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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.  
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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 
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Table II. Effect on TMA on brain level of Hm and uptake of nior- 
phine in naive and dependent mice 

[xg Morphine/g ng Histarnine/g b 
brain ~ brain s SEN 
s SEM 

Control group Naive 1.34• (5) 161.71=[_8.3 (7) 
Dependent 1.272k0.08 (4) 170.44• (6) 

TMA group Naive 1.45s (4) 173.94s (5) 
Dependent 1.63s (5) ~ 170.20s (4) 

Numbers of mice in brackets. 
30 rain after 60 mg/kg morphine sulphate, i.p.; and 3.5 h after re- 

moval of the pellet implanted for a day. TMA was administered 48 h 
before the implantation of the pellet. 
bTMA was injected 48 h before the implantation of the pellet. 24 h 
after the implantation of the pellet, the mice were decapitated and 
the brain histamine estimated. 
cp<0.01,  compared with its corresponding control (Stndent's t-test). 
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Fig. 1. Log-dose response carves of the analgesic effect of Inorphine 
in naive (solid line) and dependent (broken line) mice. Each point 
represents the mean of 4 or 5 nieasureinents. 
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Fig. 2. Log-dose response curves of the analgesic effect of morphine 
in naive (solid line) and dependent (broken line) mice treated with 
TMA. Each point represents the mean of 4 or 5 measurements. 

m a d e  m o r p h i n e - d e p e n d e n t  b y  t h e  i m p l a n t a t i o n  of a n e w  
t y p e  of  m o r p h i n e - c o n t a i n i n g  p e l l e t n ;  t h e s e  a r e  r e f e r r e d  
t o  as  d e p e n d e n t  mice .  N o n - d e p e n d e n t  mice ,  g i v e n  a b l a n k  
pe l l e t  w i t h o u t  m o r p h i n e ,  a r e  r e f e r r e d  t o  as  n a i v e  mice .  
T M A  (100 m g / k g )  w a s  i n j e c t e d  i .p.  48 h b e f o r e  pe l l e t  i m -  
p l a n t a t i o n ,  a s  a b r a i n  H m  d e p l e t i o n  is s a id  to  be  m a x i m a l  
a f t e r  a b o u t  72 h w i t h  r e c o v e r y  to  n o r m a l  o v e r  t h e  n e x t  
2 - 3  d a y s  1~ 24 h a f t e r  i m p l a n t a t i o n ,  t h e  pe l l e t  w a s  re-  
m o v e d ,  a n d  3 h l a t e r  m i c e  w e r e  s u b m i t t e d  to  t h e  t a i l -  
f l ick  t e s t  12 in  o r d e r  to  m e a s u r e  t h e  a n t i n o c i c e p t i v e  e f f ec t  
of  v a r i o u s  d o s e s  of  m o r p h i n e  s u l p h a t e  ( 2 . 5 -20  m g / k g ) .  
P h y s i c a l  d e p e n d e n c e  w a s  a s s e s s e d  in  t h e  s a m e  m i c e  b y  
g i v i n g  a n a l o x o n e  c h a l l e n g e  (0.5 200 m g / k g  13) 1 h a f t e r  
t h e  m o r p h i n e  s u l p h a t e  a d m i n i s t r a t i o n .  T h e  p e r c e n t a g e  of  
m i c e  l e a p i n g  off  a r a i s e d  p l a t f o r m  in  t h e  15 m i n  fo l l owing  
t h e  dose  o f  n a l o x o n e  w a s  u s e d  as  t h e  sole c r i t e r i o n  for  
a s s e s s m e n t  of  p h y s i c a l  d e p e n d e n c e  ~4 

B r a i n  m o r p h i n e  a n d  H m  were  e s t i m a t e d  b y  t h e  f l uo ro -  
m e t r i c  m e t h o d  of KUPFERBERG e t  al. 15 a n d  HAKANSON 
e t  al. 16 r e s p e c t i v e l y  ( A m i n c o - B o w m a n  S P F ) .  

T h e  w e l l - k n o w n  p r o c e d u r e  of LYRCHFIELD a n d  W I L -  
COXON*7 w a s  u s e d  t o  e s t i m a t e  t h e  EDs0  a n d  ADs0 v a l u e s  
a n d  t h e i r  9 5 %  c o n f i d e n c e  l im i t s .  T h e  d e g r e e  of  m o r p h i n e  
t o l e r a n c e  w a s  m e a s u r e d  b y  t h e  i n c r e a s e  in ADs0,  a n d  t h e  
d e g r e e  of p h y s i c a t  d e p e n d e n c e  b y  t h e  i n c r e a s e  in  n a l o x o n e  
EDs0.  

Results. T a b l e  I s h o w s  t h a t  t h e  d i f f e r e n c e  b e t w e e n  
ADs0 v a l u e s  for  m o r p h i n e  in  t h e  d e p e n d e n t  a n d  n a i v e  
g r o u p s  t r e a t e d  w i t h  T M A  is s t a t i s t i c a l l y  n o n - s i g n i f i c a n t  
(11.0 a n d  9.2 m g / k g ;  p o t e n c y  r a t i o  1.2). I n  t h e  c o n t r o l  
g r o u p s  n o t  t r e a t e d  w i t h  T M A ,  t h e  c o r r e s p o n d i n g  v a l u e s  
a r e  17.5 a n d  6.85 ( p o t e n c y  r a t i o  2.55), i n d i c a t i n g  t h e  de -  
v e l o p m e n t  of  s i g n i f i c a n t  t o l e r a n c e .  T h e  d o s e - r e s p o n s e  
c u r v e s  o n  w h i c h  t h e s e  d a t a  a re  b a s e d  a re  i l l u s t r a t e d  in  
F i g u r e s  1 a n d  2. T M A  c l e a r l y  i n h i b i t s  t h e  d e v e l o p m e n t  of  
m o r p h i n e  t o l e r a n c e .  T h e  w h o l e  b r a i n  u p t a k e  of  m o r p h i n e  
w a s  s h o w n  to  be  s i g n i f i c a n t l y  h i g h e r  ( p <  O.01) in  de -  
p e n d e n t  T M A - t r e a t e d  m i c e  t h a n  in  d e p e n d e n t  c o n t r o l  
mice ,  b u t  n o t  in  c o m p a r i s o n  w i t h  T M A - t r e a t e d  n a i v e  
m i c e  (Tab l e  I I ) .  T h i s  f i n d i n g  c a n n o t ,  t h e r e f o r e ,  p r o v i d e  a 
c o n v i n c i n g  e x p l a n a t i o n  for  t h e  o b s e r v e d  i n h i b i t i o n  of  
t o l e r a n c e  d e v e l o p m e n t .  

i t  K. S. HuI and M. B. ROBERTS, J. Pharm. Pharmac. 27, 569 (1975). 
12 L. S. HARRIS and A. K. PIERSON, J. Pharmac.  exp. Ther. 1d3, 141 

(1964). 
13 Naloxone hydroehloride, Endo Laboratories Inc. N.Y., USA. 
~4 E. L. WAY, H. H. LOll and F. H. SHEN, J. Pharmac. exp. Ther. 

167, 1 (1969). 
15 H. ]~UPFERBERG, A. BURKHALTER and E. L. WAY, J. Pharinac. 

exp. Ther. NS, 247 (1964). 
16 R. HXKANSON, A.-L. R6NNBERs and I(. SJ6LUND, Analyt. Bio- 

chem. d7, 356 (1972). 
17 j.  T. LITCHFIELI), JR. and F. WILCOXON, J. Pharmac. exp. Ther. 

96, 99 (1949). 

Table III. Naloxone-precipitated jumping in dependent m i ce  

Control group (n=20) TMA group (n 25) Slope Ratio Potency Ratio 

Slope function EDs0 (mg/kg) Slope function EDs0 (iiag/kg) (P. R.) 

1.22 0.94 1.54 1.45 1.26 1.54 
(1.5%0.94) (1.1a 0.75) (1.93-1.23) (2.12-0.99) (1.76 0.9) (2.38 1..00) 

�9 potency is expressed as the inedian effective dose (EDs0) of naloxone producing jumping in morphine-dependent mice. Figures in pa- 
rentheses denote 95% confidence limits (calculations according to LITCIiFIELD and WILCOXONI~). 
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TMA also appea r s  to  inhibiL t he  d e v e l o p m e n t  of phys i -  
cal dependence ,  as i nd i ca t ed  by '  na loxone -p rec ip i t a t ed  
j u m p i n g  (Table  I I I ) ,  i.e. more  na loxone  is requi red  to  pro-  
duce  50% j u m p i n g  in T M A - t r e a t e d  d e p e n d e n t  mice (po- 
t e n c y  ra t io  1.54). Cont ro l  na ive  mice did  no t  j u m p  wi th  
doses of na loxone  up  to 100 mg/kg ,  b u t  T M A - t r e a t e d  na ive  
mice j u m p e d  w i t h  75 m g / k g  na loxone  (40%) a n d  100 mg /  
kg (20%). Below 75 m g / k g  a n d  above  100 mg/kg,  j u m p -  
ing was no t  observed .  The  reasons  for t he  a p p a r e n t  sen- 
s i t i za t ion  to large doses of na loxone  in na ive  mice t r e a t e d  
w i t h  TMA are n o t  clear,  b u t  th i s  i nc iden ta l  f ind ing  does 
no t  i n v a l i d a t e  t he  resu l t s  in Tab le  I i I  wh ich  were ob- 
t a i n e d  w i t h  m u c h  lower doses of na loxone  (0.5-5.0 mg/kg) .  

Discussion. TMA, like cyc loheximide ,  can  i nh i b i t  t he  
d e v e l o p m e n t  of m o r p h i n e  to le rance  and  phys ica l  de- 
pendence .  Compar i sons  in our  l a b o r a t o r y  ind ica te  t h a t  
TMA is a b o u t  as p o t e n t ,  we igh t  for weight ,  as cyc lo-  
hex imide  in p r e v e n t i n g  to lerance ,  b u t  on ly  a b o u t  20% as 
effect ive in i n h i b i t i n g  phys ica l  dependence .  I t  can  be 

t e n t a t i v e l y  conc luded  f rom these  resu l t s  t h a t  m o r p h i n e  
to le rance  a n d  phys ica l  d e p e n d e n c e  b o t h  h a v e  u n d e r l y i n g  
m e c h a n i s m s  which  depend  in some way  on the  f o r m a t i o n  
of H m  somewhere  in t he  b ra in .  However ,  TMA in t he  dose 
used in these  e x p e r i m e n t s  (100 mg/kg)  did no t  in fac t  
s ign i f ican t ly  lower whole  b r a i n  H m  levels 72 h a f te r  ad-  
m i n i s t r a t i o n  (Table  II) .  Th i s  is in confl ic t  w i th  t he  f ind-  
ings of MENON et  al. 1~ in rats ,  a n d  m a y  be  due  to species 
difference.  The  absence  of s ign i f ican t  r educ t ion  in whole  
b ra in  H m  a f t e r  100 m g / k g  TMA does not ,  of course, rule  
ou t  localized dep le t ion  in areas  re la ted  more  specif ical ly 
to  t h e  cen t r a l  ac t ions  of morph ine .  F u r t h e r m o r e ,  t he  mea-  
s u r e m e n t s  were m a d e  a t  one po in t  on ly  in t ime  (72 h a f t e r  
TMA inject ion) ,  and  ideal ly  b r a i n  h i s t a m i n e  levels shou ld  
be  d e t e r m i n e d  a t  o the r  t i m e  in terva ls .  H igher  doses of 
T M A ,  e.g. 200 mg/kg,  could n o t  be  used to increase t h e  
chance  of o b t a i n i n g  m e a s u r a b l e  h i s t a m i n e  deple t ion  be-  
cause  of s u b s t a n t i a l  m o r t a l i t y  (40%).  MENON et al. ~~ re- 
p o r t  an  LDa0 of 350 m g / k g  i.p. for t he i r  s t r a in  of mice. 

Effec t  of S u b s t r a t e  P r e t r e a t r n e n t  on  R e n a l  O r g a n i c  I o n  T r a n s p o r t  in  the  A d u l t  Rat  ~ 

D. G. PE~G 2, K. M. McCORMACK and  J. B. HOOK ~ 
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Summary. The  ab i l i ty  of r ena l  cor t ica l  slices to  a c c u m u l a t e  P A H  and  N M N  was no t  s ign i f i can t ly  af fected b y  p r e t r ea t -  
m e n t  of a d u l t  r a t s  w i t h  large doses of P A H .  P r e t r e a t m e n t  of adu l t  r a t s  w i t h  T H A M  s ign i f i can t ly  increased P A H  
a c c u m u l a t i o n  b u t  h a d  no effect  on NMN. Inu l in  and  P A H  clearance  and  f i l t r a t ion  f rac t ion  were s igni f icant ly  decreased 
b y  P A H  p r e t r e a t m e n t  b u t  una f fec ted  b y  T H A M  p r e t r e a t m e n t .  The  effects of p r e t r e a t m e n t  on t r a n s p o r t  are p r o b a b l y  
due to non-specif ic  tox ic i ty .  

R e n a l  organic  a n i o n  t r a n s p o r t  c apac i t y  is less in  t he  
n e w b o r n  t h a t  in t he  a d u l t  4 6. A m a j o r  s t imulus  to  devel-  
o p m e n t  of t r a n s p o r t  is s u b s t r a t e  avai labi l i ty~,  8. E x p o -  
sure  of n e w b o r n  a n i m a l s  to  increased  s u b s t r a t e  load a l t e r s  
the  r a t e  of t r a n s p o r t  deve lopmen t .  HIRSCH and  
HOOK6,9,1~ obse rved  t h a t  p - a m i n o h i p p u r i c  acid (PAH)  
a c c u m u l a t i o n  in to  r ena l  cor t ica l  slices f rom n e o n a t a l  r a t s  
and  r a b b i t s  was s ign i f i can t ly  increased  b y  p r e t r e a t m e n t  
wi th  penicil l in.  The re  was, however ,  no  effect  on t r ans -  
por t  c a p a c i t y  in a d u l t  animalsg.  I t  was conc luded  t h a t  a 
f ini te  n u m b e r  of t r a n s p o r t  s i tes exis ted  i.n the  k i d n e y  a n d  
t h a t  a f te r  full  d e v e l o p m e n t  f u r t h e r  s t i m u l a t i o n  could n o t  
be produced% BRXUNLICH et  al. 11 and  BERNHARD et  al. 1~ 
r ecen t l y  r epo r t ed  t h a t  p r e t r e a t m e n t  of adu l t  r a t s  w i t h  
large doses of P A H  or tris-hydroxymethylaminomethane 
(THAM) e n h a n c e d  t h e  u r i n a r y  excre t ion  of P A H  a n d  
T H A M ,  respec t ive ly .  The  purpose  of th i s  s t u d y  was to  
specif ical ly d e t e r m i n e  t he  effect  of P A H  and  T H A M  pre-  
t r e a t m e n t  on  rena l  t r a n s p o r t  of organic  ions. T r a n s p o r t  of 
P A H  and  t he  organic  base  N - m e t h y l n i c o t i n a m i d e  (NMN) 
was quan t i f i ed  in v i t ro  a t  s t e a d y  s t a t e  us ing  rena l  cor t ica l  
slices. T r a n s p o r t  of P A H  was also quan t i f i ed  in v ivo  in 
c l ea rance  expe r imen t s .  

Methods. Adul t ,  ma le  Sprague  Dawley  ~ats approx i -  
m a t e l y  50 days  of age were pu rchased .  On d a y  55 t r e a t -  
m e n t  was  begun.  One group  of an ima l s  received 300 m g  
P A H / 1 0 0  g b o d y  weight .  T he  second group  received 9 4 m g  
T H A M / 1 0 0  g b o d y  weight .  B o t h  c o m p o u n d s  were ad-  
min i s t e red  i.p. in a t o t a l  v o l u m e  of 5 ml. Controls  rece ived  
saline.  All  so lu t ions  were a d j u s t e d  to p H  7.4 i m m e d i a t e l y  
p r io r  to  in jec t ion .  An i m a l s  were t r e a t e d  twice  da i ly  for  
4 days.  T r a n s p o r t  was  m e a s u r e d  on t he  5th  day.  

Organic  ion t r a n s p o r t  c a p a c i t y  was d e t e r m i n e d  us ing  
rena l  cor t ica l  slices. T h i n  slices of rena l  cor tex  were pre-  
pa red  f r eehand  and  i n c u b a t e d  in 2.7 m l  of t h e  p h o s p h a t e  
buf fe red  m e d i u m  descr ibed  b y  CROSS a n d  TAGGART 1~ 
wh ich  c o n t a i n e d  7.4 • 10 ~5 M P A I I  a n d  6.0 x 1 0  -6 14C- 
NMN. I n c u b a t i o n s  were car r ied  ou t  in  a Dubnof f  m e t a -  
bolic s h a k e r  a t  25 ~ u n d e r  100% O= for 90 min.  Af te r  in- 
cuba t ion ,  slices were qu ick ly  r e m o v e d  f rom the  med ium,  
b lo t t ed  d r y  and  weighed.  Tissue and  a 2 ml  a l iquo t  of 
m e d i u m  were homogen ized  w i t h  3 Hfl 10% TCA a n d  
b r o u g h t  to  a f inal  vo lume  of 10 ml  w i t h  dist i l led water .  
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