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Cell necrosis induced  b y  DMN, eva lua ted  by  the  release 
of S-GPT in the  plasma,  was comple te ly  p r even t ed  by  the  
previous  admin i s t r a t i on  of the  heavy  meta l  (Table II). 
This  d a t u m  is fu r the r  suppor t ed  by  histological  examina-  
t ion (Figures a and b). Livers  taken  f rom ra ts  t r ea t ed  
wi th  DMN alone showed an intense  necrosis, main ly  
centrolobular ,  w i th  sca t t e red  cells showing bal looning and 
border ing  the  necrot ic  areas. Livers  f rom ra ts  p r e t r ea t ed  
wi th  MMC had  an a lmost  normal  histological  appearance .  

Discussion. DMN is a toxic  and powerful  carcinogen,  
which exer ts  its effect  t h rough  the  u l t imate  a lkylat ing 
agent ,  a m e thy l  c a rbon ium ion iv. 

The biochemical  t r an s fo rma t ion  of DMN to the  u l t ima te  
toxic com pound  requires an N A D P H - g e n e r a t i n g  system,  
molecular  oxygen, and  the  microsomal  fraction.  However ,  
the  re la t ion be tween  the  inducib i l i ty  of the  D M E S  and 
increase of tox ic i ty  i t  is no t  ye t  clear. I t  is unques t ionab le  
t h a t  for o the r  models  of hepa to tox i c i t y  there  is a direct  
dependence  on the  avai labi l i ty  of those  enzymes  which 
provide  for the i r  b iochemical  t r ans format ion .  This is the  
case of CC14-intoxication: an e n h a n c e m e n t  of the  D M E S  
by  phenoba rb i t a l  causes a s igni f icant  increase of toxici ty ,  
while an inh ib i t ion  of the  a M E S  effect ively p ro tec t s  the  
animals  aga ins t  CC147,s. On the  o ther  hand,  p r e t r e a t m e n t  
of t he  animals  w i th  typ ica l  inducers  of the  D M E S  is no t  
a lways followed by  an increase of DMN-toxic i ty .  3-Me- 
t hy l cho lan th rene  does, in fact,  increase the  LDao of DMN- 
poisoned ra ts  1< The tox ic i ty  of DMN has been inves t iga t -  
ed also in animals  p r e t r e a t e d  wi th  inhibi tors  of the  
DMES.  E i the r  necrogenic  doses of CC141~ or feeding the  
animals  wi th  a p ro te in  free dietl0,11 are able to decrease 
DMN-tox ic i ty  wi th  a paral lel  inhibi t ion of the  a M E S .  
However ,  these models  of inhibi t ion m a y  d i f ferent ly  

affect  the  physiological  role of the  de toxyfy ing  mecha-  
nisms of the  liver. MMC admin is te red  at  low dose does 
no t  cause liver necrosis and does no t  affect  the  pro te in  
synthes is  machinery .  Moreover,  MMC has a long-last ing 
effect  compared  to o ther  co mmo n l y  used inhibi tors  of the  
a M E S ,  such as S K F  525-A. MMC has been adminis tered ,  
under  our expe r imen ta l  condit ions,  24 h before intoxica-  
tion. The p ro tec t ion  b y  MMC against  DMN-tox ic i ty  has 
been shown in the  ear ly  s tage of in toxicat ion.  We have 
no t  followed the  recovery  and carcinogenici ty.  POUND et 
al. 20 have  found an increase of liver h e p a t o m a s  by  DMN 
in CC14-pretreated rats.  We do not  rule ou t  the  possibi l i ty  
t h a t  MMC m a y  affect  in a d i f ferent  way  the  tox ic i ty  and 
carc inogenic i ty  by  DMN at  a later stage. 
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Summary. The b io t r ans fo rma t ion  of arachidonic  acid to p ros tag land ins  in v i t ro  is specifically augmen ted  by  endogenous  
pyrogen  to a degree depend ing  on the  concen t ra t ion  applied,  providing t h a t  the  microsomal  f rac t ion of the  cerebral  
cor tex is used as p ros t ag l and in - syn the t a se  system.  This effect  is inhibi ted  by  non-s teroidal  an t i - i n f l ammat o ry  agents. 
These hnd ings  are compat ib le  wi th  the  hypo thes i s  t h a t  p ros tag land ins  m i g h t  ac t  as media tors  of the  febrile react ion 
induced by  endogenous  pyrogen.  

The deve lopmen t  of fever,  above all in infections,  is 
ascribed to the  release of endogenous  pyrogen  (EP) f rom 
leucocytes  when  these  cells are s t imula ted  by  endo tox in  
or l ipid A 1, 2. The ci rculat ing E P  induces the  febrile reac- 
t ion b y  way  of t he rmoregu l a to ry  centres.  I t  is t h o u g h t  
t h a t  th is  effect  of E P  is med ia ted  by  cer ta in  pros ta-  
g landins  (PG) 3, ~. This  view is suppor t ed  by  tile fact  t h a t  
the  induct ion  of fever  by  endo tox in  or E P  is accompanied  
wi th  an increase in the  concen t ra t ion  of PG in t he  cere- 
brospinaI  fluid ~-7. I t  is also known  t h a t  an t ipyre t i c s  sup- 
press the  b iosynthes is  of PG and t h a t  the i r  ant i febr i le  
effect  is associa ted wi th  a c o n c o m i t a n t  reduc t ion  in the  
con t en t  of PG-like mater ia l  in the  cerebrospinal  fluid s -n .  
In  view of th is  close func t iona l  re la t ion be tween  E P  and 
the  b iosynthes is  of PG, we have  inves t iga ted  the  effect  
of E P  on the  p ros t ag l and in - syn the t a se  sys tem in vitro.  

Material and methods. Isolation o/ endogenous pyrogen 
(EP). E P  was  isolated according to the  m e t h o d s  of 
GANDER and GOODALE 12. Anaes the t i zed  rabb i t s  were in- 
j ec t ed  in t raper i tonea l ly  wi th  400 ml of physiological 

I E. ATKINS and P. T. BODEL, iIl Pyrogens and Fever (Ed. G. E. W. 
XVOLSTENHOL.~E and J. BIRCH; Churchill Livingstone Edinburgh 
1971), p. 81. 

s I. L. BENNET aad P. B. BEESON, J. exp. Med. 98, 493 (1953). 
a X/V" FELDBERG alid P. N. SAXENA, J, PhysioL, Lond. 217, 547 

(1971) 
A. S. MILTON and S. WENDLANDT, J. Physiol., Load. 218, 325 
(1971). 

5 W. FELDBERG and K. P. GUPTA, J. Physiol., Lond. 228, 41 (1973). 
6 W. K, PHILIPP-DORMSTON and R. SIEGEl{T, Naturwissenschaften 

61, 134 (I974). 
v W. K. PmLIPP-DORMSTON and R. SIEGERT, Med. MicrobioL Im- 

mun. 159, 279 (1974). 
8 p. K. DEY, W. FELDBERG, K. P. GUPTA, A. S. MILTON and S. 

WENDLANDT, J. Physiol., Load. 2d1, 629 (1974). 
s W. FELnBERG, K. P. GVPTA, A. S. MILTON and S. WENDLANDT, 

J. Physiol., Lond. 234, 279 (1973). 
10 R. J. FLOWER, Pharlnae. Rev. 46, 33 (1974). 
n R. ZIEL and P. Kl{uPP, in Temperature Regulation and Drug Action 

(Eds. P. LOMAX, E. SCH6NBAUM and J. JACOB; Karger, Basel 
1974), p. 233. 

12 G. W. GANUER and F. GOODALR, Expl molee. Path. 7,417 (1962). 



1452 Specialia 

Table I. Effect of endogenous pyrogen on the activity of the prostaglandin-synthetase system ~ 

EXPERIENTIA 32/11 

Incubation conditions Formation of PG (cpm • s~) Increase in formation of PG (%) No. of experiments 

Control 3789 ~ 181 
194 b 4546 ~ 192 20 2 

Control 3789 • 181 
388 b 5251 4- 204 39 2 

Control 4465 -t- 324 
775 b 7744 ~ 577 73 10 

a MicrosomaI fraction of bovine cerebral cortex. 
bAddition of endogenous pyrogen (protein content in [xg/ml). 

s a l i n e  s o l u t i o n ,  t o  w h i c h  g l y c o g e n  0.1 g, pen i c i l l i n  200 ,000  
I U  a n d  s t r e p t o m y c i n  250 m g  h a d  b e e n  a d d e d .  A f t e r  16 h ,  
t h e  e x u d a t e  w a s  w i t h d r a w n  a n d  t h e  cell  c o u n t  d e t e r m i n e d  
(4 X 106 to  1 • 10~/ml).  T h e  cells  we re  t h e n  s e p a r a t e d  
f r o m  t h e  e x u d a t i o n  f lu id  b y  c e n t r i f u g a t i o n  ( F r a c t i o n  I).  
T h e  s e d i m e n t  w a s  r e s u s p e n d e d  in  p h y s i o l o g i c a l  sa l ine ,  
h e a t e d  t o  3 7 ~  fo r  1 m i n  a n d  t h e n  r e m o v e d  f r o m  t h e  
w a s h i n g  f lu id  b y  c e n t r i f u g a t i o n  ( F r a c t i o n  I I ) .  I t  w a s  
r e s u s p e n d e d  a g a i n  a n d  E P  l i b e r a t e d  b y  i n c u b a t i o n  a t  
3 7 ~  for  16 h.  T h e  E P  w a s  i s o l a t e d  b y  c e n t r i f u g a t i o n ,  
a n d  t h e  p r o t e i n  c o n t e n t s  of  t h e  v a r i o u s  f r a c t i o n s  d e t e r -  
m i n e d  a c c o r d i n g  to  LOWRY'S m e t h o d  ~3. 

Isolat ion o/ the PG-synthetase system (PGSS) .  P G S S  
w a s  i s o l a t e d  f r o m  b o v i n e  c e r e b r a l  c o r t e x  or  s e m i n a l  
v e s i c l e s  14. C e r e b r a l  P G S S  w a s  o b t a i n e d  f r o m  t h e  g r e y  
m a t t e r  of  t h e  c e r e b l a l  c o r t e x .  T h e  m i c r o s o m a l  f r a c t i o n s  
w e r e  i s o l a t e d  b y  d i f f e r e n t i a l  c e n t r i f u g a t i o n ,  s u s p e n d e d  in  
a b u f f e r  s o l u t i o n  c o n t a i n i n g  s a c c h a r o s e  a n d  s t o r e d  a t  

2 8 ~  u n d e r  n i t r o g e n .  

In/ luence on the P G S S .  T h e  e n z y m a t i c  m i c r o - a s s a y  w a s  
c a r r i e d  o u t  a c c o r d i n g  to  W HIT E  a n d  GLASSMAN 15. T h e  
i n c u b a t i o n  m e d i u m  c o n t a i n e d  t h e  m i c r o s o m a l  f r a c t i o n s  
of  c e r e b r a l  c o r t e x  o r  s e m i n a l  ves ic le  as  e n z y m e ,  14C- 
l a b e l l e d  a n d  u n l a b e l l e d  a r a c h i d o n i c  ac id  as  s u b s t r a t e  a n d  
t h e  c o - f a c t o r s  g l u t a t h i o n  a n d  1 - n o r a d r e n a l i n .  T h e  P G  
f o r m e d  w e r e  i s o l a t e d  b y  c o l u m n  c h r o m a t o g r a p h y  a n d  
t h e  y i e ld  d e t e r m i n e d  r a d i o m e t r i c a l l y .  

Results. I n  a g r e e m e n t  w i t h  p u b l i s h e d  o b s e r v a t i o n s  le, 16,17 
t h e  p y r o g e n i c  r e s p o n s e  t o  i . v .  i n j e c t i o n  of  E P  s h o w e d  a 
r a p i d  i n c r e a s e  in  r e c t a l  t e m p e r a t u r e  b y  a m a x i m u m  of  
2 ~ fo l l owed  b y  a r e l a t i v e l y  r a p i d  dec l i ne  w i t h i n  3 h.  

I n c u b a t i o n  of  t h e  c e r e b r a l  P G S S  w i t h  E P  r e s u l t e d  in  
a n  i n c r e a s e  in  t h e  b i o t r a n s f o r m a t i o n  of  a r a c h i d o n i c  ac id  
i n t o  PG,  v a r y i n g  in  d e g r e e  a c c o r d i n g  to  t h e  c o n c e n t r a -  
t i o n  a p p l i e d  (Tab le  I).  H o w e v e r ,  t h e  E P  h a d  n o  e f f ec t  on  
t h e  b i o t r a n s f o r m a t i o n  of  a r a c h i d o n i c  ac id ,  w h e n  t h e  
m i c r o s o m a l  f l ' a c t ion  of  b o v i n e  s e m i n a l  ves ic le  w a s  u s e d  
as  e n z y m e .  

T h e  i n c r e a s e  in  t h e  r a t e  of  s y n t h e s i s  of  P G  o b s e r v e d  
u p o n  i n c u b a t i o n  of  c e r e b r a l  P G S S  w i t h  E P  p r o v e d  t o  be  
spec i f ic ,  s i nce  t h e  e n z y m a t i c  r e a c t i o n  w a s  n o t  a f f e c t e d  b y  
F r a c t i o n s  I a n d  I I  o b t a i n e d  d u r i n g  t h e  i s o l a t i o n  of  E P  
( T a b l e  I I ) .  T h e s e  f r a c t i o n s  a lso  d i s p l a y e d  no  p y r o g e n i c  
e f f e c t  a f t e r  i . v .  a d m i n i s t r a t i o n .  L i p o p o l y s a c c h a r i d e  iso-  
l a t e d  f r o m  E. coil a n d  o v a l b u m i n  w e r e  e q u a l l y  d e v o i d  of 
a n y  i n f l u e n c e  on  t h e  P G S S .  

T h e  i n c r e a s e  in  t h e  a c t i v i t y  of  c e r e b r a l  P G S S  i n d u c e d  
b y  E P  c o u l d  be  i n h i b i t e d  b y  n o n - s t e r o i d a l  a n t i - i n f l a m -  
m a t o r y  a g e n t s .  D i c l o f e n a e  s o d i u m ,  for  i n s t a n c e ,  w h i c h  
p o s s e s s e s  m a r k e d  a n t i p y r e t i c  p r o p e r t i e s  is, e x e r t e d  a dose -  
d e p e n d e n t  s u p p r e s s a n t  e f f e c t  on  t h e  a u g m e n t e d  a c t i v i t y  
of  t h e  P G S S  i n d u c e d  b y  E P .  
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Table II. Effect of proteins of different origins on the activity of the prostaglandin-synthetase system~ 

Incubation conditions b Protein content Formation of PG Increase in formation of PG No. of experiments 
([xg/ml • s~) (epm • s~) (%) 

Control 4465 • 324 
Endogenous pyrogen 775 ~ 124 7744 j= 577 73 =[- 4 10 

Control 5342 i 585 
Fraction I o 10030 i 1261 5001 ~ 542 6 • 2 3 

Control 5403 ~2 566 
Fraction II c 784 ~ 118 5014 i 595 7 • 6 3 

Control 5376 ~ 220 
Lipopolysaccharide a 0,1-1000 e 5087 - -  213 -5 • 6 3 

Control 5194 • 302 
Ovalbumin 0,1-1000 e 5578 ~ 146 + 7  ~ 4 3 

�9 Microsomal fraction of bovine cerebral cortex, b Addition of 20 [xl to incubation system. ~ Isolation conditions as described in Methods. 
a Isolated from E. coli (Difco). ~ Range of concentrations tested. 
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Discussion. The  f ind ings  r epo r t ed  exp la in  on the  one 
h a n d  w h y  e leva ted  c o n c e n t r a t i o n s  of P G  are d e m o n s t r a b l e  
in the  ce rebrosp ina l  f luid in t he  course of febri le  r eac t ions  
due to t he  release of E P  5,19. On t h e  o the r  h a n d ,  in  so far  
as P G  can  be cons idered  to  serve as m e d i a t o r s  of t he  
pyrogen ic  effects of E P ,  t he  obse rved  a c t i v a t i o n  of cere- 
b ra l  P G S S  b y  E P  would  exp la in  th i s  m e c h a n i s m  of ac- 
t ion.  I t  m u s t  be  bo rne  in mind ,  however ,  t h a t  t he  con- 
c e n t r a t i o n  of a r ach idon ic  acid is a r a t e - l imi t ing  s tep  in 
the  cha in  of e n z y m a t i c  r eac t ions  leading to t he  b iosyn-  
thes is  of PG. The  ques t ion  t h u s  arises w h e t h e r  t he  pyre t i c  
effect  of E P  is solely t h e  resu l t  of i ts  in f luence  on  cere- 
b ra l  PGSS ,  or w h e t h e r  o the r  m e c h a n i s m s  m a y  also be 
invo lved  2o. 

In  c o n t r a s t  to  t he  a c t i v i t y  of cerebra l  PGSS ,  t h a t  of 
P G S S  isola ted f rom semina l  vesicles was n o t  affected b y  

EP .  Th i s  d i s p a r i t y  could be connec t ed  w i t h  t he  fac t  t h a t  
the  P G S S  in var ious  t i ssues  are i soenzymes  21. The  pos- 
s ib i l i ty  canno t ,  however ,  be  exc luded  t h a t  t he  d i f fe ren t  
suscept ib i l i t ies  of the  P G S S  iso la ted  f rom the  cerebra l  
co r t ex  a n d  t he  semina l  vesicle m a y  only  be  due to va r i a -  
t ions  in  t he  isola t ion condi t ions .  The  f ind ing  t h a t  t he  
cerebra l  P G S S  displays  less e n z y m a t i c  a c t i v i t y  t h a n  
P G S S  f rom semina l  vesicles f avours  th i s  a s sumpt ion .  
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M e s c a l i n e :  i t s  Ef fec t s  on  L e a r n i n g  R a t e  a n d  D o p a m i n e  M e t a b o l i s m  in  G o l d f i s h  
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Summary. The  pha rmaco log ica l  ac t ion  of mesca l ine  on  goldfish was s tud ied  w i t h  the  B i t t e r m a n - A g r a n o f f  shock-  
avo idance  test .  I n  sho r t  t e r m  e x p e r i m e n t s  w i t h  h igh  mesca l ine  doses an  increase  in l ea rn ing  ra t e s  was observed .  Similar  
resul t s  were ob t a ined  w i t h  a p o m o r p h i n e  a n d  L-dopa. However ,  w h e n  the  f ish were exposed to smal le r  mesca l ine  doses 
(or to  f luphenazine)  for 3 days,  t h e i r  ab i l i ty  to  avo id  e lec t r ic  shock  was reduced.  A p p a r e n t l y ,  mesca l ine  induced  a re- 
lease of d o p a m i n e  w h i c h  s t i m u l a t e d  cen t r a l  dopamine rg ic  sys tems.  Subsequen t ly ,  MAO des t roys  t he  l ibe ra ted  dopa-  
mine.  Thus ,  t he  ensu ing  d o p a m i n e  defici t  appea r s  to  be responsible  for the  m a r k e d  changes  in b e h a v i o r  in t he  chronic  
expe r imen t .  

I t  has  been  r epo r t ed  t h a t  t he  cl inical  s y m p t o m s  in m a n  
a n d  an ima l s  induced  b y  mesca l ine  can  be reversed  b y  
in jec t ion  of ch lo rp rom az i ne  2 a n d  t h a t  mesca l ine  is capab le  
of re leas ing ce rebra l  d o p a m i n e  a. These  a n d  o the r  obser-  
v a t i o n s  sugges t  t he  i n v o l v e m e n t  of a dopamine rg ic  sys- 
t e m  in mesca l ine  ac t ion .  I f  t h i s  were t rue ,  m o n o a m i n e  
oxidase  (MAO, EC 1.4.3.4), shou ld  be  a p a r t  of th i s  reac- 
t ion  b y  des t roy ing  t h e  l ibe ra ted  dopamine .  To t e s t  th i s  
con jec tu re  we exposed goldf ish to mescal ine.  W e  a l ready  
h a d  ex tens ive ly  s tud ied  t h e  inf luence  of m o d u l a t o r s  of 
amine  m e t a b o l i s m  on  t he  b e h a v i o r  a n d  ce rebra l  a m i n e  
m e t a b o l i s m  of goldfish 4. As in t he  past ,  we used the  
modi f ied  B i t t e r m a n - A g r a n o f f  shock  avo idance  t e s t  5. The  
f ish are e lec t r ica l ly  shocked  w h e n  t h e y  do n o t  clear a 
s u b m e r g e d  ba r r i e r  w i t h i n  10 sec a f te r  a l ight  s ignal  is 
t u r n e d  on. This  response  is recorded  as a n  error.  30 tr ials ,  
g iven  eve ry  30 sec, fo rm 1 t r a i n i n g  per iod  which  is 
r e p e a t e d  on 2 consecu t ive  days.  E a c h  set  of cont ro ls  or 
t e s t  an ima l s  was compr i sed  of a t  leas t  6 fish. W h e n  we 
p lo t t ed  the  l o g a r i t h m  of t he  n u m b e r  of errors  for 5 con-  
secu t ive  tr ials ,  for all  fish, aga ins t  t he  n u m b e r  Of t r ia l s  
{1st to  5th,  6 th  to  10th, etc.), a l inear  f unc t i on  cha rac t e r -  
ized b y  h igh  cor re la t ion  coeff ic ients  (r _< 0.9) emerged  ~. 
This  obse rva t i on  makes  i t  possible  to  t a b u l a t e  t he  resul t s  
numer i ca l l y  and  to gain  s imple  a n d  s t r i c t ly  ope ra t iona l ly  
def ined b e h a v i o r a l  pa rame te r s ,  e.g. slope (SL) of s t r a igh t  
l ines se rv ing  as a c o n v e n i e n t  i nd ica to r  of l ea rn ing  ra te .  
Here,  t h e  t e r m  of l ea rn ing  p e r t a i n s  to  t he  t o t a l i t y  of 
phys io logica l  processes  which  are respons ib le  for  be-  
h a v i o r a l  changes  in r e p e a t  pe r formances .  

I n  c o n t r a s t  to  t h e  ou t com e  of e x p e r i m e n t s  w i t h  h u n -  
d reds  of con t ro l  an imals ,  t he  slope of t he  l inear  func t ion  
o b t a i n e d  for mesca l ine - t r ea t ed  f ish a lways  b e c a m e  posi- 

t ive  for t he  second and  more  so for t he  t h i r d  t r ia l  per iod  
(Table).  The  an imal s  were increas ing ly  u n a b l e  to  in i t i a t e  
m o v e m e n t s  in  order  to  avo id  electr ic  shock  a l t h o u g h  the i r  
c apac i t y  to  m o v e  appea red  to  be  comple t e ly  in tac t .  The  
pha rmaco log ica l ly  inac t ive  ana logues  of mescal ine,  viz. 
3, 4, 5 - t r i m e t h o x y b e n z y l a m i n e  and  2, 3, 4- t r imethoxy-/3-  
p h e n y l e t h y l a m i n e  did  n o t  r eac t  in  our  sys tem.  The  mes-  
cal ine effect  seems to be due to a lack of ce rebra l  d o p a m i n e  
as i nd ica t ed  b y  t he  fol lowing obse rva t ions  r epor ted  in 
t he  Tab le :  a) t he  b e h a v i o r a l  changes  are accompan ied  b y  
a m a r k e d  drop  in  b r a i n  d o p a m i n e  levels whi le  t he  c o n t e n t  
of n o r e p i n e p h r i n e  and  se ro ton in  r e m a i n e d  c o n s t a n t ;  b) 
app l i ca t ion  of severa l  i nh ib i to r s  of MAO, e.g. deprenyl ,  
or of L-dopa abol i shed  b o t h  t he  b e h a v i o r a l  a n d  me tabo l i c  
mesca l ine  effects ;  c) t he  dopamine rg i c  an tagon i s t ,  flu- 
phenaz ine ,  evoked  t he  same  b e h a v i o r a l  response  as 
mesca l ine ;  aga in  L-dopa a d m i n i s t r a t i o n  p r e v e n t e d  th i s  
reac t ion .  I n  con t ras t ,  t h e  t r e a t m e n t  of t h e  an imal s  w i t h  
L-dopa or w i t h  t he  dopamine rg i c  agonis t  a p o m o r p h i n e  
led to h ighe r  l ea rn ing  rates .  These  responses  m a d e  i t  pos-  
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