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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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The activities of phosphorylase in the normal and isehemie hearts and the effect of nitroglycerin on these activities (lxmoles Pi released/g-wet 
tissue/rain) 

Phosphorylase a (without AMP) Phosphorylase a 4- b (with AMP) 

Endocardial layers Epicardial layers Endoeardial layers Epicardial layers 

Control dogs 
Time after ligation 
Before (8) 5.0 4- 0.5 3.2 4- 0.4 16.6 4- 0,5 12.6 4- 0,3 

1.5 min (7) 8.3 4- 1.4 7.9 4- 1.3 16.8 4- 1.7 12.7 4- 1.4 
3 (8) 9.3 • 1.0 7.1 4- 1.2 15.8 4- 1.4 12.9 ~z 1.4 
7 (7) 6.0 4- 0.4 3.9 4- 0.3 16.4 4- 0.7 11.9 4- 0.8 

30 (6) 4.7 4- 0.3 2.8 ~ 0.6 14.9 4- 1.1 11.3 ~ 1.2 

Nitroglycerin-treated dogs 
Time after ligation 
Before (8) 6.0 ~ 1.2 5.6 ~c 0.7 16.2 4- 1.1 11.5 4- 1.4 

1.5 rain (8) 6.4 • 0.8 4.8 q- 0.7 13.5 -t- 1.1 12.7 4- 1.2 
3 (8) 5.6 -4- 0.7 4.8 4- 0.7 15.9 4- 1.7 12"0 4- 1.4 
7 (8) 5;8 4- 0.7 4.8 4- 0,8 16.2 4- 1.3 12.5 4- 0.9 

30 (8) 6.1 4- 0.6 5.0 4- 0.5 15.6 4- 0.9 15.0 ~_ 1.1 

(Non-ischemic) 

(Ischemic) 

(Non-isehemic) 

(Ischemie) 

Values are mean 4- S.E.M. Number of animals in parenthesis 
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The effect of ligation of one of the small branches of the anterior descending coronary artery on the endocardial (solid circle) and epicardial 
(open circle) levels of glycogen, G6P, lactate, ATP and phosphoereatine in control (saline-injected) dogs and nitroglycerin-treated dogs. The 
small branch was ligated 5 min after the injection. The dose of nitroglycerin injected i.v. is 20 btg/kg. 'Non-ischemie hearts'  represent the 
hearts removed just before the ligation, and 'ischemie hearts'  represent the hearts removed after the ligation. Each point with a bar represents 
mean • S.E.M. of 6 to 8 hearts. I t  should be noted tha t  there is a difference between the control dogs and the nitroglycerin-treated dogs 
in tile pat tern of the process of anaerobic metabolism. 
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ac t iv i t i es  of phospho ry l a se  a and  phospho ry l a se  a + b in 
the  endocard ia l  layers  were h igher  (p < 0.01) t h a n  those  
in the  ep icard ia l  layers.  The  PCr  level  of t he  endoea rd ia l  
layers,  however ,  was  lower  (p < 0.05) t h a n  t h a t  of t he  
ep icard ia l  layers.  No s ign i f ican t  differences were de t ec t ed  
in the  A T P  level  be t w een  t he  endo-  and  epicard ia l  layers.  
The  l iga t ion  of t he  smal l  b r a n c h  resu l ted  in a m a r k e d  
decrease  in g lycogen level  in  each  of t he  two layers,  and  
caused a convers ion  of p h o s p h o r y l a s e  f rom b form to a 
form. The  r a t e  of decrease  in g lycogen level a f t e r  the  l iga- 
t ion  in t he  endocard ia l  layers  was  fas te r  t h a n  t h a t  in t he  
ep icard ia l  layers.  The  level  of G 6 P  a n d  of l a c t a t e  in each  
of the  two layers  increased r ap id ly  a f t e r  t he  l igat ion.  The  
level of A T P  in each  of t he  two  layers  was no t  app rec i ab ly  
a l t e red  b y  t he  l igat ion.  T he  PCr  level  in each  of t h e  two  
layers  decreased  m a r k e d l y  un t i l  a t  l eas t  7 m i n  a f t e r  the  
l igat ion.  The  r a t e  of decrease  in t he  endoca rd ia l  PCr  level  
was more  r ap id  t h a n  t h a t  in t he  epicardia l  PCr. 

2. N i t r o g l y c e r i n - t r e a t e d  dogs.  Ni t rog lyce r in  (20 ~zg/kg) 
was in jec ted  in s t ead  of sal ine in th i s  series of exper imen t s .  
In  non- i schemic  hear t s ,  t h e  levels of glycogen,  G6P,  
l ac t a t e  a n d  ATP ,  a n d  t he  ac t iv i t i es  of phospho ry l a se  a 
and  p h o s p h o r y l a s e  a + b in each  of t he  two layers  did  no t  
differ f rom those  o b t a i n e d  in con t ro l  dogs. T he  level  of 

PCr in each  of the  two layers,  however ,  was  s l ight ly  lower 
t h a n  t h a t  o b t a i n e d  in con t ro l  dogs. Never the less ,  t h e  
level of PCr  in t he  endocard ia l  layers  was  a lways  lower 
t h a n  t h a t  in  t he  ep icard ia l  layers.  The  l iga t ion  of smal l  
b r a n c h  of c o r o n a r y  a r t e r y  p roduced  n e i t h e r  m a r k e d  
decrease  in glycogen level  no r  r ap id  convers ion  of phos-  
phory la se  f rom b form to  a form in b o t h  the  layers.  The  
level of A T P  in each  of t he  two layers  was  n o t  a l t e red  b y  
t he  l igat ion.  Af te r  t he  l igat ion,  t h e  level of PCr  in t he  
ep icard ia l  layers  decreased s l ight ly ,  b u t  t h a t  in  t he  
endoca rd ia l  layers  did  not .  

Z u s a m m e n / a s s u n g .  Nachweis ,  dass  die U n t e r b i n d u n g  
schon  eines k le inen  As tes  de r  K o r o n a r a r t e r i e  des H u n d e s  
im E n d o k a r d  eine st~Lrkere S te ige rung  der  a n a e r o b e n  
Glykolyse  als im E p i k a r d  bewirk t .  V o r b e h a n d l u n g  m i t  
Ni t rog lycer in  h e m m t  die S te ige rung  der  d u r c h  die L iga tu r  
b e d i n g t e n  a n a e r o b e n  Glykolyse.  

K. ICHIHARA a n d  Y. ABIKO 

D e p a r t m e n t  o /  P h a r m a c o l o g y ,  
A s a h i k a w a  M e d i c a l  Col lege,  3 - 1 3  K a g u r a o k a ,  
A s a h i k a w a  ( J a p a n  0 7 1 - 0 1 ) ,  21 S e p t e m b e r  1974.  

I n t e r a c t i o n  o f  D r u g s :  A M a t h e m a t i c a l  M o d e l  a n d  

In  a p rev ious  p a p e r  ~ i t  was r epo r t ed  t h a t  novob ioc in  
c o m b i n e d  w i t h  t e t r acyc l ine  h a d  a synergis t ic  bac te r i c ida l  
effect  on P s e u d o m o n a s  p s e u d o m a l l e i .  This  c o m m u n i c a t i o n  
cent res  on  t he  ana lys i s  of t he  m a t h e m a t i c a l  model  t h a t  
has  been  p u t  fo rward  to  r ep re sen t  t he  r e l a t ion  be tween  
response  a n d  dose of drugs,  a lone  and  in com bi na t i on ,  
and  on  t he  g raph ic  p r e s e n t a t i o n  of the  va lues  ind ica t ed  
in t he  model .  Two c o m b i n a t i o n s  on ly  are p re sen ted  here, 
the  novob ioc in - t e t r acyc l i ne  and  t he  kanam ye i n - ch lo r -  
a m p h e n i c o l  ; t he  fo rmer  is bac te r i c ida l  on  P .  p s e u d o m a l l e i ,  
s t r a in  61, t he  l a t t e r  on  E s c h e r i c h i a  coli ,  s t r a in  801. 

M a t h e m a t i c a l  m o d e l .  The  concep t  of a d d i t i v i t y  of drugs  
is p r ed i ca t ed  b y  the  fol lowing model .  Le t  N deno te  the  
n u m b e r  of b a c t e r i a  p re sen t  a t  t i m e  t (in h), and  N O the  
n u m b e r  of b a c t e r i a  p re sen t  or ig ina l ly  (t = 0). I n  the  
absence  of drugs, i t  is a s s um ed  t h a t  bac t e r i a  grow a t  a r a t e  

d N  
p ropo r t i ona l  to  t h e  a m o u n t  p r e s en t  d t  ~- k N  where  k 

denotes  t he  g r o w t h  ra te .  The  r a t e  of bac te r i c ida l  a c t i v i t y  
of drugs,  s ingle or in  c o m b i n a t i o n ,  is p r o p o r t i o n a l  to  t he  
n u m b e r  of b a c t e r i a  p r e s en t  and  t he  a m o u n t  of drug(s) 
used:  

d N  
-- k N - - c z N =  - - ( c z - - k )  N (1) 

dt 

where  z deno tes  t he  a m o u n t  of drug(s),  s ingle or mixed  in 
f ixed p ropor t ion ,  a n d  c is a c o n s t a n t  wh ich  deno tes  t he  
specific bac te r i c ida l  a c t i v i t y  of drugs,  single or in com- 
b ina t i on .  B y  solv ing e q u a t i o n  (1), we h a v e  

N = No e (c z -  k) t  

and,  a f te r  a f ixed t i m e  i n t e r v a l  t 1 (24 h, e.g.), the  cor- 
r e s p o n d i n g  bac te r i a l  c o u n t  N1 sat isf ies  t he  e q u a t i o n  

N O 1 
- -  - -  g ( c  : - k )  t 1 .  ( 2 )  

N1 e- - (cz- -k)  t 1 

10.  CAr, Am, J. med. Microbiol. 6, 293 (1973). 

i t s  A p p l i c a t i o n  i n  B a c t e r i o l o g y  

We define t he  log response  q to  a d rug  dose as 

N o  
l~176 N~" 

This  q u a n t i t y  r ep resen t s  conven ien t ly ,  on  a decrea ings  
scale, t he  n u m b e r  of v iab le  b a c t e r i a  in  func t i on  of t he  
dose t e s t ed  a t  t i m e  t 1 = 24 t1: 

No = log10 [e (c z - k) (C  Z - -  k) t 1 logloe q = log10 ~ f  tl] = 

= 0 . 4 3 4 ( c z - - k )  t v (3) 

Accord ing  to th i s  m a t h e m a t i c a l  model ,  t he  log response  
will v a r y  l inear ly  w i t h  t he  t o t a l  a m o u n t  z of drug(s) 
tes ted ,  single or mixed  in fixe d p ropor t ion .  Since 

q = [(0.434 c) z -- 0.434 k]t : (c'z - -  k') t (4) 

the  specific r a t e  of bac te r i c ida l  a c t i v i t y  c'  depends  on ly  
on t he  a m o u n t  a n d  p r o p o r t i o n  of d rugs  t e s t ed  z whi le  the  
r a t e  of g r o w t h  k '  depends  on ly  on  t he  s t r a in  of bac t e r i a  
used. 

Le t  us suppose  t h a t  severa l  drugs  D 1, D 2, D 3 . . .  t h a t  
h a v e  bac te r i c ida l  ra tes  e'z, c'2, c'z ... are t e s t ed  in combina -  
t i on  in the  fol lowing amoun t s ,  respect ive ly ,  zz, z 2, z 3 ... 
W e  shal l  say  t h a t  t he  ac t ion  is add i t i ve  if eq. (1) becomes  

d N  
- - ~ k N - - ( c  l z  I + c ~ z  2 + Q z  a . . . ) N  
dt 

so t h a t  

~ -  = 0.434 (--/e + ~ C'n z n) tl ~ (~7 C'n Zn - -  k') t. (5) q loglo 
a v  I n 

W h e n  two drugs  are t e s t ed  in c o m b i n a t i o n ,  t h e n  

q = (c' 1 z 1 + c'2 z2) tl - -  k' t 1. (6) 

A given  pa i r  of drugs  exh ib i t s  isobole a d d i t i v i t y  a t  a 
p a r t i c u l a r  level of response  q, if t he  co r r e spond ing  isobole 
is rec t i l inear .  I f  t he  isobole is e i the r  m a r k e d l y  convex  or 
concave  t o w a r d  the  origin,  t he  c o m b i n e d  effect  is said to  
be  synerg i s t i c  in t he  f i rs t  case, and  an t agon i s t i c  in  t h e  


