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becomes  hosti le .  Some of t h e m  now  grasp  t he  newly  
fo rmed  imago  b y  i ts  a n t e n n a e ,  legs, wings  a n d  st ing,  
whi le  o the r s  p roceed  to  s t ing  i t  to  dea th ,  m u c h  as t h e y  
would  do to  a n y  i n t r u d e r  in  t he  nes t  (Figure  4). W a s p s  
h a v e  n e v e r  been  obse rved  to  w a r m  p u p a e  of h o n e y b e e s  
( inside or ou ts ide  t h e i r  cells), of an t s  or o the r  insects  a t  
d i f fe ren t  s tages,  no r  t h e i r  own  freeze dr ied  or d u m m y  
pupae .  W a s p  p u p a e  t h a t  h a d  been  cu t  in  two  or f rozen to  
dea th ,  p u p a e  k e p t  in t o t a l  da rknes s  or w r a p p e d  in f i l te r  
paper ,  do elici t  h e a t i n g  behav iour .  F i l t e r  p a p e r  s t r ips  
i m p r e g n a t e d  w i t h  a lcohol  ex t r ac t s  of p u p a e  alone, 
re lease t h e  t h e r m o r e g u l a t o r y  b e h a v i o u r :  wasps  c lus te r  
a r o u n d  t he  s t r ip  a n d  proceed  to  h e a t  it, for a sho r t  dura -  
t i on  b y  typ ica l  a b d o m i n a l  p u m p i n g  m o v e m e n t s  (Figure 5). 
P u p a e  i n c u b a t e d  a t  32~ undergo  m e t a m o r p h o s i s  to  
v is ib le  per fec t  adul ts ,  w i t h  fu l ly - formed wings,  those  
i n c u b a t e d  a t  22~ or a t  r oom t e m p e r a t u r e  grow to be  
m o s t l y  ma l fo rmed ,  in  t h e  m a j o r i t y  of cases w i t h  undeve l -  
oped (or wet)  wings.  

Discussion. The  resu l t s  sugges t  t h a t  the  vola t i le  e m a n a -  
t ion  of t he  p u p a e  and  no t  t h e i r  color, shape  or size, are 
respons ib le  for t h e  adu l t s  response  a n d  t h a t  t h e  a b d o m i n a l  
p u m p i n g  m o v e m e n t s  of imag ines  nea r  t h e i r  p u p a e  are  
t r iggered  b y  p u p a l  pheromone(s ) .  The  d i f fe ren t  i n t e n s i t y  
and  d u r a t i o n  of h e a t i n g  el ici t  b y  p u p a e  proper ,  or t h e i r  
a lcohol ic  ex t rac t ,  would  seem to  sugges t  a f eedback  
mechan i sm,  t he  p u p a  c o n t i n u o u s l y  s t i m u l a t i n g  t he  a d u l t  
wasp  to  v e n t i l a t o r y  m o v e m e n t s .  There  can  be  l i t t l e  d o u b t  
t h a t  u n d e r  t h e  ecological  cond i t ions  in wh ich  wasps  
develop,  t h e  ac t ive  w a r m i n g  b y  the  imagines  of t he  
s t a t i o n a r y  p u p a e  c o n t r i b u t e s  s ign i f i can t ly  to  t h e i r  
successful  m a t u r a t i o n .  However ,  I h a v e  no t  ye t  e s t ab l i shed  
w h e t h e r  t he  p u p a e  of each  species of wasps  has  i t s  own  
p h e r o n o m e  to  induce  t h e r m o r e g u l a t o r y  behav iour ,  or 
w h e t h e r  t he  p u p a e  of d i f fe ren t  species possess iden t i ca l  
pheromone(s )  wh ich  d isappear (s )  in  t he  a d u l t  stage.  The  
m e c h a n i s m  t r igge r ing  t h e r m o r e g u l a t o r y  b e h a v i o u r  of 
a d u l t  wasps  in c lus ters  awa i t s  also f u r t h e r  e luc ida t ion  7. 
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Zusammenfassung. B e o b a c h t u n g ,  dass  W e s p e n  u n d  
Horn i s sen  s u c h  n a c h  de ren  E n t n a h m e  aus  den  ~vVaben ihre  
P u p p e n  erwXrmen, da  sie sich sons t  zu ve rk r f i ppe l t en  
I m a g i n e s  en twicke ln .  Die yon  den  P u p p e n  ausgeschie-  
d e n e n  vo l a t i l en  S u b s t a n z e n  (Pheromone)  f6 rdern  das  
Br i i t en  der  Arbe i t swespen ,  was  beweis t ,  dass  es s ich u m  
e in t h e r m o r e g u l a t o r i s c h e s  P h e r o m o n  hande l t .  

J. ISHAY 
Department o/ Physiology and Pharmacology, 
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Beilinson Hospital, P.O. Box 85, Petach-Tihva (Israel), 
17 April  1972. 

Fig. 5. Temperature recording (top plot) from a strip of filter paper 
heated by Dolichovespula media wasps, as compared to the surround- 
Jng temperature (bottom plot). The filter paper was impregnated 
with alcoholic extract of dark pupae of the same species. 

This research has been done in the Institut fiir Bienenkunde, 
Oberursel/Ts., Department of Zoology, Frankfurt University, and 
supported by a grant from the DeutscherAkademischerAustausch- 
dienst. 

Suppression of Pup Retrieving Behavior in Rats 
nabinol 

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  i ts  de r iva t i ve s  
are c u r r e n t l y  t he  sub jec t  of in tense  e x p e r i m e n t a l  inves t i -  
gat ion.  The  p re sen t  s t u d y  e x t e n d s  these  effor ts  to  an  
e x a m i n a t i o n  of t he  effects of z - A " - t e t r a h y d r o c a n n a b i n -  
ol(Ag-THC), t he  p r inc ipa l  ac t ive  c o m p o n e n t  in m a r i h u a n a ,  
on m a t e r n a l  b e h a v i o r  in t he  ra t .  

Materials and methods. The  sub jec t s  were 9 a d u l t  female  
rats ,  i nd iv idua l l y  housed  in cages 41 cm • 17.5 cm • 24 cm. 
The  females  a r r ived  p r e g n a n t  in t he  l a b o r a t o r y  one week  
pr io r  to  pa r t u r i t i on .  Af te r  p a r t u r i t i o n ,  each  l i t t e r  was 
cul led to 5 pups  per  dam.  

Tes t  cond i t ions  were s imi la r  to  those  descr ibed b y  
WHALEN 1. Shor t ly  before  b i r th ,  sh redded  pieces of p a p e r  
were p laced  in t he  h o m e  cages for  t h e  females  to  m a k e  
nes t s  wi th .  Sub jec t s  were t e s t ed  on days  7 a n d  10 a f t e r  
pa r tu r i t i on .  On d a y  7, t he  females  were r e m o v e d  f rom 
the i r  cages in to  wh ich  two  wooden  p a r t i t i o n s  were t h e n  
inser ted,  t h u s  d iv id ing  the  cages in to  t h r e e  equa l  sized 
sections.  E a c h  p a r t i t i o n  c o n t a i n e d  an  open ing  of 10 cm 
t h r o u g h  wh ich  t he  female  could easi ly pass.  In  addi t ion ,  
each  p a r t i t i o n  c o n t a i n e d  severa l  holes of 2 cm in d iamete r .  
I m m e d i a t e l y  a f te r  i.m. in jec t ion  of e i t h e r  10.0 or 20.0 
m g / k g  Ag-THC in T r i t o n  X-100, or T r i t o n  X-100 only, in  
case of con t ro l  an imals ,  t he  females  were r e t u r n e d  to 
t h e i r  l i t ters .  2 h later ,  t h e  females  were aga in  t a k e n  f rom 

Following Administration of L-,~ 9-Tetrahydrocan- 

t h e i r  cages. D u r i n g  t he  fol lowing rain,  t he  pups  were 
r e m o v e d  f rom the  nes t  and  were p laced  in t he  far  end  of 
t he  cage. The  females  were t h e n  r e t u r n e d  to  t he  area  of 
t he  nes t  a n d  were k e p t  t h e r e  for 1 m in  b y  b lock ing  t he  
open ing  in t h e  pa r t i t i on .  The  o b s t r u c t i o n  was t h e n  re- 
m o v e d  and  obse rva t i ons  were m a d e  as to  t he  l a t ency  for 
t he  female  to  en te r  t h e  a rea  in to  wh ich  the  pups  h a d  been  
p laced  as we l l  as t he  t i m e  t a k e n  to r e t u r n  all  5 pups  to  t he  
nest .  A l imi t  of 5 ra in  was imposed  on  t h e  t e s t  per iod.  On 
day  10, these  t r e a t m e n t s  a n d  obse rva t i ons  were r epea t ed  
w i t h  t he  excep t ion  t h a t  females  p rev ious ly  rece iv ing  drug,  
now received p lacebo  in jec t ions  whi le  p rev ious  p lacebo  
sub jec t s  now- received 10.0 m g / k g  zJg-THC. D u r i n g  t he  
expe r imen t ,  if a female  fai led to r e t r i eve  a n y  pups  d u r i n g  
t h e  t e s t  period,  i t  was  r e t e s t ed  for a n  add i t i ona l  5 m i n  
a few ra in  later .  If  females  r e t r i eved  d u r i n g  th i s  second 
t e s t  session, the  p rev ious  resul t s  for t h a t  a n i m a l  were 
d is regarded.  Differences  b e t w e e n  groups  were e v a l u a t e d  
us ing  t he  Kruska l -Wal l i s  ' H '  a n d  t he  M a n n - W h i t n e y  'U '  
s ta t i s t ics  2. 

1 R. E. WHALEN, in Animal Behavior in Laboratory and Field (Ed. 
A. W. STOKES; Freeman and Co., San Francisco 1968). 
~. SIEGEL, 1Vonparametric Statistics (McGraw Hill, New York 1956). 



1188 Speeial ia  I~XPRRIENTIA 28/10 

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.  

E. L. ABEL r 

Department o/Psychology, University o/ Toronto, 
Toronto (Canada), 4 April 7972. 

3 This  s t u d y  was  s u p p o r t e d  b y  a g r a n t  f rom the  Medical  Resea rch  
Counci l  of C a n a d a  a n d  b y  N I M H  g r a n t  No. M H  17001. 

4 P resen t  addres s :  Dep t .  of P h a r m a c o l o g y ,  Swing  Bldg. ,  Univ .  of 
N o r t h  Carol ina ,  Chape l  Hil l  (Nor th  Caro l ina  27514,  USA).  

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 

1 D. E. McMILLAN, W. L. DEWEY a n d  L. S. HARRIS, Ann .  N. Y. 
Acad .  Sei. 797, 83 (1971). 

2 j .  )/[. FRANKENHEIM, D. E. McMILLAN a n d  L. S. HARRIS,J. P h a r m a c .  
exp. Ther .  178, 241 (1971). 

3 D. E.  MCMILLAN, L. S. HARRIS, J .  M. FRANKI~NHEIM a n d  J .  S. 
KENNEDY, Science 769, 501 (1970). 

4 S. SIEGEL, Nonparametric Statistics (McGraw-Hi l l ,  New Y o r k  1956). 
5 N . B .  EDDY a n d  LEIMBACH, J .  P h a r m a e .  exp.  Ther .  107, 385 (1953). 

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. 


