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sues;  t he  i n c u b a t i o n  cond i t ions  e m p l o y e d  h a d  the re fo re  
a p p a r e n t l y  no t  a l t e red  t h e  s t r u c t u r e s  a n d  t he  no rad rena l -  
ine stores.  

All  t he  t i ssues  a s sayed  r eac t ed  to  t h e  a d d i t i o n  of t h e  
v e n o m  w i t h  a s t r i k ing  r e d u c t i o n  of t he  specific yel low 
green  f luorescence;  however ,  t h e  c o n c e n t r a t i o n  necessa ry  
to o b t a i n  t h i s  effect  was no t  t h e  same  for all  t issues.  The  
a d d i t i o n  of a n  e x t r a c t  co r r e spond ing  to  0.1 pa i rs  of 
v e n o m  g l a n d s / m l  of i n c u b a t i o n  m e d i u m  (13 ~zg p r o t e i n /  
ml) was  fol lowed b y  comple t e  d i s a p p e a r a n c e  of t he  
specific f luorescene in all  t h e  t i ssues  examined ,  w i t h  t he  
excep t ion  of t h e  l o n g i t u d i n a l  muscu l a r  layer  of t he  gut .  
Th i s  t i ssue  showed  a n  a l m o s t  t o t a l  dep le t ion  on ly  w h e n  
i n c u b a t e d  a t  a 5 t imes  h igher  c o n c e n t r a t i o n  (Figure  1). 
W i t h  t he  a d d i t i o n  of 0.01 p a i r s / m l  t h e  iris, t h e  mesen te ry ,  
t he  infer ior  v e n a  c a v a  a n d  t h e  spleen capsule  sti l l  showed  
a t o t a l  or s u b t o t a l  d i s a p p e a r a n c e  of t he  specific f luores- 
cence (Figures 2, 3, 4), whi le  a t  a 10 t i m e s  lower concen-  
t r a t i o n  t he  dep le t ing  effect  was st i l l  c lear ly  v is ib le  in  t he  
mesen te ry ,  b u t  on ly  v e r y  s l igh t ly  in  t h e  o the r  t issues.  
These  q u a n t i t a t i v e  di f ferences  in  t he  response  of va r ious  
t i s sues  could be  due  to  di f ferences  e i the r  in  p e n e t r a t i o n  
of t h e  venom,  or in  s ens i t i v i t y  of t he  ne rve  t e r m i n a l s  
t o w a r d s  it. Gu inea -p ig  irises were sens i t ive  to  t h e  same  
c o n c e n t r a t i o n s  of v e n o m  as r a t  irises, a l t h o u g h  t he  whole  
o rgan i sms  differ  in  sens i t iv i ty .  The  a m o u n t s  of v e n o m / m l  
of i n c u b a t i o n  m e d i u m  w h i c h  p r o v e d  effect ive in v i t ro  m a y  
be c o m p a r e d  w i t h  t h e  LDs0/g of a n i m a I  b o d y  we igh t  in  

vivo,  w h i c h  was e s t ab l i shed  for mice :  0.01 g land  couples  
co r re sponded  to 2 LDs0's/h.  

The  n e u r o t r a n s m i t t e r  dep le t ing  ac t ion  of Latrodectus 
venom,  wh ich  h a s  a l r eady  b e e n  s h o w n  no t  to  be  r e s t r i c t ed  
to ehol inerg ic  n e r v e  t e rmina l s ,  e x t e n d s  t h e r e f o r e  to  
adrenerg ic  n e r v e  f ibres  a n d  t e r m i n a l s  of d i f fe ren t  m a m -  
m a l i a n  organs,  a l t h o u g h  w i t h  d i f fe ren t  degrees  of sus- 
cep t ib i l i ty .  These  f ind ings  m a y  help  to exp la in  t he  
s y m p t o m s  of Latrodectus poisoning.  

Riassunto. Divers i  t e s su t i  di  cavia ,  a d a t t i  pe r  l 'a l-  
l e s t imen to  di p r e p a r a t i  in  t o to  pe r  la d i m 6 s t r a z i o n e  delle 
ca t eco l amine  (per mezzo del la  f luorescenza  specif ics  che 
si sv i l uppa  in segui to al t r a t t a m e n t o  con fo rmalde ide  
gassosa) vengono  i n c u b a t i  in  v i t ro  in  p re senza  o in 
assenza  di u n  e s t r a t t o  di gh iando le  velenifere  del r agno  
Latrodectus mactans tredecimguttatus (Rossi).  I t e s su t i  
i n c u b a t i  in p resenza  del ve leno  (in concen t r az ion i  che 
pe r  cer t i  t e s su t i  sono di 1,3 ~xg di p ro t e ina /ml )  m o s t r a n o  
u n a  s compar sa  del la  f luorescenza,  e v i d e n t e m e n t e  d o v u t a  
a uno  s v u o t a m e n t o  delle r i se rve  di n o r a d r e n a l i n a  dal le  
t e r m i n a z i o n i  adrenerg iehe .  
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Deve lopment  of Tolerance  to Ag-THC in the Frog 

A l t h o u g h  1 -Ag- t e t r ahyd r ocannab i no l  (Ag-THC) is now 
genera l ly  recognized as t h e  pr inc ip le  ac t ive  c o m p o n e n t  of 
m a r i h u a n a  (Cannabis sativa) 1, i t  is st i l l  a m a t t e r  of d i spu te  
w h e t h e r  t he  biological  a c t i v i t y  resides  in  Ag-THC, i ts  
h y d r o x y l a t e d  me tabo l i t e s ,  p a r t i c u l a r l y  l l - h y d r o x y - A  9- 
THC,  or b o t h  2, The  l a t t e r  m e t a b o l i t e  ha s  been  r epo r t ed  
to  be  m a r k e d l y  more  p o t e n t  in  t h e  mouse  t h a n  t h e  p a r e n t  
c o m p o u n d  fol lowing i n t r a c e r e b r a l  a d m i n i s t r a t i o n  2. How-  
ever,  i t  h a s  also been  n o t e d  t h a t  whi le  A ~-THC is ex t ens ive ly  
m e t a b o l i z e d  to  l l - h y d r o x y - A g - T H C  b y  t he  l iver,  t h e  
a m o u n t  of t h i s  m e t a b o l i t e  t h a t  r een te r s  t h e  b lood  is 
r a t h e r  negligible,  t he  l l - h y d r o x y  m e t a b o l i t e  a p p a r e n t l y  
be ing  exc re t ed  r a t h e r  t h a n  r ec i r cu la t ed  3. Th i s  suggests  
t h a t  t he  a c t i v i t y  of t h e  l l - h y d r o x y  m e t a b o l i t e  m a y  be  
negl ig ib le  if t he  p a r e n t  c o m p o u n d  is be ing  examined .  
Th i s  m i g h t  exp la in  SOFIA a n d  BARRY'S 4 f ind ing  t h a t  
SKF-525,  w h i c h  i nh ib i t s  t he  mic rosoma l  e n z y m e  sys t ems  
respons ib le  for m u c h  of t he  m e t a b o l i s m  of Ag-THC, d id  
no t  a t t e n u a t e  t h e  d e p r e s s a n t  effect  of Ag-THC. However ,  
SKF-525  A has  r ecen t ly  been  shown  to increase  t he  l a t e n c y  
of t h e  onse t  of a c t i v i t y  of Ag-THC 5, w h i c h  suppo r t s  t h e  
c o n t e n t i o n  t h a t  a m e t a b o l i t e  m a y  in fac t  be  t he  ac t ive  

Duration of loss of righting reflex in the frog following chronic ad- 
ministration of Ag-THC 

Median time (see) 

N Day 1 Day 3 Day 5 

Drug 7 2435 76 1 

(60 mg/kg) 

Control 6 i 1 1 

c o m p o n e n t  in  A~-THC. However ,  2 aspec ts  of t he  l a t t e r  
e x p e r i m e n t  m a k e  t h i s  resu l t  s o m e w h a t  t enuous .  F i rs t ,  
S K F - 5 2 5 A  was shown  to h a v e  a s l igh t  e x c i t a t o r y  effect  
on  t he  b e h a v i o r a l  response  be ing  measured ,  (ope ran t  b a r  
pressing) ,  and  second, t he  same  a n i m a l s  were used to  
assess t he  onse t  of t he  effects  of Ag-THC alone  a n d  in t he  
presence  of S K F - 5 2 5 A ,  t h u s  i n t r o d u c i n g  t h e  poss ib i l i ty  
t h a t  to l e rance  to  t he  effects of AD-THC m a y  h a v e  been  
respons ib le  for t he  increased  l a t e n c y  of onse tK 

To i nves t i ga t e  t he  p r o b l e m  s o m e w h a t  d i f fe rent ly ,  we 
e x a m i n e d  t he  effects of A9-THC in  t he  frog. The  reason  
for us ing  t h i s  a n i m a l  is t h a t  t he  m e c h a n i s m  respons ib le  
for  h y d r o x y l a t i o n  of d rugs  b y  t h e  l iver  is no t  p r e sen t  in  
these  an ima l s  v. Nor  is i t  poss ible  to  induce  these  d rug  
m e t a b o l i z i n g  enzymes  in  t h e  frog b y  t r e a t m e n t  w i t h  
p h e n o b a r b i t a l ,  a l t h o u g h  th i s  ha s  been  s h o w n  for a v a r i e t y  
of o the r  species s. Consequent ly ,  unless  o the r  t i s sues  are 
ac t ive ly  m e t a b o l i z i n g  t he  drug,  a n y  b e h a v i o r a l  effects 
obse rved  fol lowing a d m i n i s t r a t i o n  of Ag-THC o u g h t  to  be  
due to t h e  p a r e n t  c o m p o u n d  and  n o t  i ts  h y d r o x y l a t e d  
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metabo l i t e s .  The  fol lowing e x p e r i m e n t  examines  t he  
effects of Ag-THC on loss of r i g h t i n g  ref lex a n d  t he  possi-  
b i l i ty  of t h e  d e v e l o p m e n t  of to le rance  to these  effects in  t he  
frog. 

Method. Frogs  rece ived  a n  in jec t ion  in to  t he  l y m p h  sac 
of e i the r  0, or 60 m g / k g  Ag-THC suspended  in b o v i n e  
s e rum a lbumin .  Cont ro l  sub jec t s  rece ived  on ly  t he  vehicle.  
The  effect  of t h e  d rug  was m e a s u r e d  2 h a f te r  in j ec t ion  
b y  the  t i m e  for r ecovery  of the  r i g h t i n g  reflex. The  sub jec t s  
in  t he  0 a n d  60 m g / k g  groups  were t h e n  in j ec t ed  eve ry  
o the r  day  a f te r  in j ec t ion  un t i l  to le rance  was ev iden t .  
The  cont ro l  g roup  t h e n  received a single in j ec t ion  of 
60 m g / k g  a n d  t he  t i m e  for r ecove ry  of t he  r i gh t i ng  ref lex 
was measu red  as before.  A 10 m i n  m a x i m u m  was set  for 
each  obse rva t ion .  

Results and discussion. T he  d a t a  are shown  in t he  Table .  
The  d rug  obv ious ly  suppressed  t he  r i g h t i n g  ref lex in 
these  animals .  I t  is also a p p a r e n t  t h a t  to l e rance  to  th i s  
effect  was ev iden t  b y  t he  2nd in jec t ion  and  b y  t he  3rd 
in j ec t ion  t he re  was no  di f ference be t w een  e x p e r i m e n t a l  
and  con t ro l  animals .  E v i d e n c e  t h a t  to le rance  h a d  in fac t  

Latency of leg withdrawal from water and 0.2 37 HC1 in the frog fol- 
lowing injection if Aa-THC on day 1 

Median latency (sec) 

N Water 0.2N HC1 

Drug 7 10 1 

(60 mg/kg) 

Control 6 10 1 

All animals were tested 2 h after injection of placebo (bovine serum 
albumin) or drug (60 mg/kg) Ag-THC suspended in bovine serum aI- 
bmnin. On day 1, foot withdrawal was tested prior to testing of 
righting reflex. On day 3, following testing, the control group was in- 
jected with 60 mg/kg of drug and then 2 h later, was tested for loss of 
righting reflex. Duration of loss of righting reflex (median time) = 
2240 see. 

occurred  is i nd i ca t ed  b y  t he  loss of r i g h t i n g  ref lex in t he  
con t ro l  g roup  t h a t  received t he  s ingle in j ec t ion  of 60 mg /  
kg Ag-THC. The  second ha l f  of t he  Tab le  shows t h a t  t he re  
was no  effect  of t h e  d rug  on  ref lex leg w i t h d r a w a l  w h e n  
t he  frog leg was inse r t ed  in to  a so lu t ion  c o n t a i n i n g  0.2 N 
HC1. Th i s  suggests  t h a t  t h e  loss of r i g h t i n g  ref lex was t h e  
resu l t  of a n  effect  of t he  d rug  a t  some level  h ighe r  t h a n  
t h e  sp ina l  cord. 

These  f ind ings  are of cons iderab le  i n t e r e s t  in  t e r m s  of t h e  
p r o b l e m  of biological  a c t i v i t y  of the  p a r e n t  c o m p o u n d  
versus  t he  h y d r o x y l a t e d  me tabo l i t e .  The  fac t  t h a t  frogs 
do no t  read i ly  h y d r o x y l a t e  d rugs  7 suggests  t h a t  t he  p a r e n t  
c o m p o u n d  is in  fac t  b iological ly  act ive .  I(AYMAK~ALAN 
and  DENEAU s h a v e  r ecen t l y  come to t he  same conclus ion  
upon  obse rv ing  t h a t  t he  analges ic  effect  of Ag-THC was 
s ign i f i can t ly  g rea te r  in h e p a t e c t o m i z e d  r a t s  t h a n  in sham-  
ope ra t ed  controls .  G iven  t h i s  conclusion,  i t  follows t h a t  
to l e rance  to th i s  d rug  can  occur  w i t h o u t  t he  i n v o l v e m e n t  
of a me tabo l i c  t r a n s f o r m a t i o n  of t h e  drug.  The  ac tua l  
m e c h a n i s m ,  however ,  is st i l l  to  be  e lucidated .  

Rdsumd. Apr~s in jec t ions  b i - journa l ig res  de Ag-THC g 
des grenouilles,  nous  avons  calcul6 la dur6e  de la pe r t e  du 
r6flexe de redressement .  La to l6rance  an  Aa-THC fur 
6v iden te  apr~s la seconde in j ec t ion  et, apr~s la t rois i~me,  
a u c u n  effect  ne  fur  visible.  Ceci suggbre que la to l6rance  
se dgveloppe  p a r  le Ag-THC, et  non  p a r  ses m6tabol i t es ,  
pu i sque  les grenoui l les  n ' o n t  pas  de sys t~me e n z y m a t i q u e  
d ' h y d r o x y l a t i o n .  
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Chronopharmacology of dg-Tetrahydrocannabinol 

I t  is b e c o m i n g  increas ing ly  clear  t h a t  biological  
responses  to  m a n y  drugs  can  be  m a r k e d l y  af fec ted  b y  
t he  t i m e  of day  a t  wh ich  t h e y  are admin i s t e red .  For  
example ,  t he  d u r a t i o n  of sleep in r a t s  i nduced  b y  sod ium 
p e n t o b a r b i t a l  is as m u c h  as 50 % longer  w h e n  in jec t ions  are 
g iven  a t  06.00 h t h a n  if g iven  a t  18.00 h (PAULY and  
SCI~EVlNG1). The  toxicological  effects of g iven  doses of 
m a n y  drugs  such  as a lcohol  a n d  o u b a i n  h a v e  l ikewise been  
shown to  v a r y  in l e tha l i t y  as a func t ion  of chronologica l  
t i m e  of d rug  t r e a t m e n t  (HAUS a n d  HALBERG2; H a l b e r g  
and  STEPHENS~). I n  l igh t  of t he  ever -growing  body  of 
l i t e r a tu re  invo lv ing  t he  effects of A 9 - t e t r a h y d r o c a n n a b i n o l  
(Ag-THC) on  h u m a n  and  s u b - l l u m a n  species, t he  fol lowing 
e x p e r i m e n t  was conduc t ed  to d e t e r m i n e  w h e t h e r  t he  
t he rmogen i c  effects of t he  d rug  (see rev iew b y  ABEL 4) 
would l ikewise be  af fec ted  b y  t he  chronological  t ime  of 
in ject ion.  

81 male  D u b l i n  Inice (25-30 g) were d iv ided  in to  3 m a i n  
t r e a t m e n t  groups  d e p e n d i n g  on  t he  t ime  of t h e i r  in ject ion.  
These  m a i n  t r e a t m e n t  groups  were t h e n  subd iv ided  in to  
3 d rug  groups  of 9 an ima l s  each  a n d  sub jec t s  in jec ted  were 
i.m. ( r ight  fore-leg) w i t h  e i the r  10.0 or 100.0 m g / k g  

Hypothermia in Mice 

AD-THC dissolved in d i m e t h y l  sul foxide (DMSO) or w i t h  
t he  vehic le  a lone (1 cm3/kg) i m m e d i a t e l y  a f te r  t he i r  r ec ta l  
t e m p e r a t u r e s  h a d  been  d e t e r m i n e d  (Yellow- Spr ings  
T e l e t h e r m o m e t e r ,  Model  34TD). B o d y  t e m p e r a t u r e s  were 
aga in  d e t e r m i n e d  1, 2 and  4 h a f te r  in jec t ion .  E a c h  
m a i n  group (27 animals)  rece ived  t h e i r  in jec t ions  a t  e i the r  
10.30 h, 15.45 h or 20.00 h a n d  are des igna t ed  as morn ing ,  
a f t e rnoon  a n d  n i g h t - t i m e  t r e a t m e n t s  respect ive ly .  The  
a m b i e n t  room t e m p e r a t u r e  d u r i n g  t he  e x p e r i m e n t  was  
23.0 ~ 1.0~ 

The  resul t s  are shown  in t he  F igure  wh ich  depic t s  t he  
d rug - induced  changes  in b o d y  t e m p e r a t u r e  as a f unc t i on  
of p re -d rug  b o d y  t e m p e r a t u r e .  I t  is r ead i ly  a p p a r e n t  f rom 
inspec t ion  of t he  F igure  t h a t  t he  t i m e  of day  a t  wh ich  
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