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WEISSMAN, A. The discriminability of  aspirin in arthritic and nonarthritic rats. PHARMAC. BIOCHEM. BEHAV. 5(5) 
583-586,  1976. - Aspirin, 56 mg/kg IP, was shown to be mildly, but significantly discriminable from saline in a group of 
12 nonarthritic rats exposed to a 2-1ever fixed ratio 10 drug discrimination protocol for 56 trials. In a concurrently-tested 
group of 12 rats made arthritic by injection of Mycobacterium butyricum into a hind paw, the discrimination of aspirin 
from saline was enhanced. The results exemplify how drug discriminability may vary depending on the pathological state 
of the subjects exposed to drug-discrimination training. 

Aspirin Drug discrimination Adjuvant arthritis Operant behavior 

S E V E R A L  sys temica l ly -admin is te red  drugs are k n o w n  to 
serve as d iscr iminat ive  s t imul i  in appropr ia t e ly  t ra ined  
l abo ra to ry  animals.  This subjec t  has  no t  only  been  fre- 
quen t ly  reviewed [e.g., 2 ] ,  bu t  is the  focus  of  active cu r r en t  
research in m a n y  labora tor ies .  For  the  mos t  par t ,  research 
to date  has been  c o n c e r n e d  wi th  iden t i fy ing  those  drugs 
tha t  general ize to  a d i sc r imina ted  drug, and the  specif ici ty  
of  a given drug cue. 

A m o n g  the  m a n y  po t en t i a l  o f f shoo t s  of  this  research 
area is the  p r o b l e m  of  de t e r m i n i ng  s ta tes  of  an organism 
tha t  favor or disfavor  the  acquis i t ion  of  d iscr iminat ive  
p roper t i e s  by  a drug. A l t h o u g h  fo rmal  s tudies have no t  
been  addressed to this  po in t  in humans ,  it seems evident  
tha t  a h u m a n  opia te  addic t  should  be more  readi ly  able to  
d iscr iminate  n a l o x o n e  than  a n o n a d d i c t  and  t ha t  a h u m a n  
wi th  headache  or a r thr i t i s  shou ld  be more  able to discrim- 
inate  aspir in t han  a nonsuf ferer .  The  presen t  s tudy  was 
u n d e r t a k e n  as an a t t e m p t  to  d e m o n s t r a t e  w h e t h e r  a poor ly  
d i sc r imina ted  drug is b e t t e r  d i sc r imina ted  by  rats discrim- 
inated  by rats  sub jec ted  to pa thologica l  cond i t ions  relieved 
by t ha t  drug. Specifically,  it was addressed to the  de termi-  
n a t i o n  of  w h e t h e r  or no t  aspir in can serve as a d iscr iminable  
s t imulus ,  and  w h e t h e r  acquis i t ion  of  an aspir in vs saline 
d i sc r imina t ion  develops more  rapidly in a r thr i t ic  t han  in 
no rma l  rats. 

METHOD 

Animals 

T w e n t y - f o u r  indiv idual ly  housed  adul t  male  a lb ino  
Sprague-Dawley rats  f rom Charles River Labora tor ies  
weighing a b o u t  220  g on  arrival were used. They  received 
l iquid food  r e i n f o r c e m e n t  dur ing  the  cond i t i on ing  proce-  
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dures descr ibed below, and  suff ic ient  supp l emen ta l  Pur ina  
rat  c h o w  af te r  each session and on  weekends  to m a i n t a i n  
the i r  weights  at  a b o u t  250  g t h r o u g h o u t  the  expe r imen t .  
Water  was available ad lib in h o m e  cages. 

Apparatus 

Train ing  and  tes t ing  were accompl i shed  in 6 ident ical  
i sola ted commerc ia l  ope ran t  chamber s  (For inger  t ype )  
p r o g r a m m e d  by e l ec t romechan ica l  c i rcui t ry.  The  i m p o r t a n t  
working  par ts  of  each c h a m b e r  were two For inger  levers 
m o u n t e d  on each side of  a moto r -d r iven  dipper,  and a 
house l ight  which  r ema ined  on  dur ing  the  15 min  session. 
R e i n f o r c e m e n t  consis ted  of  3 sec p r e sen t a t i on  of  0.2 cc of  
Ca rna t ion  Slender,  a commerc ia l  l iquid diet  food cons is t ing  
of  sucrose-sweetened  skim milk  wi th  p ro te in ,  v i tamins  and  
minerals  added,  d i lu ted  1 : 1 wi th  water.  

Procedure 

The p rocedure  was a slight mod i f i c a t i on  of the  2-bar 
f ixed ra t io  l 0  ( F R  10) drug-d isc r imina t ion  p ro toco l  first 
descr ibed by Colpaer t  et al. [3] in the i r  s tudies  of  f en t any l  
d iscr iminat ion .  

Fo l lowing  food  depr iva t ion  to a sus ta ined  250  g weight,  
each rat  was shaped to bar  press, first on a c o n t i n u o u s  
r e i n f o r c e m e n t  CRF)  schedule  on  each lever, and t hen  on  an 
FR schedule  t ha t  was rapidly  escalated to FR l 0  on each 
lever. These steps were accompl i shed  wi th  a single lever in 
the  cage, for  2 sessions on  the  left  side, and t h e n  for  2 
add i t iona l  sessions on  the  r ight  side, of  the  dipper.  

Drug t ra in ing  was t hen  begun,  using the  p ro toco l  of  
Colpaer t  et al. [3 ] .  Depend ing  on  w h e t h e r  the  rat  received 
aspir in or saline (see be low for  detai ls  of t r e a t m e n t ) ,  
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r e i n f o r c e m e n t  was p r o g r a m m e d  exclusively on  e i the r  the  
left  or the  r ight  lever on  the  FR 10 schedule .  Only  
responses  on  the  left  lever were re in forced  af te r  drug 
administration, and only responses  on the  r ight  lever af te r  
saline admin i s t r a t i on .  Rats  were tes ted  5 days each week  
u n d e r  the  a l t e rna t ing  drug sequences  used by  Colpaer t  et al. 
[ 3 ] :  aspirin-saline-saline-aspirin-aspirin and saline-aspirin-as- 
pirin-saline-saline.  To avoid the  poss ib i l i ty  t ha t  the  cor rec t  
lever for  ra ts  previous ly  tes ted  in the  chamber s  could serve 
as a cue, a very real poss ibi l i ty  based on resul ts  of  p i lo t  
studies,  the  sequence  of  aspir in or saline t r e a t m e n t  on any 
day was a l t e rna t ed  as the  4 subgroups  of  6 rats were 
tes ted.  Af te r  each  session of  15 rain, rats were r e t u r n e d  
to the i r  h o m e  cages and  fed a q u a n t i t y  of  Pur ina  lab chow 
equal  to the  d i f fe rence  be tween  the i r  body  weights,  
d e t e r m i n e d  pr ior  to drug t r e a t m e n t ,  and  250  g. On 
weekends  ra ts  were fed 1 O - 1 2  g /day  of pe l le ted  lab chow,  
which  m a i n t a i n e d  the i r  weight  r ea sonab ly  c o n s t a n t  at  a b o u t  
250 g. 

In s u m m a r y ,  o t h e r  t han  the  drug t r e a t m e n t s  employed ,  
the  p r ime  mod i f i ca t ions  of  the  Colpaer t  et al. [3] t ra in ing  
p rocedu re  used in this  s tudy  were the  type  of  ope ran t  
chamber s  used, the  re in forc ing  s t imulus ,  and  the  m e t h o d  of  
depriving rats. 

Drug administration. T h r o u g h o u t  t ra ining,  rats  received 
e i the r  n o r m a l  (0 .9%) saline or  aspir in suspended  in no rma l  
saline (56 mg/kg  at a vo lume  of  5 ml/kg) .  In jec t ions  were 
made  i n t r ape r i t onea l l y  1 hr  pr ior  to exposure  of  the  rat  to  
the  o p e r a n t  chamber .  

Af te r  14 days of  t raining,  ad juvan t  a r th r i t i s  was pro- 
duced in 12 r a n d o m l y  chosen  rats  by a close a p p r o x i m a t i o n  
of  the  p rocedu re  of  Walz et al. [ 7 ] ,  wh ich  consis ted  of a 
single i n t r a d e r m a l  in j ec t ion  of  0.75 mg of  Mycobacterium 
butyricum (Difco Labora tor ies ,  Det ro i t ,  MI), suspended  in 
paraf f in  oil, in to  the  r ight  h indpaw.  The physiological  
progress of  ad juvan t  a r th r i t i s  a f te r  this  t r e a t m e n t  has been  
descr ibed in detai l  [ 7 ] .  The  r ema in ing  12 rats  were 
un t r ea t ed .  Thus,  beg inn ing  on  day 15 of  t ra ining,  the  24 
rats were subd iv ided  i n to  2 groups  of  12, an a r th r i t i c  and a 
n o n a r t h r i t i c  group.  Otherwise ,  dos ing  and  t ra in ing  proce-  
dures c o n t i n u e d  ident ica l ly  for  b o t h  groups.  

Statistical treatment. Choice  and response  ra te  data  were 
coalesced in b locks  of  7 trials, as s h o w n  in the  Results  
sect ion.  For  indiv idual  rats,  b locks  of  7 trials always 
cons is ted  of  4 trials u n d e r  one  t r e a t m e n t  c o n d i t i o n  (saline 
or aspi r in)  and  3 trials u n d e r  the  o t h e r  cond i t ion .  Nonpara -  
met r ic  s ta t is t ical  tests  p e r f o r m e d  [5] are ident i f ied  in the  
Resul ts  sect ion.  

R E S U L T S  

Acquisition o f  the Aspirin-Saline Discrimination 
On average, the  n o n a r t h r i t i c  ra ts  cons i s t en t ly  chose the  

co r rec t  lever for  a b o u t  60% of  the last  4 b locks  of  7 trials 
(Fig. 1). The  c o m b i n e d  choice  pe rcen tage  data  f rom the  12 
individual  rats  were s ignif icant ly  grea te r  t h a n  the  50% level 
to be expec t ed  f rom r a n d o m  choices  on blocks  5 t h r o u g h  8 
and b locks  7 t h r o u g h  8 ( p < 0 . 0 5 ;  b inomia l  tes t )  and signify 
t ha t  aspirin,  given u n d e r  the  c o n d i t i o n s  of  th is  e x p e r i m e n t ,  
was d i sc r imina ted  f rom saline, a l t hough  poorly .  The  poo r  
choice p e r f o r m a n c e  on  b lock  4 has no  a p p a r a n t  explana-  
t ion.  Table  1 shows t ha t  before  the  56-trial  e x p e r i m e n t  was 
comple t ed ,  7 ra ts  in the  n o n a r t h r i t i c  group reached  a 
cr i ter ion of 8 cor rec t  choices  ou t  of  10 successive trials, and  
t ha t  4 reached  a c r i te r ion  of  9 cor rec t  choices  ou t  of  10. No 
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FIG. 1. Mean percent correct lever choice of arthritic and 
nonarthritic groups as a function of trials in blocks of 7. N equalled 
12 in each group until reduced by mortalities (see Table 1). Note 
that arthritic rats, on average, consistently chose the correct lever 
more frequently than did nonarthritic rats blocks 5 through 8, but 
that both groups exceeded change (50%) lever selection on these 

trials. 

rats  in this  group chose the  cor rec t  lever for  10 successive 
trials. 

The a r thr i t i c  rats reached  a grea ter  level of accuracy  than  
the  n o n a r t h r i t i c  rats, as shown  by the  fact  tha t  the i r  mean  
pe rcen t  cor rec t  choice  cons i s t en t ly  reached  a b o u t  7 0 ~  
dur ing  b locks  5 t h r o u g h  8 (Fig. 1). The  individual  choice  
data were s igni f icant ly  h igher  t han  the  50% to be expec t ed  
f rom r a n d o m  lever se lec t ion dur ing  blocks  5 t h rough  8 and  
7 t h r o u g h  8 ( p < 0 . 0 1 ;  b inomia l  test) .  The choice  level was 
also s ignif icant ly  h igher  than  the  cor rec t  choice  pe rcen tage  
of n o n a r t h r i t i c  rats  on b locks  5 t h rough  8 ( p < 0 . 0 5 ;  
Mann-Whi tney  U-test) .  Even this  d i f fe rence  p r o b a b l y  under -  
s ta tes  the  t rue  d i f fe rence  be tween  the  a r th r i t i c  and  nonar -  
thr i t ic  rats, since the 2 mor ta l i t i es  in the  a r th r i t i c  group 
(Table  1) occur red  in good rats  t h a t  rapidly  reached  8 /10  
and 9 /10  cor rec t  choice  criteria.  

More rats in the a r th r i t i c  t han  the  n o n a r t h r i t i c  group 
reached  the  cri teria of  8, 9 or 10 cor rec t  responses  out  of  
10 successive trials, as shown in Table 1. The  d i f ference  
be tween  the  n u m b e r s  of  rats  f rom each group reaching the 
10 ou t  of  lO cr i ter ion (0 /12  vs 5 /12)  was s ignif icant  
( p < 0 , 0 2 ;  Fisher  exact  p robabi l i t i es  test) .  

Effects o f  Aspirin and Adluvant on Response Rates 

Mean response  rate data  for  the  n o n a r t h r i t i c  rats  (Fig. 
2A) show tha t  response  rates increased dur ing  the first 4 
b locks  of  7 trials f rom a b o u t  400  450  to a b o u t  6 5 0 - 7 0 0  
to ta l  responses  dur ing  the  15 rain session. Cons i s ten t ly  over 
90% of  these responses  were on the  cor rec t  lever as subjects  
learned to d i sc r imina te  no t  on ly  the  drug state ,  bu t  also the  
response  source  of  the  first r e in fo rcemen t .  T h r o u g h o u t  the  
expe r imen t ,  mean  FR 10 response  rate u n d e r  the aspirin 
c o n d i t i o n  was less t han  u n d e r  the  saline c o n d i t i o n  in the  
n o n a r t h r i t i c  group.  

In the  a r th r i t i c  rats, as is ev ident  f rom a compar i son  of 
Fig. 2A and  2B, mean  response  ra tes  fo l lowing the  saline 
vehicle were cons i s t en t ly  lower  than  in the  n o n a r t h r i t i c  
rats, hover ing  a r o u n d  600  responses  per  15 rain session 
unt i l  the  last b lock  of  7 trials. Such a depressed level of  
responding could be expec t ed  f rom rats  with seriously 
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T A B L E  1 

DATA ON TRIALS-TO-CRITERION AND MORTALITY AFTER TRAINING ON INTRAPERITONEAL 
ASPIRIN VS SALINE, AND ON LEVER SELECTION AFTER ORAL ASPIRIN IN INDIVIDUAL RATS 

Trials-to-Criterion* Day of Lever choice 
8/10 9/10 10/10 Death After Oral Aspirint 

Non-arthritic Rats 
Rat #61 56 >56 >56 A 

62 >56 >56 >56 A 
63 >56 >56 >56 S 
64 >56 >56 >56 A 
65 >56 >56 >56 S 
66 36 37 >56 A 
79 33 34 >56 (58) - -  
80 37 38 >54 54 - -  
81 >56 >56 >56 A 
82 56 >56 >56 S 
83 43 >56 >56 S 
84 43 44 >56 A 

Totals 7/125 4/12:~ 0/12§ 1/12 6/10 A 

Arthritic Rats 
Rat #67 34 >56 56 A 

68 28 34 46 A 
69 35 40 43 A 
70 48 >56 >56 A 
71 21 >56 >56 A 
72 30 31 32 35 - -  
73 39 45 46 A 
74 >56 >56 >56 S 
75 >56 >56 >56 A 
76 32 34 >44 44 - -  
77 48 49 56 A 
78 41 43 44 S 

Totals 10/12 7/12 5/12 2/12 8/10 A 

*Trials until a rat reached the criterion of 8, 9 or 10 correct lever choices on 10 consecutive trials. 
tLever selection on a trial given 3 days after the termination of acquisition. On this trial rats were 

given aspirin, 100 mg/kg orally, 1 hr prior to testing, and the lever on which each rat first completed l0 
responses was ascertained. A signifies aspirin (left) lever; S signifies saline (right) lever. 

Sp >0.05 vs arthritic rats: Fisher exact probabilities test. 
§p>0.02 vs arthritic rats: Fisher exact probabilities test. 

inf lamed paws, as were apparen t  on inspect ion.  In the 
arthri t ic  rats, unlike the nonar thr i t ic  rats, however,  aspirin 
did no t  depress response rates as compared  with response 
rates under  the saline condi t ion .  

Effect  o f  a Single Probe with Oral Aspirin 

Following the accumula t ion  of  the data repor ted  above, 
two addi t ional  training trials were run. On the fol lowing 
session all surviving rats (10 in each group)  were adminis- 
tered aspirin, 100 mg/kg orally, 1 hr prior  to  the test  
session. Results of  this single general izat ion probe  are 
shown at the right of  Table 1. It can be seen that  6 /10 
nonar thr i t ic  rats and 8/10 ar thri t ic  rats chose the aspirin 
lever ( tha t  is, first accumula ted  10 responses  on the aspirin 
lever), suggesting that  systemic,  ra ther  than  local effects  of  
aspirin were the basis for its discr iminat ion.  

DISCUSSION 

Aspirin has no t  previously been s tudied for its ability to  
serve as a cue in drug discr iminat ion exper iments .  The 
present  s tudy demons t ra tes  tha t  in t raper i toneal  aspirin can 

be discr iminated f rom saline in nonar thr i t ic  rats during a 
course of  56 trials. The discr iminat ion fo rmed ,  while 
statistically significant, was no t  robust .  On average, non- 
arthri t ic rats chose the correct  lever about  60% of  the last 
28 sessions, and while 7 out  of 12 rats met  a cr i ter ion of  8 
correct  choices during 10 consecut ive trials, only 4 of  the 
12 rats met  a 9 out  of  10 cri terion,  and none  of  the 12 rats 
met  a 10 out  of  10 criterion. By way of  contras t ,  Colpaert  
and his colleagues, using a very similar p ro toco l  to the 
present  one,  have shown that  rats discr iminate  fentanyl ,  
0.04 mg/kg sc [3] and apomorph ine ,  0.16 mg/kg sc [4] to 
a 10/10 cr i ter ion in fewer  than  40 trials. Elevating the 
dosage of  in t raper i toneal  aspirin in this type  of  expe r imen t  
is unlikely to  yield be t te r  discriminabil i ty,  since pilot  
studies under t aken  in this labora tory  have shown appreci- 
able mor ta l i ty  to result f rom repea ted  in t raper i toneal  
adminis t ra t ion  of  aspirin at 100 or 75 mg/kg under  a 
p ro toco l  similar to  the present  one. Even under  the 56 
mg/kg dose present ly  used, 2 rats died by 58 trials af ter  the 
onset  of  aspirin t r ea tment ,  given 2 or 3 t imes weekly. The 
present  s tudy strongly suggests that  aspirin becomes  more  
discriminable in rats made arthri t ic  by an in t radermal  
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FIG. 2. A. Mean response rates (responses/15 min) of nonarthritic 
rats under saline and aspirin conditions as a function of trials in 
blocks of 7. N equalled 12 until reduced by mortality (see Table 1). 
Note that response rate under the aspirin condition is consistently 
less than response rate under the saline condition. B. As above, 
except for arthritic rhts. Note that response rate under aspirin and 

saline conditions were virtually identical. 

in jec t ion  of M y c o b a c t e r i u m  b u t y r i c u m  i n to  a h ind  paw 
than  it is in n o n a r t h r i t i c  rats. Cons i s ten t ly  more  ra ts  f rom 
the  a r th r i t i c  g roup  reached  the  cri teria of  8, 9 or 10 cor rec t  
responses  ou t  of 10 consecu t ive  trials, and  the  d i f fe rence  in 
n u m b e r s  of  ra ts  f rom a r th r i t i c  versus n o n a r t h r i t i c  groups  
reaching  the  10 ou t  of 10 cr i te r ion  was signif icant .  
F u r t h e r m o r e ,  a r th r i t i c  rats,  on average, made  cons i s t en t ly  
more  cor rec t  choices  ( a b o u t  70%) dur ing  the  final 28 trials 
of  the  e x p e r i m e n t  t h a n  did n o n a r t h r i t i c  rats. 

Paw vo lume  m e a s u r e m e n t s  were n o t  made  in the  p resen t  
s tudy ;  however ,  the  ra ts  in jec ted  wi th  the  ad juvan t  showed  
obvious  edema,  first in the  in jec ted  paw, and beginning  in 
a b o u t  a week  in the  con t r a l a t e ra l  and  f ron t  paws. The  rats  
were obvious ly  i r r i table  on  handl ing .  When  given in the  diet  
f rom 14 to 28 days a f te r  a d m i n i s t r a t i o n  of  M. bu tyr icum,  
aspir in has  been  s h o w n  to r educe  j o i n t  d i amete r s  at  doses of  
149 mg/kg  and  above  [ 1 ]. Its EDs 0 was 440  mg/kg,  where  
EDs o is expressed as the  dose t ha t  very marded ly  reduces  
j o in t  d iamete r s  in 50% of  the  rats  [ 1 ] .  Aspir in  at oral 
d ie tary  doses as low as 81.3 m g / k g / d a y  has also been  shown 
to s igni f icant ly  reduce  paw vo lumes  of  ra ts  made  ar thr i t ic  
by in jec t ion  of  M. tuberculos is  [6 ] .  These s tudies  are 
re levant  to  the  p resen t  s tudy  in showing  t ha t  aspirin is 
ef fect ive  in al leviat ing this  t y p e  of  ad juvan t  ar thri t is ,  bu t  
the  di f fer ing p ro toco l s  ( rou te  and  ch ron ic i ty  of t r e a t m e n t )  
make  direct  e x t r a p o l a t i o n  of  conc lus ions  diff icul t .  

The  p resen t  s tudy  exempl i f ies  t ha t  drug d iscr iminabi l i ty  
depends  on  the  s ta te  of  the  organism being  tested:  In this 
example  aspir in is b e t t e r  d i sc r imina ted  in rats  made  
a r thr i t i c  t han  in n o n a r t h r i t i c  rats.  Add i t iona l  unpub l i shed  
s tudies  in this  l abo ra to ry ,  unsurpr i s ing ly ,  have shown tha t  
n a l o x o n e  is h ighly  d i sc r iminab le  in ra ts  made  chronica l ly  
d e p e n d e n t  on  m o r p h i n e ,  and  t h a t  ha loper ido l  is far be t t e r  
d i sc r imina ted  in ra ts  t r ea t ed  ch ron ica l ly  wi th  a m p h e t a m i n e  
t han  in n o n d r u g g e d  rats. The  des igna t ion  of a drug as 
ind i sc r iminab le  (or  for  t h a t  ma t t e r ,  d i sc r iminab le )  requires  
descr ip t ion  of the  an imals  in which  it was tes ted.  
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