
Pharmacology Biochemistry and Behavior, Vol. 2, pp. 367-374. ANKHO International Inc., 1974. Printed in the U.S.A. 

Marijuana Produced Changes in Cutaneous 
Sensitivity and Affect: Users and Non-Users 

S. L. MILSTEIN 2, K. L. MACCANNELL, G. W. KARR AND S. CLARK 

The University o f  Calgary, Calgary, Alberta, Canada 

(Received 14 November 1973) 

MILSTEIN, S. L., K. L. MACCANNELL, G. W. KARR AND S. CLARK. Marijuana produced changes in cutaneous 
sensitivity and affect: users and non-users. PHARMAC. BIOCHEM. BEHAV. 2(3) 367-374, 1974. - Two experiments 
were conducted in which both marijuana and placebo were administered double-blind to male and female users and 
non-users of cannabis. Relative to the placebo condition, the marijuana produced no change in cutaneous sensitivity as 
measured by 4 objective measures. However, it did produce an increase in happiness and fear for both users and 
non-users on a standardized affect scale. In addition, although there was a difference in degree of intoxication between 
the user and non-user groups, the number of subjects in each group who became intoxicated was similar. 

IN SPITE of the very common report by users of changes in 
sensory functioning [33] only three previous studies [2, 
28, 31] have attempted to examine sensory effects 
produced by marijuana. The results of these studies are 
conflicting. Caldwell et al. [2] reported changes in auditory 
intensity threshold but no change on other auditory para- 
meters. This finding is consistent with that of the Mayor's 
Commission [31]. In the only previous study to examine 
cutaneous sensitivity, Rodin et al. [28] report that "vibra- 
tory sense appreciation had slightly improved in six of nine 
subjects." Unfortunately the lack of certain controls and 
the small number of  subjects make interpretation of this 
finding difficult. The two studies reported on here at- 
tempted to examine the effects of smoking marijuana on 
skin and touch sensitivity and on affect. 

According to Farnsworth [9],  "one of the chief 
problems affecting legislators with regard to marijuana has 
been the conflict of opinion on the exact physical and 
mental e f f e c t s . . ,  of this plant. This uncertainty has been 
due to lack of valid controlled scientific experiments." 
Weil, Zinberg, and Nelson [34],  blamed this lack of 
controlled experimentation on a variety of methodological, 
social, legal and ethical problems. Although the social, legal 
and ethical problems in cannabis research have been 
reduced and methodology has improved [4, 5, 8, 10, 16, 
24, 27, 36] problems still exist with (1) the route of admin- 
istration, (2) control and specification of dose, and (3) set 
and setting variables. 

There have been few successful attempts to develop a 
smoking technique and procedure to administer standard- 
ized dose of  tetrahydrocannabinol (THC) in marijuana. The 
smoking of marijuana cigarettes is not an entirely satisfac- 
tory procedure as considerable and variable amounts of 
smoke are lost into the air and there is no way of deter- 
mining actual amount of smoke inhaled by the subjects. An 
exception to this lack of success is the use of a spirometer 
by Renault et al. [27]. The belief that one can best control 
THC dose by administering it orally [ 11,22] has probably 
contributed to the common use of oral administration 
techniques. Further, these same investigators claimed that 
there is no need to develop better smoking procedures as 
oral and smoked effects can be equated. However, there is 
some evidence that the oral route of administration 
produces an effect which is different from that of smoking 
[ 16,31 ]. It is probable that absorption through the gastro- 
intestinal system takes longer than through the lungs and, 
therefore, the time course of the effects is different. A 
major problem in comparing results of different studies has 
been  the difference in administration technique and 
inability to determine the amount of THC actually ab- 
sorbed. 

As it has been clearly demonstrated that marijuana 
effects are a function of  both pharmacological and psycho- 
logical factors such as set, setting [4,15], and expectancy, 
it is surprising that most investigations are still carried out 
in sterile laboratory settings. It is questionable whether the 
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results  f rom s tudies  using oral a d m i n i s t r a t i o n  t echn iques  or  
a sterile l a b o r a t o r y  se t t ing  can be genera l ized to mar i j uana  
effects  occur ing  in a social s i tua t ion .  This  d i f f icu l ty  in 
general iz ing f rom mos t  of  the  e x p e r i m e n t a l  l i t e ra tu re  is 
increased by  the  res t r ic ted  sub jec t  popu l a t i ons  t h a t  have 
been  used to date .  While the  precise c o n t r o l  of  e x t r a n e o u s  
var iables  is essential ,  some s tudies  m u s t  be carr ied ou t  in 
such a m a n n e r  t ha t  the  results  be genera l ized and have some 
prac t ica l  value. In reviewing past  work  on  m o o d  changers ,  
the  Canad ian  C o m m i s s i o n  of  Inqu i ry  in to  the  Non-Medica l  
Use of  Drugs conc luded  tha t ,  " o v e r  the  past  few years  
a lmos t  all e x p e r i m e n t a l  research has been  c o n d u c t e d  on  
hea l t hy  y o u n g  m a l e s . . ,  o t h e r  p o p u l a t i o n s  need  to be 
inves t igated ,  especial ly females  and  ado lescen t s  and older  
pe rsons  of  b o t h  sexes ."  

These  e x p e r i m e n t s  are an a t t e m p t  to  examine  some  
effects  of  mar i juana  u n d e r  s t andard ized ,  con t ro l l ed  condi-  
t ions  using the  rou t e  of  drug a d m i n i s t r a t i o n  and  a se t t ing  
mose  closely a p p r o a c h i n g  social usage. 

E X P E R I M E N T  1 

The  purpose  of  this  s t udy  was to exam i ne  the  ef fec t  of  
smok ing  mar i j uana  on  abso lu te  pressure and  pain sensi t ivi ty .  

METHOD 

Subjects 

Six teen  males  and  females  w h o  were expe r i enced  in the  
use of  cannab i s  and  16 males  and  females  w h o  had  never  
used cannab i s  received 600  mg of  1.3% A9-THC mar i j uana  
(M) and  a p lacebo  (P) of  THC ex t rac ted-M doub le -b l ind ,  on  
2 d i f f e ren t  occas ions  7 days  apar t .  Each  g roup  of  16 
subjec t s  (Ss) c o n t a i n e d  8 males  and  8 females  selected at  
r a n d o m  on the  basis of  age and  e d u c a t i o n  f rom a poo l  of  
1500 n o r m a l  vo lun tee r s  f rom a large Wes te rn  Canad ian  

City.  Each  S was paid $50 .00  for  pa r t i c ipa t ion .  All Ss in the  
expe r i enced  group  had  used cannab i s  and been  in tox i ca t ed  
previously .  The  demograph i c  charac te r i s t ics  of  each  group 
are given in Table  1. The  m e a n  and  m e d i a n  for  past  canna-  
bis use in the  expe r i enced  group  ref lect  ou r  desire to  s tudy  
a diverse sample  of  e x p e r i e n c e d - n o r m a l  subject .  Many previ- 
ous s tudies  have c o n c e n t r a t e d  on  heavy users and  the re fo re ,  
could  have been  deal ing w i th  a typ ica l -pa tho log ica l  indivi- 
duals.  B o t h  groups  were i n s t ruc t ed  to use no  a lcohol  for  
24 hr  and no  o t h e r  medica l  or non-medica l  drugs for  7 days 
pr io r  to  the  tes t  sessions. Pr ior  to  pa r t i c ipa t ion ,  all Ss were 
e x a m i n e d  by  a phys ic ian  and  psychia t r i s t  and  were judged  
physical ly  fit and  e m o t i o n a l l y  stable.  Individuals  were 
exc luded  who  were  ch ron ic  users of  a lcohol  or hard  drugs 
or who  had  c o n f i r m e d  cardiovascular ,  renal ,  p u l m o n a r y  or 
hepa t i c  disease or  who  were p regnan t .  All vo lun tee r s  
accep ted  as Ss received an e x p l a n a t i o n  of  wha t  was in- 
volved and  signed an i n fo rmed  consen t  form pr ior  to  the i r  
pa r t i c ipa t ion .  

Drug A dm inistra tion 

The  M or P was admin i s t e r ed  to Ss in a s t andard  m a n n e r  
on  separa te  occas ions  dur ing  two  24 hr  visits 1 week apar t .  
The  order  of  a d m i n i s t r a t i o n  was r a n d o m l y  d e t e r m i n e d  wi th  
ha l f  the  Ss receiving M and  hal f  receiving P first. B o t h  
sessions were c o n d u c t e d  doub le  bl ind.  To help preserve the  
d o u b l e  b l ind  a d i f f e ren t  drug a d m i n i s t r a t o r  was used on  
each of  the  two  occasions.  The  drug admin i s t r a t o r s  did no t  
observe  the  test ing.  No m e m b e r  of  the  research  t eam having 
c o n t a c t  w i th  the  Ss was i n f o r m e d  as to  which  subs t ance  (M 
or  P) was be ing  admin i s t e r ed  on  a par t icu lar  occasion.  
A d m i n i s t r a t i o n  on  b o t h  occas ions  began  a p p r o x i m a t e l y  
n ine  hours  a f t e r  arrival at  the  l a b o r a t o r y  and  t o o k  30 min .  
As M is typ ica l ly  used in t he  evening hours ,  a d m i n i s t r a t i o n  
t o o k  place b e t w e e n  5 :30  p.m.  and 7 :00  p.m. Ss part ici-  
pa ted  in g roups  of  2 or 3. Expe r i enced ,  non -expe r i enced ,  

T A B L E  1 

SUBJECT PROFILE STUDY I 

Group Age 
Education Occupations Marijuana Use 

Level Represented During Past Year 

Number of Ss 
Having Used Other 

Hallucenogens 

Experienced 

(n = 16) 

Non-Experienced 

(n = 16) 

Mean = 30 

Median = 28.5 

Range = 21 -48  

Mean = 4 6  

Median = 40.5 

Range = 2 6 - 7 0  

Mean = 13 

Median = 13.5 

Range = 8 - 1 6  

Mean = 12 

Median = 12 

Range = 10-17  

engineer 

geologist 

housewife 

postal employee 

sales 

secretary 

engineer 

farmer 

housewife 

laborer 

nurse 

sales 

Mean = 29 

Median = 2.5 
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FIG. 1. Illustration of smoking device. 

male and female Ss were never mixed. By spending the 
whole day in the laboratory prior to participation, the Ss 
were able to become more comfortable with each other and 
the researchers. As part of our attempt to approximate a 
social usage situation, a non-clinical setting was used. The 
laboratory consisted of a living room with kitchenette, a 
bathroom, one bedroom, and two separate test rooms and a 
control room. The apartment was furnished in a con- 
temporary style which was comfortable to Ss of all socio- 
economic levels. A casual atmosphere was maintained in the 
apartment and Ss appeared relaxed in these surroundings. 
Smoking took place in the living room with all participants 
present. 

Two hundred mg of either M or P were administered 
every 10 min until the total of 600 mg had been smoked in 
30 min. Smoking took place under low illumination with 
background music. The dose of 600 mg was selected in a 
pilot study with 14 experienced and 5 non-experienced Ss 
in which doses of M and P ranging from 200 to 1400 mg 
were administered double-blind on two separate occasions. 
The results of that study indicated that 600 mg was suf- 
ficient to produce their usual stone in 13 of the 14 users. 
Three of the 5 non-users also became intoxicated at a dose 
of 600 mg. 

In order to control as precisely as possible the amount of 
M administered and to estimate accurately the amount of 
THC absorbed by the Ss, it was necessary to develop a 
smoking device. The device that was developed consists of a 
constant temperature burning chamber connected to a 
collecting bottle which is connected to a two-way valve (see 
Fig. 1). This device is operated by (a) placing 200 mg of 
either M or P on the heating element, (b) burning it, and (c) 
then blowing it, with forced air, into the 4 liter collecting 
bottle. At this point (d) the S begins breathing normally 
through the two-way valve mouthpiece. Ss were instructed 

not to hold the smoke in their lungs. While some variability 
between Ss was noticed, and some Ss attempted to hold the 
smoke, a reasonably standard amount could be delivered 
and an estimate of  THC absorbed could be made. As the 
smoker is a closed system except for the mouthpiece 
opening, almost all of  the smoke is delivered to the mouth 
of the S. 

Assay 

The NIMH marijuana (batch 2PF-126) was stated to con- 
tain 1.5% A9-THC while the NIMH placebo was said to be 
free of A9-THC. Local assays were done to verify the ac- 
curacy of these values and to determine whether there was 
any change in A9-THC content with storage. In addition, it 
was necessary to ascertain, by assay, the efficiency of the 
administration system. This was done in pilot studies. The 
active marijuana, the placebo and the breathing apparatus 
were extracted using 100% chloroform or hexane. Expired 
air was led through a coil contained in a tank at - 6 0  ° C and 
then through cigarette filters. The tubing residue was dis- 
solved in 100% chloroform and the cigarette filters were 
extracted in 96% alcohol. After evaporation of solvent all 
residues were dissolved in 10 ml of  chloroform and, using 
gas-liquid chromatography, were assayed against a Ag-THC 
standard which was stored under nitrogen. As a result of 
parallel assays with other laboratories, we have some reason 
to doubt the stated concentration of the standard, which 
may be in error by 50%. We believe, therefore, that the 
active marijuana may contain 1.0% THC rather than the 
stated 1.5%. Regardless of absolute amounts, under the 
conditions of our experiments, an average of 34% of the 
administered A9-THC contained in the marijuana was re- 
tained by the subjects. Moreover, the placebo could not 
have contained more than 0.01% Ag-THC. There was little 
change with time of the ~9.THC content of the marijuana. 
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Test Procedure 

Two measures  of  c u t a n e o u s  sensi t iv i ty ,  abso lu te  pressure  
and  pain,  were t a k e n  f rom the  volar  ( an te r io r )  surface of  
the  fo rea rm 3 0 - 6 0  m i n u t e s  pr ior  to  and beg inn ing  at 15 
m i n u t e s  a f te r  s m o k i n g  M and  P. In o rder  t ha t  t es t ing  be 
c o n d u c t e d  at  a c o n s t a n t  i n t o x i c a t i o n  level and  to con t ro l  
for  fat igue,  to t a l  tes t  t ime  at each session was l imi ted  to 25 
minutes .  Each S was tes ted  indiv idual ly  and  in private.  

Sensi t iv i ty  to  pressure  was d e t e r m i n e d  by  the  Semmes-  
Weins te in  pressure  aes thes iomete r .  The p rocedu re  used was 
similar  to  tha t  e m p l o y e d  by  Milstein and  Zubek  [ 2 5 ] .  
Using the  m e t h o d  of  l imits,  two  ascend ing  and  two  de- 
scend ing  trials were adm i n i s t e r ed  to the  volar  surface of  
each fo rea rm a p p r o x i m a t e l y  8 cm be low the  elbow. A 
record  was made  of  the  first f i l ament  perceived in each 
ascending  d e t e r m i n a t i o n  and  the  last e l emen t  perceived in 
each descend ing  d e t e r m i n a t i o n .  Pain sens i t iv i ty  was mea- 
sured by  the  Hardy,  Wolff  and  Godel l  do l o r ime t e r  con-  
n e c t e d  to a t imer .  Basal se t t ing  of  the  do l o r i me t e r  was at  
100 m ca l /cm ~/sec and  the  la tency  in sec f rom the  onse t  of  
the  s t imulus  to  the  first i nd i ca t i on  of  pr icking  pain was 
recorded .  F o u r  trials were given on  the  volar  surface of  each 
fo rea rm,  a l t e rna t ing  arms every trial and provid ing  for a 
30 sec in terva l  b e t w e e n  trials to  al low for  the  d iss ipa t ion  of  
hea t  in the  tes t  area. Since the  per iodic  app l i ca t ion  of  
r ad ian t  hea t  might  af fec t  the  sens i t iv i ty  of  ad jacen t  tes t  
areas for  pressure,  the  pain measure  was always t a k e n  af te r  
c o m p l e t i o n  of  the  abso lu te  pressure  d e t e r m i n a t i o n .  In o rder  
to  famil iar ize  the  Ss wi th  the  tes t  p rocedures  and to con t ro l  
for  p rac t ice  effects ,  two  prac t ice  sessions were held.  The 
first was 6 and  the  o t h e r  3 hr  pr ior  to the  pretes t .  This  same 
tes t  schedule  and  s t anda rd  p rocedure  was fo l lowed for  each  
S on  b o t h  occasions.  F u r t h e r m o r e ,  the  same set of  ins t ruc-  
t ions  was given to the  Ss at  all prac t ice  and  tes t  sessions. 

I m m e d i a t e l y  a f te r  the  end  of  skin sensi t iv i ty  test ing,  and  
2 hr  later,  Ss were adm i n i s t e r ed  a mar i juana  s y m p t o m a t o l -  
ogy ques t ionna i re .  Data  derived f rom this  ques t i onna i r e  will 
be r epo r t ed  i n d e p e n d e n t l y .  On b o t h  s m ok i ng  occas ions  the  
drug a d m i n i s t r a t o r  made  an appraisal  w h e t h e r  the  S was 
i n tox i ca t ed ,  on ly  sl ightly i n tox i ca t ed ,  or no t  i n tox ica t ed .  
This  was done  using the  cr i ter ia  of  con junc t iva l  redness  
m e m o r y  lapse, abi l i ty  to carry on  c o h e r e n t  conversa t ion ,  
and  changes  in affect ive  state.  Fu r the r ,  a no t e  was made  as 
to  w h e t h e r  the  Ss cons ide red  themse lves  s toned .  Most  Ss 
vo lun t ee r ed  this  i n f o r m a t i o n  w i t h o u t  be ing  asked.  How- 
ever, in a few cases, the  e x p e r i m e n t e r  had  to ask the  S to 
descr ibe  the  way he  was feeling. On the  second  occasion,  
a f te r  c o m p l e t i o n  of  all tes t ing,  the  Ss were asked wha t  sub- 
s tance  t hey  received on the  first and  on  the  second  occas ion  
(pos t -hoc  iden t i f i ca t ion) .  

There  was a s ta t is t ical ly  s ignif icant  d i f fe rence  be tween  the  
exper i enced  and non -expe r i enced  Ss ( p < 0 . 0 5 )  and b e t w e e n  
males and females  ( p < 0 . 0 1 )  on  this  measure .  There  were no 
s ignif icant  in te rac t ions .  The analysis  of  covar iance  on the  
change  in pain sensi t iv i ty  was also carr ied ou t  on the  
p r e s m o k i n g - p o s t s m o k i n g  d i f fe rence  scores. It ind ica ted  tha t  
the re  was no  s ta t is t ical ly  s ignif icant  changes  in pain sensi- 
t iv i ty  for  the  M c o n d i t i o n  relat ive to the  P cond i t i on  no r  
was there  a s ignif icant  d i f fe rence  be tween  the  expe r i enced  
and  n o n - e x p e r i e n c e d  Ss, or males or females  Ss. There  were 
no  s igni f icant  i n t e r ac t i ons  (see Table  2 for mean  scores for  
b o t h  measures) .  

The Pearson p r o d u c t - m o m e n t  cor re la t ions  for  the  pain 
M di f fe rence  scores and  for  the  pressure M di f fe rence  scores 
wi th  Ss, b o d y  weight  (r = .20 and  .12), w i th  a m o u n t  of  
t obacco  c o n s u m e d  per  week  (r = .07 and .09) and wi th  
e s t ima ted  cannab i s  use dur ing  the  past  th ree  years (experi-  
enced  group only  r = .05 and  .05) were calcula ted.  These  
coef f ic ien ts  ind ica ted  no  cons i s t en t  pa t t e rn  to the  re la t ion-  
ship b e t w e e n  any  of  these  variables and the cannab is  
effects.  

A l t h o u g h  M did no t  p roduce  measurab le  changes  in skin 
sensi t iv i ty ,  it never the less  p r o d u c e d  a s ta te  of i n t o x i c a t i o n  
which  was observed  by  the  drug admin i s t r a to r .  F o u r t e e n  of  
the  expe r i enced  and  14 of  the  non -expe r i enced  Ss were 
observed  or  r epo r t ed  be ing  i n tox i ca t ed  u n d e r  the M condi-  
t ion.  A l t h o u g h  the  same n u m b e r  of  expe r i enced  and  non-  
exper i enced  Ss became  in tox i ca t ed ,  only  4 of  the  14 
n o n - e x p e r i e n c e d  Ss b e c a m e  more  t han  sl ightly in tox ica ted ,  
c o m p a r e d  to 12 of  the  expe r i enced  Ss. A chi-square calcu- 
la ted  to d e t e r m i n e  w h e t h e r  the  degree of  i n t o x i c a t i o n  was 
re la ted  to having had  previous  exper ience  wi th  cannab is  
ind ica ted  tha t  the  degree of  i n t o x i c a t i o n  and previous  
exper ience  are no t  i n d e p e n d e n t  (X 2 = 9 .338 ,  p < 0 . 0 1 ) .  Only 
one  S, an exper i enced  male,  r e s p o n d e d  posi t ively  to the  P 
cond i t ion .  

The  cor rec t  pos t -hoc  iden t i f i ca t ion  of  the M cond i t i on  
by  14 exper i enced  and 13 non -expe r i enced  Ss suppor t s  the  
data  on  subjec t ive  s ta te  discussed above  and  clearly 
d e m o n s t r a t e s  tha t  the  M and  P s ta te  were subjec t ive ly  
d i f ferent .  On the  pos t -hoc  iden t i f i ca t ion  measure ,  the  chi- 
square  ca lcula ted  to d e t e r m i n e  the  re la t ionsh ip  be tween  
cor rec t  i den t i f i c a t i on  and  past cannab i s  exper ience ,  was no t  
s ignif icant  (X 2 = 0 .238) .  As there  was no  s ignif icant  differ- 
ence b e t w e e n  the  exper i enced  and  non -expe r i enced  Ss on 
the  ra te  of  cor rec t  iden t i f i ca t ion ,  the i r  scores were com- 
b ined  and  a one- ta i led  b inomia l  tes t  used to d e t e r m i n e  
w h e t h e r  the  cor rec t  i den t i f i ca t ion  rate  was b e t t e r  t han  
chance .  This  test  con f i rmed  tha t  the  Ss cor rec t ly  ident i f ied  
the  M c o n d i t i o n  s igni f icant ly  b e t t e r  t han  possible by  chance  
( p < 0 . 0 1 ) .  

RESULTS 

A th ree - f ac to r  (drug-M vs P, exper ience  vs no  exper ience ,  
Sex-M vs F)  analysis  of  covar iance ,  r epea ted  measure  on  
one  fac to r  (drug) ,  wi th  pre-score as a covar ia te  was used to 
c o m p a r e  the  changes  in c u t a n e o u s  sensi t iv i ty  ( b o t h  abso lu te  
pressure and  pain sens i t iv i ty)  a f te r  s m ok i ng  M and  P. Pre- 
score was used as a covar ia te  to  con t r o l  s ta t is t ica l ly  for  
possible  d i f fe rence  b e t w e e n  the  expe r i enced  and  non-  
expe r i enced  groups  [ 35 ]. 

The analysis  carr ied ou t  on  the  p r e s m o k i n g - p o s t s m o k i n g  
d i f fe rence  scores revealed no  changes  in abso lu te  pressure 
sens i t iv i ty  for  the  M c o n d i t i o n  relat ive to the  P cond i t ion .  

E X P E R I M E N T  2 

The  purpose  of  the  second  e x p e r i m e n t  was to examine  the  
ef fec t  of  smok ing  mar i juana  on  tac tua l  acui ty  ( two-po in t  
t h r e sho ld  and  t ac tua l  fus ion th resho ld) .  

METHOD 

Sub/ects 

The  same n u m b e r  of  Ss and  same design were used as in 
E x p e r i m e n t  1. The charac te r i s t ics  of  the  two  groups  of  Ss 
were a lmos t  ident ica l  to  E x p e r i m e n t  1. 
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T A B L E  2 

BEFORE AND AFTER MEAN SCORES FOR SKIN SENSITIVITY 
MEASURES 

Marijuana Placebo 

Measure Before After Before After 

Pressure Aesthesiometer 
(Logarithm of force in mg) 4.32 4.25 4.30 4.12 

Thermal Pain 
(In secs) 3.65 3.63 3.67 3.70 

Two Point Acuity 
(In mm) 44.57 46.79 43.44 43.11 

Tactual Fusion 
(In bursts/sec) 20.61 18.23 25.93 27.15 

Marijuana Administration 

M and P a d m i n i s t r a t i o n  p rocedures  were the  same as in 
E x p e r i m e n t  1. 

Test Procedure 

Two measures  of  t ac tua l  acui ty  were t aken  f rom the  
volar  ( an te r io r )  surface of  the  fo rea rm a p p r o x i m a t e l y  8 cm 
be low the  e lbow 3 0 - 6 0  min  before  and  beg inn ing  15 min  
af ter  the  a d m i n i s t r a t i o n  of  M or P. A t w o - p o i n t  t h re sho ld  
was o b t a i n e d  by  placing the  ae s thes iome te r  a long the  
p rox imo-d is ta l  ( super ior - infer ior )  axis of  the  fo rea rm and  
the  m e t h o d  of  l imits  used wi th  t w o  ascending  and  two 
descending  trials appl ied to each forearm.  The  cr i te r ion  for  
the  two-po in t  t h re sho ld  for  the  ascending  series was a 
repor t  of  pressure at two po in t s  on  the  skin on  two  consecu-  
t ive trials, and for  the  descend ing  was the  r epor t  of  pressure  
at one  po in t  on  two  consecu t ive  trials. In o rder  to  increase 
the  re l iabi l i ty  of  the  data  and  con t ro l  for  guessing the  Ss 
were to ld  they  would  s o m e t i m e s  be t o u c h e d  wi th  two  
po in t s  and  some t imes  wi th  one.  The tac tua l  fusion thresh-  
old was d e t e r m i n e d  by  means  of  a f l icker  t e c h n i q u e  devel- 
oped  by  Schewchuk  and  Z u b e k  [ 2 9 ] .  This m e t h o d  employs  
an i n t e r r u p t e d  je t  of  air at  a specif ied pressure,  the  fre- 
quency  of  which  can be sys temat ica l ly  increased unt i l  the  S 
repor t s  a c o n s t a n t  sensa t ion  of  pressure on  the  skin. The 
f r equency  at wh ich  this  occurs  is re fer red  to as the  crit ical 
f r equency  of  percuss ion.  Fou r  trials were given on  each  
fo rea rm wi th  the  tes t  area be ing  covered  wi th  p e t r o l e u m  
jel ly to  min imize  dry ing  of  the  skin. All s t imul i  were pre- 
sen ted  in an ascending  order ,  w i th  pressure at  the  skin, 
28 lbs / in  and  the  t ip of  the  nozz le  placed at a d is tance  of  
0.5 cm f rom the  skin. The same tes t  area was e m p l o y e d  for  
b o t h  measures ,  however ,  since repea ted  app l i ca t ion  of  the  
ae s thes iome te r  is k n o w n  to p roduce  a slight redness  of  the  
skin, the  t w o - p o i n t  t h r e sho ld  measure  was always t aken  
af te r  c o m p l e t i o n  of  the  t ac tua l  fus ion de t e r m ina t i on .  The 
same tes t  schedule  inc lud ing  prac t ice  sessions and  s t andard  
p rocedures  were fo l lowed for  each S on  b o t h  occasions.  
These were the  same as in E x p e r i m e n t  1. 

Immed ia t e ly  a f te r  the  end  of  the  skin test ing,  Ss, were 
admin i s t e r ed  the  Pr imary  Affect  Scale (PAS) and  the  

S y m p t o m a t o l o g y  Ques t ionna i r e  [ 1 4 , 2 6 ] .  The S y m p t o m a -  
to logy Ques t ionna i r e  was also admin i s t e red  2 hr  later.  The 
PAS con ta ins  5 subscales  which  measure  anger,  arousal ,  
depress ion,  fear and  happ iness  and  takes  a to ta l  of  4 min  to  
adminis ter .  As in E x p e r i m e n t  1 the  drug a d m i n i s t r a t o r  
made  a n o t e  of  the  Ss'  a p p a r e n t  s ta te  of  i n t o x i c a t i o n  and  
verbal  r epo r t  of  the i r  state.  On the  second  occasion,  a f te r  
c o m p l e t i o n  of  all tes t ing,  the  Ss were asked wha t  subs tance  
they  received on  occas ion  one  and  on  occas ion  two (post -  
hoc  iden t i f i ca t ion) .  

RESULTS 

The  same analysis  of  covar iance,  wi th  pre-score as a 
covariate ,  which  was used in the  preceding  e x p e r i m e n t  was 
again e m p l o y e d  for  each measure .  The resul ts  of  the  analy-  
ses, for  b o t h  measures  of  t ac tua l  acu i ty  ( two  po in t  and  
tac tua l  fusion thesho ld ) ,  which  were carr ied ou t  on  the  
pre-smoking ,  pos t - smoking  d i f ference  scores revealed n o  
changes  in sensi t ivi ty  on  e i the r  measure  for  the  M c o n d i t i o n  
relat ive to the  P cond i t ion .  F u r t h e r  there  was no  s ignif icant  
d i f ference  b e t w e e n  the  expe r i enced  and  non -expe r i enced  Ss 
or male  or female  Ss. There  were no  s ignif icant  i n t e r ac t i ons  
(see Table  2 for  mean  scores for  b o t h  measures) .  

The  p r o d u c t - m o m e n t  cor re la t ions  for the  t w o - p o i n t  
acui ty  M di f ference  scores and  for  the  fusion M d i f fe rence  
scores wi th  Ss '  body  weight  (r = - . 3 2  and - . 3 2 ) ,  w i th  
a m o u n t  of  t o b a c c o  usually c o n s u m e d  per  week  (r = .38 and  
.06) and wi th  es t imated  a m o u n t  of  cannab i s  used dur ing  
the  past  th ree  years (exper ienced  group only ,  r = - .  15 and  
.02)  ind ica ted  no  s ignif icant  pa t t e rn  to  the  re la t ionsh ip  
be tween  any  of  these  variables and  the  cannab i s  effects.  

Figure 2 summar izes  the  results  on  happ iness  and Fig. 3 
the  results  on  fear. I t  can be seen t ha t  in the  M cond i t i on ,  
relative to the  P cond i t ion ,  b o t h  exper ienced  and non-  
exper ienced  Ss show an increase in happiness  and in 
fear. The analyses of  covar iance  p e r f o r m e d  on these  data  
revealed a s ta t is t ical ly  s ignif icant  d i f ference  be tween  the  M 
and  P c o n d i t i o n  on  happ iness  (F  = 9.617,  p < 0 . 0 1 )  and  
on  fear (F  = 7 .925,  p < 0 . 0 5 ) .  These analyses did no t  show 
any  d i f fe rence  b e t w e e n  exper i enced  and  non -expe r i enced  
Ss or male  and female  Ss. The  in t e rac t ions  were also no t  
s ignif icant .  No s ignif icant  drug effects  were observed on  the  
o the r  three  affect  scales, no r  were signif icant  sex, exper ience ,  
or i n t e rac t ions  effects  observed  on  any  of  these  measures.  

The  n u m b e r  of  Ss observed  i n tox i ca t ed  or r epor t ing  
i n t o x i c a t i o n  is s imilar  to  t ha t  of  E x p e r i m e n t  1. Unde r  the  
M cond i t ion ,  15 expe r i enced  and  14 non -expe r i enced  Ss 
became  in tox ica t ed .  In this  s tudy ,  however ,  11 non-users  
and 14 users became  more  t han  sl ightly i n t o x i c a t e d  
compared  to 4 and  12 in the  previous  s tudy.  There  were 
th ree  possible P responders :  one  non -expe r i enced  male,  one  
non -expe r i enced  female  and  one  exper i enced  male.  

The chi-square ca lcula ted  to de t e rmine  w h e t h e r  the  
degree of  i n t o x i c a t i o n  was re la ted  to  previous  exper ience  
wi th  cannab is  was no t  s ignif icant  (X 2 = 1.694).  However ,  
inspec t ion  o f  the  data  suggests a t r end  of  a grea ter  degree of  
i n t o x i c a t i o n  in the  expe r i enced  group.  The results  for the  
pos t -hoc  iden t i f i ca t ion  of  the  M and  P cond i t ions  is also 
similar  to  the  results  f rom E x p e r i m e n t  1 as 15 exper i enced  
and 11 non -expe r i enced  Ss cor rec t ly  ident i f ied  the  M condi-  
t ion.  The chi-square ca lcula ted  to d e t e r m i n e  the  re la t ion-  
ship be tween  cor rec t  i den t i f i ca t ion  and  past cannab is  
exper ience ,  ind ica ted  t ha t  the re  w a s . n o  s ignif icant  differ- 
ence be tween  expe r i enced  and  non -expe r i enced  Ss on  the  
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FIG. 2. Pre and post happiness scores for both the experienced and 
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FIG. 3. Pre and post fear score for both the experienced and 
non-experienced groups. 

rate of  correct  ident i f icat ion (X 2 = 3.84). As there was no 
difference in the rate of  correct  ident i f ica t ion for the two 
groups, a one-tai led Binomial  test was conduc ted  on the 
combined  correct  ident i f ica t ion rate. The test conf i rmed 
that  the Ss correc t ly  ident i f ied the M condi t ion  signifi- 
cant ly bet ter  than possible by chance (p< 0.05). 

D I S C U S S I O N  

The results of  these object ive tests of  skin sensitivity, 
which have been shown previously to be responsive to small 
changes in sensitivity [37] do not  conf i rm the subjective 
repor t  of  cannabis users that  smoking marijuana produces 
increased tacti le sensitivity [32] .  Our finding may also be 
cont rary  to the conclus ion reached by Rodin et al. [28] ,  
who found that  "v ib ra to ry  sense apprecia t ion  had slightly 
improved  in six of  nine subjects ."  The association be tween  
vibratory sensitivity and touch  sensitivity is not  clear nor  is 
it certain how vibratory sensitivity was measured.  More- 
over, their  failure to use a placebo cont ro l  condi t ion  and a 
standard dose of  mari juana weakens any conclusion that  
can be drawn f rom their  results. Only two studies have been 
carried out  on the o ther  sensory modalit ies.  These studies 
by Caldwell et al. [2] and the Mayor 's  Commission [31] 

suggest that  marijuana does not  affect  audi tory  or  visual 
funct ioning.  Al though Caldwell et al. repor ted  a change in 
audi tory  intensi ty  threshold they  also found no change in 
audi tory  and f requency  thresholds or on visual brightness 
percept ion.  This is consistent  with the finding of  the 
Mayor 's  Commiss ion of  no effect  on audi tory  f requency  
discrimination.  

In trying to unders tand fully this lack of  change in 
sensitivity after smoking marijuana we re-examined our  
p ro toco l  to make certain that  a sufficient  dose was being 
administered.  The results of  the pilot  s tudy,  the changes in 
happiness, the subjective state and post-hoc substance 
ident i f icat ion date, all conf i rm that  600 mg of marijuana 
was a suff icient  dose and did produce a state of  intoxica-  
t ion in both  groups of  Ss. It is possible that  changes in 
sensitivity are partially dependen t  on the amount  of  previ- 
ous exper ience with cannabis. Fur ther  the possibili ty exists 
that  cigarette smokers might inhale and retain more smoke 
than non-smokers  of  cigarettes thus receiving a higher effec- 
tive dose. Either of  these factors could have masked and 
confounded  the results. In order  to examine  both  possi- 
bilities, the correlat ions for the pressure, pain, two-poin t  
acui ty and tactual  fusion M difference scores with past 
cannabis use and with amount  of  tobacco usually consumed 
were calculated.  These low correlat ions indicate little rela- 
t ionship be tween  ei ther  of  these measures and the depen- 
dent  variables. Al though the pilot  s tudy suggested that  no 
relat ionship exists be tween body-weight  and effective 
dosage, the correlat ions were also calculated be tween  
body-weight  and the presmoking-postsmoking marijuana 
difference scores for the four  above measures. Again, the 
low correlat ions support  our pilot s tudy observat ion that  at 
this dose level and for these measures, no differential  
effects  on these skin sensitivity measures exist as a funct ion 
of  body weight. It is possible that these correlat ions would 
be higher at higher doses and /or  with different  measures. 
The finding of  Tart [32] that  approx imate ly  72% of  users 
exper ienced changes in touch  sensitivity after smoking 
marijuana is not  suppor ted  by our data. His finding could 
possibly be explained by Weil et al.'s [34] hypothesis  that  
" incoming  sensory i n f o r m a t i o n . . ,  normal ly  fol lows condi- 
t ioned pa thways  through the secondary percept ion  ne twork  
in order to get to consciousness. Under  cannabis, which 
might  interfere  with this normal  processing, in format ion  
may take novel  routes  to consciousness and thus be per- 
ceived in novel ways."  

Our control led  double-bl ind data with respect to clini- 
cally observed in toxica t ion  is conflicting. The observat ions 
of  the drug adminis t ra tor  and the verbal reports  of  the Ss 
support  the impression gleaned on the street,  that  mari- 
juana is less in toxica t ing  on initial use. However ,  this differ- 
ence is not  seen if a cr i ter ion such as the happiness or fear 
scale is used as an index of  in toxicat ion.  These indices show 
statistical significant changes in affect  of  approx imate ly  the 
same amoun t  for bo th  exper ienced and non-exper ienced  
subjects. 

The recent  work of  Casswell and Marks [5] which 
compares  users and non-users is also confl ic t ing and indi- 
cates a need for fur ther  s tudy of  the differences in effects  
be tween  naive and exper ienced subjects. In their  s tudy,  
they examined the effects  of  2 doses (3.3 and 6.6 mg 
A9-THC) of  cannabis on 3 cognit ive tasks in a naive and 
exper ienced group. They found a significant dose-related 
impai rment  in 2 tasks (goal directed serial a l ternat ion and 
serial substract ion) but  no significant difference be tween  
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naive and exper ienced subjects. There was no difference in 
per formance  on a third cognit ive test (digit span). In addi- 
t ion to s tudying cognit ive effects,  they obta ined reports  on 
the subjective measures including ratings by the Ss of  the 
strength of  the cigarettes smoked,  the ex ten t  of  its effect ,  
and which if any of  14 s y m p t o m s  or systems were affected.  
There was a significant dose effect  on all three measures but  
no significant difference on any of  the rating scales be tween  
the naive and the exper ienced subjects, "a l though  there was 
a slight t endency  in all three condi t ions  for the exper ienced 
subjects to rate more  variables as affected than naive sub- 
jec ts ."  This lack of  a clear difference but  t rend toward 
greater subjective effects  in the user group is also suggested 
by the results of  our  two studies repor ted  here. 

Our finding of  an increase in fear in both  the experi-  
enced and non-exper ienced subjects is puzzling as Abel [ 1 ] 
reports  a decrease in anxie ty  as a result of  smoking mari- 
juana. Fur ther  s tudy is necessary before  any conclusions 
can be drawn regarding this finding of  increased fear. 

Several final comment s  must be made regarding our  
abili ty to generalize these results. The first point  is in regard 
to the smoking procedure.  When smoking marijuana, users 
hold the smoke in their  lungs for some period prior to 
expirat ion.  However ,  the subjects in this s tudy were asked 
to breathe normal ly  and not  to hold their  breath,  in an 
a t t empt  to minimize  intra-subject variabili ty in absorpt ion 
which is partially a funct ion  of  re ten t ion  time. This pro- 
cedure was generally successful but  not  every subject 
fol lowed this instruct ion.  Al though this is not  the usual 
way marijuana is smoked,  our dose of  600 mg was selected, 

with this procedure,  as producing the usual effect  in experi- 
enced subjects. Therefore ,  we th ink that  a general izat ion to 
a social s i tuat ion is still valid. The second point  refers to the 
reasons for having the subjects remain in the labora tory  for 
9 hr prior to smoking. As the anxie ty  p roduced  by smoking 
marijuana in a strange surrounding with strange people 
could produce  artifact,  the subjects were al lowed t ime to 
become  comfor tab le  with each other,  the researchers, and 
the surroundings. Fur ther  this provided an oppor tun i ty  to 
standardize pre-smoking activity as well as a sympto te  prac- 
tice effects  on the sensory tests. While conf inement  is no t  
known to produce  changes in sensory funct ions [37] it can 
cause changes in affect.  This change most  likely would be a 
decrease in happiness and an increase in depression. There- 
fore, it is unlikely that  the repor ted  increase in happiness is 
a result of  a confound  due to conf inement .  Our placebo 
data fur ther  indicate that  this minor  conf inemen t  did no t  
produce any changes in sensory func t ion  or  affect.  In addi- 
t ion the major i ty  of  subjects appeared qui te  relaxed in the 
smoking situation.  

In summary,  the results f rom these two studies do not  
support  the idea that  marijuana produces changes in cutane- 
ous sensitivity in ei ther exper ienced or non-exper ienced 
subjects. Possibly repor ted  sensory effects could be a result  
of  charges in percept ion  rather  than changes in sensory 
experience.  Fur thermore ,  the failure to observe marked 
differences in subjective effects  in the user and non-user  
groups suggests the need for fur ther  comparat ive  s tudy of  
these two groups using per formance  measures that  are 
known to be sensitive to marijuana. 
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