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GOUD1E, A. J., E. W. THORNTON AND T. J. WIIEELER. Drug pretreatment ef]eets in drug bzduced taste aversions: 
effects of drug dose and duration of pretreatment. PHARMA('. BIOCHEM. BEHAV. 4(5) 629-633,  1 9 7 6 . -  The 
effectiveness of a dose of 3.0 mg/kg methamphetamine in inducing a conditioned taste aversion to saccharin was found to 
be reduced by chronic pretreatment with the same dose of the drug. The degree of attenuation of the aversive properties of 
the drug was found to be directly proportional to the duration of pretreatment, a pretreatment regime of 9 or more daily 
injections completely abolishing the aversive properties of the drug. However. such a regime was only slightly effective in 
attenuating the aversive properties of a higher dose of methamphetamine (10 mg/kg) and failed to attenuate the aversive 
properties of a number of other drugs (p-chloramphetamine at 5.0 mg/kg, fenfluramine at 5.0 mg/kg and morphine at 20 
mg/kg). Interpretations of these data are considered and it is suggested that the most parsimonious explanation of the 
effectiveness of chronic drug pretreatment in attenuating the aversive properties of a drug is that the effect is due to the 
development of tolerance to the drug administered. 
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D R U G  induced  taste  avers ions have recent ly  a t t r ac t ed  
in teres t  because  of  the i r  possible  s ignif icance in the  s tudy  
of  drug abuse  [4, 5, 8 - 1 1 ] .  In te res t  has cen te red  in 
par t icu lar  on the  ef fec t  of  drug expe r i ence  on  the  abi l i ty  of  
a drug to induce  a c o n d i t i o n e d  taste  avers ion (C.T.A.).  A 
n u m b e r  of  au tho r s  have r epo r t ed  t ha t  the  aversive ef fec ts  of  
drugs can be a t t e n u a t e d  by drug expe r i ence  pr ior  to  
d rug / t a s t e  pair ing [ 1 - 9 ,  11, 13].  Such f indings  are of  
in teres t  since they  d e m o n s t r a t e  tha t  the  aversive hedon i s t i c  
p roper t i e s  of  drugs can be modi f ied  by drug exper ience .  
The  i n t e r p r e t a t i o n  of  this  p r e t r e a t m e n t  ef fec t  remains  
unc lear  [4, 5, 8, 9, 11 ]. Early s tudies  a t t r i b u t e d  the  e f fec t  
to  a l leviat ion of  a drug induced  u n n a t u r a l  need s ta te  [ 13 ], 
or  to  r educ t ion  of  drug nove l ty  dur ing  p r e t r e a t m e n t ,  
novel ty  per  se be ing  cons idered  to be aversive [ 7 ] .  These  
i n t e r p r e t a t i o n s  have since been shown  to be invalid [4, 5, 9, 
I11. 

Alte rna t ive  e x p l a n a t i o n s  of  the  p h e n o m e n o n  have in- 
c luded suggest ions  t h a t  the  ef fec ts  are due to the  develop-  
m e n t  of  to l e rance  [4, 5, 8, 9, 11 ] ;  t ha t  h a b i t u a t i o n  to 
illness develops  dur ing  p r e t r e a t m e n t  [ 2 ] ;  and  t ha t  pr ior  

exposure  to the  aversive agent  (UCS) s o m e h o w  in ter feres  
wi th  U C S - C S  ( tas te)  associa t ion  on  subsequen t  pair ing 
I5,111. 

The work repor ted  here e luc ida tes  some of  the  cri t ical  
variables in p r e t r e a t m e n t  studies,  specifically those  of  drug 
dose and du ra t ion  of  p r e t r e a t m e n t ;  and  invest igates  the  
genera l i ty  of  previously  repor ted  cross-drug p r e t r e a t m e n t  
effects.  

EXPERIMENT I 

This  e x p e r i m e n t  e x a m i n e d  the  ef fec t  of  varying the  
n u m b e r  of  p r e t r e a t m e n t  in jec t ions  of  m e t h a m p h e t a m i n e  at 
3.0 mg/kg on  the  e s t a b l i s h m e n t  of  a C.T.A. by s u b s e q u e n t  
repeated  pairings of  the  same dose of  the  drug wi th  
saccharin.  

METHOD 

Animals arid Pretreatment 

Female  a lb ino  rats  housed  individual ly  were a l located  at  
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random to one of  seven groups (n = 9). Five groups received 
varying numbers  (2, 4, 6, 9 and 14) of  daily me thamphe ta -  
mine pre t rea tments  prior to pairing of  the drug with 
saccharin. A fur ther  group (Naive group) received 14 daily 
saline inject ions prior to pairing of  saccharin ingestion with 
the drug. The final group (Naive control)  received 14 daily 
saline inject ions fol lowed by pairing of  saccharin ingestion 
with saline injection.  Pre t rea tment  was adminis tered for 14 
days according to a schedule designed so that the last day 
of  p re t rea tment  for each group was on Day 14 of  the study. 
During pre t rea tment  animals were maintained on ad lib 
food and water. DL-Methamphetamine  hydrochlor ide  was 
administered daily at a dose of  3.0 mg/kg. The drug was 
made up in 0.9% saline as the salt, and injected IP at a 
vo lume equal to 2 mls per kg body weight of  rat. A dose of  
3.0 mg/kg was chosen on the basis of  previous reports  of  
the aversive propert ies  of  the drug [12] .  The range of  
pre t rea tments  (0 14 daily injections) was chosen on the 
basis of  previous studies of  the a t tenuat ion  of  the aversive 
propert ies  of  amphe tamine  [8, 9, I 1 ]. 

Procedure 

Fol lowing pre t rea tment  animals were immedia te ly  water  
deprived and an exper imenta l  cycle of  3 days durat ion 
initiated. On the first day of  this cycle animals received 
access to water for 30 min at 1100 hr, on the second day 
animals received access to 0.1% saccharin for 30 min at the 
same time. fol lowed by injections of  drug (6 groups) or  
saline (Naive control  group only).  On the third day of the 
cycle animals received access to water for 30 min at 1100 
hr. On this day maintenance inject ions of  me thamphe t -  
amine were also administered at 1500 hr to animals in all 
groups except  the Naive control  group. This cycle was 
repeated 4 times. The overall design of  the study was such 
that access to  saccharin occured 44 hours after the 
preceeding injection of  me thamphe tamine  (whether  follow- 
ing pre t rea tment  or maintenance) .  This procedure  was 
adopted in order  to prevent the results being confounded  
by possible adipsic and anorcct ic  effects  of  the drug. 

On saccharin access days (Trials I - 4 ) ,  amounts  drunk 
by each animal were recorded by weighing individual water  
bott les  to the nearest 0.1 g. The relevant Trea tment  (drug 
or  saline) was administered within 10 rain of the end of  the 
saccharin access period, d l -me thamphe tamine  hydrochlo-  
ride being administered with the same parameters  as in the 
pre t rea tment  period. 

R~.:St u . r s  

Figure 1 shows the mean amounts  drunk by subjects in 
each group on succeeding days of  access to saccharin (Trials 
1-4).  

Analysis of  these data by a two-way ANOVA for 
repeated measures indicated that  there were highly signifi- 
cant effects  of  groups,  F(6,244)  = 36.69, p < 0 . 0 0 1 , T r i a l s ,  
F(3,244)  = 5.60, p< 0.00 l ,  and an interact ion,  F(18,224)  = 
9.68, p<0 .001 ,  l ,ower levels ANOVAs for each trial 
indicated that a l though there was no significant effect  of  
groups on Trial 1 (F = 0.99); there were significant effects  
on all o ther  trials (smallest F = 9.27, dr= 6,56, p<0 .001  on 
all trials). The group effect  was analysed fur ther  by 
comparisons  between means with the Tukey (a) test [ 15], a 
cri terion of  ~ = 0.01 being adopted for reject ion of  the null 
hypothesis .  The analysis showed that a significant degree of  

a t tenuat ion  of  the aversive effects  of  the drug observed in 
the naive group was produced by 4, 6. 9 and 14 
pre t rea tments  on various trials. There were significant 
differences between groups receiving 2, 4 and 6 pretreat- 
ments on various trials, al though on no trials was there a 
significant difference between groups receiving 6. 9 and 14 
pre t rea tments ,  nor did animals in these groups ever differ 
significantly from the Naive control  group. These results 
indicated that the degree of  a t tenuat ion  of  the aversive 
effects  of  the drug was propor t ional  to the amount  of  
pre t rea tment ,  but that the pre t rea tment  effects  reached an 
assymptote  between 6 and 14 pret reatments .  

I)IS(?USSION 

The results clearly demons t ra te  that pre t rea tment  with 
d l -methamphetamine  hydrochlor ide  at a dose of  3.0 mg/kg 
a t tenuated  the aversive effects  of  the same dose of the drug 
to an extent  directly propor t ional  to the amount  of  
pre t rea tment ,  reaching an a sympto te  after approximate ly  9 
daily injections. The increase in mean saccharin intake in 
the Naive control  group over trials (Fig. 1) is due to 
reduct ion in neophobia  on succeeding days of  access to 
saccharin, an effect  which is well documented  [ 14]. 

EXPERIMENT 2 

Exper iment  l indicated that the aversive propert ies of  a 
dose of  3.0 mg/kg of  d l -methamphetamine  were total ly 
abolished by 14 daffy pre t rea tmcnts  with the same dose of  
the drug. In Exper iment  2 the effects  of this pre t rea tment  
regime on the aversive effects  of  a higher dose of  the same 
drug were studied. It has been reported [ I l ] that drug dose 
is not  an impor tant  variable in p re t rea tment  studies. This 
conclusion was drawn from a study in which the pretreat- 
ment  doses were always higher than the effect ive aversive 
dose. It is possible that  drug dosage is an impor tant  variable 
if the pre t rea tment  dose is lower than the aversion inducing 
dose. The effect  of  14 daily pre t rea tments  with 3.0 mg/kg 
d l -methamphetamine  on the aversive propert ies of  10.0 
mg/kg of  the drug was consequent ly  examined.  In addit ion 
the effects  of  this chronic pre t rea tment  regime on the 
aversive propert ies  of three o ther  drugs, p-chloramphet-  
amine, morphi~c and fenfluramine were evaluated to 
determine  lh. generali ty of previously reported cross-drug 
pretreatmen:  elt 'ects [4, 5, 91. 

METHOD 

A nim als 

Female albino rats, housed as described above, were 
allocated at random to one of  nine groups (n = 8). The 
overall design of  the study was such that each of  the four 
aversion inducing Trea tments  was administered to both 
drug naive and drug experienced (i.e. me thamphe tamine  
pretreated)  animals. In addit ion a Naive control  (Saline 
pretreated,  Saline Treated)  group was included in the study 
in order  to access the aversive effects  of each Trea tment ,  
since as noted above, such effects are evaluated against a 
changing baseline of  saccharin due to the effects  of  
neophobia .  

t5"ocedure 

Animals received the relevant pre t rea tment  (drug or 
saline) for 14 days at 1100 hr. DL-Methamphetamine  
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HG. 1. Mean amounts drunk (g) by animals on each group on succeeding days of access to 0.1% sodium saccharin (Trials ] -4). 

hydrochloride at 3.0 mg/kg was administered exactly as in 
Experiment 1. Immediately after the last pretreatment 
(Day 14) animals were water deprived. They received 30 
rain access to water on Day 15 at l l 0 0  hr, and an 
experimental cycle of three days duration was then 
initiated (Day 16). This cycle was similar to that described 
in Experiment 1 (Table 2). However, in this experiment the 
first saccharin/drug pairing occurred on Day 17 (72 hr after 
the last methamphetamine pretreatment rather than 
44 hours after as in Experiment 1). In addition, this study 
differed from Experiment 1 in that maintenance injections 
were not administered during the experimental period on 
the third day of the cycle. These slight procedural changes 
were considered necessary in order to prevent the results 
being confounded by possible interactions between drugs in 
the cross-drug groups, dl-fenfluramine hydrochloride 
dl-p-chloramphetamine hydrochloride and dl-morphine sul- 
fate were administered at doses of  5,5, and 20 mg/kg 
respectively. Drugs were injected IP, at a volume equal to 2 
ml/kg body weight of rat; all solutions being made up as the 
salt in 0.9% saline. 

R E S U L T S  

Table 1 shows the mean (-+ S.E.) amounts drunk by 
animals in each group on succeeding days of access to 
saccharin (Trials 1 -4)  

For the purpose of analysis Experiment 2 was consid- 

ered as four separate studies, each study conformed to a 
design in which there were three groups, a Naive control 
group (saline pretreated and saline treated), a drug naive 
group (saline pretreated, drug treated), and a drug experi- 
enced group (methamphetamine pretreated, drug treated). 
The results of each study were analysed separately although 
the same Naive control group was included in all studies. 

Effects o f  Treatment with Methamphetamine at 10 mg/kg 

A two way ANOVA for repeated measures indicated 
that there were highly significant effects of groups, F(2,84) 
= 131.90, p<0 .00 l ,  Trials, F(3,84) = 6.20, p<0.001,  and 
the interaction, F(6,84 = 18.26, p<0.001. Lower levels 
ANOVAs indicated that although there was no effect of 
groups on Trial 1, F(2,21) = 0.20, there were significant 
effects of groups on all other trials (smallest F = 41.93, d f  = 
2,21, p<0.001 on all trials). Comparisons between groups 
(two tailed t tests) indicated that on Trial 2 both drug naive 
and drug experienced animals differed significantly from 
Naive Controls (t = 9.05 and 6.07 respectively, d f  = 14, 
p< 0.001) in both cases). Furthermore, the drug naive group 
differed from the drug experienced group on this Trial (t = 
3.57, d f  = 14, p<0.01). However, on Trials 3 and 4 the 
difference between the drug naive and drug experienced 
groups did not reach significance (t = 1.39 on Trial 3, 0.4 
on Trial 4). The results clearly demonstrate that metham- 
phetamine at 10 mg/kg induced a pronounced C.T.A. and 
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T A B I . E  I 

MEAN I± SE) A M O U N T S  OF 0.1% S A C C H A R I N  D R U N K  BY SUBJECTS IN T H I  E X P E R I M E N I A [  
GROUPS ON TRIAI_.S I~1 

Group Trial I Trial 2 t r ia l  3 Trial 4 

Naive control 9.16 _+ 1.15 15.65 ± 1.17 15.(17 ± 1.4/I 17.12 ± 0.95 
Experienced 

Methamphetamine 8.81 +_ 0.77 8.117 _+ (}.96 3.(}7 ÷ 0.81 2.05 _- 11.29 
Naive 

Methamphetamine 9.80 ± 1.34 3.61 +_ 0.60* 1.54 _+ 0.39 2.44 ± (I.71 
Experienced 

fenfluramine 9.60 ~- 0.90 4.t12 _+ (I.58 3.92 ± 1.54 2.34 - 0.70 
Naive 

fenfluramine 7.90 ~- I.(14 2.92 _+ 17.7(I 1.72 - I}.29 1.62 ,_ (I.33 
Experienced 

p-chloramphetamine 8.65 = 0.74 3.17 7 (I.62 2.66 -~. I).39 I.NI "- (I.22 
Naive 

p-chloramphetamine 8.84 ± (7.93 5.211 +_ 0.63 2.611 - 0.31 1.82 _+ (I.45 
Experienced 

morphine 9.67 _+ 1.34 8.54 -* I.I13 7.119 • 1.14 8.66 _- 1.87 
Naive 

morphine 8.45 _+. 0.78 8.21 +_ 0.65 7.95 _+ 1.12 8.76 • 1.32 

*Significantly different from Experienced Group 

t ha t  p r e t r e a t m e n t  wi th  3.0 mg/kg  of  the  same drug 
prov ided  part ia l ,  bu t  no t  comple t e ,  p r o t e c t i o n  against  the  
aversive p roper t i e s  of  this  drug dose on  the  first t a s t e /d rug  
pairing,  bu t  no t  on  s u b s e q u e n t  pairings.  

Effects of Treatment with Fenfluramine at 5 mg/kg, 
P-Chloramphetamine at 5 mg/kg and Morphine at 20 mg/kg 

For  all these  s tudies  two  way A N O V A s  for  repea ted  
measures  ind ica ted  t h a t  there  were highly s igni f icant  e f fec ts  
of  groups  (smal les t  F = 31.49,  df  = 2,84,  p < 0 . 0 0 1 ) ,  Trials 
(smal les t  F = 2.24,  df  = 3,84,  p < 0 . 0 5 )  and  in t e rac t ions  
(smal les t  F = 3.56,  df  = 6,84,  p < 0 . 0 0 1 ) .  Lower  level 
A N O V A s  ind ica ted  t h a t  a l t hough  in n o n e  of  the  th ree  
s tudies  was the re  an ef fec t  of  groups  on Trial  1 (largest F = 
0.72,  df  = 2,21),  the re  were s ignif icant  g roup  ef fec ts  on  all 
o t h e r  trials (smal les t  F = 1 1.50, df  = 2,21,  p < 0 . 0 0 1  on all 
tr ials).  No s ignif icant  d i f fe rences  were n o t e d  be t w een  drug 
naive and drug exper i enced  ( p r e t r ea t ed )  animals  on  any 
Trial wi th  any kind of  T r e a t m e n t  ( two  tai led t tests).  

D I S C U S S I O N  

The resul ts  d e m o n s t r a t e  t ha t  ch ron ic  p r e t r e a t m e n t  wi th  
3.0 mg/kg  m e t h a m p h e t a m i n e  was ef fec t ive  in a t t enua t ing ,  
bu t  no t  abo l i sh ing  the  aversive p rope r t i e s  of  10.0 mg/kg  of  
the  drug, and  c o m p l e t e l y  unef fec t ive  against  the  aversive 
p roper t i e s  of  the  th ree  o t h e r  drugs s tud ied ,  at  the  doses 
admin i s te red .  

G E N E R A L  DISCUSSION 

C o m p a r i s o n  b e t w e e n  the  resul ts  of  E x p e r i m e n t s  1 and 2 
indica tes  tha t  drug dose is an i m p o r t a n t  var iable  in 
p r e t r e a t m e n t  s tudies ,  since a ch ron ic  p r e t r e a t m e n t  regime 
which  was c o m p l e t e l y  ef fec t ive  in abo l i sh ing  the  aversive 
p roper t i e s  of  3.0 mg/kg  m e t h a m p h e t a m i n e  ( E x p e r i m e n t  l ) ,  
was on ly  par t ia l ly  ef fec t ive  in a t t e n u a t i n g  the  aversive 
p roper t i e s  of  a h igher  (10 .0  mg/kg  dose of  the  drug 
( E x p e r i m e n t  2). (Fo l lowing  c o m p l e t i o n  of  th is  s tudy  and  

(p<0.01 two-tailed t-testl. 

submiss ion  for pub l i ca t ion  an i n d e p e n d e n t  repor t  [31 
con f i rmed  the  f inding tha t  drug dosage is an i m p o r t a n t  
d e t e r m i n a n t  of p r e t r e a t m e n t  effects . )  The  e x p e r i m e n t s  
r epor t ed  c o n s e q u e n t l y  d e m o n s t r a t e  t ha t  b o t h  dose and 
du ra t i on  of  p r e t r e a t m e n t  are i m p o r t a n t  d e t e r m i n a n t s  of  the  
ef fec t iveness  of  drug p r e t r e a t m e n t  in a t t e n u a t i n g  C.T.A.s 
by drugs. Since these  variables are cri t ical ,  it is possible tha t  
cross-drug p r e t r e a t m e n t  effects  could be ob t a ined  in Exper-  
i m e n t  2 wi th  d i f fe ren t  p r e t r e a t m e n t  parameters .  In fact,  the 
resul ts  suggest tha t  it is di f f icul t  to  specify a general  
negative cross-drug p r e t r e a t m e n t  c o n d i t i o n  such tha t  it can 
be s ta ted  unequ ivoca l ly  t ha t  p r e t r e a t m e n t  wi th  Drug X 
never  ef fec ts  the  abi l i ty  of  Drug Y to induce  a taste  
aversion.  

The data  r epo r t ed  here  c a n n o t  be expla ined  in t e rms  of 
h a b i t u a t i o n  to the  aversive ef fec ts  of  T r e a t m e n t s  in general ,  
no r  even in t e rms  of  h a b i t u a t i o n  to the  aversive effects  of  
one  par t icu lar  T r e a t m e n t  (drug),  since a p r e t r e a t m e n t  
regime which was effect ive  in abol i sh ing  the  aversive 
proper t i es  of  the  drug dose used dur ing  p r e t r e a t m e n t  was 
relat ively ineffec t ive  against  a h igher  dose of  the  same drug. 
If the  results  are i n t e rp re t ed  in t e rms  of h a b i t u a t i o n  to 
aversiveness [ 2 ] ,  it appears  necessary to pos tu la te  tha t  such 
h a b i t u a t i o n  is specific to the  UCS s t imulus  pa rame te r s  
admin i s t e r ed  dur ing  p r e t r e a t m e n t .  However ,  the  hypo thes i s  
tha t  p r e t r e a t m e n t  e f fec ts  are expl icable  in t e rms  of  specific 
h a b i t u a t i o n  to  the  aversiveness of  the  p re t r ea t ing  agent  fails 
to  a c c o u n t  for the  f inding t ha t  it is possible  to a t t e n u a t e  
the  aversive p roper t i e s  of  one  drug by p r e t r e a t m e n t  wi th  
a n o t h e r  [4, 5, 9 ] .  The  h a b i t u a t i o n  to aversiveness h y p o t h -  
esis would c o n s e q u e n t l y  seem i n a d e q u a t e  as a general  
exp l ana t ion  of  the  p r e t r e a t m e n t  effect .  

Similar a rgumen t s  are appl icable  to the suggest ion that  
the effect  can be accoun ted  for by in te r fe rence  wi th  the 
UCS (drug)  -- CS ( tas te )  associat ion.  It is no t  clear bow this  
hypo thes i s  can a c c o u n t  for  the  f inding tha t  pr ior  exposure  
to an effect ive UCS can fail to a t t e n u a t e  the aversiveness of  
a n o t h e r  U( 'S o the r  than by assuming tha t  the in te r fe rence  
wi th  U C S - C S  associa t ion  is specific to  the  UCS used in 
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p r e t r e a t m e n t ,  r a t h e r  t han  genera l ized  to  all UCSs. However ,  
if one  assumes  t h a t  i n t e r f e r ence  wi th  U C S - C S  assoc ia t ion  
is s t imulus  specific,  it is d i f f icul t  to  expla in  r epo r t ed  
cross-drug p r e t r e a t m e n t  effects .  There  would  seem to be a 
f u r t he r  reason  for  re jec t ing  the  two h y p o t h e s e s  cons idered  
above,  in t h a t  there  is a more  p a r s i m o n i o u s  e x p l a n a t i o n  of  
the  da ta  avai lable in t e rms  of  d e v e l o p m e n t  of  aversive 
to le rance  [ 8 ]. 

Two cri teria are c o m m o n l y  accep ted  as ev idence  for  the  
d e v e l o p m e n t  of  to l e rance  to the  behav ioura l  ef fects  of  a 
drug [ 4 ] .  E i ther  it mus t  be s h o w n  tha t  fo l lowing chron ic  
t r e a t m e n t  a par t icular  drug dose has a reduced  effect ;  or it 
must  be s h o w n  tha t  fo l lowing chron ic  t r e a t m e n t  wi th  a 
par t icular  drug dose a specif ied ef fec t  on  b e h a v i o u r  is on ly  
ob ta ined  when  the  dose admin i s t e red  is increased.  Bo th  
these  cr i ter ia  are met  in the  p resen t  repor t .  The  To le rance  
hypo thes i s  is c o n s e q u e n t l y  c o m p a t i b l e  wi th  the  da ta  
ob t a ined  in the  present  s tudy.  This  h y p o t h e s i s  also expla ins  
why p r e t r e a t m e n t  drug dose is no t  i m p o r t a n t  in pre t rea t -  

m e n t  s tudies  when  the  p r e t r e a t m e n t  dose is h igher  than  the  
effect ive aversive dose [ 1 1 ], bu t  is when  it is lower  (p resen t  
s tudy) ,  since in the  fo rmer  case to le rance  may  have 
deve loped  to the  effect ive UCS, whilst  it will no t  in the  
lat ter .  F u r t h e r m o r e ,  the  To le rance  h y p o t h e s i s  may  be able 
to a ccoun t  for  observed cross-drug p r e t r e a t m e n t  effects  in 
t e rms  of  pharmacolog ica l  cross- tolerance.  

The  data  r epo r t ed  here  are c o n s e q u e n t l y  cons idered  to 
suppor t  the  To le rance  exp l ana t i on  of  the  p r e t r e a t m e n t  
effect .  It should  however ,  be n o t e d  t ha t  cross-drug pre t rea t -  
men t  effects  have been  ob t a ined  with drugs tha t  do no t  
general ly  show cross- to lerance  [4,5]  consequen t ly ,  a com- 
ple te  exp lana t ion  of  the  ef fec t  appears  to requi re  f u r t he r  
pa rame t r i c  studies.  
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