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changes  were no t  s ignif icant .  There  were no differences 
in amylase  ac t iv i ty  be tween  control  and exper imen ta l  
animals.  

Secret ion of digest ive enzymes  f rom pancreas  opera tes  
via  t he  p a t h w a y  wh ich  is Ca2+-dependent  and  involves  
cholinergic and  pep t ide  ho rmone  receptors  ~s,19. In  th is  
s t u d y  the  effect  of cyc loheximide  on the  ac t iv i ty  of 
lipase, amylase,  t ryps in  and  c h y m o t r y p s i n  p resen t  in ra t  
pancreas ,  as well as c i rculat ing in the  serum, was mea-  
sured.  To u n d e r s t a n d  t h e  cyc loheximide- induced  inhibi-  
t ion  of exocrine pancrea t ic  enzymes,  one has  to take  into 
cons idera t ion  the  inh ib i to ry  effect  of the  drug on gastr ic  
secretionl~. The ac t iv i ty  of pancrea t i c  enzymes  depends  
on and is modif ied by  end p roduc t s  of digest ion appear ing  
in t he  b lood ~~ In  th i s  way  the  impa i red  digest ion and  
the  delay  of gastr ic  e m p t y i n g  caused by  cycloheximide,  
s imula t ing  to some degree s t a rva t i on  of the  animals,  can 
indi rec t ly  affect  the  level of exocr ine pancrea t ic  enzymes.  

Following cyc loheximide  admin is t ra t ion ,  direct  inhibi-  
t ion  of enzym e  syn thes i s  in acinar  cells can also be ex- 

pec ted  and  the  in ter ference  of t he  drug  wi th  receptors  
necessary  for enzyme  secret ion can n o t  be excluded.  De- 
creased ac t iv i ty  of l ipase and t ryps in  following cyclo- 
hex imide  admin i s t r a t ion  and s ignif icant ly  decreased 
pa thologica l  changes  in histological  sect ions eva lua ted  in 
expe r imen ta l  pancrea t i t i s  following drug t r e a t m e n t  (un- 
published) p resen t  po ten t i a l  oppor tun i t i e s  for the  use of 
cyc loheximide  in gas t roentero logy.  
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Summary. After  i.v. in jec t ions  of cocaine, norcocaine,  pseudococaine  to  t he  rat ,  the  T~/2 in bra in  were 0.4, 0.6, 0.2 h 
respect ive ly  and in p lasma  0.4, 0.5, 0.2 h respectively.  Benzoylnorecgonine  and  norecgonine were the  metabol i tes  of 
norcocaine in brain.  Pseudonorcocaine ,  pseudobenzoylnoreegonine ,  pseudobenzoylecgonine  and pseudoecgonine  were 
the  metabo l i t es  of pseudococaine  in ra t  brain.  Benzoylnorecgonine  and pseudobenzoylecgonine  had  p o t e n t  s t imulan t  
ac t iv i ty  in t rac i s te rna l ly  in the  rats .  

Norcocaine (Figure 1) has  been  repor ted  to  be an im- 
p o r t a n t  me tabo l i t e  of cocaine in t he  ra t  2, 3 dog a and mon-  
key a. Like cocaine, it  is a powerful  cent ra l  nervous  sys t em 
s t imu lan t  s, v of shor t  du ra t ion  and it con t r ibu tes  poss ib ly  
in pa r t  to  the  pharmacologica l  effects  of cocaine. Pseudo-  
cocaine (dextro  isomer  and  C2-epimer of cocaine) has  t h e  
C2-methyl es ter  group in equator ia l  conf igura t ion  and 
trans to the  n i t rogen  and Ca-benzoyloxy side chain  s 
(Figure 1). I t s  tox ic i ty  and  local anes the t ic  ac t iv i ty  is 
several-fold h igher  t h a n  cocaine9-11. Bo th  isomers have  
convu l san t  and  p a r a l y s a n t  p roper t ies  1~ b u t  pseudo-  
cocaine is several  t imes  less p o t e n t  t h a n  cocaine as an 
inh ib i to r  of norep inephr ine  up take  in ventr ic les  and vas 
deferens  slices 13, xs. I t  has  been  repor ted  to be more ex ten-  
sively degraded  t h a n  cocaine ~s,17 in cats.  No in fo rmat ion  
exis ts  on the  disposi t ional  and  metabol ic  profile of nor-  
cocaine and  pseudococaine  in the  cent ra l  nervous  system.  
This  s t u d y  was u n d e r t a k e n  to  ob ta in  in format ion  on 
these  paramete rs .  

Materials and methods. Norcocaine  was p repa red  by  a 
p rocedure  previous ly  descr ibed ~s. Psendococa ine  was 
p repa red  by  convers ion of cocaine to pseudo ecgonine 
m e t h y l  es ter  s and subsequen t  benzoyla t ion  wi th  benzoyl-  
chloride in benzene  using s t anda rd  procedures .  Samples  
(50 mg) of these  non-label led compounds  were t r i t i a t ed  
(New E n g l a n d  Nuclear ,  Boston,  Mass.) by  ac id-ca ta lyzed  
exchange  t r i t i um labell ing using 0.3 ml  acetic acid, 25 mg 
p l a t i n u m  ca ta lys t  and  10 curies of t r i t i a t ed  water .  The 
crude p roduc t s  were exhaus t ive ly  purif ied in our  labo- 
r a t o ry  by  repea ted  so lvent  ex t rac t ions  and  silica gel 
co lumn c h r o m a t o g r a p h y  (elnant,  benzene -me thano l  
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m i x t u r e s  of increas ing  polar i ty) .  T he  specific ac t iv i t i e s  
a n d  r ad iochemica l  pur i t i es  of [3H]-norcocaine and  [aH]- 
pseudococa ine  were 2.56 mCi/mg,  96% a n d  1.97 mCi /mg,  
98 o/0 respect ive ly .  The  hydroch lo r ides  of these  c o m p o u n d s  
were s u i t a b l y  d i lu ted  w i t h  n o n r a d i o a c t i v e  c o m p o u n d s  in 
0 .9% sal ine to  specific ac t iv i t i es  of 64 and  40 FCi/mg 
respec t ive ly  for t he  p r e p a r a t i o n  of i n j ec t ion  solut ions.  

Male W i s t a r  r a t s  (120-150 g) were in jec ted  i.v. w i t h  
2 m g  kg  -1 (free base) dose of E~H]-cocaine, [SH]-norcocaine 
or [3H]-pseudococaine.  The  b r a i n  and  p l a s m a  a t  d i f fe ren t  
t imes  were o b t a i n e d  as p rev ious ly  descr ibed  19,=0. Free  
E3H]-norcocaine and  [3H]-pseudococaine were d e t e r m i n e d  
in b r a i n  a n d  p l a s m a  b y  t he  p rocedure  used for  cocaine  2, 3. 
I n  v i t ro  recover ies  of [~H]-norcocaine a n d  [3Hi-pseudo- 
cocaine were in t he  r ange  descr ibed  for cocaine ~,a. O t h e r  
de ta i l s  on t h e  specif ic i ty  of e x t r a c t i o n  procedure ,  c o u n t i n g  
t echn ique ,  etc., h a v e  been  p rev ious ly  descr ibed  ~ 

The  qua l i t a t i ve  iden t i f i ca t ion  of me tabo l i t e s  of nor-  
cocaine a n d  pseudococa ine  was done  in groups  of 5 b r a i n s  
of r a t s  in j ec ted  w i t h  2 m g  kg -~ i.v. dose of these  com- 

pounds .  The  b ra ins  were homogen i zed  in 0.5 M HC1 
(20% homogena t e )  cent r i fuged ,  s u p e r n a t a n t  r e m o v e d  
a n d  its p H  a d j u s t e d  to 7.5 w i t h  d i lu te  a m m o n i a .  The  
r e s u l t a n t  so lu t ion  was c h r o m a t o g r a p h e d  on  A m b e r l i t e  
X A D - 2  (2 • 15 cm) a n d  t he  adso rbed  c o m p o u n d s  and  t h e i r  
me t abo l i t e s  e lu ted  w i t h  m e t h a n o l .  The  res idue  f rom th i s  
m e t h a n o l  e lua te  was c h r o m a t o g r a p h e d  on G e l m a n  i n s t a n t  
t h i n  layer  c h r o m a t o g r a p h y  med ia  silica gel (ITLC) w i t h  
d i f fe ren t  so lven t  sys t ems  2~ for c h a r a c t e r i z a t i o n  of m e t a b -  
olites. The  so lu t ion  c o n t a i n i n g  u n a d s o r b e d  r a d i o a c t i v i t y  
f rom the  A m b e r l i t e  X A D - 2  co lumn  was s a t u r a t e d  w i t h  
IK2CO a and  e x t r a c t e d  r e p e a t e d l y  w i t h  chloroform-iso-  
p r o p a n o l  (2:1,  v /v) ,  t h e  organic  phase  e v a p o r a t e d  to  
d ryness  in  vacuo  and  t h e  res idue t h e r e f r o m  s u b m i t t e d  
to I T L C  for c h a r a c t e r i z a t i o n  of t he  me tabo l i t e s .  

Results and discussion. C o m p a r a t i v e  d i s t r i bu t i on  of 
EaH]-cocaine, [3H]-norcocaine and  [~H]-pseudococaine 
in r a t  b r a i n  and  p l a s m a  a f t e r  a 2 m g  kg -1 i.v. i n j ec t ion  
is shown in Figure .  2. The  p e a k  c o n c e n t r a t i o n s  of nor -  
cocaine in b r a i n  and  p l a s m a  were a p p r o x i m a t e l y  2.3 
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Fig. 1. Structures of cocaine, norcocaine and pseudococaine. 

Pseudococaine 

H 

COOCH 3 

0 . C 0 - @  

H 

5000 
2000 
1000 
50o 

c,_ 200 
100 
so 

20 

10 
5 

2 

Brain 

1000 

500 
200 
100 
50 
2o 
10 
5 

2 

0.5 1 2 3 4 5 6h 
Time 

Plasma 

m----~ Norcocaine 
�9 iCocaine 
o-----epseudococaine 

0.5 1 2 3 4 

Fig. 2. Comparative distribution of EaH]-coeaine, [aH]-norcocaine 
and [SH]-pseudocoeaine in brain and plasma of male Wistar rats after 
a single 2 mg kg -~ (free base) dose by i.v. injection. Data represent 
mean value • SEM (ng per g wet tissue weight or ml fluid) of 6 
determinations from 3 animals at each time. 

t imes  those  of cocaine.  The  a p p a r e n t  p a r t i t i o n  coefficient  
of [aH]-norcocaine in 1-octanol-M/15 p h o s p h a t e  buffer ,  
p H  7.4 in t he  c o n c e n t r a t i o n  range  1-10 ~g/ml  a t  25 ~ was 
18.5 • 0.2 (SEM). I n sp i t e  of t he  h igh  lipid so lubi l i ty  of 
pseudococa ine  ( a p p a r e n t  p a r t i t i o n  coeff ic ient  in 1- 
oc tanol -M/15 p h o s p h a t e  buffer ,  p H  7.4, 77.2 ~ 2.2 
(SEM), i ts  p e a k  concen t r a t i ons  in b r a i n  were a p p r o x i m a t -  
ely hal f  those  of cocaine, while  t h e  p l a s m a  levels were 
a p p r o x i m a t e l y  2.5 t imes  those  of cocaine.  R a p i d  m e t a -  
bol i sm of pseudococa ine  led to c o m p a r a t i v e l y  lower b r a i n  
levels. Like  cocaine,  norcoca ine  a n d  pseudococa ine  did  no t  
pe rs i s t  in t he  CNS and  t he  levels in  b r a i n  and  p l a sma  were 
ba re ly  d e t e c t a b l e  6 h pos t - in jec t ion .  The  half- l ives  of 
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cocaine,  no rcoca ine  a n d  pseudococa ine  in  r a t  b r a i n  were 
0.4, 0.6 a n d  0.2 h respec t ive ly ;  t h a t  in  p l a s m a  0.4, 0.5 
a n d  0.2 h respec t ive ly .  T he  b r a i n  to  p l a s m a  ra t ios  0.25, 
0.5, 1, 2, 4 h pos t - in j ec t ion  were as follows: cocaine 
15.9, 11.5, 7.9, 9.5, 5; norcoca ine  15.7, 10.6, 9.7, 10.9, 14; 
pseudococa ine  2.8, 4.7, 2.4, 1.4, 1.0 respect ive ly .  

T h i n  l aye r  c h r o m a t o g r a p h i c  e x p e r i m e n t s  on  b r a i n  
e x t r a c t s  (30 min)  of r a t s  in j ec ted  i.v. w i t h  norcoca ine  
p r o v i d e d  ev idence  for  t he  presence  of m a j o r  a m o u n t s  of 
no rcoca ine  (72%),  benzo lnorecgon ine  (24%) and  m i n o r  
a m o u n t s  of norecgon ine  (4%).  Benzoy lno recgon ine  has  
ear l ier  been  s h o w n  6 to  possess p o t e n t  s t i m u l a n t  a c t i v i t y  
i n t r a c i s t e r n a l l y  (i.c.) in t he  r a t  a n d  fo rmed  molecu la r  
comp lex  22 w i t h  Ca 2+. S imi la r  e x p e r i m e n t s  w i t h  pseudo-  
cocaine  p rov ided  ev idence  for t he  presence  in b r a i n  
of p seudonorcoca ine  (12%),  p seudobenzoy lno recgon ine  
(12%),  p seudobenzoy lecgon ine  (8%) and  pseudoecgon ine  
(minor  amoun t s )  as m e t abo l i t e s  of pseudococa ine  (66%).  

Our  p r e l i m i n a r y  s tud ies  on  t he  pha rmaco log ica l  a c t i v i t y  
of t he se  m e t a b o l i t e s  showed  t h a t  pseudoecgon ine  a n d  
pseudoecgon ine  m e t h y l  es ter  (1 m g  kg -1 i.c.) showed  no 
a c t i v i t y  in  t h e  ra t .  P seudobenzoy lecgon ine  a t  t h i s  dose 
p r o d u c e d  i n t e r m i t t e n t  convuls ions  l a s t ing  a p p r o x i m a t e l y  

15 see a n d  d e a t h  w i t h i n  10 ra in ;  lower doses 0.5 m g  kg-* 
(i.c.) p roduced  rap id  h e a r t  bea t ,  l a b o u r e d  b r e a t h i n g ,  
r u n n i n g  ac t iv i ty ,  sh iver ing ,  d i so r i en ta t ion ,  j e rk ing  a n d  
convu l s ions  4 min  pos t - in j ec t ion  l a s t ing  un t i l  d e a t h  30 
rain  la ter .  A 0.25 mg  kg -1 dose (i.e.) p roduced  s imi la r  
effects  w i t h o u t  mor t a l i t y .  Pseudococa ine  (0.5-1 m g  kg -~ 
i.c. ra ts)  p roduced  rap id  h e a r t  bea t ,  l a b o u r e d  b r e a t h i n g ,  
gasp ing  a n d  d e a t h  w i t h i n  1 ra in  and  lower doses p roduced  
s imi lar  effects w i t h o u t  m o r t a l i t y .  Norcoca ine  (i.v.) was  
a p p r o x i m a t e l y  2 to  3 t imes  more  p o t e n t  a s t i m u l a n t  as 
c o m p a r e d  to  cocaine. 

Th i s  s t u d y  d e m o n s t r a t e s  t h a t  N - d e m e t h y l a t i o n  a n d  
C~-epimerizat ion of cocaine lead to c o m p o u n d s  which  h a v e  
s ign i f i can t ly  d i f fe ren t  d i spos i t iona l  profi le  in t he  CNS,  
and  h a v e  more  p o t e n t  s t i m u l a n t  a c t i v i t y  as c o m p a r e d  to  
cocaine.  I n  add i t ion ,  some of t he  po la r  me tabo l i t e s  of 
norcoca ine  a n d  pseudococaine ,  e.g. benzoy lno recgon ine  
a n d  pseudobenzoy lecgon ine ,  possessed p o t e n t  s t i m u l a n t  
a c t i v i t y  i n t r ac i s t e rna l l y  in  t he  ra t .  
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On the  M e c h a n i s m  of P y r o g e n i c  Act ion  of Ric in  
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Summary. The  i n c u b a t i o n  of r a b b i t  wh i t e  b lood cells w i t h  ricin, t he  toxic  p ro t e in  of cas to r  oil seeds, leads to  the  pro-  
duc t i on  of endogenous  pyrogens .  Th i s  i nduc t i on  can  be  i nh ib i t ed  b y  t he  an t ib io t i cs  a c t i n o m y c i n  D or cycloheximide.  
The  resu l t s  are discussed in t e r m s  of d i s t u rbed  cor t icos tero id-  a n d  Mg2+-levels. 

The  a u t h o r s  comple t e ly  agree  w i t h  t he  sugges t ion  t h a t  
all  of t he  k n o w n  pyrogen ic  subs t ances  cause  fever  on  a 
c o m m o n  basis ,  i.e., b y  t he  i n d u c t i o n  of t he  so-cal led 
' endogenous  or l eukocyt ic  p y r o g e n '  a-5 

Accord ing  to  t h i s  e x p e r i m e n t a l l y  s u p p o r t e d  hypo thes i s ,  
t h e  pyrogens ,  d u r i n g  a r e l a t ive ly  sho r t  per iod  of a few 
hours ,  a c t i v a t e  t h e  d i f fe ren t  ceils of t he  o rgan i sm.  These  
cells, m a i n l y  t he  leukocytes6,  v, t he  monocytesS,  a n d  t he  
K u p f f e r ' s  cells of t h e  liver% also release endogenous  
py rogens  in t he  so-called ' ea r ly '  and  ' l a t e '  phases  in to  
t he  b lood  s t ream.  D u r i n g  t h i s  process,  t h e  ceils show 
d i f fe ren t  me tabo l i c  changes ,  e.g., increased  oxygen  
c o n s u m p t i o n ,  c a r b o n  d ioxyde  p r o d u c t i o n  a n d  increased  
glyeolysis .  Th i s  endogenous l y  re leased py r ogen  induces  
fever  b y  ac t ing  on  t he  cen t r a l  ne r vous  s y s t e m  5. 

I t  h a s  been  e x p e r i m e n t a l l y  d e m o n s t r a t e d  a n d  accep ted  
t h a t ,  d u r i n g  t he  so-called ' ea r ly '  phase,  s y n t h e t i c  pro-  
cesses, m a i n l y  p ro t e i n  a n d  R N A  synthes i s ,  t ake  place% 
I n  v i t ro  these  ea r ly  processes  can  be i n h i b i t e d  b y  sub-  
s t ances  h a v i n g  a n  i n h i b i t o r y  effect  on p r o t e i n  synthes is ,  
for example ,  a c t i nom yc i n - D ,  cyc lohex imide  a n d  puro -  
myc ine  5, ~0, while  t h e  processes  of t he  ' l a te '  phase  are 
r e s i s t a n t  to  these  drugs.  

I n  r e c e n t  years  i t  h a s  b e e n  conv inc ing ly  s h o w n  t h a t  
r ic in  ha s  a powerfu l  pyrogen ic  effect  on  d i f fe ren t  an ima l s  1~. 
T h e  fever  caused  b y  r ic in  is v e r y  h i g h  a n d  of long d u r a t i o n  
in all  species, wh ich  is s imi la r  to  t he  fever  caused  b y  t he  
t r u e  b a c t e r i a l  p y r o g e n s  a. The re fo re  i t  is l ikely t h a t  r ic in  
also causes  fever  b y  t he  release of endogenous  p y r o g e n  
subs t ances .  I f  t h e  ' ea r ly '  phase  of py r ogen  release of t h e  
l eukocy te s  a c t i v a t e d  b y  r ic in  is i n h i b i t e d  b y  a c t i n o m y c i n -  
D or  a n o t h e r  d rug  w i t h  a s imi la r  effect, t h i s  will l end  

cons iderab le  s u p p o r t  to  th i s  possibi l i ty .  To inves t i ga t e  
th is ,  t h e  fol lowing e x p e r i m e n t s  were done.  

Materials and methods. All needles,  syr inges  a n d  solu- 
t ions  were steri le and  pyrogen-free .  L iv ing  whi t e  blood ceils 
were o b t a i n e d  u n d e r  s ter i le  cond i t i ons  f rom t h e  b lood  of 
h e a l t h y  r a b b i t s  b y  h e a r t  p u n c t u r e .  A t  t h e  t ime  of collec- 
t ion ,  10 I U / m l  h e p a r i n  was a d d e d  to  t h e  b lood  to  i n h i b i t  
c lot t ing.  This  q u a n t i t y  of h e p a r i n  ha s  no  effect  on t he  
endogenous  py rogen  p r o d u c t i o n  12. Af ter  25 m i n  of cen t r i -  
fuga t ion  (3000 rpm,  on  4~ t he  wh i t e  b lood cells were 
a sp i r a t ed  a w a y  careful ly  w i t h  a p i p e t t e  and  suspended  
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