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EXECUTIVE SUMMARY 

1. A s tudy  was designed t o  examine t h e  effects  o f  marijuana and 
a l c o h o l  when taken a l o n e  and i n  combination on human s k i l l s  
performance and mood. 

2. Four dosage c o n d i t i o n s  were employed f o r  each drug (placebo 
and t h r e e  a c t i v e  doses ) .  A l l  p o s s i b l e  combinations of t h e s e  
dosage c o n d i t i o n s  were tested ( i e  16 dosage g roups ) .  

3. Twenty s u b j e c t s  were used f o r  each dosage group, t h e  
experiment employing 320 s u b j e c t s  i n  a l l .  Fach s u b j e c t  a t t ended  
t h e  l a b o r a t o r y  on one occas ion  only.  

4. Data c o l l e c t e d  were f o r  psychomotor performance u s i n g  a 
b a t t e r y  o f  computer-presented t e s t s ,  mood effects ,  s u b j e c t i v e  
assessments o f  the  n a t u r e  and degree o f  i n t o x i c a t i o n ,  and t h e  
s u b j e c t i v e  assessment o f  t h e  effects  of t h e  drugs on d r i v i n g  
s k i l l s  and wi l l i ngness  to d r i v e  a motor v e h i c l e .  

5. The performance b a t t e r y  included tests o f  human s k i l l s  related 
t o  those  considered necessary t o  d r i v e  a motor v e h i c l e  w i th  
s a f e t y  . 
6.  The popula t ion  sample were r e c r u i t e d  by adve r t i smen t s  on two 
Sydney "Rock music" FM r a d i o  s t a t i o n s .  A l l  v o l u n t e e r s  were 
non-naive as regards marijuana use  and were indeed heavy t o  v e r y  
heavy users of t h i s  drug. The e x t e n t  of a l c o h o l  u s e  by t h e  
v o l u n t e e r s  was considered t o  be w i t h i n  t h e  normal range of u s e  of 
t h i s  drug w i t h i n  t h e  community. 

7. The a t t i t u d e s  expressed concerning t h e  dangers a s s o c i a t e d  wi th  
the  use  o f  t h e  two drugs i n d i c a t e d  t h a t  t h e  popula t ion  sample was 
h e a v i l y  b i a sed  a g a i n s t  a l c o h o l  and i n  favour  of marijuana. 

8. The s u b j e c t i v e  assessment  of t h e  doses o f  each drug employed 
i n d i c a t e d  t h a t  they were comparable. The s u b j e c t s  a s s e s s e d  t h e  
degree of  i n t o x i c a t i o n  by mari juana a s  be ing  of a similar 
i n t e n s i t y  as t h a t  produced by a l c o h o l .  The doses  s e l e c t e d  
the re fo re  appear  t o  be r e l e v a n t  to those  used w i t h i n  t h e  s o c i a l  
expe r i ence  of t h e  v o l u n t e e r  populat ion.  

9 .  Eoth drugs produced s i g n i f i c a n t  dose-dependent effects on t h e  
performance measures, on t h e  i n t o x i c a t i o n  ra t ing scales and on 
some o f  t h e  mood measures. 

10. However, t h e r e  were both q u a n t i t a t i v e  and q u a l i t a t i v e  
d i f f e r e n c e s  between t h e s e  effects, both on t h e  performance 
measures and on t h e  s u b j e c t i v e  mood effects  o f  t h e  two drugs.  

11 .  By far t h e  major effects  on t h e s e  tests were those  produced 
by a l coho l .  



(iii) 

12. The e f fec t  on s k i l l s  performance of  a l c o h o l  and marijuana 
when taken i n  combination was e s s e n t i a l l y  one of  add i t ion .  
Marijuana tended t o  increase t h e  i n t e n s i t y  of  t h e  performance 
impairment produced by a l coho l .  However, t h e r e  was evidence t o  
sugges t  t h a t  t h e  lowest  dose of marijuana produced a degree of 
antagonism of  t h e  effects  of a l coho l .  

13. Marijuana had no e f fec t  on t h e  a b s o r p t i o n  o r  metabolism of 
a l coho l .  The blood a l c o h o l  concen t r a t ion  was n o t  a f f ec t ed  by any 
of t h e  doses  of marijuana used. 

14. The r e s u l t s  o f  t h i s  s t u d y  i n d i c a t e  c l e a r l y  t h a t  a l c o h o l  and 
marijuana are d i s t i n c t l y  d i f f ' e r en t  drugs. The effects  produced on 
t h e  performance measures were q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  
d i f f e r e n t .  I n  a d d i t i o n ,  t h e  d i f f e r e n c e s  i n  t h e  n a t u r e  o f  t h e  
drug-induced s u b j e c t i v e  i n t o x i c a t i o n  and t h e  s e l f - r e p o r t e d  
changes i n  mood effects such as a n x i e t y  and a l e r t n e s s ,  s t r o n g l y  
suggested d i f f e r e n t  drug a c t i o n s .  

14 .  The a b i l i t y  t o  d i s c r i m i n a t e  and assess t h e  degree of  
i n t o x i c a t i o n  with a l c o h o l  was no t  a f f e c t e d  by marijuana. However, 
t h e  a b i l i t y  t o  assess t h e  i n t o x i c a t i o n  due t o  marijuana was 
g r e a t l y  a f f e c t e d  by a l coho l .  The s u b j e c t i v e  i n t o x i c a t i o n  produced 
by marijuana appea r s  t o  b e  of  a more s u b t l e  n a t u r e  than t h a t  
produced by a l coho l .  

15. Evidence is presented which s u g g e s t s  t h a t  under t h e  i n f l u e n c e  
of a l c o h o l ,  s u b j e c t s  engage i n  a "speed-accuracy trade-off".  They 
are prepared t o  make a h a s t y  response t o  a q u e s t i o n  r a t h e r  than 
t o  spend more time t o  ensure a correct answer. Th i s  effect  could 
b e  r e l a t e d  t o  a r i s k - t a k i n g  behaviour.  The r e s u l t s  w i t h  marijuana 
on t h e  o t h e r  hand suggested a slower and more c a r e f u l  approach t o  
t h e  problem, though, as w i t h  a l c o h o l ,  a n  inc reased  error ra te  i n  
responses  was recorded. 

16. Evidence i s  p resen ted  which suggests t h a t  marijuana produces 
p e r i o d i c  a t t e n t i o n a l  l a p s e s .  

17. The r e s u l t s  s t r o n g l y  s u g g e s t  t h a t  t h e  performance d e f i c i t s  
and mood changes produced by a l c o h o l  are of  a greater magnitude 
than those  produced by mari juana.  

18. Recommendations f o r  d i r e c t i o n s  o f  f u r t h e r  r e s e a r c h  are made. 
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RECOMMENDATIONS 

1 .  Fur ther  s t u d i e s  should be conducted t o  c l a r i f y  the 
d i f f e r e n c e s  between the  e f f e c t s  of a l c o h o l  and marijuana. The 
p resen t  s t u d y  i n d i c a t e s  t h a t  they a r e  d r u g s  w i t h  q u i t e  d i f f e r e n t  
modes of a c t i o n .  S tud ie s  should b e  designed t o  e l u c i d a t e  
differences i n  t h e i r  a c t i o n  on va r ious  performance s k i l l s .  I n  
a d d i t i o n ,  s t u d i e s  should be undertaken t o  c l a r i f y  t h e  d i f f e rences  
between the e f f e c t s  produced on mood states. 

2. Alcohol and drug  involvement i n  road c ra shes  no t  
only invo lves  e f f e c t s  on s k i l l s  performance b u t  a l s o  on mood and 
mot iva t iona l  changes such a s  t h e  w i l l i n g n e s s  to  take a r i s k .  
Evidence presented  in t h i s  s tudy  a s  well as i n  o t h e r s  s t r o n g l y  
suggests t h a t  a d i f f e r e n c e  ex is t s  i n  t h e  changes i n  mood e f f e c t s  
and r i s k - t a k i n g  behaviour produced by a l coho l  and by marijuana. 

It is strongly recommended t h a t  s t u d i e s  of t he  e f f e c t s  
o f  each drug on performance tests designed to measure r i sk - t ak ing  
behaviour should be undertaken. The  c o r r e l a t i o n  o f  t hese  drug 
effects w i t h  measures o f  p e r s o n a l i t y  and o t h e r  i n d i v i d u a l  
d i f f e r e n c e s  should be sought.  

3. The d i f f e r e n c e s  between the  two d r u g s  on s p e c i f i c  
measures such as a t t e n t i o n  and t a s k s  r e q u i r i n g  a d i v i s i o n  o f  
a t t e n t i o n  should be  f u r t h e r  c l a r i f i e d .  

4. Fur the r  s t u d i e s  are r equ i r ed  to e l u c i d a t e  t h e  
influence of t h e  marijuana-induced p o s t u r a l  hypotension on t a s k s  
which r e q u i r e  t h e  s u b j e c t  to  s t and  still for a per iod  of  time. 

worker who is engaged i n  a n  a c t i v i t y  which r e q u i r e s  himlher to 
s t and  s t i l l  might i n c r e a s e  the  r i s k  o f  a n  accident by caus ing  
d i z z i n e s s  and f a i n t i n g .  An i n v e s t i g a t i o n  should b e  undertaken t o  
determine if any c o r r e l a t i o n  ex i s t s  between marijuana use and 
i n d u s t r i a l  a c c i d e n t s  of t h i s  type.  

It is sugges ted  t h a t  t h e  u se  of marijuana by a 

5 .  Evidence provided by t h i s  s tudy  and by o t h e r s  
i n d i c a t e  t h a t  a l coho l  is t h e  drug o f  major concern f o r  t r a f f i c  
s a fe ty .  Alcohol no t  on ly  impa i r s  performance s k i l l s ,  i t  also 
impai rs  t he  d r i v e r s  awareness o f  the  e x t e n t  of t h i s  impairment. 
Indeed, t he  changes i n  mood produced by a l coho l  appear  to b e  i n  
the  d i r e c t i o n  o f  i nc reased  confidence and an i n c r e a s e  i n  the 
wi l l i ngness  t o  t ake  a r i s k .  

drugs other than a l coho l  for a f u r t h e r  understanding of t h e i r  
r o l e  i n  road crashes. However, any r educ t ion  i n  t h e  concent ra ted  
a t t e n t i o n  t o  t h e  r o l e  o f  a l coho l  on the road,  both by educa t iona l  
means and law-enforcement measures would be s e r i o u s l y  
counterproduct ive.  

Fur ther  r e sea rch  must undoubtedly be undertaken with 



The r o l e  o f  a l coho l  i n  road c r a s h e s  h a s  rece ived  

cons iderable  s tudy  over t h e  l a s t  twenty years .  As a r e s u l t  o f  

these s t u d i e s  i t  h a s  now been concluded t h a t  a l coho l  p lays  a 

con t r ibu to ry  r o l e  i n  a s i g n i f i c a n t  propor t ion  of road c ra shes  and 

l e g i s l a t i v e  approaches have been made i n  many c o u n t r i e s  i n  an 

a t t empt  t o  reduce t h e  inc idence  of  a l coho l - r e l a t ed  crashes. The 

evidence which has  l e d  to t h e s e  conclus ions  and upon which t h e  

dr ink-dr iv ing  l e g i s l a t i o n  is based has been de r ived  from s t u d i e s  

i n  a number o f  sc ien t i f ic  d i s c i p l i n e s .  These inc lude  the s c i e n c e s  

of pharmacology, psychopharmacology and epidemiology. From the  

s c i e n c e  o f  pharmacology is der ived  t h e  information t h a t  a l coho l  

is a depressant  o f  the  func t ion  o f  t h e  central nervous system and 

is a drug which would b e  expected t o  i n t e r f e r e  with d r i v i n g  

skills. Pharmacological s t u d i e s  have a l s o  descr ibed  t h e  manner o f  

t h e  abso rp t ion ,  d i s t r i b u t i o n ,  metabolism and exc re t ion  of 

a l coho l .  From t h i s  in format ion ,  t h e  a b i l i t y  t o  measure the  blood 

a l coho l  concent ra t ion  by determining t h e  concen t r a t ion  o f  a l c o h o l  

i n  a b rea th  sample has been der ived.  Psychopharmacological 

s t u d i e s  have descr ibed  t h e  nature  o f  t h e  effects of a l coho l  on 

human s k i l l s  performance a s  well a s  t h e  c o r r e l a t i o n  between the  

blood a l c o h o l  concen t r a t ion  and the  e x t e n t  of the  impairment of 

those s k i l l s  (Pe r r ine , l973 ;  Moskowitz and Aust in ,1979) .  

Epidemiological s t u d i e s  have i n d i c a t e d  the propor t ion  o f  road 

c ra shes  which are alcohol-involved and have provided evidence 



2 

t h a t  t h e  p r o b a b i l i t y  of a d r i v e r  be ing  involved i n  a road c r a s h  

increases w i t h  increasing concentrations of a l c o h o l  i n  t h e  

bloodstream (Borkenstein e t  a1 1964; Perrine e t  a1 1971; 

F a r r i s , 1 9 7 7  ; McLean e t  a 1  1980). 

I n  recent y e a r s  concern has  been expressed fo r  t h e  

p o s s i b l e  r o l e  o f  drugs o t h e r  than a l c o h o l  i n  road crashes.  

Attempts have been made t o  determine t h e  p o s s i b l e  r o l e  of o t h e r  

drugs ,  i n c l u d i n g  marijuana, i n  road c r a s h e s  by us ing  similar 

techniques t o  those  desc r ibed  f o r  a l c o h o l .  For  a number o f  

r easons ,  predominantly pharmacological,  t h e  t a s k  facing t h e  

r e s e a r c h e r s  i n  t h i s  area is much more d i f f i c u l t  than t h a t  

encountered wi th  a l c o h o l  (see Chesher,  1985). Epidemiological  

s t u d i e s  have been undertaken,  b u t  f o r  methodological reasons have 

n o t  i nc luded  a c o n t r o l  group as was t h e  c a s e  wi th  t h e  a l c o h o l  

s t u d i e s .  For t h i s  r eason  t h e  d a t a  obta ined  are ve ry  d i f f i c u l t  t o  

i n t e r p r e t .  An a t t e m p t  a t  a c o n t r o l  group has  been made by the 

Canadian i n v e s t i g a t o r s ,  Cimbura e t  a1 (1980) ,  who compared t h e  

inc idence  o f  d rugs  i n  blood samples o f  dead d r i v e r s  who were 

considered to b e  a t  f a u l t  i n  t h e  c r a s h  wi th  t h e  inc idence  o f  

drugs i n  t hose  d r i v e r s  not  considered t o  be a t  f a u l t .  T h i s  r a t i o  

(a  c u l p a b i l i t y  i n d e x )  suggested a n  i n c r e a s e d  inc idence  of t h e  

presence o f  drugs i n  t h e  "at  fau l t "  group. Marijuana was one of 

t he  drugs  f a l l i n g  i n t o  t h e  ca tegory  w i t h  a n  inc reased  c u l p a b i l i t y  

i n d e x .  T h i s  technique is obvious ly  dependent upon t h e  accuracy of 

t he  assessment  o f  t h e  "at f a u l t "  d r i v e r .  

I n  ano the r  e x t e n s i v e  s t u d y  of d r i v e r s  k i l l e d  i n  single 
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v e h i c l e  crashes, Mason and McBay (1984) have i n d i c a t e d  t h a t  

w h i l s t  they detected marijuana i n  t h e  blood o f  these d r i v e r s ,  

t h i s  drug seldom is  found a lone .  I n  most cases marijuana is found 

together w i t h  a l c o h o l  and t h e  concen t r a t ion  o f  a l c o h o l  i s  such 

t h a t  of i t s e l f  is s u f f i c i e n t  to  account  f o r  i t s  involvement i n  

t h e  crash. Ot.her s t u d i e s  have confirmed t h e  f i nd ings  o f  m u l t i p l e  

drug use  a n d  i t  is d i f f i c u l t  t o  g a i n  a c c e p t i b l e  evidence f o r  t h e  

r o l e  of any one drug  as a c a u s a t i v e  f a c t o r  i n  road crashes. A 

review of t h e  evidence f o r  t h e  involvement o f  drugs o t h e r  than 

a l c o h o l  i n  road crashes h a s  been presented by Hendt lass  (1985). 

I n  view of t h e  methodological d i f f i c u l t i e s  encountered 

i n  the  epidemiological  approach, more emphasis t h e r e f o r e  must b e  

placed on s t u d i e s  o f  t h e  effects of drugs on human s k i l l s  

performance i n  a n  a t t e m p t  t o  understand t h e  p o s s i b l e  r o l e  of 

t h e s e  subs t ances  i n  road crashes. 

Marijuana, a l c o h o l  and d r iv ing .  

Alcohol and c a f f e i n e  are undoubtedly the most widely 

used o f  t h e  s o c i a l  drugs i n  Western c u l t u r e s .  It is a l s o  clear 

t h a t  t h e  i l l i c i t  drug, mari juana i s  ve ry  widely used i n  t h e  same 

popu la t ions ,  e s p e c i a l l y  amongst t h e  18 t o  30 yea r  age groups. 

That a l c o h o l  is capab le  o f  producing a n  impairment of human 

d r i v i n g  s k i l l s  performance i s  widely known. S t u d i e s  of t he  

effects  of mari juana,  taken by mouth o r  by smoking a l s o  i n d i c a t e  



q u i t e  c l e a r l y  t h a t  t h i s  d rug  is also capab le  of i m p a i r i n g  

performance on a number o f  human s k i l l s .  ( for  reviews see Aust in  

& Moskowitz, 1979; Siemens,l980; Klonoff,1983).  What is n o t  clear 

however, is whether t h e  u s e  o f  marijuana is l i k e l y  t o  p r e s e n t  a n  

equa l ,  greater o r  lesser danger on t h e  road than  does a l c o h o l .  

Furthermore,  i t  is  becoming i n c r e a s i n g l y  a p p a r e n t  t h a t  bo th  drugs 

are f r e q u e n t l y  be ing  consumed i n  combination (Fishburne e t  a1 

1980; Johnstone e t  a1 1980). It is  of  obvious importance 

therefore t n a t  t h e  p o s s i b l e  i n t e r a c t i o n s  between these drugs be 

f u l l y  understood. 

A r e p o r t  from t h e  I n s t i t u t e  o f  Medicine, Washington 

D.C. U.S.A. '1982) concluded:- 

"The i s s u e  of  alcohol-marijuana i n t e r a c t i o n  is an  

important  one b u t  c u r r e n t l y  few d a t a  are a v a i l a b l e .  C l e a r l y ,  more 

s t u d i e s  o f  marijuana i n t e r a c t i o n s  w i t h  a l c o h o l  and o t h e r  commonly 

used drugs are needed". 

The p r e s e n t  s tudy  was designed t o  throw some l i g h t  on 

t h i s  problem. 
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THE PRESENT STUDY 

The purpose o f  t h i s  i n v e s t i g a t i o n  was t o  examine t h e  

dose-response r e l a t i o n s h i p ,  on a b a t t e r y  of  tests o f  human mood, 

psychomotor and c o g n i t i v e  f u n c t i o n s ,  o f  smoked marijuana and o f  

o r a l l y  adminis te red  a l c o h o l ,  each drug given a l o n e  o r  i n  

combination. The dose o f  marijuana i s  determined as t h e  

concen t r a t ion  of  t h e  main act ive c o n s t i t u e n t ,  

te t rahydrocannabinol ,  i n  t h e  material provided for smoking. 

All tests were chosen t o  t e s t  s k i l l s  r e l a t e d  t o  those  

necessary f o r  d r i v i n g  a motor v e h i c l e .  The marijuana was 

adminis te red  du r ing  t h e  r i s i n g  phase of t h e  blood a l c o h o l  curve 

so t h a t  t h e  t e s t i n g  time co inc ided  w i t h  t h e  peak of t h e  effect  of  

both drugs.  

Four dosage c o n d i t i o n s  of each d r u g  were employed and 

t h e  experimental  des ign  p resen ted  s i x t e e n  experimental  groups 

such t h a t  a l l  o f  t h e  p o s s i b l e  combinations of drug  dosages were 

t e s t e d .  Twenty s u b j e c t s  were used f o r  each dosage c o n d i t i o n ,  

t h e r e  be ing  t h r e e  hundred and twenty s u b j e c t s  f o r  t h e  s tudy.  The 

des ign  i s  i l l u s t r a t e d  i n  Table 1. 
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TABLE 1 

Note: 0 = placebo: L = low dose; M = medium dose; H = 
high dose 

This  experimental  design provides  t h e  a b i l i t y  t o  

o b t a i n  an answer to the  fo l lowing  ques t ions :  

(1) Is t h e  drug exerting a n  effect  on 

s k i l l s  performance or  on t h e  s u b j e c t s  mood 

states? 

(ii) What is t h e  effect of one drug upon 

t h e  o t h e r ?  

(ill) What is the  nature of  the i n t e r a c t i o n  

between these two drugs? 

( i v )  Are t h e  e f f e c t s  produced by a l c o h o l  

greater o r  l e s s  than  those  produced by 

mari juana? 
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THE EFFECTS OF ALCOHOL AND MARIJUANA TAKEN TOGETHER: 

The p resen t  s t a t u s  of  knowledge. 

In view o f  the  widespread s o c i a l  use o f  both of t hese  

drugs and t h e  knowledge t h a t  they a r e  o f t e n  used i n  combination, 

there have been s u r p r i s i n g l y  few s t u d i e s  to examine t h e i r  

i n t e r a c t i v e  effects. I n  a n  ex tens ive  l i t e r a t u r e  sea rch  only 

four teen  publ ished r e p o r t s  were found i n  which both drugs were 

given i n  combination. Of  these, e i g h t  involved tests of human 

s k i l l s  on laboratory-based tests and s i x  examined t h e  e f f e c t s  of 

the drug combination on a d r i v i n g  t a s k  e i ther  i n  a real v e h i c l e  

on a c losed  course  d r i v i n g  c i r c u i t  or i n  a d r i v i n g  s imula t c r .  A 

seventh s tudy  involv ing  c losed  course d r i v i n g  h a s  been undertaken 

i n  Canada, b u t  no d a t a  a r e  y e t  a v a i l a b l e .  

The s t u d i e s  were c a r r i e d  o u t  i n  d i f f e r e n t  l a b o r a t o r i e s  

involv ing  d i f f e r e n t  cond i t ions  of se t  and se t t ing  a s  well as 

d i f f e r e n t  methodology, t e s t s  and t e s t i n g  times i n  r e l a t i o n  to  

drug consumption. For t h e s e  reasons  it is d i f f i c u l t  to  make a 

d i r ec t  comparison and an overview o f  a l l  of t he  r e s u l t s .  More 

research is obviously necessary before  a clear p i c t u r e  can be 

assessed.  
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S t u d i e s  involv ing  on-course d r iv ing .  

The t a s k  o f  d r i v i n g  a motor v e h i c l e  is a complex 

combination o f  a b i l i t i e s  and mot iva t ions  which h a s  so far  def ied  

those  a t tempt ing  t o  create a d e f i n i t i v e  and al l -embracing model 

w i t h  which t o  work. O f  t h e  d r i v i n g  e,xperiments reported t o  d a t e  

which have s tud ied  t h e  effect  o f  a l coho l  and marijuana taken 

toge the r ,  t h i s  l ack  o f  a s u i t a b l e  model has l e d  t o  many d i f f e r e n t  

approaches and each s tudy  has its own p a r t i c u l a r  emphasis. 

Naatanen and Summala (1976) and Casswell (1977) have emphasised 

t h e i r  views t h a t  t he  behaviour o f  d r i v e r s  involves  two d i f f e r e n t  

classes of  behaviour.  The first b e i n g  t h e  guidance of  t h e  v e h i c l e  

after procedures of s ea rch ,  i d e n t i f i c a t i o n  and p red ic t ion  of 

environmental  events .  The o the r  behaviour concerns t h e  motivat ion 

o f  t he  d r i v e r  wi th  t h e  emphasis on t h e  p r i n c i p l e  t h a t  d r i v i n g  is 

e s s e n t i a l l y  a self-paced task. As well as t h e  s k i l l s  performance 

requirements  a s s o c i a t e d  w i t h  the  f i rs t  behaviour descr ibed above, 

d r i v i n g  a l s o  involves  t h e  d r i v e r  i n  d e c i s i o n  making w i t h  regard 

to  t h e  perceived r i s k  and t h e  amount o f  r i s k  or emotional t ens ion  

t h e  d r i v e r  is prepared t o  t o l e r a t e  when c o n t r o l l i n g  the  veh ic l e .  

Drugs are l i k e l y  t o  affect performance, p e r h a p s  even s e l e c t i v e l y ,  

on these two behaviours.  Most s t u d i e s  have addressed themselves 

p r imar i ly  to  t h e  first of these behaviours.  Casswell (1977) 

designed a s tudy  to examine both o f  t hese  behaviours.  

A closed c i r c u i t  d r i v i n g  course  was se t  up by Casswell 
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(1977) w i t h  a wide v a r i e t y  o f  d r i v i n g  s i t u a t i o n s ,  i n c l u d i n g  a 

s e c t i o n  o f  t h e  t r a c k  where the  d r i v e r  was requ i r ed  to  perform an 

over tak ing  manoeuvre. The t a s k  r equ i r ed  the  d r i v e r  t o  over take  a t  

t he  las t  accep tab le  moment so as t o  r e t u r n  t o  t h e  c o r r e c t  l a n e  

( t h e  l e f t  s i d e  o f  t h e  road in New Zealand) a t  a g i v e n  poin t .  The 

d r i v e r s  rece ived  i n s t r u c t i o n s  v i a  road s i g n s  and through 

headphones. Brake pedal ,  accelerator, steering movements and  

speed were a l l  monitored. Volunteers  were requ i r ed  t o  complete 

e i g h t  c i r cu i t s  o f  t h e  course, a task which took approximately 35 

minutes. Th i r t een  s u b j e c t s  were used in a wi th in-subjec ts  design. 

On each o f  s i x  occas ions ,  s u b j e c t s  rece ived  a d r ink  ( a l c o h o l  or 

placebo)  and leaf material to  smoke ( a c t i v e  marijuana or 

placebo) .  The only drug combination cond i t ion  s tud ied  cons i s t ed  

o f  a l coho l  s u f f i c i e n t  t o  produce a BAC peak o f  O.O5g% and 

marijuana con ta in ing  3.12 mg THC. The o t h e r  cond i t ions  were 

a l coho l  (BAC O.lg%) p l u s  placebo mari juana,  a l coho l  placebo w i t h  

marijuana containing 6.25mg THC, or t h e  double placebo. The 

r e su l t s  ind ica t ed  a large between-subject v a r i a b i l i t y ,  an e f f e c t  

which Casswell considered might be due t o  i n d i v i d u a l  d i f f e r e n c e s  

in the d r i v e r s '  percept ion  o r  t o l e r a n c e  o f  r i s k  and t h e  

interact ion of t hese  v a r i a b l e s  wi th  t h e  drugs given. Alcohol 

produced an i n c r e a s e  in speed and an impairment o f  steering 

con t ro l .  Marijuana a lone  reduced d r i v i n g  speed and also slowed 

response time t o  t h e  o r d e r s  g iven  over  t he  headphones. The drug 

combination tended to  i n c r e a s e  d r i v i n g  speed,  impair  s t e e r i n g  

c o n t r o l  and t o  increase response  times to  t h e  aud i to ry  
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i n s t r u c t i o n s .  Casswell has suggested t h a t  under  the  in f luence  of  

mari juana a lone ,  d r i v e r s  appeared t o  be aware o f  t h e  adverse  

effects of t h e  drugs  on t h e i r  d r iv ing  s k i l l s  and tended t o  

compensate for t h e s e  effects by reducing  d r i v i n g  speed and 

main ta in ing  c o n t r o l  e f f o r t .  I n  c o n t r a s t ,  under t h e  in f luence  o f  

alcohol alone, s u b j e c t s  appeared t o  behave i n  a more r i s k y  

manner. 

Su t ton  (1983) r epor t ed  t h e  r e s u l t s  of  an on-course 

d r i v i n g  s tudy  invo lv ing  9 s t u d e n t s  i n  a wi th in-subjec t  des ign  

us ing  a l c o h o l  (BAC 0.06g%) o r  a l c o h o l  placebo and mari juana 

(amount unspec i f i ed ,  b u t  descr ibed  as 2% THC, which probably 

supp l i ed  12.5mg THC) or mari juana placebo. A l l  s u b j e c t s  r ece ived  

(on s e p a r a t e  occas ions )  t h e  fou r  p o s s i b l e  dosage combinat ions,  

t h e r e  be ing  of  cour se ,  on ly  one dose c o n d i t i o n  w i t h  t h e  

combination o f  t h e  two a c t i v e  drugs.  Dr iv ing  performance 

eva lua t ion  was conducted by a s a f e t y  manager from t h e  American 

Automobile Assoc ia t ion ,  a h igh  schoo l  d r i v i n g  i n s t r u c t o r  and a n  

off-duty p a t r o l  o f f icer  who followed each d r i v e r  on t h e  course  i n  

an unmarked v e h i c l e  t o  determine whether t h e  driver was impaired 

enough i n  h i s  op in ion  t o  war ran t  be ing  s topped were i t  a real 

road s i t u a t i o n .  The r a t i n g s  by a l l  of t h e  o b s e r v e r s  showed a 

s i g n i f i c a n t  e f fec t  when d r i v e r s  had taken  t h e  combined drug  dose,  

the p a t r o l  o f f i c e r  r e p o r t i n g  t h a t  h e  would have s topped a l l  of 

the d r i v e r s  when i n  t h i s  cond i t ion .  No such e f f ec t  was found when 

d r i v e r s  had taken  e i the r  drug a lone .  
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A s tudy  by Attwood and h i s  co l leagues  i n  Cwada o f  t he  

e f f e c t s  o f  a l coho l  and mari juana t a k e n  alone and i n  combination 

has  been undertaken and was r e f e r r e d  to by  S t e i n  e t  a1 (1983) .  

However, t he  p re sen t  au tho r s  have been unable t o  obta.;.r a copy of 

t he  r e p o r t  and the  d e t a i l s  cannot t h e r e f o r e  b e  included i n  t he  

present  r epor t .  

Driving s imula to r  s t u d i e s  

A s tudy  u s i n g  a computerised d r i v i n g  s imula to r  was 

repor t ed  by Smiley e t  a1 (1981) .  The s imulator  t a s k  r equ i r ed  to 

d r i v e  a v e h i c l e  through a computer-presented s imulated roadway 

and t o  encounter  a v a r i e t y  of environmental  cond i t ions .  These 

included road signs, sha rp  cu rves ,  wind g u s t s ,  and t h e  rudden 

appearance o f  roadway obs t ac l e s .  The computer recorded the  

fol lowing d i s t a n c e  of t h e  d r i v e r  from a l ead  c a r  as well as speed 

and lane p o s i t i o n ,  t h e  adequacy of emergency dec i s ions  and 

a b i l i t y  to respond t o  the  road signs and monitored ove r t ak ing  

tasks .  A reward/penal ty  system of payment was used to he lp  

main ta in  t h e  s u b j e c t s '  motivation. Good d r l v l n g  was f i n a n c i a l l y  

rewarded and bad d r iv ing ,  such as c r a s h e s  were penal ised.  Three 

dosage cond i t ions  f o r  each drug were used. The doses employed 

were: alcohol placebo and two doses o f  a l coho l  which produced 



12 

peak BAC o f  0.045 and O.O75g%; and marijuana placebo and two 

a c t i v e  doses ,  100 and 200 ugTHC/kg. The experimental  des ign  

employed three groups o f  vo lun tee r s  (n=15, 10 and 1 0 ) .  A l l  

vo lun tee r s  i n  each group were g iven  a l l  cond i t ions  of t h e  

marijuana dosage and only one o f  the a l c o h o l  doses.  

Marijuana was found to  impair  d r i v i n g  performance on a 

wide range of measures inc luding  v a r i a b i l i t y  of lane p o s i t i o n ,  

speed c o n t r o l  and i n a p p r o p r i a t e  steering movements. On t h e  o t h e r  

hand, d r i v e r s  after t ak ing  marijuana became more cau t ious  i n  the 

over tak ing  t a s k  and at tempted ove r t ak ing  less Frequently.  Alcohol 

effects were s u r p r i s i n g l y  s l i g h t .  I n  t h e  v iew of t h e  a u t h o r s ,  

t h i s  was "because a l coho l  was a between s u b j e c t s  v a r i a b l e ,  

comparing groups o f  15, 10 and 10 s u b j e c t s ,  i t  was less s e n s i t i v e  

t o  t rea tment  effects than was the  marijuana v a r i a b l e ,  where 

r e s u l t s  f o r  35 s u b j e c t s  were compared". There was a l s o  some 

evidence t o  indicate that there were i n i t i a l  d i f f e r e n c e s  among 

the a l coho l  groups. 

The i n t e r a c t i v e  e f f e c t s  o f  a l c o h o l  and marijuana were 

unclear, due, in the view o f  the  a u t h o r s ,  t o  t h e  p o s s i b l e  i n i t i a l  

group differences i n d i c a t e d  above, t he  problems a s s o c i a t e d  w i t h  

t h e  experimental  design and the  o rde r  i n  which t h e  groups were 

run. 

S t e i n  and co l leagues  have completed two s t u d i e s  o f  t h e  

effects of a l coho l  and marijuana a l o n e  and i n  combination, the 

f irst  conducted between 1976-1978 and t h e  second i n  1983 ( S t e i n  



e t  al . ,  1983). The s imulated d r i v e ,  which was of  15 minutes 

du ra t ion ,  included winding roads ,  s imulated a c c i d e n t s ,  wind 

g u s t s ,  o b s t a c l e s  on the  road and speeding " t i c k e t s " .  Two dosage 

cond i t ions  o f  a l coho l  were employed, placebo and a dose t o  

produce a BAC a t  peak o f  O.lg%. Three cond i t ions  of marijuana 

were employed, placebo, and 50 and lOOug/THC/kg. Each s u b j e c t  

completed a run ,  i n  a random o r d e r ,  w i t h  each o f  t h e  s i x  p o s s i b l e  

dosage condi t ions .  Alcohol c o n s i s t e n t l y  and s i g n i f i c a n t l y  

impaired t h e  c o n t r o l  of t h e  v e h i c l e  a c r o s s  a w i d e  range o f  

measurements. After a l c o h o l ,  d r i v e r s  had more s imulated a c c i d e n t s  

and rece ived  more speeding t i c k e t s .  The accuracy and speed of 

response to  roads ide  signs was also impaired. Marijuana a t  t h e  

doses employed had "only an occas iona l  e f f e c t " .  There was l i t t l e  

evidence fo r  any i n t e r a c t i o n  between a l coho l  and marijuana when 

taken i n  combination. Although a l coho l  a lone  inc reased  the  

inc idence  o f  a c c i d e n t s  and speeding o f fences  no evidence for  such 

effects were noted f o r  marijuana a lone  or f o r  the  

alcohol-marijuana combination. There was however an enormous 

i n c r e a s e  i n  between s u b j e c t  v a r i a b i l i t y  when s u b j e c t s  were t e s t e d  

i n  t h e  combined dosage condi t ion .  The a u t h o r s  considered t h a t  

t h i s  i n c r e a s e  i n  t h e  v a r i a b i l i t y  might have accounted for  t h e  

i n a b i l i t y  t o  d e t e c t  any effect i n  t h i s  condi t ion .  

These a u t h o r s  r epor t ed  a second s tudy  us ing  an updated 

ve r s ion  of the  same d r i v i n g  s imula to r  and us ing  much t h e  same 

experimental  des ign ,  t h e  same dose o f  a l c o h o l ,  though using 

higher  doses  of marijuana (100 and 200 ug THC/kg). 
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I n  a n  a t t e m p t  t o  maintain t h e  mot iva t ion  of t h e  v o l u n t e e r s  a 

system o f  rewards and p e n a l t i e s  was used ,  t h e  s u b j e c t s  ea rn ing  

extra money for completing t h e  d r i v e  and for beating a reference 

completion time. F inanc ia l  p e n a l t i e s  were imposed f o r  d r i v i n g  

more s lowly than t h e  r e f e r e n c e  time, responding i n c o r r e c t l y  t o  

road s i g n s ,  getting a speeding  t i c k e t  and f o r  having an acc iden t .  

I n  a d d i t i o n  t o  t h e  simulator cond i t ions  used i n  t h e  first s t u d y ,  

a d iv ided  a t t e n t i o n  t a s k  was inc luded  i n  which the  d r i v e r  had t o  

respond t o  s i g n a l s  by beeping t h e  horn or p r e s s i n g  t h e  dimmer 

s w i t c h  i n  a d d i t i o n  to a t t e n d i n g  t o  t h e  o t h e r  demands of t h e  

d r i v i n g  s imula to r  task .  The d a t a  were ana lysed  by a n a l y s i s  o f  

va r i ance  wi th  l e v e l s  o f  s i g n i f i c a n c e  o f  p< 0.05 wi th  p<O.1 

descr ibed  as o f  marginal  s i g n i f i c a n c e .  However, as t h e r e  were 24 

d r i v i n g  parameters s e p a r a t e l y  examined by these procedures  t h e  

Type I error rate was unacceptably high. With t h i s  criticism i n  

mind, t h e  data ind ica t ed  an increase i n  hazardous d r i v i n g  wi th  

a l coho l  w h i l s t  t h e  main effect  f o r  marijuana was to d r i v e  more 

slowly. The combined effects o f  a l coho l  and t h e  high marijuana 

dose were seen as predominantly a d d i t i v e .  With the lowes t  

marijuana dose,  evidence for  both a d d i t i o n  and some antagonism of 

the  a l coho l  effects were descr ibed .  On s e v e r a l  measures 

( i n c l u d i n g  t h e  total number of a c c i d e n t s ,  r e a c t i o n  times to s i g n s  

and i n  t h e  rewardIpenal ty  performance) a s i g n i f i c a n t  i n t e r a c t i o n  

factor was recorded when t h e  lower dose o f  marijuana when taken 

in combination with a lcohol .  The t rend  o f  t h i s  i n t e r a c t i o n  was i n  

the d i r e c t i o n  of a n  antagonism between t h e  two d r u g  effects. 
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Evidence f o r  such an antagonism between a l coho l  and marijuana has  

been repor ted  by o t h e r s  i n  laboratory-based tasks (MacAvoy and 

Marks,1976; Chesher e t  a1,1977) .  

Laboratory s t u d i e s  of s k i l l s  performance. 

The first repor t ed  s tudy  o f  t h e  e f f e c t s  o f  a l coho l  and 

marijuana i n  combination was t h a t  o f  Manno e t  a1 (1971) .  A 

within-subject  design examined s i x  dosage cond i t ions ,  employing 

two dosage cond i t ions  of a l coho l  (p lacebo  and 0.66g/kg) and three 

cond i t ions  of  smoked marijuana (placebo, 2.5 and 5mg THC).  These 

doses o f  THC were de l ive red  by marijuana con ta in ing  two times the  

amount o f  THC t o  a l low for a n  es t imated  50% loss by burning 

dur ing  smoking. Most other r e p o r t s  ( i n c l u d i n g  t h i s  one) state the  

marijuana dose i n  terms o f  t h e  THC provided i n  t h e  material t o  be 

smoked. Therefore ,  for d i rec t  comparison w i t h  o t h e r  s t u d i e s ,  the  

doses used by Manno e t  a1 were 5 and lOmg THC. Twelve hea l thy  

medical s t u d e n t s  were t h e  subjects ,  each completing t h e  tests 

under each dosage cond i t ion  i n  a randomised design. The a l coho l  

( t h e  concent ra t ion  o f  which was n o t  s t a t ed )  was consumed over a 

per iod  of 30 mins a t  which time smoking began and performance 

testing began i n  another  30 mins ( i e  1 hour after t h e  beginning 

o f  d r ink ing  and 30 mins af ter  t h e  beginning o f  smoking). The 

s u b j e c t s  were e i t h e r  na ive  to marijuana use p r i o r  t o  t h e  

experiment or were only  very  l ight  u s e r s ,  none were descr ibed  as 
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d a i l y  users. S u b j e c t ' s  d r ink ing  h i s t o r y  was n o t  repor ted .  The 

experimental  se t t ing was a two bed h o s p i t a l  ward. 

Drug e f f e c t s  on mental a c t i v i t y  were as ses sed  as a 

ve rba l  performance t a s k  us ing  delayed a u d i t o r y  feedback and motor 

performance was t e s t e d  with a p u r s u i t  meter which had four  

d i f f e r e n t  p u r s u i t  p a t t e r n s  of  i n c r e a s i n g  complexity.  The r e s u l t s  

showed t h e r e  to  be l i t t l e  d i f f e r e n c e  between t h e  degree o f  

impairment produced by t h e  two doses  o f  marijuana. Alcohol 

produced a decrement on t h e  ve rba l  t a sk  b u t  no t  on t h e  motor 

test. When g iven  i n  combination t h e  two drugs produced an 

a d d i t i v e  decrement i n  performance on both t a sks .  

A s tudy by MacAvoy and Marks ( 1 9 7 5 )  examined t h e  

effects o f  a l coho l  and THC i n  combination on a d iv ided  a t t e n t i o n  

task.  These a u t h o r s  s tud ied  32 v o l u t e e r s  and compared t h e  e f f e c t  

o f  t h e  d r u g s  on s u b j e c t s  who were na ive  to  marijuana w i t h  

experienced users (average  consumption of 3 " jo in ts"  per  week) of 

t he  drug. Marijuana users and non-users were matched f o r  age and 

educa t iona l  background. The s u b j e c t s  were no t  matched for t h e i r  

alcohol d r i n k i n g  h i s t o r y ,  b u t  i t  was found a t  the  time of 

a n a l y s i s  that t h e  marijuana users were a l s o  comparat ively heavier  

users o f  a l coho l ,  d r ink ing  an average of 43 drinks per  week t o  

t h e  non-marijuana users average o f  18 d r i n k s  p e r  week. This  

discrepancy poss ib ly  complicated t h e  v a l i d i t y  o f  t h e  group 

comparisons. 

Each s u b j e c t  rece ived ,  on s e p a r a t e  t e s t i n g  occas ions ,  

the four  dosage cond i t ions  of marijuana which were no cigarette, 
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placebo c igaret te ,  c igaret te  wi th  2.62 mg THC o r  cigarette with 

5.24 mg THC. T h e  a l c o h o l  c o n d i t i o n s  were no d r i n k ,  placebo d r i n k ,  

and two doses  which produced peak blood a l c o h o l  c o n c e n t r a t i o n s  of  

approximately 0.048 + C.002 g% and 0.096 - + 0.006 g%. _. 

The experiment r e a l l y  c o n s i s t e d  of  fou r  separate 

wi th in-subjec t  des igns ,  each u t i l i z i n g  e i g h t  v o l u n t e e r  s u b j e c t s ,  

a l l  o f  which a t t e n d e d  t h e  l a b o r a t o r y  on four experimental  days 

each approximately one week a p a r t .  Each group o f  e i g h t  v o l u n t e e r s  

comprised four  marijuana u s e r s  and fou r  matched non-users; each 

group of fou r  was made up of  two male and two females. 

Each group o f  e i g h t  r ece ived  one o f  t h e  four a l c o h o l  

doses  f o r  t h e  f o u r  t e s t i n g  occas ions  and a l l  o f  t h e  dosage 

c o n d i t i o n s  o f  marijuana. 

The d iv ided  a t t e n t i o n  t a s k  was similar t o  t h a t  used by 

Moskowitz and Sharma, (1974) and Moskowitz e t  a1 (1972). S u b j e c t s  

were r e q u i r e d  t o  a t t e n d  t o  two t a s k s ,  a c e n t r a l  l i g h t  and t o  a n  

a r r a y  o f  p e r i p h e r a l  l i g h t s .  The s u b j e c t s  were asked t o  a t t e n d  t o  

a central  b l i n k i n g  l i g h t  and t o  respond by p r e s s i n g  a bu t ton  when 

t h e r e  was a d i s c o n t i n u i t y  i n  t h e  ra te  o f  b l ink ing .  Moskowitz on 

the  o t h e r  hand, a l t e r e d  t h e  d i f f i c u l t y  of t h e  c e n t r a l  t a s k ,  

r e q u i r i n g  t h e  s u b j e c t  e i t h e r  t o  a t t e n d  only t o  a non-blinking 

c e n t r a l  l i g h t  or t o  main ta in  a count  o f  t h e  number of b l i n k s .  The 

second t a s k  r equ i r ed  t h e  s u b j e c t s  t o  p r e s s  ano the r  bu t ton  when 

they d e t e c t e d  any of t h e  l i g h t s  which were placed i n  an arc 

e i t h e r  s i d e  o f  t h e i r  v i s u a l  f i e l d .  Moskowitz r epor t ed  t h a t  t h e  

e f f ec t  of a l c o h o l  ( a l o n e )  was dependent upon t h e  demands of t h e  



18 

c e n t r a l  t ask .  Alcohol was wi thou t  effects a t  BAC under  O.l& when 

t h e  c e n t r a l  l i g h t  was no t  f l a s h i n g .  When r equ i r ed  t o  coun t  t h e  

b l i n k s ,  t h e  d e t e c t i o n  of  t h e  p e r i p h e r a l  l i g h t s  by t h e  s u b j e c t s  

was s i g n i f i c a n t l y  a f f e c t e d  a t  BAC as  low as O.OZg%. 

i n s e n s i t i v i t y  of the  MacAvoy br Marks' t a s k  t o  a l c o h o l  was 

probably due to t h e  low demands p laced  on t h e  s u b j e c t ' s  a t t e n t i o n  

to t h e  c e n t r a l  t ask .  The main a l c o h o l  effect  was a s l i g h t  

i n c r e a s e  in false alarms. Marijuana on t h e  o t h e r  hand produced a 

s i g n i f i c a n t  decrement i n  t h e  number of c o r r e c t  r e sponses  to both 

t h e  c e n t r e  and p e r i p h e r a l  signals. Th i s  f i n d i n g  was in agreement  

wi th  t h a t  of Casswell and Marks (1973) f o r  t h e  a c t i o n  o f  

mari juana to impai r  t h e  a b i l i t y  t o  d i v i d e  a t t e n t i o n  between two 

t a sks .  A di rec t  comparison o f  t h e  effects o f  a l c o h o l  and 

mari juana on t h i s  t a s k  was n o t  p o s s i b l e  i n  view of  t h e  

exper imenta l  design.  The s t u d y  of the effect o f  mari juana was a 

wi th in - sub jec t s  des ign  w h i l s t  t h a t  f o r  a l c o h o l  w a s  a 

between-subjects des ign .  Th i s  design (as well as the  n a t u r e  of  

the test  i t s e l f )  was less s e n s i t i v e  t o  t h e  effects o f  a l c o h o l  and 

more s e n s i t i v e  t o  those  of  mari juana (Winer, 1962). 

The r e l a t i v e  

The f i n d i n g s  by MacAvoy and Marks (1975) i n d i c a t e d  

t h a t  t h e  effects o f  the i n t e r a c t i o n  between mari juana and a l c o h o l  

on t h i s  t a s k  were b a s i c a l l y  a d d i t i v e ,  as the a n a l y s i s  o f  v a r i a n c e  

of  t h e  d a t a  r evea led  no s i g n i f i c a n t  i n t e r a c t i o n s .  However, two 

o t h e r  i n t e r e s t i n g  f i n d i n g s  were repor t ed .  Evidence was p resen ted  

to s u g g e s t  t h a t  amongst t h e  exper ienced  mari juana users, b u t  n o t  

amongst the  non-users, t h e  i n t e r a c t i o n  of t h i s  drug  wi th  a l c o h o l  
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may have been a n t a g o n i s t i c .  A s i g n a l  d e t e c t i o n  theory a n a l y s i s  

ind ica ted  t h a t  t h e  average s e n s i t i v i t y  o f  the  mari juana u s e r s  

a f te r  t a k i n g  marijuana a c t u a l l y  inc reased  as a func t ion  of  the  

amount of a l c o h o l  taken. This  suggested t o  t h e  a u t h o r s  t h a t  in 

t h e  c a s e  of experienced u s e r s  of mari juana,  a l c o h o l  and marijuana 

have a n t a g o n i s t i c  effects  on v i s u a l  a t t e n t i o n  funct ioning.  They 

f u r t h e r  suggested t h a t  t h i s  antagonism must have occurred a t  a 

phys io log ica l  l e v e l  and d i d  n o t  i nvo lve  voluntary  c o n t r o l  o f  

behaviour,  such as "being a b l e  t o  p u l l  one-self  t oge the r " ,  a 

f a c t o r  which has  been desc r ibed  i n  marijuana s t u d i e s  (Cappel l  and 

P l i n e r ,  1973; Casswell, 1975; Ta r t , 1971) .  

O t h e r  evidence also presented suggested a degree o f  

c ros s - to l e rance  between t h e  two drugs ,  however the  confounding 

f a c t o r s  o f  t h e  experimental  des ign  and the  d i f f e r i n g  a l c o h o l  

usage between the marijuana u s e r  and non-user groups render  

i n t e r p r e t a t i o n  d i f f i c u l t .  The a u t h o r s  conducted a second 

experiment u s i n g  a wi th in-subjec ts  design t o  r e s o l v e  t h i s  

q u e s t i o n  and summarized t h e i r  r e s u l t s  in a "Note Added i n  Proof". 

In t h i s  second experiment there was no evidence f o r  t h e  c r o s s  

t o l e r a n c e  suggested in the  first experiment,  a l though marijuana 

u s e r s  tended to b e  less impaired than non-users under a l l  drug 

cond i t ions .  Furthermore,  as wi th  t h e i r  f irst  experiment,  they 

found, amongst t h e  mari juana u s e r s ,  a t r e n d  for t h e  antagonism 

between a l c o h o l  and marijuana to  occur  a t  t h e  low doses. 

S t u d i e s  conducted for t h e  Le Dain Commission i n  Canada 

by Hansteen e t  a1 (1976)  included a l a b o r a t o r y  s tudy  of t h e  
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i n t e r a c t i v e  effects of a l c o h o l  and mari juana on a compensatory 

t r a c k i n g  t a s k  i n  t h e  l a b o r a t o r y .  The t r a c k i n g  t a s k  w a s  used w i t h  

and without  secondary t a sks .  The l a t t e r  comprised a requirement  

t h a t  t h e  s u b j e c t  respond t o  t h e  appearance o f  t h e  numbers 1 ,  2, 

o r  3 by d e p r e s s i n g  t h e  a p p r o p r i a t e  f o o t  pedal.  Twenty-two 

v o l u n t e e r s  were used and t h r e e  dosage c o n d i t i o n s  o f  a l c o h o l  

employed; placebo, and doses  to a c h i e v e  blood a l c o h o l  

concen t r a t ions  o f  0.03 and O.O7g%. Three marijuana c o n d i t i o n s  

were used; placebo and 1.6 and 6.8mg THC. A l l  drug  combinations 

were n o t  t e s t e d  b u t  s i x  o f  them were used i n  a l a t i n  squa re  

design so  t h a t  a l l  s u b j e c t s  r ece ived  a l l  t r ea tmen t  combinations. 

However, t h e  on ly  alcohol-marijuana combination was t h a t  of t h e  

two lowes t  doses  o f  each drug. T h e  r e s u l t s  i n d i c a t e d  a 

dose-dependent decrement for t h e  effect  o f  a l c o h o l  and an  e f fec t  

only f o r  t h e  h ighe r  dose of marijuana. On t h e  s imple  compensatory 

t a s k ,  t h e  effect o f  t h e  drug combination was no greater than t h a t  

of t h e  a l c o h o l  a lone.  However, when t h e  secondary t a s k  was added, 

each drug a lone  produced an impairment and the  e f f ec t  o f  t h e  

combination of t h e  two drugs was greater than t h a t  o f  e i t h e r  drug 

a l o n e ,  (presumably a n  a d d i t i v e  e f f e c t ) .  Th i s  s tudy  provides  

f u r t h e r  evidence f o r  t h e  g r e a t e r  s e n s i t i v i t y  of a t a s k  which 

invo lves  t h e  d i v i s i o n  o f  a t t e n t i o n .  

A series of  experiments t o  i n v e s t i g a t e  t h e  i n t e r a c t i v e  

effects  of  marijuana and a l c o h o l  have been conducted i n  t h e  

l a b o r a t o r i e s  of t h e  Department of Pharmacology of t h e  Univers i ty  

of Sydney (Chesher e t  a l ,  1976,1977;Belgrave e t  a1 
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1979a,1979b;Bird e t  a1 1980). All of these  s t u d i e s ,  u s i n g  

e s s e n t i a l l y  t h e  same test b a t t e r y  used t h e  same dose o f  a l coho l  

(O.54g/kg) b u t  used d i f f e r e n t  doses  o f  THC, i n  each case given as 

a capsule i n  sesame o i l ,  and taken by mouth. The doses of THC 

were given accord ing  t o  body weight ,  on the  b a s i s  of  lOmg.15mg 

and 22mg per  70 Kg providing,  i n  t h e  d i f f e r e n t  s t u d i e s ,  137, 214 

and 320 ug THC/kg. ( r e s p e c t i v e l y  Chesher e t  a1 1976; 1977; 

Belgrave e t  a1 1979a). A repea ted  measures design was used t o  

a s s e s s  any changes i n  t h e  nature of t h e  i n t e r a c t i o n  a c r o s s  time. 

The fundamental f i nd ings  o f  each s tudy  was t h a t  both drugs a r e  

capable  of  producing an impairment i n  performance on t h e  test  

b a t t e r y  and that t h e  interact ion between a l coho l  and THC was one 

of add i t ion .  There was no evidence t o  sugges t  t h a t  t he  d rug  

combination produced a n  effect which was greater than t h e  

a d d i t i o n  of t h e  effect o f  each d rug .  The e f f e c t  of t h e  i n c r e a s i n g  

doses of THC ac ross  t h e  t h r e e  experiments ind ica t ed  t h a t  a dose 

dependent e f f e c t  w a s  produced on a s e r i e s  o f  c o g n i t i v e ,  

pe rcep tua l  and motor func t ion  tests. In one experiment (Chesher  

e t  a1 1977) the re  was a sugges t ion  f o r  a n  antagonism between the  

effects of  THC and a l coho l  which occurred approximately 1 t o  3 

hours after t h e  i n g e s t i o n  o f  THC. There was no evidence f o r  such 

antagonism i n  e i t h e r  o f  t h e  o t h e r  two s t u d i e s .  

Fu r the r  s t u d i e s  i n  t h e  Sydney l a b o r a t o r i e s  examined 

the poss ib l e  i n t e r a c t i o n s  between a l c o h o l ,  THC, and cannabinoids  

o t h e r  than  THC which occur i n  t h e  marijuana p l a n t .  Data have been 

presented to  i n d i c a t e  t h a t  some o t h e r  cannabinoids ,  such a s  
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cannabid io l  (CBD) and cannabinol  ( C B N ) ,  do possess  

pharmacological a c t i v i t y  i n  experimental  animals a s  well as 

showing i n t e r a c t i v e  e f f e c t s  wi th  THC ( f o r  refs see Belgrave e t  

a l ,  1979b). I n  t h e  first of these s t u d i e s  (Belgrave e t  a l ,  

1979b1, t h e  effect  o f  cannabid io l  (320 ug/kg by mouth),  alone and 

i n  combination w i t h  a l coho l  (0.54 g /kg )  was s tudied .  The effects 

were measured before  and a t  100, 160 and 220 mins  after CBD 

i n g e s t i o n  ( 4 0 ,  100 and 140 mins af ter  t h e  beginning o f  a l c o h o l  

consumption). Alcohol produced effects cons i s t an t  wi th  those  

prev ious ly  demonstrated on t h e  t e s t  b a t t e r y .  Cannabidiol produced 

no demonstrable effects, nor  d i d  i t s  combination with a l coho l  

produce any d e t e c t a b l e  differences i n  t h e  alcohol-induced 

performance impairment or i n  t h e  mood e f f e c t s  o f  a lcohol .  A 

second, larger s tudy  ( B i r d  e t  a l ,  1980) was designed to examine 

the i n t e r a c t i o n s  between a l l  o f  t h e  p o s s i b l e  combinations o f  

a l c o h o l ,  THC, CBD and CBN, a l l  given by mouth. For t h i s  

experiment a between-subject d e s i g n  was employed, u s i n g  a t o t a l  

o f  161 vo lunteers ,  each being used only  once. Both a l c o h o l  and 

THC when g iven  a lone  produced s i g n i f i c a n t  decrements i n  

performance on t h e  test  ba t t e ry .  There was no sugges t ion  o f  

sys t ema t i c  effects involv ing  CBD or CBN, e i t h e r  a lone  or i n  

combination wi th  a l coho l  or THC. The d a t a  were t h e r e f o r e  

descr ibed  i n  terms o f  a model which r e f e r r e d  o n l y  t o  t h e  e f f e c t s  

of  a l coho l  and THC. S i g n i f i c a n t  impairment on t h e  t es t  b a t t e r y  

was demonstrated for both a l coho l  and THC. The combined e f f e c t s  

of t h e  two d r u g s  were greater than those  o f  e i t he r  drug  given 
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a lone ,  an  e f f e c t  which was descibed i n  terms of  an  a d d i t i v e  

model. There was no s t a t i s t i c a l  evidence f o r  an  i n t e r a c t i o n .  

The e f f e c t  o f  a l c o h o l  and mari juana on mood states 

As can be seen  from t h e  above, t h e  major emphasis i n  

s t u d i e s  o f  t he  e f f e c t s  of  mari juana and a l c o h o l  has  been on 

measures of  s k i l l s  performance. However, it h a s  been poin ted  o u t  

by Naatanen and Summala (1976) t h a t  d e s p i t e  the  f a c t  t h a t  d r i v i n g  

is unquest ionably a perceptual-motor t a s k ,  t he  l e v e l  of 

perceptual-motor s k i l l s  possessed by d r i v e r s  does  no t  c o r r e l a t e  

well w i t h  t h e  p r o b a b i l i t y  o f  being involved i n  a road crash. They 

propose t h a t  t h e  demands of t he  d r i v e r s  t a s k  are more a func t ion  

o f  the  d r i v e r ' s  choice  than the  c h a r a c t e r i s t i c s  of  the  task 

i tself .  Therefore ,  i f  drugs  can e x e r t  effects on t h e  d r i v e r ' s  

mood and mot iva t ion ,  they could a l s o  i n f l u e n c e  d r i v i n g  behaviour.  

Evidence to suppor t  t h i s  con ten t ion  h a s  been o u t l i n e d  i n  the  

s t u d i e s  descr ibed  above. For example, i n  on-course d r i v i n g  o r  i n  

a s i m u l a t o r ,  a l coho l  has  been descr ibed  a s  i n c r e a s i n g  t h e  d r i v i n g  

speed and increasing r i sk - t ak ing  behaviour.  Marijuana on t h e  

o t h e r  hand has  been demonstrated t o  decrease  d r i v i n g  speed and t o  

decrease r i sk - t ak ing  behaviour (Casswe11,1977; S t e i n  e t  a 1  1983; 

Smiley e t  a1 1981; Dot t  1972).  Drug-induced changes i n  t h e  

mot iva t iona l  a s p e c t  of d r i v i n g  performance must be a s s e s s a b l e  by 
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psychological methods and it is surprising that so little 

emphasis has been given to this area of research. Alcohol-induced 

changes in mood, including alcohol induced aggressive behaviour 

is well documented in most textbooks of pharmacology (eg Ritchie, 

in Goodman and Gilman (1980). Similarly, the effects of  marijuana 

on human mood has received close attention (Tart, 1971; Jasinski 

et a1 1971;Salzman et al, 1974). However, these mood effects do 

not appear to have been considered in the context of driving 

behavlour. Nor has attention been directed to the study of the 

effect on mood of the combination of alcohol and marijuana. 
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A. Non-repeated measures: d e s c r i p t o r s  of  t h e  v o l u n t e e r  

populat ion.  

(i) Eysenck P e r s o n a l i t y  Q u e s t i o n n a i r e  

(Although these data were 

c o l l e c t e d  they have n o t  been incorpora ted  i n  t h e  p r e s e n t  

a n a l y s i s ) .  

( ii) Drug-taking h i s t o r y  q u e s t i o n n a i r e  (see 

Appendix 1 )  

(iii) A t t i t u d e s  towards a l c o h o l  and 

mari juana (see Appendj.x 1 ) 

( i v )  Age, sex ,  weight and occupation. 

B. Repeated measures. ( i e  c o l l e c t e d  on each t e s t i n g  

occasion)  

( i)  Mood measures: (see Appendix 1 )  

I n  a d d i t i o n  t o  the measurement of 

the effects on s k i l l s  performance, i t  i s  impor tan t  to  determine 

t h e  a b i l i t y  of t h e  i n d i v i d u a l  t o  assess the  degree of s u b j e c t i v e  

i n t o x i c a t i o n  produced by t h e  drug. T h i s  a b i l i t y  also relates to  
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t h e  awareness by the  i n t o x i c a t e d  d r i v e r  o f  the e x t e n t  o f  the  

drug-induced impairment. Also one o f  t he  purposes o f  t h e  present 

i n v e s t i g a t i o n  is to examine similarities and differences i n  the  

effects produced by a l c o h o l  and marijuana on t h e  s u b j e c t i v e  moods 

o f  t h e  drug use r s .  Sub jec t s  i n d i c a t e d  the  s t a t u s  o f  t h e i r  mood, 

o r  t he  degree o f  t h e i r  i n t o x i c a t i o n  a t  the  time of t e s t i n g  by 

p l ac ing  a mark on the h o r i z o n t a l  scale, where t h e i r  p re sen t  mood 

f i t t e d  wi th in  the  po le s  o f  t h e  moods descr ibed by the a d j e c t i v e s  

a t  e i ther  end o f  t he  l i n e .  The responses  were q u a n t i f i e d  by 

measuring the d i s t a n c e  i n  centimetres of t h e  s u b j e c t s  mark from 

t h e  l e f t  po le  o f  t he  h o r i z o n t a l  l i n e .  

The fo l lowing  mood scales were designed t o  c o l l e c t  in format ion  

on these s u b j e c t i v e  effects o f  the  drugs  both a l o n e  and i n  

combination. 

(a )  h o r i z o n t a l  analogue scales as 

descr ibed  by Ashton e t  a 1  (1978) were used t o  describe the  

dimensions o f  " tension",  " a l e r t n e s s " ,  "depression",  "detachment" 

and "anxiety". An a d d i t i o n a l  scale t o  determine o v e r a l l  

" f ee l ings"  was a l s o  used. 

Sub jec t s  completed these scales be fo re  t h e  admin i s t r a t ion  o f  

the drugs and on t h e  two test occas ions  af ter  t h e  drugs had been 

taken (T2 and T3, see below) 
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measure the  i n t e n  i t y  

( b )  h o r i z o n t a l  analogue scales to  

f drug e f fec ts  and t h e  s u b j e c t s  a b i l i t y  t o  

d i s t i n g u i s h  between the  effects of mari juana and alcohol were 

presented be fo re  t h e  two post-drug t e s t i n g  times. 

To assess the  i n t e n s i t y  of  drug effects  three scales were used. 

S c a l e  1 was in t ended  t o  assess t h e  s p e c i f i c  e f f e c t  a t t r i b u t e d  t o  

each drug and f o r  t h i s  purpose t h e  "stone" o r  "drunk" scales were 

used. The s u b j e c t  was asked t o  i n d i c a t e  the  degree of 

i n t o x i c a t i o n  by p l a c i n g  a mark on a h o r i z o n t a l  l i n e  w i t h i n  t h e  

extremes o f  "abso lu te ly  s t ra ight"  or a b s o l u t e l y  sober" to  "as 

drunk ( o r  ' s t o n e d ' )  as I have e v e r  been. S c a l e  2 was intended t o  

assess t h e  o v e r a l l  degree o f  i n t o x i c a t i o n  due t o  t h e  drug 

combination. For t h i s  " o v e r a l l  a f f e c t e d  scale the extremes were 

"abso lu te ly  unaffected" to "extremely affected". The t h i r d  scale 

asked s u b j e c t s  t o  ra te  t h e  e f fec t  o f  t h e  drugs taken w i t h  t h e  

extremes be ing  "not enough" t o  " too  much" affected. 

Q u e s t i o n s  concerning t h e  awareness of drug-induced 

impairment o f  d r i v i n g  s k i l l s  were p resen ted  i n  t h e  format of a 

analogue scales. Two q u e s t i o n s  were a s k e d ,  t h e  first was "As you 

feel  R I G H T  NOW, how s a f e l y  could you d r i v e  a car?" and t h e  

extremes were "abso lu te ly  c e r t a i n  I COULD NOT d r i v e  s a f e l y "  and 

"abso lu te ly  c e r t a i n  I COULD d r i v e  sa fe ly" .  The second d r i v i n g  

re la ted q u e s t i o n  which r equ i r ed  a YES o r  NO answer was "Would you 

d r i v e  a car as you are f e e l i n g  now?". 
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(ii) Physiological/pharmacological 

measures : 

( a )  Blood a l c o h o l  concen t r a t ion  

was recorded by means o f  a Draeger 7010 b r e a t h a n a l y s i s  e v i d e n t i a l  

apparatus .  Determinations were recorded upon a r r iva l  a t  t h e  

l a b o r a t o r y  and immediately be fo re  t h e  beginning of each r e p e a t  of 

t he  performance measures on t h e  tes t  b a t t e r y  after drug 

consumption (see below, Procedure) .  

(b) Heart rate was recorded from 

t h e  r a d i a l  p u l s e  w i t h i n  t h i r t y  minutes of a r r iva l  a t  t h e  

l a b o r a t o r y  and again immediately before  t h e  beginning of each 

t e s t i n g  time on t h e  b a t t e r y  o f  performance tests. 

(iii) The performance measures. 

A l l  tests were p resen ted  by 

microcomputer (Apple / / e )  and d a t a  c o l l e c t e d  and s t o r e d  on floppy 

d isk .  A b r i e f  d e s c r i p t i o n  of each test i s  g iven  below. 

( a )  Simple r e a c t i o n  time. The 

s u b j e c t  i s  r e q u i r e d  to  p r e s s  a bu t ton  as q u i c k l y  as p o s s i b l e  

whenever a n  "X" appea r s  on the screen of a v i s u a l  d i s p l a y  u n i t  

(VDU) .  The s igna l  "X" appea r s  w i t h i n  a "box" approx. 30 cm squa re  
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which is con t i cuous ly  d i sp layed  d u r i n g  the test. Two v e r s i o n s  o f  

t h e  test were used d i f f e r i n g  o n l y  i n  t h e  i n t e r v a l  between each 

s t i m u l u s .  The "regular" s t i m u l u s  p r e s e n t a t i o n  c o n s i s t e d  o f  50 

s t i m u l i  which appeared a t  a r e g u l a r  r a t e  o f  abou t  one pe r  two 

seconds; t h e  irregular v e r s i o n  p resen ted  twenty s t i m u l i  which 

appeared a t  random i n t e r v a l s  w i t h  a n  average of a b o u t  15sec. 

( b )  Choice reaction time. A series 

of d i s t i n c t  s t imu l i  are presented on t h e  VDU a t  4 second 

i n t e r v a l s .  The s u b j e c t  i s  requ i r ed  to p r e s s ,  as q u i c k l y  as 

p o s s i b l e ,  t h e  a p p r o p r i a t e  key i n  accordance w i t h  a rule which h a s  

p rev ious ly  been d i sp layed  on t h e  screen. Two degrees  of 

d i f f i c u l t y  were employed. F i r s t ,  t h e  st imulus-response 

c o m p a t i b i l i t y  was high; i e  t h e  r u l e  i s  d i sp layed  on t h e  VDU t h r e e  

times d u r i n g  t h e  t r i a l  a s  follows:- 

NEW RULE: IF YOU SEE A 1 2 3 4 

THEN PRESS A 1 2 3 4 

The s t i m u l i  are d i g i t s  between 1 and 4 (which appear  

i n  a "box" approx. 30 cm square which i s  cont inuous ly  d i sp layed  

du r ing  t h e  test)  and the  response i s  t o  p r e s s  t h e  a p p r o p r i a t e  

bu t ton  l a b e l l e d  1 t o  4 on t h e  s u b j e c t  keyboard. For each response 

the  r e a c t i o n  time i s  s e p a r a t e l y  recorded f o r  correct a n d  

i n c o r r e c t  responses .  Missed responses  are a l s o  recorded. T h i r t y  

s t imu l i  were presented. 

The second degree  o f  d i f f i c u l t y  of t h e  t a s k  i s  where 
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the  s t imulus-response r e l a t i o n s h i p  is incompatible .  For example, 

t h e  rule ,  which is disp layed  t h r e e  times dur ing  t h e  t r i a l ,  may 

indicate: - 
NEW RULE: I F  YOU SEE A 3 0 5 2 

THEN PRESS A 1 2 3 II 

The ru le  f o r  t h e  low c o m p a t i b i l i t y  cond i t ion  changes 

between testing occas ions  ( r e p e a t s )  b u t  remains the  same for  each 

repea t .  T h i r t y  s t i m u l i  wi th  t h e  incompat ib le  r u l e  a r e  presented  

a t  each repea t .  React ion times f o r  both c o r r e c t  and i n c o r r e c t  

responses  are recorded as well as t h e  number of c o r r e c t ,  

incorrect and missed responses .  To c o n t r o l  f o r  t h e  p o s s i b i l i t y  

t h a t  some low c o m p a t i b i l i t y  r u l e s  might b e  more d i f f i c u l t  than  

o t h e r s  t h e  presentations o f  r u l e s  a r e  d i s t r i b u t e d  such t h a t  each 

v a r i a n t  o f  t h e  incompatible  r u l e  is randomly d i s t r i b u t e d  between 

a l l  s u b j e c t s  i n  a l l  groups. 

(c )  The " L i t t l e  men" test. This  

test is a mental  r o t a t i o n  t a s k  and is a test  of  s p a t i a l  

a b i l i t i e s .  The responses  are a l s o  t imed, and as the  s u b j e c t s  were 

asked t o  respond as qu ick ly  as p o s s i b l e  wi thout  making a mistake 

the  task is a l s o  a measure of r e a c t i o n  time. 

For each i t e m  a p a i r  of  car toon- l ike  s t i c k  "men" 

appear  on t h e  monitor ,  each hold ing  a b a l l  i n  one of  t h e i r  hands. 

Each l i t t l e  man may b e  presented  as f a c i n g  towards or away from 

the  observer  and may be o r i e n t e d  a t  v a r i o u s  a n g l e s  ( i e  on h i s  
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whether the  l i t t l e  men are hold ing  t h e  b a l l  i n  t h e  same or 

d i f f e r e n t  hands. This  i s  done by p r e s s i n g  as qu ick ly  as p o s s i b l e  

a YES or a NO bu t ton  on the  keyboard. The r e a c t i o n  t imes for both 

c o r r e c t  and i n c o r r e c t  responses  are recorded and t h e  percentage 

o f  correct responses  ca l cu la t ed .  This  t e s t  has a t imed du ra t ion  

o f  7 minutes dur ing  which, accord ing  t o  t h e  mental p rocess ing  

speed o f  t h e  s u b j e c t  would r e s u l t  i n  t h e  p r e s e n t a t i o n  of between 

200 t o  300 s t i m u l i .  

( d )  P u r s u i t  t r a c k i n g  task.  A p a i r  of 

b racke t s  move from l e f t  to  r i g h t  across t h e  VDU i n  a random 

fashion. The subject  is requ i r ed  by means of a small " s t e e r i n g  

wheel" knob (4cm diam) to main ta in  a "car"  wi th in  the  bracke ts .  

T h i s  t e s t  h a s  a timed dura t ion  of 7 mins. 

(e)  Forward d i g i t  span. A test o f  

s h o r t  term memory. A series of  d i g i t s  appear  on t h e  screen, one 

a t  a time. A t  t h e  end of a series t h e  s u b j e c t  i s  requ i r ed  to key 

i n  the  d i g i t s  in the same o r d e r  a s  t h e y  appeared on the  screen .  

If the  s u b j e c t  responds c o r r e c t l y ,  t h e  next  series w i l l  be one 

d i g i t  longer; if an i n c o r r e c t  response  is given t h e  n e x t  series 

w i l l  be one d i g i t  s h o r t e r  i n  length .  
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RATIONALE FOR THE TEST SELECTION AND DESIGN 

The t es t  b a t t e r y  was designed t o  satisfy a number of  separate 

aims. 

A. The tests were s e l e c t e d  to  span a v a r i e t y  o f  

a b i l i  t y  domains: - 
(i) React ion time ( tes ts  a ,  b and c )  

(ii) Visio-motor co-ordinat ion ( t e s t  d )  

(iii) S h o r t  term memory ( t e s t  e )  

( i v )  S p a t i a l  a b i l i t y  ( t e s t  c )  

Note, t a s k s  ( a ) , ( b )  and !c) are e s s e n t i a l l y  measures 

of r e a c t i o n  time wi th  an i n c r e a s i n g  demand on t h e  mental  

p rocess ing  and c o g n i t i v e  func t ions .  The s u b j e c t s  were i n s t r u c t e d  

to perform the  t a s k s  as qu ick ly  as p o s s i b l e  wi thout  making any 

mistakes.  As the  degree o f  demand on c o g n i t i v e  processes  

increases, so also does t h e  r e a c t i o n  time as well as the  

i n c l i n a t i o n  o f  the  s u b j e c t  t o  make a "speed-accuracy trade-off". 

T h i s  measure may be cons idered  as a n  index o f  " r i sk- tak ing"  

behaviour. 

B. Whils t  alcohol,  i n  adequate  dosage can  be shown t o  

adverse ly  affect  a number o f  a s p e c t s  o f  s k i l l s  performance, t he  

func t ions  most s e n s i t i v e  t o  t h e  drug  are those  which involve  some 

degree of c e n t r a l  information processing.  The tests presented  i n  
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t h i s  s tudy  are designed s o  t h a t  w i t h i n  each test as w e l l  as 

a c r o s s  t h e  t e s t  b a t t e r y  t h e  complexity o f  t h e  items are 

s y s t e m a t i c a l l y  v a r i e d .  T h i s  should enab le  a n  a c c u r a t e  comparison 

of t h e  e x t e n t  t o  which the two drugs w i l l  follow t h e  same p a t t e r n  

w i t h  r e s p e c t  t o  t h e  changing l o a d s  on information processing.  

C.  Although there have been few s t u d i e s  t o  

q u a l i t a t i v e l y  compare t h e  effects  on  human s k i l l s  performance o f  

a l c o h o l  a n d  mari juana,  evidence c u r r e n t l y  a v a i l a b l e  s u g g e s t s  some 

d i f f e r e n c e s  between t h e  drugs.  As i n d i c a t e d  above, t h e  effects o f  

a l c o h o l  i nvo lve  a s lowing o f  information processing.  It seems 

t h a t  an  e f f ec t  of mari juana i s  more a s s o c i a t e d  w i t h  a t t e n t i o n a l  

d i s t r a c t i o n .  Furthermore,  w h i l s t  the  r o l e  o f  a l c o h o l  i n  

r i s k - t a k i n g  behaviour has been wel l  documented i t  seems t h a t  

mari:uana has  n o t  been shown t o  i n c r e a s e  r i sk - t ak ing ,  b u t  r a t h e r  

t o  produce a more c a u t i o u s  a t t i t u d e ,  a t  least  on a n  o v e r t a k i n g  

t a sk  presented on a d r i v i n g  s i m u l a t o r  ( D o t t  1972). Tests i n  t h e  

p r e s e n t  b a t t e r y  should be s e n s i t i v e  t o  a t t e n t i o n a l  d e f i c i t s ,  and 

as i n d i c a t e d  above, a speed-accuracy t rade-off  should be e v i d e n t  

i n  the  “ l i t t l e  men” test and t h e  cho ice  r e a c t i o n  t i n e  t a s k s  when 

t h e  r e a c t i o n  times and t h e  percentage o f  e r r o r s  are examined. 
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THE DRUGS. 

A. Alcohol. Ethanol  a b s o l u t e  was d i l u t e d  t o  contain 

15% ( v l v )  e t h a n o l  w i t h  orange j u i c e  t o  which 0.2 m l  peppermint 

o i l  had been added to mask t h e  aroma and tas te  of t h e  a l coho l .  

The placebo beverage contained on ly  orange ju ice  w i t h  2.0 m l  

concentrated peppermint water (as peppermint o i l  is i n s o l u b l e  i n  

water). Approximately 0.5011 e t h a n o l  was f l o a t e d  on t o p  of t h e  

placebo beverage j u s t  b e f o r e  serving t o  t h e  s u b j e c t .  A l l  

beverages ( a l l  doses)  were served c h i l l e d .  The doses  adminis te red  

were 0 (p l acebo) ,  0.25, 0.5 and 0.75 grammes e t h a n o l  per  Kilogram 

body weight. The doses  g iven  t o  female v o l u n t e e r s  were 0.92 X t h e  

male dose,  a conversion factor which was de r ived  from previous 

s t u d i e s  (Martin,  personal  communication) t o  correct f o r  

male-female d i f f e r e n c e s  i n  a d i p o s i t y ,  body weight  and body water. 

The a l c o h o l  was consumed a t  a regular rate ove r  a pe r iod  of 

twenty minutes. To f ac i l i t a t e  t h e  r e g u l a r  ra te  of consumption o f  

e t h a n o l ,  t h e  volume to be consumed by each s u b j e c t  was p resen ted  

t o  them i n  two equal  p o r t i o n s ,  each p o r t i o n  t o  be consumed over  a 

t en  m i n u t e  per iod.  The second p o r t i o n  was d i s t r i b u t e d  t e n  minutes 

after t h e  first. 

B. Marijuana. Marijuana leaf s u p p l i e d  by The Na t iona l  

I n s t i t u t e  on  Drug Abuse ( N . I . D . A . )  Department o f  Heal th  and Human 
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S e r v i c e s  U.S.A. was used and the  doses  o f  te t rahydrocannahinol  

fTHC) adminis te red  were 0 ( p l a c e b o ) ,  2.5, 5.0, 10.0 mg. There 

was no a t t e m p t  t o  a d j u s t  the  dosage accord ing  t o  body weight.  

S u b j e c t s  were provided wi th  t h e  same weight  o f  marijuana leaf  

(approx 400mg1, a l l  samples were blended wi th  placebo leaf to 

minimise t h e  d i f f e r e n c e s  i n  appearance between samples. S u b j e c t s  

were reques t ed  t o  smoke t h e  g iven  q u a n t i t y  o f  marijuana leaf as 

they wished, w i t h  t h e  o n l y  r e s t r i c t i o n s  t h a t  the  measured weight  

o f  marijuana provided should he smoked w i t h i n  f i f t e e n  minutes and 

t h a t  t h e  cone of  t h e  water p i p e  should be packed such t h a t  each 

could b e  smoked w i t h  one i n h a l a t i o n .  Smoking began f i v e  minutes 

a f te r  d r i n k i n g  had f in i shed .  

PROCEDURE 

1 .  The e n l i s t m e n t  o f  t h e  v o l u n t e e r  populat ion.  

Only s u b j e c t s  ove r  18 y e a r s  of age and non-naive t o  

marijuana were used. Volunteers  were e n l i s t e d  by adver t i sements  

on Sydney radio s t a t i o n s  2MMM and 2JJ J .  The adve r t i s emen t s ,  

i n fo rma l ly  d e l i v e r e d  by the  announcer-on-duty i n d i c a t e d  t h a t  t h e  

experiment involved t h e  s t u d y  of  t h e  effects of a l c o h o l  and 

mari juana when taken t o g e t h e r  on v a r i o u s  l a b o r a t o r y  t a s k s  o f  

s k i l l s  related t o  t h o s e  r e q u i r e d  for d r i v i n g  a motor car. T h e  

respondents  i n d i c a t e d  t h e i r  i n t e r e s t  i n  smoking free mari juana 



l e g a l l y  and most were i n t e r e s t e d  in t h e  purpose of t h e  s tudy  and 

were eager to  see t h e  r e s u l t s  o f  t h e i r  performance tests. A 

p a r t i c u l a r  e f f o r t  was made t o  i n t e r e s t  each vo lun tee r  in t h e  

experiment and a l l  were t o l d  t h a t  t he  s tudy  was being conducted 

a t  t h e  r e q u e s t  o f  t h e  Aus t r a l i an  Government. Sub jec t s  were n o t  

given informat ion  about  t he  doses  o f  t h e  drugs  which were t o  be 

used b u t  were t o l d  "I want you to  spend t h e  day knowing noth ing  

about  how much o f  each drug you received.  I n  t h a t  way we w i l l  get  

a measure o f  how a f f e c t e d  you r e a l l y  a r e  and n o t  a measure o f  how 

a f f e c t e d  you expec t  you ought t o  be. A t  t h e  end of t h e  day you 

will be t o l d  exact ly  how much o f  each drug  you received".  The 

dec i s ion  t o  i n s t r u c t  t h e  v o l u n t e e r s  i n  t h i s  manner was taken 

a f t e r  t h e  p i l o t  s tudy  when t h e  complete 4 X 4 des ign  was 

explained be fo re  t h e  experiment began. With t h i s  information t h e  

s u b j e c t s  tended t o  compare one with  t h e  o t h e r  t h e i r  assessment o f  

i n t o x i c a t i o n  w i t h  t h e i r  knowledge of  the  doses  of each drug in 

t he  s tudy  and t o  spend too much e f f o r t  on t h i s  s u b j e c t i v e  

eva lua t ion .  It was our b e l i e f  t h a t  t h i s  knowledge produced a 

degree of s u b j e c t i v e  b i a s  which could have produced a n  a d d i t i o n a l  

v a r i a b l e  to t h e  s tudy.  

2. The procedure each experimental  day 

Sub jec t s  were reques ted  t o  a r r i v e  a t  the  l a b o r a t o r y  a t  

9.00am having consumed a l i g h t ,  non-fa t ty  b reak fas t .  On a r r i v a l ,  

s u b j e c t s  were weighed and "breathalyzed" and g iven  a d e s c r i p t i o n  
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of each o f  t h e  computer-based tes ts .  After a p u l s e  ra te  had been 

recorded each s u b j e c t  completed t h e  f u l l  t e s t  b a t t e r y  (TO) .  A t  

t he  completion of t h i s  r e p e a t ,  t h e  mood scales,  Eysenck 

P e r s o n a l i t y  Q u e s t i o n n a i r e  and t h e  pe r sona l  drug-taking h i s t o r y  

and a t t i t u d e  q u e s t i o n n a i r e s  were completed. A second ( T 1 )  r e p e a t  

of t h e  performance b a t t e r y  was then completed, and t h e s e  d a t a  

c o n s t i t u t e d  t h e  base- l ine d a t a  f o r  t h e  pre-drug measures. On t h e  

completion of T 1  s u b j e c t s  were provided wi th  t h e  a l c o h o l  ( o r  

placebo: d r i n k s  which were consumed ove r  a pe r iod  o f  twenty 

minutes as desc r ibed  above. F i v e  minutes after t h e  a l c o h o l  

beverage had been consumed, smoking o f  t h e  marijuana leaf began. 

T h i s  was smoked a s  i n d i c a t e d  above. F i f t e e n  minutes a f t e r  smoking 

had begun, p u l s e  ra tes  and blood a l c o h o l  concentrations were 

determined, t h e  mood scales were completed and t h e  f<rst 

post-drug r e p e a t  (T2) of t h e  t e s t  b a t t e r y  was commenced. A t  t h e  

completion of T2 a l i g h t  lunch of bread,  cheese ,  tomato and 

decaffeinated coffee was provided. Two and a h a l f  hours  a f t e r  t h e  

beginning o f  t h e  T2 performance measures t h e  f i n a l  T3 r e p e a t  o f  

t h e  test b a t t e r y  was commenced. Th i s  was preceded by t h e  

c o l l e c t i o n  of d a t a  from t h e  mood scales, t h e  p u l s e  rate,  blood 

a l c o h o l  concen t r a t ion .  A t  t h e  completion of T3,  a l l  s u b j e c t s  were 

"breathalyzed" again and were r e l e a s e d  from t h e  l a b o r a t o r y  if and 

when t h e i r  BAC was less  than  0.04&. 

The a l l o c a t i o n  of t h e  dosage of both drugs and t h e  

o r d e r  o f  p r e s e n t a t i o n  o f  t h e  tests w i t h i n  t h e  tes t  b a t t e r y  was 



effected by means o f  a previously prepared table ( see  Appendix 

2). The subjects were allocated a number sequentially according 

to the time of arrival a t  the laboratory. 

A description of the population of volunteers is  given 

under Results. 
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DATA ANALYSIS 

Pre l iminary  remarks.  

The experiment  i s  a three f a c t o r  des ign  wi th  repea ted  measures on 

the  l a s t  f a c t o r  (time o f  t e s t i n g ) .  The f a c t o r s  are:- 

A. Alcohol dosage 

a1  t o  a 4  f o r  t h e  four  dosage c o n d i t i o n s  

B. Marijuana dosage 

b l  t o  b4 f o r  t he  four  dosage c o n d i t i o n s  

C Time o f  t e s t i n g  

t l  t o  t3  for t h e  t e s t i n g  occas ions  

Note i n  t h e  a n a l y s i s  presented  i n  t h i s  r e p o r t  on ly  t h e  - 
d i f f e r e n c e  between t e s t i n g  occas ions  T1 and T2 ( i e  "change 

sco res" )  have been examined. This  r e p r e s e n t s  t h e  reponses  be fo re  

and after d rug  t ak ing ,  w i t h  TZ r e p r e s e n t i n g  as near  a s  p o s s i b l e  

ta t h e  peak of  t h e  effects of  both drugs.  

The experimental  des ign  f o r  dosage groups is shown i n  

Table 1 (p.6).  
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The informat ion  sought  

1 .  Is t h e  drug  exert ing an e f f e c t ?  

A b a s i c  p r i n c i p l e  i n  pharmacology is t h a t  

most ( i f  n o t  a l l )  drugs e x e r t  e f f e c t s  t h a t  are graded. That i s  to 

s a y  t ha t  as w e  i n c r e a s e  t h e  dose taken so t h e  effect  produced by 

t h e  drug is inc reased .  I n  t h i s  s tudy  the  term "drug e f f e c t "  is 

def ined  a s  a dose-dependent change i n  t h e  s u b j e c t s '  a b i l i t i e s  o r  

moods between tes t ing t imes  before  ( T 1 )  and a f t e r  (T2) the  drugs 

had been taken. These effects have been examined i n  t h i s  s tudy  by 

the  c o n t r a s t s  (comparisons) C1  and C2 descr ibed  below. They 

examine t h e  e f f e c t s  o f  a l coho l  i n  t h e  presence  o f  t h e  various 

doses o f  mari juana,  i n c l u d i n g  t h e  ze ro  marijuana (p l acebo)  

cond i t ion .  These da t a  are descr ibed  as "a lcohol  e f f e c t s " .  The 

effects o f  mari juana i n  t h e  presence of t h e  v a r i o u s  doses  of  

a l coho l  may s i m i l a r l y  be descr ibed  and termed t h e  "marijuana 

e f f e c t s " .  

2. What i s  t h e  e f f e c t  o f  one drug upon t h e  o t h e r ?  

The prime purpose of t h e  s tudy  is to examine 

t h e  e f f e c t s  o f  t h e  drugs i n  combination. I n  t h i s  r e p o r t  t h e  d a t a  

which d e s c r i b e  the  drug combinations are expressed ( eg. i n  t h e  

F igures  1 t o  8) as t h e  effect o f  t h e  d i f f e r e n t  doses  o f  mari juana 
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when taken i n  combination with a l coho l .  

3. What i s  t h e  n a t u r e  o f  t he  i n t e r a c t i o n  between t h e s e  

drugs? 

Is t h e  combination o f  a l c o h o l  and marijuana 

a d d i t i v e ,  sup ra -add i t ive  or a n t a g o n i s t i c ? *  These q u e s t i o n s  are 

addressed by t h e  in te rac t ion  c o n t r a s t  a n a l y s i s  (C3) desc r ibed  

below. 

4. I n  t h e  doses used and with t h e  p r e s e n t  t e s t  

b a t t e r y ,  are t h e  effects produced by a l c o h o l  greater or l e s s  than 

those produced by marijuana? 

T h i s  q u e s t i o n  i s  addressed by t h e  

"d i f f e rence"  contrast  (C4) desc r ibed  below. 

............................................................. 
*Footote: Addi t ive  i m p l i e s  t h a t  t h e  effects of  t h e  drugs i n  
combination are as would be expected by s imple a d d i t i o n ;  eg 1 + 
1= 2. Supra-addi t ive i m p l i e s  t h a t  t h e  e f fec t  o f  t h e  drug 
combination is  greater than one would e x p e c t  from the  s imple  
a d d i t i o n  o f  drug  effects;  eg 1 + 1 = 3 .  Antagonistic i m p l i e s  t h a t  
t h e  effects o f  t h e  drug  combination is less t h a n  one would expec t  
from t h e  s imple  a d d i t i o n  o f  drug e f fec ts ;  eg 1 + 1 = 0.1. 



The a n a l y s i s .  

F i r s t ,  f o r  each performance measure, and f o r  each 

s u b j e c t ,  "change scores"  were ca l cu la t ed .  The "change scores"  are 

the  change in t h e  performance measure a f t e r  t ak ing  the  drug .  

These were c a l c u l a t e d  by s u b t r a c t i n g  the  s c o r e  a f t e r  (T2) from 

the s c o r e  be fo re  the  drug  (Tl). These were then s t anda rd ized  by  

d i v i d i n g  each by the  s tandard d e v i a t i o n  o f  s c o r e s  in the  double 

placebo condi t ion .  Thus f o r  each measure t h e  magnitude of t h e  

s tandard ized  change s c o r e s  a r e  r e l a t i v e  t o  the  ' n a t u r a l '  e x t e n t  

o f  v a r i a t i o n  in t h a t  measure. A l l  subsequent  measures were 

performed on these s tandard ized  change sco res .  

Also, composite v a r i a b l e s  were c a l c u l a t e d  by combining 

the 2-scores o f  a s e l e c t i o n  o f  t h e  performance measures ( the 

g l o b a l  means and s tandard  d e v i a t i o n s  were used i n  t h e  c a l c u l a t i o n  

o f  the  2 s c o r e s ) .  The composite ( c e n t r o i d )  may provide a n  

i n d i c a t i o n  o f  t he  effects o f  t h e  drugs on t he  test b a t t e r y  as a 

whole. The performance measures from which the  composite 

( c e n t r o i d )  was de r ived  are descr ibed  i n  Table 12. I n  a l l  s i x t e e n  

measures were used f o r  t he  de te rmina t ion  of  t h e  cen t ro id .  The 

signs o f  the  accuracy s c o r e s  were reversed  so t h a t  more p o s i t i v e  

va lues  represented  a d e c l i n e  o f  the  performance measures. 

Reaction time s c o r e s  remained unchanged. 

For each performance measure and f o r  t h e  composite,  
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t h e  fol lowing group-contrasts  were ca l cu la t ed .  Also each was 

s t a t i s t i c a l l y  t e s t e d  a g a i n s t  t h e  n u l l  hypothes is  t h a t  the 

c o n t r a s t  was equal  to zero .  

1. C1 = C ( a l coho l  l i n e a r ) .  The l i n e a r  t rend  c o n t r a s t  

a c r o s s  groups o f  i n c r e a s i n g  a l coho l  doses.  

2. C2 z C (THC l inear ) .  The l i n e a r  t r end  a c r o s s  groups 

of i n c r e a s i n g  THC doses.  

3. C3 = C ( a l coho l  l i n e a r  X THC l i n e a r ) .  The 

i n t e r a c t i o n  c o n t r a s t  between t h e  above two a l coho l  and THC l i n e a r  

t rend group c o n t r a s t s .  

4. C4 = C (alcohol l i n e a r  - THC l inear ) .  The 

d i f f e r e n c e  c o n t r a s t  between t h e  above two a l c o h o l  and THC 

l i n e a r  t rend  group c o n t r a s t s  ( i e  C1 and  C2). 

The c o n t r a s t  c o e f f i c i e n t s  for the  above four  group 

c o n t r a s t s  (Cl,CZ,C3,C4) are given i n  t h e  Table 2. The e r r o r  term 

for s t a t i s t i c a l  tests was the  wi th in-ce l l  va r i ance  ( t h i s  was 

c a l c u l a t e d  w i t h  both "pooled" and "non-pooled" estimates). 
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TABLE 2 

------ 
DOSAGE 
GROUP 

------ 
1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 

a 

------, 

TABLE OF CONTRAST COEFFICIENTS 

-3 -3 9 0 
-3 -1 3 -2 
-3 1 -3 -4 
-3 3 -9 -6 
-1 -3 3 2 
-1 -1 1 0 
-1 1 -1 -2 
-1 3 -3 -4 

1 -3 -3 4 
1 -1 -1 2 
1 1 1 0 
1 3 3 -2 
3 -3 -9 6 
3 -1 -3 4 
3 1 3 2 
3 3 9 0 

------------------_-_________________I 

---------------- 
CONDITION 

Alcohol THC 

0 0 
0 L 
0 M 
0 H 
L 0 
L L 
L M 
L H 
M 0 
M L 
M M 
M H 
H 0 
H L 
H M 
H H --------------- 

Note: 0-placebo;  L = l o w  dose ;  M-medium dose ;  H=high dose. 

Explanatory Notes: 

1 .  Contrasts 1 and 2 ( C l  & C2) r e p r e s e n t  t h e  
ex ten t  t o  which performance (or mood) changes 
l i n e a r l y  wi th  increasing doses  of  a l c o h o l  (C1) or 
of  THC ( C Z ) ,  averaged across t h e  d i f f e r e n t  doses  
of each  drug. 

2. Contrast  3 ( C 3 )  r e p r e s e n t s  t h e  e x t e n t  t o  which 
t h e  l inear  effect  o f  a l c o h o l  on mood and 
performance changes wi th  va ry ing  doses  o f  THC. 
That  is t o  s a y ,  i t  is t h e  in te rac t ion  between 
l inear  effects of t h e s e  two drugs.  

3. Contrast 4 ( C 4 )  represents t h e  ex ten t  t o  which 
t h e  l inear  effects o f  a l c o h o l  are d i f f e r e n t  from 
those  of  THC w i t h i n  t h e  doses used in t h i s  
experiment. 



45 

A. A d e s c r i p t i o n  o f  t he  popula t ion  sample. 

The d a t a  p re sen ted  have been c o l l e c t e d  from t h r e e  

hundred and twenty s u b j e c t s ,  264 males and 56 females, aged 

between 18 to 70 y e a r s  (median 21 y e a r s ,  91% of sample being 

under 30 y e a r s ) .  A t o t a l  o f  356 v o l u n t e e r s  p re sen ted  themselves 

a t  t h e  l a b o r a t o r y  i n  response t o  t h e  r a d i o  adve r t i s emen t s ,  and 36 

were excluded fo r  t h e  fol lowing reasons:- 14 were excluded for 

t h e i r  i n a b i l i t y  t o  understand t h e  tests, 15 because they vomited 

a f t e r  a l c o h o l  ( 1 4  of t h e s e  had r ece ived  t h e  h igh  dose (0.75g/kg) 

and 1 after 0.5gIkg). Two s u b j e c t s  could n o t  complete t h e  tests 

because o f  i l l n e s s  which was unre l a t ed  t o  t h e  experiment 

( i n f l u e n z a ) ,  1 was excluded f o r  h e r o i n  u s e ,  and 4 "escaped" from 

the  l a b o r a t o r y  wi thout  completing t h e  tests. 

The v o l u n t e e r s  were a l l  marijuana u s e r s  and t h e  

populat ion sample,  i n  view of t h e  nature of i t s  c o l l e c t i o n ,  was 

biased towards mari juana use.  T h e  responses  t o  t h e  drug use  

q u e s t i o n n a i r e  are summarised i n  Table 3 
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TABLE 3 

RESPONSES TO DRUG USE QUESTIONNAIRES 

(a )  Alcohol d r i n k i n g  h i s t o r y  ques t ions .  

1. "On how many days l a s t  week d i d  you d r i n k  
a lcohol?"  

( i) None.... 11 -4% 
(ii) 1 o r  2 days ..... 37.5% 
(iii) 3 o r  4 days ..... 38.1% 
( i v )  5 o r  6 days  ..... 7.0% 
( v )  every day ....... 6.0% 

2. "On a day when you have a d r i n k ,  how many d r i n k s  
would you u s u a l l y  have?" 

( i )  1 o r  2 drinks. . . .  19.6% 
(ii) 3 to 5 dr inks . .  .. 37 - 0% 
(iii) 5 to 8 d r i n k s  .... 23.7% 
( i v )  9 to 12 d r i n k s  .... 12.7% 
( v )  more than  12 d r i n k s .  7.0% 

(b) Marijuana smoking h i s t o r y .  

1.  "On how many days  l a s t  week d i d  you smoke 
marijuana?" 

( i )  None.... 4.1% 
(ii) 1 o r  2 days .... 19.7% 
(iii) 3 o r  4 days  .... 17.8% 
( i v )  5 or 6 days  .... 17.2% 
( V I  Every day ...... 40.8% 

2. "On a day when you smoke mariJuana, how many 
s e s s i o n s  would y o u  have?" 

( i )  One ........... 19.9% 
(ii) Two or three . .  52.1% 
(iii) Four.......... 11.7% 
( i v )  More than  four  16.3% 

The mean d u r a t i o n  o f  d r i n k i n g  ( i n  y e a r s )  was 4.8 + 0.26 
(s.e.m.) w h i l s t  t h e  mean d u r a t i o n  o f  smoking was 4.7 + OTOO6 
(s.e.m.) y e a r s .  

- 



When assessed accord ing  t o  t h e  N.H.& M.R.C. 

c l a s s i f i c a t i o n  for a l c o h o l  consumption (Nat iona l  Heart 

Foundation, 1980) and a n  a d a p t a t i o n  o f  t h i s  scale f o r  mari juana 

( cons t ruc t ed  by us), t he  comparisons o f  drug  u s e  w i t h i n  t h e  

popula t ion  can be made a s  shown i n  Table  4. 

TABLE 4 

Marijuana 41.8% 28.8% 18.8% 10.6% ............................................ 
The c l a s s i f i c a t i o n s  B-E are desc r ibed  as:- 

B= Low r i s k  female d r inke r s .  No r i s k  male d r i n k e r s .  

l ess  than 6 s e s s i o n s  of  mari juana p e r  week). 

C=  In t e rmed ia t e  r i s k  female d r inke r s .  Low r i s k  male d r inke r s .  

average o f  6 t o  13 s e s s i o n s  of mari juana use pe r  week). 

D= High r i s k  female d r i n k e r s .  In t e rmed ia t e  r i s k  male d r i n k e r s .  

average o f  13 t o  30 s e s s i o n s  of mari juana u s e  p e r  week). 

(Average d a i l y  i n t a k e  of less than  three d r i n k s ;  average  o f  

(Average d a i l y  i n t a k e  o f  4 d r i n k s  or 9-12 d r i n k s  i n  any day; 

(Average d a i l y  i n t a k e  o f  5 t o  8 d r i n k s  o r  occas iona l  excess ;  

E-  Very high r i s k  female d r i n k e r s .  High r i s k  male d r inke r s .  

occas iona l  excess ive  i n t a k e ;  average  of greater than  30 s e s s i o n s  
of mari juana use  p e r  week). 

(Average d a i l y  i n t a k e  of 9 t o  12 d r i n k s  or f r equen t  o r  great 



A s  a f u r t h e r  d e s c r i p t i o n  o f  t he  vo lun tee r  populat ion,  

the responses  t o  t h e  " a t t i t u d e "  ques t ions  were as follows:- 

Alcohol Marijuana 
1. ..is a safe drug 1 .O% 30.5% 
2...is s a f e  f o r  most people 27.9% 56.2% 
3..bad f o r  most i n  long run 54.6% 11.4% 
4 . .ha rmhl  f o r  a l l  who use i t  16.5% 1.9% 

B. Mood measures. 

(i) Self-assessment  o f  i n t o x i c a t i o n  

(a )  The "drunk" and t h e  "stone" scales. The 

c o n t r a s t  ana lyses  ( C 1  & C2) showed there t o  be a s i g n i f i c a n t  

dose-dependent l i n e a r  effect  f o r  both a l coho l  and marijuana ( s e e  

Table 5 ) .  The r e s u l t s  f o r  each drug a lone ,  ( i e  a l coho l  w i t h  

placebo marijuana a n d  marijuana w i t h  placebo a l c o h o l )  a r e  shown 

i n  Table 6. Here (wi th  smaller group s i z e s ,  1-1120 per  group) it 

can be seen t h a t  the  ratings f o r  t h e  doses o f  marijuana tended t o  

be g r e a t e r  than those  f o r  a l coho l .  

An i n d i c a t i o n  o f  t h e  a b i l i t y  o f  the  s u b j e c t s  t o  

d i sc r imina te  and d i s t i n g u i s h  between t h e  e f f e c t s  of  t h e  two drugs 

when taken i n  combination may be determined by examining the  mean 

scores on each of t h e  s p e c i f i c  drug scales ("drunk" o r  "s tone") .  

These r e s u l t s  are shown i n  Table 6 (c) .  These d a t a  a r e  t h e  mean 

score  va lues  a c r o s s  a l l  dosage groups o f  each drug i n  the  

presence o f  each dose o f  t h e  o t h e r  drug. I n  t h e  case  of t h e  
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TABLE 5 

DOSE-EFFECT LINEAR CONTRASTS 
(a )  I n t o x i c a t i o n  r a t i n g s  

Values a t  T2 only  

MEASURE ALCOHOL M A R 1  JUANA INTERACTION DIFFERENCE 
Value p Value p Value p Value p . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

'1 

*2 

'3 

"Drunk" 45.37 0.000 -1.12 0.856 -8.12 0.556 23.25 0.000 

"Stone" 13.5 0.031 25.1 0.000 -28.5 0.042 -5.80 0.189 

"Overa l l  39.35 0.000 18.75 0.001 -31.35 0.017 10.30 0.013 
a f f e c t e d "  

"How rate 13.8 0.020 6.3 0.287 -40.10 0.003 3.75 0.370 
e f f e c t T 1  

* The q u e s t i o n s  are as i n  Appendix 1:- 

*4 

.............................................................................. 
' 1.  RIGHT NOW, how drunk do you f e e l ?  

2. R I G H T  NOW, how s toned  do you f e e l ?  
3. R I G H T  NOW, how a f f e c t e d  OVERALL do you feel by what  you have taken? 
4. How do you r a t e  t h i s  effect? 
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a b i l i t y  t o  detect  the  effect o f  a l c o h o l ,  t h e  va lues  g iven  i n  

Table 6 (c)  are those  s c o r e s  on the  "drunk" scale and c o n s t i t u t e  

t h e  mean o f  the t o t a l s  o f  t h e  columns o f  t he  experimental  des ign  

as described i n  Table  2. For the  a b i l i t y  t o  d e t e c t  t he  e f f e c t s  of 

marijuana i n  t h e  presence o f  t he  va r ious  doses o f  a l c o h o l ,  t h e  

va lues  g iven  i n  Table  6 ( c )  a r e  those  s c o r e s  f o r  t he  "s tone" scale 

and c o n s t i t u t e  t h e  mean o f  the  totals o f  t h e  rows i n  Table  2. I n  

each case, i f  the a b i l i t y  t o  d i s t i n g u i s h  t h e  effects of one d r u g  

from t h e  o t h e r  is complete,  then one would expec t  t h a t  t he  mean 

assessments f o r  each drug should independent ly  co-vary. There 

should n o t  be any d i f f e r e n c e  i n  t h e  assessments f o r  one drug 

a c r o s s  a l l  the  doses  of t h e  o the r .  As can be seen  from the  d a t a  

i n  Table 6 ( c )  the a b i l i t y  t o  discriminate the  e f f e c t s  o f  a l coho l  

was n o t  affected by t h e  v a r i o u s  doses o f  marijuana. However, t he  

a b i l i t y  t o  d i sc r imina te  marijuana was inf luenced  by the  presence 

o f  a l coho l .  Indeed, t he  d i f f e r e n c e  i n  t h e  "s tone" s c o r e  f o r  

marijuana w i t h  the  a l coho l  placebo was s i g n i f i c a n t l y  d i f f e r e n t  

from t h e  s c o r e  when the  h i g h e s t  dose of a l c o h o l  had been taken  

( t= 2.8201;p<0.01). 

( b )  The s c a l e  "How affected o v e r a l l  do you 

feel by what you have taken?". The c o n t r a s t  a n a l y s i s  (Table  5 )  

showed a s ignif icant  l i n e a r  effect f o r  both drugs. I n  a d d i t i o n  

there was a s i g n i f i c a n t  i n t e r a c t i o n  between the  two drugs and t h e  

"difference" c o n t r a s t  indicated a s i g n i f i c a n t  d i f f e r e n c e  between 

the  drugs ,  wi th  a l coho l  having t h e  greater effect. T h i s  
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d i f f e r e n c e  is also s e e n  when the  assessment  f o r  each dose o f  each 

drug alone is examined (Table  6 ) .  

(c )  The scale "How do you ra te  t h i s  

effect?". The r e s u l t s  i n  Table 5 of t h e  l i n e a r  c o n t r a s t s  i n d i c a t e  

a s i g n i f i c a n t  l i n e a r  effect  f o r  a l c o h o l  b u t  n o t  f o r  marijuana. 

The effect o f  each  drug  a l o n e  is shown i n  Table 6 where i t  can be 

seen tha t  w h i l s t  t h e  assessments  fo r  each drug  are q u a n t i t a t i v e l y  

similar, t h o s e  f o r  mari juana show l i t t l e  d i f f e r e n c e  between 

doses. 

(ii) The d r i v i n g - r e l a t e d  ques t ions .  

(a )  "How s a f e l y  would you d r i v e  a motor car 

as you are f e e l i n g  now?" 

A h i g h l y  s i g n i f i c a n t  l i n e a r  effect 

f o r  a l c o h o l  was recorded f o r  t h e  r e sponses  to t h i s  q u e s t i o n ,  b u t  

no such r e l a t i o n s h i p  e x i s t e d  f o r  t h e  mari juana effect  (see Table 

5). As can be seen from the  "difference" c o n t r a s t  t h i s  d i f f e rence  

was s i g n i f i c a n t  (p.0.03). The r e s u l t s  for each drug a l o n e  are 

shown i n  Table  7 where i t  can  be seen  t h a t  t h e  assessments  f o r  

marijuana d i d  n o t  v a r y  s i g n i f i c a n t l y  from t h a t  made i n  t h e  

placebo cond i t ion .  The effect  o f  mari juana on t h e  assessments  i n  

t h e  "alcohol  cond i t ion"  (n.80) is shown i n  Table  7.  
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TABLE 6 

THE INTOXICATION RATINGS 

(a) Alcohol (alone,with marijuana placebo)(n=20) 

DOSE (g/kg) 
SCALE Placebo 0.25 0.50 0.75 

"Drunk" 3.45 5.65 5.75 7.75 
...................................................... 

+ 0.64 - + e.62 + 0.69 - - + 0.51 - 
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TABLE 6 ( c o n t i n u e d )  

( c )  An estimate of  t h e  a b i l i t y  t o  d i s t i n g u i s h  t h e  e f f e c t s  o f  one drug  
i n  t h e  presence o f  t h e  o t h e r .  

( i )  ALCOHOL: The mean of  t h e  assessment  o f  t h e  e f f e c t  o f  
a l c o h o l  on t h e  "drunk" scale (mean of  a l l  doses )  i n  the  presence  o f  the  v a r i o u s  
doses  of  marijuana. 

mari juana on t h e  "stone" scale (mean of  a l l  d o s e s )  i n  t h e  presence  of t h e  
v a r i o u s  doses  of a l c o h o l .  

(ii) M A R I J U A N A :  The mean o f  t h e  assessment o f  t h e  e f f e c t  of 
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TABLE 7 

DRIVING RELATED QUESTIONS 

1. As you feel RIGHT NOW, how safely could you drive a car? 
Where a score of 1 = "absolutely certain I COULD NOT drive safely 
and a score of 15 = "absolutely certain I COULD drive safely. 

(a) Effect of alcohol alone (with placebo marijuana) (n=20) 

(c) Effect of marijuana on the alcohol effect. 
(alcohol effect-mean of all doses of aIcohol)(n=80) 
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TABLE 7 (Continued) 

2. Would you drive a car as you feel RIGHT NOW? 
(scored as yes-1; no.2) 

(a) Effect of alcohol alone (with marijuana placebo)(n=20) 

(b) Effect of marijuana alone (with alcohol placebo)(n=20) 

..................................... 
DOSE 
THC 
(mg) 

DRIVING SCORE 

0.00 
2.50 
5.00 

10.00 

1.16 + 0.08 
1.25 5 0.10 

1.16 + 0.08 
1.20 : 0.09 - 
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( b )  "Would you d r i v e  now?" A s i g n i f i c a n t  

linear effect was demonstrated for a l coho l  towards a nega t ive  

answer t o  t h i s  ques t ion  was obta ined  and is shown i n  Table 5. No 

such e f f e c t  was demonstrated f o r  marijuana. The effect o f  each 

drug a lone  is shown i n  Table  7 and the effect o f  marijuana on t h e  

assessments  i n  the alcohol cond i t ion  is shown i n  Table 7.  

(iii) The mood scales. 

The mood scales a r e  reproduced i n  

Appendix 1 and the r e s u l t s  summarized in Table 8. The main 

d e s c r i p t o r s  f o r  each mood state are given below, however Appendix 

1 provides  t h e  a d j e c t i v e  check lists f o r  each o f  these scales to 

i n d i c a t e  the actual n a t u r e  o f  each o f  t h e  mood measures. 

( a )  "Anxiety". A s i g n i f i c a n t  l inear  drug  

effect on t h i s  dimension was recorded f o r  marijuana i n  the  

d i r c c t i o n  o f  a n  increase i n  se l f - r epor t ed  anxie ty .  Alcohol showed 

a t r end  towards a r educ t ion  i n  a n x i e t y  b u t  t h i s  fa i led to reach 

s i g n i f i c a n c e  (see Table 8 ) .  The "d i f f e rence"  c o n t r a s t  showed t h a t  

these differences i n  t h e  two drugs  was s i g n i f i c a n t  a t  t h e  p.0.006 

l e v e l .  
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TABLE 8 

DOSE-EFFECT LINEAR CONTRASTS 
Mood measures 

Change scores,TL-Tl 

MEASURE ALCOHOL M A R 1  J U A N A  INTERACTION DIFFERENCE 
Value p Value p Value p Value P _---_________--____-____________________--------------------------------------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Anxiety -7.55 0.168 13.85 0.012 0.25 0.984 -10.7 0.006 

Detachment -10.3 0.337 14.6 0.173 -4.9 0.838 -12.5 0.101 

Depression -0.05 0.994 9.35 0.147 -8.45 0.557 -4.7 0.302 

A l e r t n e s s  -18.6 0.017 9.00 0.244 25.1 0.147 -13.8 0.012 

Tension 7.85 0.270 20.05 0.005 12.45 0.434 -6.1 0.225 

TABLE 9 

BLOOD ALCOHOL CONCENTRATIONS AND PULSE RATES 



( b )  "Detachment". Ne i the r  a l c o h o l  nor  

marijuana produced a s i g n i f i c a n t  drug  effect  on t h i s  dimension. 

However t h e  t r end  i n  t h i s  mood dimension for each drug  was i n  

oppos i t e  d i r e c t i o n s  wi th  a l c o h o l  tending  towards a r educ t ion  i n  

t h e  detachment scale and marijuana towards a n  i n c r e a s e .  The 

d i f f e r e n c e  c o n t r a s t  between t h e  two drugs  approached b u t  d i d  n o t  

ach ieve  s i g n i f i c a n c e  (p=0.101). 

(c )  "Depression". Ne i the r  drug produced a 

s i g n i f i c a n t  effect  on the  se l f - r epor t ed  mood scale. Alcohol was 

completely wi thout  effect  w h i l s t  mari juana t h e  t r end  was towards 

an i n c r e a s e  i n  depress ion  ( ~ ~ 0 . 1 4 7 ) .  The d i f f e r e n c e  c o n t r a s t  

i n d i c a t e d  t h a t  there was no d i f f e r e n c e  between the two drugs. 

( d )  "Alertness". The drug  effects were i n  

oppos i t e  d i r e c t i o n s  o n  t h i s  mood scale wi th  t h e  e f fec t  of a l c o h o l  

producing a s i g n i f i c a n t  (p-0.017) r educ t ion  i n  alertness. The 

t rend  f o r  mar i juana ,  though n o t  s i g n i f i c a n t  (p.0.244) was i n  t h e  

d i r e c t i o n  o f  i nc reased  a l e r t n e s s .  The d i f f e r e n c e  between t h e  two 

drugs  on t h i s  mood scale was s i g n i f i c a n t  (p.0.012). 

( e )  "Tension". Marijuana produced a h i g h l y  

s i g n i f i c a n t  effect  to  i n c r e a s e  t h e  l e v e l  of s e l f - r e p o r t e d  t ens ion  

(p.0.005) w h i l s t  t h e  effect  of alcohol, a l though  i n  t h e  same 

d i r e c t i o n  of a n  i n c r e a s e  i n  t ens ion ,  was n o t  s i g n i f i c a n t  

(p=0.270). There was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  drugs  
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on t h i s  mood dimension. 

C.  Physiological  measures. 

( i )  The blood a l c o h o l  concen t r a t ions .  

A highly s i g n i f i c a n t  l inear  e f fec t  

o f  a l coho l  dose on the  BAC was recorded (p=O.OOO) (see Table 9 ) .  

The mean BAC achieved (c S.E.M.) for each dose of a l c o h o l  is 

provided i n  Table 10. Marijuana had no e f fec t  on t h e s e  v a l u e s  

(Tables 10 and 1 1 ) .  

- 

(ii) The change i n  p u l s e  r a t e .  

Both a l coho l  and marijuana 

produced a l inear  increase i n  pu l se  ra te  with increasing doses 

(Table 9). The i n c r e a s e  produced by marijuana was s i g n i f i c a n t l y  

g r e a t e r  than t h a t  produced by a l coho l  (pe0.000). 

(iii) Sub jec t ive  assessment of  blood a l coho l  

concentrat ion.  A t  t he  completion o f  

the  f i rs t  post-drug tests on the  t es t  b a t t e r y  a n d  a f t e r  t h e  

b rea th  a n a l y s i s  had been made each s u b j e c t  was asked t o  e s t ima te  

t h e i r  b rea th  a l coho l  concentrat ion.  The s u b j e c t s  were n o t  g i v e n  

access t o  t h e  r e s u l t s  of  t h e i r  b r e a t h a n a l y s i s ,  and had been given 

no information o t h e r  than t h a t  described under "Methods", i e  t h a t  
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TABLE 1 1  

THE EFFECT OF MARIJUANA ON THE BLOOD ALCOHOL CONCENTRATION 

Mean 8 . A . C  across a l l  doses of alcohol with each dose of THC 

Dose THC placebo 2.5 10.0 
~~ ~~ ~ ~~ ~ ~~ ~~ 

Mean BAC 0.040 0.040 0.039 0.038 

- + s.e.m. 0.003 0.004 0.004 0.003 
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they were to  be given a l coho l  and marijuana. The means (c SEM) o f  

these e s t ima tes  f o r  each dosage group a r e  shown i n  Table 10. 

- 

D. Performance measures. 

(i) The general effects on the  test  b a t t e r y  

as a whole. 

The r e s u l t s  are summarised i n  Table 12. I t  can be seen 

t h a t  a lcohol  exerted s i g n i f i c a n t  dose-dependent e f f e c t s  on s i m p l e  

r e a c t i o n  t ime, complex r e a c t i o n  t ime,  t h e  " l i t t l e  men" (mental  

r o t a t i o n )  t e s t  and the p u r s u i t  t r a c k i n g  task .  Alcohol was wi thout  

effect  on t h e  o v e r a l l  mean of a l l  d i g i t  spans i n  t h e  s h o r t  term 

memory t e s t .  

The e f f e c t  o f  a l coho l  on t h e  " l i t t l e  mentq test  was t o  

i n c r e a s e  t h e  e r r o r  rate. The a l coho l  e f f e c t  on the  r e a c t i o n  t imes 

did no t  ach ieve  s ign i f i cance .  

Marijuana produced a dose dependent e f f e c t  on choice 

r e a c t i o n  t ime, b u t  no t  on s imple r e a c t i o n  time. It exer ted  a n  

e f f e c t  on t h e  " l i t t l e  men" test i n  t he  r e a c t i o n  time f o r  t h e  

i n c o r r e c t  i t ems  b u t  no t  f o r  c o r r e c t  i tems.  It was wi thout  

s i g n i f i c a n t  effect on e r r o r s  i n  t h i s  t e s t .  Marijuana was without  

e f f e c t  on t h e  p u r s u i t  t r a c k i n g  t a sk .  T h i s  drug however had a 
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TABLE 12 
WSE-EFFECT CONTRASTS 
Performance neasures 

UeASURE ALCOHOL UARIHUANA INTERACTION DIFFERENCE 
value P value p Value p Value p ...... =..I....,..C=.============,==,,====================:========:==***========~=~=:*=* 

S.R.T. .. 
Reg. Uean 48.50 0.002 14.21 0.35 -1.76 0.960 17.14 0.113 - .. 

41.41 0.104 Rag. S.D. 105.85 0.003 23.0 0.52 20.86 0.796 

Rand.Uean 182.69 0.003 -19.82 0.74 -372.8 0.006 101.26 0.018 

R.3nd.S.D. 341.17 0.027 9.18 0.94 -860.0 0.094 165.99 0.068 

C.R.T. .. 
Dlr. Uean 147.41 0.001 115.11 0.001 47.36 0.600 16.0 0.594 

Dlr. S.D. 63.97 0.154 73.69 0.100 149.50 0.130 -4.86 0.88 

.. . 
1--------__1__1________11__111______1_1_---------------------- 

Ind. Mean 177.112 0.021 50.30 0.500 -74.80 0.700 63.55 0.239 .. 
Ind. S.D. 158.92 0.002 138.3 0.008 -83.00 0.46 10.32 0.717 

L.fl.T. 
Correct n u n  350.22 0.010 22.79 0.870 -82.70 0.79 163.71 0.090 

Correct S.D. 188.62 0.052 155.10 0.410 -225.5 0.590 106.34 0.426 

1ncorr.Uean 456.73 0.154 1050.40 0.001 -663.00 0.360 -296.85 0.193 

Imorr. S.D. 108.98 0.729 595.30 0.060 214.60 0.760 -243.18 0.275 

S Correct -37.75 0.002 -23.55 0.052 -1.4 0.960 -7.1 0.407 

- 
.. 

.. 
TRAClUNC .. 
1st no. 19.51 0.003 6.46 0.330 -3.5 0.810 6.53 0.164 

2nd no. 33.29 0.044 13.86 0.227 -19.00 0.450 9.71 0.231 
.. 

S.T.U. 
Overall 
- .. 
CENTROID 

75.00 0.000 31.2 0.011 -31.73 0.244 21.9 0.011 

** pa.05 ( w i t h  Bannferronl correction le 0.051 number of planned contrasts) 
le 0.05116 = 0.003 ' p<O.1/16 i 0.006 

Dlr.shlgh stl.ulus-responae coapatlblllty 
1nd.=10w " n n 
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s i g n i f i c a n t  e f fec t  on s h o r t  term memory. 

As can be seen i n  Table 12 the i n t e r a c t i o n  factor 

f a i l e d  t o  reach  s i g n i f i c a n c e  (p<0.05) i n  any measure i n  any o f  

the tests. The a n a l y s i s  on t h e  cen t ro id  (see below) a l s o  

ind ica t ed  a non-s igni f icant  i n t e r a c t i o n  f a c t o r .  The e f f e c t  of  

a l coho l  and marijuana i n  combination is t h e r e f o r e  one o f  a d d i t i o n  

of  t h e  e f f e c t s  of t h e  s e p a r a t e  drugs.  

A t r end  towards an  i n t e r a c t i o n  (though n o t  achiev ing  

significance a t  p<0.05) was observed i n  t h e  s imple  reaction time 

( random i tems 1 . 

An a n a l y s i s  o f  t h e  composite ( c e n t r o i d )  of  a l l  

measures was completed t o  determine t h e  comparative e f f e c t s  of 

each drug on t h e  performance b a t t e r y  as a whole. The results of 

t h i s  a n a l y s i s  are shown i n  Table  12 where i t  can be seen  t h a t  

both drugs e x h i b i t e d  a s i g n i f i c a n t  dose-response r e l a t i o n s h i p  on 

the  t e s t  b a t t e r y ,  w i t h  t he  i n t e r a c t i o n  f a c t o r  i n d i c a t i n g  t h a t  t h e  

combination o f  these two drugs is one of s imple  a d d i t i o n .  

The dose-response r e l a t i o n s h i p  o f  a l c o h o l  a lone  and i n  

the  presence of each of t h e  doses  of  mari juana i s  dep ic t ed  

g r a p h i c a l l y  i n  F igure  1. The effect o f  t h e  d i f f e r e n t  l e v e l s  o f  

marijuana (THC) on performance is depic ted  i n  F igure  2. I n  t h i s  

f i g u r e ,  (and f o r  f i g u r e s  3 t o  8) t h e  va lue  graphed f o r  each dose 
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l e v e l  of marijuana r e p r e s e n t s  t h e  performance change f o r  a l l  

s u b j e c t s  who had taken t h a t  marijuana dosage l e v e l ,  i r r e s p e c t i v e  

o f  t h e i r  a l coho l  dosage l e v e l .  The r e l a t i v e  h e i g h t  o f  each bar  

r e p r e s e n t s  t h e  overall  effect  o f  t h e  d i f f e r e n t  marijuana doses 

when taken i n  combination wi th  t h e  vary ing  doses  of a lcohol .  The 

abso lu t e  he igh t  o f  the  b a r s  r e p r e s e n t  t h e  combined mari juana,  

alcohol and o t h e r  effects such a s  p r a c t i c e ,  f a t i g u e  etc., on t h e  

T2-T1 ( a f t e r  drug minus before  drug) performance change scores. 

The c o n t r a s t  to compare the  effects of each drug ( i n  

t he  doses used) on t h e  tes t  b a t t e r y  i n d i c a t e d  t h a t  t h e  effect 

produced by a l coho l  was s i g n i f i c a n t l y  greater than t h a t  produced 

by mari juana.  

(ii) A c l o s e r  examination o f  t he  drug e f f e c t s  

on each test. 

The above comments have provided a n  o v e r a l l  

i nd ica t ion  o f  t h e  e f f e c t s  of  t h e  two drugs on t h e  test  b a t t e r y .  

Below is a d e s c r i p t i o n  of t h e  r e s u l t s  ob ta ined  f o r  each test  

examined i n  i s o l a t i o n .  The s i g n i f i c a n c e  leve ls  have n o t  been 

submitted t o  t h e  Bonnferroni co r rec t ion .  
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Figure 1 
the presence of each of the doses of THC. Response is expressed 
as the difference (T2 - T 1 )  i n  the score on the centroid o f  the 
performance measures. 

The dose-response relationship of e f fect  o f  alcohol i n  

0 = alcohol + THC placebo. 
a= alcohol + THC 5.0%. 

X =  alcohol + THC 2 . 5 ~ .  
0. alcohol + THC 10.0mg. 
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0 2.5 5.0 10.0 

Figure 2 The Centroid.  The effect  o f  t h e  d i f fe ren t  doses  of  
marijuana on t h e  difference (T2 - T1) i n  t h e  performance score on 
the  cen t ro id .  The r e l a t i v e  he igh t  o f  each bar r e p r e s e n t s  t h e  
o v e r a l l  effect  o f  the d i f f e r e n t  marijuana doses  when taken i n  
combination w i t h  t h e  vary ing  doses of a lcohol .  The vertical bars 
r e p r e s e n t  the  s tandard  e r r o r  of the  mean. 
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Figure  3 
of marijuana on t h e  d i f f e r e n c e  (T2 - T 1 )  i n  the  responses  t o  
s imple  r e a c t i o n  time, t o  r e g u l a r l y  and i r r e g u l a r l y  presented  
s t i m u l i .  The r e l a t i v e  h e i g h t  of each bar? r e p r e s e n t s  t h e  o v e r a l l  
effect of t h e  d i f f e r e n t  marijuana doses  when taken i n  combination 
wi th  t h e  v a r y i n g  doses of a l coho l .  The v e r t i c a l  b a r s  r e p r e s e n t  
t h e  s tandard  e r r o r  of t h e  mean. The responses  have been co r rec t ed  
f o r  p r a c t i c e  effect by s u b t r a c t i n g  from each drug combination 
sco re ,  t h e  va lue  (T2 - T 1 )  for t h e  double placebo group. 

Simple Reaction Time. The  effect  of t h e  d i f f e r e n t  doses  

* 
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Figure  4 Choice React ion Time. The effect of the di f fe ren t  doses  
of mari juana on the  d i f f e r e n c e  (T2 - T1) i n  the responses  t o  t h e  
choice r e a c t i o n  time. The change in the response times to s t i m u l i  
w i t h  high compatabi l i ty  (Easy Rule) and w i t h  low cornpatabi l i ty  
(Hard Rule) .  The r e l a t i v e  h e i g h t  of each bar  r e p r e s e n t s  t he  
o v e r a l l  effect o f  t h e  d i f f e r e n t  marijuana doses  when taken i n  
combination w i t h  t h e  vary ing  doses o f  a lcohol .  The v e r t i c a l  b a r s  
r e p r e s e n t  t he  s tandard  e r r o r  of t h e  mean. The responses  have been 
c o r r e c t e d  for p r a c t i c e  effect by subtracting from each drug 
combination score, the  va lue  (T2 - T1) f o r  the  double placebo 
group. 
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Figure  5 The " L i t t l e  Men" test. The effect o f  t h e  d i f fe ren t  
doses of  marijuana on t h e  difference (TZ - T1) i n  r e a c t i o n  times 
for the c o r r e c t  items and i n c o r r e c t  i t ems  i n  t he  " L i t t l e  Men" 
test. The re la t ive h e i g h t  o f  each b a r  r e p r e s e n t s  the  o v e r a l l  
effect o f  t h e  d i f f e r e n t  marijuana doses when taken i n  combination 
w i t h  t h e  v a r y i n g  doses  of a l coho l .  The v e r t i c a l  bars r e p r e s e n t  
the s t a n d a r d  e r r o r  of t h e  mean. The responses  have been c o r r e c t e d  
f o r  p r a c t i c e  effect by s u b t r a c t i n g  from each drug combination 
s c o r e ,  t h e  va lue  (TZ - T 1 )  f o r  the  double placebo group. 
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CDRRECT M A N  

THC DOSE 

1 .o. 

0.5 
0 
p: cz w 
c r 
Y u 
cz 
Y a. 

I 

INCORRECT HEAN 

t 
i7 

0.0 2.5  
I - - 
5.0 10.0 

IHC DOSE 

Figure  6 The " L i t t l e  men" test: the  standard ,dev ia t ion  of 
responses.  The  effect  of  the  d i f f e r e n t  doses of mari juana on the  
difference (T2 - T1) I n  t h e  s tandard d e v i a t i o n  ( t h e  scatter abou t  
the  mean) for r e a c t i o n  times t o  c o r r e c t  and i n c o r r e c t  r e sponses  
(above) and the percentage  error rate i n  responses  (below). The 
r e l a t i v e  height of each b a r  r e p r e s e n t s  t h e  o v e r a l l  effect of t h e  
d i f f e r e n t  marijuana doses  when taken  i n  combination w i t h  the 
v a r y i n g  doses of alcohol. The v e r t i c a l  bars r e p r e s e n t  t h e  
s tandard  error of t h e  mean. 
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THC DOSE tmg) 

Figure  7.  Tracking. The effect of t h e  d i f f e ren t  doses of 
marijuana on the  d i f f e r e n c e  (T2 - T1) i n  the mean distance from 
the  centre of t h e  brackets du r ing  the tracking task. Results 
shown are the  first and second moments. The re la t ive height  of 
each bar r e p r e s e n t s  t h e  o v e r a l l  effect of t h e  d i f f e r e n t  marijuana 
doses  when taken i n  combination wi th  the  vary ing  doses of 
a lcoho l .  The v e r t i c a l  bars r e p r e s e n t  t he  s tandard  e r r o r  of the 
mean. The responses have been c o r r e c t e d  for p r a c t i c e  effect by 
s u b t r a c t i n g  from each d rug  combination s c o r e ,  t h e  va lue  (TZ - T 1 )  
for the double placebo group. 
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THC DOSE 

Pfgure 8. S h o r t  Term Memory. The effect of the d i f f e r e n t  doses  of 
marijuana on t h e  d i f f e r e n c e  (T2 - T 1 )  i n  the overall mean of 
c o r r e c t  d i g i t  span recall. The r e l a t i v e  h e i g h t  of each b a r  
r e p r e s e n t s  t h e  o v e r a l l  effect ( the reduc t ion  i n  t h e  number of 
d i g i t s  recalled) of t h e  d i f f e r e n t  marijuana doses  when taken i n  
combination wi th  t h e  v a r y i n g  doses  of a lcoho l .  The v e r t i c a l  bars 
r e p r e s e n t  t h e  s t a n d a r d  error of t h e  mean. The responses  have been 
co r rec t ed  f o r  p r a c t i c e  effect by s u b t r a c t i n g  From each drug  
combination score, t h e  va lue  (T2 - T1) f o r  t h e  doub le  placebo 
group. 
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( a )  Simple reaction time 

A s i g n i f i c a n t  dose-dependent e f fec t  for a l c o h o l  was 

demonstrated f o r  s imple  reaction time, both f o r  t h e  r e g u l a r  and 

the randomly p resen ted  items. A s i g n i f i c a n t  dose dependency was 

also demonstrated f o r  t h e  s t a n d a r d  d e v i a t i o n  i n  t h e  regular, b u t  

not t h e  random items (see Table 12) .  

The actual  e x t e n t  of t h e  e f fec t  is i n d i c a t e d  by Table 

13 which shows t h e  change i n  reaction time (+ S.E.M.) between t h e  

measures recorded a t  T1 ( b e f o r e  drug  a d m i n i s t r a t i o n )  and T2 

(a f te r  drug  a d m i n i s t r a t i o n ) .  It can be seen  t h a t  w i t h  t h e  

randomly presented items a l c o h o l  0.5 and 0.75 g / k g  doses  

s i g n i f i c a n t l y  i n c r e a s e d  reaction times; p<0.025 f o r  each 

c o n t r a s t .  With t h e  r e g u l a r l y  p re sen ted  items, on ly  for the  

h i g h e s t  dose (0.75 g/kg) was t h e r e  a s i g n i f i c a n t  increase i n  

r e a c t i o n  times (p<O.Ol). 

- 

Marijuana, on t h e  o t h e r  hand was wi thout  e f fec t  on 

t h i s  measure. Indeed t h e r e  was a non-s igni f icant  t r end  towards an 

improvement i n  r e a c t i o n  time a f t e r  t h e  drug on  t h e  i r r e g u l a r  mean 

(see Table  12) .  Th i s  t r e n d  was no doubt  t h e  reason  f o r  a 

s ign i f icant  i n t e r a c t i o n  contrast  (p=0.006) for  r e a c t i o n  time 

means and (p=0.003) f o r  t h e  s t anda rd  d e v i a t i o n  (S.D.) abou t  t h e s e  

means. 

The o v e r a l l  effect  of t h e  v a r i o u s  doses  o f  marijuana 
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TABLE 13 

SIMPLE REACTION TIME 

(a) The dose-dependent alcohol effect. 

T2-Tl)(n=80) 
(across all doses of marijuana:Row totals; differences 

ALCOHOL REGULAR ITEMS IRREGULAR ITEMS 
DOSE .... .................--.--1-.--.-IDDIDII=====.=..===..==...==.=. 

0.25 

Mean + s.e.m. - Mean + s.e.m. - 
-0.1114 + 0.45 0.00 0.250 - + 0.10 - 

0.50 0.355 - + 0.14 - 
0.75 - 

0.017 + 0.12 0.242 + 0.11 
0.390 T 0.15 
0.977 + 0.45 0.765 + 0.16 

- 
- ............................................................ 

(b) The dose-dependent marijuana effect . 
T2-Tl) (n.80) 

(across all doses of alcoho1:Column totals; differences 
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( i n  t h e  presence of vary ing  doses  of a l c o h o l )  on the  s imple 

r e a c t i o n  time performance i s  shown i n  i n  F igu re  3 .  The t r end  

(though n o t  s i g n i f i c a n t )  towards antagonism i s  seen i n  r e a c t i o n  

times f o r  bo th  t h e  r e g u l a r l y  and i r r e g u l a r l y - p r e s e n t e d  items. 

( b )  Choice r e a c t i o n  time 

Both a l c o h o l  and mari juana e x e r t e d  a s i g n i f i c a n t  

dose-dependent s lowing of t h e  cho ice  r e a c t i o n  time to t h e  

d i r e c t l y  compatible r u l e ,  whereas n e i t h e r  drug produced a 

s i g n i f i c a n t  s lowing of  t h e  r e a c t i o n  time t o  t h e  i n d i r e c t l y  

compatable items. Both drugs however e x h i b i t e d  an  effect  on t h e  

s t anda rd  d e v i a t i o n  of t h e  i n d i r e c t l y  compatible items b u t  had no 

effect  on t h e  v a r i a b i l i t y  of r e sponses  to  t h e  d i r e c t l y  compatable 

s t i m u l i .  (Table  12) .  

The o v e r a l l  effect  of marijuana dosage l e v e l  on choice 

r e a c t i o n  time performance, i n  t h e  presence  of t h e  vary ing  doses  

of a l c o h o l  can be seen  i n  F igu re  4. There i s  l i t t l e  i n d i c a t i o n  of 

any effect  of mari juana on  the  r e a c t i o n  times t o  t h e  "hard" r u l e  

(low c o m p a t i b i l i t y )  b u t  a s u g g e s t i o n  o f  first a n  antagonism w i t h  

t h e  lower marijuana dose and a n  i n c r e a s e  i n  t he  r e a c t i o n  times 

wi th  the h ighe r  doses  w i t h  t h e  "easy" r u l e  ( i e  h igh  

c o m p a t i b i l i t y ) .  
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( c )  The " L i t t l e  men" t e s t .  

These d a t a  are shown i n  Table 12. There were no 

s i g n i f i c a n t  dose-dependent changes produced by e i t h e r  drug i n  t h e  

o v e r a l l  reaction times f o r  those  s t i m u l i  f o r  which t h e  correct 

responses  had been given. There was however a t rend towards an 

i n c r e a s e  i n  reaction times i n  t h e  a l c o h o l  cond i t ion ,  b u t  t h i s  

f a i l e d  to  reach s i g n i f i c a n c e  wi th in  t h e  c o n d i t i o n s  of t h i s  

a n a l y s i s  (p.0.01). On t h e  o t h e r  hand t h e  r e a c t i o n  times f o r  

s t i m u l i  f o r  which the  response was i n c o r r e c t  showed a s i g n i f i c a n t  

dose-response r e l a t i o n s h i p  for mari juana,  b u t  no t  f o r  alcohol 

(p=0.001 and 0.157 r e s p e c t i v e l y ) .  S i m i l a r l y ,  t h e  e r r o r  rate o f  

t he  responses  showed a dose dependent increase which was 

s i g n i f i c a n t  f o r  a l coho l  (p=O.002) b u t  not  f o r  marijuana 

(p=0.052).  

The effect o f  t h e  incrcasing doses  of  marijuana on t h e  

mean for a l l  doses of alcohol a r e  shown i n  Figures 5 and 6. The 

effects of marijuana on t h e  r e a c t i o n  times t o  c o r r e c t  and 

i n c o r r e c t  items a r e  shown i n  F igure  5 and the  effects on t h e  

s tandard  d e v i a t i o n  of  these responses  are shown i n  F igure  6. A 

s t r i k i n g  d i f f e r e n c e  was observed i n  t h e  effect o f  marijuana f o r  

t he  c o r r e c t  and i n c o r r e c t  responses .  There was a t rend  towards a n  

antagonism of  t h e  a l coho l  effect  by t h e  lowes t  dose of marijuana 

both to t h e  r e a c t i o n  times and the  s tandard  e r r o r  of t h e s e  

responses  when t h e  responses  were c o r r e c t .  However, when t h e  

responses  were i n c o r r e c t  both the  r e a c t i o n  times and t h e  s tandard  
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e r r o r s  of these  responses  were inc reased  by i n c r e a s i n g  doses  of 

marijuana. 

The e f f e c t  o f  marijuana on the  e r r o r  r a t e  i n  the  

responses  i n  t h i s  t e s t  are shown i n  F igure  6 .  Wi th  t he  except ion 

of the  lowest dose o f  mari juana,  t h e r e  is a t rend f o r  an  i n c r e a s e  

i n  t h e  e r r o r  rate w i t h  i n c r e a s i n g  doses  o f  marijuana. 

( d )  Tracking 

A s i g n i f i c a n t  l inear  dose-dependent decrement e f f e c t  

f o r  a l coho l  was recorded on t h i s  task .  There was no evidence f o r  

a l i n e a r  r e l e l a t i o n  between dose of marijuana and t h e  performance 

on t h i s  task.  (see Table 12) 

The effect o f  marijuana on the a l coho l  e f f e c t  is 

depic ted  i n  F igure  7 where i t  can b e  seen t h a t  the  a n t a g o n i s t i c  

effect of t h e  lowest  dose of marijuana achieved s ign i f i cance .  

With t h e  h igher  doses  o f  marijuana the  e f f e c t  was towards one o f  

an a d d i t i o n  w i t h  t h a t  o f  a l coho l .  

(e)  S h o r t  term memory 

A highly  s i g n i f i c a n t  l i n e a r  r e l a t i o n s h i p  (p=O.OOO)  

ex is t s  between dose o f  marijuana and t h e  e f f e c t  of a r educ t ion  i n  

t h e  o v e r a l l  mean of t h e  items s u c c e s s f u l l y  remembered i n  the  

forward d i g i t  span test. No such r e l a t i o n s h i p  was shown wi th  

a l coho l  (~30 .212) .  The d i f f e r e n c e  between t h e  two drugs (p=0.051) 



failed t o  achieve  s i g n i f i c a n c e  wi th in  the  Bonnferroni c o r r e c t i o n  

employed i n  t h i s  a n a l y s i s .  (see Table 12) .  

However t h e  e f f e c t  o f  marijuana on t h a t  produced by 

a l coho l  i n d i c a t e d  an interest ing t rend  (though non- s ign i f i can t )  

f o r  an antagonism w i t h  the lowest  marijuana dose.  The h ighes t  

dose was a d d i t i v e  t o  t h e  a l coho l  e f f e c t .  
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1. I n t r o d u c t i o n  and overview. 

The p r e s e n t  experiment was designed to examine the  

dose-dependent r e l a t i o n s h i p  o f  t h e  e f f e c t s  on performance and 

mood, produced by a l coho l  and marijuana when t a k e n  i n  

combination. A b a s i c  p r i n c i p l e  i n  pharmacology is t h a t  drugs  

e x h i b i t  i nc reased  e f f e c t s  as one i n c r e a s e s  t h e  dose.  The dose 

dependency o f  a l coho l  i s  well documented ( s e e  Ka lan t , l 971) .  In 

two s t u d i e s  completed i n  t h i s  l a b o r a t o r y ,  t h e  dose dependency o f  

a l coho l  on a l a b o r a t o r y  based test  b a t t e r y  has  been demonstrated 

(Franks e t  a1  1976; Chesher e t  a 1  1984) .  S i m i l a r l y  t h e  dose 

dependency of marijuana on a t e s t  b a t t e r y  i n  t he  l a b o r a t o r y  has  

been demonstrated (Chesher e t  a1 1984;1985). The a n a l y s i s  in 

t hese  cases  i n d i c a t e d  t h a t  t h e r e  were no s ign i f i can t  depa r tu re s  

from l i n e a r i t y  i n  t h e  r e g r e s s i o n  o f  performance on dose. 

Therefore  t h e  f irst  a n a l y s i s  o f  t h e  d a t a  i n  t h e  p r e s e n t  

experiment was t o  examine the  l i n e a r  effects o f  t h i s  r eg res s ion .  

The i n t e r p r e t a t i o n  placed on a f i n d i n g  o f  a s i g n i f i c a n t  l inear  

e f f e c t  is t h a t  t h i s  c o n s t i t u t e s  a s ign i f i can t  drug  e f f e c t .  

The des ign  o f  t h i s  experiment,  w i th  four  dosage 

cond i t ions  f o r  each d r u g  and with c e l l  groups t o  examine a l l  of 

t h e  p o s s i b l e  i n t e r a c t i o n s  between these  dosage cond i t ions  has  

produced d a t a  which con ta ins  a v a s t  p o t e n t i a l  o f  in format ion  
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experience wi th  these drugs ,  t h e  a n a l y s i s  presented  he re  should 

provide a gene ra l  o v e r a l l  view of t h e  na tu re  o f  t hese  

interactions.  

As i n d i c a t e d  i n  t h e  d e s c r i p t i o n  of t h e  a n a l y s i s ,  t h e  

dose dependent e f f e c t s  o f  each drug  are expressed (un le s s  

o therwise  stated) as t h e  effects  i n  t h e  presence o f  a l l  doses o f  

t he  o t h e r  drug. Reference t o  Table 1 w i l l  c l a r i f y  these  a n a l y s e s ;  

t h e  dose dependency of  a l coho l  i n  t h e  presence of  a l l  doses o f  

marijuana i s  ind ica t ed  by a comparison between t h e  mean va lues  of 

t h e  h o r i z o n t a l  rows. The dose dependency of marijuana i n  t h e  

presence o f  a l l  doses  o f  a l c o h o l  is i n d i c a t e d  by a comparison 

between t h e  mean va lues  o f  t h e  ver t ical  columns. All o f  the  

f i g u r e s  presented i n  t h i s  r e p o r t  are expressed i n  terms of  t h e  

ver t ical  columns and d e p i c t  t h e r e f o r e  t h e  in f luence  of  each dose 

o f  marijuana i n  combination wi th  t h e  va r ious  doses  of a l coho l .  

The a b s o l u t e  s ize  o f  each of t h e  histogram b a r s  represents t h e  

mean o f  t h e  combined e f f e c t s  of a p a r t i c u l a r  dosage of  mari juana 

taken wi th  t h e  v a r i o u s  doses  of a l c o h o l ,  as w e l l  as other effects 

(such  as p r a c t i c e  or f a t i g u e )  which could a l s o  a f f e c t  t h e  TZ-T1 

( a f t e r  drug  minus before  drug) performance change i n  a d d i t i o n  t o  

the  effects of  t h e  drugs.  The r e l a t i v e  he igh t  o f  each of t h e  b a r s  

r e p r e s e n t s  t h e  overall  or "main effect" o f  t h e  va r ious  doses  of  

marijuana, i n  t h e  presence of va r ious  l e v e l s  o f  a l coho l  and o t h e r  

non-drug f a c t o r s .  Should marijuana have produced no "main 

e f f e c t " ,  t hese  b a r s  would a l l  be o f  equal  dimensions. 
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Previous s t u d i e s  of  the e f f e c t s  o f  a l coho l  and 

marijuana, alone and i n  combination which were conducted i n  t h i s  

l abo ra to ry  ( w i t h  a d i f f e r e n t  b a t t e r y  of t e s t s )  provided d a t a  

which i n d i c a t e d  t h a t  a s i n g l e  composite measure, such a s  the  

cen t ro id ,  was l i k e l y  t o  b e  p a r t i c u l a r l y  s e n s i t i v e  t o  the  effects 

o f  t he  two drugs on t h e  b a t t e r y  as a whole (Belgrave e t  a l . ,  

1979; Bird e t  al . ,  1960). The measures from which t h e  c e n t r o i d  

(composite) i n  t h e  p re sen t  s tudy  was derived are those  i n  Table 

12. The a n a l y s i s  on the  c e n t r o i d  ind ica t ed  a s ignif icant  linear 

r eg res s ion  o f  t h e  performance measures wi th  dose fo r  each drug. 

As t h e  i n t e r a c t i o n  f a c t o r  f o r  t h i s  r e l a t i o n s h i p  was n o t  

s i g n i f i c a n t ,  we can conclude t h a t  t h e  effect of the  two drugs 

when taken i n  combination i s  e s s e n t i a l l y  one o f  t h e  a d d i t i o n  o f  

the s e p a r a t e  effects of each of t h e  drugs.  Results from t h i s  and 

previous s t u d i e s  (Chesher e t  a1 1984, ; Belgrave e t  a l . ,  1979; 

B i r d  e t  a l . ,  1980) have i n d i c a t e d  t h a t  both drugs have a gene ra l  

tendency to produce performance d e f i c i t s .  As can b e  seen i n  both 

Figures  1 and 2 ,  there was a t rend  f o r  t h e  lowes t  dose o f  

marijuana to  exert  an a n t a g o n i s t i c  e f f e c t  on t h a t  o f  a lcohol .  

Within t h e  p r e s e n t  a n a l y s i s  t h i s  effect was n o t  s i g n i f i c a n t .  

However the  a n a l y s i s  for any depa r tu re s  from l i n e a r i t y  of t h e  

r eg res s ion  of effect on dose has  y e t  t o  be  completed and cannot  

be presented i n  t h i s  r e p o r t .  

The a n a l y s i s  o f  d a t a  provided i n  Table 12 i n d i c a t e s  
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t h a t  the predominant d r u g  e f f e c t s  on the t e s t  b a t t e r y  were 

produced by a lcohol .  A 1  though the c e n t r o i d  i n d i c a t e s  t h a t  

marijuana produced significant dose dependent effects, these were 

q u a n t i t a t i v e l y  less s t r i k i n g  and q u a l i t a t i v e l y  d i f f e r e n t  from 

those o f  a lcohol .  The effect  o f  marijuana when taken i n  

combination w i t h  a l coho l  on the  performance measures a r e  

demonstrated i n  F igures  1 t o  8 which show the  effect o f  the  

increasing doses o f  marijuana. The main aspects of  these drugs 

when taken i n  combination w i l l  be  d iscussed  below. First however, 

i t  is necessary t o  e s t a b l i s h  the  equivalence in terms o f  s o c i a l  

usage o f  the  doses o f  each drug used a s  well as t o  p o i n t  o u t  t h e  

na tu re  o f  the  populat ion of vo lun tee r s  from whom these  d a t a  were 

co l l ec t ed .  

2. Were the drug doses  used e q u i v a l e n t  i n  terms o f  common s o c i a l  

use? - 

I n  a s tudy  o f  t h i s  na tu re  i n  which a d i r e c t  comparison 

is t o  be made o f  the  effects o f  two drugs  i t  is o f  obvious 

importance t h a t  the  doses  chosen f o r  each should ,  a s  far as 

poss ib l e ,  be  o f  equ iva len t  e f f e c t i v e n e s s  on the  measures tested. 

More s p e c i f i c a l l y ,  t he  doses  should produce e f f e c t s  o f  s u b j e c t i v e  

i n t o x i c a t i o n  which are as nea r  as p o s s i b l e ,  equiva len t .  O f  equa l  

importance i n  dosage s e l e c t i o n  i s  t h e  cons ide ra t ion  o f  t h e  s o c i a l  

re levance  o f  the dosages employed. The doses should be wi th in  
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those commonly i n  s o c i a l  use.  On both of  t h e s e  accoun t s  t h e  

s e l e c t i o n  of d o s e s  f o r  a l c o h o l  p r e s e n t s  v e r y  f e w  problems. There 

is a n  abundance o f  informat ion  concerning t h e  n a t u r e  of human 

performance d e f i c i t  w i t h  v a r i o u s  c o n c e n t r a t i o n s  of a l c o h o l  i n  t h e  

blood (see P e r r i n e , l 9 7 3 ;  Moskowitz & Austin,1979) .  I n  a d d i t i o n  to 

t h i s  are t h e  epidemiological  data which i n d i c a t e s  t h e  inc reased  

p r o b a b i l i t y  o f  road c r a s h  involvement w i t h  i n c r e a s i n g  blood 

a l c o h o l  c o n c e n t r a t i o n s  of  the d r i v e r .  The s o c i a l  r e l evence  of 

a l c o h o l  dosage is also reasonably  understood,  p r i m a r i l y  because 

a l c o h o l i c  beverages are of  s t a n d a r d i z e d  potency and t h e  

c o l l e c t i o n  o f  d r i n k i n g  h i s t o r i e s  can be r a p i d l y  converted i n t o  a 

reasonably a c c u r a t e  estimate of a l c o h o l  i n t a k e .  

The s e l e c t i o n  of the  a l c o h o l  doses  i n  t h e  p r e s e n t  

s tudy  was d i c t a t e d  i n  t h e  first p l a c e  by t h e  n a t u r e  of  t h e  

i n v e s t i g a t i o n .  Being an  i n t e r a c t i o n  s t u d y  t h e  a l c o h o l  doses  

should n o t  be s o  high as t o  obscure t h e  hypothesised a d d i t i v e  

effects  of mari juana,  or to produce a deg ree  o f  i n t o x i c a t i o n  

which was t o o  great f o r  t he  v o l u n t e e r s .  The doses were chosen to 

be w i t h i n  t h o s e  commonly used i n  social s i t u a t i o n s  i n  t h i s  

country and g e n e r a l l y  regarded as be ing  moderate. The blood 

a l c o h o l  c o n c e n t r a t i o n s  achieved confirmed these  i n t e n t i o n s ,  t h e  

h i g h e s t  dose producing a mean BAC o f  approximately O.O8g%. 

Unfortunately,  the  e q u i v a l e n t  in format ion  concerning 

marijuana t o  assist i n  t h e  s e l e c t i o n  of s o c i a l l y  r e l e v a n t  and 

equi-effect ive (to a l c o h o l )  doses  i s  s t i l l  inadequate .  Whi l s t  it 

has been c o n s i s t e n t l y  demonstrated t h a t  the d r u g  i s  capab le  of 
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producing a decrement i n  human s k i l l s  performance (Chesher e t  a 1  

1976,1977,1984; Belgrave e t  a1 1979; Bird e t  a1 1980; Klonoff 

1983).  both i n  l a b o r a t o r y  based t a s k s  and on t h e  road i n  a motor 

v e h i c l e ,  the d a t a  a v a i l a b l e  do n o t  permi t  u s  to  q u a n t i t a t i v e l y  

compare marijuana w i t h  a l coho l .  An a t t empt  t o  do t h i s  was 

undertaken i n  t h i s  l a b o r a t o r y  (Chesher e t  a 1  1984) i n  a series of 

s tud ies  u s i n g  a d i f f e r e n t  test b a t t e r y  from that employed here. 

As a r e s u l t  o f  t h i s  s t u d y ,  and t h a t  o f  a p i l o t  s tudy  (wi th  

computerised tests from which t h e  p r e s e n t  t e s t s  were de r ived )  

invo lv ing  50 v o l u n t e e r s ,  t h e  present doses o f  THC were chosen. 

The previous s tudy  suggested that THC doses o f  10, 15 and 20 mg 

produced effects on that tes t  b a t t e r y  which were towards the peak 

of the  dose-response curve.  I n  t h e  p i l o t  s tudy  we encountered a 

high inc idence  o f  vomiting with the  combination o f  15mg THC wi th  

the 0.75g/kg a lcoho l  dose. We t h e r e f o r e  de l e t ed  t h e  15mg dose o f  

THC and in se r t ed  the  low dose o f  2.5mg THC i n t o  t h e  design. 

I t  i s  a much more d i f f i c u l t  task t o  j u s t i f y  t h e  s o c i a l  

re levance  o f  these doses .  Marijuana is an i l l i c i t  subs tance  and 

is n o t  t he re fo re  sub jec t ed  t o  q u a l i t y  c o n t r o l .  Some i d e a  o f  t h e  

doses s o c i a l l y  used may be obta ined  from the  a n a l y s i s  o f  s treet  

samples, u s u a l l y  those  seized by law enforcement procedures .  

However, w i t h i n  r e c e n t  y e a r s  t h e  potency o f  these samples has 

increased to a very s ignif icant  e x t e n t .  I t  is very  d i f f i c u l t  

t he re fo re  t o  determine what  t h e  c o m o n l y  employed doses  o f  THC 

might be. One method, and t h a t  employed i n  t h i s  s tudy ,  is t o  

determine t h e  s u b j e c t i v e  assessment o f  t h e  effect of, t h e  doses  
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employed i n  r e l a t i o n  t o  the  prev ious  exper ience  o f  each vo lun tee r  

with t h e  drug. T h i s  was done by t h e  use o f  t h e  h o r i z o n t a l  

analogue "s tone" s c a l e .  Th i s  s c a l e  r eco rds  t h e  s u b j e c t s  

assessment  o f  t h e  d r u g ' s  e f f e c t  from t h a t  descr ibed  a s  be ing  no 

e f f e c t  a t  a l l  t o  t h e  extreme o f  being "as s toned  a s  I have eve r  

been". A s i m i l a r  assessment  wi th  a l coho l  was used and the  r e s u l t s  

i n d i c a t e d  t h a t  t he  s u b j e c t s  r a t e d  the  e f f e c t s  o f  the  mari juana 

doses a s  be ing  equ iva len t  t o ,  o r  o f  g r e a t e r  i n t e n s i t y  than those  

o f  a l coho l .  We t h e r e f o r e  may regard  the  dose s e l e c t i o n  t o  b e  o f  

some s o c i a l  re levance  and a t  accep tab le  l e v e l s  f o r  a comparison 

of t h e  two drugs  both a l o n e  and i n  combination. 

3. The vo lun tee r  populat ion.  

The i n t e r p r e t a t i o n  of t h e  d a t a  der ived  from t h i s ,  o r  

from any s tudy  should be  considered i n  t h e  l i g h t  of t h e  

popula t ion  sample used. A l l  s u b j e c t s  were non-naive as rega rds  to 

marijuana use. I n  v iew of the  s i z e  of t h e  sample, v o l u n t e e r s  were 

sought  by adver t i sements  on Sydney r a d i o  s t a t i o n s  which 

s p e c i a l i z e  i n  contemporary "rock" music. Although a l l  mari juana 

users, t h e  popula t ion  sample cannot  n e c e s s a r i l y  b e  regarded a s  

r e p r e s e n t a t i v e  o f  marijuana users. One d e s c r i p t o r  o f  t he  

popula t ion  was provided by responses  to  the  drug-use 

ques t ionnai re .  However, honesty i n  the  responses  t o  t h e  ques t ions  

cannot  be v e r i f i e d ,  nor  d i d  w e  a t t e m p t  t o  do so. Never the less ,  
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t h e  d a t a  c o l l e c t e d  enable  us to desc r ibe  the  populat ion sample as 

b e i n g  moderate u s e r s  o f  a l coho l  and,  heavy to  ve ry  heavy u s e r s  of 

marijuana. The d i s t r i b u t i o n  o f  s u b j e c t s  t o  dosage groups was 

conducted according t o  a previoulsy  prepared random t a b l e  as 

descr ibed i n  Methods. A d i s t r i b u t i o n  a n a l y s i s  f o r  t he  v a r i o u s  

i tems  o f  s e l f - r epor t ed  drug use h i s t o r y  i n d i c a t e d  t h a t  t h e  

d i s t r i b u t i o n  accord ing  t o  t h e s e  v a r i a b l e s  was homogenous 

throughout a l l  groups.  

4. Responses t o  t h e  i n t o x i c a t i o n  r a t i n g  scales. 

As i n d i c a t e d  above, t h e  r e s u l t s  o f  t h e  "stone" and 

"drunk" scales (when each drug was taken a lone  i . e .  t h e  a c t i v e  

d r u g  i n  t h e  presence o f  t h e  placebo cond i t ion  of  the  o t h e r )  

suggested t h a t  t h e  doses  employed o f  each drug were r a t e d  wi th in  

the l i m i t s  of the  regular exper ience  of t h e  s u b j e c t s ,  t h e  mean 

s c o r e s  being cons iderably  less than t h e  maximum o f  15 which i n  

each case r e p r e s e n t s  the  maximum e f f e c t  eve r  experienced by the  

s u b j e c t  i n  their use o f  t h e  d r u g ( s )  (Table  6a & 6b) .  Furthermore,  

t h e r e  was a decided t r end  (on t h e  "stone" and "drunk" scales) fo r  

t h e  s p e c i f i c  e f f ec t  a t t r i b u t e d  t o  marijuana t o  b e  a s ses sed  as 

being greater than t h a t  t o  t h e  doses  o f  a l c o h o l  employed. 

"stone scale" the  r a t i n g  f o r  t h e  middle dose of  marijuana (5mg 

THC) was s i g n i f i c a n t l y  g r e a t e r  than that produced by t h e  middle 

dose o f  a l coho l  (0.5g/kg). 

On t h e  

However, o t h e r  in format ion  provided i n  t h i s  s tudy  



i n d i c a t e s  t h a t  t h i s  i n t e r p r e t a t i o n  must be considered w i t h  

cau t ion .  F i r s t ,  t h e  responses  t o  t h e  two o t h e r  ques t ions  d e s i g n e d  

t o  q u a n t i t a t i v e l y  rate i n t o x i c a t i o n  ("How o v e r a l l  a f f e c t e d  do you 

feel by what  you have taken" and "How do you r a t e  t h i s  effect") 

suggested t h a t  t h a t  a l coho l  a l o n e  ( i e  w i t h  placebo mari juana)  

produced a more profound s u b j e c t i v e  e f f e c t  than d id  mari juana 

alone ( l e  w i t h  placebo a l c o h o l ) .  P o s s i b l y ,  t h e  placebo response 

t o  t h e  a l c o h o l  c o n d i t i o n  may have inf luenced  t h i s  d i f f e r e n c e .  The 

expectancy effects  for both drugs i n  t h e  s tudy  was h i g h  because 

s u b j e c t s  were g iven  no informat ion  a t  t h e  o u t s e t  about  t h e  dosage 

groups o f  e i t h e r  drug. As a l l  s u b j e c t s  were expec t ing  t o  r e c e i v e  

both  drugs  t h e  placebo response i n  t o  both  was q u i t e  high.  A 

des ign  o f  t h i s  nature has  dec ided  advantages  as i t  provides  some 

c o n t r o l  o f  expectancy e f f e c t s  a s s o c i a t e d  w i t h  t he  drug t o  b e  

taken. 

The ques t ion  "how do you rate t h i s  effect" when p u t  t o  

t h e  r a t h e r  devoted popula t ion  of mari juana u s e r s  would be 

u n l i k e l y  t o  b e  answered i n  t h e  d i r e c t i o n  o f  b e i n g  " too much 

affected".  The v o l u n t e e r s  were weighted towards heavy marijuana 

we and t h e r e  could have been a r e l u c t a n c e  t o  d e s c r i b e  the  e f f e c t  

i n  t h e s e  terms. The a t t i t u d e s  of t h e  popula t ion  towards a l coho l  

as exh ib i t ed  i n  the  drug  a t t i t u d e  q u e s t i o n s  might  s i m i l a r l y  have 

inf luenced  t h e  responses  t o  a l coho l  e f f e c t s  and i n f l a t e d  these  

va lues  relative t o  those  t o  mari juana.  It is  p o s s i b l e  t h e r e f o r e  

t h a t  t h i s  q u e s t i o n  might have been a f f e c t e d  by va lue  judgements 

related t o  each drug  as t h e  popula t ion  e x h i b i t e d  a decided 
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preference  f o r  marijuana. 

5. The a b i l i t y  to d i s t i n g u i s h  the effects o f  a l coho l  and 

marijuana . 

Also o f  in te res t  was t h e  comparative a b i l i t y  o f  t he  

s u b j e c t s  t o  d i s t i n g u i s h  t h e  e f f e c t s  produced by one drug when 

both had been taken i n  combination (Table  6 c ) .  The presence o f  

marijuana had no effect on the  a b i l i t y  t o  rate t h e  effect o f  

a l coho l  on the "drunk" scale. However, t h e  presence o f  a l coho l  

had a s i g n i f i c a n t  effect  on t h e  a b i l i t y  o f  the subjects  t o  rate 

the degree o f  marijuana i n t o x i c a t i o n  on t h e  "stone" s c a l e .  

Evidence provided by t h e  "s tone" scale (Table  6 b )  

a l s o  suggests t h a t  t he  s u b j e c t i v e  effect  produced by smoked 

marijuana may be nearer in na tu re  t o  an " a l l  o r  none" e f f e c t .  

Although the  l i n e a r  c o n t r a s t  a n a l y s i s  i n d i c a t e d  a s i g n i f i c a n t  

l inear  r e l a t i o n s h i p  between t h e  doses of  mari juana,  t h e  s c o r e s  

f o r  marijuana only  ( w i t h  a l c o h o l  placebo)  dosage groups suggested 

l i t t l e  d i f f e r e n c e  be teen  the 2.5mg and lOmg doses.  T h i s ,  t oge the r  

w i t h  the apparent  i n a b i l i t y  t o  d i s t i n g u i s h  the i n t e n s i t y  o f  

marijuana e f f e c t s  i n  the  presence o f  a l coho l  sugges t s  that the  

effect of  mari juana is more s u b t l e  o r  e l u s i v e  than t h a t  of 

a l coho l  and perhaps more s u s c e p t i b l e  to expectancy effects. T h i s  

sugges t ion  is supported by t h e  f ind ings  o f  Ashton e t  a1 (1981). 

I n  desc r ib ing  the  mood scales t o  the  s u b j e c t s  i t  was clear t h a t  



t he re  was no confusion as t o  t h e  d i s t i n c t i o n  between the  terms 

"drunk" as desc r ib ing  the  e f f e c t  of a l coho l  and "s tone" as i t  

r e l a t e s  t o  t h e  e f f e c t s  o f  mari juana.  

6 .  The mood e f f e c t s  of a lcohol  and marijuana. 

The mood scales devised by Ashton e t  a 1  (1978) provide 

i n  f i v e  hor izonta l  analogue scales, t h e  a b i l i t y  t o  c o l l e c t  

information i n  f i v e  mood dimensions descr ibed  as "anxie ty" ,  

" a l e r t n e s s " ,  "depression",  "detachment" and "anxiety"  ( s e e  

Appendix 1 ) .  Although g r e a t e r  r e l i a b i l i t y  could have been 

obtained from t h e  use o f  a g r e a t e r  number o f  ques t ions  f o r  each 

of  t hese  s c a l e s ,  we be l ieved  t h a t  t h e  s imple form o f  t h e  Ashton 

scales were much more e a s i l y  understood by t h e  i n t o x i c a t e d  

sub jec t s .  I n  some cases  some e f f o r t  and encouragement had t o  be  

given t o  the  s u b j e c t s  ( e s p e c i a l l y  i n  t h e  combination doses)  t o  

complete t h e s e  scales. We cannot  assess t h e  e x t e n t  to which t h i s  

encouragement might have inf luenced  t h e  r e s u l t s .  The i n t e r v e n t i o n  

was necessary t o  overcome t h e  s u b j e c t s '  c o n f l i c t  of i n t e r e s t  

between the  task o f  completing t h e  mood scales and t o  cont inue 

the enjoyment o f  t he  social i n t e r a c t i o n  wi th  o t h e r  vo lun tee r s .  

The mood effects,  as  wi th  t h e  performance d a t a  were 

analysed as t h e  effects of t h e  drug combinations as decr ibed  i n  

DATA ANALYSIS. The effects descr ibed  as  being due t o  marijuana 

a r e  those  t o  each dose of marijuana i n  t h e  presence o f  a l l  o f  t he  
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var ious  doses o f  a l coho l ;  those  descr ibed  as a l coho l  effects are 

those  i n  the  presence o f  a l l  o f  t he  doses o f  marijuana. 

The r e s u l t s  ob ta ined  have provided i n t e r e s t i n g  

informat ion  which p o i n t s  t o  t h e  d i f f e r e n c e  i n  the s u b j e c t i v e  

e f f e c t s  produced by each drug. I n  a l l  b u t  t h e  mood dimension 

" tension",  each drug produced changes from t h e  pre-drug 

assessments ,  the  t r ends  o f  which were i n  oppos i t e  d i r e c t i o n s .  The 

effects f o r  mari juana,  which i n d i c a t e d  a s i g n i f i c a n t  l i n e a r  

effect on dose were recorded on the  scales d e s c r i b e d  as "anxiety"  

and " tens ion" ,  t he  e f f e c t s  i n  each case were an i n c r e a s e  i n  each 

dimension. The a d j e c t i v e s  d e s c r i b i n g  these d i r e c t i o n s  o f  change 

sugges t  a s i m i l a r i t y  o f  t he  mood e f f e c t s  f o r  each. "Anxiety" was 

defined as "worried,  j i t t e r y ,  a f r a i d ,  no confidence" w h i l s t  

" tension" was defined as "tense, impa t i en t ,  on edge, restless, 

keyed up". The "difference" c o n t r a s t  a n a l y s i s  i n d i c a t e d  t h a t  t he  

d i f f e r e n c e  between the two drugs was s i g n i f i c a n t  f o r  t he  

"anxietyr t  mood scale. 

A s i g n i f i c a n t  l i n e a r  e f f e c t  was obta ined  f o r  a l coho l  

i n  producing a r educ t ion  i n  the  " a l e r t "  mood scale. The t rend  f o r  

marijuana on t h i s  scale was towards a n  i n c r e a s e  i n  a l e r t n e s s .  The 

d i f f e r e n c e  between the  e f f e c t s  o f  t h e  two drugs on t h i s  mood 

dimension was s i g n i f i c a n t .  The d i r e c t i o n  f o r  t he  a l coho l  effect  

was descr ibed  by t h e  a d j e c t i v e s  " l e t h a r g i c ,  slow, muddled, bored, 

dopey". 

Although n o t  showing a s i g n i f i c a n t  linear 

r e l a t i o n s h i p ,  marijuana indicated a t r end  (p.0.173) towards a n  
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increase i n  t h e  mood "detachment", which was de f ined  by t h e  

a d j e c t i v e s  "detached, uninvolved, impersonal ,  qu ie t " .  

The d i r e c t i o n  o f  change i n  t h e s e  mood scales s u g g e s t  

t h a t  a l c o h o l  and mari juana are d rugs  wi th  q u i t e  d i f f e r e n t  

mechanisms o f  a c t i o n .  The effects of a l c o h o l  are c l e a r l y  those  of 

a c e n t r a l  nervous system d e p r e s s a n t ;  t hose  o f  mari juana appear  t o  

be of  a d i f f e r e n t  nature and have been desc r ibed  by some as be ing  

more i n  keeping w i t h  t h o s e  of  a mild hal lucinogen.  Th i s  

sugges t ion  i s  a l so  c o n s i s t e n t  w i t h  t h e  more s u b t l e  n a t u r e  of t h i s  

d r u g ' s  effects and t h e  a b i l i t y  of  a l c o h o l  t o  i n t e r f e re  wi th  t h e  

s u b j e c t i v e  i d e n t i f i c a t i o n  o f  the  effects o f  marijuana. They are  

a l s o  c o n s i s t e n t  w i t h  a n  i n t e r p r e t a t i o n  o f  some o f  t h e  effects  o f  

t h i s  drug  on  performance measures desc r ibed  i n  t h i s  and o t h e r  

s t u d i e s  (Sharma & Moskowitz,l974) as be ing  i n  t h e  n a t u r e  o f  a n  

increase i n  d i s t r a c t a b i l i t y  or a r e d u c t i o n  i n  a t t e n t i o n .  

7. The d r i v i n g - r e l a t e d  ques t ions .  

Similar comments t o  t h e  above might be a p p l i e d  to t h e  

r e su l t s  p re sen ted  he re  of 'the responses  t o  t h e  d r i v i n g  related 

q u e s t i o n s  (Tab le  7 ) .  Whi ls t  a l c o h o l  produced a s i g n i f i c a n t  l i n e a r  

r e l a t i o n s h i p  w i t h  dose of  t h e  assessment  o f  o n e ' s  a b i l i t y  t o  

d r i v e  a motor car, and of t h e  statement o f  i n t e n t i o n  of d r i v i n g  a 

v e h i c l e  "as you feel  now", t h e r e  was no such r e l a t i o n s h i p  f o r  

e i t h e r  q u e s t i o n  w i t h  marijuana. There are a number o f  



92 

i n t e r p r e t a t i o n s  o f  t h e s e  results b u t  one which i s  c o n s i s t e n t  wi th  

the  r e s u l t s  d i scussed  above relates t o  the  s u b t l e  na tu re  o f  t he  

e f f e c t  of marijuana and t h e  appa ren t  l a c k  o f  t h e  s u b j e c t i v e  mood 

e f f e c t s  which would be a s s o c i a t e d  wi th  a depress ion  o f  t h e  

c e n t r a l  nervous system. A l t e r n a t i v e  c o n s i d e r a t i o n s  must however 

be given t o  an i n t e r p r e t a t i o n  o f  t h e  answers t o  t h e s e  ques t ions .  

The pub l i c  awareness of t h e  effects of  a l coho l  on dr iv ing - re l a t ed  

skills has been g r e a t l y  inc reased  wi th in  r e c e n t  yea r s  as a r e s u l t  

o f  t h e  dr ink-dr iv ing  campaign and t h e  i n t r o d u c t i o n  o f  t he  

"Breathalyzer"  l e g i s l a t i o n  i n  N.S.W. It  seems unreasonable  t o  

expec t  t h a t  this informat ion  would be wi thout  e f f e c t  on t h e  

reponses made t o  t h e  d r i v i n g  r e l a t e d  ques t ions .  

The s u b j e c t s  were equa l ly  aware of t h e  i n a b i l i t y  o f  

the p o l i c e  t o  d e t e c t  mari juana i n t o x i c a t i o n  so  t h e  expec ta t ion  o f  

being caught  and convicted is very  low. Although many o f  t h e  

vo lun tee r s  admit ted t o  d r i v i n g  w h i l s t  "s toned" many agreed t h a t  

the drug d i d  affect t h e i r  d r i v i n g  skills and t h a t  they "drove 

more c a r e f i l l y  and slowly" on such occas ions .  
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8. The performance measures. 

The d i f f e r e n c e s  i n  t h e  s u b j e c t i v e  effects of a l coho l  

and marijuana descr ibed  above are a l s o  apparent  i n  t he  r e s u l t s  on 

the  performance measures. The predominant effect  on t h e s e  t e s t s  

was undoubtedly exer ted  by a l coho l .  The approximate equivalence 

o f  t h e  doses of  a l coho l  and marijuana i n  s u b j e c t i v e  terms has 

been discussed above and t h e  s o c i a l  re levance  of t h e  d i f f e rences  

i n  t h e  e f f e c t s  o f  t h e  two drugs on the  performance measures is 

t h e r e f o r e  o f  s i g n i f i c a n c e .  

The main dose-dependent e f f e c t s  of a l c o h o l ,  a s  

i nd ica t ed  i n  Table 12, could broadly be  descr ibed  as a slowing o f  

r e a c t i o n  times both s imple a n d  complex, a c l e a r  t rend towards a 

s lowing o f  r e a c t i o n  t imes i n  the  l i t t l e  men test ,  and a 

s i g n i f i c a n t  e f f e c t  i n  i n c r e a s i n g  the  e r r o r  r a t e  i n  t h i s  t e s t .  The 

e f f e c t  on t h e  e r r o r  rate occurred w i t h  very l i t t l e  e f f e c t  on the  

s tandard  dev ia t ion  o f  responses  t o  t h e  i n c o r r e c t  items ( t h e  

s tandard  dev ia t ion  i s  a measure of  t h e  s c a t t e r  o f  t h e  responses  

about t he  mean). Alcohol a l s o  exer ted  a s i g n i f i c a n t  e f f e c t  on t h e  

t r ack ing  t a s k ,  b u t  had no e f f e c t  on s h o r t  term memory. 

The main e f f e c t s  of mari juana were observed i n  t h e  

test o f  s h o r t  term memory, cho ice  r e a c t i o n  t ime,  a n d  on t h e  

r e a c t i o n  times f o r  t h e  i t ems  i n  t h e  " L i t t l e  men" test  when t h e  

responses  were i n c o r r e c t .  The s t anda rd  d e v i a t i o n  o f  these 
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responses  i n d i c a t e d  a s t r o n g  e f f e c t  which approached 

s i g n i f i c a n c e .  This  e f f e c t  i n d i c a t e d  t h a t  t he  response times 

va r i ed  cons iderably  i n  a dose dependent manner. S i m i l a r l y ,  t h e  

e r r o r  r a t e  i n  t h i s  test approached s i g n i f i c a n c e  f o r  t h e  mari juana 

effect. These d a t a  i n d i c a t e  q u a l i t a t i v e  and q u a n t i t a t i v e  

d i f f e r e n c e s  i n  t he  effects produced by the  two drugs. However as 

the  experiment was designed s p e c i f i c a l l y  as a n  i n t e r a c t i o n  s tudy ,  

an i n t e r p r e t a t i o n  o f  these d i f f e r e n c e s  is more a p p r o p r i a t e l y  

d iscussed  after a n  examination o f  t h e  n a t u r e  o f  t h e  drug 

i n t e r a c t i o n s  recorded. 

9. Alcohol-marijuana i n t e r a c t i o n s  on t h e  performance measures. 

I n  view o f  t h e  f a c t  t h a t  t h e  main drug e f f e c t s  exer ted  

on t h e  test  b a t t e r y  were those  o f  a l c o h o l ,  and as our  p r e s e n t  

understanding i s  t h a t  t h i s  drug is t h e  major c o n t r i b u t o r  to  

drug-re la ted  road f a t a l i t i e s ,  t h e  f i g u r e s  1-8 which p r e s e n t  t h e  

r e s u l t s  i n  t h i s  i n t e r a c t i v e  s tudy  have been expressed i n  terms of  

the  e f f e c t s  o f  mari juana superimposed on t h e  effects produced by 

a l coho l .  The l a t t e r  was c a l c u l a t e d  as t h e  d i f f e r e n c e  i n  responses  

after (T2) minus t h e  e f f e c t s  before  a l c o h o l  (T1). The magnitude 

of t h i s  d i f f e r e n c e  i s  dep ic t ed  i n  F igu res  2 t o  8 i n  t h e  form of  

histogram ba r s .  I f  we begin  w i t h  t h e  n u l l  hypothes is ,  t h a t  

marijuana exerts no main e f f e c t s  on those  produced by a l c o h o l ,  w e  

would expec t  t h a t  t he  s i z e  of the bars, (each w i t h  t he  v a r i o u s  

doses of marijuana) would remain unchanged. 
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A measure o f  the e x t e n t  o f  t he  drug-induced 

performance measure changes on t h e  test b a t t e r y  as a whole i s  

given i n  t h e  c a l c u l a t i o n  o f  t h e  c e n t r o i d ,  t h e  r e s u l t s  of which 

are provided i n  T a b l e  12 and depic ted  g raph ica ly  i n  F igures  1 and 

2. The c a l c u l a t i o n  of  t h e  l i n e a r  c o n t r a s t s  i n  Table 12 ind ica t ed  

t h a t  both a l coho l  and marijuana exe r t ed  a s i g n i f i c a n t  dose 

dependent e f f e c t  on t h e  t e s t  b a t t e r y  and t h a t  the e f f e c t  of t h e  

drugs in combination, as i n d i c a t e d  by t h e  non-signif icance o f  t h e  

i n t e r a c t i o n  f a c t o r ,  was one o f  a d d i t i o n .  

As can be seen i n  Figure 1 ,  which is a g r a p h i c a l  

r e p r e s e n t a t i o n  of t h e  dose-response r e l a t i o n s h i p  of t h e  e f f e c t s  

of  a l coho l  i n  t h e  presence of each of t h e  dosage cond i t ions  o f  

mari juana,  t he  two h igher  doses o f  marijuana ( 5  and 10 mg) 

increased  t h e  i n t e n s i t y  o f  t h e  e f f e c t s  produced by a lcohol .  There 

was a t rend  however for t h e  lowes t  dose of  marijuana (2.5mg) t o  

reduce t h e  magnitude o f  t h e  a l coho l  e f f e c t .  F igure  2 which 

r e p r e s e n t s  t he  mean o f  the response change to  a l l  o f  t h e  a l c o h o l  

doses demonstrates ,  perhaps more c l e a r l y ,  t h e  na tu re  of  this drug 

e f f e c t .  It is i n s t r u c t i v e  the re fo re  t o  examine t h e  na tu re  o f  t h i s  

drug i n t e r a c t i o n  i n  terms of t h e  mean a l coho l  e f f e c t  for  each o f  

t h e  tests i n d i v i d u a l l y .  

( a )  Simple r e a c t i o n  time (F igu re  3 ) .  

Alcohol produced a s i g n i f i c a n t  dose-dependent i n c r e a s e  

i n  s imple r e a c t i o n  times, an e f f e c t  which is worthy o f  mention i n  
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view of t h e  r e l a t i v e l y  low blood a l coho l  doses  employed. The 

a l coho l  effect showed s i g n i f i c a n c e  a s  a dose dependent i n c r e a s e  

i n  r e a c t i o n  times, both t o  t h e  items presented  a t  r e g u l a r  and 

random i n t e r v a l s .  S i m i l a r l y ,  when examined as effects o f  

i n d i v i d u a l  doses t h e  r e a c t i o n  time measures were s i g n i f i c a n t l y  

slowed f o r  doses  o f  0.5 and 0.75 g a lcohol /kg .  These main effects 

f o r  each a l coho l  dose were o f  course  v a l u e s  i n  combination w i t h  

a l l  o f  t h e  v a r i o u s  doses o f  marijuana. A s  Moskowitz and Austin 

( 1 9 )  have pointed o u t  i n  t h e i r  l i t e r a t u r e  review o f  t h e  e f f e c t s  

o f  a l coho l  on human s k i l l s  perFormance, s i m p l e  r e a c t i o n  time i s  

gene ra l ly  n o t  affected a t  t h e s e  low doses of a lcohol .  The results 

descr ibed h e r e  t h e r e f o r e  must b e  seen as a n  example o f  the  

a d d i t i v e  i n t e r a c t i v e  e f f e c t  o f  marijuana wi th  a l coho l .  

Never the less ,  t h e  effects o f  marijuana a lone  on s imple r e a c t i o n  

time were ve ry  s l i g h t .  A s  can be seen i n  Table 13 and Figure  3 

the  e f f e c t s  exerted by marijuana on t h e  s imple r e a c t i o n  time 

measures were n o t  s i g n i f i c a n t .  I t  is worth no t ing  t h e  sugges t ion  

(though n o t  s i g n i f i c a n t )  f o r  an antagonism by marijuana of t h e  

effect produced by t h e  va r ious  doses of a l coho l  on t h e  r e a c t i o n  

t imes t o  t h e  i r r e g u l a r l y  presented i tems  ( f i g u r e  3) .  

( b )  Choice r e a c t i o n  time (F igure  4). 

Both t h e  a l coho l  and marijuana e f f e c t s  on choice 

r e a c t i o n  t imes f o r  the  items w i t h  h igh  s t imulus-response 

compa t ib i l i t y  showed a s i g n i f i c a n t  l i n e a r  dose-response 
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r e l a t i o n s h i p .  Although a l c o h o l  also showed a s i g n i f i c a n t  

dose-dependent s lowing o f  r e a c t i o n  times f o r  t h e  low compat ib l i ty  

items, t h a t  for marijuana f a i l ed  t o  reach s i g n i f i c a n c e  (Table  

12). 

The r e s u l t s  dep ic t ed  i n  f i g u r e  4 show more c l e a r l y  t h e  

effect  of the each dose of  mari juana i n  combination w i t h  the 

v a r i o u s  doses  of a l coho l .  Once a g a i n ,  a l though t h e  differences 

between dosage groups were n o t  s i g n i f i c a n t ,  t h e r e  was a decided 

t r e n d  towards a n  a d d i t i v e  e f f ec t  between t h e  two drugs a t  the  5 

and 10 mg THC doses  o f  marijuana. However, a t rend  was observed 

i n  t h e  d i r e c t i o n  of a n  antagonism i n  t h e  e f fec ts  o f  t h e  

combination o f  a l c o h o l  w i t h  t h e  2.5mg THC dose o f  marijuana. 

These effects  were observed i n  t h e  r e a c t i o n  times t o  t h e  high 

c o m p a t i b i l i t y  r u l e  of cho ice  r e a c t i o n  times. With t h e  more 

complex r u l e  ( low c o m p a t i b i l i t y ) ,  t h e  a n t a g o n i s t i c  effects o f  t h e  

drugs was much less  apparent .  

( d )  " L i t t l e  men" test  ( F i g u r e s  5 & 6 ) .  

The r e s u l t s  obtained w i t h  t h i s  test have provided 

evidence similar t o  t h a t  desc r ibed  f o r  t h e  o t h e r  r e a c t i o n  time 

measures and a l s o  have suggested i n t e r e s t i n g  q u a l i t a t i v e  

d i f f e r e n c e s  between t h e  two drugs.  The n a t u r e  o f  the  

alcohol-marijuana i n t e r a c t i o n s  i n  t h e  responses  t o  t h i s  t e s t  

d i f f e r e d  accord ing  t o  whether t h e  response was c o r r e c t  o r  

i n c o r r e c t .  The drug i n t e r a c t i o n  f o r  t h o s e  responses  which were 
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c o r r e c t  (Figure 5a and 6a) was similar t o  those  descr ibed  f o r  

s imple  and choice  r e a c t i o n  time measures. The lowes t  mari juana 

dose i n d i c a t e d  a t rend ,  though n o t  s i g n i f i c a n t ,  towards a 

reduct ion  i n  t he  a l coho l  e f f e c t  on the  r e a c t i o n  time f o r  t he  

c o r r e c t  i tems.  The s tandard  d e v i a t i o n  o f  these responses  ( f i g u r e  

6 a )  a l s o  i n d i c a t e d  a drug antagonism which d i d  achieve  

s i g n i f i c a n c e  ( t-1.9875 , d f  158 ; p<0.05. ) 

It is noteworthy that t h e  r e a c t i o n  times and t h e i r  

s t anda rd  d e v i a t i o n s  f o r  t h e  items f o r  which the  response  was 

i n c o r r e c t  i nd ica t ed  a drug i n t e r a c t i o n  o f  a d i f f e r e n t  na tu re .  

Inc reas ing  doses  o f  marijuana were a d d i t i v e  t o  both the  a l coho l  

r e l a t e d  i n c r e a s e s  i n  r e a c t i o n  times and t h e i r  s t a n d a r d  d e v i a t i o n s  

(fig.5b & 6b) .  A similar i n t e r a c t i o n  is a l s o  i n d i c a t e d  in t he  

e r r o r  rate (Fig.&).  The re  was a s l i g h t  sugges t ion  i n  the 

responses  t o  these i n t e r a c t i o n s  f o r  t h e  a n t a g o n i s t i c  e f f e c t s  w i t h  

the lowes t  marijuana dose as descr ibed  i n  o t h e r  t e s t s .  

Two poss ib l e  i n t e r p r e t a t i o n s  f o r  the  d i f f e r e n c e  i n  t h e  

drug i n t e r a c t i o n  f o r  t he  c o r r e c t  and i n c o r r e c t  responses  might be 

of fe red .  The first i n t e r p r e t a t i o n  is c o n s i s t e n t  w i t h  the 

previous ly  described d i f f e r e n c e s  i n  t h e  effects of these two 

drugs in what might be termed a "speed-accuracy trade-off".  It 

has been suggested t ha t  under t he  in f luence  o f  a l coho l ,  s u b j e c t s  

show a greater wi l l i ngness  t o  t ake  a r i sk ,  or t h e  make a guess  a t  

t h e  appropr i a t e  response.  However, with mari juana,  evidence 

suggests t h a t  s u b j e c t s  are less w i l l i n g  t o  do so (Casswe11,1977; 

Dot t ,  1972; E l l i n g s t a d  e t  a l ,  1973). The p r e s e n t  r e s u l t s  could be  
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seen  i n  t h i s  l i g h t  because w i t h  i n c r e a s i n g  doses  of mari juana t h e  

r e a c t i o n  times t o  t h e  i n c o r r e c t  items as we l l  as t h e  s t anda rd  

d e v i a t i o n s  were inc reased .  This  might i n f e r  t h e  expend i tu re  o f  a 

longe r  time to  ponder a d i f f i c u l t  problem when mari juana had been 

taken. I n  view of previous s t u d i e s  which have i n d i c a t e d  t h e s e  

d i f f e rences  between t h e  effects o f  a l c o h o l  and mari juana,  a 

f u r t h e r  s t u d y  o f  t h e  comparative effects o f  t h e s e  two drugs on  

r i sk - t ak ing  behaviour i s  warranted. 

The second i n t e r p r e t a t i o n  o f f e r e d  i s  t h a t  mari juana 

might have produced p e r i o d i c  a t t e n t i o n a l  d e f i c i t s  and i t  was t h i s  

effect  which prolonged r e a c t i o n  times and the  s t anda rd  d e v i a t i o n  

of these responses .  An assumption w i t h  t h i s  i n t e r p r e t a t i o n  is 

t h a t  t h e  a t t e n t i o n a l  l a p s e s  are more l i k e l y  t o  occur  du r ing  t h e  

s o l v i n g  of  t h e  more d i f f i c u l t  problems which r e q u i r e  longe r  

s o l u t i o n  times, and which a re  more l i k e l y  t o  be accompanied w i t h  

i n c o r r e c t  responses .  This  is c o n s i s t e n t  w i t h  d a t a  ( n o t  p re sen ted  

he re )  i n  which the  performances on s u b s e t s  (def ined a p r i o r i  i n  

terms of  d i f f i c u l t y  o f  t h e  " l i t t l e  men" items) were ana lysed  

s e p a r a t e l y .  Here i t  was found tha t  there was a s i g n i f i c a n t  l inear  

dosage e f fec t  f o r  the  v a r i a b i l i t y  of responding (S.D.) f o r  t h e  

most d i f f i c u l t  items f o r  marijuana b u t  n o t  f o r  a l coho l .  Th i s  

occurred for both  t h e  correct and i n c o r r e c t  responses .  Another 

a s p e c t  of these da t a ,  c o n s i s t e n t  w i t h  t h e  a t t e n t i o n a l  l a p s e s  

hypo thes i s ,  is t h a t  t h e  change i n  t h e  drug effects  for i n c r e a s i n g  

d i f f i c u l t y  o f  items was greater f o r  mari juana than f o r  a l coho l .  

Th i s  i n t e r p r e t a t i o n  i s  of cour se  t e n t a t i v e ,  b u t  i t  does suggest 
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a n  a r e a  f o r  f u r t h e r  research .  

( d )  The t r ack ing  t a s k  (F igu re  7 )  

The e f f e c t  on t h i s  task was predominantly t h a t  of 

a l coho l ,  there b e i n g  no evidence f o r  a l i n e a r  drug dependent 

effect f o r  marijuana (Table 12).  The effect o f  the  d i f f e r e n t  

doses o f  marijuana in combination w i t h  t h e  v a r i o u s  doses  of 

a l coho l  i s  depic ted  i n  F igure  7.  Here t h e  appa ran t  antagonism o f  

a lcohol  by the  low dose o f  marijuana is once aga in  in evidence. 

The difference between these groups j u s t  f a i l e d  t o  reach  

s i g n i f i c a n c e  ( t  -1.7015; when f o r  158df,t=1.9751 a t  p=0.05). 

I n  a previous  s tudy  i n  t h i s  l abo ra to ry  (Chesher e t  a1 

1984;1985) marijuana was found t o  e x e r t  a s ign i f icant  

dose-dependent e f f e c t  on a p u r s u i t  r o t o r  t a s k ,  a task g e n e r a l l y  

considered to  be r e l a t i v e l y  i n s e n s i t i v e  t o  t he  effects o f  a l coho l  

(Moskowitz & Austin,1979).  I n  this s tudy ,  t he  s u b j e c t s  were 

tested w h i l s t  s t and ing .  I n  t h i s  same experiment,  marijuana was 

found t o  produce a s i g n i f i c a n t  effect  on s t and ing  s t e a d i n e s s .  The 

sub jec t  was requ i r ed  t o  s t and  u p r i g h t  and s t i l l  w h i l s t  performing 

each of these tasks. I n  the  e a r l i e r  s tudy  these two tests were 

the  most s t r i k i n g l y  sensi  t i v e  to smoked marijuana of t h e  t e s t s  

used. I n  t h e  p r e s e n t  s tudy ,  subjects were seated dur ing  the  

performance o f  a l l  tasks. I n  view o f  t he  e f f e c t  o f  marijuana i n  

producing a p o s t u r a l  hypotension. the p o s s i b i l i t y  t h a t  t h e  e f f e c t  
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o f  marijuana on t a s k s  r e q u i r i n g  t h e  s u b j e c t  t o  s t a n d  still f o r  

any per iod of time might  be r e l a t e d  t o  t h e  p o s t u r a l  hypotensive 

changes induced by t h e  drug must be  s e r i o u s l y  considered.  An 

i n v e s t i g a t i o n  o f  t h i s  p o s s i b i l i t y  i s  warranted.  

(e )  S h o r t  term memory (F igu re  8) 

The drug e f f e c t  on the  forward d i g i t  span t a s k  was a 

h ighly  s i g n i f i c a n t  l i n e a r  effect  f o r  marijuana. The e f f e c t  o f  

a l c o h o l ,  a l though no t  s i g n i f i c a n t  on the  o v e r a l l  mean of 

responses  d i d  show a t rend toward a decrement i n  t h i s  task. The 

e f f e c t  o f  t h e  va r ious  doses o f  marijuana i n  t h e  presence o f  

a l c o h o l ,  a s  depic ted  i n  Figure 8 show t h a t  t he  dominant e f f e c t  is 

one o f  a d d i t i o n  between the  two drugs.  An examination o f  f i g u r e  8 

i n d i c a t e s  once aga in  a sugges t ion  f o r  a n  antagonism between t h e  

lowest  dose o f  marijuana and a lcohol .  

10. The appa ren t  antagonism between a lcohol  and marijuana. 

Whils t  t h e  major a c t i o n s  on the  performance measures 

i n  t he  test  b a t t e r y  o f  a l coho l  and marijuana when taken i n  

combination was t o  produce effects i n  t h e  same d i r e c t i o n ,  t h e r e  

was a c o n s i s t e n t  t rend throughout f o r  a n  appa ren t  antagonism o f  

the  a l coho l  effect wi th  t h e  lowest dose of  marijuana. Evidence 

f o r  such a drug antagonism has  been presented i n  e a r l i e r  s t u d i e s  

i n  t h i s  l abora to ry  (Chesher e t  a1 1977) .and o t h e r s  ( McEvoy and 
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Marks,1975; S t e i n  e t  a1 1983). The mechanism f o r  t h i s  appa ren t  

antagonism cannot  be sought  in an e f f e c t  by mari juana on the  

metabolism o r  d i s t r i b u t i o n  o f  a l coho l  because i t  has been c l e a r l y  

demonstrated i n  the  p r e s e n t  s tudy  and i n  o t h e r s  (Chesher e t  a 1  

1976;1977; B i r d  e t  a1 1980; Kalant  & LeBlanc 1974; Siemens & 

Khanna, 1977) t h a t  marijuana had no e f f e c t  on the  blood a l coho l  

concent ra t ion .  The impressive na tu re  o f  t h e  evidence f o r  t h i s  

antagonism i s  t h a t  i t  was observed i n  a l l  o f  t h e  tests of t h e  

b a t t e r y .  Although the  phenomenon achieved s ta t i s t ica l  

s i g n i f i c a n c e  i n  only  one case  its c o n s i s t e n t  presence i n  a l l  

tests is  su f f i c i en t  conf i rmat ion  t h a t  such a drug i n t e r a c t i o n  

exists.  Fur the r  evidence f o r  a n t a g o n i s t i c  e f f e c t s  o f  the  two 

drugs was descr ibed  i n  the r e s u l t s  o f  t he  mood scales where t h e  

drug induced changes were i n  oppos i t e  d i r e c t i o n s  f o r  a l l  b u t  one 

mood dimension. 

11. Impl i ca t ions  regard ing  the  comparative e f f e c t s  o f  a l coho l  and 

marijuana. 

It  i s  q u i t e  clear t h a t  the  main drug effects on human 

performance s k i l l s  which were recorded on the  tes t  b a t t e r y  were 

those o f  a lcohol .  Although marijuana d i d  show evidence f o r  

performance decrements,  these were of a lesser s e v e r i t y  wi th in  

t h e  doses  employed. As the  doses  employed were cons idered  t o  be 

of  equ iva len t  s o c i a l  re levance  i t  seems that a l coho l  remains the  

drug o f  major concern f o r  its r o l e  i n  performance impairment. The 
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marijuana i n  t he  p re sen t  s tudy  was t h a t  o f  s h o r t  term memory. 

T h i s  is c o n s i s t e n t  w i t h  e a r l i e r  r e p o r t s  o f  the  effects  of 

marijuana and does have re levance  t o  t h e  d r i v i n g  t a sk  as has  been 

pointed o u t  by Rumar ( 1 9 8 2 ) .  

However, as has  been so  e l e g a n t l y  d iscussed  by 

Naatanen and Summala (1976) impairment a lone  i s  no t  n e c e s s a r i l y  

t h e  sole determinant  o f  t h e  danger of a drug t o  t h e  d r i v e r  of a 

motor veh ic l e .  "The demands of t h e  d r i v e r ' s  task are more a 

func t ion  o f  t h e  d r i v e r ' s  choice  than o f  t h e  c h a r a c t e r i s t i c s  o f  

t he  t a s k  itself". The a t t i t u d e  and mot iva t ion  o f  t he  d r i v e r ,  and 

t h e i r  se l f -assessment  o f  t h e  s ta tus  o f  t h e i r  own d r i v i n g  s k i l l s  

on any given d r i v i n g  occasion w i l l  i n f luences  t h e  manner ( i e  

c a r e f u l l y  o r  wi th  r i sk - t ak ing )  i n  which they w i l l  d r ive .  The 

p o s s i b i l i t y  t h a t  drugs can i n f l u e n c e  these mot iva t ions  and 

dec i s ions  o f  d r i v e r s  has only  r e c e n t l y  been addressed i n  r e sea rch  

s t u d i e s .  The e f f e c t s  o f  drugs on t h e  self-awareness  o f  drug 

i n t o x i c a t i o n  is a l s o  o f  obvious importance. O f  i n t e r e s t  i n  t h i s  

regard is t h e  p re sen t  f i n d i n g  t h a t  t he  effects o f  t h e  two drugs 

on t h e  mood scales were so d i f f e r e n t .  Worthy o f  mention i n  t h e  

d r i v i n g  con tex t  are the  f ind ings  on t h e  mood s c a l e  o f  "Anxiety". 

I n  t h i s  scale, a l coho l  showed a tendency t o  i n c r e a s e  those  

f e e l i n g s  descr ibed  a8 " a s s e r t i v e ,  b rave ,  conf iden t  and 

self-assured" whereas marijuana decreased t h i s  mood dimension and 

increased  f e e l i n g s  descr ibed  as "worried,  j i t t e r y ,  a f r a i d ,  no 

confidence". T h i s  self -assessment  i s  c o n s i s t e n t  wi th  the  
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i n t e r p r e t a t i o n  placed on the  performance measures which suggested 

a "speed-accuracy t rade-off"  w i t h  a l c o h o l  b u t  n o t  w i t h  marijuana. 

Alcohol i nc reased  t h e  wi l l i ngness  o f  t he  subjec t  t o  t ake  a r i s k ,  

marijuana may have decreased t h i s  w i l l i ngness .  Resu l t s  from o t h e r  

i n v e s t i g a t o r s  have also r epor t ed  similar f i n d i n g s ,  par t icu lar ly  

i n  a s imulated over tak ing  t a s k  on a d r i v i n g  s imula to r .  S t u d i e s  

with d r i v i n g  s imula to r s  as well a s  t hose  us ing  a real v e h i c l e  

have c o n s i s t e n t l y  r epor t ed  t h a t  under t h e  i n f l u e n c e  o f  marijuana, 

d r i v e r s  tend to d r i v e  more s lowly and are less w i l l i n g  t o  take  a 

r i s k .  Under t h e  i n f l u e n c e  o f  a l c o h o l ,  s u b j e c t s  show an increased  

wi l l i ngness  t o  take  a r i s k .  Fu r the r  s t u d i e s  of  t h e  effects of 

drugs on human moods and mot iva t ions  and of the  effects on 

behaviours involv ing  r i sk - t ak ing  a r e  recommended. 

12. Potency comparisons o f  a l coho l  and marijuana 

When t h e  effects o f  two drugs have been examined on 

the same test b a t t e r y  i t  is tempting t o  make a d i r e c t  comparison 

of  the potency of t h e  drugs i n  producing a decrement i n  

performance on t h e  tests. Such a comparison was made wi th  d a t a  

generated i n  t h i s  l a b o r a t o r y  (Chesher e t  a 1  1984;1985). The d a t a  

from t h i s  s tudy  provided no i n d i c a t i o n  t h a t  there were 

q u a l i t a t i v e  d i f f e r e n c e s  i n  t h e  e f f e c t s  produced by t h e  two drugs.  

It was considered v a l i d  t h e r e f o r e  t o  make a n  estimate of  t h e  

potency r a t i o  o f  t h e  d r u g  effects. A t e n t a t i v e  estimate (though 

no t  v a l i d  because t h e  dose-response curves  were n o t  p a r a l l e l )  was 



105 

made o f  t h e  comparative potency o f  a l coho l  and marijuana on t h e  

t e s t  b a t t e r y .  The c a l c u l a t i o n  suggested t h a t  a dose o f  1 to  2 mg 

THC smoked produced an  equ iva len t  performance decrement on t h e  

test  b a t t e r y  used as t h a t  produced by a l c o h o l  when t h e  peak EAC 

was 0.05 g%. 

However, as the f ind ings  o f  t he  p r e s e n t  s tudy  i n d i c a t e  

tha t  t h e  two drugs are producing e f f e c t s  which a r e  q u a l i t a t i v e l y  

d i f f e r e n t ,  t h e  v a l i d i t y  o f  making comparisons o f  a q u a n t i t a t i v e  

na tu re  between a l c o h o l  and marijuana by examining t h e  composite 

measure of performance on t h e  b a t t e r y  as a whole, is 

ques t ionable .  Because of t h i s  and i n  view o f  t h e  s t r i k i n g  

d i f f e r e n c e  i n  t h e  e x t e n t  of t h e  performance decrements produced 

by a l coho l  and mari juana i n  t h e  present s t u d y ,  t h e  potency r a t i o  

of t h e  two drugs  determined i n  the  1984 s tudy  was more c a r e f u l l y  

examined. As h a s  been mentioned above, t he  t es t s  i n  which the  

mari juana dose-dependent effects were most s t r i k i n g  were s t a n d i n g  

s t e a d i n e s s  and the  p u r s u i t  r o t o r .  These t e s t s  were the  only  tests 

i n  t h e  b a t t e r y  which r equ i r ed  the  s u b j e c t s  t o  s t a n d  still. All 

o t h e r  tests were completed with t h e  s u b j e c t  seated. It  is q u i t e  

p o s s i b l e  t h e r e f o r e  t h a t  t h e  effects o f  marijuana i n  producing a 

p o s t u r a l  hypotension and presyncope o r  syncope ( i e  d i z z i n e s s  or 

f a i n t i n g )  (Benowitz & Jones1975; Weiss e t  a 1  1972;) could have 

s i g n i f i c a n t l y  inf luenced  t h e  r e s u l t s .  T h i s  p o s s i b i l i t y  has been 

f u r t h e r  i n v e s t i g a t e d  i n  our  l abora to ry .  I n  pre l iminary  s t u d i e s  we 

have recorded a dose-dependent mari juana induced p o s t u r a l  

hypotension and have evidence t o  suggest t h a t  t h i s  effect is 
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reproducib le  f o r  a t  least f i f t e e n  minutes i n  some s u b j e c t s  

(unpubl ished d a t a ) .  Q u i t e  c l e a r l y ,  these  f i n d i n g s  must be more 

c a r e f i l l y  and e x t e n s i v e l y  s tud ied .  In t h e  mean time however, one 

might s p e c u l a t e  t h a t  an impl i ca t ion  of t h e s e  f ind ings  is t h a t  

some domestic o r  i n d u s t r i a l  a c c i d e n t s  might occur  t o  marijuana 

smokers i f  t h e  occupat ion r e q u i r e s  the  worker t o  stand s t i l l  f o r  

any l e n g t h  o f  time, such as o p e r a t i n g  a l a t h e  o r  similar 

machinery o r  s t and ing  on a ladder .  

13. Specu la t ive  proposal  f o r  a lcohol lmar i juana  d i f f e r e n c e s .  

The d i f fe ren t  d i r e c t i o n s  o f  change, both q u a l i t a t i v e  

and q u a n t i t a t i v e ,  produced by the  two drugs,  both i n  mood and 

performance measures, are f ind ings  which p o i n t  s t r o n g l y  t o  t he  

d i r e c t i o n s  o f  r e sea rch  which might r e v e a l  more informat ion  about  

t he  mode of a c t i o n  of each of these drugs.  Indeed, t h e  d a t a  

presented i n  t h i s  s tudy  and o t h e r s  provide the a u t h o r s  w i t h  t h e  

luxury  o f  some specula t ion .  

Although the  mechanism f o r  t he  appa ren t  a n t a g o n i s t i c  

e f f e c t s  o f  marijuana and a l coho l  under some c o n d i t i o n s  is a t  

p resen t  unknown i t  provides  f i r t he r  evidence t o  t h a t  d i scussed  

earlier t h a t  the two drugs, a l coho l  and marijuana are e x e r t i n g  

t h e i r  effects by d i f f e r e n t  mechanisms. The effect o f  marijuana 

appeared i n  t h i s  s tudy  t o  be more d i s c r e t e  o r  s u b t l e  than t h a t  of 

a l coho l  i n  both t h e  s u b j e c t i v e  and performance measures. I t  is 

tempting, i n  the  l i g h t  o f  p re sen t  evidence,  t o  s p e c u l a t e  about  
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the p o s s i b l e  modes o f  a c t i o n  of  t h e s e  two drugs.  It has been 

proposed t h a t  t h e  a c t i v e  cannabinoid,  THC, may be a c t i n g  upon a 

s p e c i f i c  b ind ing  s i t e .  One might s p e c u l a t e  tha t  t h e  proposed 

b inding  s i t e  ( i f  o r  when found) might n o t  b e  homogeneously 

d i s t r i b u t e d  w i t h i n  t h e  nervous system, and t h a t  t h e  more 

select ive n a t u r e  of t h e  d r u g ' s  a c t i o n  could b e  exp la ined  by a 

proposal  t ha t  i t  is a c t i n g  on s p e c i f i c  nerve pathways i n v o l v i n g  

only those  nerve cells  which b e a r  t h e  proposed b inding  s i t e .  Th i s  

s p e c u l a t i o n  is also c o n s i s t e n t  w i th  t h e  proposal  t h a t  m a r i j u a n a ' s  

effects might b e  sought  more c l o s e l y  by examining t h e  e f f ec t  of 

t he  drug  on more select ive mechanisms such as a t ten t ion .  

Alcohol, on the o t h e r  hand appea r s  t o  produce effects 

which are less d i s c r e t e  and p o s s i b l y  invo lve  a mechanism which 

does n o t  depend upon a s p e c i f i c  b inding  s i t e  and more g e n e r a l i z e d  

i n  i t s  a c t i o n s .  The mode o f  a c t i o n  o f  a l c o h o l  i s  s t i l l  unknown, 

b u t  the drug  is known t o  produce changes i n  t h e  s t r u c t u r e  and 

f u n c t i o n  o f  t h e  nerve ce l l  membrane. Such effects  would be more 

widespread w i t h i n  t h e  c e n t r a l  nervous system and t h e  s e l e c t i v i t y  

of the ne rve  ce l l s  upon which t h e  d r u g  acts  could be more 

dependent on  drug  d i s t r i b u t i o n  and t o  p h y s i c a l  factors than t o  

t h e  presence  of s p e c i f i c  b inding  sites. 
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Fqnfsrmt of ylpmamlqg 

MS.W. 2mn 
IN n m r l  PLIMS a m :  

I ........................................... Of ................................. 
.................................................. having a t t a i n e d  the  age of  

e igh teen  pars f r e e l y  volunteer  t o  t ake  pa r t  i n  t h e  p r o j e c t  ou t l i ned  below. on 

the understnnding that a l l  reasonable  care w i l l  be exe rc i sed  by t h e  Un ive r s i ty  

of Spine). and o t h e r s  engaged i n  t h e  p r o j e c t .  

The pro jec t :  

I understand t h a t  th. purpose of t h i n  p r o j e c t  is t o  look a t  t h e  e f f e c t s  of 

a lcohol  and marihuana on DerforEance s k i l l s .  

me a g r e e m n t :  

I agrae t o  r e a r l n  i n  t h e  l a b o r a t o r i e s  or t h e  Department of Pharsacology. Rore l l c  

Hospi ta l .  u n t i l  t h e  e f r e c t n  of the  drug have worn of f  and I have been released 

by a member o r  the  a t a f r .  

I have n o t  k n a i n @ y  Yi the ld  Tram any  person or persons r e spons ib l e  for t h e  

projmct .  any  i n f o m a t i o n  re@rdin# my s t a t e  of h e a l t h  or  c u r r e n t  m d i c a t l o n s .  

I agree that if t h e  U n i v e r s i t y  of Sydney and o t h e r s  a s s o c i a t e d  w i t h  t h e  p r o j e c t  

exercise a l l  rewonable cere, I will i n  no uay  hold the Unive r s i ty  of S H n e y  o r  

o t h e r s  lnvolved l i a b l e  i n  respect of any conscquencea that m i g h t  arise from my 

pertleipation i n  t h e  p r o j e c t  o u t l i n e d  above. 

_-- 

...................................... Date .................. - 
..................................... Date ............... Ultness  - - 



SUBJECT NO .......... "!E ........................................ 

ACE ....... S E X . . . . . .  DATE ........................ 

D R I N K I N G  HISTORl 

( 1 1  

( 2 1  

( 3 )  

On how many days l as t  week d i d  you dr ink  -7 

(11  None 
( i i )  One or two days 
( i l l )  Three o r  fou r  d a y ,  
( i v l  Five o r  six d a y ,  
( V I  Every d a y  

On when you have a dr ink .  hOU many d r i n k s  would you usually have? 

(1) One o r  two d r i n k s  
( i l l  Three t o  f i v e  d r i n k s  

( i l l )  Five t o  e i g h t  d r i n k s  
( i v )  Nine t o  twelve d r inka  
( V )  nore than twelve d r i n k s  

How long. have you been d r i n k i n g  a t  t h i s  level? 

Weeks. ..... Wantha...... Years...... How s l n y  p a r s ?  ...... 

SnOKIWG HISTORY 

On how many days l a s t  week d i d  you smoke marihuana? 

( i )  None 
( 1 1 )  One or  t w o  days 
( i i i )  Three o r  four  days 
( i v )  Five or s i x  days 
( v )  Every d a y  

On when you a m k e  marihuana. how msny s e s s i o n s  would you have? 

( 1 1  O m  
( i l l  Two o r  t h r e e  
( i l l )  Four 
( i v )  Uore t han  f o u r  

How long have you been smoking a t  t h i s  l e v e l ?  

Weeks ...... Uonths...... Years...... HOW many years? ..... 
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MEDICINES 

( 1 )  
rum of medicine o r  t h e  c o n d i t i o n  for which i t  was 
used). . . . . .  ..................................................................... 

If you have taken  any  medicines i n  t h e  last 24 hours, g ive  details ( l e  

.............................. 
( 2 )  I n  t h e  last  2U hours  h ive  you taken  any  o f  t h e  fo l lowing?  

a l coho l  [ 3 
marihuana c 1 
c i g a r e t t e s  C I 
t r i p s  C 1 
coca ine  C I 

barbs  c 1 
narcotics C 1 
amyl C 1 
speed C 1 
anyth ing  else7 C 1 

( 3 )  
l a a t  d r i n k  .................. If you have had 6ny - i n  t h e  l i s t  24 hour$, g i v e  t h e  time OF your 

( 9 )  Have you g o t  a hangover7 

If yas. is it mild c 1 moderate c 1 awful c 1 

( 5 )  I T  you have had m y  m r i h u a n a  i n  t h e  last  24 hours g i v e  t he  time c f  your 
last smoke ............. 

YOUR AlTI I IJDE 

Tick one s ta tement  i n  each of t h e  group$ below t h a t  most c l e a r l y  expresses  p u r  
a t t i t u d e  a t  t h e  moment: 

Marihuana 
( a )  UarihuaM is a safe drug 

( c )  I t h i n k  that marihuana 13 bad f o r  most people i n  t h e  long run 
( d )  Marihuana l a  harmful t o  the h e a l t h  of a l l  who use  i t  

(b) I t h i n k  D.r lhuaM 16 a Safe  drug for most people 

t4arihusna Laws 
( a )  P e n a l t i e s  for marihuana use should be i nc reased  
(b) me lama on marihuana uae are OK an t h e y  are 
(c)  Marihuana u s e r s  should  n o t  be pena l i s ed  b u t  puahers  should 
( 6 )  Marihuana should  be made legal b u t  a l l  a d v e r t i s i n g  of it 

p roh lb i t ed  

Alcohol 
l a )  AlCOhOl 18 6 safe d N g  
( b )  I t h i n k  61COhOl 1s 6 safe drug f o r  moat people 
( c )  I th ink  a l c o h o l  1s bad for  most people i n  t h e  long  run 
( d )  Alcohol is harmful t o  t h e  h e a l t h  of a l l  who u s e  it 



RIGHT NOW. how good do you Fee l?  

Down i n  ! ! ! ! ! I ! I ! ! ! ! ! ! ! Rea l ly  g r e a t  
t h e  dumps average 

P lease  r a t e  yourself  on each of t h e  scales below accord ing  t o  how You feel E - NOW. Before s t a r t i n g  p l ease  read t h e  scale d e f i n i t i o n s .  

TENSION 1 -  - 
relaxed 
cd 1m ! ! ! ! ! ! ! ! ! ! ! ! ! ! i m p a t i e n t  
p a t i e n t  average on edge 

r e s t l e s s  a t  e s s e  
t o l e r a n t  keycd up 

t ense  

2. ALERTNESS 

l e t h a r g i c  a l e r t  
slow ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! clear-headed 
muddled average 
bored b r i g h t  
dopey 

a t t e n t i v e  

3. DEPRESSION 

sad hPPY 
e la t ed  ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! unhappy 
hopeful average pessimistic 
o p t i m i s t i c  weepy 
j O Y r U l  

4. DETACHMENT 

soc iab le  detached 

concerned average imperacnal 
t a l k a t i v e  Quiet 

involved ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! uninvolved 

5. 

a s s e r t i v e  worried 
brave ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! jittery 
confident average a f r a i d  
self assured  no conI-,ri- 

enc- 
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I M D I A T E L Y  PER OOWRIffi awX, CCKWTIaU 
Please r a t a  yourself on each of t h e  scales b e l w  accord ing  t o  haw mu feel Rrcnr 
NOW. Before atarting p lease  m a d  t h e  a u l a  d e f l n l t l o n s .  - 

TENSION - 
re laxad  tense 
o l m  ! ! ! ! ! I ! ! ! I ! ! ! ! ! i m p a t i e n t  
p t i e n t  average On edge 
at  ease restless 
tolerant  keyed up 

2. ALERTWeSS 

l e t h a r g i c  a l e r t  
a l w  ! ! ! I ! ! I ! ! 1 ' ! clear-headed 
prddled average a t t e n t i v e  
bared 
dopey 

- 
b r i g h t  

3. DEPReSSION 

h P P Y  sad 

hopeful average pessirnlstic 
opt imist ic  weepy 
l o r n 1  

e l a t e d  ! ' ! ! ! ! ! ! ! ! ! ! ! ! ! ! unhappy 

detached 
involved ! I ! ! ! ! ! ! ! ! ! ! ! ! ! uninvolved 
concerned average imoeraonal 
t a l k a t l v e  auiet 

5. 

aasertive worried 
brave ! ! I I ! ! I ! ! ! ! ! ! ! ! j i t t e r y  
conf iden t  average a f r a l d  
self aaeurd no confld-  

ence 

B W D  ALCOHOL CONCENTRATION 

mat uould y w  ea t lmata  your blood a l coho l  concen t r a t lon  t o  be E......... 



RIGHT HW, nom a r r a c a  OVBRIU. do yw red by  mat pu have taken? 

Hot a t  I I 1 I I I I I I I I I ! I 1 E x t r e r l y  
a11 w d a r a t a l y  a r r e c t e d  
a f f e c t a d  arrectmd 

HW do yw r a t e  thi. a r r e e t ?  ( la  too cut or it, jwt rimt or  not  moue) 

Wot n u r l y  t I t t I t I I I I I I I I I Far too 
enoum jwt r i g h t  much 
arr.ctd a f fec t ed  

S t r a i B t  t I I I I I ! I I I I I I I I %?.oat 
not a t  a11 atoned I've ~~ ~ 

a t o r r d  ever b e e n  

MU Mhll of t h i n  effsct do mu attribuu to ALCWOI.7 

i a n o r i t i  I I I I 1 I I I I I I I 1 ! ~ i i o r i t  

RICRT NCU ka drunk do  rn r-17 

Zobar I I I I I I I I I I I I I !  1nlecc.O.t 
Not a t  a11 drunk I've 
drunk ever been 

Aa PU Im.1 RIGHT WW. h w  a a r e l y  c w i d  you drive a car? 

Absolutely hbaolu te l  y 
cert.in I I I I '  I I I I I I I I I 1 I c e r t a i n  

d r i - u  a a r e l y  d r i v e  a a r e l y  
1couu)woT done lcnw 1 %  
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RANDOM TABLE FOR ALLOCATION OF DOSES AND ORDER OF TESTS: 
S = S u b j e c t  number; D = dosage group; T = order  o f  p r e s e n t a t i o n  
of tests. 

....................................................... 
S D T  S D T  S D T  

1. 8 B 2. 3 A 3. 4 D 
4. 7 c 5. 4 B 6. 4 A 
7. 13 E 8. 10 C 9. 14 B 
10. 11 A 11. 7 D 12. 15 E 

16. 12 B 17. 2 D 18. 4 E 
19. 15 A 20. 14 C 21. 3 E 
22. 2 E 23. 12 A 24. 11 B 
25. 11 C 26. 15 D 27. 12 C 
28. 15 B 29. 3 C 30. 4 C 
31. 2 C 32. 8 A 33. 3 D 
34. 16 A 35. 1 B 36. 6 E 
37. 14 A 38. 2 B 39. 4 A 
40. 14 D 41. 4 B 42. 1 A 
43. 11 D 44. 12 D 45. 7 A 
46. 2 A 47. 9 A 48. 12 A 
49. 10 E 50. 3 B 51. 6 C 
52. 14 E 53. 14 B 54. 11 A 
55. 13 D 56. 5 B 57. 11 B 
58. 12 B 59. 14 C 60. 10 A 

64. 10 A 65. 11 E 66. 11 C 
67. 7 B 68. 6 D 69. 1 C 
70. 8 A 71. 14 D 72. 10 B 
73. 12 c 74. 2 B 75. 3 E 
76. 13 A 77. 13 C 78. 12 E 
79. 7 D 80. 12 D 81. 16 B 

...................................................... 

13. 2 A 14. 10 D 15. 13 B 

61. 10 B 62. 8 C 63. 13 c 

82. 2 c 83. 2 D 84. 13 E 
85. 14 A 86. 10 E 87. 13 D 

91. 15 E 92. 12 A 93. 12 c 
94. 6 A 95. 11 B 96. 5 E 
97. 3 D 98. 11 C 99. 8 E 
100. 5 A 101. 12 B 102. 3 c 
103. 5 C 104. 2 E 105. 7 A 

88. 11 D 89. 10 c 90. 12 E 



106. 12 D 
109. 9 B 
112. 3 B 
115. 12 E 
118. 9 D 
120. 13 A 

126. 1 C 
129. 13 B 

135. 5 A 
138. 15 A 
141. 10 A 
144. 5 B 
147. 12 A 
150. 6 E 
153. 3 C 
156. 10 D 
159. 1 1  A 
162. 14 A 
165. 1 1  D 

171. 3 D 
174. 13 D 
177. 15 B 
180. 16 A 
183. 1 E 
186. 14 E 
189. 16 B 
192. 16 C 
195. 7 E 
198. 9 B 
201. 15 C 
204. 2 E 
207. 4 B 
210. 1 1  E 
213. 1 C 
216. 9 D 
219. 12 B 
222. 15 D 
225. 16 D 
228. 4 c 
231. 10 D 
234. 4 D 
237. 1 D 
240. 2 E 
243. 4 C 
246. 10 B 
249. 6 B 
252. 2 C 
255. 8 B 

123. 16 D 

132. 16 E 

168. 13 B 

121 

107. 4 E 
110. 4 c 

116. 7 B 
119. 3 A 
121. 9 E 
124. 10 D 
127. 5 D 

133. 6 A 
136. 2 A 
139. 8 A 
142. 9 A 
145. 2 B 
148. 5 C 
151. 13 A 
154. 9 B 
157. 13 E 
160. 1 B 
163. 14 C 
166. 2 C 
169. 1 A 
172. 9 E 
175. 9 A 
178. 9 E 
181. 8 E 
184. 1 E 
187. 2 B 
190. 15 D 
193. 4 A 
196. 5 E 
199. 1 1  E 
202. 3 B 
205. 15 A 
208. 1 1  A 
211. 5 c 
214. 1 1  C 
217. 5 B 
220. 8 E 
223. 10 A 
226. 7 B 
229. 16 E 
232. 9 C 
235. 16 E 
238. 15 B 
241. 9 D 
244. 16 D 
247. 6 E 
250. 5 E 
253. 1 E 
256. 7 C 

113. 16 c 

130. 14 E 

108. 4 D 
1 1 1 .  8 D 
114. 9 C 
117. 6 B 

122. 9 D 
125. 15 C 
128. 3 A 

134. 1 D 
137. 13 C 
140. 9 C 
143. 8 B 
146. 7 C 
149. 6 B 
152. 10 C 
155. 3 B 
158. 8 C 
161. 2 D 
164. 8 D 
167. 7 E 
170. 14 B 
173. 6 C 
176. 5 D 
179. 1 1  E 
182. 7 A 
185. 14 D 
188. 10 E 
191. 3 E 
194. 8 A 
197. 6 D 
200. 1 A 
203. 14 C 
206. 10 B 
209. 5 A 
212. 6 D 
215. 1 C 
218. 14 A 
221. 10 E 
224. 6 A 
227. 15 E 
230. 5 D 
233. 3 E 
236. 13 C 
239. 14 B 
242. 8 D 
245. 16 A 
248. 15 C 
251. 4 D 
254. 4 E 
257. 6 C 

131. i D 
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258. 16 B 
261. 12 C 
264. 16 D 
267. 15 C 
270. 1 B 
273. 7 E 
276. 5 C 
279. 13 D 
282. 9 B 
285. 14 E 
288. 8 C 
291. 7 B 
294. 5 A 
297. 16 C 

303. 15 A 
306. 3 D 
309. 1 D 

315. 7 E 

300. 9 c 

312. 8 B 

318. 12 D 

259. 7 D 
262. 16 C 
265. 14 D 
268. 13 A 
271. 5 D 
274. 1 B 
277. 9 A 
280. 2 D 
283. 15 E 
286. 9 E 
289. 6 B 
292. 2 A 
295. 8 D 
298. 4 E 

304. 15 B 
307. 6 D 
310. 7 D 
313. 5 B 
316. 11 D 
319. 13 E 

301. 8 c 

260. 12 E 
263. 4 A 
266. 16 B 
269. 15 D 
272. 6 A 
275. 16 E 
278. 7 A 
281. 10 c 
284. 4 B 
287. 16 A 
290. 1 A 
293. 7 C 
296. 1 E 
299. 6 C 
302. 5 E 
305. 8 E 
308. 11 B 
311. 6 E 
314. 3 C 
317. 13 B 
320. 3 A 
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