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Retropuls ion,  GABA, and Possible Hallucinatory Behavior in Mice 

Severa l  h y p o t h e s e s L  ~ h a v e  a p p e a r e d  w h i c h  assoc ia te  
CNS  levels  of va r ious  a r o m a t i c  a m i n e s  w i t h  h a l l u c i n a t o r y  
behav io r s .  P s y c h o p h a r m a c o l o g i c a l  t e s t s  of t he se  h y p o -  
theses  o f t en  use a b n o r m a l  pos tures ,  t w i t c h e s  2, or g a i t s ,  in 
r o d e n t s  as indices  of ha l luc ina t ions .  T he  p r e s e n t  p a p e r  
descr ibes  one such  i n d e x  - r e t r o p u l s i o n  in mice  - wh ich  
was  obse rved  a f t e r  a d m i n i s t r a t i o n  of a m i n o  oxyace t i c  ac id  
(AOAA),  a n  a g e n t  w h i c h  increases  4 e n d o g e n o u s  CN S levels  
of G A B A  b y  c o m p e t i t i v e l y  i n h i b i t i n g  - ~ - k e t o g t u t e r a t e  
t r a n s a m i n a s e  ~. 

Experimental. One  h u n d r e d  f i f teen  16-day-old  C57]3L/6J 
mice  were s,c. i n j ec t ed  w i t h  e i t h e r  sa l ine  (control)  or  A O A A  
(exper imenta l ) .  T h e  dose of 20 m g / k g  of A O A A  (dissolved 
in  u n b u f f e r e d  sa l ine  so lu t ion)  ha s  r e p e a t e d l y  6 b e e n  de- 
m o n s t r a t e d  to  increase  b r a i n  G A B A  in  j u v e n i l e  C57BL]6J  
mice,  Af t e r  in jec t ions ,  sub j ec t s  were  p laced  in i n d i v i d u a l  
c lear  p l a s t i c  cages  a n d  o b s e r v e d  for  5 h.  A l t h o u g h  t h e  ex-  
p e r i m e n t e r  was  aware  of  w h i c h  mice  rece ived  AOAA,  a 
s u b s e q u e n t  d o u b l e  b l i n d  p rocedu re  h a s  ver i f ied  t he  resu l t s  
desc r ibed  below. 

Results. All 92 e x p e r i m e n t a l  sub j ec t s  e x h i b i t e d  hypo-  
t h e r m i a  a n d  i m m o b i l i t y  w i t h i n  15 ra in  of A O A A  in jec t ions .  
A p p r o x i m a t e l y  ha l f  t h e  mice  also showed  mi ld  t r e m o r s  
a n d / o r  a c o m p l e t e  ex t ens ion  of t h e  t a i l  in  a n  an t e r i o r -pos -  
t e r io r  d i rec t ion .  T h e  23 con t ro l  a n i m a l s  t y p i c a l l y  a s s u m e d  
a s leep ing  pos tu r e  w i t h  t h e i r  ta i l s  p a r t i a l l y  w r a p p e d  a r o u n d  
t h e i r  bodies .  

Af t e r  15-30 min ,  56 of t h e  92 e x p e r i m e n t a l  sub j ec t s  ex- 
p ressed  c lon ic ' o r  c lon ic - ton ic  convuls ions ,  a n d  39 exper i -  
m e n t a l  sub j ec t s  showed  def in i t e  r e t r opu l s i on  (walking  
b a c k w a r d s )  w h i c h  b e g a n  a p p r o x i m a t e l y  90 m i n  a f t e r  in- 
jec t ions .  The  T a b l e  gives  a more  de ta i l ed  b r e a k d o w n  of 
t h e s e  d a t a .  A l t h o u g h  i t  was  n o t  necessa ry  for  a mouse  to  
convu l se  before  e x h i b i t i n g  re t ropu l s ion ,  t he  two  b e h a v i o r s  
were co r r e l a t ed  (C ~ = 0.31 ; Z ~ ----- 9.96; d[ = 3; p < 0.02), 
A l t h o u g h  t h e  c o n v u l s i v e  p h a s e  of t h e  s y n d r o m e  was ste- 
r eo typed ,  t h e  r e t ropu l s ions  were h igh ly  i nd iv idua l i s t i c ;  
some mice  c rawled  b a c k w a r d s ,  whi le  o the r s  m o v e d  w i t h  
hopp ing - l i ke  mot ions .  I n  m o s t  cases, on ly  t h e  fore l imbs  
were invo lved ,  a l t h o u g h  some  a n i m a l s  also used t h e  h i n d  

l imbs .  N o n e  of t h e  23 con t ro l  sub j ec t s  e x h i b i t e d  convu l -  
s ions  or  r e t ropu l s ions .  
Discussion. Prev ious  s tud ies  s h a v e  desc r ibed  t h e  convu l -  
s ive  effects  of A O A A  bu t ,  to  m y  knowledge,  t h e  p r e s e n t  
p a p e r  is u n i q u e  in i t s  o b s e r v a t i o n  of r e t r opu l s i on  in res- 
ponse  to t h i s  agen t .  I n s o f a r  as could  be  a sce r t a ined ,  r e t ro -  
pu l s ion  in  mice  h a s  on ly  been  r e p o r t e d  twice  in t h e  psy-  
c h o p h a r m a c o l o g y  l i t e r a tu re ,  a n d  b o t h  r epo r t s  a s soc ia t ed  
i t  w i t h  ha l luc inogen ic  b e h a v i o r .  WOOLEY 3 desc r ibed  re-  
t r o p u t s i o n  in mice  as r e su l t i ng  f rom a n  a p p a r e n t  ' ha l luc i -  
n a t i o n  of s l id ing  down  a n  inc l ined  p l a n e '  due  to  t h e i r  L S D  
t r e a t m e n t .  He  also re fe renced  3 a s t u d y  in wh ich  L S D  in- 
duced  S iamese  f i gh t i ng  f ish to  sw im backwards .  

The  t i m e  course  of r e t r opu l s i on  co r r e sponds  r a t h e r  wel l  
w i t h  severa l  o t h e r  b e h a v i o r a l  effects  oIAOAA,  Inc reased  
t h r e s h o l d  for  t h e  a u d i t o r y  s t a r t l e  ref lex  9, e l eva t i on  of t h e  
e l ec t roconvu l s ive  t h r e s h o l d  s a n d  p r o t e c t i o n  f rom c e r t a i n  
b e h a v i o r a l  a f t e re f fec t s  of j uven i l e  acous t ic  t r a u m a  10 are  al l  
m a x i m a l  a p p r o x i m a t e l y  90 ra in  a f t e r  i n j ec t i on  of a com-  
pa r ab l e  dose of AOAA.  A l t h o u g h  i t  r equ i res  a p p r o x i m a -  
t e ly  5 h a for A O A A  to  p roduce  m a x i m a l  e l e v a t i o n s  of 
b r a i n  GAJ3A, t h e  r a t e  of G A B A  increase  is h ighes t  90 ra in  
a f t e r  in jec t ion ,  

P r e s e n t  t heo r i e s  c o n c e r n i n g  t h e  m e c h a n i s m s  of p sycho-  
t o m i m e t i c  a g e n t s  a re  o f t en  couched  in  t e r m s  of t h e i r  ef- 
fects  on  indo le  a m i n e s  a n d  ca t echo lamines .  I f  r e t r o p u l s i o n  
is a va l id  i n d e x  of h a l l u c i n a t o r y  a c t i v i t y ,  a n d  is causa l ly  
e la ted  to  t h e  effects  on  b r a i n  G A B A ,  a l t e r ed  s t a t e s  of con-  
sciousness m a y  be  more  d e p e n d e n t  u p o n  r e l a t i v e  levels  of 
al l  t h e  b io logica l ly  ac t ive  cen t r a l  amines ,  a n d  n o t  j u s t  of 
t he  a r o m a t i c  amines .  

Zusammen/assung. Amino-oxyacets~iure ,  e ine S u b s t a n z  
welche  das  e n d o g e n e  G e h i r n n i v e a u  a n G A B A  e rh6h t ,  f i ihr-  
t e  in  16 Tage  a t t e n  M~usen  zu L S D - i t h n l i c h e n  V e r h a l t e n s -  
weisen wie H y p o t h e r m i e  : zu K r i t m p I e n  u n d  Ri ickwi i r t s lau-  
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Relationship of convulsion and retroputsion in 92 mice treated with 
AOAA 

Maximum severity No mice showing No mice 
of convulsions associated showing 

retropulsion no retro- 
pulsion 

Clonic-tonic 20 15 

Clonic 11 10 

No convulsion 8 28 
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Phenitrone and Marihuana Induced Hypothermia 

P h e n i t r o n e  [3- ( H e x a h y d r o -  1H-azep in-  1-yl)- 3 ' -n i t ropro-  
p i o p h e n o n e  hyd roch lo r ide j ,  a t  a dose of 10-15 m g / k g  i.p., 
h a s  b e e n  r e p o r t e d  to  p r e v e n t  t h e  d e v e l o p m e n t  of c a t a l e p s y  
in dogs  exposed  to  t h e  s m o k e  of b u r n i n g  hash i sh .  A n i m a l s  
f i r s t  r e n d e r e d  c a t a l e p t i c  w i t h  h a s h i s h  r e v e r t e d  to  a nor -  
ma l  b e h a v i o u r a l  s t a t e  6 -10  m i n  a f t e r  a d m i n i s t r a t i o n  of 

p h e n i t r o n e  (20 m g / k g  i.p.). The  c o n c e n t r a t i o n  of t e t r a -  
h y d r o c a n n a b i n o l s  in  t he  h a s h i s h  was no t  d e t e r m i n e d  b u t  
t h e  dose a d m i n i s t e r e d  was e q u i v a l e n t  to  2-3  t i m e s  t he  
t h r e s h o l d  dose  1. 

GRUNFELD a n d  EDERY ~ h a v e  r e p o r t e d  p r o f o u n d  be-  
h a v i o u r a l  changes  in  dogs  a n d  m o n k e y s  fo l lowing i.v. ad -  
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Temperature records from 4 rats. Phenitrone in 2 doses (Pz0, 10 
mg/kg; P~, 20 mg/kg i.p.) given before or after /Ig-THC (T, 
20 mg/kg i.p.) failed to prevent the fall in temperature. 

m in i s t r a t zon  of A g - t e t r a h y d r o c a n n a b i n o l  (flg-THC) in 
doses of 500 tzg/kg a n d  100 ~zg/kg respec t ive ly .  These  were 
2-3  t i m e s  the  m i n i m a l  e f fec t ive  doses. C o m p a r a b l e  ca ta l -  
ep t ic  doses in  t h e  r a t  were  in t h e  r ange  10-20 m g / k g  i.p. 2. 
The  R h e s u s  m o n k e y  ha s  been  sugges ted  as more  su i t ab l e  
mode l  t h a n  t h e  dog for assess ing t h e  p y s c h o p h a r m a c o l o g i -  
cal  a c t i v i t y  of m a r i h u a n a  e x t r a c t s  3. I n  b o t h  these  species 
p h e n i t r o n e  was  w i t h o u t  effect  on  t he  b e h a v i o u r a l  respon-  
ses to  Ag-THC 4. 

M a r i h u a n a  e x t r a c t  causes  m a r k e d  h y p o t h e r m i a  i n t h e  
r a t  5 a t  a dose level  (20 m g / k g  i.p.) s imi la r  to  t h a t  pro-  
duc ing  ca ta lepsy .  Since changes  in b o d y  t e m p e r a t u r e  c an  
be  eas i ly  m e a s u r e d  t h i s  r e sponse  shou ld  be  useful  for 
gaug ing  a n y  a n t a g o n i s t i c  effect  o f  p h e n i t r o n e .  

Method. T e m p e r a t u r e  record ings  were m a d e  f rom female  
Sprague  D a w l e y  ra ts ,  wc igh ing  200-250 g, us ing  a r ec t a l  
t h e r m i s t o r  p r o b e  w i t h  t h e  a n i m a l s  p laced  in a t e m p e r a -  
tu re  con t ro l l ed  c a b i n e t  m a i n t a i n e d  a t  22 -4- 0.5 °C. Mari -  
h u a n a  e x t r a c t  c o n t a i n i n g  17.1% flg-THC (suppl ied  b y  
NIMH) was dissolved in  ol ive oil to  a c o n c e n t r a t i o n  of 
2 0 m g / m l  flg-THC. P h e n i t r o n e  h y d r o c h l o r i d e  (Aldr ich 
Chemica l  Co., Inc.) was d isso lved  in s ter i le  w a t e r  to  a con-  
c e n t r a t i o n  of 10 mg/ml .  

Results. A d m i n i s t r a t i o n  of f lg-THC (20 m g / k g  i.p.) 
caused  a n  i m m e d i a t e  fal l  in  t e m p e r a t u r e  in  6 ra ts .  1 h 
a f t e r  A9-THC,  p h e n i t r o n e  (10 m g / k g  i.p. in  3 ; 20 m g / k g i . p .  
in t he  r e m a i n i n g  3) was  in jec ted .  N o t  on ly  d id  t h e  phen i -  
t r o n e  fai l  to  reverse  t h e  fa l l ing  t e m p e r a t u r e  b u t  in  eve ry  
casc t h e r e  a p p e a r e d  to  be  p o t e n t i a t i o n  of t he  h y p o t h e r m i c  
ef fec t  of Ag-THC. As seen in  t h e  Figure ,  t h e  t e m p e r a t u r e  
h a d  level led  off p r io r  t o . i n j e c t i o n  of p h e n i t r o n e  in 2 ani-  
m a l s ;  a f t e r  p h e n i t r o n e  t h e  s h a r p  fal l  was  r e sumed .  T h e  
p o t e n t i a t i o n  was more  p r o n o u n c e d  w i t h  t h e  h i g h e r  dose. 
I n j e c t i o n  of p h e n i t r o n e  alone,  a t  b o t h  doses, was  w i t h o u t  
s ign i f i can t  ef fec t  on  t he  a n i m a l s '  core t e m p e r a t u r e ;  some-  
t imes  a s l igh t  fall, s o m e t i m c s  a r ise of u p  to  0.5°C was  
seen. I n  a f u r t h e r  g roup  of 6 r a t s  i n j ec t ion  of p h e n i t r o n e  
(10 or  20 m g / k g  i.p.) 30 m i n  before  ~9-THC (20 m g / k g  i.p.) 
fa i led to  p r e v e n t  t h e  d e v e l o p m e n t  of h y p o t h e r m i a  (Figure)  
a n d  in 4 a n i m a l s  t h e  t e m p e r a t u r e  r eached  lower levels  
t h a n  those  r ecorded  in ear l ie r  s tud ies  5. 

Discussion. On t h e  bas is  of these  d a t a  p h e n i t r o n e  does 
no t  a p p e a r  to  be  a specif ic  a n t a g o n i s t  of zIg-THC as c la imed,  
i n d e e d  i t  appea r s  to  p o t e n t i a t e  t h e  effcct  of t h e  l a t t e r .  

These  f ind ings  are  in  c o n t r a s t  to  those  r e p o r t e d  for  cho l in  
ergic b lock ing  agen t s  s a n d  na rco t i c  analges ic  a n t a g o n i s t s  7 
w h i c h  c o m p l e t e l y  a r r e s t  t h e  h y p o t h e r m i c  effect  of t h e  
co r r e spond ing  agonis ts .  WAHLQVIST e t  al. s h a v e  r e c e n t l y  
r e p o r t e d  t h a t  Ag-THC is b o u n d  to  t h e  p l a s m a  p ro te ins ,  as 
m u c h  as 95% b e i n g  so assoc ia ted  in man .  I t  is poss ib le  
t h a t  p h e n i t r o n e  is d i sp lac ing  f lg-THC f rom p ro t e in  b i n d i n g  
s i tes  t h u s  a c c o u n t i n g  for t h e  inc reased  response  in t he  pre-  
sen t  e x p e r i m e n t s .  Such  p o t e n t i a t i o n  could  poss ib ly  con-  
s t i t u t e  a ser ious h a z a r d  should  c l inical  use of p h e n i t r o n e  be  
considered.  

Rdsumd. Le ph4n i t rone ,  s o u v e n t  consid6r6 c o m m e  a n t a -  
gonis te  sp6cif ique de la m a r i h u a n a ,  n ' a  n o n  s e u l e m e n t  
pas  emp~ch6 la  baisse  de t e m p 6 r a t u r e  corporel le  eaus6 p a r  
la t 6 t r a h y d r o c a n n a b i n o l  (THC), ma i s  po ten t i a l i s6  l ' e f fe t  
h y p o t h e r m i q u e  de ce t t e  derni~re.  I1 es t  poss ib le  que  ce t t e  
p o t e n t i a l i s a t i o n  est  p a r  su i te  du  d 6 p l a c e m e n t  de la  T H C  
localis6e d a n s  les p ro t6 ines  p lasmiques .  
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