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B l o o d  and Bra in  Lact ic  Acid  Levels  in M o r p h i n i z e d  Rats  

The  na rco t i c  effect of m o r p h i n e  is a c c o m p a n i e d  b y  
m a n y  me tabo l i c  d i s tu rbances ,  some ot which  h a v e  received 
l i t t l e  a t t en t ion .  I n  t he  p r e s en t  s t u d y  we r epo r t  changes  in 
lact ic  acid levels in  b lood  a n d  in ce rebra l  cor tex  of r a t s  
fol lowing a single dose of morph ine ,  in  chronic  morph in i zed  
and  in a b s t i n e n t  animals .  

Materials and methods. Male W i s t a r  r a t s  weighing  f rom 
200 t o  250 g were used in  these  exper imen t s .  Morph ine  
c h l o r h y d r a t e  (Chaix et  Du  Marais)  was in jec ted  i.m. in  
doses r ang ing  f rom 10 to  50 mg/kg.  Blood samples  were 
o b t a i n e d  b y  sec t ion  of t h e  j ugu la r  vein.  Lac t ic  acid levels 
of b lood a n d  of ce rebra l  cor tex  t i ssue  were d e t e r m i n e d  
b y  the  m e t h o d  of B A R ~  a n d  SU~MERSON ~. 

Since m o r p h i n e  t r e a t m e n t  leads  to  e i t he r  t he  develop-  
m e n t  of to le rance  or even  to  a r eve r sa l  of ac t ion  2, we 
t h o u g h t  i t  necessa ry  to  exam i ne  n o t  on ly  t h e  effects of a 
single dose, b u t  also t h e  changes  in these  effects du r ing  a 
per iod  of chronic  t r e a t m e n t  fol lowed b y  wi thd rawa l .  To 
avo id  v a r i a t i o n s  due to  c i rcad ian  r h y t h m s ,  al l  an ima l s  
were in jec ted  a n d  bled  a t  09.00 h fol lowing a 9-hour  fast.  

Results. A d m i n i s t r a t i o n  of a single dose of m o r p h i n e  
(20 mg/kg)  in  r a t s  induced  a 40% increase  in  b lood lact ic  
acid concen t r a t i on .  T he  F igure  a) r ep resen t s  t h e  resul t s  
o b t a i n e d  in a t yp i ca l  expe r imen t .  Moreover ,  in  a group of 
10 ra ts ,  p rov ided  w i th  i n t r a - ao r t i c  c annu la s  so t h a t  each  
a n i m a l  served  as i ts  own  con t ro l  a n d  b lood was sampled  
d i rec t ly  a t  t h e  level  of t h e  hea r t ,  we h a v e  in jec ted  t h e  
same dose of m o r p h i n e  and  o b t a i n e d  c o m p a r a b l e  results .  
I n  c a n n u l a t e d  ra t s  t he  n o r m a l  va lue  was 14.7 • 1.4 rag/  
100 ml  of blood,  wh ich  rose to 25.6 =t= 3.2 mg/100 ml  1 h 
fol lowing t h e  a d m i n i s t r a t i o n  of the  d rug  (20 mg/kg) .  
Since no  s igni f icant  changes  in b lood p y r u v i c  acid con- 
c e n t r a t i o n  were found,  t he  L / P  ra t io  was e n h a n c e d  in 
m o r p h i n e - t r e a t e d  ra ts .  T he  effect  of t h e  f i rs t  dose was 
t e m p o r a r y ;  6 h a f t e r  t he  in jec t ion ,  t he  b lood concen t r a -  
t i on  of lac t ic  acid r e t u r n e d  to normal .  

I n  cerebra l  cor tex  t i ssue  (Figure b) t he  d a t a  show a n  
increase  in t h e  c o n c e n t r a t i o n  of lac t ic  acid fol lowing t he  

in jec t ion  of morph ine .  The  n o r m a l  level  r e m a i n e d  s t ab le  
a t  59.5 • 1.5 mg/100 g f resh we igh t ;  i t  rose s l ight ly  b u t  
s ign i f ican t ly  (p < 0.001) to  77.5 • 1.5 mg/100 g f resh 
weigh t  1 h fol lowing t he  in jec t ion  of a single dose of 
m o r p h i n e  (20 mg/kg)  a n d  to  94.8 • 2.1 mg/100  g f resh 
we igh t  a f te r  a dose of 50 mg/kg.  

I n  chron ica l ly  m o r p h i n i z e d  rats ,  doses were increased 
f rom 20 to  50 m g / k g  over  3 weeks. To le rance  occured in 
a b o u t  1 week. I t  is i n t e re s t ing  to  no te  t h a t  a f te r  to l e rance  
to  m o r p h i n e  developed,  b lood and  b r a i n  lac t ic  acid levels 
were above  n o r m a l  w h e n  samples  were t a k e n  24 h a f te r  
t h e  las t  in jec t ion .  

Final ly ,  a f te r  w i thd rawa l ,  t he  a b n o r m a l l y  h i g h  con- 
c e n t r a t i o n s  found  in t h e  b lood a n d  bra in ,  as well  as t he  
to le rance  t owards  t he  i m m e d i a t e  effect  of t he  drug,  
pers i s ted  for a t  l eas t  1 to  2 weeks. 

Discussion. Resul t s  show t h a t ,  u n d e r  our  e x p e r i m e n t a l  
condi t ions ,  a d m i n i s t r a t i o n  of m o r p h i n e  induced  a 
s ign i f ican t  increase  in t he  c o n c e n t r a t i o n  of lact ic  acid in 
b lood  and  in ce rebra l  cor tex  of t he  r a t  w i t h o u t  increas ing  
t h a t  of p y r u v i c  acid. The  increase  i n  b r a i n  l a c t a t e  a f t e r  
m o r p h i n e  ha s  been  p rev ious ly  descr ibed  in t h e  r a t  a . 
To le rance  deve loped  qu ick ly  t o w a r d s  these  effects and  
chron ica l ly  t r e a t e d  r a t s  h a d  a b n o r m a l l y  h igh  b lood  a n d  
b r a i n  levels of lac t ic  acid for a r e l a t ive ly  long t i m e  a f te r  
w i thd rawa l .  

The  a c c u m u l a t i o n  of l ac t a t e  m i g h t  resu l t  f rom excessive 
cel lular  p roduc t ion ,  f rom a def ic iency of hepa t i c  m e t a b -  
ol ism or f rom a decrease  in  t i ssue  u t i l i za t ion .  D u r i n g  t he  
per iod  of t he  f i rs t  few in jec t ions ,  l a c t a t e  a c c u m u l a t i o n  
would  be  expec ted  if some of t h e  p roper t i e s  of t h e  d rug  

z S. B. BARKER and W. H. SU~MERSON, J. biol. Chem. f38, 535 
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are t a k e n  in to  cons ide ra t ion :  m o r p h i n e  is k n o w n  to h a v e  
s t r ik ing  depress ive  effects on t he  b lood c i rcu la t ion  and  on 
resp i ra t ion ,  r e su l t i ng  in a ce r t a in  degree of anoxia .  

In  r a t s  w i t h  i n t r a - ao r t i c  cannulas ,  we h a v e  n o t e d  t h a t  
m o r p h i n e  leads to  a 30% decrease  in blood O 2 concen t r a -  
t ion  a n d  to  a s i m u l t a n e o u s  increase  of 20% in t he  CO~ 
concen t r a t i on .  Moreover ,  some t issues  i n c u b a t e d  in v i t ro  
show a n  e n h a n c e d  u p t a k e  of glucose w i t h o u t  increased 
l ac t a t e  p r o d u c t i o n  w h e n  m o r p h i n e  is added  to t he  
m e d i u m  4, 5 v e r y  p r o b a b l y  because  t he re  is no  def ic iency 
of oxygen  in th i s  m ed i um .  However ,  i t  is un l ike ly  t h a t  
t he  in  v ivo  l a c t a t e  excess resul t s  exc lus ive ly  f rom cel lular  
hypox ia .  W h e n  t h e  depress ive  effects of the  d rug  on 
r e sp i r a t ion  are i n h i b i t e d  b y  na lo rph ine ,  l ac t a t e  accumula -  
t ion  persists ,  b u t  is reduced.  A s t u d y  on ra t s  ~ shows 
n a l o r p h i n e  a lone has  effects as m a r k e d  as those  of mor-  
ph ine ;  b u t  in t he  r a t s  r~ceiving b o t h  drugs  s imul taneous ly ,  
t he  a n t a g o n i s m  of n a l o r p h i n e  t o w a r d s  t he  r e s p i r a t o r y  
depress ive  effect  of m o r p h i n e  is ev iden t .  U n d e r  our  
e x p e r i m e n t a l  condi t ions ,  t he  l a c t a t e  a c c u m u l a t i o n  was 
on ly  p a r t l y  reduced.  I t  is necessary  to  search for o t h e r  
causes of t he  h i g h  p l a s m a  lac ta te .  I t  is possible  t h a t  a n  
increased secre t ion  of ad rena l ine  due  to m o r p h i n e  ad- 
m i n i s t r a t i o n  is involved .  M a n y  s tudies  on  m o r p h i n e -  
induced  h y p e r g l y c e m i a  h a v e  impl i ca t ed  th i s  hype r -  
secret ion.  W e  h a v e  c o n d u c t e d  some a d d i t i o n a l  experi-  
m e n t s  a t  t he  h i s tochemica l  level  7 and  found  t h a t  m o r p h i n e  
causes  a br ief  b u t  m a r k e d  dep le t ion  of t he  g ranu les  of t he  
ad rena l  medul la .  Moreover  p r e l i m i n a r y  e x p e r i m e n t s  on  
r a b b i t s  show t h a t  t he  s i m u l t aneous  a d m i n i s t r a t i o n  of 
fl-blockers (bu toxamine ,  25 mg/kg)  comple te ly  i nh ib i t s  t he  
rise in  p l a s m a  lact ic  acid level  n o r m a l l y  i nduced  b y  
morph ine .  I n  such  a case, t he  increase  of p l a s m a  l a c t a t e  
can  r e a s o n a b l y  be  a t t r i b u t e d  to t he  s t i m u l a t i o n  of t he  
s y m p a t h e t i c  ne rvous  sys tem.  

A l t h o u g h  t he  effect  of t he  f i rs t  m o r p h i n e  doses can  
easily be  expla ined,  t he  s i t ua t i on  in chron ica l ly  t r e a t e d  
ra t s  is less clear.  I n  these  animals ,  d e v e l o p m e n t  of a 
to le rance  t owards  t h e  i m m e d i a t e  effect  of t he  d rug  
occured which  co r responded  to  a g r adua l  decrease  in t he  
a c t i v i t y  in t he  ad r ena l  medul la .  Successive in jec t ions  of 
m o r p h i n e  d id  no t  cause  t h e  dep le t ion  of p h e o c h r o m i c  
granules  found  w i t h  t he  f i rs t  in ject ions .  I n  chron ica l ly  

i n t o x i c a t e d  and  in a b s t i n e n t  an imals ,  p l a s m a  lac t ic  acid 
c o n c e n t r a t i o n  r e m a i n e d  a b n o r m a l l y  high,  even  1 week 
a f t e r  w i thd rawa l .  The  ad rena l  medu l l a  r e m a i n e d  in an  
i n h i b i t e d  s t a t e  b u t  t he  b lood  sugar  a n d  t he  oxygen  
cons l imp t ion  were normal .  Thus ,  a r e l a t ionsh ip  be tween  
t he  h igh  c o n c e n t r a t i o n  of b lood lac t ic  acid a n d  t he  
sec re to ry  a c t i v i t y  of t he  ad rena l  medu l l a  was  no t  seen, 
p e r h a p s  because  the  r egu la t ion  of cel lular  m e t a b o l i s m  is 
p r o f o u n d l y  modif ied.  For  example ,  in  v ivo  glycolysis  of 
va r ious  o rgans  of chronic  m o r p h i n e - t r e a t e d  an ima l s  was 
found  to be  s ign i f i can t ly  increased  s. 

The  increase  of l a c t a t e  p r o d n c t i o n  seems to be  a 
s y m p t o m  of a deep a n d  las t ing  d i s t u r b a n c e  in cel lular  
m e t a b o l i s m  induced  b y  m o r p h i n e  in tox ica t ion .  W h a t e v e r  
t he  origin, t he  l ac t a t e  excess is i n t e re s t ing  to  consider  in  
cerebra l  t i ssue  in which  t he  b iochemica l  compos i t i on  is 
genera l ly  v e r y  s table .  As a resu l t  of t he  l ac t a t e  excess, 
d isorders  occur  in  t he  cen t r a l  ne rvous  sys tem,  and  these  
disorders  m i g h t  be r e l a t ed  to t he  typ ica l  p h e n o m e n a  of 
to le rance  and  phys ica l  dependence .  

Rdsumd. Chez le ra t ,  une  p remie re  dose de m o r p h i n e  
(20 mg/kg)  e n t r a i n e  une  hausse  du  t a u x  de l 'ac ide  l ac t ique  
du  sang  et  du cor tex  c6r6bral.  Si les in jec t ions  son t  r6p6t6es 
la to l6rance  se d6veloppe vis-k-vis  de cet  effet  i m m 6 d i a t  
e t  de plus,  les a n i m a u x  c h r o n i q u e m e n t  t ra i t6s  poss6den t  
u n  t a u x  de base  d ' ac ide  l ac t ique  a n o r m a l e m e n t  61ev& 
Cet te  anomal i e  pers is te  au  moins  une  semaine  aprbs  
sevrage.  
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G l y c o g e n  M e t a b o l i s m  and the  Effect of N i t r o g l y c e r i n  on  the G l y c o g e n  M e t a b o l i s m  in 
the  N o r m a l  and I s c h e m i c  Canine  M y o c a r d i u m  

I s chemia  or a n o x i a  of t he  h e a r t  causes  acce le ra t ion  of 
glycogenolysis  a n d  a c c u m u l a t i o n  of t he  i n t e r m e d i a t e s  of 
glycolysis  in  t he  m y o c a r d i u m  ~-6. These  s tud ies  were 
c o n d u c t e d  on t he  a s s u m p t i o n  t h a t  t he  h e a r t  muscle  m u s t  
be  homogeneous  f rom t he  v iew p o i n t  of me tabo l i sm.  
JEDEIKIN~, however ,  r epo r t ed  t h a t  t he  level  of g lycogen 
and  a c t i v i t y  of g lycogen p h o s p h o r y l a s e  in t he  endoca rd ia l  
layers  were h ighe r  t h a n  those  ill t h e  ep icard ia l  layers.  Th i s  
suggests  t h a t  t h e r e  are some differences in m e t a b o l i s m  
be tween  t he  endo-  a n d  epicard ia l  layers,  especial ly  w h e n  
t he  h e a r t  is ischemic.  The  p r e s e n t  s t u d y  was c o n d u c t e d  in 
a n  a t t e m p t  to  exam i ne  th i s  possibi l i ty ,  a n d  to  s t u d y  the  
effect  of n i t rog lyce r in  on  t he  m y o c a r d i a l  me tabo l i sm.  

Mongre l  dogs a n e s t h e t i z e d  w i t h  p e n t o b a r b i t a l  were 
used. U n d e r  ar t i f ic ia l  resp i ra t ion ,  one of t he  smal l  b r a n c h e s  
of t h e  c o r o n a r y  a r t e r y  was l iga ted  5 m i n  a f t e r  i.v. i n j ec t ion  
of sal ine or n i t rog lycer in .  J u s t  before  or a f te r  l iga t ion  of 
t he  smal l  b r a n c h  (1.5, 3, 7 and  30 rain  a f t e r  t he  l igat ion) ,  
t h e  h e a r t  was  r emoved ,  a n d  i m m e d i a t e l y  f rozen w i t h  
f reezing c lamps.  The  endo-  a n d  epicard ia l  po r t i ons  of the  

lef t  vent r ic le ,  wh ich  h a d  been  nour i shed  b y  the  smal l  
b r anch ,  were t a k e n  for d e t e r m i n a t i o n  of glycogen,  
g lucose -6 -phospha te  (G6P), lac ta te ,  adenos ine t r iphos -  
p h a t e  (ATP) a n d  p h o s p h o c r e a t i n e  (PCr), a n d  ac t iv i t ies  of 
phospho ry l a se  a and  b. Resu l t s  are shown  in t he  F igure  
a n d  t he  Table.  

Results. 1. Control (saline-injected) dogs. I n  non- i schemic  
hear t s ,  t h e  levels of glycogen,  G 6 P  and  lac ta te ,  and  
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