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SPRAGUE, G. L. AND A. L. CRAIGMILL. Ethanol and delta-9-tetrahydrocannabinol: mechanism for cross-tolerance in 
mice. PHARMAC. BIOCHEM. BEHAV. 5(4) 409-415 ,  1976. - The pharmacological interaction between equipotent 
doses of ethanol (1.35 g/kg) and delta-9-tetrahydrocannabinol (THC, 17 mg/kg) was evaluated in mice using rotarod 
performance as a measure of drug action. Tolerance to the effects of ethanol and THC as well as a symmetrical 
cross-tolerance between these two drugs was demonstrated. Ethanol elimination was not altered by previous treatment 
with either ethanol or THC as determined by measuring blood ethanol concentrations with an enzymatic assay. THC 
metabolite ratios in blood, brain and liver tissues determined after a dose of 3 H-THC demonstrated that THC treatment 
had no effect upon THC metabolism or disposition. Ethanol treatment altered the distribution of THC and also altered 
hepatic THC metabolism as evidenced by the occurrence of increased proportions of polar THC metabolites. No treatment 
regimens produced lower whole brain levels of subsequent ethanol or THC suggesting that tolerance to ethanol or THC and 
cross-tolerance between these two drugs does not develop due to lower brain concentrations. A vehicle effect was shown 
when treatment with a mixture of propylene glycol and Tween-80 altered the metabolic and behavioral effects of 
subsequently administered THC. 
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Cross-tolerance Rotarod-performance 

R E C E N T  repor t s  have been  inconclus ive  in d e t e r m i n i n g  
whe the r  or no t  symmet r i ca l  cross- to lerance develops  be- 
tween  e t h a n o l  and d e l t a - 9 - t e t r a h y d r o c a n n a b i n o l  (THC).  
N e w m a n  and  coworker s  [22]  first r epo r t ed  evidence  for  
cross- to lerance to e t hano l  in THC pre t r ea t ed  rats  us ing a 
shock-avoidance  paradigm.  F u r t h e r  evidence fo l lowed in 
suppor t  of  c ross- to lerance  d e v e l o p m e n t  us ing  an ope ran t  
paradigm [ 2 1 ] .  Ka lan t  and  LeBlanc  [ I 0 ]  r epo r t ed  t ha t  
t r e a t m e n t  wi th  low doses of THC in rats  t r a ined  to  walk on  
a moving  be l t  p roduced  to le rance  to the  disrupt ive  ef fec ts  
of THC but  no t  to those  of e thano l :  No s tudies  have been  
repor ted  conce rn ing  the  m e c h a n i s m  of  cross- to lerance  
d e v e l o p m e n t  be tw een  e t hano l  and  THC, if it does indeed  
occur.  

The  object ives  of this  s tudy  were (1)  to  d e t e r m i n e  if 
symmet r i ca l  c ross- to lerance  develops  b e t w e e n  e q u i p o t e n t  
doses of  e t hano l  and  THC in mice p e r f o r m i n g  an un l ea rned  
behavior  and (2)  to  evaluate  the  c o n t r i b u t i o n s  of  dis- 
pos i t ion  and  m e t a b o l i s m  of  e thano l  and  THC to de- 
v e l o p m e n t  of the  observed cross- tolerance.  

METHOD 

Animals and Drugs 
Male, Swiss-Webster mice  (Hi l l top  Lab Animals ,  

Cha t swor th ,  Ca.) weighing 2 3 - 3 3  g were used t h r o u g h o u t  

the  s tudy.  The  an imals  were housed  in groups  of  5 in 17 x 
27 x I 1 cm plast ic  cages wi th  a regula ted  12-hr l ight-dark  
l ight ing schedule.  Pur ina  lab chow and tap wate r  were 
available ad libitum. Body weights  of  all animals  were 
r ecorded  daily. 

In mos t  cases, THC (95% THC o b t a i n e d  f rom the  
Nat iona l  In s t i t u t e  of  Menta l  Heal th)  was admin i s t e r ed  as a 
suspens ion  in 10% p ropy lene  glycol and 1% Tween-80  [26 ] 
which was p repared  as follows. THC in e thano l  was added 
to an appropr i a t e  vo lume  of  p ropy l ene  glycol and  Tween-  
80 and the  e thano l  was evapora ted  using N 2 . I so ton ic  saline 
was t hen  added  and  the  suspens ion  was mixed  using 
sonica t ion .  THC was admin i s t e red  as a suspens ion  in 1% 
Pluronic  F-68 (po loxa lene )  in  a n o t h e r  par t  of  the  s tudy.  
This suspens ion  was p repa red  by  adding  THC in e thano l  to 
an appropr ia t e  a m o u n t  of  P luronic  F-68.  Fo l lowing  the  
evapora t ion  of  e thano l  wi th  N2 and  the  add i t ion  of  i so tonic  
saline, the  suspens ion  was mixed  using sonica t ion .  Suspen- 
sions con ta in ing  3H-THC (ob t a ined  f rom the  Nat iona l  
Ins t i tu t e  of  Drug Abuse)  were p repared  in 10% p r o p y l e n e  
glycol: 1% Tween-80  in i so ton ic  saline to provide  a specific 
act ivi ty of 10 u c / m g  THC. E t h a n o l  was admin i s t e red  e i ther  
in 10% p r o p y l e n e  glycol: 1% Tween-80  (p repared  in i so ton ic  
saline) or in i so ton ic  saline. The 11-OH-THC used as a 
s t andard  in th in- layer  c h r o m a t o g r a p h y  (TLC) was ob t a ined  

i Supported by U.S. Public Health Service Grant 1 R01 AA01904-01 and by a Pharmaceutical Manufacturers Association Foundation 
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Pharmacology and Experimental Therapeutics in Davis, Ca., August 17-21 ,  1975 (Pharmacologist 17: 198, 1975). 

2 American Foundation for Pharmaceutical Education Graduate Fellow. Present address, Midwest Research Institute, 425 Volker Blvd., 
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f rom the Na t iona l  Ins t i tu t e  of  Drug Abuse .  All drugs were 
admin i s t e red  in t r ape r i tonea l ly  in a vo lume of  10 ml/kg.  

Experirn en tal Pro cedure 

Per fo rmance  on a ro t a rod  appa ra tus  [5] was used as a 
behavioral  measure  of drug ac t ion .  The  abi l i ty  of each 
mouse  to m a i n t a i n  equ i l ib r ium on a 1-1/4 in. dia. ro t a t i ng  
rod tu rn ing  at 4 rpm was scored by  assigning mice which  
ma in t a ined  the i r  ba lance  for 1 m i n  a score of  1 and those  
tha t  fell a score of 0. Group  p e r f o r m a n c e  scores were 
recorded as the  n u m b e r  of animals  given scores of  0 and 1 
and di f ferences  be t w een  group p e r f o r m a n c e  scores were 
evaluated using a Chi-squared stat is t ical  analysis. 

The t ime  of m a x i m u m  i m p a i r m e n t  of ro t a rod  per- 
fo rmance  by e thano l  and THC was d e t e r m i n e d  and  dose- 
response  curves for  each drug were ob ta ined  at t ha t  t ime. 
The ED50  doses of e t hano l  and THC were d e t e r m i n e d  by  
the m e t h o d  of  Li tchf ie ld  and Wi lcoxon  [16]  and used 
the rea f t e r  t h r o u g h o u t  the  s tudy.  The t ime  required for  
to le rance  to develop to e thano l  or THC was d e t e r m i n e d  in 
groups of animals  t rea ted  wi th  e i ther  drug. R o t a r o d  
pe r fo rmance  in each group was measured  af ter  each 
t r e a t m e n t  and  compared  to the  basel ine  pe r f o r mance  level 
pr ior  to  any  drug t r e a t m e n t .  The cr i ter ion for  to le rance  
deve lopmen t  in this  s tudy was me t  w h e n  the group 
pe r fo rmance  score af ter  drug t r e a t m e n t  did not  sig- 
n i f icant ly  differ  f rom the  group basel ine  pe r fo rmance .  The 
observed t r e a t m e n t  schedules  necessary for  e thano l  and 
THC to le rance  deve l opm en t  were t h e n  repea ted  in groups  
in which  on ly  the baseline p e r f o r m a n c e  level and tha t  
fo l lowing the last drug t r e a t m e n t  were measured  in order  to 
de t e rmine  w h e t h e r  the  to le rance  observed was or was no t  
behaviora l ly  med ia ted .  

Twelve groups  of mice were ini t ial ly used to d e t e r m i n e  if 
cross- tolerance developed be tween  e t hano l  and THC. Fou r  
t r e a t m e n t  schedules  were used wi th  3 groups of  animals  
given each t r e a t m e n t .  Three  groups were given single daily 
in ject ions  of THC ( 17 mg/kg)  for  6 days and  3 groups were 
given 2 daily in jec t ions  of e thano l  (1.35 g/kg) for 11 days. 
Since b o t h  THC and eh tano l  were admin i s t e red  in 10% 
propy lene  glycol: 1% Tween-80  in i so tonic  saline, the  
con t ro l  groups  consis ted  of 3 groups  given single daily 
in ject ions  of this  solvent  (10  ml /kg)  for  6 days and 3 groups 
given 2 daily in jec t ions  for 11 days. T w en t y - f ou r  hr  a f te r  
the t e r m i n a t i o n  of  each of the  4 t r e a t m en t s ,  a single 
in jec t ion  of a second c o m p o u n d  was given. The  second 
c o m p o u n d  cons is ted  of THC (17 mg/THC) ,  e thano l  ( 1.35 
g/kg) or 10% p ropy lene  g l y c o l : l %  Tween-80  in i so tonic  
saline (10 ml/kg) .  Ro t a r od  p e r f o r m a n c e  of each group 
measured  20 min  af ter  the  admin i s t r a t i on  of the second 
c o m p o u n d  was compared  to the  baseline ro ta rod  per- 
fo rmance  measured  prior  to any  drug t r e a t m e n t .  The  
cr i ter ion for  cross- to lerance was me t  if the  ro t a rod  per- 
fo rmance  in the  e tano l - t rea ted  group af ter  THC adminis-  
t ra t ion  was not  s ignif icant ly  d i f fe rent  f rom its baseline 
con t ro l  level and the  cross- to lerance was symmet r i ca l  if the  
pe r fo rmance  of the  THC-t rea ted  group af ter  e t hano l  did 
not  s ignif icant ly  differ  f rom its baseline level. 

Fou r  groups of  mice were used to f u r t he r  evaluate  the  
ac t ion of THC in mice previously  t rea ted  wi th  THC or 
e thanol .  The 4 t r e a t m e n t s  consis ted of THC (17 mg/kg)  in 
1% Pluronic  F-68 (in i sotonic  saline) once daily for  6 days, 
1% p luron ic  F-68 in i so tonic  saline (10 ml /kg)  once  daily 
for 6 days, e thano l  (1.35 g/kg) in i so ton ic  saline twice daily 
for 11 days or i so tonic  saline (10 ml /kg)  twice daily for  11 

days. T w e n t y - f o u r  hr  af ter  the  t e rmina t i on  of each of  the 4 
t r ea tmen t s ,  a single in jec t ion  of  THC (17 mg/kg)  in 1% 
Pluronic  F-68 was given. R o t a r o d  pe r fo rmance  of each 
group measured  20 min  af te r  the  single THC in jec t ion  was 
compared  to the  baseline ro t a rod  pe r fo rmance .  

The  change in ro ta rod  p e r f o r m a n c e  w i th  t ime af ter  
single in jec t ions  of e t hano l  or THC was measured  in mice 
previously t rea ted  wi th  e thanol ,  THC or i so tonic  saline. 
Fou r  t r e a t m e n t  schedules  were used wi th  2 groups of  mice  
given each t r e a t m e n t .  The schedules  consis ted of single 
daily in jec t ions  of THC (17 mg/kg)  in 1% Pluronic  F-68 for 
6 days, single daily in jec t ions  of i so tonic  saline (10 ml /kg)  
for 6 days, e thano l  (1.35 g/kg) in i so tonic  saline twice  daily 
for 11 days or i so tonic  saline (10 ml /kg)  twice daily for  I 1 
days. T w e n t y - f o u r  hr  a f te r  the t e r m i n a t i o n  of  each treat- 
men t ,  a single in jec t ion  of  e i the r  e thano l  (1.35 g/kg) or 
THC (17 mg/kg)  was given and ro ta rod  pe r fo rmance  was 
measured  at 10 min  intervals  for  a per iod  of 100 rain. 

Assays 

A n o t h e r  group of mice was used to s tudy  the  ef fec t  of 
pr ior  t r e a t m e n t  upon  drug d i s t r ibu t ion  and me tabo l i sm.  
Blood e thano l  levels in t r e a t m e n t  groups given e thano l  
(1.35 g/kg) were de t e rmined  20 rain af ter  e t hano l  ad- 
min is t ra t ion .  Blood was r emoved  by  cardiac p u n c t u r e  in 
animals  killed wi th  CO2 and the  e thano l  c o n c e n t r a t i o n  was 
de t e rmined  using a modi f i ed  e n z y m a t i c  t e c h n i q u e  [ 17 ]. 

THC me tabo l i t e  rat ios in b lood,  bra in  and liver tissues in 
4 t r e a t m e n t  groups and in an u n t r e a t e d  group given no  
prior  drug t r e a t m e n t s  were de t e rmined  20 rain af ter  the  
admin i s t r a t i on  of - 'H-THC (17 nag THC/kg,  10 ~c /mg  
THC). The 4 drug t r e a t m e n t s  given pr ior  to  the  single 
in jec t ion  of ~ H-THC consis ted of THC (17 mg/ml)  in 10% 
propy lene  glycol: 1% Tween-80  in i so tonic  saline once  daily 
for 6 days, 10% propy lene  glycol: 1% Tween-80  once  daily 
for 6 days, e thanol  (1.35 g/kg) in 10% propy lene  glycol: 1% 
Tween-80  twice  daily for I 1 days or 10% propy lene  glycol: 
1% Tween-80  twice daily for 11 days. Blood was removed  
by cardiac p u n c t u r e  in animals  killed wi th  CO 2 and 
immedia te ly  d i lu ted  in 3 volumes  of disti l led wate r  and 
frozen.  Whole brains  and  por t ions  of liver tissue were 
quickly  removed ,  weighed,  homogen i zed  in cold distil led 
water  and then  f rozen.  

THC and its me tabo l i t e s  in each tissue were ex t rac ted  
from each h o m o g e n a t e  3 t imes  wi th  3 vo lumes  of e thyl  
acetate .  The 3 a l iquots  f rom each sample were pooled  and 
evapora ted  to dryness  using a Buchler  ro ta ry  evapora to r  
and the  residue was redissolved in 1 ml of e thy l  ace ta te  
which was then  equal ly  appl ied to 2 B r i n k m a n  p recoa ted  
TLC plates (SIL G-25).  The plates were developed 15 cm in 
e i ther  Solvent  A ( h e x a n e : d i e t h y l  e t he r : a ce tone ,  4 : 2 : 3 )  or 
Solvent  B (4% m e t h a n o l  in ch lo ro fo rm) .  Radioac t iv i ty  was 
separated in to  4 areas wi th  Rf values of 0, 0.20, 0 .50 
~11-OH-THC) and 0 .80 (THC) using Solvent  A and 0, 0. I0,  
0.23 (11-OH-THC) and 0.70 (THC) using Solvent  B. Each 
area was scraped in to  a sc int i l la t ion vial and 10 ml of 
t o luene :PPO:POPOP cockta i l  was added.  Radioac t iv i ty  is 
expressed as the  % found  in each of the 4 TLC zones and 
data f rom Solvents  A and B were combined .  The t issue 
h o m o g e n a t e  remain ing  af ter  e thy l  ace ta te  ex t r ac t ion  was 
dried using a Virtis freeze dry appara tus ,  the  residue 
dissolved in 1 ml Pro toso l  Tissue Solubi l izer  (New England 
Nuclear,  Bos ton ,  MA) and 10 ml of  the  t o luene :PPO:PO-  
POP sc int i l la t ion  cocktai l  was added.  Radioac t iv i ty  was 
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d e t e r m i n e d  w i th  a Packard  Model  3320  Tri-carb Scin- 
t i l la t ion  Spec t rome te r .  To ta l  t issue read ioac t iv i ty  was de- 
t e r m i n e d  as the  sum of  the  rad ioac t iv i ty  on  the  2 TLC 
plates  and  t ha t  f o u n d  in the  freeze dried residue for  each 
tissue sample.  The  ex t en t  of e x t r a c t i o n  of  rad ioac t iv i ty  
f rom b l o o d  was 93.1 +_ 1.1% ( m e a n  +_ S.E.M.) and t h a t  f rom 
brain  and  liver t issues was 69.5 -+ 1.6%. All samples  were 
cor rec ted  for  q u e n c h i n g  using an in te rna l  s t andard  consis- 
t ing of  3 H-toluene.  The  data  o b t a i n e d  were eva lua ted  using 
Chi-squared and  S t u d e n t s  t statistics.  

RESULTS 

Rotarod Performance 

Ethano l  and  THC b o t h  impai red  r o t a r od  p e r f o r m a n c e  in 
a dose-re la ted m a n n e r  as s h o w n  in Fig. 1. ED50  values for  
e thano l  and THC were 1.35 g/kg and  17 mg /kg  respect ively  
and the  p o t e n c y  ra t io  of the  2 drugs was 79.4. The  peak  
effect  of  b o t h  e thano l  and  THC on  ro t a rod  p e r f o r m a n c e  
was ev ident  20 min  af te r  IP admin i s t r a t ion .  
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FIG. 1. Dose-response curve for ethanol and THC in mice using 
rotarod performance measured 20 min after an IP dose of either 
drug. Group rotarod performance score is determined as the sum of 
the individual scores divided by the number of animals in the group. 

Each point consists of at least 10 animals. 

Tole rance  to THC developed in 7 days  wi th  1 
i n j ec t i on /day  whereas  to l e rance  to e thano l  deve loped  in 12 
days wi th  2 in jec t ions /day .  To le rance  to  e thano l  or  THC 
was observed  e i the r  when  p e r f o r m a n c e  was measured  af ter  
each t r e a t m e n t  or when  ro t a rod  p e r f o r m a n c e  was measured  
only  af ter  the  f inal  drug t r e a t m e n t . T h e  daily b o d y  weights  
of mice in all t r e a t m e n t  groups  did not  s ignif icant ly  differ  
f rom n o r m a l  animals  given no  drug t r e a t m e n t .  

Table  1 shows the  i m p a i r m e n t  of ro t a rod  p e r f o r m a n c e  
induced  by THC (17 mg/kg) ,  e thano l  (1,35 g/kg) and 10% 
propy lene  glycol: 1% Tween-80  is i so ton ic  saline (10 ml /kg )  
in each of the  drug t r e a t m e n t  groups.  Pe r fo rmance  was no t  
impai red  in any group af ter  the  admin i s t r a t i on  of  the  
p ropy lene  g lyco l :Tween  80 mix ture .  Tole rance  to e t hano l  
and THC and  cross- to lerance  be tween  these 2 drugs was 
observed in t ha t  p e r f o r m a n c e  of  the  e thano l -  and THC- 
t rea ted  groups  was no t  s ignif icant ly  impai red  by  e i the r  
e thano l  or THC. Pe r fo rmance  of  the  groups  previously  
t rea ted  for  6 or 11 days wi th  p ropy lene  g lyco l :Tween-80  
was s igni f icant ly  impar ied  by  e thano l  bu t  was no t  sig- 
n i f icant ly  a f fec ted  by  THC. Thus ,  t r e a t m e n t  wi th  the  
p ropy lene  g lyco l :Tween-80  mix tu re  for  e i ther  6 or 1 1 days 
appeared  to p roduce  to le rance  to THC. An  addi t iona l  s t udy  
was p e r f o r m e d  to  f u r t he r  evaluate  the  ac t ion  of  THC (17 
mg/kg)  in t r ea ted  groups  and to d e t e r m i n e  if the  to le rance  
to THC and cross- to lerance to THC was induced  by  the  
admin i s t r a t i on  of  the  p ropy lene  g lyco l :Tween-80  mix ture .  
Animals  t rea ted  wi th  THC in 1% Pluronic  F-68 exh ib i t ed  
to le rance  to the  effects  of  THC and those  t rea ted  wi th  
e thano l  in i so ton ic  saline exh ib i t ed  cross- to lerance  to THC. 
Nei ther  saline nor  P luronic  F-68 t r e a t m e n t  had  any  ef fec t  
on THC- induced  i m p a i r m e n t  of  ro t a rod  pe r fo rmance .  

The  change in ro t a rod  p e r f o r m a n c e  wi th  t ime  af ter  
e thano l  or THC admin i s t r a t i on  in mice previously  t rea ted  
wi th  e thano l ,  THC or i so ton ic  saline is shown  in Fig. 2. In 
the  animals  t rea ted  wi th  i so ton ic  saline for  6 or 11 days,  
the  subsequen t  admin i s t r a t i on  of  e thano l  or THC p roduced  
an initial ,  s ignif icant  i m p a r i m e n t  of  ro ta rod  pe r fo rmance .  
Since the  resul ts  ob t a ined  wi th  e i ther  6 or 11 day i so ton ic  
saline t r e a t m e n t  did no t  s ignif icant ly  differ ,  the  results  for  
these 2 groups  were pooled  and used in Fig. 2. The  

T A B L E  1 

IMPAIRMENT OF ROTAROD PERFORMANCE RESULTING FROM THC, ETHANOL OR PROPYLENE GLYCOL:TWEEN 80 
ADMINISTRATION 

First Second Drug Treatment 
Drug I0% propylene glycol: 
Treatment THC (17 mg/kg) Ethanol (1.35 g/kg) 1% Tween 80 (10 ml/kg) 

17 mg THC/kg -10.0 (20) -16.7 (30) 10.0 (20) 
(6 days) 

10% propylene glycol: -20.0 (20) -40.0* (40) 5.0 (20) 
1% Tween 80 (6 days) 

1.35 g ethanol/kg - 10.0 (40) - 15.0 (40) 0.0 (38) 
(11 days) 

10% propylene glycol: 0.0 (20) -30.0* (20) 5.0 (20) 
l%Tween 80 (11 days) 

The first drug was repeatedly administered for the duration indicated in parentheses as described in METHOD. Both 
ethanol and THC were administered in 10% propylene glycol: 1% Tween 80 (in isotonic saline). Values are expressed as the 
% change in each groups performance from its baseline level and values in parentheses indicate the sizes of the groups 
used. Rotarod performance after second drug which was significantly different from the baseline level is indicated by 
*(p <0.05). 
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FIG. 2. Change in rotarod performance with time in mice given an 
IP injection of 1.35 g ethanol/kg (A) or 17 mg THC/kg (B). Prior to 
ethanol or THC administration, mice were treated with isotonic 
saline, ethanol or THC as described in METHOD. Ethanol was 
administered in isotonic saline and THC was administered as a 
suspension in 1% Pluronic F-68 in isotonic saline. Rotarod perfor- 
mance for each group was compared to its baseline performance 
level determined prior to any drug treatment in order to evaluate 
the extent of drug-induced changes in performance. Each group 
consisted of at least 20 mice and * indicates a significant change in 

performance from baseline (p<0.05). 

pe r formance  of the ethanol-  or THC-treated groups was not  
significantly impaired at any t ime within 100 minutes  after 
e thanol  or THC adminis t ra t ion.  A change in the  per- 
formance  to levels greater than baseline was noted  in several 
groups, especially 4 0 - 5 0  rain after e thanol  or THC 
adminis t ra t ion.  Approx ima te ly  1 5 - 2 0 %  of the animals in 
each group were unable to maintain their  balance on the 
rotarod when the baseline pe r fo rmance  level was de- 
te rmined.  The improvement  in group per formance  ap- 
parent ly  resulted f rom practice by those animals previously 
unable to maintain  their  equil ibrium. 

Disposition and Metabolism 

The blood ethanol  concen t ra t ion  de te rmined  20 rain 
after the IP adminis t ra t ion  of  1.35 g/kg e thanol  to normal 
animals given no t r ea tmen t  was 1.28 + 0.02 (mean + 
S.E.M.) mg/ml  and e thanol  or THC t r ea tmen t  did not  
significantly alter this value. When the same dose of e thanol  
was adminis tered  to mice previously t reated for  6 or 11 
days with 10% propylene  glycol: 1% Tween-80 in isotonic  
saline, the blood e thanol  concen t ra t ions  obta ined were 1.10 
+ 0.02 mg/ml  and 1.46 ~ 0.02 mg/ml  respectively. Both of  
these values were significantly d i f ferent  f rom the value 
obta ined for unt rea ted  mice. 

Table 2 shows the total  tissue radioactivi ty 20 rain after 
the IP adminis t ra t ion  of  3 H-THC (17 mg/kg) to mice given 
no t r ea tmen t  and mice in each t r ea tmen t  group. Nei ther  
THC nor p ropy lene  g lycol :Tween-80 t r ea tmen t  altered 
total  b lood,  brain or liver radioactivities.  All 3 total  tissue 
radioactivities were significantly higher than cont ro l  values 
in the ethanol-  t reated group. 

Figure 3 shows the dis t r ibut ion of  extractable  radioacti-  
vity 20 min after  ~H-THC in blood,  brain and liver 
tissues in control  animals given no drug t r ea tmen t  and in 
mice in the t r ea tmen t  groups. Groups t reated with e thanol  
for 1 l days or with propylene  glycol :Tween-80 for 6 or 11 
days showed blood THC metabol i te  pa t te rns  which did not  
significantly differ f rom those seen in the contro l  group. 
The blood of mice t reated with THC (17 mg/kg) for 6 days 
had a significantly higher percentage of radioactivi ty in' 
Zone 3 (cor responding  to l l -OH-THC) than did that  of 

T A B L E 2  

TOTAL TISSUE RADIOACTIVITY FOLLOWING ADMINISTRATION OF ~H-THC 

First Tissue 
Drug 
Treatment Blood Brain Liver 

Untreated 5.5 + 1.1 7.7 + 1.9 132.6 + 18.4 
17 mg THC/kg 5.9 + 0.7 ll.7 + 3.6 171.6 _+ 34.6 

(6 days) 
10% propylene glycol: 5.0 -+ 0.9 10.0 + 1.7 144.6 _+ 26.8 

1% Tween 80 (6 days) 
1.35 g ethanol/kg 8.5 +- 0.6* 14.6 -+ 2.6* 198.9 _+ 15.8" 

(11 days) 
10% Propylene glycol: 5.9 -+ 1.2 9.5 _+ 2.5 193.8 _+ 38.2 

1% Tween 80 (11 days) 

The first drug was repeatedly administered for the duration indicated in parentheses as described in METHODS. The 
specific activity of the aH-THC administered following the termination of treatment with the first drug is also described in 
METHODS. Ethanol, THC and 3H-THC were administered in 10% propylene glycohl% Tween 80 (in isotonic saline). 
Values are expressed as mean _+ S.D. x 103 dpm/ml or g of wet tissue. Each group consisted of 6 mice and * signifies values 
which are significantly different from those for the untreated group (p<0.05). 
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FIG. 3. Distribution of extractable radioactivity in blood, brains and 
livers of mice 20 min after the administration of 3 H-THC. Animals 
were previously treated with 17 mg THC/kg for 6 days, 1.35 g 
ethanol/kg for l l  days or 10% propylene glycol: 1% Tween 80 in 
isotonic saline for 6 or 11 days. Both THC and ethanol were 
administered in 10% propylene glycol:l% Tween 80 (in isotonic 
saline). Values are expressed as means of % extractable radioactivity 
in each TLC zone and standard deviations are indicated by brackets. 
Each group consisted of 6 mice and * indicates values which are 
significantly different from those obtained from untreated animals 
(p<0.05). (A) Untreated; (B) THC-treated (6 days); (C) Propylene 
glycol: Tween 80-treated (6 days); (D) Ethanol-treated (11 days); 

(E) Propylene glycol: Tween 80-treated (11 days). 

control animals. The brain THC metabolite ratio was 
altered only in the group treated for 11 days with the 
propylene glycol:Tween-80 mixture where a significantly 
higher percentage of radioactivity was observed in Zone 4 
(corresponding to THC) than in control animals. Mice 
treated for 6 days with either THC or the propylene 
glycol:Tween-80 mixture showed a higher percentage of 
radioactivity in Zone 2 and a lower percentage in Zone 4 
compared to control values. The THC liver metabolite 
ratios were also altered in the group treated for 11 days 
with propylene glycol:Tween-80, with a higher percentage 
of radioactivity found in Zone 4 and lower levels in Zones 1 
and 2 compared to controls. 

Figure 3 also shows that the distribution of radioactivity 
differed in the 3 tissues used. The percentage of radio- 
activity in the blood which appeared in Zone 4 (THC) was 
about 4 times that in Zone 3 ( l l -OH-THC).  Almost 
one-half of the radioactivity in blood was found in Zones 1 
and 2 corresponding to highly polar THC metabolites. In 
the brain, however, less than 15% of the radioactivity was 
found in Zones 1 and 2, approximately 29% was in Zone 3, 
and Zone 4, corresponding to the parent THC, contained 
more than 69% of the radioactivity. In liver tissue, it was 
found that the radioactivity was approximately equally 
distributed between the 4 TLC zones. 

DISCUSSION 

Tolerance to the effects of both ethanol and THC in 
mice was observed in the present study using rotarod 
performance as a measure of drug action. Treatment with 
ethanol had no effect upon the elimination of subsequently 
administered ethanol, suggesting that tolerance to this drug 
did not develop through a pharmacokinetic alteration. 
Pharmacokinetic processes include the absorption, dis- 
tribution and elimination of a drug. The present study also 
showed no indication for a behaviorally augmented tol- 
erance to ethanol since the frequency of measurement of 
rotarod performance in ethanol treated animals had no 
effect upon the rate of tolerance development. These 
results support those from other studies which indicate that 
tolerance to ethanol develops through a process of tissue 
adaptation at the site of drug action [ 12, 13, 20]. 

Tolerance to THC has been demonstrated in several 
species, including mice, using several measures of drug 
action [19] and the present study confirms this. The 
mechanism for this tolerance has not been clearly estab- 
lished, however. The results of some experimental studies 
suggest that THC tolerance develops due to an increased 
rate of THC metabolism following chronic administration 
of this drug [3,7]. Other studies show that tolerance to 
THC may involve tissue adaptation [I 1,19] with no change 
in the rate of THC metabolism. Results from this study 
using mice, showed that behaviorally augmented tolerance 
to THC did not develop and also that tolerance to THC did 
not result because of stimulated hepatic metabolism or 
changes in whole brain levels of this drug. THC distribution 
was not altered from control values after a dose of THC in 
animals treated with THC since whole tissue radioactivities 
were similar in THC-treated and untreated control groups. 
Blood THC metabolite ratios were altered in the THC- 
treated group but the distribution of THC or its metabolites 
in the brain was not affected by this change. This observed 
alteration of blood THC metabolite ratios was not affected 
by a change in hepatic THC metabolism and it may reflect 
either altered metabolism in another tissue or a change in 
blood proteins which bind THC and its metabolites. The 
latter possibility may explain this observed change since 
THC and its metabolites in blood have been shown to be 
largely protein bound with different proteins responsible 
for transporting the parent THC and its metabolites 
[27,30]. 

A symmetrical cross-tolerance was demonstrated in the 
mouse between equipotent doses of ethanol and THC using 
rotarod performance as a measure of drug action. This 
confirms the observed cross-tolerance to ethanol in the rat 
after THC pretreatment found in other studies [21,22] and 
further indicates that the cross-tolerance is symmetrical and 
can be demonstrated using an unlearned motor task and 
relatively low doses of the 2 drugs. The contradiction in the 
literature regarding development of cross-tolerance between 
ethanol and THC may result from differences in dosages of 
the 2 drugs and the vehicles used to administer THC. All 
studies, including the present one, which demonstrated 
cross-tolerance between ethanol and THC used equipotent 
doses of the 2 drugs [21,22] and this was not the case in 
the study failing to demonstrate cross-tolerance [10]. 
Ethanol and THC were given via the same route in studies 
demonstrating cross-tolerance and the absorption of THC 
given in the propylene glycol vehicle used in the present 
study was clearly demonstrated using tissue levels of THC 
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and its me tabo l i t e s  d e t e r m i n e d  af te r  a dose of 3 H-THC. In 
the s tudy  which  f o u n d  no  evidence for cross- to lerance 
be tween  e thano l  and THC, THC was given in t ravenous ly  in 
a p ro t e in - con t a in ing  vehicle.  Because of the  h igh degree of 
pro te in  b ind ing  of  THC [ 2 7 ] ,  the  usefulness  of  this  vehicle 
to admin i s t e r  THC is ques t ionable .  

The observed cross- tolerance to e t hano l  m ay  involve 
tissue a d a p t a t i o n  since e thano l  or THC t r e a t m e n t  had no  
effect  on b lood  levels of  subsequen t ly  admin i s t e red  
e thanol .  The m e c h a n i s m  for cross- tolerance to THC appears  
to be more  complex.  E t hano l  t r e a t m e n t  s ignif icant ly  
al tered the  d i s t r ibu t ion  of a subsequen t  close of  THC. An 
effect  similar to this  has been d e m o n s t r a t e d  using rats in 
ano the r  s tudy  in which  the  oral a b s o r p t i o n  of d iazepam was 
enhanced  fo l lowing oral e t hano l  t r e a t m e n t  [ 2 9 ] .  Gross 
per i tonea l  damage was no t  observed in animals  t rea ted  wi th  
e thano l  in the  present  s tudy,  bu t  e t hano l  may  have 
p roduced  f u n c t i o n a l  a l t e ra t ions  in b i o m e m b r a n e s  leading to 
enhanced  drug abos rp t ion .  This appears  to be an area in 
which fu r the r  s tudy  is needed.  E thano l  also apparen t ly  
s t imula ted  the  hepa t ic  me tabo l i sm of THC as evidenced by  
higher p ropo r t i ons  of polar  THC metabo l i t e s  observed in 
those  animals  t rea ted  wi th  e thanol .  This may  be related to 
the  al tered THC d i s t r ibu t ion  due to e t h a n o l  since the  
ex ten t  of hepa t ic  THC metabo l i sm in rats  has  been  shown  
to be re la ted  to the  dose of THC absorbed  [ 2 4 ] .  The b lood  
and bra in  THC me tabo l i t e  ra t ios  were una l t e red  f rom 
con t ro l  values in e thano l - t r ea ted  animals .  This conf i rms  
results  f rom a n o t h e r  s tudy  which  d e m o n s t r a t e d  t ha t  levels 
of THC and its me tabo l i t e s  in the  brain  are less a f fec ted  by  
changes in hepa t ic  THC me tabo l i sm than  are liver and bile 
levels [ 2 4 ] .  

It appears  then ,  tha t  the  d e v e l o p m e n t  of  cross- to lerance 
to THC fol lowing e thano l  a d m i n s t r a t i o n  involves some 
changes in the  me tabo l i sm and d ispos i t ion  of a sub- 
sequent ly  admin i s t e red  dose of THC bu t  these changes t end  
to p roduce  higher  bra in  levels of THC due 1o its a l tered 
d i s t r ibu t ion .  The  mechan i sm involved in the  d e v e l o p m e n t  
of cross- to lerance to THC is apparen t ly  tha t  of  t issue 
adap ta t ion  at the  site of drug ac t ion .  This  is ident ical  to  
tha t  hypo the s i ze d  for  the  d e v e l o p m e n t  of to le rance  to 
e thano l  or THC and also for  d e v e l o p m e n t  of  cross- to lerance 
to e thanol .  

In o ther  s tudies  dealing wi th  the  effect  of THC, this  drug 
is f r equen t ly  admin i s t e red  in a vehicle con ta in ing  p ropy lene  
glycol. Two signif icant  vehicle effects  were observed in the  

present  s tudy.  It was shown  tha t  (1) t r e a t m e n t  of  mice  
twice daily for 11 days wi th  10% p ropy lene  g l y c o l : l %  
Tween-80  in i so tonic  saline impai red  the  e l imina t ion  of a 
subsequen t ly  admin i s t e red  close of e i the r  e thano l  or THC. 
Since the  p r imary  rou te  of me tabo l i sm of p ropy l ene  glycol, 
the ma jo r  c o m p o n e n t  of this  vehicle,  involves the  ac t ion of 
several oxidat ive  enzymes  to fo rm lactic acid, these 
enzymes  may  be similar to those  suggested to me tabo l i ze  
e thano l  [2 ,14]  and THC [4 ,28] .  The mechan i sm for  the  
observed effect  of the  p ropy lene  glycol vehicle upon  
e thano l  and THC e l imina t ion  remains  to be resolved. It was 
also found  tha t  (2) e i ther  6 or I 1 day t r e a t m e n t  wi th  the  
p ropy lene  g lyco l :Tween-80  mix tu re  d imin ished  the  ob- 
served behaviora l  effect  resul t ing f rom THC admin i s t r a t ion .  
The me tabo l i c  effect  p roduced  by 11 day t r e a t m e n t  wi th  
this mix tu re  could not  be responsible  for  the  effect  since 
higher,  r a the r  than  lower,  bra in  levels of the  active 
c o m p o u n d s  were evident .  No me tabo l i c  effect  was s h o w n  in 
the group t rea ted  for  6 days wi th  the  p ropy lene  
g lyco l :Tween-80  mix tu re  but  to le rance  to THC was still 
evident .  P ropy lene  glycol,  the  ma in  c o m p o n e n t  of  the 
solvent  used, has been  shown  to  p roduce  behaviora l  effects  
similar to those  p roduced  by  e thano l  [ 9 ] .  The cross- 
to le rance  to THC produced  by admin i s t r a t i on  of the 
p ropy lene  g lyco l :Tween-80  mix tu r e  observed here  may  be 
similar to tha t  p roduced  by  e thanol .  These results  indicate,  
t ha t  in fu tu re  studies involving repea ted  admin i s t r a t i on  of  
THC, the  use of ano the r  vehicle may  be advisable. 

Studies have been  done in h u m a n s  which  show m a n y  
similar ac t ions  of e thano l  and THC [ 1, 8, 18 ]. Studies using 
expe r imen ta l  animals  to  compare  the  ac t ions  of e t hano l  and 
THC have also shown  evidence for similar ac t ions  of  the  2 
drugs and in some cases these effects  were found  to be 
addit ive [6, 15, 23, 15] .  The results of this s tudy  fu r t he r  
suggest t ha t  e thano l  and  THC may have similar modes  of  
act ion.  Bo th  of these  agents p roduce  a similar type  of  
behavioral  i m p a i r m e n t  in mice measured  using pe r fo rmance  
on a ro t a rod  appa ra tus  (Fig. 1). Fu r the r  evidence for  a 
similar mechan i sm of ac t ion of  e thano l  and THC is 
presented by the d e v e l o p m e n t  of symmet r i ca l  cross- 
to lerance  be tween  these 2 drugs. The mechan i sm for 
deve lopmen t  of to le rance  to e thano l  or THC and cross- 
to le rance  be tween  these  drugs is also similar and  appa ren t ly  
may involve a process  of t issue adap ta t i on  at  the  site of 
drug ac t ion r a the r  than  changes in the i r  absorp t ion ,  
d i s t r ibu t ion  and e l iminat ion .  
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