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exis t  in t he  sea t r o u t  6. D i rec t ions  of f low across t he  lamel la r  
surfaces  are  i n d i c a t e d  b y  arrows.  A s i lve r - s ta ined  sect ion ! 
of r idges  a n d  a depress ion  (Figure  2]3) shows n u m e r o u s  
large cells c o n t a i n i n g  mucous  drople ts .  Some of these  
cells a p p e a r  to  h a v e  spi l led t h e i r  c o n t e n t s  on to  the  r idge 
surface.  WILSON an d  WESTERMA~r ~ r epo r t ed  t he  presence  
of m a n y  m u c o u s  cells of s imi la r  a p p e a r a n c e  in goldf ish 
o l fac to ry  lamellae .  I n  t he  l amel l a r  depressions,  t he  
r ecep to r  cells appea red  qu i te  n u m e r o u s  and  dense ly  
p a c k e d ;  r ecep to r  cells were no t  obse rved  on  t he  ridges.  
A s imi la r  loca l iza t ion  of r ecep tors  on  t he  nasa l  ep i the l i um 
recen t ly  has  been  r epo r t ed  in  t he  smo l t  a n d  sea t r o u t  s. 
F igure  2 t3 shows t h a t  t he re  are cells w i t h  cilia oil t he  
ridges.  The  mucus - sec re t ing  cells are no t  found  in t h e  
depress ions  on  t h e  lamellae,  b u t  t he  o l fac to ry  recep tors  
are c o n c e n t r a t e d  there .  

TEICHMAN a d e m o n s t r a t e d  t h a t  a v o l u m e  of w a t e r  
f lowing t h r o u g h  t he  nasa l  capsule  of t he  eel c i rcula tes  
pa s t  m a n y  lamel lae  consecut ive ly .  However ,  our  observa-  
t ions  show t h a t  in  t he  gar f i sh  a v o l u m e  of w a t e r  passes  
over  a lamel la ,  and  t h u s  over  the  r ecep to r  surface,  on ly  
once. 

Water forced by outside pressure through the nasal 
capsule would move most rapidly in the bulk solution and 
more slowly close to the surfaces ~. The rhythmic action of 
the cilia ensures that the hydrodynamic situation in fish 
nasal capsule is quite the reverse. We infer that the 
ciliary action, making for highest velocity of flow close 
to the surfaces, provides for efficient delivery of odorant 
to the receptors. 

Rdsumd. Le cours d'un courant d'eau produit par les 
cils dans la capsule nasale de Lepisosteus osseus est d~crit. 
Un certain volume d'eau ne passe sur l'6pithelium nasal 

q u ' u n e  seule fois a v a n t  de sor t i r  de la capsule,  une  
s i t u a t i o n  di f f~rente  de celle qu i  s ' obse rve  chez l 'angui l le .  
L ' e a u  effectue son pa rcour s  en 2 -9  see, selon la rou te  
su iv ie  ~ t r a v e r s  la cav i l6  e t  la cond i t i on  phys io log ique  
du  poisson.  Des cils sur  des lamel les  r6s6qu6es p r o d u i s e n t  

la surface  u n  6cou lement  d ' u n e  v i tesse  m o y e n n e  de 
2.2 m m  p a r  sec. 
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P h y s o s t i g m i n e  A t t e n u a t i o n  of Z lg -Tetrahydrocannabino l  Induced  H y p e r t h e r m i a  in Rats  

A d m i n i s t r a t i o n  of low doses of A 9 - t e t r a h y d r o c a n n a b i n o l  
(AO-THC) m a y  p roduce  h y p e r t h e r m i a  in rats1,  2. H y p o -  
t h e r m i a  appea r s  a f te r  h ighe r  doses 1-3. A s imi la r  dissocia- 
t ion  of t e m p e r a t u r e  effects is also r epo r t ed  for m o r p h i n e  4-e. 

A chol inergic  l ink  in cen t ra l  b o d y  t e m p e r a t u r e  regula-  
t i on  is impl ied  f rom e x p e r i m e n t s  showing  t h a t  when  
cen t r a l  chol inergic  t r a n s m i s s i o n  is blocked,  a rise in  
t e m p e r a t u r e  appea r s ;  t h e  oppos i te  effect  appea r s  a f t e r  
ace thy lcho l ine  (ACh) app l i ca t ion  v-s. T h a t  t he  m o r p h i n e -  
induced  h y p e r t h e r m i a  m a y  resu l t  f r om d imin i shed  ACh 
release has  ga ined  e x p e r i m e n t a l  s u p p o r t  s. P h y s o s t i g m i n e  
(0.1 mg/kg)  a t t e n u a t e d  m o r p h i n e - i n d u c e d  h y p e r t h e r m i a  
whereas  neos t i gmine  (0.08 mg/kg)  did  not .  Thus,  on ly  
t he  cen t r a l ly  ac t ive  es terase  i n h i b i t o r  exer ted  t he  a t t e n u -  
a t i n g  effect  6. 

This  f i nd ing  p r o m p t e d  us to  i nves t i ga t e  w h e t h e r  
p h y s o s t i g m i n e  would also a t t e n u a t e  T H C - i n d u c e d  h y p e r -  
t he rmia .  A d m i n i s t r a t i o n s  of equ imola r  doses of neo- 
s t igmine  would ind ica te  w h e t h e r  the  T H C  h y p e r t h e r m i a  
was of cen t r a l  or pe r iphe ra l  origin.  

Materials and methods. To answer  these  quest ions ,  male  
Sprague -Dawley  rats ,  we igh t ing  310-320 g, i nd i v idua l l y  
housed  w i t h  free access to  food and  water ,  were t r e a t e d  
w i t h  1.0 m g / k g  of AS-THC alone  or in  c o m b i n a t i o n  w i t h  
p h y s o s t i g m i n e  (0.1 a n d  0.2 mg/kg)  or neos t i gmine  (0.08 
a n d  0.16 mg/kg) .  T he  effects of t he  chol ine  es terase  
inh ib i to r s  a n d  t he  T H C  vehicle  w h e n  g iven  a lone were 
also assessed. T h e  drugs  were a d m i n i s t e r e d  in a b a l a n c e d  
order  accord ing  to  a L a t i n  square  des ign 1~ a n d  t h e  
t r e a t m e n t s  were spaced  5 days  apa r t .  The  effects of a 
m o d e r a t e  dose of m o r p h i n e  (2.5 mg/kg)  g iven  a lone  or  in  

c o m b i n a t i o n  w i t h  p h y s o s t i g m i n e  (0.1 or 0.2 mg/kg)  were 
also s tudied .  

W e  used 3 l a t i n  squares  (2 •  X5, F igure  A;  2 •  • 
Figure  ]3; 2 • 3 • 3, F igure  C) in order  to  min imize  t he  
n u m b e r  of in ject ions .  P h y s o s t i g m i n e  su lpha te ,  neo-  
s t igmine  bromide ,  and  m o r p h i n e  hydroc lo r ide  were 
dissolved in isotonic  saline,  whereas  Ag-THC was g iven  
as a suspens ion  of p ropy lene  glycol a n d  sal ine plus  
Tween-80.  Cont ro l  r a t s  received t he  T H C  vehicle.  The  
i.p. rou te  was used t h r o u g h o u t  a n d  t he  vo lume  in jec ted  
was 0.1 ml  pe r  100 g b o d y  weight .  I n  t h e  week  p receed ing  
t he  f i rs t  e x p e r i m e n t a l  session, t he  an ima l s  were sham-  
in jec ted  a n d  a c c u s t o m e d  to  t he  record ing  t echn ique .  

All  record ings  were pe r fo rmed  in a room v a r y i n g  be tween  
22-24~ in t e m p e r a t u r e .  The  rec ta l  t e m p e r a t u r e  was 
measu red  b y  a t h e r m i s t o r  rec ta l  probe,  in se r t ed  4 cm 
in to  t he  r ec tum,  Before  each  session 1 con t ro l  measure -  
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Changes in rectal temperature for rats treated with zlg-tetrahydrocannabinol 1.0 mg/kg (THC), physostigmine 0.1 and 0.2 mg/kg (P), 
neostigmine 0.08 and 0.16 mg/kg (N), THC + P or THC + N. A) The low doses of P and N; B) the high doses of P and N. C) Tem- 
peratures changes following administration of morphine 2.5 mg/kg (M), M + physostigmine 0.1 mg/kg (P1) or M + physostigmine 
0.20 mg/kg (P2). For each curve in A) and B) n = 10; C) n = 6. There were no carry-over effects, i.e. the previous injection had not 
influenced the results of the following session at any point in the present study. 

m e n t  was d e t e r m i n e d  30 ra in  p r io r  to  t he  in ject ions .  
Rec ta l  t e m p e r a t u r e  was t h e n  assessed 45, 90, and  135 m i n  
a f te r  t he  drug  admin i s t r a t i ons .  To assess t he  inf luence  of 
t he  drugs  on  rec ta l  t e m p e r a t u r e ,  t he  p re - in jec t ion  va lues  
were s u b t r a c t e d  f rom t he  respec t ive  pos t  in j ec t ion  (p.i.) 
m e a s u r e m e n t s  and  t h e n  expressed as a difference f rom 
the  con t ro l  condi t ion .  T h a t  is, t h e  cont ro ls  r ep resen t  t he  
zero-levels in  the  Figure.  S t u d e n t ' s  t - tes t  and  D u N e ' s  
mul t ip le  compar i son  p rocedure  1~ were used for the  
s t a t i s t i ca l  eva lua t ion .  

Results and discussion. From. t he  F igure  i t  can  t h e  seen 
t h a t  b o t h  Ag-THC (p < 0.02) and  m o r p h i n e  (p < 0.01) 
resu l ted  in h y p e r t h e r m i a ,  t he  effect  be ing  more  m a r k e d  
for the  l a t t e r  drug.  Our  resu l t s  sugges t  a sho r t e r  ac t ion  
for Ag-THC (peak effect, 45 m i n  p.i.) t h a n  for m o r p h i n e  
(peak effect 90 m i n  p. i.). This  is in  a g r e e m e n t  w i t h  
p rev ious  f ind ings  ~, 2, 6. An  analys is  of t he  c o m b i n e d  
t r e a t m e n t  of zlg-THC and  t he  chol ine  es terase  i nh ib i t o r s  
show t h a t  p h y s o s t i g m i n e  a t t e n u a t e d  t he  Ag-THC - 
induced  h y p e r t h e r m i a  a t  t he  t i m e  of peak  effect  (p < 0.01), 
whereas  neos t igmine  did  no t  (p > 0.05). T he  lower doses 
are dep ic ted  in F igure  A and  the  h ighe r  doses in  F igure  B. 
The  effects of t r e a t m e n t  w i t h  m o r p h i n e  a lone or in  
c o m b i n a t i o n  w i t h  p h y s o s t i g m i n e  (0.1 and  0.2 mg/kg)  are 
shown  in F igure  C. The re  was also an  a t t e n u a t i o n  of 
m o r p h i n e - i n d u c e d  h y p e r t h e r m i a .  The  effect was mos t  
m a r k e d  w i t h  the  h igh  dose of p h y s o s t i g m i n e  (p < 0.01). 
The  sepa ra te  t r e a t m e n t s  of t he  chol ine  es terase  inh ib i to r s  
d id  no t  a l te r  t he  rec ta l  t e m p e r a t u r e  s ign i f ican t ly  (p > 0.05), 
e i ther  w h e n  c o m p a r e d  w i t h  t he  p re - in jec t ion  measure -  
m e n t s  or w i t h  t he  controls .  Thus,  we m a y  conclude t h a t  
b o t h  Ag-THC - and  m o r p h i n e - i n d u c e d  h y p e r t h e r m i a  is 
c o u n t e r a c t e d  b y  an  i.p. i n j ec t ion  of p h y s o s t i g m i n e  in a 
dose t h a t  does no t  in  i tself  b r ing  a b o u t  a n y  m a r k e d  
t e m p e r a t u r e  changes  (cf. F igure  A and  C). 

I n  t he  i n t r o d u c t o r y  r emarks ,  ev idence  was p r e sen t ed  
for t he  suppos i t ion  t h a t  m o r p h i n e  h y p e r t h e r m i a  was 
accoun ted  for b y  d i m i n i s h e d  release of ACh w i t h i n  t he  
bra in ,  i f  also zlg-THC-induced h y p e r t h e r m i a  is re la ted  

to a reduced  ACh release, t he  a t t e n u a t i n g  effect of physo-  
s t igmine  could be  expla ined.  In t e r f e r ence  w i t h  release of 
ACh fol lowing Ag-THC t r e a t m e n t  has  been  r epo r t ed  1~. 
Since neos t i gmine  was shown no t  to  inf luence  t he  A 9-THC- 
induced  t h e r m a l  response  s igni f icant ly ,  we sugges t  t h a t  
A 9-THC h y p e r t h e r m i a  is p r imar i l y  of cen t r a l  or igin t h o u g h  
pe r iphe ra l  inf luences  c a n n o t  be  excluded.  

A l t h o u g h  m o r p h i n e  a n d  dg-THC p roduce  s imi la r  
t h e r m a l  effects, t he  u n d e r l y i n g  m e c h a n i s m s  need no t  
necessar i ly  be  t he  same.  F u r t h e r  research  is needed  to 
c lar i fy  these  po in t s  13,14. 

Zusammenfassung. R a t t e n ,  die m i t  1,0 mg /kg  zlg-THC 
b e h a n d e l t  wurden ,  ze ig ten  eine S te ige rung  der  r ek t a l en  
T e m p e r a t u r .  Dieser  E f fek t  wurde  d u r c h  Physos t i gmin ,  
n i c h t  abe t  d u r c h  5.quimolare Dosen  yon  Neos t ig ra in  ver-  
minde r t .  T e m p e r a t u r e r h 6 h u n g e n  durch  M o r p h i u m  w u r d e n  
s u c h  d u r c h  P h y s o s t i g m i n  gehemmt .  Aus diesen R e s u l t a t e n  
wird  geschlossen, dass  die t h e r m i s c h e n  R e a k t i o n e n  h a u p t -  
s&chlich zen t ra l en  U r s p r u n g s  s ind u n d  in sich ein 
chol inergisches  Glied schliessen.  
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