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Results. The  m e a n  l a t ency  to  en te r  t he  area  con ta in ing  
the  pups  was 4.9, 5.5, and  10.8 sec for t he  O, 10.0 and  20.0 
m g / k g  groups  respect ively .  These  differences  were no t  
s ign i f ican t  (t-I = 0,7, n.s.). None  of t h e  3 females  in  t he  
20.0 m g / k g  group r e t u r n e d  a n y  pups  to the  nest .  Two of 
t he  6 females  in  t he  10.0 group and  all  of the  9 females  in  
t he  con t ro l  g roup  d id  r e t u r n  t he i r  pups  to t he  nest .  The  
m e a n  t i m e  to r e t r i eve  t he  f i rs t  pup  was 6.0 sec for t he  
con t ro l  group c o m p a r e d  w i t h  208.3 and  300.0 sec for  t he  
10.0 and  20.0 m g / k g  groups,  respec t ive ly  (H = 10.3, 
p < 0.01). The  dif ference be tween  t he  con t ro l  and  the  2 d rug  
groups  was s igni f icant  (U = 8, p < 0.05 for t he  0 and  10.0 
and  0 a n d  20.0 groups,  respect ively) ,  whi le  t h a t  b e t w e e n  
t he  2 d rug  groups  was no t  s ign i f ican t  (U = 12, n.s.). 

Discussion. Since t he  t o t a l  t e s t  per iod  was 300 sec, i t  is 
a p p a r e n t  t h a t  these  differences  d id  no t  emerge  as a resu l t  
of a n y  effects of AD-THC on m o t o r  ac t iv i ty .  All  an ima l s  
had  more  t h a n  enough  t i m e  to  r e t r i eve  pups  as i nd ica t ed  
b y  the i r  la tenc ies  to  en t e r  t he  area  in to  wh ich  t he  pups  

h a d  been  placed.  A t  present ,  no  e x p l a n a t i o n  is ava i l ab le  
for  t he  fa i lure  of an ima l s  g iven  A0-THC to r e t r i eve  t h e i r  
young  a. 

Rdsumd. Le c o m p o r t e m e n t  des femelles r a t  r a p p o r t a n t  
ses pe t i t s  au  hid  a 6t6 I o r t e m e n t  inf luenc6 pa r  le L-A9-tetra - 
h y d r o c a n n a b i n o l .  A des doses de 20 m g / k g  il s 'es t  com- 
p l 6 t e m e n t  arr4t6.  
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Tolerance  to the Behaviora l  and H ypot he r mic  Effects 

The  d e v e l o p m e n t  of to l e rance  to the  b e h a v i o r a l  effects  
of m a r i h u a n a  a n d  to  i ts  p r inc ip le  ac t ive  ingred ien t ,  
1 -Ag- t e t r ahyd rocannab i no l  (AD-THC) ha s  been  d e m o n -  
s t r a t ed  in var ious  species of adu l t  an i m a l s  inc lud ing  rats ,  
mice, pigeons,  and  m o n k e y s  1-3. Our  e x p e r i m e n t s  w i t h  
chicks show t h a t  to l e rance  develops  no t  on ly  to t he  be- 
hav io ra l  effects  of Ag-THC b u t  to  i ts  phys io logica l  effects 
as well, a n d  t h a t  th i s  is also obse rvab le  in  n e o n a t a l  ani-  
mals .  

A p p r o x i m a t e l y  12 h a f te r  ha t ch ing ,  chicks  (n = 10 pe r  
group) were in jec ted  i.m. w i t h  e i the r  10 m g / k g  A9-THC 
suspended  in 2.5% T r i t o n  X-100 or p lacebo  (1 cc/kg). 
One-ha l f  h o u r  later ,  t h e y  were p laced  in a single pho toce l l  
a c t i v i t y  cage (General  Cont ro l s  Corp.). The  a p p a r a t u s  was 
a c t i v a t e d  1 m i n  l a t e r  a n d  t h e  n u m b e r  of i n t e r r u p t i o n s  of 
t he  l igh t  b e a m  d u r i n g  t he  fol lowing 30 ra in  was recorded.  
The  p rocedure  was r epea t ed  da i ly  un t i l  no  differences  
appea red  for 6 days  be t w een  t he  a c t i v i t y  coun t s  of 
e x p e r i m e n t a l  a n d  con t ro l  subjects .  On d a y  17, all  sub jec t s  
were in jec ted  w i t h  10 m g / k g m  A9-THC a n d  t e s t ed  as 
before.  

Twelve  hours  a f t e r  the  las t  i n j ec t ion  on  day  17, all b i rds  
were weighed,  t h e n  sacr i f iced and  t h e i r  l ivers  excised a n d  
weighed to  d e t e r m i n e  w h e t h e r  t he  chronic  d rug  t r e a t m e n t  
h a d  af fec ted  t h e  we igh t  of th i s  organ.  Differences be t ween  
groups  were e v a l u a t e d  us ing  t h e  M a n n - W h i t n e y  'U '  
S ta t i s t i c  4. 

The  effects  of Ag-THC on pho toce l l  a c t i v i t y  are pre-  
sen ted  in  Tab le  I. AD-THC m a r k e d l y  suppressed  a c t i v i t y  
b u t  w i t h  c o n t i n u e d  d rug  adm i n i s t r a t i on ,  t h e  degree of 
suppress ion  d i m i n i s h e d  cons iderably .  B y  d a y  11, t he  
differences  be tween  groups  were no t  s ign i f ican t  (U = 43, 
n.s.). However ,  a c t i v i t y  n e v e r  increased  to  t h e  m a x i m u m  
obse rved  in con t ro l  sub jec t s  rece iv ing  on ly  p lacebo  in- 

of 1- d 9_ Tetrahydrocannabino l  in Neonata l  Chicks 

jec t ions .  On day  17, dg-Tt-IC comple t e ly  suppressed  
a c t i v i t y  in  sub jec t s  p rev ious ly  rece iv ing  placebo,  b u t  h a d  
no m a r k e d  effect  in  sub jec t s  r ece iv ing  pr io r  in jec t ions  of 
A"-THC (U = 6, p < 0.001). 

Mean  b o d y  weigh ts  for con t ro l  and  e x p e r i m e n t a l  ani-  
mals  were 169.3 g and  140.7 g, respect ive ly .  Mean  l iver  
we igh t  for con t ro l  sub jec t s  was  5.56 g c o m p a r e d  w i t h  
5.50 g for e x p e r i m e n t a l  subj  ects. The  ra t io  of (liver we igh t /  
b o d y  weight)  x 100 was  3.27 and  3.95, respect ively ,  for 
con t ro l  a n d  e x p e r i m e n t a l  subjects .  

The  differences  in  b o d y  we igh t  were  s ign i f ican t  (U = 20, 
p < 0.05) as was  t he  r a t io  be tween  l iver  we igh t  a n d  body  
we igh t  (U = 13, p < 0.01), whereas  t h e  differences  be-  
t w e e n  abso lu te  l iver  size were n o t  (U = 49, n.s.). The  
l a t t e r  f ind ing  suggests  t h a t  chronic  in jec t ions  of Ag-THC 
h a d  no  effect  on  liver,  b u t  d id  lead to  lowered b o d y  we igh t  
and  i t  is t h i s  fac to r  wh ich  re su l t ed  in t he  s ign i f i can t  in- 
crease in t he  r a t io  of l iver  w e i g h t / b o d y  weight .  

Us ing  a mod i f i c a t i on  of t h e  ho t  p l a t e  t e s t  of EDDY and  
LEIMBAC~ 5, we i n v e s t i g a t e d  to le rance  to  t he  effects  of 
A~-THC on escape r e s p o n d i n g  to a h e a t  s t imulus .  One- 
ha l f  h o u r  a f t e r  in j ec t ion  sub jec t s  were p laced  on  t he  ho t  
p l a t e  (75~ and  t he  t i m e  to  j u m p  f rom t h e  p la t e  was  
de t e rmined .  A m a x i m u m  of 60 sec was imposed.  Th i s  
p rocedure  was used on  days  1, 3, a n d  5. On days  3 a n d  4 
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Tab le  I. To le rance  to the  effects of 10.0 m g / k g  z lg-THC on  the  s p o n t a n e o u s  ac t iv i ty~ of n e o n a t a l  ch icks  

D a y s  1 2 3 4 5 10 11 13 15 17 
Contro l  (n - -  10) 3.2 30.3 53.3 39.7 41.0 75.7 62.4 19.4 7.3 1.2 
D r u g  (n = 10) 1.2 0.3 a 1.0 a 0.7 a 4.4 ~ 18.5 b 26.0 13.0 16.0 17.6 

All sub jec t s  rece ived  10.0 m g / k g  zIg-THC on  d a y  17. ~Act iv i ty  is expressed as m e a n  s q u a r e  roo t  n u m b e r  of photoce l l  i n t e r r u p t i o n s  per  30 ra in  
tes t  per iod,  bp < 0.05. cp  < 0.01. a p  < 0.001. 
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and  8 the  exac t  same procedure  was employed  except  t h a t  
the  ho t  p la te  was no t  heated .  This p rocedure  p e r m i t t e d  
eva lua t ion  of possible  escape learning as a factor  dur ing  
tes t  days  w i th  the  hea t  on. 

The  resul ts  are shown in Table  II .  The l a t ency  to escape 
decreased as a func t ion  of to lerance  and no t  m a t u r a t i o n  
or learning since prev ious ly  naive birds  who re sponded  
i m m e d i a t e l y  to the  hea t  f rom the  ho t  plate,  had  m u c h  
grea te r  la tencies  following an init ial  admin i s t r a t i on  of 
Ag-THC on day  10, compared  wi th  t he  latencies  for 
chronicallY in jec ted  subjec ts  which  cont inue  to  decrease.  
A l though  the  di f ference in latencies  appears  grea ter  on 
day  5 t h a n  day  3, t]his difference was no t  s ignif icant  since 
i t  was due to one sub jec t  in the  d rag  group whose l a tency  
on t h a t  day  was the  m a x i m u m  60 sec. The decreases in 
l a tency  on day  8 when  no hea t  was  appl ied to the  ho t  

TabIe II. Tolerance to the effects of 3.0 mg/kg zJg-THC on the heat 
escape response in neonatal chicks 

Days 1 3 5 7 9 10 

Expt'l 44.8 ~ 9.6 18.4 11.8 17.6 14.6 ~ 
Control 10.0 6.6 5.7 7.8 14.3 33.5 

Mean latency to jump from hot plate (no heat) 

Days 2 4 8 
Expt'l 58.0 53.8 49.0 
Control 60.0 60.0 44.7 

All subjects received 3.0 mg/kg Z]9-THC on day 10. ~ p < 0.05. 
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Tolerance to the hypothermie effects of ,dg-THC : The dashed lines 
represent the changes in body temperature of 15-day-old chicks 
following either i.m. injection of lec/kg Triton-X-100 ( . . . .  ) or 
10.0 mg/kg zl9-THC ( . . . . .  ) for the first time. The (+ - +) lines 
represent the changes in body temperature produced by daily/i.m. 
injections of 10.0 mg/kg ZIg-THC in a group of chicks from day 1 to 
day 15 after birth. 

p la te  were due to one subjec t  in each group j u mp i n g  f rom 
the  ho t  p la te  wi th in  10 sec af ter  tes ts  began.  The o ther  
subjec ts  in each group had  near  m a x i m a l  latencies.  

To de te rmine  if to lerance  develops  to the  h y p o t h e r m i c  
effect  of zP-THC 6 as suggested by  LOMAX ~, we s tudied  the  
effects of chronic in ject ions  of Ag-THC on young  chicks. 
At  the  ages being examined,  differences in body  t empera -  
ture  due to sex and size of animals  are negligible s so t h a t  
the  preced ing  observa t ion  of reduced  body  weight  follow- 
ing chronic admin i s t r a t i on  of A 9-THC p ro b ab l y  is not  an 
i m p o r t a n t  factor  in eva lua t ing  the  resul ts  of the  following 
exper iment .  

Rec ta l  t e m p e r a t u r e s  of the  subjec ts  (n = 5) were de- 
t e rmined  dai ly  using a Yellow Springs rectal  t e l e the rmo-  
me te r  (Model No. 34TD). Rec ta l  t e m p e r a t u r e s  were 
examined  immed ia t e ly  prior  to and  a t  30, 60 and  90 rain 
af ter  i.m. in jec t ion  of 10 mg/kg  Ag-THC or placebo.  This  
in jec t ion  procedure  was con t inued  dai ly unt i l  day  15, a t  
which  t ime  there  was less t h a n  a 1~ change  in mean  body  
t e m p e r a t u r e  af ter  in jec t ion  co mp ared  to  pre- in jec t ion  
b o d y  t empera tu re .  Two o ther  naive groups  of chicks were 
also examined  at  this  t ime.  One group (n = 5) was in- 
j ec ted  for t he  f i rs t  t ime  wi th  10 mg/kg  A9-THC while t he  
second (n = 4) received a placebo injection.  T e m p e r a t u r e  
changes  were measured  as in chronical ly  t r e a t ed  subjects .  

The resul ts  are shown in the  Figure.  Adul t  t he rmo-  
regula t ion is no t  comple te ly  developed in chicks unt i l  
t h e y  are abou t  15 days  of age s , account ing  for the  dif- 
ferences in the  pre- in jec t ion  body  t empera tu res .  However ,  
by  day  7, the  body  t e m p e r a t u r e  of newly  h a t ch ed  chicks 
is well wi th in  t he  range of b o d y  t e m p e r a t u r e  in adul t  
chickens.  

The grea tes t  lowering of b o d y  t e m p e r a t u r e  by  A~-THC 
occurred on day  i ( approx imate ly  5.5~ af ter  90 min). 
However ,  by  day  15, the  decrease in b o d y  t e m p e r a t u r e  
induced  by  Ag-THC was less t h a n  1~ In  cont ras t ,  hypo-  
t h e rmi a  ( approx imate ly  2.5~ af ter  AD-THC was still  
observable  in naive 15 day  old chicks (U difference = 0, 
p < 0.05) t hus  ind ica t ing  t h a t  to lerance  had  indeed 
occurred to the  h y p o t h e r m i c  effects of A9-THC. 

These observa t ions  on the  deve lopmen t  of to lerance in 
chicks are of impor t ance  because  t h e y  ex t en d  the  previous  
observa t ions  on the  d e v e l o p m e n t  of to lerance to  neona ta l  
as well as adul t  animals .  In  addi t ion,  t h e y  also ex t end  the  
genera l i ty  of Ag-THC tolerance  to  physiological  measures  
as ind ica ted  by  Lo~aAx7 

Rdsumd. La tol6rance de i 'e f fe t  du 1-Ag-t6trahydro - 
cannabino l  sur l 'act ivi t6,  sur l ' 6 chappemen t  d ' u n  s t imu-  
lan t  de chaleur  et  sur la t emp6ra tu re  du corps a 6t6 
examin4e  sur des poussins  n4onataux .  La  tol6rance s ' es t  
p rodu i t e  dans  les t rois  condi t ions  examin6es.  
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