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PRYOR, G. T., F. F. LARSEN, J. D. CARR AND M. C. BRAUDE. Interactions of  Ag-tetrahydrocannabinol with 
phenobarbital, ethanol, and chlordiazepoxide in rats. PHARMAC. BIOCHEM. BEHAV. 7(4) 331-345,  1977. - The acute, 
reciprocal dose-response interactions between A 9 -tetrahydrocannabinol (a  9-THC; 2.5, 5.0 and 10.0 mg/kg; IG) and each 
of three depressants - phenobarbital (PB; 10, 20 and 40 mg/kg; IP), ethanol (ETOH; 0.5, 1.0 and 2.0 g/kg; IP), and 
chlordiazepoxide (CDP; 2.5, 5.0 and 10.0 mg/kg; IP) - were studied for their effects on performance of a conditioned 
avoidance response (CAR), photocell activity, heart rate, body temperature, and rotarod performance. A 9_THC impaired 
CAR and rotarod performance, depressed photocell activity, and decreased heart rate and body temperature. None of the 
three depressants significantly influenced CAR performance but they all decreased photocell activity and impaired rotarod 
performance at one or more doses. PB and ETOH also decreased heart rate and body temperature at the highest doses. 
When combined with A 9-THC each of the three drugs at some dose combinations caused greater depressant effects on most 
measures than caused by either drug alone. Only CDP did not augment the impairment of CAR performance caused by 
Ag_THC. The highest dose combinations of A 9 -THC and each of the three drugs almost completely eliminated photocell 
activity and rotarod performance. The interactions were also studied after subacute treatment for six days with A 9-THC 
and/or each of the three depressants. There was clear evidence for tolerance to the effects of A 9 -THC on all measures and 
this tolerance generally resulted in less interactive effects between A 9-THC and each of the depressants. There was also 
evidence for tolerance to the effects of PB and ETOH on some measures but not CDP. The reduction of effects alone or 
combined with A 9-THC could be accounted for by assuming a partial loss of potency after subacute treatment that 
decreased the pharmacologically effective doses of either or both interacting drugs. 
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T I lE  widespread  increase  in the  use of  m a r i h u a n a  in r ecen t  
years  has  been  a c c o m p a n i e d  by  a co r r e spond ing  increase  in 
mul t ip le  drug use [10,  13, 3 1 ] .  T he  consequences  of  the  
c o m b i n e d  use of  m a r i h u a n a  wi th  o t h e r  drugs are general ly  
u n k n o w n  in e i the r  an imals  or hum ans .  A l t h o u g h  a n u m b e r  
of  r epor t s  have appeared  descr ib ing some of  the  in ter -  
ac t ions  b e t w e e n  cannab i s  or  its c o n s t i t u e n t s  w i th  several 
drugs (see [34]  for  selected references) ,  n o  sys temat ic  
a t t e m p t s  have been  made  thus  far to  charac te r ize  the  
i n t e r ac t i ons  in t e rms  of:  (1)  doses and  b lood  levels of  the  
respect ive  drugs;  (2)  h i s to ry  of  exposure  to  e i the r  or  b o t h  
drugs;  or (3)  the  k inds  o f  measures  used to i den t i fy  the  
in te rac t ions .  

We have been  engaged in such  an eva lua t ion  of the  
poss ib le  pha rmaco log ica l  and  m e t a b o l i c  i n t e r ac t i ons  

b e t w e e n  a ma jo r  p sychoac t ive  ingred ien t  in m a r i h u a n a  - 
zx 9 - t e t r a h y d r o c a n n a b i n o l  (zx 9 -THC [ 1 ] ) - and  a n u m b e r  o f  
o t h e r  drugs f rom var ious  pha rmaco log ica l  classes [32,  33 ,  
34,  35,  3 6 ] .  In this  paper  we will descr ibe some of  the  
precl inical  behaviora l  and  pha rmaco log ica l  resul ts  ob t a ined  
in rats  wi th  c o m b i n a t i o n s  of  zx 9-THC and each of  th ree  
drugs having pr imar i ly  depressan t  p roper t i e s  - pheno-  
barb i ta l  (PB),  e t hano l  (ETOH) ,  and ch lo rd i azepox ide  (CDP) 
- af te r  acu te  a d m i n i s t r a t i o n  and  a f te r  s u b a c u t e  pre- 
t r e a t m e n t  wi th  A 9-THC a n d / o r  each tes t  drug. 

The re  is good  reason  to  believe t h a t  these  t h r ee  
depressan t  drugs migh t  be used c o n c o m i t a n t l y  wi th ,  or in 
close t e m p o r a l  p r o x i m i t y  to ,  the  use of  m a r i h u a n a .  PB is 
c o n t a i n e d  in 48 p r o d u c t s  l is ted in the  1976 Phys ic ians '  
Desk Refe rence  [ 3 0 ] .  I t  is inc luded  in var ious f o r m u l a t i o n s  
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as a mi ld  sedat ive prescr ibed for  gas t ro in tes t ina l  disorders ,  
p u l m o n a r y  disorders  such as a s t h m a  and  e m p h a s e m a ,  
cardiovascular  s y m p t o m s ,  insomnia ,  m o t i o n  sickness,  m e n o -  
pause,  epi lepsy,  nervous  t ens ion ,  a r th r i t i c  cond i t ions ,  
gen i tou r ina ry  disorders ,  and  headache .  In add i t ion  to  these  
legi t imate  uses, PB along wi th  o t h e r  ba rb i tu r a t e s  are used 
illicitly as recrea t iona l  drugs among  various groups  [ 10,13 ].  
CDP, a l t hough  appa ren t ly  no t  ye t  a popu la r  s t ree t  drug, is, 
a long wi th  o the r  m i n o r  t ranqui l izers ,  a m o n g  the  mos t  
widely prescr ibed drugs for  s y m p t o m a t i c  rel ief  of  ne rvous  
t ens ion  and  anx ie ty  [ 1 3 ] .  The  p o t e n t i a t i n g  effects  of 
in te rac t ing  m i n o r  t ranqui l izers  wi th  ETOH have been  
recognized [ 3 ] ,  bu t  the i r  ef fects  in c o m b i n a t i o n  wi th  
mar ihuana  are u n k n o w n .  ETOH in the  form of var ious 
a lcohol ic  beverages is, of  course,  the  mos t  widely used 
recrea t iona l  drug in the  Un i t ed  States  [ 3 , 1 0 ] .  A l t h o u g h  it 
was once  t h o u g h t  t ha t  m a r i h u a n a  migh t  subs t i tu t e  for  
a lcohol  as a rec rea t iona l  drug, the  evidence suggests tha t  
they  are f r equen t ly  c o n s u m e d  toge the r  a m o n g  users of  b o t h  
[131. 

METHOD 

Animals 

Male rats of  the  inbred  Fischer  s t ra in  were used in all 
exper imen t s .  They  were 55 to  60 days old (140  to 160 g) 
when  received f rom S imonsen ' s  Labora to r ies ,  Gi l roy,  
California.  They  were housed  singly in hanging  wire mesh  
cages wi th  food  and water  available at all t imes.  The  
a m b i e n t  t e m p e r a t u r e  was 22°C and the  l ights in the  room 
were tu rned  on  at 0700  hr  and  off  at 1900 hr  daily. 

Apparatus 

Avoidance chambers. Each avoidance  c h a m b e r  consis ted  
of a 30 x 36 x 4 0 c m  w o o d e n  box  housed  inside a 
s o u n d - a t t e n u a t e d ,  ven t i l a t ed  cab ine t .  Sc rambled ,  c o n s t a n t  
cu r ren t  1.0 m A  shock  appl ied to 0 .32 cm dia. brass rods 
spaced 1.27 cm apar t  served as the  u n c o n d i t i o n e d  s t imulus  
(UCS). D o w n w a r d  d i sp lacement  (0.16 cm) of  a 1.27 cm 
dia. a l u m i n u m  pole  suspended  f rom the  cen te r  of  the  
ceiling served as the  ope r an t  response.  A 7.5 W light  and  a 
1 1 .4  cm d ia .  l oudspeake r  provided  a m b i e n t  l ight  
(0 .44 foot -candles  measured  at f loor  level) and an  a m b i e n t  
4 kHz tone  (8 dB above background ,  t h a t  was 50 dB 
measured  at the  cen te r  of  the  f loor  using a Genera l  Radio  
Co. Type  1 5 5 1 - C  sound-level  m e t e r  set for  A weight ing) .  A 
pulsat ing increase in in tens i ty  above  a m b i e n t  t ha t  occur red  
at the  ra te  of  2.5 t imes  per  sec of  e i the r  the  l ight  (50  0.88 
foot -candles)  or the  tone  ( to  63 dB),  or the  app l ica t ion  of  a 
low in tens i ty ,  nonavers ive  cu r ren t  (120  uA)  to the  f loor  
served as cond i t i oned  s t imul i  (CS). Twelve such  chamber s  
were in te r faced  wi th  a Digital E q u i p m e n t  C o r p o r a t i o n  PDP 
8 /F  c o m p u t e r  ( loca ted  in an adjoining r o o m )  t ha t  p rovided  
a u t o m a t i c  s t imulus  p r e s en t a t i on  and  data  col lec t ion.  

Photocell activity chamber. For  measur ing  s p o n t a n e o u s  
m o t o r  act iv i ty ,  a single rat  was placed in a black,  cyl indrical  
c h a m b e r  30 cm in dia. and  28 cm high. Six pho toce l l s  
pos i t ioned  1.3 cm above the  f loor  and  or ien ted  at 60 ° 
a r o u n d  the  pe r iphe ry  recorded  the  an imal ' s  m o v e m e n t s  on  
a digital coun te r .  The  c h a m b e r  was housed  inside a 
s o u n d - a t t e n u a t e d ,  ven t i l a ted  cubicle  equ ipped  wi th  a 7.5 W 
light loca ted  above  the  cen te r  of  the  chamber .  

Heart rate. Heart  ra te  was measured  by a t t ach ing  
subdura l  wire e lec t rodes  to b o t h  sides of  the  t h o r a x  u n d e r  

l ight e the r  anes thes ia .  Clip-on leads were c o n n e c t e d  t h r o u g h  
an  EKG preampl i f ie r  and  in to  a signal de tec to r .  
The  w id th  of  the  d e t e c t i o n  w i n d o w  was set for  each animal  
to  exc lude  noise and m o v e m e n t  ar t i facts .  The  EKG was 
conve r t ed  to ra te  by  a spike- interval  ana lyzer  and  recorded  
c o n t i n u o u s b '  on  a s t r ip-char t  r ecorder  as i n t e r b e a t  intervals.  
The in t e rbea t  intervals  were averaged visually - by  drawing 
a best-f i t  l ine t h r o u g h  the  graph over  a d is tance  cor- 
r e spond ing  to 2 min  - and conver t ed  to beats  pe r  m in  
(bpm) .  Hear t  ra te  was r ecorded  in the  pho toce l l  chamber .  

Body temperature. A lubr i ca ted  rectal  p robe  a t t ached  to 
a Yel low Springs t e l e t h e r m o m e t e r  was used to measure  
b o d y  t e m p e r a t u r e  to the  neares t  0.1 ° C. 

Rotarod. The ro t a rod  was an 8.0 cm dia. w o o d e n  dowel  
measur ing  91 cm long and  suspended  46 cm above  the  tes t  
surface.  The  surface of  the  ro t a rod  was covered w i th  emory  
c lo th  to provide  foot ing .  Its ra te  of r o t a t i o n  was con t ro l l ed  
by  a variable speed m o t o r .  

Procedure 

Two groups  of  rats were used to evaluate  each drug, drug 
c o m b i n a t i o n ,  and  p lacebo  cond i t ion .  The  first  g roup  was 
p re t r a ined  in a single 30 trial  session to  escape f o o t s h o c k  
(1.0 m A )  by  pul l ing a 20 cm pole.  Each  trial  lasted 30 sec 
unless  the  an imal  r e sponded  sooner .  The  in te r t r ia l  in terval  
was variable  and  averaged 60 sec (15 to 120 sec). Af te r  
p re t ra in ing  this  group was given three  daily 60 trial sessions 
in which  to learn  to avoid the  f o o t s h o c k  by  pull ing a 13 cm 
pole in the  presence  of  each CS tha t  p receded  the  UCS b y  
10 sec. The  CS and  UCS t h e n  r ema ined  on  toge the r  for  
30 sec unless the  trial  was t e r m i n a t e d  earlier by  a pole-  
d i sp lacement  response.  The  th ree  CS ( tone ,  l ight,  or  
nonavers t ive  f o o t s h o c k )  were p resen ted  r a n d o m l y  for  20 
trials each. The  in ter t r ia l  in terval  was variable,  averaging 1.5 
min  (15 sec to 3 min) .  The  ent i re  60 trial  session requi red  2 
to  2.5 hr. Response  la tencies  and  in te r t r ia l  responses  ( ITR)  
were recorded  on  p u n c h e d  paper  tape  for  process ing on  a 
CDC 6400  compu te r .  Rats  t ha t  fai led to learn the  escape 
response  were d iscarded (wi th  the  F ischer  s t rain,  less t h a n  
5% fail to  mee t  this  c r i te r ion) .  Pe r fo rmance  typica l ly  has  
been  80% avoidance  or  b e t t e r  to  all t h ree  CS af te r  this  
t ra in ing  phase.  The  tes t  session t ha t  fo l lowed acute  or 
subacu te  drug t r e a t m e n t  was c o n d u c t e d  in the  same way as 
the  t ra in ing  sessions. No apprec iab le  loss of  the  avoidance  
response  was observed a f te r  intervals  of  up to  14 days 
be tween  t ra in ing  and  tes t ing  in con t ro l  animals .  

The  second  group  of  rats was used for  measur ing  
pho toce l l  act ivi ty ,  hea r t  ra te ,  b o d y  t e m p e r a t u r e ,  and  
ro t a rod  pe r fo rmance .  Before  receiving any  drug t r e a t m e n t ,  
each rat  was given a 5 min  pre tes t  in the  pho toce l l  act ivi ty  
chamber .  Based on  its act ivi ty  score,  each rat  was r anked  
and  assigned to a con t ro l  or  drug t r e a t m e n t  g roup  so tha t  
all group means  were a b o u t  equal.  Af te r  the  pho toce l l  
act ivi ty pre tes t ,  each rat  was given up to four  prac t ice  trials 
to learn to stay on  the  ro t a rod  for  120 sec at  6 .25 rpm.  
Over 90% of  the  rats  me t  this  c r i te r ion;  ro t a rod  data  f rom 
rats  tha t  failed to mee t  this  cr i ter ion were no t  used. Then  
the  wire e lec t rodes  were imp lan t ed  for  s u b s e q u e n t  EKG 
m e a s u r e m e n t .  On the tes t  day,  pho toce l l  ac t iv i ty  was 
measured  for  10 min.  Hear t  ra te  was t hen  m o n i t o r e d  in the  
same c h a m b e r  for  the  nex t  2 rain.  The  rat  was r emoved  
f rom the  c h a m b e r  and  b o d y  t e m p e r a t u r e  was recorded  af te r  
a 1 min  equ i l ib ra t ion  per iod.  The ra t  was t h e n  placed on  
the  s t a t iona ry  ro t a rod  and  the  r o t a t i o n  was gradual ly  
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increased to 11 rpm. The amount of time that the rat was 
able to remain on the rod - up to 120 sec - was recorded. 

E x p e r i m e n t a l  Design 

After pretraining or pretesting each rat was assigned to 1 
of 25 groups (see [34] ). For the next six days each rat was 
intubated with sesame oil (2 ml/kg) or 10 mg/kg A 9_THC 
dissolved in sesame oil, or injected IP with a selected dose 
of the test drug. No further training or testing occurred 
during this subacute treatment phase to ensure that any 
observed tolerance or cumulative effects of the drugs could 
be interpreted simply and would not be influenced by the 
test procedures. On the seventh day each rat was intubated 
with sesame oil (2 ml/kg) or 1 of 3 doses of zx 9-THC in 
sesame oil (2.5, 5.0 or 10.0 mg/2 ml/kg). Ninety min later 
they were given an IP injection of saline (2 ml/kg) or 1 of 3 
doses of the test drug in saline (doses and number of rats 
tested are shown in the results section for each drug). 
Testing began 30 min later. These times of administration 
before testing were chosen from preliminary experiments to 
provide pharmacologically active levels of each drug alone 
by each route of administration at the beginning of testing. 
Each experiment was completed in several replications with 
all groups being represented in each replication. 

Drugs 

a 9 -THC was prepared under contract with the NIDA by 
the Research Triangle Institute as a 1% (w/v) solution in 
se,;ame oil. Purity was greater than 95%. When necessary 
this stock solution was diluted with laboratory grade 
sesame oil (Fisher Scientific) that also served as the placebo 
control. A9 -THC or sesame oil was administered IG using a 
5 cm, 18 ga curved feeding needle (Popper and Sons, Inc.). 
Phenobarbital sodium (Mallinkrodt) and chlordiazepoxide 
HC1 (Hoffmann-La Roche) were dissolved in saline; doses 
were calculated as the salts. Absolute ETOH (IMC Chemical 
Group, Inc.) was diluted to the desired dose with distilled 
water. The test drugs were administered IP. All drugs were 
given in a volume of 2 ml/kg body weight. 

Data Analys i s  

The data for each measure were first analyzed by 
analysts of variance to establish the significance of any 
main effects or their interactions [20].  Significant F-ratios 
were further evaluated by t-tests between selected pairs of 
means using the pooled degrees of freedom and residual 
variance from the analysis of variance. In reporting the 
results, whenever significant comparisons between means 
are given the appropriate term of the analysis of variance 
was also significant. 

RESULTS 

In t e rac t ions  B e t w e e n  ,x9 - THC and PB 

A c u t e  interact ions.  Figure 1 shows the acute dose-effect 
relationships for 49-THC and PB alone and in all com- 
binations for the five tests in this battery. Because there 
were no appreciable differential effects of the treatments 
on avoidance performance to the three CS in this and 
subsequent experiments, the results were combined on this 
measure as total conditioned avoidance responses (CAR). 
Al,so, because there were no interactive effects between 

A 9_THC and any of the drugs on intertrial responding, the 
results for this measure are not reported. 

A g-THC caused a dose-related impairment of CAR 
performance that was significant for doses of 5 and 
10 mg/kg (ts(213) = 2.4 and 4.3, respectively; ps<0.01). 
There were no significant effects of PB alone on CAR 
performance over the range of doses tested ( 1 0 - 4 0  mg/kg, 
IP). However, PB interacted with A 9-THC to cause greater 
impairment than that caused by A9-THC alone. This 
interactive effect depended on the respective doses of each 
drug. With 2.5 mg/kg Ag-THC the highest dose of PB 
tended to cause greater impairment than A 9 -THC alone but 
the difference was not significant (p> 0.10). However, when 
this dose of PB was combined with 5.0 mg/kg A 9 -THC the 
enhanced impairment was marked ( t (213)= 6.2, p<0.01). 
Finally, with 10.0 mg/kg A9-THC, CAR performance was 
further impaired by doses of 20 and 40 mg/kg PB 
(ts(213) = 1.9 and 4.6; ps<0.05 and 0.01, respectively). 
With these dose combinations many of the animals failed to 
escape footshock throughout the entire 60-trial session. 

Ag-THC decreased photocell activity as a function of 
dose in this experiment, but the effect was significant only 
for 10.0mg/kg 49-THC ( t (170)=3 .6 ,  p<0.01).  The 
highest dose of PB alone also decreased photocell activity 
( t (170)=4 .4 ,  p<0.01) by about the same amount as 
10.0 mg/kg 49-THC. When the two drugs were combined 
the depressant effect was greater than that caused by either 
drug alone at all doses (all ts(170)~>2.4, all ps<0.01 
compared with comparable doses of either drug alone). The 
higher dose combinations of the two drugs almost 
completely eliminated photocell activity. 

Rotarod performance was significantly impaired by the 
highest doses of each drug alone (10mg/kg  49-THC, 
t(170) = 3.9, p<0.01 ; 40 mg/kg PB, t(170) = 2.0, p<0.05).  
When combined the effect was greater impairment than 
that caused by either drug alone for almost all doses. The 
higher dose combinations of both drugs resulted in the rats 
not being able to maintain their balance on the rotarod 
even when it was stationary. 

Both heart rate (F(3,257) = 85.6, p<0.001)  and body 
temperature (F(3,170) = 73.2, p<0.001)  were decreased as 
a function of dose of 49 - T H C  alone. Only the highest dose 
of PB alone caused a decrease in heart rate (t(166) = 3.4, 
p<0.01),  whereas body temperature was also decreased 
more or less as a function of dose of PB (ts(170)= 2.1, 1.3 
and 3.7; p<0.05,  NS, and 0.01 for 10, 20, 40 mg/kg, 
respectively). The combinations of all doses of 49-THC and 
PB caused greater decreases on both measures than those 
caused by either drug alone. The interaction appeared to be 
additive on these two measures. 

S u b a c u t e  t r e a t m e n t  wi th  49 -THC.  Figure 2 shows the 
acute dose-effect relationships for PB alone and in com- 
bination with 10 mg/kg 4 9 - T H C  compared with the 
effects seen after subacute pretreatment with 10 mg/kg/day 
49-THC for six days. The results after subacute treatment 
with both 10 mg/kg/day A 9 -THC and 40 mg/kg/day PB for 
all seven days are also shown. 

There was significant tolerance to the effects of 10 
mg/kg 4 9 - T H C  on all measures (CAR performance : 
t(338) = 3.2; photocell  activity : t(266) = 3.9; rotarod 
performance : t(265) = 2.6; heart rate : t(257) = 4.8; body 
temperature : t(265) = 2.4; all ps<0.05 comparing acute vs 
subacute treatment). This reduction of the effects of 
49-THC alone was accompanied by an attenuation of  the 
depressant effects of the combination of A 9_THC and PB. 
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FIG. 1. Acute reciprocal dose response interactions between Ag.THC and PB. There were 11 to 17 rats in each group 
tested for CAR performance and 10 to 12 for the other measures. 

The  result ,  in general ,  was an upward  d i sp lacement  of  the  
dose-effect  curves for  PB in c o m b i n a t i o n  wi th  zx 9-THC. 
However ,  the  curves were no t  parallel  over  the  en t i re  dose 
range for  all measures .  The c o m b i n a t i o n  o f  10 mg /kg  
~ 9 - T H C  and 40  mg /kg  PB was as effect ive a f te r  subacu te  
p r e t r e a t m e n t  wi th  zx 9-THC as it was w h e n  admin i s t e red  
acute ly  for  the  effects  on CAR and ro t a rod  p e r f o r m a n c e  
and  pho toce l l  act ivi ty.  Therefore ,  to le rance  to  the  effects  
of  ~ 9 - T H C  was no t  comple t e  and  suff ic ient  residual  
act ivi ty r emained  to in te rac t  wi th  PB at the  h ighes t  doses. 
In fact ,  t he  ef fec t  of  the  c o m b i n a t i o n  of  10 mg/kg  ~x ~-THC 
and 40  mg/kg  PB on CAR and ro t a rod  p e r f o r m a n c e  in such 
Lx 9 -THC-tolerant  rats  was a b o u t  the  same as t ha t  caused by  
the  acute  c o m b i n a t i o n s  of  5 mg/kg  a s -THC and 40  mg/kg  
PB (see Fig. 1). 

When b o t h  drugs were given subacu te ly  the  impai r ing  
effects  on CAR pe r fo rmance  were less t h a n  af te r  subacu te  
t r e a t m e n t  wi th  ~xg-THC alone ( t ( 3 3 8 ) = 6 . 4 ,  p < 0 . 0 1 )  
suggesting to le rance  to PB as well. However ,  such a p p a r e n t  
to le rance  to  PB was not  evident  on  the  o the r  four  measures ;  
the  effects  of  subacu te  t r e a t m e n t  wi th  b o t h  drugs was 
a b o u t  the  same as the  effects  a f te r  subacu te  t r e a t m e n t  wi th  
A9-THC alone.  

Subacute treatment  with PB. Figure 3 shows the  acute  
dose-effect  re la t ionships  for  ~ 9 - T H C  alone  and in corn- 

b ina t i on  w i t h  40  mg/kg  PB compared  wi th  the  effects  seen 
af ter  subacu te  p r e t r e a t m e n t  wi th  40  m g / k g / d a y  PB for  six 
days. The  results  a f te r  subacu te  t r e a t m e n t  wi th  b o t h  
A 9_THC and PB are repea ted  for  compar i son .  

The  results  a f te r  subacu te  t r e a t m e n t  wi th  b o t h  A 9_THC 
and PB suggest t ha t  to le rance  m a y  have developed to  the  
effects  of  PB on  CAR pe r fo rmance  bu t  no t  on  the  o t h e r  
four  measures.  This  conc lus ion  was par t ia l ly  suppo r t ed  by  
the  results  s h o w n  in Fig. 3. There  were no  s ignif icant  
effects  of  40 mg/kg  PB alone on  CAR pe r fo rmance  w h e n  
given acute ly  or  a f t e r  subacu te  t r e a t m e n t .  However ,  the 
acute  impai r ing  ef fec t  of  the  c o m b i n a t i o n  of  PB and 
4 9 - T H C  on CAR pe r fo rmance  was e l imina ted  a f te r  sub- 
acute  t r e a t m e n t  wi th  PB; the re  were no  s ignif icant  dif- 
ferences  be tween  any  dose of  ~ 9 - T H C  a lone  and  the  same 
dose c o m b i n e d  wi th  40  mg/kg  PB af ter  subacu te  t r e a t m e n t  
wi th  PB (all p s>0 .1 ) .  On  the  o the r  hand ,  the  effects  of  PB 
alone and in c o m b i n a t i o n  wi th  zx 9 _ T H C  on the  o t h e r  four  
measures  were no t  a t t e n u a t e d  by  subacu te  t r e a t m e n t  wi th  
PB to as great an e x t e n t  as the  effects  on  CAR per- 
fo rmance .  In mos t  cases the  magn i tude  of  the  depress ion  
caused by  the  c o m b i n a t i o n  of  PB and  Ag_THC was a lmos t  
as great  on  these  measures  af ter  subacu te  t r e a t m e n t  wi th  PB 
as it was when  they  were c o m b i n e d  acute ly .  However ,  t he re  
was s ignif icant  a t t e n u a t i o n  of  e f fec t  for  the  lower  doses of  
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A9-THC on photocell activity (2.5 mg/kg, t ( 266 )=2 .6 ,  
p<0.01)  and body temperature (2.5 and 5.0 mg/kg, 
ts(265)>2.0, ps<0.05) suggesting a slight tolerance to the 
effects of PB on these measures as well. 

I n t e r a c t i o n s  B e t w e e n  a 9 - T H C  a n d  E T O H  

A c u t e  i n t e r a c t i o n s .  Figure 4 shows the acute dose-effect 
relationships for Ag-THC and ETOH alone and in all 
combination for the five tests in this battery. 

The acute effects of A 9-THC alone were essentially the 
same as in the previous experiment - dose-related im- 
pairment of CAR and rotarod performance, depression of 
photocell activity, bradycardia, and hypothermia. 

The highest dose of ETOH (2 g/kg) alone tended to 
impair CAR performance, but the effect was not significant 
(t9> 0.1). However, this dose of ETOH in combination with 
ali doses of Ag-THC caused greater impairment than that 
caused by Ag-THC alone (all ts(260)~>3.8, all psi<0.01). 
None of the lower doses of ETOH was effective in this 
regard when combined with A 9 oTHC. 

There were no significant effects of 0.5 or 1.0 g/kg 
ETOH on photocell  activity, whereas 2.0 g/kg ETOH 
markedly depressed activity (t(185) = 6.2, p< 0.01) and to a 

greater extent than that caused by 10 mg/kg zx'-THC 
( t (185)=3 .1 ,  p<0.01).  When combined with Ag-THC, 
ETOH caused a dose-related depression of  photocell 
activity with all doses of zx 9-THC and the depression was 
greater than that caused by either drug alone in all cases. 
Photocell activity was almost completely eliminated when 
2.0 g/kg ETOH was combined with even the lowest dose of 
A 9 -THC. 

The effects of ETOH alone and in combination with 
Ag_THC on rotarod performance were similar to those on 
photocell activity. Although there was a trend toward a 
dose-related impairment of rotarod performance caused by 
ETOH, the effect was significant for the highest dose only 
(t(186) = 6.3, p< 0.01 ). However, the impairment caused by 
this dose was severe and few animals were able to remain on 
the rotarod for more than a few seconds. Further im- 
pairment of rotarod performance was seen when ETOH was 
combined with A9-THC; a dose of 2g /kg  ETOH when 
combined with the lowest dose of A 9 -THC was sufficient to 
prevent the animals from balancing on the stationary 
rotarod. 

The highest dose of ETOH also decreased heart rate 
(t(185) = 4.3, p<0.01) and body temperature (t(186) - 8.3, 
p<0.01),  but none of the lower doses were effective on 
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FIG. 3. Interactions between /,9_THC and PB after subacute treatment with 40 mg]kg/day PB for six days. There were 11 
to 17 rats in each group tested for CAR performance and 10 to 12 for the other measures. 

these  measures.  This dose of  ETOH appeared  to have an  
addi t ive  b radyca rd ic  effect  wi th  the  lower  doses of  
Ag-THC, bu t  th is  t r e n d  was reversed wi th  10 mg/kg  
A9.THC. On the  o t h e r  hand ,  ETOH caused a general ly  
dose-rela ted p o t e n t i a t i o n  of  h y p o t h e r m i a  when  c o m b i n e d  
with all doses of  A g _ T H C  (all ts(186)~>2.0, all psi<0.05).  

Subaeute treatment  with Ag-THC. Figure 5 shows the  
acute  dose-effect  re la t ionships  for  ETOH alone and  in 
c o m b i n a t i o n  wi th  10 mg/kg  /`9_THC c o m p a r e d  wi th  the  
effects  seen af te r  subacu te  p r e t r e a t m e n t  wi th  10 m g / k g / d a y  
A 9.THC for  six days. The  results  a f te r  subacu te  t r e a t m e n t  
wi th  b o t h  1 0  m g / k g / d a y / , 9 - T H C  and 2 g /kg /day  ETOH for  
all seven days are also shown.  

Tolerance  to the  effects  of  /, 9 -THC on all measures  was 
again evident  (all p s < 0 . 0 5  compar ing  acute  vs subacu te  
t r e a t m e n t ) .  The  to le rance  to  the  effects  on  CAR per- 
fo rmance  did no t  appear  to  be as comple t e  in this  as in the  
last  expe r imen t .  However ,  i n spec t ion  of  the  raw data  
revealed t ha t  two  rats  were ma in ly  respons ib le  for  this  
d i f ference.  

The c o m b i n e d  effects  of  ETOH and / ,9 -THC were 
s ignif icant ly  less a f te r  subacu te  p r e t r e a t m e n t  wi th  zx 9 -THC 
than  they  were w h e n  given t oge the r  acu te ly  (all 

ts(415)>~2.3, all p s < 0 . 0 5 ) .  The dose-response curve was 
displaced upwards  ref lec t ing the  to le rance  to A g - T H C .  
However ,  the  highest  dose of  ETOH was still able to  
p o t e n t i a t e  t h e  i m p a i r m e n t  caused by  /,9_THC 
( t (415)  = 2.6, p < 0 . 0 1 ) .  The  effect  of  the  c o m b i n a t i o n  of  
1 0 m g / k g  Ag-THC and 2 g / k g  ETOH in such Ag-THC - 
t o l e r an t  rats (X = 59.1% CAR)  was a b o u t  the  same as the  
effect  of  the  c o m b i n a t i o n  of 5 mg/kg  /`9_THC and  2 g/kg 
ETOH in n o n t o l e r a n t  rats  (X = 53.1% CAR).  The  CAR 
pe r fo rmance  of  ra ts  t r ea ted  subacu te ly  wi th  b o t h  Ag_THC 
and ETOH was a b o u t  the  same as the  CAR pe r fo rmance  of  
rats t r ea ted  subacu te ly  wi th  A g-THC alone.  Thus,  the  
to le rance  to  the  effects  o f / `  9 -THC on this  measure  was no t  
a ccompan ied  by  any  appa ren t  add i t iona l  to le rance  to the  
effects  of  ETOH.  

Subacu te  t r e a t m e n t  wi th  A g_THC a t t e n u a t e d  the  de- 
pressant  effects  of  /`9_THC on pho toce l l  act ivi ty and  its 
in t e rac t ion  wi th  ETOH on this  measure .  There  was no  
d i f ference  be tween  the  pho toce l l  ac t iv i ty  of  the  g roup  
t rea ted  subacu te ly  wi th  1 0 m g / k g  / ,9-THC and sesame 
oi l - t reated cont ro ls .  ETOH caused a l inear ,  dose-re la ted 
depress ion  of  pho toce l l  ac t iv i ty  in such Ag-THC- to le ran t  
rats (all ts(290)~>2.3, all p s < 0 . 0 5 )  bu t  the  e f fec t  was less at  
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FIG. 4. Acute reciprocal dose response interactions between A 9-THC and ETOH. There were 16 to 19 rats in each group 
tested for CAR performance and 12 to 13 for the other measures. 

all doses t h a n  w h e n  the  two  drugs were c o m b i n e d  
acute ly .  Even  so, t he  c o m b i n a t i o n  of  Ag-THC wi th  the  
h ighes t  dose of  ETOH in such  A 9 -THC- to le ran t  ra ts  caused 
a lmos t  comple t e  suppress ion  of  pho toce l l  ac t iv i ty ,  the  
e f fec t  be ing  on ly  sl ightly less t h a n  t ha t  caused by  the i r  
acute a d m i n i s t r a t i o n  ( t ( 2 9 0 ) =  1.7, p < 0 . 1 ) .  The effects  on  
pho toce l l  act ivi ty  a f te r  subacu t e  t r e a t m e n t  wi th  b o t h  
A s -THC and  ETOH were a b o u t  the  same as a f te r  subacu t e  
t r e a t m e n t  w i th  A9_THC alone,  again suggest ing no  
to le rance  to  the  effects  of  ETOH.  

The  resul ts  for  r o t a r o d  p e r f o r m a n c e  were similar  to  
those  jus t  descr ibed for  pho toce l l  ac t iv i ty .  There  was 
to le rance  to the  ef fec t  of  A ~-THC a lone  on  this  measure  
and  th is  to le rance  was re f lec ted  in an a t t e n u a t i o n  of  the  
in te rac t ive  effects  of  A 9-THC wi th  ETOH.  In fact ,  t he  
ef fec t  of  E T O H  on  r o t a r od  p e r f o r m a n c e  in such  
A 9-THC- to le ran t  ra ts  was no t  s igni f icant ly  d i f f e ren t  f rom 
tha t  caused by  ETOH a lone  for  any  dose excep t  1.0 g /kg 
( t ( 2 9 2 )  = 2.7,  p < 0 . 0 1 ) .  

The  in te rac t ive  effects  of  A 9_THC and E T O H  on  hea r t  
ra te  and  b o d y  t e m p e r a t u r e  were also a t t e n u a t e d  af te r  
subacu t e  p r e t r e a t m e n t  wi th  Ag-THC.  This  r e d u c t i o n  of  
effect  was s ignif icant  for  the  two  lower  doses of  ETOH for  
hea r t  ra te  ( t s ( 2 9 1 ) = 7 . 6  and  2.6,  p s < 0 . 0 1 )  and  b o d y  
t e m p e r a t u r e  ( t s (292)  = 6.4 and  2.1,  p s < 0 . 0 5 ) .  There  was n o  

fu r t he r  s ignif icant  a t t e n u a t i o n  caused by  subacu t e  t reat-  
m e n t  wi th  b o t h  Ix 9 -THC and ETOH.  

S u b a c u t e  t r e a t m e n t  wi th  ETOH.  Figure  6 shows the  
resul ts  a f te r  subacu te  t r e a t m e n t  wi th  2 g /kg /day  ETOH for 
six days. The  resul ts  a f te r  subacu t e  p r e t r e a t m e n t  wi th  b o t h  
/, 9 -THC and  ETOH are r epea ted  for  compar i son .  

Whereas  the re  was clear to le rance  to  the  effects  of  
A 9-THC on  CAR p e r f o r m a n c e  and  its i n t e r ac t i on  wi th  
E T O H  on  th is  measure ,  the re  was n o  ind ica t ion  of  a 
comparab l e  to le rance  to  ETOH.  The  i m p a i r m e n t  caused 
by the  c o m b i n a t i o n  of  A g _ T H C  and ETOH was the same 
at all doses a f te r  subacu te  t r e a t m e n t  wi th  ETOH as wi th  
sesame oil (all p s>  0.1 ). 

However ,  the re  was s ignif icant  to le rance  to the  de- 
pressant  ef fec t  of  2 g/kg ETOH on pho toce l l  act ivi ty  
( t ( 2 9 0 ) - - 4 . 3 ,  p < 0 . 0 1 ,  acute  vs subacu te )  bu t  it was no t  
suf f ic ien t  to  offset  the  c o m b i n e d  ef fec ts  of  b o t h  zxg-THC 
and ETOH.  Fo r  all doses of  Ag-THC the  depress ion  of  
pho toce l l  ac t iv i ty  was essent ial ly  the  same a f te r  subacu te  
t r e a t m e n t  wi th  ETOH as sesame oil (all p s>  0.1).  

Par t ia l  to le rance  to the  ef fec t  of  ETOH alone  on  ro t a rod  
p e r f o r m a n c e  was also seen ( t ( 2 9 2 ) ) =  2.1, p < 0 . 0 5 ) ,  bu t ,  
again, it was no t  suff ic ient  to  p reven t  s ignif icant ly  the  
m a r k e d  i m p a i r m e n t  caused by  the  c o m b i n a t i o n  of  A9 .THC 
and ETOH (all p s > 0 . 1 ) .  
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The b radycard ia  caused by acute  adm i n i s t r a t i on  of  2 
g/kg ETOH was effect ively e l imina ted  af te r  subacu t e  
t r e a t m e n t  wi th  E T O H ,  whereas  there  was on ly  par t ia l  
to le rance  to the  ef fec t  on  b o d y  t em pe r a t u r e .  The  c o m b i n e d  
effect  of 2.5 mg/kg  zx 9 -THC and 2.0 g/kg ETOH was less in 
such ETOH-pre t r ea t ed  rats  t han  a f te r  acute  t r e a t m e n t  on  
hear t  rate ( t ( 291 )  = 2.5, p < 0 . 0 5 )  and  body  t e m p e r a t u r e  
( t (292)  = 2.0, p < 0 . 0 5 ) ,  bu t  no t  wi th  the  h igher  doses of  
za 9 - T H C .  

Interactions Be tween  ~ 9 -THC and CDP 

Acu te  interactions. Figure 7 shows the  acute  dose-effec t  
re la t ionships  for  A g-THC and CDP a lone  and  in all 
c o m b i n a t i o n s  for  the  five tests  in this  ba t t e ry .  

The  results  for  A 9_THC alone  were essential ly the  same 
as in the  previous  two expe r imen t s .  Minor  excep t ions  were 
the  a p p a r e n t  increases (no t  s igni f icant )  in pho toce l l  act ivi ty  
caused by  5.0 mg/kg  A 9_THC and the  lack of  ef fec t  of  the  
lower  doses on b o d y  t em pe r a t u r e .  Since there  were on ly  5 
rats  per  group in this  e x p e r i m e n t  we a t t r i b u t e  these  
discrepancies  to  small  sample  f luc tua t ions .  

CDP did no t  s ignif icant ly  a f fec t  CAR pe r f o r m ance  over  
th is  dose range (2.5 to 10.0 mg/kg)  nor  did it in te rac t  wi th  

Ag-THC on this  measure .  However ,  CDP caused a dose- 
re la ted decrease in pho toce l l  ac t iv i ty  ( F ( 3 , 6 6 ) = 6 . 5 ,  
p < 0 . 0 0 1 )  and  ro t a rod  p e r f o r m a n c e  ( F ( 3 , 6 6 ) = 7 . 9 ,  
p < 0 . 0 0 1 ) .  The  c o m b i n a t i o n s  of  zxg-THC and CDP caused 
fu r the r  decreases in pho toce l l  ac t iv i ty  and ro t a rod  per- 
fo rmance .  The  in terac t ive  effects  on  these  two measures  
appeared  to be addi t ive  and  d e p e n d e d  on  the  respect ive  
doses of  the  two  drugs. In con t ras t  to  the  effects  on  CAR 
pe r fo rmance ,  the  h igher  doses of  b o t h  drugs caused a lmos t  
comple t e  suppress ion  of pho toce l l  ac t iv i ty  and  i m p a i r m e n t  
of  ro t a rod  p e r f o r m a n c e  when  combined .  

CDP a lone  did n o t  s igni f icant ly  a f fec t  hea r t  ra te  or  b o d y  
t empe ra tu r e ,  a l t h o u g h  a nons ign i f i can t  decrease in the  
l a t t e r  measure  was seen for  the  h ighes t  dose (10.0  mg/kg) .  
However ,  CDP a u g m e n t e d  the  b radyca rd ia  and  hypo-  
t he rmia  caused by  A 9 -THC as a f u n c t i o n  of  dose of  CDP. In 
all cases the  effects  were greater  wi th  the  c o m b i n a t i o n s  of  
zx 9 -THC and CDP than  they  were wi th  e i the r  drug alone.  

Subacute treatment  with Ag-THC. Figure 8 shows the  
results  af ter  subacu te  p r e t r e a t m e n t  wi th  1 0 m g / k g / d a y  
A g_THC for six days a long wi th  the  effects  of  subacu te  

t r e a t m e n t  wi th  b o t h  10 m g / k g / d a y  a g - T H C  and 5.0 
mg/kg/day  CDP for  all seven days. 

Again,  clear to le rance  to the  effects  of  zx 9-THC on  all 
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measures  was seen. CDP did  no t  a l te r  the  ef fec ts  of  A 9 -THC 
on  CAR p e r f o r m a n c e  in such  zx 9 -THC- to le ran t  rats. 

The  to l e rance  t h a t  deve loped  to  the  depressan t  e f fec t  of  
A '  -THC on  pho toce l l  ac t iv i ty  resu l ted  in a r e d u c t i o n  of  t he  
depress ion  caused by  the  c o m b i n a t i o n  o f  A 9 -THC and CDP. 
Fo r  all doses of  CDP the  ef fec ts  caused by  its c o m b i n a t i o n  
wi th  Ag-THC in such  zxg-THC-tolerant  ra ts  were inter-  
med ia t e  b e t w e e n  those  of  CDP a lone  and  the i r  acu te  
c o m b i n a t i o n .  There  were no  s igni f icant  d i f fe rences  b e t w e e n  
the  groups  t r ea ted  w i th  CDP a lone  or  in c o m b i n a t i o n  w i th  
A ' - T H C  af te r  subacu t e  t r e a t m e n t  w i th  A g-THC (all 
ts(101)~< 1.6, all p s>  0.1).  

To le rance  deve loped  to  t he  ef fec ts  of  A g-THC on  
r o t a r o d  p e r f o r m a n c e  ( t ( 1 0 2 )  = 2.9,  p <  0 .01) ,  bu t  it was n o t  
suff ic ient  to  of fse t  apprec iab ly  the  m a r k e d  i m p a i r m e n t  
caused by  the  c o m b i n a t i o n  of  Ag-THC and  CDP.  There  
were no  s ignif icant  d i f fe rences  b e t w e e n  acu te  t r e a t m e n t  
wi th  any  dose of  CDP and  /, 9_THC c o m p a r e d  w i th  the  
same dose c o m b i n a t i o n s  a f te r  subacu t e  t r e a t m e n t  wi th  
A 9 -THC (all ts(102)~< 1.1, all p s>  0.1) .  

P r e t r e a t m e n t  w i th  Ag-THC caused an  u p w a r d  shif t  in 
the  dose-effec t  curves  for  the  ef fec ts  of  the  c o m b i n a t i o n  of  
z x g - T H C  and CDP on b o t h  hea r t  ra te  and  b o d y  tern- 

pera ture .  This  a t t e n u a t i o n  was s ignif icant  for  all doses of  
CDP for  hear t  ra te  (all ts(102)~>2.0, all p s < 0 . 0 5 )  bu t  n o t  
for  b o d y  t e m p e r a t u r e  (all p s > 0 . 0 5 ) .  Fo r  b o t h  measures  the  
c o m b i n e d  effects  of A 9-THC and CDP were still grea ter  
t h a n  those  caused by  Ag-THC a lone  in such zxg-THC - 
t o l e r an t  rats.  

The  resul ts  a f te r  subacu t e  t r e a t m e n t  wi th  b o t h  A 9-THC 
and CDP were no t  s igni f icant ly  d i f fe ren t  f rom the  resul ts  
a f te r  subacu te  t r e a t m e n t  wi th  A 9-THC alone.  

Subacute t reatment  with CDP. Figure 9 shows the  
results  a f te r  subacu te  t r e a t m e n t  wi th  5 m g / k g / d a y  CDP. 
The  results  a f te r  subacu te  t r e a t m e n t  wi th  b o t h  A 9 -THC and  
CDP are repea ted  for  compar i son .  

There  was no  evidence for  to l e rance  to any  of  the  effects  
of  CDP alone or in c o m b i n a t i o n  wi th  A 9-THC on any  of  
the  measures .  The  on ly  d i f fe rence  caused by  subacu te  
t r e a t m e n t  wi th  CDP was a greater  i m p a i r m e n t  of ro t a rod  
p e r f o r m a n c e  caused by  CDP a lone  c o m p a r e d  wi th  acu te  
t r e a t m e n t  ( t ( 1 0 2 )  = 2.6, p < 0 . 0 1 ) .  

DISCUSSION 

The  results  of  these  e x p e r i m e n t s  provide  a set of  basic,  
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comparab le  data  a b o u t  the  in te rac t ions  b e t w e e n  A 9-THC 
and each of the  three  CNS depressants  s tudied.  In general ,  
the  three  drugs - PB, ETOH and CDP - i n t e rac t ed  wi th  
/`9 -THC in a similar way;  namely ,  to mu tua l l y  enhance  any  
depressent  p roper t i es  of  e i the r  Ag-THC or the  tes t  drug. 
However ,  the  th ree  drugs also dif fered a m o n g  each o t h e r  in 
several ways: (1)  the  dose-response  c o m b i n a t i o n  pa t t e rn s  
wi th  / `9-THC; (2)  the  re la t ionship  be tween  the  m a g n i t u d e  
of  the  in t e rac t ion  and  the response  be ing  measured ;  and  (3)  
the  inf luence  of  subacu te  p r e t r e a t m e n t  wi th  A9-THC 
a n d / o r  the  tes t  drug. 

A cute In terac t ions  

None of  the  three  tes t  drugs caused any  apprec iable  
effects  on  CAR pe r fo rmance  when  admin i s t e red  a lone  over 
the  dose ranges employed ,  whereas  / `9-THC caused a 
dose-rela ted impa i r m en t .  When given in c o m b i n a t i o n  wi th  
/ `9-THC b o t h  PB and  ETOH a u g m e n t e d  the  i m p a i r m e n t  of  
CAR pe r fo rmance  caused by  A9-THC,  whereas  there  was 
no i n t e r ac t i on  be tw een  A 9 -THC and CDP on this  measure .  
Moreover ,  the re  was a d i f ference  b e t w e e n  PB and ETOH as 
they  in t e rac t ed  wi th  / `9-THC as a f u n c t i o n  of  the  dose of  
each drug. Fo r  PB it  appeared  t ha t  a crit ical dose of  e i the r  
PB or Ag-THC was suf f ic ien t  to  cause an e n h a n c e d  

response.  Thus,  wi th  5 mg/kg  A 9 -THC and 40  mg/kg  PB the  
effect  was m u c h  greater  i m p a i r m e n t  t han  t ha t  caused by  
e i ther  drug alone,  bu t  n o n e  of  the  lower  doses of  PB had  
this  effect ,  whereas  wi th  10 mg/kg  /` 9-THC, PB caused an  
add i t iona l  dose-rela ted i m p a i r m e n t .  Viewed in a n o t h e r  way 
a dose of  2.5 mg/kg  / `9-THC was w i t h o u t  ef fec t  a lone  or  
w h e n  c o m b i n e d  wi th  even the  highest  dose of  PB, b u t  a 
dose of  5 mg/kg  / `9-THC was clearly synergist ic  wi th  
40 mg/kg  PB. On the  o t h e r  hand ,  the  dose of  ETOH 
appeared  crit ical for  its i n t e rac t ion  wi th  / ,9_THC on this  
measure .  ETOH in doses up to 1 g/kg did  no t  in f luence  the  
i m p a i r m e n t  of  CAR pe r fo rmance  caused by  any  dose of  
/ `9-THC, whereas  2 g/kg ETOH a u g m e n t e d  the  i m p a i r m e n t  
caused by  all doses of  ~9 -THC. Thus,  a l t hough  b o t h  PB and  
ETOH had  similar  qual i ta t ive  in te rac t ive  effects  wi th  
A g-THC on CAR pe r fo rmance ,  they  di f fered f rom each 
o the r  in t e rms  of  dose re la t ionships .  

The  lack of  any  in terac t ive  effect  of  CDP wi th  ag_THC 
on  CAR pe r fo rmance  was no t  due to the  use of  p h a r m a c o -  
logically inact ive  doses of  CDP. Clear depressan t  and  
in terac t ive  effects  of  these doses of  CDP were ev ident  on  
the  o the r  measures  in this  tes t  ba t t e ry .  A l t h o u g h  h igher  
doses of  CDP migh t  also af fec t  CAR pe r fo rmance  a lone  and  
in te rac t  wi th  Ag-THC in this  regard,  the  present  results  
d e m o n s t r a t e  a clear d i f ference  be tween  CDP and  e i the r  PB 
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or  ETOH in their  profi le of  effects  of  a given dose and their  
in teract ions  with A ~-THC. 

Photoce l l  act ivi ty provided another  measure that  demon-  
st:rated bo th  similarities and differences among the three 
drugs. On this measure PB and ETOH were quite  similar in 
that  only  the highest doses of  each drug caused a decrease 
in activity,  whereas bo th  interacted with  tx~-THC to 
mutual ly  augment  the depression caused primari ly by 
A~_THC. This interact ive effect  of  PB and ETOH with 
~ ' - T H C  was dose related and was apparent  with all doses 
of ,ag-THC. Thus, the interact ions  appeared to be more  
than additive for these drug combinat ions .  In contrast ,  CDP 
caused a dose-related reduc t ion  in photoce l l  act ivi ty  and" 
this effect  was approx imate ly  additive wi th  that  o f  
~ ' - T H C .  The higher doses of  all three drugs when 
combined  with higher doses of  a g - T H C  caused almost  
comple te  suppression of  photoce l l  activity.  That  this effect  
did not  represent  comple te  behavioral  collapse and /o r  
anesthesia was evidenced by the fact that  CAR per formance  
was relatively intact  at many  of  these same dose com- 
binations.  Thus, the animals were capable of  per forming a 
coordinated  m o t o r  response signalled and /or  mot iva ted  by 
suitable sensory stimuli.  

The effect  of  all three test drugs alone and in com- 

binat ion with Ag-THC were similar on ro ta rod  per- 
formance.  Each drug was capable of  significantly impairing 
per formance  when administered alone at a suff icient  dose. 
When combined  with Ag-THC they all augmented the 
zxg-THC-induced impai rment  as a funct ion  of  dose. Per- 
formance  deter iorated rapidly with increasing dose com- 
binations.  However ,  the effect  appeared to depend more on 
the dose of  A 9_THC than the dose of  the test drug. At the 
highest dose combina t ions  the dose response funct ions  
converged to max imum impai rment  since most  of  the rats 
did not  remain on the ro tarod even when it was stat ionary,  
a result similar to that  seen for photocel l  act ivi ty but  
different  than for CAR performance.  

Both  heart rate and body tempera ture  were decreased as 
a func t ion  of  dose of  A 9.THC, whereas only the highest 
doses of  PB (40 mg/kg) and ETOH (2 g/kg) were effect ive 
in this regard and no dose of  CDP had any significant 
influence on these measures. However ,  all three drugs at 
some doses augmented  the bradycardia and hypo the rmia  
caused by a9 -THC.  There were only minor  differences 
among the three drugs in the magni tude  and the shapes of  
the dose-response funct ions for these interact ive effects. 
For  heart  rate the interact ive effects  seemed to converge to 
that  caused by the highest dose of  ,a 9-THC alone. That  is, 
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FIG. 9. Interactions between 4 9-THC and CDP after subacute treatment with 5 mg/kg/day CDP for six days. There were 
14 to 17 rats in each group tested for CAR performance and 4 to 6 for the other measures. 

w i th  successively h igher  doses of  PB, ETOH or CDP tha t  
were ineffect ive  a lone the  decreases in hea r t  ra te  caused by  
the  lower  doses of  4 9 - T H C  were a u g m e n t e d  to t ha t  caused 
by 10 mg/kg  49 -TH C .  However ,  this  m a x i m u m  effec t  was 
not  general ly exceeded.  The  appa ren t  decrease caused by  
CDP when  c o m b i n e d  wi th  10 mg/kg  4 9 - T H C  may  have 
been  an ar t i fac t  of the  small  sample  sizes in t ha t  e x p e r i m e n t  
because the  effect  of  10 mg/kg  4 9 - T H C  alone  was some- 
what  less t h a n  in the  o t h e r  t w o  expe r imen t s .  In all th ree  
expe r imen t s  hear t  ra te  did not  decrease  be low a b o u t  350  
b p m  ( f rom con t ro l  values of  a b o u t  4 5 0 - 5 0 0  b p m )  wi th  
any  dose combina t i ons .  Thus,  a lower  l imi t  m ay  exist  on  
this  measure  tha t ,  shor t  of  dea th ,  ac t ivates  c o m p e n s a t o r y  
cardiovascular  m e c h a n i s m s  to  offse t  f u r t he r  decreases.  
Similarly,  body  t e m p e r t u r e  was decreased as a f u n c t i o n  of  
the  c o m b i n e d  doses of  4 9 - T H C  and each tes t  drugs to  
converge on  a value of  a b o u t  34.5°C ( f rom con t ro l  values 
of  a b o u t  37.4°C).  This  value was reached  wi th  dose 
c o m b i n a t i o n s  t ha t  were less t h a n  the  m a x i m u m s  used for  all 
th ree  drugs. 

S u  b a  e u t e  4 9 _ T H C  

A p p a r e n t  to le rance  developed to the  effects  of  10 mg/kg  
4 9-THC on all five measures  in the  tes t  b a t t e r y  used in 

these  exper imen t s .  This  resul t  is in ag reemen t  wi th  previous  
studies in our  l a b o r a t o r y  for  these  tests  [32, 33,  34,  35,  
3 6 ] .  Because the  subacu te  t r e a t m e n t  phase  of  each 
e x p e r i m e n t  was i n d e p e n d e n t  of  the  test ing,  it is l ikely tha t  
this  d i m i n u t i o n  of  effect  represen ts  pr imar i ly  pha rmaco -  
logical to le rance  r a the r  than  behaviora l  to le rance  as some 
[2 ,22]  have c la imed (however ,  see [ 1 7 ] ) .  The to le rance  
was no t  abso lu te  and  d e p e n d e d  on  the  specific measure .  
The d i m i n u t i o n  of  ef fec t  on  CAR and ro ta rod  p e r f o r m a n c e  
and  pho toce l l  act ivi ty  was such tha t ,  general ly ,  the re  were 
no  di f ferences  be tween  sesame oi l - t reated cont ro l s  and  rats  
t r ea ted  subacu te ly  wi th  A9-THC. On  the  o the r  hand  there  
was on ly  par t ia l  a t t e n u a t i o n  of  the  b radyca rd ic  and  
h y p o t h e r m i c  effects.  F u r t h e r  evidence for  the  conc lus ion  
t ha t  the  to le rance  to 49 -THC was on ly  par t ia l  was provided  
by  the  results  ob t a ined  by  combin ing  A 9-THC and the  tes t  
drugs in such  4 9 - T H C  pre t rea ted  rats. In some ins tances ,  
depend ing  on  dose, the  c o m b i n e d  effects  of  the  com- 
b ina t ions  were as great  a f te r  subacu te  t r e a t m e n t  wi th  
4 9 . T H C  as they  were in sesame oi l - t reated controls .  On the  
o the r  hand ,  the  part ial  to le rance  t ha t  was evident  for  
A9_THC was also re f lec ted  in an  a t t e n u a t i o n  of  the  effects  
of  the  c o m b i n a t i o n  of  A9 -THC and the  tes t  drugs for  m a n y  
doses. The  degree of a t t e n u a t i o n  of  the  in te rac t ive  effects  
d e p e n d e d  on  the  par t icular  drug, the  dose of  the  drug, and  
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the test measure. For both ETOH and CDP the tolerance to 
the effects of /`9-THC on CAR performance resulted 
simply in an upward displacement of the dose-response 
function. For PB there was also an upward displacement of 
the curve over part of the dose range, but the highest dose 
of PB (40 mg/kg) in combination with 10 mg/kg /`9_THC 
caused as much impairment in CAR performance after 
subacute treatment with /,9-THC as after their acute 
combination. Since the acute combination of  5 mg/kg 
/,'-'-THC and 40 mg/kg PB caused a similar degree of 
impairment this result suggests that the residual activity of 
/, 9_THC in s u c h / ,  9-THC-pretreated rats was equivalent to 
about 5 mg/kg /,9-THC in drug-naive rats, at least in terms 
of its interaction with PB on this measure. 

Tolerance to the depressant effect of Ag-THC on 
photocell activity was such that there was no longer any 
depression after subacute pretreatment with /,9-THC. 
However, the depression caused by combinations of  
/,9_THC with PB, ETOH and CDP was greater than would 
be: expected if the tolerance was complete and absolute. 
Thus, although PB in doses of 10 and 20 mg/kg was 
ineffective alone, in combination with /,9-THC, it sig- 
nificantly decreased photocell activity in such / ,9-TnC- 
pretreated rats, albeit to a significantly lesser extent than in 
drug-naive rats. Similar results were found for ETOH and 
CDP. Indeed, the depression caused by combinations of  the 
highest doses of PB (40 mg/kg), ETOH (2 g/kg), and CDP 
(10 mg/kg) in combination with /,9-THC was almost as 
great in /,9-THC-tolerant rats as in rats pretreated sub- 
acutely with sesame oil. However, these doses of  each drug 
also had significant depressant effects alone and caused 
almost complete suppression of photocell activity when 
combined acutely with as little as 2.5 mg/kg/ ,9  -THC. 

The interactive effects of PB, ETOH and CDP with 
/,9-THC on the other three measures - rotarod per- 
formance, heart rate and body temperature - were also 
partially attenuated by subacute pretreatment with 
/,9-THC reflecting the tolerance to /,9.THC. There were 
some differences among the three drugs in this regard, but 
none that could not be accounted for by considering the 
particular doses and the presumed residual activity of 
/, 9 -THC. 

S u b a c u t e  Depres san t s  

Tolerance did not develop as much to PB, ETOH and 
CDP as to/x 9 -THC with the dosing schedule used. With few 
exceptions, in those instances where there was apparent 
tolerance to the effects of the test drug alone, it was usually 
not sufficient to offset the augmented depressant effects of 
the combination of /`9-THC and the test drug. One 
e~:ception was seen with PB for which CAR performance 
was restored to that caused by /,9-THC alone after 
subacute treatment with PB. This result was interesting 
because acute administration of 40 mg/kg PB alone did not 
significantly impair CAR performance and, therefore, there 
was no indication that tolerance to PB on this measure had 
occurred. Only when the marked impairing effects of the 
combination of /,9_THC and PB were considered was the 
tolerance to PB made manifest. Similarly, there was no 
significant attenuation of the depression of photocell  
activity or the hypothermia caused by PB alone after 
s~tbacute treatment with PB, but the combined effects of 
the combinations of PB with the lower doses of A 9-THC 
were less. Little or no tolerance to the effects of PB alone 

or in combination wi th / ,  9 -THC on rotarod performance or 
heart rate was evident. 

Tolerance to many of the effects of ETOH have been 
demonstrated previously (e.g., [18,19]). However, the 
results of the present experiments showed that such 
tolerance is not absolute, at least with the dosing schedule 
used. Thus, there was no tolerance to the combined effects 
of ETOH and /, 9_THC on CAR performance. On the other 
hand, there was clear tolerance to the depressant effect of 
ETOH alone on photocell activity, but it was not sufficient 
to offset the marked depression caused by the combination 
of ETOH and /,9-THC, whereas the tolerance to the effects 
on rotarod performance, heart rate and body temperature 
appeared to lessen slightly these interactive effects with the 
lowest doses o f / ,  9 -THC. 

Unlike /,9-THC, PB and ETOH there was no evidence 
for tolerance to any of the effects of CDP alone or in 
combination w i t h / ,  9 -THC. Indeed, if anything, the effects 
of CDP were slightly greater after subacute treatment with 
CDP than when administered acutely. However, this 
apparent cumulative effect of CDP was only significant for 
rotarod performance in these experiments. 

S u b a c u t e  A 9 _ T H C  Plus Depressan t s  

With one exception subacute treatment with both 
/ ,9.THC and each of the test drugs did not cause any 
greater attenuation of effects than what could be accounted 
for by the tolerance to / ,9.THC alone. The exception was 
seen for the combined effects of /,9-THC and PB on CAR 
performance, where the tolerance to PB also contributed to 
a further lessening of the impairing effect. A similar 
combined tolerance was not apparent for the other 
measures or for ETOH where tolerance was clearly demon- 
strated on some. This implies that sufficient residual 
activity of either or both drugs was still present in 
combination to mask any tolerance to the ETOH. More 
extensive dose-response studies would likely reveal the 
combined tolerance. 

General  C o m m e n t s  

The interactions of cannabis with the barbiturates and 
ETOH have received some experimental attention already, 
whereas the interactions with such drugs as CDP have gone 
virtually unexamined. However, even the information 
available for the barbiturates and ETOH is limited in terms 
of any comprehensive assessment of their interactions with 
cannabis. Of the papers we reviewed dealing with the 
barbiturates, the measures used were sleeping time [5, 7, 8, 
9, 16, 28, 29, 37, 38, 39, 40] ,  locomotor  activity [16],  
conditioned avoidance [25],  toxicity [24],  and anti- 
convulsant activity [4, 7, 15], all in rats and mice. Human 
subjects were used in the two other papers. Dalton et  al. 
[6] found only additive effects of secobarbital and smoked 
zx 9_THC on a number of performance measures, whereas 
Johnstone e ta l .  [12] reported that pentobarbital was 
synergistic with the tachycardia caused by ,xg_THC. The 
latter investigators also reported that 5 of 7 subjects 
developed hallucinations and anxiety and 4 of 7 failed to 
complete the experiment because of severe psychologic 
effects when given pentobarbital (100 mg/70 kg, IV) and 
A 9_THC (up to 134 ug/kg, IV) together. These are large 
doses of Ag-THC, but only 2 of 10 subjects who received 
A 9 -THC alone in doses up to 210 ~g/kg dropped out of an 
earlier study because of anxiety [21 ]. 
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Of  the  7 papers  we reviewed dealing wi th  ETOH,  the  
expe r imen t a l  subjec ts  were rats  and  mice  in 6, and the  
measures  used were sleeping t ime  [ 2 9 ] ,  c o n d i t i o n e d  
avoidance  [ 2 5 , 2 6 ] ,  ro t a rod  p e r f o r m a n c e  [ 4 1 ] ,  the  abi l i ty  
to  r emain  on  a moving  bel t  [ 1 4 ] ,  and  serum d o p a m i n e  
t3-hydroxylase act iv i ty  [ 2 7 ] .  In te res t ing ly ,  the  earl iest  
r epor t  deal ing wi th  the  i n t e r ac t i ons  b e t w e e n  m a r i h u a n a  and  
ETOH was wi th  h u m a n s  [23]  in which  the  invest igators  
f o u n d  addi t ive  effects  on  several measures .  

In the  on ly  paper  we f o u n d  t ha t  deal t  margina l ly  w i th  
the  in t e rac t ions  b e t w e e n  A 9 -THC and CDP, Goldberg  et  al. 
[1 1] r epo r t ed  a symmet r i ca l  d issocia t ion  in a s tate-  
d e p e n d e n t  learn ing  parad igm wi th  mice.  

A l t h o u g h  a few re levant  papers  m ay  have been  missed,  
our  review was suff ic ient  to  convince  us of  the  lack of  
sys temat ic  i n f o r m a t i o n  a b o u t  the  in t e rac t ions  b e t w e e n  
mar ihuana  and  these  th ree  represen ta t ive  depressan t  drugs. 
Therefore ,  the  expe r i m en t s  r epo r t ed  here  were designed to 
provide such  a set of  precl inical  pha rmaco log ica l  in- 
f o r m a t i o n  t ha t  could  serve as a f r a m e w o r k  for  fu tu re  
studies.  In fact ,  ou r  results  did no t  reveal any  u n e x p e c t e d  
in te rac t ions  b e t w e e n  A 9 - T H C  and these three  drugs t ha t  

migh t  no t  have been  p red ic ted  f rom a knowledge  of  the  
indiv idual  p roper t i e s  of  each and  the  l imi ted  i n f o r m a t i o n  
ci ted above  suggesting m u t u a l  p o t e n t i a t i o n .  All th ree  drugs 
have CNS depressan t  p roper t i e s  in suff ic ient  dosage and  
would  be expec ted ,  in general ,  to  a u g m e n t  any  depressan t  
p roper t i e s  of  A9-THC. Indeed,  pe rhaps  the  mos t  s t r ik ing 
fea ture  of  these  expe r imen t s  was the  a lmos t  comple t e  
c o n f o r m i t y  of  the  resul ts  across a n u m b e r  of  tests  w i th  
wha t  would  be expec ted .  The  magn i tude  of  the  in t e rac t ions  
was a func t i on  of  the  respect ive  doses o f  the  two 
in te rac t ing  drugs, a l t hough  it appeared  t h a t  the  cri t ical  drug 
dosages d e p e n d e d  on  the  par t i cu la r  drug c o m b i n a t i o n .  This  
general  f inding also e x t e n d e d  to the  in t e rac t ions  seen a f te r  
subacu te  t r e a t m e n t  wi th  ~o - T H C .  Thus,  a l t hough  there  was 
to le rance  to the  ef fec ts  of  A9 - T H C ,  it  was on ly  par t ia l  and 
the  residual  act ivi ty  ac ted  like a lower  dose in in te rac t ing  
wi th  each of  the  t h r ee  drugs. This  la t te r  resul t  was 
in te res t ing  in t ha t  in m a n y  ins tances  the  a p p a r e n t  to le rance  
to za ' - T H C  appeared  to be comple t e  on  m a n y  measures .  
Only  w h e n  the  drugs were c o m b i n e d  in such A 9-THC- 
p re t r ea t ed  rats  was the  par t ia l  na tu re  of  to le rance  revealed.  
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