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Effects of Morphine on Plasma Lipids in the Rabbit 

Repor ts  of morphine  effects on l ipid metabol i sm are 
sparse. They  usual ly  deal  wi th  the  immedia t e  effect of 
the  narcot ic  in rats, no effects hav ing  been described in 
rabbits .  In  this paper  we repor t  the  effects of morphine  on 
var ious  lipid fract ions in rabbi t  plasma. Because of the  
deve lopment  of tolerance and dependance  phenomena  
the  metabol ic  effects Of morphine  are mul t ip le  and com- 
plex. We  have  therefore  been careful to note  the  effects 
of the  ini t ial  in ject ion in a non- to lerant  animal  as well as 
those which appear  in chronical ly in toxica ted  and 
abs t inent  animals.  

Materials and methods. Male rabbi ts  (Fauve de Bour-  
gogne) weighing 2.5 kg were d iv ided into 3 exper imenta l  
groups. The  blood of 1t5 animals  was analyzed.  Morphine 
ch lorhydra te  (Chaix et Du Murals) was injected i.m. 
P lasma free f a t t y  acids (FFA) were measured by  a 
colorimetr ic  me thod  z. 

In  one exper imenta l  group of 13 animals  wey have  used 
a modified th in  layer  silicagel ch romatography  technique 
to de termine  p lasma phospholipids,  tr iglycerides,  and 
free and esterified cholesterol.  Af te r  spott ing,  2 successive 
migra t ions  are carried out. The first  uses chloroform- 
methano l -wa te r  (65:25:4,  v /v /v )  and is s topped approx-  
imate ly  3 cm from the  s tar t ing line. This first run  carries 
the  phospholipids approx ima te ly  1.5 cm from the  s tar t  
and thus  facil i tates their  de te rmina t ion  wi th  densi- 
t ome t ry .  After  the  plate  is dried, the  second migra t ion  is 
carr ied ou t  in t he  same direct ion for the  whole length  of 
the  p la te  wi th  a mix tu re  of pe t ro leum ether-e thyl  
e ther-acet ic  acid (85:15 : 0.8, v /v /v ) .  This procedure allows 
an excel lent  separat ion of the  different  l ipid fractions, and 
gives subsequent  dens i tomet ry  results wi th  bet ter  than  
90% accuracy.  

Results and discussion. 1. Effects  of morphine  on p lasma 
F F A  concent ra t ion  in rabbits .  We have  de te rmined  
plasma F F A  as well as o ther  plasma const i tuents  (sugars 
and corticosterone) 2 in 102 animals  after  the  ini t ial  
in ject ion of morphine,  during a chronic in toxica t ion  
(5-10 mg/kg  last ing 21 days) and after  wi thdrawal  from 
morphine.  Resul ts  are given in Figure  1. 
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Fig. 1. Changes in plasma FFA and effects of morphine during 
chronic intoxication and withdrawal in rabbits. Mean value =L SE, 
p is given by Student's t-test, the number in the bars indicates the 
nmnber of animals. 

Dur ing the 3 weeks of daily morphine  adminis t ra t ion,  
each new inject ion causes a more than  50% drop in 
p lasma F F A  wi th in  60 rain. This effect lasts approx-  
ima te ly  6 h. I t  should be noted that ,  even 24 h af ter  a 
g iven injection,  the  p lasma F F A  levels in in toxica ted  
animals  are a lmost  double the  control  values. The  
m a x i m u m  value  recorded was 40 rag/100 ml. I n  control  
rabbi ts  depr ived of food for 15 h , p lasma F F A  average 
9.2 :~ 1.1/100 ml. This  basal  value  rises to 18.8 ~: 2.9 by  
the  21st day  of repeated inject ions bu t  morphine  retains  
its depressive effect because a new inject ion always 
lowers F F A  levels (6.3 z~ 1.1 mg/100 ml  af ter  1 h). 
Af te r  wi thdrawal  from morphine,  the  e levated p lasma 
F F A  concent ra t ion  as welt as the  depressive effect of a 
new inject ion of the drug persist  as long as 3 weeks af ter  
cessation of regular  injections.  

2. Effects  of morphine  on o ther  p lasma lipids. This 
exper iment  involved  13 rabbits ,  each serving as its own 
control.  3 h after  the  ini t ial  dose, morph ine  exhibi ts  a 
substant ia l  depressive effect on several l ipid const i tuents  
of the  plasma. F igure  2 demonst ra tes  t h a t  phosphol ipid  
concent ra t ion  clearly drops (p < 0.01), this drop being 
more than  40% in some cases. In  addit ion,  a s ignif icant  
(p < 0.05) drop in plasma tr iglycerides was found. Free  
and esterified cholesterol concentra t ions  did n o t  change 
significantly.  

Af ter  repea ted  injections,  the  effects of morphine  
become less pronounced,  and tolerance develops towards  
its depressive effects, the  drug has pract ica l ly  no effects on 
plasma lipids. 

3. Effects  of food withdrawal .  Morphine effects in 
rabbi ts  dur ing a prolonged fast. Appet i te  is spontaneous ly  
reduced in morphine- t rea ted  animals.  In  order  to e l iminate  
the food factor, we have  s tudied fast ing rabbi ts  d ivided 
into 2 groups:  8 were s imply  depr ived of food and served 
as controls;  the  o ther  12 were also fasted bu t  received 
daily inject ions (5 mg/kg,  i.m.) of morphine.  Af te r  
4 days of fasting, morphine  elicited a drop in plasma 
phospholipids and tr iglycerides (p < 0.01). Af ter  8 days 
of fasting, tolerance develops towards  the  depressive 
effect of morphine  on phospholipids and triglycerides. 
In  addit ion,  basal  levels of free and esterified cholesterol 
were s ignif icant ly higher  in morphine- t rea ted  than  in 
control  animals  (p < 0.05), this is responsible for the  
hyper l ipemia  (p < 0.05), in the  morphinized  group of 
fast ing rabbits.  

W i t h  regard to p lasma lipids, the phenomena  of 
tolerance and reversal  of act ion analogous to those 
a l ready described for carbohydra tes  3, w i th  corresponding 
changes in the  ac t i v i t y  of var ious endocrine glands, have  
been found 4. Our results demons t ra te  a pos tmorphin ic  
hypol ipemia  due to reduced plasma levels of phospho- 
lipids and triglycerides,  thus  confi rming our p re l iminary  
exper iments  S, *. If the  chronic in toxica t ion  is cont inued,  
tolerance develops towards  the depressive effect on lipe- 
mia  bu t  no t  towards  the  immedia t e  effect of morphine  on 
FFA.  Moreover,  in to lerant  rabbi ts  the  F F A  concentra-  
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Fig. 2. Changes in morphine effects in -various lipid fractions of 
rabbits plasma during chronic intoxication. IVfean values ~2 SE, 
p is given by Student's t-test. * p < 0.01. ** p < 0.05. 

7 B. DESBALS, P. DESBALS and R. AGID, Adipose tissue (Academic 
Press, New York and London 1970). 

t i ons  are  clear ly h ighe r  t h a n  in controls .  F ina l ly ,  in  
an ima l s  w i t h d r a w n  f rom m o r p h i n e  for severa l  days  or 
even  weeks, t he  F F A  c o n c e n t r a t i o n  r e m a i n s  e levated ,  as 
does t he  i m m e d i a t e  hypo l i pemic  effect  of t he  drug.  

I t  is di f f icul t  to  expla in  t he  effects on p l a s m a  l ipids  b y  
changes  in endocr ine  a c t i v i t y  even  t h o u g h  these  effects 
occur  s imu l t aneous ly  w i t h  changes  in h o r m o n a l  secret ion.  
The  in i t ia l  i n j ec t ion  of m o r p h i n e  elici ts  A C T H  secre t ion 
as well  as t h a t  of g lucagon  a. I t  is k n o w n  t h a t  these  2 
h o r m o n e s  mobi l ize  f a t t y  acids ; however ,  we h a v e  obse rved  
the  oppos i te  effect  on  FFA.  A single dose of m o r p h i n e  also 
causes  a secre t ion  of cor t icos teroids~ whose  i m m e d i a t e  
effects in  r a b b i t s  are to lower p l a s m a  l ipids  7. I t  is possible  
t h a t  u n d e r  these  cond i t ions  t he  p o s t m o r p h i n i c  hypol ipe-  
mia  resu l t s  f rom a hype r sec re t i on  of cor t icos terone.  
Never the les s  t h i s  e x p l a n a t i o n  is no t  ve ry  sa t i s fy ing  w h e n  
one considers  t he  case of chron ica l ly  t r e a t e d  an ima l s  in  
wh ich  m o r p h i n e  r e t a in s  i ts  depress ive  effect  on p l a s m a  
F F A  and  in w h i c h  t he  d rug  ac tua l l y  depresses  r a t h e r  t h a n  
increases  t he  secre t ion  of cor t i cos te rone  2. I n  chron ica l ly  
m o r p h i n i z e d  rabb i t s ,  t h e  F F A  level  in b lood  w i t h d r a w n  
24 h a f te r  a g iven  in jec t ion  is a b n o r m a l l y  high.  At  t he  
p r e sen t  t i m e  we h a v e  no  e x p l a n a t i o n s  for this .  

To conclude,  i t  is v e r y  di f f icul t  to  supp ly  a pu re ly  
endocr inologica l  e x p l a n a t i o n  for t h e  effects of m o r p h i n e  
on  b lood lipids. O the r  e x p e r i m e n t s  are necessa ry  to 
e luc ida te  t h e  ac t ions  of m o r p h i n e  as well  as t he  changes  
in ac t ion  d u r i n g  chronic  i n t o x i c a t i o n  and  wi thd rawa l .  

Rdsumd. Chez le Lap in ,  1 h aprgs une  in jec t ion  de 
m o r p h i n e  on no te  une  baisse du t a u x  des phosphol ip ides ,  
des t r ig lyc6r ides  et  des acides gras l ibres  (AGL) du  sang. 
An cours  du t r a i t e m e n t  ch ron ique  cet  effet  d6pressif  ne  
s 'obse rve  plus  q u ' a u  n i v e a u  des A G L  d o n t  le t a u x  est  
a n o r m a l e m e n t  61ev6 24 h apr6s  la derni6re  in jec t ion .  
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Effect of Long T e r m  Li th ium T r e a t m e n t  on Brain 

The  specif ici ty  of l i t h i u m  t h e r a p y  for  man ic -depress ive  
psychos is  is b y  now u n d i s p u t e d  1, ~; how eve r  t he  mech-  
a n i s m  of th i s  r e m a r k a b l e  effect  is st i l l  far  f rom a 
sa t i s f ac to ry  e x p l a n a t i o n  3, ~. In sp i r e  of the re  be ing  l i t t l e  or 
no effect  on  mos t  e nzym es  s tud ied  4, our  p rev ious  com- 
m u n i c a t i o n s  r epo r t ed  t he  a c t i v a t i o n  of succ ina te  de- 
hyd rogenase  5 and  t h e  i n h i b i t i o n  of acon i tase  6 in  t he  b ra ins  
of mice  t r e a t e d  w i t h  Li  2 CO~. These  resu l t s  led us to  s t u d y  
t he  effect  of Li+ on  b r a i n  fumara se  ( fumara te  hyd ra t a se ,  
E.C. 4.2.1.2 )ac t iv i ty .  

31aterial and methods. The e x p e r i m e n t s  were car r ied  
o u t  w i t h  male  Swiss mice  (mean  in i t i a l  body  we igh t  
20 g) m a i n t a i n e d  in a s t a n d a r d  ba l anced  d ie t  ad  l ib i tum.  
To t he  con t ro l  g roup  of mice, dis t i l led w a t e r  was given.  
The  o the r  group of an ima l s  received as d r i nk ing  w a t e r  a 
so lu t ion  c o n t a i n i n g  100 m g  Li 2 CO8/1. Af te r  a pe r iod  of 
132 days  of e x p e r i m e n t a t i o n ,  t he  mice were kil led b y  
cervical  d i s loca t ion  and  t he  b ra ins  r e m o v e d  qu ick ly  a n d  
s tored  a t  - -20~  un t i l  used. B r a i n  h o m o g e n a t e s  (10%) 
were p r e p a r e d  in ice-cold 0.1 M p h o s p h a t e  buffer ,  p H  7.4, 
and  t he  fumara se  a c t i v i t y  was d e t e r m i n e d  b y  a modif ica-  
t i on  of t he  s p e c t r o p h o t o m e t r i c  m e t h o d  of RACKER 7. 
The  f inal  vo lume  was 2.0 ml  inc lud ing  1.0 ml  of 0.1 M 

F u m a r a s e  Activity 

sod ium L-malate,  p H  7.4, 0.95 ml  of 0.1 M p h o s p h a t e  
buffer ,  p H  7.4, a n d  0. 05 ml  of b r a i n  h o m o g e n a t e  to  s t a r t  
t he  reac t ion .  I n c u b a t i o n  was car r ied  ou t  a t  37 ~ for 10 min  
a n d  t h e  r eac t ion  was s topped  b y  t he  a d d i t i o n  of 2.0 ml  
of 0.5 M HC104. A con t ro l  was  p r e p a r e d  for each  sample  
b y  t he  add i t i on  of HC104 a n d  h o m o g e n a t e  to  t he  buf fe red  
s u b s t r a t e  a t  t i m e  zero. S p e c t r o p h o t o m e t r i c  d e t e r m i n a -  
t ions  in  t he  s u p e r n a t a n t s  were m a d e  a t  240 n m  in a Shi- 
m a d z u  QV-50 s p e c t r o p h o t o m e t e r  equ ipped  w i t h  cells of 
10 m m  l igh t  pa th .  The  e n z y m a t i c  a c t i v i t y  follows a zero 
order  k ine t ics  and  i t  is p r o p o r t i o n a l  to  c o n c e n t r a t i o n s  of 
t he  h o m o g e n a t e  up  to  0.25 ml.  One  u n i t  of e n z y m a t i c  
ac t i v i t y  is e q u i v a l e n t  to  a change  in  opt ica l  dens i t y  of 
0,001 in 10 m i n  a t  37 ~ To ta l  p ro t e in s  is t h e  h o m o g e n a t e s  
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