t  l e s ions  m e d i a t e d  b y  l i p o p e r o x i d a t i o n  m a y  be  p o s s i b l e  in  h u m a n  f e t u s ,  b u t  t h e y  a re  less  p r o b a b l e  in  a n i m a l  f e t u s e s .  

S e v e r a l  r e p o r t s  h a v e  b e e n  p u b l i s h e d  on  t h e  d e v e l o p m e n t  
of  t h e  d r u g  m e t a b o l i z i n g  c a p a c i t y  in  d i f f e r e n t  a n i m a l  
spec i e s  d u r i n g  t h e  f e t a l  a n d  n e w b o r n  p e r i o d s K  T h e s e  
s t u d i e s  s h o w  t h a t  t h e  neg l i g i b l e  d r u g  m e t a b o l i z i n g  
a c t i v i t y  in  a n i m a l  f e t u s e s  i n c r e a s e s  a f t e r  b i r t h  a t  dif -  
f e r e n t  r a t e s ,  d e p e n d i n g  o n  t h e  spec ies ,  t h e  t y p e  of  r e a c t i o n  
a n d  t h e  s u b s t r a t e  u s e d .  A l t h o u g h  t h e  a n i m a l  f e t u s  s h o w s  
a l m o s t  no  d r u g  m e t a b o l i z i n g  a c t i v i t y ,  t h e  h u m a n  f e t u s  
w a s  f o u n d  to  m e t a b o l i z e  d r u g s  a n d  o t h e r  f o r e i g n  c o m -  
p o u n d s  in  q u a n t i t i e s  of  a l m o s t  t h e  s a m e  m a g n i t u d e  as  do 
a d u l t  l a b o r a t o r y  a n i m a l s  a G. 

P e r o x i d a t i o n  of  l i ve r  I ipids,  w h i c h  h a s  b e e n  s h o w n  to  
be  c lo se ly  c o n n e c t e d  w i t h  t h e  N A D P H - - d e p e n d i n g  
m i c r o s o m a l  e l e c t r o n  t r a n s p o r t  c h a i n  7,s, is r e s p o n s i b l e  
for  m a n y  d i f f e r e n t  l e s ions  a n d  p r o c e s s e s ,  e .g.  d r u g -  
i n d u c e d  l ive r  i n j u r a  9. T h e  p e r o x i d a t i o n  a c t i v i t y  is a l so  
r e s p o n s i b l e  for  i n t e r a c t i n g  w i t h  t h e  l ip ids  of  t h e  e n d o -  
p l a s m i c  r e t i c u l u m ,  t h u s  d e c r e a s i n g  t h e  d r u g  m e t a b o l i z i n g  
c a p a c i t y  of  t h e  l i ve r  1~ I t  is of  i m p o r t a n c e  to  k n o w  t h e  
p e r i n a t a l  d e v e l o p m e n t  of  l ip id  p e r o x i d a t i o n  in  o r d e r  to  
e v a l u a t e  t h e  p o s s i b l e  role  of  t h i s  r e a c t i o n  in  p e r i n a t a l  
t i s s u e  i n j u r i e s .  

W i t h  t h e  a b o v e - m e n t i o n e d  goa l  in m i n d ,  we  c o m p a r e d  
t h e  l i p o p e r o x i d a t i o n  r a t e s  a n d  t h e  m i c r o s o m a l  d r u g  
m e t a b o l i z i n g  c a p a c i t y  in  t h e  fe ta l ,  n e w b o r n  a n d  m a t e r n a l  
r a t ,  r a b b i t  a n d  g u i n e a - p i g  l i ve r  m i c r o s o m e s  a n d  in  3 
h u m a n  f e t u s e s .  

Materials and methods. T h e  a n i m a l s  s t u d i e d  w e r e  
o n t b r e d  r a t s  of  S p r a g u e - D a w l e y  s t r a i n ,  w h i t e  N e w - Z e a -  
l a n d  r a b b i t s  a n d  g u i n e a - p i g s  o b t a i n e d  f r o m  Or ion ,  
M a n k k a a ,  F i n l a n d .  T h e  h u m a n  f e t u s e s  we re  o b t a i n e d  f r o m  
t h e  D e p a r t m e n t  o f  O b s t e t r i c s  a n d  G y n e c o l o g y ,  U n i v e r s i t y  
of  Ou lu .  

P r e p a r a t i o n  of  t i s s u e s .  Al l  a n i m a l  a n d  f e t a l  t i s s u e  
s a m p l e s  we re  p r o c e s s e d  as  d e s c r i b e d  in  a p r e v i o u s  p a p e r  6 : 
2 0 %  l ive r  a n d  p l a c e n t a  h o m o g e n a t e s  we re  p r e p a r e d  in  

1 p. ARVELA is a fellow of the Alexander yon Humboldt-Stiftung. 
Present address: Dept. Pharmacol., Free Univ. Berlin, Thielallee 
Nr. 69/73, 1 Berlin 33, BRD. 

2 The skillful technical assistance of Ms. LIISA TUHKANEN and Ms. 
VUOKKO VAISXNEN is gratefully acknowledged. 

3 0 .  PELKONEN a~?ct N. 1". EKRKI, Life Sei. 73, 1163 (1973), 
4 0 .  PELKONEN, P. ARVELA and N. T. KXRK1, Acts  pharmac, toxic. 

30, 385 (1971). 
a A. RANE and E. AeKER~N~, Aeta pharmae, toxic. 29, Suppl. 4, 

84 (1971). 
60 .  PELKONEN, P. JOUPPILA and N. T. KARKI, Archs. int. Pharma- 

codyn. Thdr. 202, 288 (1973). 
7 j .  H(JGBERG, A. BERGSTRAND and S. V. JAKOBSEN r, Eur. J. Bio- 

chem. 37, 51 (1973). 
8 E. D. WILLS, Biochein. J. 723, 983 (1971). 
9 0 .  REINER, R. ATnANASSOPOULUS, R. HELLNER, t~. H.  MURRAY 

and R. E. UEHLEKE, Arch. Toxic. 29, 219 (1972). 
~0 A. L. TAPPEL, Fedn. Proc. 32, 1870 (1973). 

"fable I. Drug-oxidizing enzymes ill the fetal, newborn, and maternal liver microsomes and in the placentas of rat, rabbit and guinea-pig 
compared to human fetal liver microsomes 

Species n P-450 cyt. C-reduction Aminopyrine demethylase 
(nmol/mg) (mnol/mg • rain) (nmol/g • min) 

Rat 
Fetal (end-term) (3) ~ 0.062 17 0.5 
Newborn (2 4 days) (3) �9 0.18 25 0.8 
Maternal liver (7) b 0.44• 95•  48,5~ 9.7 
Placenta (end-term) (3)~ 0.03 11 0.5 

Rabbit 
Fetal (end-term) (2)~ 0.082 24 4.5 
Newborn (1-3 days} (6) u 0.17• 4 0 •  10.9-t=2.2 
Maternal liver (3) b 0.82 124 90.6 
Placenta (end-term) (2) ~ 0.03 5 0.5 

Guinea-pig 
Fetal (7) b 0.12=k0.09 11~2  - 
Newborn (1-3 days) (3) ~ 0.44 80 - 
Maternal liver (2) b 0.85 87 
Placenta (end-term) (7) b 0.03• 5 

H n n l a n  
Fetal (3) ~ 0.18 35 21.8 

a Number of litters stlldied; livers or placentas from each litter were pooled, homogenized and enzymes determined, b Indicates individuals. 
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Table II. Lipoperoxidation activity in various mammal species at the perinatal period 

IEXPERIENTIA 32/10 

n No addition -I- Cofactors + Ascorbic acid 

Rat 
Fetal (3) �9 0,016-L0.004 0.044-L0.011 0.259:~0.056 
Newborn (3) ~ 0.018~0.008 0.288~ 0.045 0.523~ 0.078 
Maternal (7) b 0.022-t-0.006 0.339~0.029 0.950:~0.077 
Placenta (3) ~ 0.044i0.018 0.0272_0.004 0.0672-0.09 

Rabbit 
Fetal (2) ~ 0.013i0.003 0.048~ 0.003 0.230• 
Newborn (6) ~ 0.010~0.003 0.122• 0.084~20.041 
Maternal (3) ~ 0.018• 0.220-[-0.110 0.443+0.118 
Placenta (2) ~ 0.018~0.003 0.020• 0.030~ 0.010 

Guinea-pig 
Fetal (7) ~, 0.004-~ 0.002 0.0262=0.005 0.076~0.010 
Newborn (3) b 0.006~_0.002 0.088~-0.032 0.063• 
Maternal (2) ~ 0.014• 0.134• 0.270• 
Placenta (7) 8 0.002• 0.002~-0.001 0.043~ 0.014 

Human 
Fetal (3) ' 0.012~z0.003 0.131~0.028 0.382~0.172 

The peroxidation activity is expressed as 0. D. 5a0n~ of the TBA reactants ~ SEM. 
�9 Number of litters studied, b Indicates individuals. 

0.1 M p h o s p h a t e  buffer ,  p H  7.4, u s ing  a Tef lon-glass  
P o t t e r - E l v e h j e m  homogen ize r .  I n  t he  p r e p a r a t i o n  of 
a n i m a l  fe ta l  t i ssues ,  l ivers  a n d  p l a c e n t a s  were pooled to  
ob t a i n  suf f ic ien t  a m o u n t s  for ana lys is .  H o m o g e n a t e s  were 
centrifl~ged a t  12,000 • g for  20 rain, and  t he  s u p e r n a t a n t s  
t h u s  o b t a i n e d  were s u b m i t t e d  to  100,000 •  for 60 m i n  
in order  to  o b t a in  t h e  m i c r o s o m a l  f rac t ion  a n d  the  soluble 
f ract ion.  

A s s a y  m e t h o d s .  The  a m o u n t  of c y t o c h r o m e  P-450 a n d  
t he  ac t iv i t i es  of N A D P H - c y t o c h r o m e - C - r e d u c t a s e  a nd  
a m i n o p y r i n e  d e m e t h y l a s e  were d e t e r m i n e d  as r epo r t ed  
before 6, ~,  ~2. T h e  l ipoperox ida t ion  r a t e s  were d e t e r m i n e d  
b y  t h e  t h i o b a r b i t u r i c  acid s y s t e m  ~a w i t h  in v i t ro  addi-  
t ions  of cofac tors  or ascorbic  acid as i nd i ca t ed  in t he  
Tables .  T h e  i n c u b a t i o n  v o l u m e  cons i s t ed  of t he  s a me  
a m o u n t  of cofac tors  as in the  e n z y m e  assays ,  (134 ~zmol 
KC1, 6.7 ~zmol MgC12, 59 ~Vrobl. un i t s  of glucose-6-  
p h o s p h a t e  d e h y d r o g e n a s e ,  F luka ,  or 2 v M  ascorMc acid). 
T h e  r eac t ion  was  s t a r t e d  w i t h  0.1 ml  of m i c r o s o m a l  
s u s p e n s i o n  wh ich  cor responds  to  100 m g  of t issue.  The  
f inal  v o l u m e  was  m a d e  up  to  2 nil  w i th  t he  buffer .  The  
r eac t ion  was  s t o p p ed  a f te r  30 m i n  w i th  0.5 ml  of 25% 
T C A  a n d  t h e  t h i o b a r b i t u r i c  acid r e a c t a n t s  fo rmed  
d e t e r m i n e d  in 1 ml  of t he  s u p e r n a t a n t .  

P ro t e in  c o n c e n t r a t i o n s  were m a d e  w i th  t he  B i u r e t  
method~% u s in g  bov ine  s e r u m  a i b u m i n e  as  a reference  
s t a n d a r d .  

Resul ts  and  discussion.  The  ac t iv i t ies  of d rug-ox id iz ing  
e n z y m e s  in t h e  h u m a n  fe ta l  l iver and  in t h e  fetal ,  n e w b o r n  
and  m a t e r n a l  l iver m ic ro somes  and  p l a c e n t a s  of ra t ,  
r a b b i t  a n d  gu inea -p ig  are s h o w n  in Tab le  I. The  cy to-  
c h r o m e  P-450 was  de tec t ab le  in all fe tal  t i s sues  s tud ied  
and  i ts  c o n c e n t r a t i o n  g r a d u a l l y  increased  a f te r  b i r th .  T h e  
c o n c e n t r a t i o n s  of c y t o c h r o m e  P-450 corre la te  w i th  the  
r a t e s  of o x id a t i v e  m e t a b o l i s m  af te r  b i r th .  Th i s  ind ica tes  
t h a t  t h e  m i c r o s o m a l  c o n t e n t  of c y t o c h r o m e  P-450 m a y  be 
t a k e n  as a r a t e - l imi t i ng  fac tor  to  t he  d e v e l o p m e n t  of 
ox ida t ive  m e t a b o l i s m  of d rugs  b y  t he  liver. I n  a g r e e m e n t  
w i th  t h e  earl ier  s tud ies  6, t he  c o n c e n t r a t i o n  of c y t o c h r o m e  
P-450 was  h i g h e s t  in h u m a n  fe ta l  liver. 

I n  t h e  p r e s e n t  s t u d y  t he  a m i n o p y r i n e  d e m e t h y l a s e  
a c t i v i t y  follows t h e  increase  in age and  t he  a m o u n t  of 
c y t o c h r o m e  P-450.  No s u d d e n  increase  in e n z y m e  a c t i v i t y  

can  be seen af te r  b i r t h  as r epo r t ed  b y  J~UENTZIG et  al. ~5 
who  s t ud i e d  t he  ary l  h y d r o c a r b o n  h y d r o x y l a s e  a c t i v i t y  in 
n e w b o r n  guinea-pigs .  ~)UTTON 1~ a nd  }-~ENDI~RSON 17 repor t  
also a s u d d e n  e leva t ion  of t he  U D P - g l u c u r o n y l - t r a n s -  
ferase a c t i v i t y  in r a t  l iver h o m o g e n a t e s  j u s t  af ter  b i r th .  
BAKKEN a nd  F o c  ~s suppose d  t h a t  the  a c c u m u l a t i o n  of 
u n c o n j u g a t e d  b i l i rubin  m i g h t  ac t  as a t r igger  for th i s  
c o n j u g a t i n g  s y s t e m .  The  possible  t r igger  for o ther  d rug  
me tabo l i z ing  e n z y m e s  ha s  no t  been  found.  

The  a c t i v i t y  of the  f l a v o e n z y m e  in t he  e lectron-  
t r a n s p o r t  chain ,  N A D P H - c y t o c h r o m e - C - r e d u c t a s e ,  also 
increases  para l le l  w i th  t he  c o n c e n t r a t i o n  of c y t o c h r o m e  
P-450. A l t h o u g h  the  n e w b o r n  gu inea-p igs  .show a 
re la t ive ly  poor  me tabo l i c  ac t iv i ty ,  t h e y  h a v e  a h i g h  
c o n c e n t r a t i o n  of c y t o c h r o m e  P-450 and  N A D P H - c y t o -  
c h r o m e - C - r e d u c t a s e  a c t i v i t y  as c o m p a r e d  to  o ther  new-  
born  an imals .  

All t he  a n i m a l  p l a c e n t a s  s t ud i e d  showed  on ly  t races  of 
d rug  m e t a b o l i z i n g  e n z y m e  act iv i t ies ,  w h ic h  is in agree-  
m e n t  w i t h  t he  f ind ing  t h a t  s ign i f i can t  ac t iv i t ies  can  be 
obse rved  on ly  in p l a c e n t a s  of s m o k i n g  m o t h e r s  or in those  
of p r e g n a n t  a n i m a l s  t r e a t e d  w i t h  polycycl ic  a r o m a t i c  
h y d r o c a r b o n s  19-22. 
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The l ipoperoxida t ion  ra tes  are given in Table II.  The 
values wi th  added  cofactors  correspond well w i th  the  
enzyme  act ivi t ies  shown in Table I, thus  ref lect ing the  
close connec t ion  wi th  the  N A D P H - d e p e n d i n g  microsomal  
e lectron t r a n s p o r t  chain.  The ra te  of cofac to r - suppor ted  
l ipoperoxida t ion  in h u m a n  fetal  liver was 3 to 5 t imes  
grea ter  w h e n  compared  to  fetuses  of o ther  m a m m a l i a n  
species s tudied.  This is in ag reemen t  w i th  the  higher  con- 
t e n t  of cy toch rome  P-450 and  higher  act ivi t ies  of re la ted 
enzymes  in h u m a n  fetal  liver. Fu r the rmore ,  it  mus t  be 
t aken  in to  cons idera t ion  t h a t  an imal  fetuses were end- 
t e r m  ones, whereas  h u m a n  fetuses were abou t  14- to 16- 
weeks of fetaI age, i.e., f rom the  f irs t  hal f  of p regnancy .  

A l though  the  ac t iva t ion  of the  l ipoperoxida t ion  by  
ascorbic acid is known to be non-enzymat i c  ~3, the  values 
found rely on the  enzyme activi t ies.  The reason w h y  the  
fetal  and newborn  guinea-pig show less l ipoperoxida t ion  
ac t iv i ty  t h a n  to those  of o ther  species even af ter  addi t ion  

of ascorbic acid remains  obscure.  I t  m a y  be due to the  
fact  t h a t  guinea-pig differs f rom ra t  and  rabb i t  in the  
ascorbic acid me tabo l i sm by  lacking the  microsomal  
enzyme L-gulonolactone oxidase.  

Our results  show t h a t  fetuses of c o m m o n  labora to ry  
animals  have  only  negligible levels of drug-metabol iz ing  
enzymes  and  cofac to r - suppor ted  l ipoperoxidat ion.  On 
the  o ther  hand ,  the  h u m a n  fetal  l iver conta ins  a typica l  
in t ac t  electron t r a n s p o r t  chain and  ac t ive ly  suppor t ing  
lipid peroxida t ion .  The suggested roIe of l ipoperoxidat ion  
in d rug- induced  t issue lesions, e.g. in CC14-induced liver 
injury,  pe rmi t s  the  specula t ion t h a t  an imal  fetuses  are 
res i s t an t  to those  kinds of injuries, whereas  the  h u m a n  
fetus  m a y  develop l ipoperox ida t ion-media ted  tissue 
lesions because of the  presence of an in tac t  electron 
t r a n s p o r t  chain  in liver microsomes.  

'2~ E. D. WILLS, Biochem. J. 113, 315 (1969). 

The Effect of T h i a z o l - 4 - y l m e t h o x y a m i n e ,  a Hist idine Decarboxy lase  Inhibitor,  on the Deve lopment  
of Morphine  Tolerance  and Phys ica l  Dependance  in Mice ~ 
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Summary. A new his t idine decarboxylase  inhibi tor ,  t h i azo l -4 -y lme thoxyamine  (TMA), in jec ted  in to  mice in a dose 
of 100 mg/kg  i.p. 48 h before the  implan ta t ion  of a morph ine-con ta in ing  pellet,  inhibi ted  the  deve lopmen t  of morph ine  
to lerance  and  physical  dependence .  

General  inhibi tors  of pro te in  synthesis ,  e.g. cyclohexi-  
mide,  are known  to  impair  the  deve lopmen t  of morph ine  
to lerance  and  physical  dependence  3,4. This act ion is 
p r e s u m a b l y  related,  a t  least  in par t ,  to a depress ion of 
syn thes i s  of enzymes  involved in the  me tabo l i sm of neuro- 
t r a n s m i t t e r s  which  media te  these  cent ra l  act ions of mor-  
phine.  There  is increasing evidence  t h a t  h i s t amine  (Hm) 
m a y  be a t r a n s m i t t e r  in the  bra in  5, and some recen t  work  
appears  to impl ica te  H m  in the  neural  mechan i sms  of 
morph ine  to lerance  and phys ica l  dependence  6-s. If  th is  is 
so, t h e n  the  specific and  p o t e n t  h is t id ine  decarboxylase  
inhib i tor  t h i azo l -4 -y lme thoxyamine  (TMA) 9,10, which can 
cross the  b lood-bra in  barrier ,  should have  act ions  r a the r  
s imilar  to  cyc loheximide  in th is  respect .  

Materials and methods. Mice ( W H T / H t  s t ra in ;  bo th  
sexes, weighing 25-40 g, in roughly  equal  numbers)  were 
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Table I. Effect of TMA on the analgesic action of morphine in naive and oependent mice a 

Treatnlent Naive (n=25) Dependent (n=24) SIope Ratio Potency Ratio ]P.R. 

Slope function ADs0 (mg/kg) Slope function AD~ 0 (mg/kg) (P. R.) 

Control 2.02 6.85 2.27 17.5 1.12 2.55 1.85 
group (2.46-1.66) (8.84 5 . 3 1 )  (3.97-1.30) (39.8-7.7) ( 2 . 0 2 - 0 . 6 8 )  (4.72-1.38) 

TMA 1.23 9.20 2.02 11.00 1.64 1.20 b 1.75 
group (1.62-1.08) ( 1 1 . 7 3 - 7 . 2 2 )  (3.22-1.30) (18.15 6 . 6 7 )  ( 2 . 8 3 - 0 . 9 5 )  (2.1-0.69) 

�9 potency is expressed as the median analgesic dose (ADs0) of morphine after morphine-containing and blank pellet implantation. Figures 
in parantheses denote 95% confidence limits. 
hAs the P. R. is smaller than the ]P.~., the 2 ADs0 values are not significantly different. 
Calculations according to the methods of LITCHFIELD and WILCOXON 17 


