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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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in jec t ions  are m a d e  c ons t i t u t e s  a s ign i f i can t  va r i ab l e  in  
d e t e r m i n i n g  t h e  m a g n i t u d e  of d rug  effect. T he  g rea t e s t  
degree of effect  appea r s  to  occur  w h e n  an i m a l s  are i n j ec t ed  
d u r i n g  t he  a f t e rnoon ,  whereas  t he  smal l e s t  changes  in 
body  t e m p e r a t u r e  occur  w h e n  in jec t ions  are a d m i n i s t e r e d  
a t  n igh t .  The  effects  of t he  vehic le  a lone  are l ikewise 
g rea tes t  a n d  smal l e s t  a t  these  t imes .  The re  is also ev idence  
of a s l igh t  increase  in t h e  b o d y  t e m p e r a t u r e s  of t he  vehicle-  
t r e a t e d  an ima l s  d u r i n g  t he  f i rs t  2 h a f te r  in j ec t ion  in t h e  
l a t t e r  group.  Thus ,  a t  4 h a f t e r  t r e a t m e n t ,  t he  body  
t e m p e r a t u r e s  of t he  con t ro l  an i m a l s  h a d  decreased  b y  
--1.4,  --2.1 and  - -0 .6~  for t he  morn ing ,  a f t e r n o o n  a n d  
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Changes in body temperature of mice treated at different chronoIogi- 
cal time periods. Vertical lines indicate the standard errors of the 
mean. There were 9 animals in each drug group. 

n i g h t  t r e a t m e n t s  repec t ive ly .  The  changes  for  t he  10.0 mg /  
kg g roups  was --1.4,  - -2 .2  and  - -0 .4~  and  for t he  
100.0 m g / k g  groups,  these  were --2.4,  - -3 .2  and  - -1 .3  ~ 
respect ive ly .  

Thus ,  these  d a t a  f u r t h e r  i l l u s t r a t e  t he  i m p o r t a n c e  of 
t he  chronologica l  v a r i a b l e  in  d rug- re l a t ed  research.  
Methodologica l ly ,  t h e y  sugges t  t h a t  d rug -p roduced  effects 
o u g h t  no t  to  be  c o m p a r e d  w h e n  an ima l s  are  t e s t e d  or 
in jec ted  a t  d i f fe rent  t imes  of day,  especial ly  w h e n  sub t le  
differences  are expected .  

W i t h  respec t  to  t he  p re sen t  expe r imen t ,  t he  m o s t  l ikely 
e x p l a n a t i o n  for t he  d a t a  is t h a t  s ince mice  t e n d  to be more  
ac t ive  d u r i n g  t he  n i g h t  a n d  leas t  ac t ive  d u r i n g  the  a f te r -  
noon,  th i s  d iu rna l  a c t i v i t y  p a t t e r n  m o s t  l ike ly  c o n t r i b u t e d  
to t h e  overa l l  effect  by  inc reas ing  m o t o r  a c t i v i t y  a t  n i g h t  
a n d  t h u s  m a s k i n g  to  some ex ten t ,  t h e  well  k n o w n  seda t ive -  
l ike effects of h igh  doses of m a r i h u a n a  a n d  i ts  de r i va t i ve s  
in  an ima l s  (e.g., CA~LINI, SANTOS, CLAUSSEN et  al. s). 

Rdsumd. La t e m p 6 r a t u r e  rec ta le  de souris a y a n t  subi  
une  un ique  in j ec t ion  de AgTt-IC ( in jec t ion  admin i s t rge  
soft  le ma t in ,  soft l ' apr~s-midi ,  ou soft  d u r a n t  la  nui t )  a 
@6 mesur6e  1, 2 et  4 h s u i v a n t  ce t te  in jec t ion .  Chez les 
an imaux ,  in ject6s  l ' apr~s-midi ,  l ' a b a i s s e m e n t  de t e m p 6 r a -  
t u r e  6taf t  max ima l ,  ma i s  il ru t  m i n i m a l  chez les  a n i m a u x  
in ject6s  de nui t .  
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Antihypertensive and Central Nervous System Depressant Properties of 3-(7-p-Fluorobenzoyl 
Propyl) 2,3,4,4a,5,6-hexahydro-1 (H)-Pyrazino(1,2-a) Quinoline Hydrochloride 
(Compound 69-183, Centpyraquin) 

Synthes i s  a n d  p r e l i m i n a r y  pha rmaco log ica l  resu l t s  of a 
series of qu ino l ine  de r iva t i ve s  h a v e  been  r epo r t ed  ear l ier  1. 
C e n t p y r a q u i n  (3-(7-P-f luorobenzoyl  propyl)  2, 3, 4, 4a, 5, 6- 
h e x a h y d r o - l ( H ) - p y r a z i n o  (1, 2-a) qu ino l ine  hyd roch lo r ide  
( compound  69-183, I) showed  s ign i f ican t  h y p o t e n s i v e  
and  CNS d e p r e s s a n t  p rope r t i e s  a n d  a b r ie f  r epo r t  of t he  
i m p o r t a n t  resul t s  is b e i n g  p resen ted .  

Cardiovascular and autonomic e/~ects in normotensive 
cats and dogs. C e n t p y r a q u i n  lowered t he  b lood  pressure  of 
a n a e s t h e t i z e d  or immobi l i zed  (D-tubocurar ine)  ca t s  and  
dogs. The  m i n i m u m  effec t ive  dose was 0.1 m g / k g  i.v. 
wh ich  lowered t he  b lood  pressure  b y  10% for a b o u t  10 min .  
A dose of 1.0 m g / k g  i.v. lowered t h e  b lood  pressure  b y  
47% for a b o u t  90 rain.  T he  response  was sti l l  more  m a r k e d  
w i t h  h ighe r  doses. H y p o t e n s i o n  was a c c o m p a n i e d  b y  
b lockade  of t he  n i c t i t a t i n g  m e m b r a n e  c o n t r a c t i o n  due to  

b o t h  pre-  and  pos t -gangl ion ic  s t imu la t ion ,  p o t e n t i a t i o n  of 
t h e  a d r e n a l i n e  a n d  n o r a d r e n a l i n e  pressor  responses  a n d  
b lockade  of t h e  t y r a m i n e  pressor  response.  I t  h a d  a 
pos i t ive  ino t rop ic  effect  in  open  chest ,  a n a e s t h e t i s e d  ca ts  
(upto 5 m g / k g  i.v.) and  in i so la ted  per fused  gu inea-p ig  
a n d  r a b b i t  h e a r t s  (100-200 ~xg). 

E[/ect in hypertensive rats. C e n t p y r a q u i n  (10 m g / k g  i.p. 
or oral) lowered t he  b lood  pressure  of r ena l  h y p e r t e n s i v e  
r a t s  b y  20% for more  t h a n  31/2 h. W i t h  20.0 m g / k g  (i.p.), 
b lood  pressure  was r educed  b y  a b o u t  40% for 4 h. Da i ly  
a d m i n i s t r a t i o n  (20 m g / k g  i.p., once a d a y  for 10 days)  
lowered t he  b lood  pressure  b y  30~ a n d  i t  r e t u r n e d  to  
or ig inal  level  3 days  a f te r  t h e  s toppage  of t h e  c o m p o u n d .  

CNS ef/ects in mice. T h e  c o m p o u n d  depressed  t he  
s p o n t a n e o u s  m o t o r  a c t i v i t y  of mice  in  doses of 30 m g / k g  
and  above.  P tos is  was  a m a r k e d  feature .  R e c t a l  tern-  
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