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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 .  

19 W. K. PHILIPP-DoRIvISTON and R. SIEGERT, Klin. Wsehr. 53, 
1167 (1975). 

e0 W. t. CRANSTON, R. F. HELLON and D. MITCHELL, J. Physiol., 
Lond. 253, 583 (1975). 

21 R. J. FLOWER and J. R. VANE, in Prostaglandin Synthetase In- 
hibitors (Bd. H. J. ROBINSON and J. R. VANE; Raven Press, New 
York 1974), p. 9. 
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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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of Melltal Health (MH No. 20020), and by the Sterling Morton 
Charitable Trust Fund. 

2 A. R. PATEL, Drug Res. 11, 11 (1968). 
a j .  CouPE% Dissertation, New York University, N. Y. 1972. 
4 S. M. STAHL, R. NAROTZKY, B. BOSHES and E. A. ZELLER, Natur- 

wissenschaften 58, 628 (1971). - S. M. STAIIL, R. A. NAROTZK~t I, 
B. BosI-IES and E. A. ZELLER, Biolog. Psychiatry g, 295 (1974). - 
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Action of mescaline (inesc) alone or in combination with other agents affecting catecholamine action alid metabolism 

Treatmerlt Day 1 Day 2 Day 3 MAO Monoalnines (btg) 
SL SL SL (b~moles/h) 

DA NE 5HT 

Controls -- 4.0 -L 1.9 -- 8.0 ~ 4.7 8.3 • 4.1 5.8 2.15 ~_ 0.07 0.46 ~ 0.02 
Mesc (10 -a M) -- 5.8 ~ 0.4 2.2 i 1.0 19.6 ~.. 10.0 5.4 1.28 t 0 .01 0.44 ~ 0.01 

Controls -- 3.0 -- 4.0 -- 2.0 1.50 • 0.02 0.47 ~- 0.01 
Mesc (10 -4 M, 3 h/day) -- 10.0 -- 14.0 -- 21.0 1.91 =~ 0.02 0.60 :~ 0.01 

L-dopa (10 4 M) -- 9.0 12.6 -- 17.0 5.3 2.17 0.48 
Mese (10 -~ M + dopa) -- 10.0 -- 1J.2 -- 10.8 5.8 1.96 0.43 

Deprenyi (10 -6 M) 31.4 -- 34.9 -- 35.6 0.1 2.75 
Mesc (10 -6 M + depren.) -- 4.0 -- 9.6 -- 13.0 0.1 2.87 

Fluphenazine (10 -6 M) -- 3.0 5.0 22.0 7.9 1.94 0.45 
Fluph. + d o p a  (10 4 M) -- 3.4 -- 8.0 -- 14.4 7.1 

Apomorphine (10 6 M) -- 14.2 -- 24.8 -- 21.6 3.9 2.47 0.52 

0.35 • 0.05 
0.31 ~ 0.01 

0.53 j- 0.01 
0.52 ~_ 0.01 

The MAO activity was measured with 10 ~ M tyramine; the hydrogeH peroxide produced in this reaction converted homovanillic acid into 
a fluorescent compound in the presence of horse radish peroxidase n. The cerebral amines were determined after 3 and 72 h of exposure of 
the fish to the drugs; after extraction they were converted to fluorescent compounds with o-phthaldialdehyde (5HT) or iodine (DA, NE) 1~. 
MAO activities and amine levels were calculated for 1 g of fresh brain. The standard deviations were computed on the basis of data obtained 
for 18-36 fish, except monoamine determinations (6 fish). All groups, with the exeption of the second one, were exposed to the drugs for 
24 h a day. Abbreviations: SL, slope of the linear relationships as defined in the text; DA, dopamine; NE, norepinephrine; 5HT, serotonin. 

sible to  d i f f e r en t i a t e  ' s h o r t '  a n d  ' long '  mesca l ine  e x p o s u r e :  
w h e n  we e x p o s e d  the  f ish  to  a m u c h  h i g h e r  c o n c e n t r a t i o n  
of mesca l ine  for  on ly  3 h p r io r  to  t h e  t r a i n i n g  per iod,  t he  
s lopes  of t he  l inear  f u n c t i o n s  were  s ign i f i can t ly  m o r e  
n e g a t i v e  t h a n  t h o s e  o b t a i n e d  f r o m  con t ro l s  (/9 < 0.005) 
a n d  a l m o s t  iden t ica l  w i t h  t h o s e  r e s u l t i n g  f r o m  L-dopa  
a p p l i c a t i o n ;  no  decrease  in d o p a m i n e  levels  occur red .  
T h u s ,  t h e  p h e n o m e n a  r eco rded  for  s h o r t  a n d  long  ex-  
p o s u r e s  to  mesca l ine  are  d r a m a t i c a l l y  d i f fe rent .  

O u r  conc lus ion  t h a t  d o p a m i n e  - e i the r  de r ived  f r o m  
a d m i n i s t e r e d  L-dopa  or  re leased  b y  mesca l ine  - is c ap ab l e  
of i nc reas ing  l ea rn ing  r a t e  does n o t  s t a n d  alone,  as t h e  
fo l lowing  e x a m p l e s  s h o w :  in ra t s ,  L-dopa  i m p r o v e d  
l ea rn ing  in c o n d i t i o n e d  a v o i d a n c e  t e s t s  6 whi le  in mice  
t h e  s a m e  d r u g  r eve r s ed  i m p a i r e d  l e a rn i ng  due  to  t h e  
d e s t r u c t i o n  of t he  d o p a m i n e r g i c  n i g r o s t r i a t a l  p ro jec -  
t i o n L  I n  a long  series of s tudies ,  i n i t i a t ed  b y  Arb i t ,  
e t  al. s a n d  r ev i ewed  a n d  e x t e n d e d  b y  MURPHY, L-dopa  
w a s  f o u n d  to  e n h a n c e  l ea rn ing  in p a r k i n s o n i a n  a n d  non-  
p a r k i n s o n i a n  p a t i e n t s .  

To  i l l u s t r a t e  t h e  second,  m e s c a l i n e - i n d u c e d  d o p a m i n e  
def ic ient  s t a te ,  few u n a m b i g u o u s  d a t a  can  be  f o u n d  in t he  
l i t e ra tu re ,  a p p a r e n t l y  b e c a u s e  the  d i s t i n c t i o n  b e t w e e n  
t h e  ' a cu t e '  a n d  ' ch ron ic '  s t a t e s  h a s  n o t  been  m a d e  before .  
Muscle  r i g id i t y  a n d  t r e m o r  o b s e r v e d  in dogs  a n d  m o n k e y s  
a f t e r  t h e  a d m i n i s t r a t i o n  of v e r y  large doses  of mesca l ine  
m a y  s u g g e s t  a d o p a m i n e  loss 9. 

M a n y  'Limes, s imi la r i t i e s  b e t w e e n  m e s c a l i n e - p r o d u c e d  
s y n d r o m e s  a n d  c e r t a i n  s c h i z o p h r e n i c  r e a c t i o n s  h a v e  been  
noted2.  Since h y p e r a c t i v i t y  of a d o p a m i n e r g i c  s y s t e m  is 
t h o u g h t  to  be  i nvo lved  in t h e  p a t h o g e n e s i s  of (paranoid)  
s c h i z o p h r e n i a  (as d i scussed  b y  SNYDER et  al.l~ a b n o r -  
m a l l y  h i g h  cerebra l  d o p a m i n e  levels  m a y  be  t h e  c o m m o n  
d e n o m i n a t o r  of a cu t e  mesca l ine  ac t ion  a n d  s o m e  schizo-  
p h r e n i c  s y m p t o m s .  Th i s  c o n c e p t  t h r o w s  s o m e  l ight  on  
m a n y  ear l ier  o b s e r v a t i o n s  ~, e.g.  on  t h e  r eve r sa l  of mes-  
ca l ine  r e s p o n s e s  b y  p h e n o t h i a z i n e s .  

6 j .  A. DAVIES, B. JACKSON and P. H. REDFERN, Neuropharma- 
cology 13, 199 (1974). 

7 A. P. ZlS, H. C. FIBIGER and A. G. PHILLIPS, Science 785, 960 
(1974). 

s j .  ARBIT, B. BOSHES and R. BLONSKY, in L-Dopa and Parkinsonism 
(Eds. A. BARBEAU and F. McDowELL; F. A. Davis, Philadelphia 
1970), p. 329. - D. L. MURPHY, A. Rev. Med. 2d, 209 (1973). 

9 H. F. HARDMAN, C. O. HAAVIK and M. H. SEEVERS, Toxic. appl. 
Pharmac. 25, 299 (1973). 

10 S. H, SNYDER, S. P. BANER]EE, H. I. YAMAMURA and D. GREEN- 
BERG, Science 184, 1243 (1974). 

11 K. F. TIPTON, Analyt. Biochem. 28, 318 (1969). - S. H. SNYDER 
and E. D. HENDLEY, Meth. Enzymol. 77 (Pt B), 741 (1971). 
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and J. L. PERLACH JR., J. Neurocheln. 20, 1777 (1973). 

Effects  of M o r p h i n e  A d m i n i s t r a t i o n  o n  C e r e b e l l a r  G u a n o s i n e  3 ' , 5 ' - M o n o p h o s p h a t e  
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Summary. A n  increase  in m o u s e  cerebe l la r  C - G M P  levels d u r i n g  acu te  m o r p h i n e  t r e a t m e n t  w a s  obse rved ,  w h i c h  w a s  
pos s ib ly  r e l a t ed  to  t h e  decrease  in  C-GMP p h o s p h o d i e s t e r a s e  levels also o b s e r v e d  in acu te  t r e a t m e n t .  Chronic  t r e a t m e n t  
lowered  C - G M P  levels as  did a b r u p t  w i t h d r a w a l  w i t h o u t  n a l o x o n e .  

A l t h o u g h  a role for  a d e n o s i n e  3', 5 ' - m o n o p h o s p h a t e  in s u b s t a n t i a  n igra ,  h y p o t h a l a m u s ,  a n d  t h a l a m u s  w i t h  acu t e  
m o r p h i n e  d e p e n d e n c e  h a s  been  t e n t a t i v e l y  desc r ibed  1,2 m o r p h i n e  in jec t ions  in b o t h  n o r m a l  a n d  m o r p h i n e  pel-  
t h e  i n v o l v e m e n t  of g u a n o s i n e  3', 5 ' - m o n o p h o s p h a t e  le ted an ima l s .  H o w e v e r ,  TRABER et  al. 4 h a v e  f o u n d  t h a t  
(C-GMP) is less well  u n d e r s t o o d .  BONNET 3 h a s  r e p o r t e d  acu t e  op i a t e  e x p o s u r e  of n e u r o b l a s t o m a  •  h y b r i d  
s ign i f i can t  r e d u c t i o n  in C-GMP levels in r a t  c auda t e ,  cells e l eva t ed  i n t r ace l lu l a r  C -GMP levels.  To c lar i fy  t he  


