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KANDEL, D. A. AND C. R. SCHUSTER. An investigation of nalorphine and perphenazine as negative reinforcers in an 
escape paradigm. PHARMAC. BIOCHEM. BEHAV. 6(1) 61-71 ,  1977. - Rhesus monkeys were trained to self-administer 
morphine intravenously at dose levels sufficient to develop physical dependence. The monkeys were then trained to press a 
lever to escape a continuous infusion of the morphine antagonist, nalorphine. When saline was substituted for the 
nalorphine, escape responding extinguished. After morphine self-administration was eliminated, responding to escape from 
nalorphine was maintained in the postdependent monkeys, showing no difference from escape responding during morphine 
dependence. Finally, perphenazine was substituted for the nalorphine and the monkeys reliably escaped continuous 
infusions of this phenothiazine. The escape procedure appears useful for analyzing the aversive properties of drugs. 

Nalorphine Perphenazine Escape paradigm 

MOST studies  of  drugs as re in force rs  have e x a m i n e d  the  
abi l i ty  of  drugs to s t r e n g t h e n  or m a i n t a i n  r e spond ing  which  
leads to  the i r  del ivery.  If a drug can genera te  and m a i n t a i n  
s table drug- taking  behavior ,  it is cons idered  a posi t ive 
re in forcer  [ 2 0 ] .  Such p rocedures ,  however ,  are no t  com- 
p le te ly  adequa t e  for  assessing a drug 's  possible  negat ive 
re in forc ing  or pun i sh ing  proper t ies .  " F o r  ins tance ,  if an 
an imal  does no t  se l f -adminis ter  a drug u n d e r  a var ie ty  of  
cond i t ions ,  it has  been  pos tu l a t ed  t ha t  the  drug func t i ons  
e i ther  as a neu t r a l  or aversive event .  However ,  it is 
imposs ib le  to  d is t inguish  b e t w e e n  these two a l te rnat ives  
using p rocedures  where  r e spond ing  leads to  drug delivery 
[17, 24, 2 5 ] .  The  d e v e l o p m e n t  of  p rocedures  in which  
r e spond ing  is m a i n t a i n e d  by the  t e r m i n a t i o n  of  drug 
delivery (escape)  or the  t e r m i n a t i o n  of the  s t imulus  
complex  associa ted wi th  the  drug del ivery (avoidance) ,  
allows a comple t e  analysis  of  a drug 's  negat ive re inforc ing  
proper t ies .  

In the  last few years,  it has been  s h o w n  [4, 5, 7, 8, 21, 
27] t ha t  m o r p h i n e - d e p e n d e n t  rhesus  m o n k e y s  will avoid 
and escape in fus ions  of  m o r p h i n e  an tagonis t s .  The abi l i ty  
of these  drugs to m a i n t a i n  escape or avoidance  r e spond ing  
may be re la ted to the i r  abi l i ty  to p roduce  wi thdrawal  
s y m p t o m s  in animals  d e p e n d e n t  u p o n  m o r p h i n e  [12,  22, 
2 3 ] ,  a l t hough  the  results  mus t  be i n t e rp r e t ed  wi th  cau t ion  
since several invest igators  [8 ,27]  have shown  tha t  con-  
d i t ions  can be es tab l i shed  in which  m o r p h i n e - d e p e n d e n t  
m o n k e y s  will press a lever to  ob ta in  in fus ions  of  a na rco t i c  
an tagonis t .  It has also been  d e m o n s t r a t e d  [15] t ha t  
m o n k e y s  wi th  no  h i s to ry  of  opia te  t r e a t m e n t  could be 
t ra ined  u n d e r  schedules  of  negat ive  r e i n f o r c e m e n t  (first  
using shock  escape /avo idance )  to  avoid and  escape infus ions  
of  some of  the  k n o w n  m o r p h i n e  an tagonis t s .  Even more  
recent ly ,  Downs  and  Woods  [5] showed  tha t  at  large 
enough  doses, n o n d e p e n d e n t  m o n k e y s  would  escape in- 
fusions of  na loxone ,  a na rco t i c  an tagon is t  t h o u g h t  to  have 
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no psycho tomime t i c  propert ies.  In all of these studies, 
monkeys  were ei ther  morph ine-dependen t  or morph ine  
naive. No studies have been done to evaluate a narcot ic  
antagonist 's  negative reinforcing propert ies  in pos tmorph ine  
dependent  monkeys .  

The purpose of  the present s tudy was two fold. First, 
rhesus monkeys  were made dependen t  on morph ine  and the 
aversive propert ies of  nalorphine,  a narcot ic  antagonist ,  
were determined.  These propert ies  were also examined after  
morphine  adminis t ra t ion had been discont inued to de- 
termine whether  there were any changes in the animals 
sensitivity to nalorphine.  

Secondly,  the aversive propert ies  of  another  major  class 
of  drugs, the phenothiazines ,  were evaluated. Prior research 
has established that  perphenazine  (Tri lafon) does not  main- 
tain f ixed-rat io per formance  in monkeys  previously trained 
to self-administer ei ther  cocaine or pentobarbi ta l  [17] .  If  
perphenazine was not  self-administered because it can 
funct ion as a negative re inforcer  under  these condit ions,  
then it should maintain escape-avoidance behavior.  How- 
ever, studies of  the possible aversive propert ies  of  pheno-  
thiazines are compl ica ted  by their  rate-suppressant effects  
on avoidance and escape behavior  [3 ,13] .  Thus, unless an 
animal has been trained to esacpe and/or  avoid o ther  
aversive stimuli reliably, it may receive enough of  the drug 
to disrupt avoidance and/or  escape behavior  regardless of  
the drug's negative reinforcing propert ies.  Therefore ,  in the 
present exper iment ,  the subst i tut ion of  perphenazine  was 
done only after nalorphine  had been investigated in the 
pos tmorphine  dependen t  animals. This compl ica ted  training 
sequence of: (1) making rhesus monkeys  dependen t  on 
morphine ,  (2) training them to escape infusions of  the 
m o r p h i n e  antagonist ,  nalorphine,  (3) discont inuing 
morphine  availability, (4) training the pos tdependen t  
animals to escape nalorphine,  and finally, (5) subst i tut ing 
perphenazine,  was utilized to insure that  animals first being 
exposed to a phenoth iaz ine  in a drug escape s t imulat ion 
had an extensive history of drug escape behavior.  
Hoffmeis ter  [14] found that  chlorpromazine ,  another  
phenothiazine,  would maintain avoidance-escape behavior,  
but at very low doses, and across most  of  the doses he 
studied, the percentage of  infusions tolerated was not  much  
different  from saline levels. These monkeys  had a past 
history of  shock avoidance,  but  this training may no t  have 
been adequate  to insure that  behavior  had been well 
established. Fur thermore ,  avoidance behavior  may be less 
resistant to the rate-suppressant effects  of  phenothiazines  
than escape behavior [3 ,6] .  

M E T H O D  

Animals 

Two adult  rhesus monkeys ,  No. 3190 and No. 4015,  
weighing 5.0 and 4.5 kg respectively,  with no prior drug or  
exper imenta l  his tory were used for this exper iment .  

Apparatus 

Each monkey  was housed individually within a sound 
at tenuat ing cubicle (83 cm deep, 67 cm wide, and 75 cm 
high). The ceiling was const ructed of  white t ranslucent  
Plexiglas covering a housel ight  and o ther  st imulus lights. 
The cubicle contained two levers moun ted  on the door ,  
each beneath a rectangular piece of  Plexiglas which could 
be transi l luminated by st imulus lights. The animal wore a 

stainless steel harness which was a t tached to a flexible 
spring arm connected  at one end to the harness and at the 
other  end to the middle of  the back wall of  the cubicle 
[2 ,19] .  

The monkey  was surgically implanted  with a chronic 
intravenous double lumen polyvinyl  catheter  under  pento-  
barbital anesthesia (30 mg/kg).  The catheter  was inserted 
into the internal  jugular vein and threaded subcutaneously  
over the shoulder  to a point  in the mid-back where it exited 
via a puncture  wound.  From there, it ran through the spring 
arm and out the cubicle through a peristaltic pump 
(Cole-Parmer 7540 X) to a drug bag. The double lumen 
catheter  al lowed for sequential  infusion of  different  
solutions. Occasionally,  a catheter  would become dislodged; 
however ,  o ther  veins such as the external  jugulars and the 
femorals could be used for catheter izat ion.  

Elec t romechanica l  programming and recording equip- 
ment  control l ing this exper iment  were located in an 
adjacent room.  

Morphine Self-Administration 

Each monkey  was initially trained to self-administer 
cocaine hydrochlor ide .  During initial training, a white 
houselight  and red lever light were i l luminated;  each lever 
press terminated the lever light and houselight,  turned on a 
red houselight ,  and resulted in a 10 sec infusion of  0.1 
mg/kg cocaine. Lever responding maintained by infusions 
of  cocaine was acquired within 2 - 3  days for both  animals. 
Morphine sulfate was then subst i tuted for the cocaine at a 
dose of  0.1 mg/kg /10  sec infusion. Gradually the lever press 
requi rement  for infusion was raised to 10 responses (fixed 
ratio 10; FR 10). When morphine  intake appeared stable 
during daily 1 hr sessions over the course of  2 - 3  weeks, 
access to morphine  was given during four  equally spaced 
1-hr sessions each day. After  1-1¼ months  of  such 
availability, the animals showed signs of  morph ine  physical 
dependence as evidenced by large increases in rate of  
morphine  self-administrat ion and typical withdrawal  
symptoms  following inject ions of  nalorphine,  or fol lowing 
occasional program failures which resulted in 1 0 - 1 5  hr 
periods of  morphine  abstinence. 

Nalorphine Escape 

Two hours after the end of a morphine  self- 
administrat ion period (usually in the morning),  nalorphine 
escape training was begun. Figure 1 is a procedural  
representat ion of  the sequence of  events. The drug pump 
line indicates the onset of  the drug pump,  infusing 0.001 or 
0.002 mg/kg/10  sec of  nalorphine for ei ther No. 3190 or 
No. 4015. At the same time, a white houselight  and blue 
lever light were i l luminated.  The required number  of  
responses, as indicated on the response line terminated the 
infusion of  nalorphine for some specified t ime-out  period, 
as shown on the t ime-out  line. During this t ime-out  period, 
the blue lever light and white houselight  were terminated 
and a blue housel ight  was i l luminated.  At the end of  the 
t ime-out  period, the drug pump and associated stimuli were 
turned on, the blue houselight was turned off  and the 
sequence begun again. 

If the animal failed to respond while being infused with 
drug (or saline), the pump cont inued to operate until  50 cc 
of solut ion had been infused. At this t ime the pump was 
stopped and escape training was terminated for the day. 
This type of  escape procedure may be termed cont inuous  
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Drug Pump :;, I "/ [---] I 

o° IIIII II III Responses off 

Time Out o7, I - , - i  
FIG. 1. A procedural representation of the sequence of events 

involved in the drug escape conditioning. 

escape and  is to  be con t r a s t ed  wi th  discrete  escape 
p rocedures  in wh ich  fai lure to  r e s pond  resul ts  in discrete  
a l t e rna t ions  of  t ime -ou t  per iods  and  p r e s e n t a t i o n s  of  the  
drug infus ions .  

Escape sessions typica l ly  las ted 1 - 2  hr ,  and whi le  the 
m o n k e y s  were be ing  t r a ined  to  escape in fus ions  of nalor-  
phine ,  t ime-ou t  du ra t ions  and  response  r e q u i r e m e n t s  were 
varied. When  escape r e spond ing  was acqui red  and  showed  
less t han  10% var ia t ion  in ra te  of escape for  3 consecut ive  
sessions, saline was s u b s t i t u t e d  for  the  na lo rph ine .  Af te r  
escape r e spond ing  dec l ined  to low levels, n a l o r p h i n e  was 
again s u b s t i t u t e d  dur ing  escape sessions. 

Post-Morphine Dependent Nalorphine Escape 

After  n a l o r p h i n e  escape r e s p o n d i n g  was re ins ta ted ,  the  
to ta l  in t ake  of  m o r p h i n e  was gradual ly  decreased  over  the  
course of a week.  Af te r  two  weeks,  dur ing  which  the  
animals  se l f -adminis te red  no  m o r p h i n e  and  showed  no  
ind ica t ions  of  w i thd rawa l  s y m p t o m s  [ 11, 22,  2 3 J ,  escape 
sessions were resumed.  When s table  n a l o r p h i n e  escape 
r e spond ing  was re ins ta ted ,  saline was again subs t i t u t ed .  

Perphenazine Escape 

Pe rphenaz ine  was s u b s t i t u t e d  fo l lowing the  saline ex- 
t inc t ion .  The  response  r e q u i r e m e n t  for  No, 3190  was raised 
to  F R  5, t he  t ime -ou t  was increased  to 3 min ,  and  the  
session leng th  was increased to 2 hr ,  so t h a t  b o t h  animals  
were on  the  same schedule .  The  first dose b o t h  animals  
received was 0 .002  m g / k g j l 0  sec in fus ion .  When  ra te  of 
r e spond ing  and  la tency  to the  first r esponse  showed  less 
t han  10% var ia t ion  for  th ree  consecu t ive  sessions,  saline was 
subs t i tu t ed .  Several doses of  p e r p h e n a z i n e  ( 0 . 0 0 0 2 5 - - 0 . 0 0 4  
m g / k g / l  0 sec in fus ion)  were t es ted  in a mixed  order  in b o t h  
animals  for  a m i n i m u m  of six days each wi th  saline sessions 
subs t i t u t ed  b e t w e e n  each dose of  pe rphenaz ine .  

# ~ 1 9 0  

J 

mg/Kg intake 

Z.S m~l/K¢ I,~mnk~, 

p d 

/ 15rain 

0,$ mglgg MOrphl.! 

L 

FIG. 2. Cumulative response records and total drug infused for 
morphine self-administration and escape from nalorphine for 
monkey No. 3190. (A) Morphine self-administration, 0.1 mg/kg/10 
sec infusion, 1 hr session. (B) Nalorphine escape, following 
morphine self-administration in A by 2 hr, (a) onset of nalorphine 
pump-0.001 mg/kg/10 sec infusion, (b) FR 1 for escape, (c) 30 sec 
time-out pump termination, and (d) program termination because 
50 cc of nalorphine had been infused. (C) Morphine self- 
administration following nalorphine escape in B by about 3'A hr. (D) 
Nalorphine escape about l'/z months tater: FR 1, 1 rain time-out, 1 
hr session, and 0.001 mg/kg/10 sec infusion. (E) Saline substitution 
for nalorphine. (F) Nalorphine substituted for the saline. (G) 
Postmorphine dependent nalorphine escape, same parameters as 

before. 

in take  of  drug se l f -adminis te red  were similar  dur ing  all four  
1 hr  daily sessions. 

RESULTS 

Morphine Self-Administration 

Typical  pa t t e rn s  of  m o r p h i n e  se l f -admin i s t ra t ion  dur ing  
a 1 hr  session can be seen for  m o n k e y s  No. 3190  and  No. 
4015  in the  cumula t ive  response  records  in Figs. 2A and  
3A. For  b o t h  animals ,  the  response  r e q u i r e m e n t  was an FR 
10 for  an in fus ion  of  0.1 m g / k g / 1 0  sec m o r p h i n e .  B o t h  
animals  se l f -admin is te red  a b o u t  8 . 0 - 1 1 . 0  mg /kg /day ,  a 
q u a n t i t y  more  t h a n  suf f ic ien t  to  p roduce  physical  de- 
pendence  a f te r  1¼ m o n t h s  of  daily drug in take .  The  records  
show a sl ight negat ively  acce le ra ted  pa t t e rn  of  m o r p h i n e  
in take  over the  hour .  The  overall  p a t t e r n  and  to ta l  mg/kg  

Nalorphine Escape 

Two hour s  a f te r  a m o r p h i n e  se l f -admin is t ra t ion  session, 
a n a l o r p h i n e  escape session was c o n d u c t e d .  The  resul ts  of 
an early t ra in ing  session can be  seen in the  cumula t ive  
response  record  for  m o n k e y  No. 3190  in Fig. 2B. The  
d o w n w a r d  def lec t ion  of  the  event  pen,  as at (a), ind ica ted  
the  onse t  of  the  p u m p ,  infus ing 0.001 m g / k g / 1 0  sec 
na lo rph ine .  Each  response ,  as at (b) ,  t e r m i n a t e d  the  
c o n t i n u o u s  n a l o r p h i n e  in fus ion  and  resul ted  in a 30 sec 
t i m e o u t  pe r iod  (c). Respond ing  decl ined af te r  the  first 10 
min  and  af te r  a b o u t  20 rain,  50 cc of  na lo rph ine  had  been  
infused (d) and  the  session was t e rmina t ed .  At  this  t ime,  
the an imal  was observed to have  severe signs of  m o r p h i n e  
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FIG. 3. Cumulative response records and total drug infused for 
morphine self-administration escape from nalorphine for monkey 
No. 4015. (A) Morphine self-administration, 0.1 mg/kg/10 sec 
infusion, 1 hr session. (B) Nalorphine escape, following morphine 
self-administration in A by 2 hr: FR l, 3 min time-out pump 
termination, and 0.002 mg/kg/10 sec infusion. (C) Morphine 
self-administration following nalorphine escape in B by about 3 hr. 
(D) Nalorphine escape about 1 month later: FR 5, 3 rain time-out, 2 
hr session, and 0.002 mg/kg/10 sec infusion. (E) Saline substitution 
for nalorphine. (F) Nalorphine substituted for the saline, last hour 
of 2 hr session. (G) Postmorphine dependent nalorphine escape, 
same parameters as before, last hour of 2 hr session. (H) Nalorphine 

escape, 0.006 mg/kg/10 sec infusion. 

wi thdrawal  [8,11 ]. Dur ing  the  nex t  m o r p h i n e  self- 
admin i s t r a t i on  session (Fig. 2C), a d rama t i c  increase in drug 
in take  was seen in response  to the  na l o r ph i ne - i nduced  
wi thdrawal ;  a to ta l  of  8.9 mg/kg  of  m o r p h i n e  was self- 
admin i s t e red  at this  t ime,  an a m o u n t  near ly  equal  to  a 
typical  day ' s  to ta l  in take .  Similar  acquis i t ion  and main-  
t enance  of  r e spond ing  was s h o w n  by  m o n k e y  No. 4015 .  
Enough  na lo rph ine  was infused dur ing  the  session re- 
p resen ted  by Fig. 3B (0 .067  mg/kg)  so t ha t  w i thd rawa l  
s y m p t o m s  were exh ib i t ed ,  and,  like m o n k e y  No. 3190 ,  a 
large increase in m o r p h i n e  se l f -admin is t ra t ion  was observed  
dur ing the  fo l lowing session (Fig, 3C). 

Na lo rph ine  escape sessions were p r o g r a m m e d  daily, and  
for the  nex t  1-1V2 m o n t h s ,  F R  and t i m e o u t  values were 
m a n i p u l a t e d  to p roduce  s table  escape responding .  Fre- 
quen t ly ,  2 sessions were c o n d u c t e d  a day,  one  in the  

morn ing  and  one  in the  a f t e rnoon .  The te rmina l  con-  
t ingencies  for  m o n k e y  No. 3190  were a t i m e o u t  of  1 min  
and an F R  1 response  r e q u i r e m e n t  dur ing a 1 hr  session;  
those  for  m o n k e y  No. 4015  were a t i m e o u t  of  1 rain,  and  
an FR 5 response  r e q u i r e m e n t  dur ing  each 2 hr  session. 
Figs. 2D and 3D show pe r fo rmance  records  for  m o n k e y s  
No. 3190  and  No. 4015 ,  respectively.  In b o t h  cases, 
response  rate was s teady over the  session and na lo rph ine  
in take  was cons iderab ly  lower  t han  tha t  seen in Figs. 2B 
and 3B, and  be low the  a m o u n t  usually required to elicit 
wi thdrawal  s y m p t o m s  in m o r p h i n e - d e p e n d e n t  m o n k e y s  
[8,111. 

When saline was subs t i t u t ed  for na lo rph ine ,  r e spond ing  
eventua l ly  decl ined to a low rate (33 sessions for  No. 3190 ,  
Fig. 2E; 9 sessions for  No. 4015 ,  Fig. 3E). Bursts of  re- 
spond ing  were usual ly  emi t t ed  at  the  beginning  of  each 
session, a p a t t e r n  f r equen t ly  observed dur ing  ex t inc t i on  of  
r e spond ing  m a i n t a i n e d  by  a fixed ra t io  schedule  of  food or 
water  p re sen ta t ion .  Therea f te r ,  r e spond ing  ceased and the  
program was t e r m i n a t e d  wi th in  1 5 - 2 0  rain,  when  50 cc of  
saline had been  infused.  When na lo rph ine  was again 
subs t i tu t ed ,  escape r e spond ing  was re ins ta ted  wi th in  a few 
days wi th  r u n n i n g  ra tes  and la tencies  similar to those  seen 
pr ior  to e x t i n c t i o n  (Tables  1 and 2; Figs. 2F and 3F).  

Post-Morphine Dependent Nalorphine Escape 

After  the  o p p o r t u n i t y  to se l f -adminis ter  m o r p h i n e  had  
been gradual ly  reduced  over  the  course of  one  week,  and 
then  e l imina ted  a l toge ther ,  the  animals  were exposed  to 
na lo rph ine  escape sessions at  the  same dose, response  
r equ i r emen t ,  t i m e o u t  and  session leng th  as before.  Monkey  
No. 3190  i m m e d i a t e l y  r e sponded  to escape the  na lo rph ine  
in a p a t t e r n  and at a ra te  comparab l e  to  sessions dur ing  
m o r p h i n e  d e p e n d e n c e  (Fig. 2G). La tency  was s o m e w h a t  
longer,  and c o n s e q u e n t l y  to ta l  drug infused at the  end of  an 
hou r  was greater  (Table  1). However ,  no  wi thdrawal  
s y m p t o m s  were observed in the animal  at this  t ime. Final ly,  
saline was again subs t i t u t ed ,  and  af ter  33 sessions (some- 
t imes 2 - 3  per day) ,  r e spond ing  decl ined to a very low rate  
(Table  1 ). 

The data  were similar  for  m o n k e y  No. 4015  for w h o m  
several dose m a n i p u l a t i o n s  were also made.  The last h o u r  of  
escape r e spond ing  for  0 .002 mg/kg  can be seen in Fig. 3G;  
overall  pa t t e rn  is comparab l e  for  m o n k e y  No. 3190  except  
f o r  a l o n g e r  la tency.  The dose was changed to 0 .004 
m g / k g / l  0 sec in fus ion  and l i t t le  change was observed in re- 
s p o n d i n g .  Six days later,  the dose was raised to 0 .005 
m g / k g / 1 0  sec in fus ion  wi th  a subsequen t  slight increase in 
rate of r e spond ing  (Table  2). 

Perphenazine Escape 

Over the  dose range s tudied ,  r e spond ing  which  resul ted  
in the  t e r m i n a t i o n  of  a c o n t i n u o u s  in fus ion  of pe rphenaz ine  
was m a i n t a i n e d  (Figs. 5 - 6 ,  Table  3). For  m o n k e y  No. 
3190,  cons i s t en t  and  similar  escape re spond ing  was gen- 
erated wi th  pe rphenaz ine  infused at the rate of  
0 . 0 0 0 5 - 0 . 0 0 2  m g / k g / 1 0  sec infus ion.  At  the  h ighes t  dose 
s tudied,  0 .004 m g / k g / 1 0  sec infus ion ,  escape re spond ing  
persis ted for a b o u t  the  first 23 24 trials ( m a x i m u m  of  40 
tr ials /session) of  the 2 hr  session (Table  3). E x a m i n a t i o n  of  
the cumula t ive  response  record  (Fig. 5) reveals a pause af ter  
the 24 th  escape which  resul ted in the  c o n t i n u o u s  in fus ion  
of p e r p h e n a z i n e  unt i l  50cc had  been  given and  the  session 
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T A B L E  1 

LATENCY, RATE OF RESPONDING, NUMBER OF ESCAPES, NUMBER OF DAYS ON A CONDITION AND TOTAL DRUG 
INFUSED DURING ESCAPE CONDITIONING WITH MORPHINE DEPENDENT AND POSTMORPHINE DEPENDENT 

MONKEY 

Monkey No. 3190 
FR1, 1 min timeout, 1 hr session 

Overall Total 
Response Drug 

Dose Latency Rate No. of No. of Infused 
Drug (mg/kg/int) (sec) (resp/min) Escapes Days (mg/kg) 

Morphine 
Dependent 

Nalorphine 0.001 1.3 +_ 0.7 50 +_ 17 56 30 0.007 
Saline - -  70.3 ± 28 5 ± 4 11' 33 - -  
Nalorphine 0.001 1.5 ± 0.5 45 ± 10 57 5 0.008 

Postmorphine 
Dependent 

Nalorphine 0.001 2.8 +_ 0.6 32 +- 6 56 5 0.011 
Saline - -  26.3 ± 8 12 +_ 4 17" 33 - -  

Latency and rate of responding represent Means (± SEM) for the last 3 sessions during drug escape. 
*Escape sessions terminated before 1 hr. 

T A B L E 2  

LATENCY, OVERALL AND RUNNING RESPONSE RATE, NUMBER OF ESCAPES, NUMBER OF DAYS ON A CONDITION, AND TOTAL 
DRUG INFUSED DURING ESCAPE CONDITIONING WITH MORPHINE DEPENDENT AND POSTMORPHINE DEPENDENT MONKEY 

Monkey No. 4015 
FR5, 3 min timeout, 2 hr session 

Overall Running Total 
Response Response Drug 

Dose Latency Rate Rate No. of No. of Infused 
Drug (mg/kg/int3 (sec) (resp/min) (resp/min) Escapes Days (mg/kg) 

Morphine 
Dependent 

Nalorphine* 0.002 1,4 ___ 0.2 41 _+ 4 --:~ 40 20 0.012 
Nalorphine 0.002 1.7 _+ 0.1 61 ± 4 93 +-- 8 40 20 0.039 
Saline - -  32.0 ___ 16 7 - 5 --§ 12t 9 - -  
Nalorphine 0.002 2,2 _ 0.2 57 _+ 5 100 ± 12 40 10 0.042 

Postmorphine 
Dependent 

Nalorphine 0.002 3.4 _+ 0.9 37 ___ 10 64 _+ 20 39 7 0.063 
Nalorphine 0.004 3.7 ___ 0.5 32 _+ 5 58 --- 20 39 6 0.146 
Nalorphine 0.006 3.2 ___ 0.2 42 _+ 1 95 ± 7 40 3 0.153 
Saline - -  30 _+ 16 8 - 3 --§ 14" 6 - -  

Latency and rate of responding represent Means (_ SEM) for the last 3 sessions during drug escape. 
*Response requirement of 1 (FR1) to terminate drug pump. 
tEscape sessions terminated before 2 hr. 
$Same as overall rate. §Too few responses to calculate running response rate. 

t e rmina ted .  When the animal was observed at this t ime, he 
exhib i ted  typical  pheno th iaz ine  behavioral  effects  including 
immobi l i ty ,  t remors ,  ptosis,  and failure to respond to 
external  s t imuli  [17] .  Clearly since a large total  mg/kg 
amount  of  pe rphenaz ine  had been infused,  the powerfu l  
ra te -modify ing  ef fec ts  had markedly  al tered responding.  At 
the lowest  dose of  0.00025 mg/kg /10  sec infusion,  re- 
sponding was no t  main ta ined  (Table 3). The tota l  amoun t  
of drug received by the animal was 0.0125 mg/kg;  

con t inued  observat ion  of  the mo n k ey  for a few hours af ter  
the session failed to reveal any of  the typical  pheno th iaz ine  
effects.  When saline was subs t i tu ted  for perphenaz ine ,  
responding  declined to very low rates (Table 3). 

Similar results were found  for  mo n k ey  No. 4015 (Fig. 
6). The low dose which did no t  mainta in  escape responding  
was 0.005 mg/kg /10  sec infusion,  and once again, when the 
session was t e rmina ted ,  the m o n k e y  failed to show any 
pheno th iaz ine  effects .  On the o ther  hand ,  escape re- 
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spond ing  was no t  m a i n t a i n e d  t h r o u g h o u t  the  ent i re  two 
hou r  session at e i the r  0 .002  or 0 .004  m g / k g / 1 0  sec 
infus ion.  At  these  two  doses,  respect ively ,  r e spond ing  was 
m a i n t a i n e d  t h r o u g h  the  33rd  and  2 8 t h  escape trials be fore  
the an imal  b e c a m e  so heavi ly  t r anqu i l i zed  tha t  he was 
incapable  of  pressing the  lever. 

The cumula t ive  e f fec ts  of  p e r p h e n a z i n e  had  d i f fe ren t  
consequences  for  r e s p o n d i n g  when  c o m p a r e d  wi th  nalor-  
phine.  Dur ing ini t ial  n a l o r p h i n e  escape sessions while the  
m o n k e y s  were  m o r p h i n e - d e p e n d e n t ,  e n o u g h  n a l o r p h i n e  was 
infused to elicit  w i thd rawa l  s y m p t o m s .  However ,  the  
animals  rarely were so d i s rup ted  t ha t  they  could  no t  
con t inue  to press the  lever at some  low rate.  In con t ras t ,  at 
the  high doses of  pe rphenaz ine ,  the  t r ans i t ion  f rom 
re spond ing  to  no  r e spond ing  was r a the r  a b r u p t  as can be 
seen in Figs. 5 and  6. Figure  7 shows the  average l a t ency  
and cumula t ive  drug infused  for  b o t h  m o n k e y s  at the  doses 
where  r e s p o n d i n g  was n o t  m a i n t a i n e d  for  the  full t w o - h o u r  
session. Fo r  m o n k e y  No. 3190 ,  at 0 .004  m g / k g / 1 0  sec 
infus ion  of  p e r p h e n a z i n e ,  l a tency  to the  first response  
varied b e t w e e n  3 - 5  sec for  the  first 21 escape trials. Af te r  
trial 21, r e spond ing  was no  longer  rel iably m a i n t a i n e d  and  
wi th in  a few trials,  the  m a x i m u m  a m o u n t  of  drug had  been  
infused,  Similar  results  can be  seen wi th  the  o the r  m o n k e y  
at b o t h  0 .002  and  0 .004  m g / k g / 1 0  sec infus ion .  (The  data  
for the  first  15 escape trials were n o t  col lec ted  at 0 .004  
m g / k g / 1 0  sec in fus ion  and  were i n t e r po l a t ed  f rom the  la te r  
escape trials).  

For  b o t h  an imals  at the  doses shown,  r e spond ing  to ta l ly  
ceased a f te r  a to ta l  of  0 . 0 3 - 0 . 0 5  mg/kg  p e r p h e n a z i n e  had  
been infused.  When escape f rom p e r p h e n a z i n e  was no t  

m a i n t a i n e d  at these  high doses, escape sessions were only  
c o n d u c t e d  every o the r  day since the  du ra t i on  of  ac t ion  of 
the  drug is relat ively long and  can affect  the  an imal ' s  
pe r fo rmance  24 hr  bu t  no t  48 h r  later .  

Dose-effect  da ta  for  p e r p h e n a z i n e  can be seen in Fig. 8, 
and Table  3. In o rder  to  more  accura te ly  po r t r ay  the  
dose-effect  curves,  overall  ra tes  of r e spond ing  and la tency  
to first response  were measured  for  the  first h o u r  of  the  
session and  for  the  to ta l  session as well. For  m o n k e y  No. 
3190,  the  curve for  the  overall  response  ra te  for  the  first 
h o u r  wi th  respect  to  dose is s imilar  to  an inver ted  U-shaped 
func t ion .  The rate  over the  to ta l  session can also be 
descr ibed as an inver ted  U-shaped curve;  however ,  it mus t  
be r e m e m b e r e d  tha t  the  data  po in t  for  the  highest  dose of  
0 .004 m g / k g / 1 0  sec in fus ion  represents  an eventua l  
cessat ion of  r e spond ing  before  the  session ended.  Excep t  at 
the highest  dose, the  poin ts  for  the  first h o u r  and the  to ta l  
session are near ly  equa l  for  b o t h  ra te  and  la tency.  

The dose-effect  curve for  m o n k e y  No. 4015  is also 
s h o w n  in Fig. 8. Fo r  the  first hour ,  overall  response  ra te  
r ema ined  near  zero  at  0 .005 m g / k g / 1 0  sec infus ion  b u t  
increased to 6 5 - 8 5  responses  per  min  for  the  h igher  doses. 
When measured  over the  full session, rates of  r e spond ing  
sharply decl ined at the  two highes t  doses, and  the  latenc2¢ 
showed a large increase.  

DISCUSSION 

It has been demonstrated in a number of experiments 
[4, 7, 8, 21, 27] that morphine-dependent rhesus monkeys 
will press a lever to avoid and escape infusions of narcotic 
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FIG. 7. Average latency and cumulative drug infused over successive escapes at those doses in which the monkeys showed 
extreme immobility and failed to respond. 

antagonis ts .  The abi l i ty  of  these  drugs to f u n c t i o n  as 
negative re in forcers  has  been  t h o u g h t  to  be re la ted  to the i r  
abil i ty to  elicit  w i thd rawa l  s y m p t o m s .  Most  o f  the  s tudies  
have e m p l o y e d  avoidance-escape  procedures ,  a l t hough  
Downs and  Woods [4, 5, 27] have also used escape 
p rocedures  wi th  n a l o x o n e  as the  negat ive  re inforcer .  The  
present  e x p e r i m e n t  ex t ends  these  f indings  by  showing  the  
e s t ab l i shmen t  and m a i n t e n a n c e  of  escape behav io r  f rom 
na lo rph ine  infusions .  

In the  p resen t  e x p e r i m e n t ,  acquis i t ion  of  escape re- 
spond ing  f rom infus ions  of  n a l o r p h i n e  was achieved wi th  
some di f f icul ty  by b o t h  m o n k e y s  and requi red  cons iderab le  
successive shaping  of  the  lever press by  the  expe r imen te r s .  
Unt i l  the  an imals  r e sponded  reliably,  they  usual ly  received 

0 . 0 5 - 0 . 1  mg/kg  na lo rph ine  dur ing  t ra in ing and sub- 
sequen t ly  exh ib i t ed  wi thdrawal  s y m p t o m s  which  decl ined 
in in t ens i ty  over the  course of  the  nex t  few hours .  Unl ike  
o the r  s tudies where  a f ixed a m o u n t  of  m o r p h i n e  is 
au tomat i ca l ly  del ivered every four  hours  [ 8 ] ,  or a fixed 
n u m b e r  of  infus ions  are p e r m i t t e d  every six hours  [4 ] ,  
these animals  were a l lowed unres t r i c ted  access to m o r p h i n e  
se l f -adminis t ra t ion  every 6 hr  for  one  hr. When they  
showed  severe wi thdrawal  s y m p t o m s  dur ing an escape 
session they usually se l f -adminis te red  increased quan t i t i e s  
of m o r p h i n e  dur ing  the  nex t  se l f -admin is t ra t ion  session 
( 4 - 1 0  mg/kg) .  

When escape re spond ing  was rel iably acquired ,  m u c h  
smaller  quan t i t i e s  of na lo rph ine  were infused and  with-  
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T A B L E  3 

DOSE, LATENCY, OVERALL AND RUNNING RESPONSE RATE, NUMBER OF ESCAPES, NUMBER OF DAYS ON CONDITION, AND TOTAL 
DRUG INFUSED DURING ESCAPE CONDITIONING WITH PERPHENAZINE 

Monkey No. 4015 
FR5, 3 min timeout, 2 hr session 

Overall Running Total 
Response Response Drug 

Dose Latency Rate Rate No. of No. of Infused 
Drug (mg/kg/inf) (sec) (resp/min) (resp/min) Escapes Days (mg/kg) 

Perphenazine~ 0.004 2.0 _ 0.2 75 ± 3 119 ± 20 20 6 0.032 
Perphenazine 0.004 14.1 ± 2.6 18 ± 2 88 ± 20 28* 6 0.20 

Saline - -  372 1 - - t  1" 17 - -  

Perphenazine~ 0.002 1.9 +_ 0.1 66 ± 6 141 ± 2 20 6 0.016 
Perphenazine 0.002 12.6 ± 1.1 17 ± 2 119 ± 21 31" 6 0.10 

Saline - -  413 1 - - t  1" 6 - -  

Perphenazine~ 0.001 1.3 ± 0.2 84 ± 21 133 _+ 40 20 8 0.007 
Perphenazine 0.001 1.6 ± 0.1 74 ± 9 121 ± 25 40 8 0.016 

Saline - -  500 1 - - t  1 * 11 - -  

Perphenazine 0.0005 500 1 - - t  1" 7 0.025 

Perphenazine$ 0.004 2.6 ± 0.4 67 ± 7 156 +_ 15 20 9 0.036 
Perphenazine 0.004 14.6 ± 0.6 14 ± 0 44 ± 10 23* 9 0.20 

Saline - -  200 4 - - t  6* 9 - -  

Perphenazine~ 0.002 2.1 ± 0.2 80 ± 6 185 ± 11 20 8 0.016 
Perphenazine 0.002 2.1 ± 0.1 73 ± 3 153 ± 10 39 8 0.032 

Saline - -  33.7 9 - - t  15" 36 - -  

Perphenazine~ 0.001 1.6 -+ 0.3 86 ± 8 161 ± 2 20 10 0.007 
Perphenazine 0.001 1.7 ± 0.1 84 -+ 4 153 ± 8 39 10 0.014 

Saline - -  485 3 - - t  4* 59 - -  

Perphenazine~ 0.0005 3.4 ± 0,6 61 ± 8 189 ± 13 20 9 0.005 
Perphenazine 0.0005 3.7 ± 0,8 56 ± 9 172 ± 6 39 9 0.01 

Saline - -  454 2 - - t  4* 16 - -  

Perphenazine 0.00025 210.9 3 - - t  5* 6 0.0125 

Latency and rate of responding represent Means (± SEM) for the last 3 sessions during drug escape. 
*Escape sessions terminated before 2 hr. 
tToo few responses to calculate running rate. 
SData from first hour only. 

drawal s y m p t o m s  were rarely observed fol lowing escape 
sessions. Comple te  dose-ef fec t  data were no t  s tudied,  but  
the stabil i ty and regularity of escape responding,  its 
ex t inc t ion  when  saline was subs t i tu ted ,  and its immedia te  
r e ins t a tmen t  when  na lorphine  was again used as the 
negative re inforc ing event ,  all suggest that  an inver ted 
U-shaped curve would  p robab ly  have been found ,  as has 
been found  wi th  na loxone  [4 ] .  

Af te r  m orph ine  se l f -adminis t ra t ion  had been  dis- 
con t inued  and the animals had been morph ine- f ree  for  a 
few weeks,  na lorph ine  escape sessions were once again 
resumed.  Similar pa t te rns  and rates of  responding  were seen 
at the same doses used to mainta in  behavior  during 
m o r p h i n e - d e p e n d e n c y .  Hof fmeis te r  and Wuttke  [15] are 
the only investigators to repor t  the es tab l i shment  of  
avoidance-escape behavior  in n o n d e p e n d e n t  animals using 
nalorphine.  Nalorphine  over a dose range of  0 . 0 1 - 0 . 5  
mg/kg/10  sec infusion main ta ined  avoidance-escape be- 

havior wi th  a total  drug intake f rom 1 - 4  mg/kg/session.  
These doses are significantly higher than those used in the 
present  s tudy  (0.001, 0.002, 0.004 and 0.006 mg/kg/10 sec 
infusion);  their  lowest  dose of  0.001 mg/kg/10 sec infusion 
failed to mainta in  any escape behavior  at all, whereas it did 
so quite  successfully in this s tudy.  These differences  may be 
explained in part  by the use of  an avoidance-escape 
procedure  (as opposed  to an escape p rocedure )  and the 
animal 's  training his tory with electric shock avoidance in 
the Hof fmeis te r  and Wuttke  s tudy [ 15 ]. 

More impor t an t l y  though,  it must  be r emembered  that  
the animals used by Hoffmeis te r  and Wuttke [15] were 
morphine-naive  animals and the animals in the present  
expe r imen t  were p o s t m o r p h i n e  dependen t .  There is 
evidence which indicates  an increases sensitivity to nalor- 
phine in mo n k ey s  former ly  d e p e n d e n t  on morph ine .  
Goldberg  and Schuster  [9,10] found  that  doses of nalor- 
phine which depressed lever responding  for food and 
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produced emesis, salivation, and hyperirr i tabi l i ty  for 3 - 4  
months  after morphine  self-administrat ion had been dis- 
cont inued in one group of  monkeys  failed to produce  these 
changes in morphine-naive animals. The maintenance  of  
escape behavior from nalorphine infusions at the same low 
doses which maintained behavior  during morph ine  de- 
pendency  suggests an increased sensitivity to the negative 
reinforcing effects of  the drug. It would  be interest ing to 
use escape procedures  to study the durat ion of  this 
increased sensitivity in pos tdependen t  animals. 

The relat ionship between rate of  escape responding and 
dose of  perphenazine  is difficult  to evaluate. If just  the first 
hour 's  data are considered,  response rate increased to a 
max imum and then begun to decrease as dose was fur ther  
increased for monkey  No. 3190. This relat ionship is a little 
tess clear for monkey  No. 4015 since the data points  at the 
three highest doses overlap considerably;  if the dose was 
increased any further ,  rate might  be expected  to decline. 
This general curvilinear func t ion  has been found with 
naloxone [4] ,  and with a variety of  o ther  st imulus events: 
light [ 18 ],  sound [ 1 ], and electric shock [ 26 ]. 

If the rate of  escape responding from infusions of  
perphenazine  are considered over the full two hour  session, 
a defini te  curvilinear relat ionship emerges. As has been 
discussed before,  these results must be in terpreted with 
caution,  for at the highest doses, so much  drug had been 
infused during the second half  of  the session that  the 
animals s topped responding al together  and showed ex t reme 
immobi l i ty .  

When a cumulat ive dose of  0 . 0 3 - 0 . 0 5  mg/kg of  per- 
phenazine had been infused, both  monkeys  ceased to 
respond to escape further  infusions of  the drug. Johanson  
et al. [17] found that  perphenazine  was not  self- 
administered in a dose range of 0.0001 to 1.0 mg/kg. At the 
three highest doses, studied, 0.01, 0.1, and 1.0 mg/kg,  
enough perphenazine  was administered to produce ex t reme 
immobi l i ty ,  and the intake was above the 0 . 0 3 - 0 . 0 5  mg/kg 
level in every case. At the two lowest  doses, 0,0001 and 
0.001 mg/kg,  drug self-administrat ion was once again not  
maintained but  the total  drug intake rarely reached the 
0 . 0 3 - 0 . 0 5  mg/kg level and the animals did no t  show signs 
of immobi l i ty .  Fur ther  research [28] has shown that  
schedule-control led behavior  maintained by food rein- 
forcement  and shock avoidance was disrupted and 
el iminated 3 0 - 6 0  min after the adminis t ra t ion of  0.05 
mg/kg perphenazine.  

The findings of  this exper iment  fur ther  ex tend  the 

generality of  the data on drugs which funct ion as negative 
reinforcers.  In morph ine-dependen t  monkeys ,  nalorphine a 
narcot ic  antagonist ,  maintained behavior which terminated 
infusions of the drug; nalorphine also maintained this 
behavior at the same doses in pos tmorphine  dependent  
monkeys ,  at least for a mon th  following morphine  with- 
drawal. Perphenazine,  a po ten t  phenothiazine,  when con- 
t inuously infused also maintained escape behavior.  The 
conclusions of  Johanson et al. [17] that  perphenazine  did 
not  funct ion  as a positive reinforcer  in a self-administrat ion 
paradigm are fur ther  supported by these findings that 
perphenazine  would funct ion as a negative reinforcer.  

In addi t ion to narcot ic  antagonists,  Hoffmeis ter  [14] 
and Hoffmeis ter  and Wuttke [16] demonst ra ted  that  LSD, 
STP, and chlorpromazine  would funct ion as negative 
reinforcers.  The present s tudy has demonst ra ted  that  a 
second phenothiaz ine  will funct ion  as a negative reinforcer 
suggesting that this may be a general proper ty  of  this class 
of drugs. 

Problems of  cumulat ive drug effects over the dose range 
studied in the present  s tudy force a more serious con- 
sideration of  schedule parameters  than might usually be 
done with food and shock as consequent  events. Tang and 
Morse [21] found that  lever pressing behavior of  monkeys  
which terminated  infusions of  nalorphine was inf luenced by 
the level of morphine  deprivat ion and dependency  and 
could be altered by infusions of  nalorphine.  In this study, 
when nalorphine escape behavior was reliably maintained in 
morphine-dependent  monkeys ,  no withdrawal  symptoms  
were observed over the course of  the session, presumably 
because the cumulat ive dose of  nalorphine was not  large 
enough. However ,  in Goldberg et al.'s study [8] ,  the 
animals showed withdrawal  symptoms  by the end of  the 
avoidance session. Nevertheless,  they repor ted  no gross 
changes in rate and pat terning of  responding near the end 
of the session as a result of cumulat ive effects of  nalorphine 
even in the face of  severe physiological-behavioral  dis- 
ruption.  On the o ther  hand, the cumulat ive effects of 
perphenazine are markedly  different  from nalorphine and 
can suppress responding altogether.  Even though it has now 
been widely demonst ra ted  that  some drugs can funct ion as 
negative reinforcers as do many other  stimuli,  the 
parameters of  session length, t imeout  durat ion,  onset of  
drug effect ,  and cumulat ive drug effects must be studied 
with care, and results in terpreted with considerat ion for the 
rate modi fy ing  effects of the drugs on behavior.  
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