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Abstract

TTnr ACOTTST̂ TON o r  A VAIADARTIVE RESPOEBE IH MORPHINE TREATED MICE

by

A rthur David Charap

A^Trtsar: A ssociate  P ro fesso r fl. D. Click

A m ajo rity  o f naive n ice  were ab le  to  escape from a trough-shaped 

box, th e  f lo o r  o f which d e liv e red  a foo t-shock . A s in g le  in je c tio n  of 

morohlne s ig n i f ic a n t ly  imoalred escape perfom ance . Tolerance to  t h i s  

e f f e c t  was not observed a f te r  f i f te e n  days o f once d a lly  p o s t- in je c tlo n  

t e s t in g .  Analgesic to le ra n c e  d id , however, occur in  n ice  In je c te d  w ith 

morohlne bu t not rec e iv in g  d a ily  t e s t in g .  The eseape impairment observed 

In th e  te s te d  n ice  P e rs is te d  fo llow ing c e ssa tio n  o f drug a d m in is tra tio n . 

wo such e f f e c ts  were observed in  mice te s te d  p r io r  t o ,  r a th e r  than  fo llow ing , 

d a llv  in je c t io n . Control anim als te s te d  d a lly  d id  not h a b itu a te  to  the  

sboeV, Tn mice p rev io u sly  made to le ra n t  to  morphine, p o s t- in je c t io n  te s t in g  

produced a d e c lin e  in  escane performance and a su sta in ed  impairment follow ­

ing d isc o n tin u a tio n  o f the  drug. A nalgesic to le ran c e  as measured by vocal­

is a t io n  was observed to  occur in  both te s te d  and u n tes ted  mice.

In creas in g  th e  dose o f morphine, th e  number o f  days o f  p o s t- ln je c -  

t lo n  t e s t in g ,  or shock In te n s ity  enhanced the  degree and d u ra tio n  o f lm- 

n a ired  escane behav io r. V a ria tio n s  in  shock In te n s i ty ,  in  th e  absence o f  mor­

p h in e , were net s u f f ic ie n t  to  produce a su s ta in ed  escape impairment nor was 

forced exposure to  th e  shock. D aily  t e s t in g  p r io r  to  th e  beginning o f p o s t-  

ln .lec tlon  te s t in g  dim inished th e  e f fe c t  o f  a  s in g le  in je c t io n  o f  m orphine, bu t



e ie iv e  performance declined  on subseouent days o f p o s t- in je c t io n  t e s t in g .

F f fe e ts  s im ila r  to  those  observed w ith morphine were obtained  w ith 

levorrhano l hut not w ith  propoxyphene or m eperidine. Methadone was only 

e f fe c t iv e  In  generating  su sta ined  escape Impairment when g rad u a lly  in c re a s­

ing doses were employed. Chlorprcm azine, p e n to b a rb ita l, and diazepam 

produced an I n i t i a l  suppression o f  escape perform ance, but to le ra n c e  de­

veloped ra p id ly .

R e su lts , s im ila r  to  those  observed w ith shock, were obtained  using 

heat as th e  noxious s tim u lu s . Simultaneous record ing  o f  escape performance 

and r e f le x  response la te n c ie s  in d ica ted  th a t  escape impairment i s  produced 

even though an a lg es ic  to le ra n c e , as measured by response la te n c ie s ,  i s  a lso  

p re se n t,

'T’he experim ental r e s u l t s  in d ic a te  th a t  a d m in is tra tio n  of phenanthrene 

n a rc o tic  a n a lg es ic s  p lus exposure to  noxious s tim u li In te ra c t  to  produce a  

m aladaptive response , escane f a i lu r e .  The a c q u is itio n  o f  t h i s  response 

appears to  he independent o f morphine** an a lg es ic  e f f e c ts .
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T caught you knoekin on my c e l la r  door,

T love va baby can I  have some more,

(loh, th e  damage done.

T h i t  th e  c i ty  and I lo s t  my band,

T vatehed th e  needle take  another man, 

done, ro n e , th e  damage done.

T Ding th i s  song because I  love th e  man,

T know th a t  some o^ you d o n 't  understand, 

Mi lk  blood to  keen from runnln ou t.

T 've seen th e  needle and th e  damage done, 

A l i t t l e  o a r t  o f I t  in  everyone.

But every Ju n k ie 's  l ik e  a  s e t t in g  sun.

The Heedle and The Damage Done 

A song by H ell Yeung, 1972
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1
nrrwoDucTioif

Fain

In order to  d iscuss analgesics and ana lgesia  w ith ear f a c i l i t y ,  one 

needs a c le a r  understanding o f th e  phencmnon o f  pa in . U nfortunately , pain  

i s  a d i f f i c u l t  concept to  s a t i s f a c to r i ly  d e fin e . For example, I f  one were to  

ask a osvehophvsie lst, a p sy c h ia tr is t  or a  neurosurgeon fo r  a  concise def­

in it io n  o f p a in , one would l ik e ly  receive  th re e  very d if fe re n t  responses.

The Issue th a t  has caused such d iv e rs ity  o f opinion has centered  

around th e  in a b i l i ty  to  equate th e  su b jec tiv e  rep o rt o f pain  v l th  ob jec tiv e  

or physio log ical neasurenents o f p a in . Thus, ra th e r  than a ttem pting to  

define  the  natu re  o f p a in , th e  p resen t d iscussion  w ill  focus on th e  c e n tra l 

th e o re tic a l  Issues th a t  have con tribu ted  to  the  understanding o f  t h i s  sub­

je c t  .

B f o e l f ld ty  Theory

S p e c if ic ity  theory rep resen ts  th e  t r a d i t io n a l  view of p a in . This 

c la s s ic a l  approach to  th e  study o f pain vaa f i r s t  proposed by D escarte.

He conceptualised pain pathways as e s s e n t ia lly  analogous to  a  "bu rg lar 

alarm system" or a  "transm ission l in e " .  In  t h i s  scheme, a  stim ulus 

applied  to  th e  periphery  caused a  sig n a l to  be sent to  th e  b ra in  where 

"pain" I s  perceived and a response i s  subsequently generated . With only 

minor refinem ents, t h i s  s im p lis tic  explanation o f pain  has served as the  

th e o re tic a l  framework fo r nearly  a l l  physio log ical experim entation in  

the  f ie ld  o f  pain re sea rch . This i s  unfortunate  since s p e c if ic i ty  theory  

f a l l s  to  account fo r a  number o f c ru c ia l  observations o f  pain  phenomena.

Yet s p e c if ic i ty  theory  has gained such acceptance th a t  i t  i s  o ften  p re ­

sented as fa c t ra th e r  than  th eo ry .

U ntil th e  1800's th e  nature  o f  th e  "transm ission  l in e "  between th e  

periphery  and th e  b ra in  was unknown. I t  was Muller (l8fc2) who f i r s t



form ulated th e  d o c trin e  th a t  a l l  sensory inform ation  vas communic a te d  to  

th a  b ra in  v ie  sensory nerves, M uller vas u n c e r ta in , however, v h e th e r th a  

q u a li ty  o f  th a  aanaatlon vaa a  p roparty  o f  th a  a p a d f lc  n a rraa  o r th a  a l ta

o f  te rm in a tio n  o f  th a  n arraa  In  th a  h ra ln .

In  th a  l a ta  l800*a neu ro p h y sio lo g is ts  began to  atudy th a  p ro p a rtla a  

o f  Impulse tran sm ission  In  n a rra  f lh a ra ,  Tha In v e s tig a to rs  o f  th a  day 

concluded th a t  th a  mechanism o f  tra n a a la a lo n , I . e .  conduction o f  th a  

a c tio n  p o te n t ia l ,  vaa e o a e u tla l ly  equ iva len t In  a l l  f lh a ra .  Aa a  r a a u l t ,  

th e  C entra l Bervous System hacaaa th a  focua o f  a t te n t io n  aa th a  "pain 

c a n te r" . At th a t  t l a a  p h y s io lo g is ts  vara  ao eonrlncad o f  th a  r a l l d l t y  

o f  th e  " e p e e lf la t lc  d o c trin e"  (o f  a  s tra ig h t- th ro u g h  ayatan from th a  

aanaory organ to  th e  h ra ln  c a n te r  raaponalh la  fo r  a an a a tlo n ), th a t  I t  vaa 

x en e ra lly  h o lle re d  th a t  I f  th e  "aud ito ry  n a rra  could ha connected to  th a  

r le u a l  c o rte x , and th a  o p tic  n a rra  Joined to  th a  a u d ito ry  c o rte x , th a t  

one could aae thunder and hear lig h tn in g "  (B oring, 19^2).

T u p lle lt  In  M a ile r 'a  form ulation vaa th e  no tion  o f  a e ln g le  a cn a s th e tic  

eanaa o r  "aanaa o f  fe e lin g " . Thla concept o f  a a ln g le  aanaa s o d a l i ty  vaa

not accepted by a nuaber o f  In ra a t lg a to ra .  Von F ray , conaIdarad th a  fa th e r

o f  p resen t day s p e c i f ic i ty  th eo ry , expanded on M u lle r 's  vork and proposed 

th a  e x is te n ce  o f  four m ajor cutaneous aanaory m o d a litie s : touch , varm th,

c o ld , and p a in . Bach o f  th e se  senses vaa be lieved  to  ha eadoved v l th  a 

se p a ra ta  p ro je c tio n  system to  th a  CVS, Von Fray aought to  prove h is  

hypo thesis by napping v a rio u s  a re a s  o f akin  fo r  d i f f e r e n t  aanaory m o d a litie s . 

P rev io u sly , anatom ists had c h a ra c te rise d  a  number o f  sp e c ia lis e d  s tru c tu re s  

In  th a  sk in  e .g .  pac in ian  c o rp u sc le s , Arouses and b a lb a , e t c . ,  and Von Fray 

attem pted to  c o rre la te  th eae  s tru c tu re s  v l th  th a  napped a reas  o f  th a  ak in .
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Although Von Frey*■ fin d in g s appeared to  support h is  hypo thesis o f  cutaneous 

se n sa tio n , wore recen t In v e s tig a tIo n s , as v i l l  be d iscu ssed , have tended 

to  d isprove th e  p ro p o sitio n  th a t  a  d ir e c t  one-to-one re la t io n s h ip  e x is ts  

between th e  sp e c if ic  end organs and t h e i r  responsiveness to  d is t in c t  

s tim u li (Melsack sad V a il, 1962),

Von F re y 's  c o n tr ib u tio n s  e s s e n t ia l ly  ended v l th  a  d e sc r ip tio n  o f  sens­

ory even ts in  th e  p e rip h e ra l nervous system . Subsequent s tu d ie s  o f nerve 

f ib e r s  revealed  th a t  s p e c if ic  f ib e r  types e x is te d  which could be d is tin g u ish ed  

by d iffe re n c e s  in  d iam eter, degree o f n y e lln a tio n  and conduction v e lo c ity  

( S in c la i r ,  196?). Consequently, In v e s tig a tio n s  were performed to  determ ine 

vhe ther d is c re te  f ib e r  types were involved In  th e  tran sm ission  o f  d i f f e re n t  

kinds o f sensory  in fo rm ation . Based on th e  assumption th a t  pa in  sen sa tio n  

req u ired  high in te n s i ty  s tim u la tio n  and on th e  observation  th a t  th e  aware­

ness of p a in fu l sen sa tio n  from a p a r t ic u la r  stim u lus vas preceded by th e  

awareness o f  touch o r p re s su re , e t c . ,  from th e  same s tim u lu s , in v e s tig a to rs  

began to  study vhe ther th e  slow er f ib e r s  were re sp o n sib le  fo r  tra n sm ittin g  

"pain" in fo rm ation .

S tud ies by Burgess and P e rl (1967) dem onstrated th a t  one c la s s  o f  

f ib e r s ,  A -d e lta , tra n sm itte d  Impulses only when th e  sk in  vas damaged by 

crush ing  o r p inch ing . O ther s tu d ie s  (Bessou and P e r l ,  1967) showed th a t  

sm all d iam eter C -flb e rs  f i r e d  when th e  sk in  vas damaged by p ressu re  or 

h e a t .  Thus, I t  vas reasoned th a t  th e se  two f ib e r  types were th e  exclusive  

pathways fo r  p a in  Inform ation ( P e r l ,  1971),

The e a r ly  d e sc r ip tio n  o f  sp in a l pathways fo r  pa in  came i n i t i a l l y  

from p a th o lo g ica l s tu d ie s  and l a t e r  from su rg ic a l attem pts to  re l ie v e  

In t r a c t  stole pain  (K eels , 1997), In  s tu d ie s  o f  p a t ie n ts  w ith damage to



th e  a n te ro la te ra l  p o rtio n s  o f  th e  sp in a l cord , I t  vas observed th a t  th e se  

o a tle n ts  could p e rfo re  sensory d isc rim in a tio n s  in  a reas vhere they  vere 

analgesic  t o  p a in . Based on th ese  fin d in g s a n te ro la te r a l  cordotosd.es 

vere  performed on p a tie n ts  vho vere  su ffe r in g  from severe in tra c ta b le  p a in . 

Subsequent h is to lo g ic a l  s tu d ie s  lo ca te d  th e  o r ig in  (c e n tra l  gray m a tte r ) ,  

co u rse , and te rm ina tion  (thalam us), o f t h i s  pathway and i t  la  now accepted 

th a t  th e  spinothalam ic t r a c t  c a r r ie s  "pain  s p e c if ic "  inform ation  In  th e  

sp in a l cord (M ilner, 1970).

Head (1910) vas th e  f i r s t  to  propose th a t  th e  "pain cen te r"  in  the  

b ra in  vaa lo ca ted  In th e  thalamus* This p ro p o sitio n  vas based cm s tu d ie s  

o f p a tie n ts  su ffe r in g  from thalam ic In fa rc ts  (D ejerine-floussy Syndrome) 

vho rep o rted  th a t  they  experienced periods o f  a n e s th e s ia  follow ed by 

p eriods o f  ex c ru c ia tin g  burning  p a in , which were re f ra c to ry  to  an a lg es ic s  

and cordotomy, b u t vere  responsive to  thalmotomy. P a tie n ts  v l th  le s io n s  

o f o th e r  a reas o f th e  b ra in  did  show s im ila r  symptoms I . e .  a n e s th e s ia  o r 

hyperalgesia*  Lesions o f  th e  f ro n ta l  co rtex  d id  produce changes in  a ffe c ­

t iv e  responses to  pa in  bu t c o r t ic a l  a reas were (In  th e  t r a d i t io n a l  view) 

considered to  be o f  secondary importance In th e  percep tion  o f  p a in . In 

summary, th e n , th e  p resen t form o f th e  s p e c i f i s t lc  approach to  pa in  I s  as 

fo llow s: s tim u la tio n  o f  f re e  nerve endings In th e  periphery  cause th e

f i r in g  o f e i th e r  A -d e lta  o r  C -flb e rs  which synapse In th e  sp in a l eord 

and cause th e  f i r in g  o f  sp lno-thalam lc f ib e r s  which then  c a rry  th e  in fo r ­

m ation to  th e  thalam us, vhere a  f in a l  synapse to  th a lam o co rtica l f ib e r s  

o ccu rs.

Challenges to Traditional Theories of Pain

Arguments a g a in s t th e  s p e e l f l s t lc  approach to  pain  a re  many and
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v a r ie d . These argwmnte challenge bo th  th e  fundamental assumptions o f 

a p e d f l e t l e  theo ry  aa v e i l  aa th e  In te rp re ta tio n  o f  th e  experim ental 

d a ta  In  support o f i t .  Meliack (1972) has organised  th ese  c r it ic ism s  

in to  th re e  ca teg o rie s  based on th e  na tu re  o f th e  assum ption: anatom icalr

p h v slo lo g lea l o r p sycho log ical.

Anatomical

T ie anatom ical assumptions probably rep re se n t th e  most obvious but 

th e  le a s t  c ru c ia l  flaw s In s p e c i f ic i ty  th eo ry . Von Frey based h is  propo­

s i t io n  th a t  each rec ep to r  type responded to  one and only one k ind  o f 

sensory Inform ation on deduction ra th e r  than  on firm  experim ental d a ta . 

wor example, he reasoned th a t  since both f re e  nerve endings and a re a s  sen­

s i t iv e  t o  p a in fu l s tim u li were ub iqu itous on th e  sk in  su rfa c e , th a t  th e  

fre e  nerve endings had to  be th e  pa in  re c e p to rs . S im ila r ly , he reasoned 

th a t  because in  h is  s tu d ie s ,  R uffin i end organs vere  found in  a l l  mapped 

areas s e n s it iv e  to  h e a t ,  th a t  th e se  end organs vere sp e c if ic  warmth 

re c e p to rs . However, a ttem pts to  r e p l ic a te  th e se  r e s u l ts  by o ther authors 

(W eddell, 1 0 5 5 ; S in c la i r ,  lQfiTt Meliack and W all, 1962) have been un­

su ccessfu l in  th a t  responses to  h ea t s tim u la tio n  have been found in  areas 

vhere no R uffin i end organa could be lo c a te d .

® hvsiological

The p h y sio lo g ica l evidence In support o f  s p e c i f ic i ty  theo ry  r e l i e s  

on th e  dem onstration o f  pain  s p e c if ic  f ib e r s  which respond to  high 

I n te n s i ty  s tim u la tio n . C r i t ic s  o f  t r a d i t io n a l  th e o r ie s  (Meliack and W all, 

1065) suggest th a t  although s p e c ia lis a t io n  e x is ts  v l th ln  th e  sc n ae s th e tic  

system , th e re  i s  no d ire c t  evidence to  In d ic a te  th a t  a sp e c if ic  f ib e r  

type c a r r ie s  in form ation  concerned w ith d i s t in c t  kinds of se n sa tio n .
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The fe e t  th a t  fib e r*  cu t be found vhich respond to  high In te n s ity  stim u­

la t io n  I s  not s u f f ic ie n t  grounds to  assimw th a t  th ese  f ib e r s  ca rry  "pain" 

inform ation to  "pain  sp e c if ic  c e l l s " .  Meliack s ta te s  t h i s  argument as 

follow*! "The yiew th a t  only th e  c e l l s  th a t  respond ex c lu siv e ly  to  noxious 

s tim u li subserve pa in  and th a t  th e  output o f  a l l  o th er c e l ls  a re  no nor* 

than  background no ise  i s  pu re ly  a  psychological assumption and has no 

p h y sio lo g ica l b a s i s .  P hysio log ica l s p e c ia lis a t io n  i s  a  f a c t  th a t  can be 

re ta in e d  w ithout acceptance o f th e  psycho log ical assumption th a t  pa in  i s  

determined e n t i r e ly  by Impulses In a  s tra ig h t- th ro u g h  tran sm iss io n  system 

from th e  sk in  t o  a pa in  cen te r in  th e  b ra in ."  (M elsack, 1973* P. 136) 

Psychological

The psycholog ical challenge to  s p e c i f ic i ty  theory  h ig h lig h ts  the  

c ru c ia l  Issues in understanding and ap p rec ia tin g  th e  complex na tu re  of 

p a in . Im p lic it in  c la s s ic a l  th e o r ie s  i s  th e  concept th a t  a l l  "pain" 

o r ig in a te s  in ,  and i s  th e re fo re  dependent on, p e rip h e ra l s tim u la tio n .

Tf t h i s  vere  t r u e ,  then  d e s tru c tio n  o f p e rip h e ra l nerve f ib e rs  from an 

a rea  should , in  e f f e c t ,  e lim in a te  com pletely th e  p o s s ib i l i ty  o f  p e r­

ce iv ing  any sensa tions from th a t  a re a . S im ila r ly , i t  would follow  th a t  

s tim u la tio n  o f an a re a  w ith " In ta c t"  neu ra l and sensory s tru c tu re s  should 

give r i s e  to  a re p o r t o r awareness o f  sen sa tio n  in  every and a l l  In s ta n ce s . 

Several k inds o f c l in ic a l  observations c le a r ly  In d ica te  th a t  in  a c tu a l i ty ,  

t h i s  i s  not th e  case . For example, in  a c la s s ic  s tu d y , Beecher (1966), 

found th a t  severe ly  wounded so ld ie rs  o ften  denied th e  ex is ten ce  o f  any 

e a ln  from th e i r  I n ju r ie s ,  y e t sim ultaneously  th ey  were capable o f 

fe e lin g  th e  sensa tion  o f  an in je c t io n .  These p a tie n ts  vere  presumed to  

have In ta c t  neu ra l s tru c tu re s  s in ce  upon t r a n s fe r  from th e  b a t t l e  scene
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they  b e m  to  s u f fe r  pain  fro*  t h e i r  wound*. Thi* c la s s ic  sxa*pl# o f 

"den ia l o f  pa in" can not he s a t i s f a c to r i ly  explained  by t r a d i t io n a l  

th e o r ie s  o f p a in .

A number o f  s tu d ie s  have heen done on p a tie n ts  (Rev. by M elsack,

1 0 7 1 ) v l th  phantom limb p a in , i . e .  amputdes vho re p o rt p a in fu l sen sa tio n s 

fro*  m issing e x t r e a l t i e s , and s tu d ie s  o f  p a tie n ts  v l th  causa lities 

M o le n t  burn in s  sen sa tio n s In p rev iously  In ju re d , bu t o s te n s ib ly  h ea led , 

t i s s u e s ) .  Tn both th ese  a ilm en ts , su b jec ts  rep o rted  th e  sen sa tio n  o f  pain 

fro*  body re s lo n s  vhlch no longer e x is te d  o r fro*  a reas  vhere no apparent 

d ir e c t  s tim u la tio n  had taken  p la c e , I . e .  spontaneous pain* Once a g a in , 

s p e c i f ic i ty  theo ry  can provide no adequate explanation  fo r  th e se  obser­

v a tio n s .

C r i t ic s  o f  t r a d i t io n a l  th e o r ie s  a lso  c i t e  re p o rts  o f p a tie n ts  vho 

have rece ived  su rg ic a l trea tm en t fo r  th e  r e l i e f  o f  chronic p a in . Lesions 

have been p laced  a t  v i r tu a l ly  every le v e l o f th e  nervous system fro *  the  

d o rsa l ro o ts  to  th e  thalam us, y e t in  *any cases (e sp e c ia lly  cau sa lg las) 

r e l i e f  fro*  p a in , i f  i t  o ccu rs , I s  o ften  t r a n s ie n t .  Thus, th e  percep tion  

of pa in  can p e r s i s t  even follow ing massive damage to  th e  nervous sy s te*  

(funderland , 19ffl).

Another le s s  obvious c r l t i d s *  o f  t r a d i t io n a l  theo ry  I s  th e  Im p lic it 

assumption th a t  c e r ta in  sen sa tio n s a re  in h e re n tly  " p a in fu l” * I t  i s  c le a r ,  

however, th a t  th e  n a tu re  o f th e  percep tion  o f a  p a r t ic u la r  stim ulus can 

be s tro n g ly  Influenced  by th e  a f fe c tiv e  and /o r m o tiv a tio n a l s t a te  o f th e  

organism. Tor example, previous experience and c u ltu ra l  determ inants as 

v e i l  as o th e r  s i tu a t io n a l  v a ria b le s  such as a t te n t io n ,  suggestion , and 

e sp e c ia lly  anx ie ty ,have  been shewn to  be ab le  to  In fluence  im ports o f 

naln  se n sa tio n . H il l  e t .  a l .  (1991) performed sosw In te re s t in g  experim ents
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which serve to  i l l u s t r a t e  t h i s  p o in t.  They found th a t  a  given le v e l  o f  

e l e c t r i c a l  shock or hunting  h ea t vaa perceived  aa le s s  p a in fu l under a 

"low anxiety* s i tu a t io n  (by a ssu rin g  th e  su b jec t th a t  he could co n tro l 

th e  wain producing stim ulus) than  under normal o r "high anx ie ty" co n d itio n s.

Tn a d d it io n , they  a lso  dem onstrated th a t  morphine dim inished pa in  In the  

"high anx ie ty" s i tu a t io n  bu t morphine had no demonstrable o f f s e t  in  the  

"low anx ie ty"  s e t t in g .

»o le  o f th e  C entra l Kervous System

Examination o f  th e  evidence from th ese  and numerous o th e r c l in ic a l  

in v e s tig a tio n s  suggested , th a t  a t  th e  very  l e a s t , so c a lle d  "higher" or 

c o r t ic a l  func tions played a much g re a te r  ro le  In  c o n tro llin g  and modifying 

th e  q u a li ty  and in te n s i ty  o f sen sa tio n  which reached aw areness, than c la s s ic a l  

th e o r i s t s  had a t t r ib u te d  to  them. U n til  re c e n tly , however, th e re  was no 

d ire c t  anatom ical evidence to  support th e  hypothesis th a t  c e n tra l  or 

c o r t ic a l  systems were Involved w ith primary sensory fu n c tio n .

A c ru c ia l  advance in  t h i s  a rea  came from post-mortem s tu d ie s  o f 

o a tle n ts  vho had undergone su rg ic a l a n te ro la te ra l  cordotomy (K eels, 1957). 

^hese in v e s tig a tio n s  revealed  a  narked discrepancy between th e  number of 

degenerating  f ib e r s  ascending In th e  sp in a l cord  and th e  number o f  f ib e rs  

e n te r in g  th e  thalam us. Subsequent s tu d ie s ,  both p h y sio lo g ica l and 

anatom ical, dem onstrated th e  ex is ten ce  o f  s p ln o - re t lc u la r  as w ell as 

r e t i c u l a r c o r t i c a l ,  and r e t i c u la r  hypothalamic pathways (Truex and 

f a rn e n te r ,  1069) (Mehler e t .  a l . ,  I 9 6 0 ) . These s tu d ie s  provided th e  

f i r s t  anatom ical evidence ag a in s t th e  t r a d i t io n a l  "transm ission  l in e "  

scmroaeh to  pa in  pathways and , in  a d d itio n , gave credibility to the 
suggestion th a t  r e t i c u la r  as w ell as c o r t ic a l  and lim bic s tru c tu re s
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could d ir e c t ly  Influence (v ia  ascending end deecendlnit m echanipw) th e  

e u a l l ty  end q u a n tity  o f  som asthetlc input*

Modern Concepts o f  f a in

The weaknesses o f  e p e c i f i d t y  theory  vere  not inapparen t to  e a rly  

in v e s tig a to rs , One o f th e  f i r s t  and most in te r e s t in g  a l te rn a t iv e  th e o r ie s  

was fo rv u la ted  by G oldschelder (Rev. by M eliack, 1973). Re began, i n i t i a l l y ,  

by rev iev in*  s tu d ies  performed on p a tie n ts  v i th  Tabes D o rsa lis  (n eu ro e y p h ilis ) . 

He noted th a t  one o f  th e  major symptoms in  th e se  cases v ere  changes In 

th e  s p a t ia l  and tem poral pe rcep tion  o f som atic in p u t. One o f th e  most 

p e c u lia r  fin d in g s vas th e  observation  th a t  "mild" s tim u li ap p lied  over 

a  oerlod  o f  tim e e v en tu a lly  became extrem ely p a in fu l (tem poral summation).

In  a d d it io n , th e se  p a tie n ts  dem onstrated extrem ely long la te n c ie s  betveen 

th e  a p o llca tlo n  of a stim ulus and th e  onset o f  pain  (sometimes up to  one 

m inute). Ooldachelder (ifoordenboos, 1959) reasoned th a t  a  c e n tra l  (d o rsa l 

horn) sumnatlng process must be d i r e c t ly  involved in  th e  s o r tin g  out o f 

somatic in fo rm ation . Re reasoned th a t  a p a r t ic u la r  p a tte rn  o r p a tte rn s  

o f nerve lrnmilses vere  necessary  to  produce th i s  summation and th a t  a t 

some " c r i t i c a l ” le v e l ,  o rd inary  o r  nonnoxious s tim u la tio n  could evoke 

n a ln fu l se n sa tio n s .

The o r ig in a l  "p a tte rn  theo ry" has been m odified by a  number o f  au th o rs . 

Weddell (1055) and S in c la ir  (1955) suggested th a t  s p a t ia l  and tem poral 

suamatlng meehanlsms would, in  them selves, ex p la in  a l l  p a in  phenomena, 

proposing th a t  n o n -sp ec ific  rec ep to rs  v e re  re sp o n sib le  fo r  genera ting  

th e se  im pulses. They thus dim inished th e  s ig n if ic a n c e  o f p h y sio lo g ica l 

s p e c i f ic i ty  o f th e  p e rip h e ra l rec ep to rs  in  th e  o v e ra ll schema o f  "pain" 

p e rcep tio n .
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L ivingston (191*3) v u  th e  f l r e t  t e  propose e e a n tra l  aeehan lsa  as a  

b a s is  fo r  th e  various p a th o lo g ica l pa in  s t a t e s ,  e .g . phaotosi l la b  pain  and 

c a u sa lg la s , Re suggested th a t  seas d istu rbance  must be occurring  which 

s e t s  up a  " rev e rb e ra tin g  c i r c u i t "  In  neuronal pools o f  th e  sp in a l cord . He 

reasoned th a t  such c i r c u i t s  were re sp o n sib le  fo r  th e  maintenance of chronic 

pain  s t a te s .  One flaw In t h i s  and o th e r  ex tensions o f  p a tte rn  theo ry  I s  th a t  

I t  f a l l s  to  exp la in  why su rg ic a l le s io n s  In th e  sp in a l cord very  o ften  f a l l  

t o  e l l a ln a te  chronic pa in  (White and Sweet, 1969).

Roordenboes (1959) suggested th a t  a  sp e c ia lis e d  Input c o n tro llin g  ays- 

te a  n o ra a lly  p reven ts suaaa tlo n  frcsi occurring  and th a t  d e s tru c tio n  o f  t h i s  

syeten  lead s  to  p a th o lo g ica l p d ln . This sy sten  was hypothesised to  be con- 

posed o f  a rap id  conducting In h ib ito ry  (^ re l ln a te d , new, e p lc r l t l c )  coaponent 

and a  slow er conducting (im -m yelinated, o ld , p re to p a th lc )  coaponent which 

to g e th e r  tran sm it sensory in form ation  from th e  p e rip h e ry . In  p a th o lo g ica l 

p a in  s t a t e s ,  th e  f a s t  system was sa id  to  lo se  I t s  dominance over th e  slower 

s y s te a ,r e s u l t in g  in  h y p e ra lg es ia . Thus a  r a t io  o f  la rg e  to  s a a l l  f ib e r  In ­

p u ts  would determ ine th e  n a tu re  o f  som atic Input (Melsack, 1973).

As p rev io u sly  d iscu ssed . I t  was w ell acknowledged th a t  a  wether o f 

psycho log ical v a r ia b le s ,  e .g .  m otivation  and a t te n t io n ,  e t c . ,  could s tro n g ly  

In fluence  whether a  stim ulus was, in  f a c t ,  "p a in fu l" . O nfortunately  such 

v a ria b le s  were not accounted fo r  in  t r a d i t io n a l  th e o r ie s ,  B harriagton (1906) 

was probably th e  f i r s t  t o  form ally  a s s e r t  th a t  th e  b ra in  d id  not process in ­

p u t w ith "abso lu te  in d iffe re n c e "  and he s ta te d  th a t  " a f fe c t iv e  te a s  I s  an 

a t t r ib u te  o f  a l l  se n sa tio n " , Bven so , u n t i l  re c e n tly  co g n itiv e  aad /o r
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■ o t ln t lo n a l  p rocesses were rtl»nw t«4 to  a  secondary p o a itio n  In pain  

th e o r ie s .  8ueh fa c to r* , as anx ie ty  o r co n d itio n in g , v a ra  ra fa r ra d  to  aa 

c o n tr ib u tin g  to  th e  " re a c tio n  component" o f  pa in  ra th e r  than  being  consid­

ered  a* p a r a l le l  ln flnancaa  which could In te ra c t  d i r e c t ly  w ith  atnaory  

proceaaea (M elsack, 19T3). 

qa te -C on tro l Theory

Of a l l  th e  modern th e o r le a  o f  p a in , th e  "Oate-Control Theory" o f  

Melxack and V ail (196?) ha* received  th e  g re a te a t amount o f  a tte n t io n  

and haa provoked th e  ao a t con troversy . The o r ig in a to rs  o f  th la  theory  

nought t o  form ulate an In teg ra te d  and comprehensive theo ry  o f  p a in  vhich  

could account fo r  a l l  th e  various phenomena otherw ise unexplained by p re ­

vious th e o r le a , e .g .  th e  ro le  o f  tsaq>oral sw H atlo n , p h y sio lo g ica l sp e c ia l­

i s a t io n ,  and a f fe c t iv e  proceaaea, e tc .

The "da te  Theory" proposes " th a t  a  neu ra l mechanism (T c e l ls )  In  th e  

d o rsa l horns o f  th e  sp in a l cord a c t l ik e  a g a te  which can Increase  or 

decrease  th e  flow o f  nerve Impulses from p e rip h e ra l f ib e r s  to  th e  c e n tra l  

nervdms system. Somatic Input I s  th e re fo re  sub jected  to  th e  modulatory 

In fluence  o f  th e  gate  befo re  I t  evokes pain  pe rcep tion  end response. The 

degree to  which th e  gate  Increases o r decreases sensory tran a n la s lo n  I s  

determ ined by th e  r e la t iv e  a c t iv i ty  In  la rg e  diam eter (A-beta) and sm all 

d lo w te r  (A -de lta  and C) f ib e r s  and by descending In fluences from th e  

b ra in .  When th e  amount o f  Inform ation th a t  passes through th e  g a ts  exceeds 

a  c r i t i c a l  le v e l ,  I t  a c t iv a te s  th e  neura l a reas  resp o n sib le  fo r  pa in  ex­

perience  and response", (M eltack, 1973, P. 153).
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The "O ate-Control Theory" v u  I n i t i a l l y  received  w ith a good daal 

o f  enthusiasm  because I t  teesed  to  provide a  s a t is f a c to ry  exp lanation  fo r  

a v a r ie ty  o f phenomena, e .g .  p a th o lo g ica l pa in  s ta te s  and descending 

c o r t ic a l  In flu en c es , e tc .  U nfo rtunate ly , o f l a t e ,  th e  "Oate-Theory" has 

engendered a t r e a t  deal o f  c r l t l c l s n  (Campbell and Taub, 1973) (Schmidt,

1 0 7 2 ) and wuch o f  th e  experim ental evidence In support o f  th e  theory  has 

been d isp u ted .

The "Gate-Theory" had o r ig in a lly  evolved as a consequence o f  s tu d ie s  

(Iggo, 1 0 6 0 ) whose goal was to  lo c a te  s n a i l  f ib e r s  which responded to  

noc icep tive  s t l n u l l .  These s tu d ie s  were unsuccessfu l In  th a t  very few 

p e rip h e ra l f ib e r s  conducted ln p u lses  follow ing s tim u la tio n  o f nocicep tors 

( f re e  nerve end ings). In  ad d itio n  s n a l le r  f ib e rs  were found to  be s e n s it iv e  

to  l ig h t  t a c t i l e ,  bu t not noxious, s t im u li .  These r e s u l ts  were in  apparent 

c o n tra d ic tio n  w ith  e a r l i e r  experim ents (Bishop and le in b ee k e r, 193?) which 

had dem onstrated th a t  d ire c t  e le c t r i c a l  s tim u la tio n  o f  nerve f ib e r s , su f­

f ic ie n t  t o  e l i c i t  th e  f i r in g  o f  sm all nerve f ib e r s ,  produced p a in . The 

"O ate-Control Theory*' w ith I t s  concept o f negative  feedback in h ib i t io n ,  

was, in  essen ce , an attem pt to  reso lv e  t h i s  apparent paradox (Taub, 197*0.

V ail and Sweet (1967) r e a l is e d  th e  p o ss ib le  c l in ic a l  im p lica tions 

o f  a  negative  feedback system. Using Im planted e le c tro d e s , they  e le c t r i c a l ly  

s tim u la ted  th e  p e rip h e ra l nerves o f  p a tie n ts  su ffe r in g  from various kinds 

o f chronic p a in . They rep o rte d  th a t  tem porary pain  r e l i e f  was provided 

by th ese  trea tm en ts . Bo a c tio n  p o te n tia l  o r o ther e le c tro p h y slo lo g lc a l 

d a ta , which could d i r e c t ly  su b s ta n tia te  a  negative  feedback system , was 

provided In t h i s  o r o th e r  s im ila r  s tu d ie s  (Meyer and F ie ld ,  1972), Bone- 

th e le s s ,  I t  was claimed th a t  th e  an a lg es ia  produced was a  consequence o f
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d ir e c t  s tim u la tio n  o f  la rg e  f ib e r s .  Tho success o f " lo c a l percutaneous 

e lo c t r ic a l  an a lg esia"  and a s im ila r  technique invo lv ing  a la c t r i c a l  stim u- 

la t lo n  o f  th a  do raa l colimms o f  th a  ap lna l cord  fo r  r a l l a f  o f  pa in  (ffashold 

and Friedman, 19T2) vara  subsequently invoked aa "proef" of th a  v a l id i ty  

o f  th e  "G ate-Control Theory",

E lec tro p h y sio lo g ica l e tud iee  by Tauh (197*0 and o thara  (Schmidt, 19T3) 

have shown th a t  a l a c t r i c a l  a n a lg es ia  appears to  occur no t by se le c tiv e  

s tim u la tio n  o f  la rg e  f ib e r s ,  bu t ra th e r  on th e  c o n tra ry , by th a  blockade 

o f th a  sm aller C and A -delta  f ib e r s .

In  a d d it io n , Taub (197*0 found th a t  blockade o f t a c t i l e  pa in  only 

occurred a t or near le v e ls  a t vhlch pain  was rep o rted  fToa e le c t r i c a l  

s tim u la tio n  a lone . Taub th e re fo re  concluded th a t  e le c t r i c a l  an a lg es ia  

la  th e  r e s u l t  o f  d i r e c t  b lockade, probably by fa t ig u e , o f th e  f i r in g  o f 

sensory f i b e r s ,  r a th e r  than a r is in g  by a sp in a l "gating" nechanisa. He 

fu r th e r  suggested th a t  D orsal Colunn S tim ulation  a c ts  by c re a tin g  a  func­

t io n a l  sp in a l cord tra n s e c tio n  and not by "JaMsing" a  "g a te -eo n tro l"  

mechanism.

Summary

I t  should now be c le a r  th a t  in  th e  f i e ld  o f  pa in  re se a rc h , th e re  a re  

numerous th e o rie s  but a lso  disagreem ent over the  experim ental r e s u l ts .  The "Gate- 

Control Theory" and o th e r  s im ila r  modern approaches to  th e  atudy o f pa in  

have served a t  th e  very le a a t  to  s t r e s s  th e  Importance o f cogn itiv e  and 

a ffe c tiv e  p rocesses in  th e  percep tion  o f p a in . I t  should a lso  be ev iden t 

th a t  any study o f pa in  o r re la te d  phenomena can not Ignore such considera­

t io n s  in  t h e i r  experim ental design . U nfo rtunate ly , such fa c to rs  aa motiv­

a t io n ,  and le a rn in g , e tc .  ore o ften  neg lected  In  s tu d ie s  pu rpo rting  to  

eva lua te  th e  n a tu re  o f pharm acologically  produced a n a lg es ia . I t  i s  th i s
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l a s t  p o in t which 1« p a r t ic u la r ly  re le v an t to  th e  p resen t study and w il l  

he d iscussed In g re a te r  d e ta il*
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Analgesic Teet» tad  th e  Measurement o f  Pain

"There e re  fev problems as complex, as f r u s t r a t in g ,  
end y e t ea challenging  ee th e  su b jec t o f pain  and 
I t a  measurement, There a re  few f ie ld a  in  pharma­
c o lo g ica l l i t e r a tu r e  th a t  can leave th e  read er f e e l­
ing aa confuaed aa thoae p e rta in in g  to  th e  measure- 
aen t o f  p a in ."  (F o ldes, a t .  a l . ,  196U. P. 113)*

A nalgesic or a n tin o c icep tiv e  agents a re  broadly  defined  aa drugs which 

d ln ln iah  th e  percep tion  o f ,  o r reaponae to ,  noxioua a t i a u l i .  They are  

d is tin g u ish ed  f ro a  general and lo c a l a n e s th e tic s  in  th a t  u n lik e  th e  fo m e r , 

they  can re l ie v e  pa in  w ithout producing unconsciousness, and fro a  th e  l a t t e r  

in  th a t  they  do no t prevent th e  tran a a iaa lo n  o f  nerve lnpu lees f ro a  the 

p o in t o f  con tact to  th e  c e n tra l  nervous ayatea .

Turner (1965) has c la s s i f ie d  ana lgesics in to  th ree  broad c a teg o rie s

based on th e  s i t e  o f  action !

1) P e rip h e ra l a n tip y re tic s  (e .g . s a l ic y l ic  acid ) which 
a re  analgesic  to  ln f la a s d  t is s u e  where they  decrease 
ten p e ra tu re  and re lie v e  edema.

?) Hypothalamic a n tip y re tic s  (e .g . aa ln o p y rin e ). which 
a re  an a lg esic  to  normal and ln f la a s d  t is s u e  and a lso  
dim inish edema,

3) N arcotic  an a lg es ic s  which a c t on normal and ln f la a sd  
t is s u e s  but do not e f f e c t  t e ^ e r a tu r e  o r edeaa.

Most standard  an a lg es ic  t e s t s  which a re  employed fo r  ev a lu a tin g  po ten t

n a re e tic  a n a lg e s ic s ,e .g . morphine, a re  w ith few ex cep tio n s, in se n s it iv e

to  n en -n a rco tlc  a g e n ts ,e .g . propoxyphene and a s p i r in ,  except a t  to x ic

doses.

Analgesic Tests
The p ro b la u  o f  accu ra te ly  eva lua ting  an a lg es ic  agents in  animals 

and in  nan has been a perp lex ing  one fo r  pharm acolog ists. The v a s t nuaber 

o f  pharm acological procedures designed fo r  t h i s  purpose over th e  l a s t  f i f t y
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y sa rs  la  an in d ic a tio n  o f  th a  d i f f ic u l t ly *  inharan t in  th la  f l a ld .

The s tro n g e s t obataclaa  h indering  an accu ra te  ev a lu a tio n  o f  th e  "pain” 

re l ie v in g  q u a l i t ie s  o f  analgesic*  a te a  f ro a  th e  arguments p resen ted  in  

th e  previous se c tio n  on pain* Since I t  la  ev iden t th a t  pa in  Is  a  subjec­

t iv e  phenomena, th e re fo re  any aeasu reaen t aade by an observer can only 

r e f l e c t  vhat i s  presuaed to  be th e  re a c tio n  to  a  "p a in fu l"  s t ia u lu s  ra th e r  

than  th e  "pain" i t s e l f .  I b is  p rob lea  I s  not a e re ly  se aa n tlc  and I s  espec­

i a l l y  s ig n if ic a n t  In  a n ia a l s tu d ie s ,  where i t  beccaes necessary  to  ask 

se v e ra l questions when In te rp re tin g  e x p e rla e n ta l data :

1 ) hoes th e  a n ia a l recognise  as p a in fu l ,  th e  s t ia u lu s  
employed?

2) I s  th e  response o r lack  o f  response in  a su b je c t aa 
In d ic a tio n  o f  a n a lg es ia  o r o f  soae o th er e f f e c t ,e .g .  
neuresrascular blockade?

1) Vhat I s  th e  behav io ra l ( a o t iv a t lo c a l  s ta te )  o f  th e  
su b je c t w ith re sp ec t to  th e  te s t in g  environm ent, I . e .  
does th e  su b je c t rece iv e  any reward or p o s it iv e  or 
negative  re ln fo re e a e n t fo r  a  p a r t ic u la r  response?
*or example, w il l  th e  production  o f  a p a r t ic u la r  r e ­
sponse by a su b jec t cause te ru ln s t lo n  o f  a  t e s t  and 
th e re fo re  o f th e  aversive  s t ia u lu s?

This l a s t  question  re q u ire s  fu r th e r  d iscu ss io n . Xn alm ost a l l  

animal experim entation , no n a t te r  how s o p h is tic a te d , th e  response(s) 

measured i s  only th e  end product o f  th e  in te ra c t io n  o f many fac to rs*  In 

analgeslm etrv , t h i s  may e n ta i l  a  su b tle  in te rp la y  between th e  t e s t  e n v ir­

onment* th e  p h y sio lo g ica l and /o r th e  behav io ra l a c tio n s  o f  th e  drug, and 

th e  m o tiva tional s t a te  o f  th e  organism being t e s te d , .  For exaaqple, Kayan 

e t . a l .  (l<)69) dem onstrated th a t  p r io r  exposures to  a ta s t in g  s i tu a t io n  could 

in flu en ce  th e  response o f  mice in  a procedure fo r  ev a lu a tin g  an a lg es ic  

to le ra n c e . S im ila r ly , Oebhart and M itch e ll (19T1) showed th a t  m odiflea-
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t lo n e  In  th e  t e e t  apparatus alone vere  e u f f le ie n t  to  cause change* In 

th e  an a lg es ic  reapenae. In  ano ther a e t o f  experim ents, Oehhart e t , a l .

(197?) shoved th a t  a tre a a  ( r e a t r a ln t  o r no lae) could in fluence  subsequent 

performance in  an an a lg es le  te a t*  In add ition*  Jacob (1963f et*  a l . , 1966) 

demon a t  ra te d  th a t  a s ig n if ic a n t  le a rn in g  component e x is ts  even fo r  th e  

supposedly "sim ple" jumping reapenae coM only measured In  th e  "hot p la te '1 

technique* Tama.ro and Contreraa (1970) found th a t  p r io r  exposure to  a 

te e t in *  a i tu a t lo n  could In fluence  th e  re a u l ta  o f a n a lg e s ia e try  in  one kind 

o f  t e a t ,  " ta i  1-p in c h ,"  b u t no t in  th e  "hot p la te "  method.

Thua, aa vaa emphasised in  th e  aec tio n  on pain* co na idera tion  o f  be­

ll a r i  o ra l  v a rla b le a  la  o f  paramount Importance in  coaq>arlng and ev a lu a tin g  

a tud lea  o f  a n a lg e s ia  and an a lg esic  ag en ts , e sp e c ia lly  in  th e  l i ( A t  o f  th e  

work o f  H il l  e t .  a l .  (1952), which haa been m entioned, an th e  in fluence  

o f  an x ie ty  on a n a lg es ic  meaaurement. N onetheless,  moat atandard analgesic  

t e a t  a meaeure only a  em ail p a r t  o f  vhat l a  c e r ta in ly  a  moat eoq ilex  phenoawna. 

Tet moat au thors tak e  fo r  g ran ted  th a t  th e  behavior o r  behaviora evaluated  

in  t h e i r  procedure a r e ,  in  f a c t ,  d i r e c t ly  measuring p a in  (or a n a lg e s ia ) .

One la a t  p o in t i a  worth m entioning in  th la  c o n te x t, th e  d iffe ren c e  

between so -c a lle d  "p a th o lo g ica l pa in" and "experim ental p a in " . In  human 

a tu d le a , i t  haa o f te n  been noted t h a t ,  a n a lg es ic s  (e e p ec ia lly  non-narco tic  

agen ts) a re  more e f f e c t iv e  in  re l ie v in g  experim entally  Induced p a in  (from 

o ln -p rlc k  o r  ra d ia n t h e a t)  than  they  a re  in  d im inish ing  p a th o lo g ica l pa in  

as in  cancer e tc .  Thla d iscrepancy i s  g en era lly  a sc rib ed  to  d iffe ren c e s  

In  m otivation  ra th e r  than  th e  source o f  d lscoarfo rt, i . e .  th e  normal 

h ea lth y  su b je c ts  a re  sa id  to  be cognisant o f  th e  t r a n s i to ry  na tu re  o f  th e  

t e a t  s i tu a t io n ,  whereas th e  a c tu a l p a t ie n ts  req u ire d  more r e l i e f  due to
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th a  chronic na tu re  o f  t h e i r  cond ition  (K eele, 1959). Thla l e s t  example 

serves to  re in fo rc e , once axa ln , th e  Importance o f  th e  "o v e ra ll  a ta te  o f the 

orrantsm " In eva lua ting  an a lg es ia .

Animal Algeslmctry

'''he an a lg esia  t e s ta  In  c a n o n  use range from crude to  e legan t 

and Include procedures which measure th e  sim plest re f le x e s  as w ell as the  

most complex learned  responses. P a rt o f th e  reason fo r  the  vide v a r ie ty  o f  

a n a lre s lc  t e s t s  I s  re la te d  to  th e  o r ig in a l impetus fo r  th e  design o f  such t e s t s ,  

which was, In  e f f e c t ,  to  provide a simple and r e l ia b le  means o f screening  new 

compounds fo r  ana lgesic  a c t iv i ty .  As a consequence, e a r ly  In v e s tig a to rs  were 

not In te re s te d  In th e  s p e c i f ic i ty  o f th e se  t e s t s  fo r d e te c tin g  " d is t in c t  an a l­

gesle  p ro p e r t ie s " , but In stead  they  were more In te re s te d  in  find ing  q u a n tita tiv e  

methods fo r  se le c tin g  compounds w ith p o te n t ia l  fo r  fu r th e r  c l in ic a l  s tu d ie s . 

*"hus, th e se  w orkers, and to  a wide e x te n t, most au thors in  th e  f i e ld  d id  not 

attem pt to  a sc e r ta in  th e  n a tu re  o f ,  o r th e  p ro cess(s) underlying th e  behavior 

they  were measuring.

As a r e s u l t ,  standard  te s t in g  methods employed today , although w idely 

used and re fe rre d  t o ,  a re  r a th e r  n o n -sp ec ific  in  th a t  non-analgesic  agents 

e l i e l t  comparable r e s u l ts  to  those  obtained by known analgesic  ag en ts . Sim­

i l a r l y ,  th e  r e la t iv e  po tenc ies o f some agents nay vary  from t e s t  to  t e s t .

'hie example o f t h i s  was th e  find ing  th a t  nalorphine (a  p a r t i a l  agon ist) 

demonstrated no analgesic  a c t iv i ty  as measured by th e  T a l l - f l ic k  t e s t  (V in te r, 

10*5) (Woude, 10*T), y e t t h i s  drug was known to  have analgesic  a c tio n s  in  man 

and, in  a d d itio n . I t  was l a t e r  found th a t  nalorphine had ana lgesic  a c t iv i ty  

when measured by another te s t in g  procedure (abdominal s tre tc h in g )  (B entley e t .  

*1 . ,  10*5).

Another problem encountered In  examining th e  l i t e r a t u r e  In t h i s  f i e ld
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la  th a t  th e  so -c a lle d  standard  te s t in g  procedures, e .g . H ot-P lata  (n lca ) 

and T a ll-F lle k  ( r a t )  a ra  o ften  M odified In  a v a r ie ty  o f  fash ions to  s u i t  th a  

needs o f  Ind iv idua l In v e s tig a tio n a , 8ueh m od ifica tions Introduce another 

confounding v a ria b le  aa work by Jacob (1962) has c le a r ly  dem onstrated, He 

found, aa *111  be d iscussed  below, th a t  th e  o rd e r o f  potency and r e la t iv e  

a c t iv i ty  o f  c e r ta in  an a lg es ic s  nay vary w ith  changes in  s t ia u lu s  level*  

C la s s if ic a tio n  o f  Analgesic T ests

Analgesic t e a t s  can be c la s s i f ie d  In two general ways, f i r s t  according 

to  stim ulus q u a lity !  l )  chemical 2) e le c t r i c a l  3) therm al and M Mechanical* 

and second, according to  th e  Method o f  q u a n tif ic a tio n  employed. In  th is  

respect*  procedures can fu r th e r  be subdivided In to  tvo  ca teg o rie s  based on 

whether o r no t th e  stim ulus In te n s ity  I s  kept co n stan t.

In  one case* constan t In ten s ity *  th e  a c t iv i ty  o f  aa agent I s  assessed  

In r e la t io n  to  th e  disappearance o f  a response. In  t h i s  manner an " a l l  o r 

none” response allow s fo r  d l r e e t  q u a n ti ta t iv e  evaluation* aa In  th e  ”T a il-  

C llp” Method In  which th e  f a i lu r e  o f  a mouse to  attem pt to  d islodge a  t a l l  

elamp (app lied  a t  a constan t p ressu re  fo r  a fixed  amount o f tim e) I s  regarded 

a s  a measure o f  a n a lg e s ia . Oraded responses may a lso  be used, fo r  example, 

la te n c ie s  o f  response can be measured in  th e  T a ll-C llp  method* which a re  

then  evaluated  w ith re sp ec t to  standard  o r c o n tro l v a lu es . S im ilarly* some 

d i r e c t ly  Measurable param eter nay be employed*e.g. th e  number o f  p e rito n e a l 

s tre tc h in g  In th e  lu tra -p e r l to n e a l  w rith in g  te s t*

In  th e  second case drug a c t iv i ty  i s  Measured In  r e la t io n  to  a  stim ulus 

param eter req u ired  fo r  th e  production o f  a  given response . This param eter 

may Involve changes In  bo th  du ra tion  and In te n s ity  o f  s tim u la tio n .

In  a o t t  standard  t e s t s ,  th e  stim ulus s tre n g th  I s  kep t constan t and response



20

delay (re a c tio n  t in e )  la  Measured, These t e a t s  perm it th e  use o f  la rg e  

numbers o f  s u b je c ts , but con ta in  th e  draebaek o f  in troducing  a rb i t r a ry  c u t ­

o f f  tim es which can skew r e s u l t s .

In s i tu a t io n s  where the  stim ulus du ra tion  I s  kep t eo n e taa t, th resh o ld s 

a re  measured. One a u th o r, (Jacob, 1966), argues t h a t ,  in  p ra c t ic e , stim ulus 

d u ra tio n  Is  not t r u ly  held  C onstant, since  I t  (d u ra tio n ) f lu c tu a te s  during 

th e  tim e when th re sh o ld  values a re  being  sought. S im ila r ly , when du ra tion  

I s  kept c o n s ta n t, r e p e t i t io n  o f  th e  stim ulus I s  necessary . These procedures, 

however, a re  considered  to  be more "accu ra te '' than  th ese  using  constan t in ­

te n s i ty  because they  a re  le s s  Influenced  by a rb i t r a ry  "cu t o ff"  va lues. 

T a ll-F llc k  Method

Probably th e  o ld e s t and most p ro to ty p ic a l o f  th e  standard  analgesic  

t e s t s  Is  th e  T a ll-F llc k  method o r ig in a l ly  designed by D'amour and Smith (19^1). 

They used r a t s  as  th e  t e s t  animal and a  bean o f  l ig h t  on th e  term ina l p a rt 

o f  th e  ra t* s  t a l l  as th e  stim u lus. I t  was found th a t  th e  normal a n ia a l 

responded In a n a t te r  o f  seconds by removing i t s  t a l l  fro a  th e  bean of 

l i g h t .  The c r i te r io n  fo r  th e  ac tio n  o f  an an a lg esic  drug was f a i lu r e  to  

neve th e  t a l l  out o f  th e  beam w ith in  a  sp e c if ic  tim e l im i t  (V in te r, 196?) 

(B onnycastle, 1 9 6 2 ) .

An e a r ly  m od ifica tion  o f  t h i s  technique was th e  darkening o f  th e  r a t ' s  

t a l l  In  o rder to  In te n s ify  th e  stim u lus. One drawback o f  th is  and s im ila r  

m od ifica tions was th e  production  o f  t i s s u e  dasuge, e sp e c ia lly  In  s i tu a t io n s  

There repeated  determ inations were performed on th e  sane anim al, o r  when 

th e  more p o ten t an a lg es ic s  were being  te s te d ,e .g .  norphihe (Doner, 1971)*

A l a t e r  m od ifica tion  (Bonuyeastle and Leonard, 1970) sought to  elim ­

in a te  th e  problem o f  t i s s u e  damage by using  p re - tra ln e d  r a t s .  I t  was
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found th a t  a  t r a in in g  period  vas necessary  befo re  naive r a te  "learned" 

to  eaeaoe th e  be a s . Moet r a te  learned  th e  reeponee follow ing aevara l 

te s t in g  eesftlons and non -lea rners were e lim ina ted , Previous observations 

by Volf* and Hardy (lOVf) had ehovn th a t  th e  s t ia u lu s  du ra tion  necessary  

to  e l l e l t  a "pain response" was approxim ately h a lf  th a t  req u ired  to  produce 

t is s u e  dsnage. The au thors (Bonnycastle and Leonard, 1950) sought to  con­

t r o l  th e  du ra tion  o f  th e  stlonilus In o rder to  prevent t i s s u e  damage. This 

was accomplished by determ ining th e  normal re a c tio n  tim e fb r each r a t  In 

an experim ental group. The mean re a c tio n  time (m u ltip lie d  by a  fa c to r)  

vaa then  employed as a cu t o f f  o r  "normal allow able period  o f  s tim u la tio n "  

(B onnycastle, 1962 ) .  Proponents o f  t h i s  method claim  th a t  t h i s  m odified 

T a l l - f l lc k  t e s t  i s  s e n s it iv e  to  a broad range o f  a n a lg e s ic s ,I .e .  from as­

p i r in  to  morphine, (V in te r, 1965 ) .

A number o f  au tho rs d isagree  w ith th ese  f in d in g s . Sons in v e s tig a to rs  

fe e l th a t  th e  stim ulus In te n s ity  used In th e  Bonnycastle procedure i s  too 

weak and th a t  t h i s  tends to  generate  broad v a r ia tio n s  In normal rea c tio n  

tim es. Other au thors (V in te r, 1965) have found th a t  t r a in in g  d id  not ln -  

urove th e  s e n s i t iv i ty  o f  th e  t e s t .  H esuits o f  experim ents w ith m ild an a l­

g esics have been In co n s is ten t and one In v e s tig a to r  suggests th a t  responses 

observed v l th  th ese  drugs a re  to x ic  re a c tio n s  (fflcak, 196b) (Jacob, 1966).

Jacob p o in ts  out In h is  review o f  th e  su b jec t (1966) th a t  t h i s  t e s t  

(T n ll-P llek ) I s  u n sa tis fa c to ry  as a means o f  ev a lu a tin g  a n a lg es ia  because 

n e t only  are  th e  anim als r e s tra in e d , b u t ,  In  a d d itio n , th e  measured re ­

sponse ( t a l l - f l l c k )  Involves such a low o rder o f  sensorim otor coo rd ination  

th a t  I t  can be e l i c i t e d  even in  chordotomlsed anim als (Bonds, 1967).

n o n e th e le ss , th e  T a l l - f l lc k  t e s t  1« w idely used and a number o f  new
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n o d lf lc a tlo n s  been developed. One o f  theae  (Janssen e t .  a l . ,  1963) 

c o n s is ts  o f  s ta p ly  ( in  p iece  o f  th e  ra d ia n t heat source) la a e rs ln g  th e  r a t ' s  

t a l l  In  hot v o te r .  In o th e r v a r ia tio n s  (lficak, 196*0 u ltra so u n d , as v e i l  

as aeehen lea l and e l e c t r i c a l  s t l a u l l ,  a re  aaployed. E le c t r ic a l  s t l a u l l  

appeared to  produce nore "s tru g g lin g "  than  t a i l - f l i c k i n g  and se v e ra l au thors 

have Ignored th e  t a l l - f l l c k ,  and chosen to  reco rd  th e  " s tru g g le "  response 

In s tead  (E reo ll and L ev is, 10k?),

* a il-C llp  Method

The * a i1 -C lip  nethod I s  ano ther o f  th e  standard  procedures fo r  screen­

ing  a n a lg e s ic s . I t  vas in troduced and e x ten siv e ly  s tu d ied  by Blanchl and 

^raneeechin i (195*0, In t h i s  t e s t ,  a le e  a re  In jec te d  v l th  a standard  dose 

o f  a s tb s tan ce  and then  th e  c l i p ,  fa b ric a te d  fro a  an a r t e r i a l  c laap  vhlch 

I s  enclosed In a rubber eas in g , I s  app lied  to  th e  base o f  th e  t a l l  fo r  a  

fixed  len g th  o f  t l a e  (30 seconds). U ntreated a le e  s t t e a p t  to  roaovc the  

c l i p ,  whereas t r e a te d  a le e  a re  found to  be in d if fe re n t  to  I t .  Control va lues 

a re  ob tained  by a d ju s tin g  th e  d i p  p ressu re  to  a  le v e l J u s t  s u f f ic ie n t  such 

th a t  a l l  naive c o n tro l a le e  a t te a p t  to  d islodge  I t  (T urner, 1965)*

C alcu la tions o f  potency a re  aade on th e  b a s is  o f  th e  percen t o f  a le e  

vhlch respond to  a given dose. Thus, t h i s  t e s t  f i t s  In to  th e  fix ed  s t ia u lu s  

du ra tion  " a l l  o r  none" ca tego ry . Soae au th o rs  c la la  th a t  t h i s  t e s t  la  aa 

lnproueaent over t e s t s  which use th e ra a l  s t l a u l l , I . e .  h o t-p la te  and t a l l -  

f l l c k .  *hey contend th a t  th e  response to  aeeh aa lca l s t la u la t lo n  re q u ire s  

"h igher o rder"  (su p ra sp in a l) In te g ra tio n .

One n o d if le a tio n  o f  th e  "T a ll-C llp "  t e s t  vas designed by Blanchl and 

havid ( lo 6ft). R ather than a d ju s tin g  th e  c l i p  p ressu re  u n t i l  a c r i te r io n  

o f  100* response vas reached , th ey  s la p ly  e l la ln a te d  a l l  a le e  vhlch d id
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not respond w ith in  13 seconds. Thsss a le e  then se rred  as t h e i r  own con­

t r o l s  when r e te s t in g  occurred follow ing drag  a d m in is tra tio n .

Csndal Honpresslcc

Another t e s t ,  "Csndal Compression", I s  somewhat nore complex than  those  

p re rio u a ly  nen tlened , (Oreen and Toung, 1931) (Doner, 1971), The apparatus 

fo r  t h i s  procedure I s  designed to  produce a uniform ly In creasin g  p ressu re  

on a r a t ' s  t a l l .  I t  c o n s is ts  o f  two sy ringes connected t i p  to  t i p  hy neons 

o f  a  f le x ib le  and p o rtab le  f lu id  f i l l e d  tu b e . A s id e  arm o f th e  tube I s  

connected to  a  nanometer, '"he r a t ' s  t a l l  I s  p laced between th e  plunger 

o f  one syringe and a s ta tio n a ry  su rface . In t h i s  manner, uniform p ressu re  

on th e  o th e r  sy ringe  compresses th e  t a l l  and a lso  r e g is te r s  on th e  nanome­

t e r .  Responses a re  recorded when th e  r a t 'b e g in s  to  s tru g g le  or when I t  

v o c a lise s  w ith a  squeak. An a rb i t r a r y  Index o f  a n a lg es ia  I s  enp loysd ,e ,g , 

when th e  squeak th re sh o ld  la  double th a t  o f a c o n tro l group,

R o t-P la te  Method

Although th e  t a l l - f l l c k  t e s t  I s  probably th e  most commonly used pro­

cedure fo r  b lin d  sc reen in g , th e  h o t-p la te  t e s t  I s  ceosmnly employed In 

experim ents where to le ran c e  and o th e r  pharm acological phenomena a re  being 

s tu d ied .

The o r ig in a l  t e s t  was designed by Woolfe and Macdonald ( 1 9 ^ ) .  Many 

▼ artations o f  t h i s  t e s t  hare  evolved o re r  th e  y e a rs , fo r  examplet changes 

in  p la te  tem pera tu re , whether constan t o r  vary lngf s ls e  and shape o f  th e  

t e s t  c o n ta in e r , th e  number and d u ra tio n s  o f  exposures to  th e  p la t e ,  c r i ­

te r io n  fo r  response , and trea tm en t o f  d a ta . In  th e  o r ig in a l  nethod o f Veolfe 

and Maedonald (l9^V ), n ice  were p laced  on a  heated s in e  p la te  and la te n c ie s  

fo r  any one o f  a  m rtber o f  "escape o r ien ted "  responses were recorded. In
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th la  manner, a  la rg e  mother o f  anim als could ha ta a ta d  and th a  d lffa ran e a  

betveen c o n tro l and p o e t-trea tm en t la ta n c la a  vere  computed.

i*ha h o t-p la te  technique most eoanmnly uaad today la  th a  procedure o f 

Vddy and Lelmbaeh (1953), In  th la  m o d ifica tio n , th a  tem perature o f  tha  

o la ta  la  kept conatan t hy a  b o ilin g  f lu id  a i r t u r e .  Tha con ta in e r la  a  

c y lin d e r  vhlch a llo v a  th a  su b jec t to  valk  and to  J t* p . Itaactlon tim es are  

recorded . L atanclaa o f  raaponaaa auch aa rap id  v lth d ra v a l o f  pava, "danc­

in g " , oav l ic k in g ,  and Jw p ln g  out o f  th e  c y lin d e r , a re  a l l  grouped to g e th e r .

In  th e  atandard Fddy-Lelmbach procedure, re a c tio n  tlm ee vara  determined 

a t  various ln te rv a la  fo llo v ln g  drug In je c tio n , The c r i te r io n  fo r  an an­

a l  gealc  reaeonae vaa th e  number o f  mice ( l a  groupa o f  1 0 ) vhlch f a i le d  to  

reapend v l th ln  t h i r t y  ceconde a f t e r  exposure to  th a  hot p la te  (V in te r, 1965). 

The a e n e i t lv i ty  o f  th la  method la  claimed to  be equ iva len t to  th a t  o f  th a  

T a l l - f l lc k  t e a t  (B anxlger, 106k ) ,

Although th e  "H ot-P late" method haa th a  advantagea o f  being both in s -  

a trum an ta lly  alm pla and convenient fo r  a e r ia l  meaauramanta, I t  has bean 

ahovn to  have a number o f p r a c t ic a l  and th e o re t ic a l  dravbacke. In  pa r­

t i c u l a r ,  I t  l a  ev iden t th a t  a  v a r ie ty  o f  recep to rs  o th e r  than  those  o f  

"tw in" pe r aa , a re  s tim u la ted  (therm ie , t a c t i l e ,  v is u a l ,  e t c . )  and th e re ­

fo re  th e  observed re a c tio n s , e .g ,  pav l ic k in g , Jw p ln g , e tc .  rep re sen t com­

plex  and probably d i s t in c t  behaviors In  vhlch p h y sica l pa in  may p lay  only 

a l im ite d  or minor ro le  (Blanchl snd F ranceech in i, 195M • Thus i t  I s  not 

su rp r is in g  th a t  a v a r ie ty  o f  non-analgesic  substances can modify behavior 

on th e  h o t-p la te ,

Jacob (1962) sought to  analyse th e  d if f e r e n t  behaviors o f  anim als on 

th e  h o t-p la te .  He found th a t  changes In  p la te  tem perature (v lth ln  th e  range 

employed by most In v e s tig a to rs )  could in flu en ce  both th e  o rder o f  appear-
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■nee o f  various responses, e .g .  Jumping o r  l ic k in g  a s  m i l  as th e  f r e ­

quency and la te n c ie s  o f  response , Subsequently, be found th a t  repeated  

exposure  to  th e  h o t-p la te  caused a  change in  th e  r e la t iv e  frequencies o f 

d if f e r e n t  resoonsee, and furtherm ore# he found th a t  th e  percentage o f  an­

im als re a c tin g  w ith a e e r ta in  response on re-exposure  depended on th e  

”o l« te  tem perature", When morphine was adm in istered t he observed a  d i f f ­

e r e n t ia l  s u s c e p t ib i l i ty  o f  various behaviors to  th e  ac tio n  o f  th e  drug, 

which «as r e la te d  to  th e  amount o f  exposure to  th e  h o t-p la te  p r io r  to  

morphine a d m in is tra tio n .

*hus» Jacob (lo*j>) concluded th a t  a nw ber o f  in te rv en in g  v a ria b le s  

must be taken in to  co n sid era tio n  when comparing data  from experim ents p e r­

formed using  d if fe re n t  m odifica tions o f  th e  t e s t  procedure and d if fe re n t  

response c r i t e r i a .  

v e s ts  o f  "Wild" Analgesics

A number o f  t e s t s  have been designed to  ev a lu a te  in term ediate  o r 

"m ild” a n a lg es ic s^ e .g . na lo rph ine , propoxyphene, e tc .  The most r e l ia b le  

o f  th ese  has proved to  be th e  p e rito n e a l w rith in g  t e s t  o r ig in a te d  by 

Hendershot and W orsalth (1050), In  t h i s  p rocedure, mlee are  in je c te d  

ln tra p e r l to n e a lly  w ith a heated  so lu tio n  o f  phenylqulnone, The mice a re  

then  observed fo r  tw enty m inutes and th e  nunber o f  "w rithes" per mouse i s  

recorded (approxim ately e ig h ty  percen t o f  mice do not w rithe  and a re  

e lim inated  from th e  t e s t  p o p u la tio n ).

On th e  fo llow ing day, those  mice th a t  d id  "w rithe” a re  in je c te d  w ith 

th e  t e s t  drug and twenty m inutes l a t e r ,  th e  phenylqulnone i s  re in je c te d .

*<510 percen t o f "p ro te c tio n ” ag a in s t w rith ing  produced by a compound a t  each 

dose le v e l  I s  computed and 2D50's a re  then  c a lc u la te d . One popular
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m odifica tion  o f t h i s  t e s t  waa developed by Okun e t .  ml. (1963). They uaed 

hensvlauinone Vhlch la  w ater so lub le  and la  not an e ffe c tiv e  inflaam atory  

aeent except when given ln tra n e r l to n e a lly .  Okun e t .  a l .  q u a n tita te d  th e i r  

r e s u l t s  hv fin d in g  th e  doae neceaaary to  com pletely in h ib i t  w rith ing  in 

SO* o f a group o f  ten  mice.

•n>e "w rlth lne" t e a t  and o ther a im lla r te a ta  fo r  m ild a n a lg e s ic s , a l ­

though valuab le  aa screening methoda a re  very n o n -ap ec ific . In f a c t ,  an- 

t lh ! s ta m ln le s , rarasvm pathom im eties, sympathomimetic s ,  adrenergic  blocking 

amenta, and a v a r ie ty  o f o ther amenta can in h ib i t  w rith ing  a t  "non-tox ic” 

dosea (burner, lo ^ s ) ,

Problems, s im ila r  to  those  encountered w ith th e  " h o t-p la te ” t e a t ,  

a re  a lso  p resen t In th e  "w rith ing" t e a t .  The so -ca lled  "w rith ing  response" 

encompasses a wide ranee o f behaviors includ ing  s tre tc h in g , to r s io n ,  hind 

le e  r e t r a e t io n ,  and abdominal sc ra tch in g , and consequently , au thors d i f f e r  

In th e i r  in te rp re ta t io n  o f th e  s ig n if ic an c e  o f the  various responses (W inter, 

10*S).

One a d d itio n a l r u s t l in g  find ing  has been noted w tih regard  to  th e  

w rith ing  t e a t .  Bentyloulnone in fe c tio n s  were found to  have equ ivalen t 

e f fe c ts  on mice whether they  were housed In d iv id u a lly  o r in  groups. How­

e v e r, grouped mice shoved a g re a te r  In h ib itio n  o f w rith in g , fo llow ing in ­

fe c tio n  o f n a rc o tic  o r non-narco tic  a n a lg e s ic s , than d id  mice which were 

housed in d iv id u a lly  (Turner, 1065) ,

Analgesic TeBt s  Employing E le c tr ic  Shock

Several t e s t s  employing an e le c t r i c  shock as an aversive  stim ulus have 

been designed. These teehnioues f a l l  in to  two c a te g o rie s . The t e s t s  in  

th e  f i r s t  category a re  s im ila r to  those p rev iously  mentioned in  th a t  they
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m i w « m m  p ta p e n n  l i tm e y  to  th e  noxious stim ulus (foo t ahoek or 

cu rren t app lied  d i r e c t ly  to  tho  t a l l )  which la  measured in  e i th e r  a fra a  

so rin g  o r re s tra in e d  su b je c t. T art#  In  th a  ateond category  a ra  nora com- 

p lan  and a ra  o rlan tad  toward# behavorla l a n a ly s is  r a th a r  than analgesic  

•c re a s in g . In ganaral thaaa  ta a ta  Involve some a l ta r a t lo n  in  a  laarnad  

response (e .g . escape o r avoidance o f  th e  noxious stim ulus fo llow ing drug 

ad m in is tra tio n ) by th e  performance o f  a sp e c if ic  laarnad  raaponaa,

The r e f le x  changes caused by e le c t r i c a l  s tim u la tio n  o f  a r a t ' s  t a l l  

were stud ied  by C a rro ll and Lin (i9 6 0 ). Thresholds f a r  a v a r ie ty  o f  w ith­

drawal re a c tio n s  ware c a lc u la te d . H areotic ana lgesics wars found to  In h i­

b i t  v o c a lisa tio n s  a t  lo v e r  doses and d la ln lsh  o th er p o s tu ra l and somatic 

responses a t  h igher doses.

S im ila r s tu d ie s  were performed In mice (V llsen , 196 l ) , An e lec tro d e  

vas In se rte d  In  th e  t a l l  o f  a  re s tra in e d  mouse and th e  th resh o ld  (vo ltage) 

fo r  v o c a lisa tio n  vas measured. The r e la t iv e  marfber o f non-vocalising  mice 

follow ing drug ad m in is tra tio n  vas employed as an Index o f  a n a lg es ia , 

8u rp rls ln g ly «  no re p o rts  o f  a  t e s t  vhlch employs a  " fo o t shock" as 

a  stim ulus and a jw p ln g  re a c tio n  as a  response, have appeared In th e  

l i t e r a t u r e .

Analgesia and Learning

In g e n e ra l, th e re  has been l i t t l e  in te rp la y  between th e  d is c ip lin e s  

o f  experim ental psychology, e .g . operan t co n d itio n in g , and th e  study o f  

a n a lg es ia  and ana lgesic  re a c tle n s  p e r  se . This I s  understandable consid­

e rin g  th e  o r ig in a l  goals o f  most ana lgesic  r e s e a r c h ,I .e .  sc reen ing , and 

th e  tim e consuming n a tu re  o f moot behav io ra l techn iques.
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The moat * o p h ta ttes ted  behav io ral t e a t  devised to  measure an a lg es ia  

was designed by Velas and L a tle s  (1956). Tha author* war* near* a f  tha  

naad fo r  an analgesic  t a a t  which eould f i r s t ,  measure a  more " to ta l"  and 

In teg ra te d  response to  pain  r a th a r  than a  sim ple re f le x  la te n e y , and second, 

eould measure accu ra te ly  a  v lda  ran#* o f  analgesic* , 1 a a p lr ln  to  mor­

ph ine , a t  ana lgesic  and n e t to x ic  doaaa.

Tn vhat ha* haan ta ra a d  a " f ra c tio n a l  escape" s i tu a t io n ,  r a ta  vara 

t ra in e d  to  proa* a lev e r to  raduea th a  In te n s ity  o f  a ahock dallw arad to  

th a  f lo o r  o f  an aneloaad chamber. P ress ing  th a  le v e r  a t  c e r ta in  in te rv a le  

cauaed th e  chock lev e l*  to  a t a h l l l t a  and g re a te r  lev e r  p raaalng  ra t*  cauaed 

th e  ahock ln ta n a lty  to  ha deeraaaed. Analgealca vere  found to  a c t by in ­

c reas in g  th e  " to le ra te d "  ahock le v e l (Velsa and Letlea* 1956).

The author* (Velaa and L a tle s , 1970) argue th a t  t h la  t e a t  la  p re fe r­

ab le  to  atandard avoidance procedures, I . e .  te a t*  In  vhlch dim inished per­

formance in  an animal p rev ioualy  tra in e d  to  avoid a noxious s tim u li la  

In te rp re te d  as a  measure o f  a n a lg e s ia , since  I t  had been suggested th a t  

th e  e f fe c t  o f  morphine on suppressing  avoidance was re la te d  to  general CIS 

depression  ra th e r  than  a n a lg es ia  (V in te r, 1965). Velas and L atlea  stud ied  

vary ing  shock In te rv a ls  and response-shock reduc tion  r a t io s .  They found 

th a t  an a lg es ic s  eould r a is e  th e  to le ra te d  le v e l o f  shock a t  doses in su f­

f i c ie n t  to  cause any change o r Impairment In  escape behav io r. In  ad d itio n  

they  found th a t  p e n to b a rb ita l (a  non-analgesic  se d a tiv e ) d id  not a l t e r  

to le r a te d  shock le v e ls  a t  doses vhlch cauaed a l te r a t io n s  In  avoidance be­

h a v io r . McConnell (1962), however, d id  no t f in d  a q u a l i ta t iv e  d iffe ren c e  

betveen morphine and ehlordlasepoxld* (a  t r a n q u l l l s e r  and muscle re lax an t 

known to  In fluence  avoidance b e h a v io r ) ,I .e .  he found th a t  th e  minimum 

e f fe c t iv e  dose necessary  fo r  r a is in g  th e  th resh o ld  fo r  f ra c t io n a l  eseape
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m  tli* m m  dose necessary  o r depressing  continuous avoidance.

Avoidance ta d  Screening T ests

C ritic *  o f  th e  " f ra c t io n a l  escape" method argue th a t  th e  technique 

may measure su b tle  mot1r a t io n a l  and performance a l te r a t io n s  induced by 

n a rc o tic s , hu t th a t  such param eters do not t r u ly  r e f l e c t  th e  "sensory com­

ponents o f  p a in " , vhlch  a re  h o lle red  to  he d l r e e t ly  a ffe c te d  by an a lg esics  

(Houser and P are , 1973).

Houser and Pare (19T3) hare devised a t e s t  vhlch they  claim  orercoM a 

th e  dravbachs o f  previous techn iques. This method involves th e  measure­

ment o f  an a lg esia  using  a  s p a t ia l  p reference  t e s t .  R ats v e re  te s te d  d a ily  

fo r  50 m inutes In  a P le x ig la ss  s h u tt le  hex o r " t i l t  cage". E le c tr ic  shocks 

(constan t c u rre n t)  o f  g rad u a lly  In creasin g  magnitude vere  d e liv e red  through 

a g rid  f lo o r  a t  each sess ion  fo r  6 days. The anim als could escape o r 

avoid th e  shock by c ro ssin g  to  th e  opposite  a ide  o f  th e  ap p ara tu s . An av er- 

s lve  th resh o ld  vas a r b i t r a r i l y  defined  as th e  shock le v e l  vh lch  an animal 

vas found to  avoid T5# o f  th e  tim e, A s ta b le  th resh o ld  vas achieved In 

a l l  mice by Day s ix .  The au tho rs found th a t  n a rc o tic  a g o n is ts  aa v e i l  as 

an tag o n is ts  could e le v a te  th e  averslve  th re sh o ld  in  a  dose dependent fash io n . 

The au thors claim ed, th a t  u n lik e  o th e r  avoidance t e s t s ,  th e  r e s u l ts  could 

no t be ascribed  to  sed a tio n  because p e n to b a rb ita l vas only  ab le  to  e lev a te  

th e  aversion  th re sh o ld  a t  doses vhlch sev erly  hampered th e  execution o f 

th e  escape response.

The au thors claim  th a t  t h i s  t e s t  i s  a  more s a t is f a c to ry  screen ing  pro­

cedure than  o th er avoidance o r " t i t r a t i o n "  methods because th e  measured 

response la  r e la t iv e ly  uacM9 l lc * te d  and th e re fo re  more analogous to  c l in ­

ic a l  "pain" e t l tu e t lo n s ,  (Houser and P a re , 19T3),
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All th e  foregoing p n e id t t r i t  a r t  considered  to  be " d ire c t M u u n i  

o f  an a lg es ia” , I . e .  they  purport to  measure e  sp e c if ic  dim inution In  ea 

otherw ise pe ln  sp e c if ic  response . C le a rly , a s w ith  r e f le x  eecepe responses, 

t h i s  i s  not th e  case* Other In d ire c t  methods o f an a lg es ic  te s t in g  a re  a lso  

employed. Tor exenple, in  th e  S tr a u b - ta i l  t e s t  (Aeeto e t .  a l . ,  1969) s 

p a r t ic u la r  Id io sy n c ra tic  response (ex tenso r r i g id i ty  o f  th e  t a l l )  I s  found 

to  occur fo llow ing ad m in is tra tio n  o f  a  p a r t ic u la r  c la s s  o f  drugs (n s re o tlc s ) ,  

Tn such t e s t s  no noxious s tim u li a re  employed. An unknown compound I s  sim­

p ly  examined as to  whether I t  can e l i c i t  th e  req u ired  response.

As dem onstrated by th e  work o f  Jacob (1963)* Oebhart and M itche ll (19T1) 

and e th e r s ,  th e re  a re  a d d itio n a l v a ria b le s  In troduced In to  th e  te s t in g  s i t ­

u a tio n  when rep ea ted  s tim u la tio n  and drug ad m in is tra tio n  a re  performed on 

th e  same anim al. These p a r t ic u la r  v a r ia b le s  (d ru g - te s t  In te ra c tio n s )  a re  

n e t re le v a n t considering  th e  goals o f  screen ing  p rocedures, b u t a re  h igh ly  

s ig n if ic a n t  when one I s  a ttem pting  to  evaluate  a  lea rn ed  behavior o r  Inves­

t ig a t e  to le ran c e  phenomena. Such In te ra c t io n s ,e .g .  behav io ra l to le ra n c e , 

w i l l  be d e a lt  w ith In  g re a te r  d e ta i l  in  th e  d isc u ss io n .
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Tolerance

The phenomenon o f  to le ra n c e  I t  on* o f  th e  most freq u en tly  s tu d ied  In  

pharmacology, Although much Inform ation ho t boon gathered  eonetrn lng  tho 

parm eeters vhleh govern to le ra n c e , tho  underly ing  meehanitns Involved hero 

continued to  ronaln  obaeure.

Tolerance can be defined  aa a  decreased reaponaIreneaa to  a  drug 

follow ing repeated  a d m in is tra tio n . Thua to le ran e e  can be expressed aa 

e i th e r  th e  change In  seme reapenae p a ra a e te r  upon chronic a d n ln la tra tlo n  

o r  th e  q u a n tity  o f drug necessary  to  n a ln ta ln  th e  In i t ia l 'r e s p o n s e  le v e l 

(ffug, 19T3).

Tolerance nay develop very  ra p id ly  (m inutes o r hours) and t h i s  I s  

te rn ed  acu te  to le ran c e  o r  tachyphy lax is, o r  I t  nay develop over long periods 

o f  t in e  and t h i s  la  t am ed chronic to le ra n c e .

Cross to le ran c e  denotes th e  a b i l i ty  o f  one drug to  produce to le ran c e  

to  another drug( e ,g , aorphlne and a e p e rld ln e . Cross to le ran c e  occurs be­

tween drugs w ith  s l n l l a r  pharm acological a c tio n s . I . e .  between t r a n q u l l ls e r s  

and b a rb itu a te a  bu t n e t between n a rc o tic  a n a lg es ic s  and th e  s e d a tlv e /tra n -  

q u l l l s e r  drugs.

Tolerance nay not occur to  every pharmacologic a c tio n  o f  a drug, nor 

does to le ra n c e  n e c e ssa r ily  develop a t  equal r a te s  and to  aa equal degree 

fo r  each ac tio n  o f  a drug.

In  experim ental s tu d ie s .  In v e s tig a to rs  have sought to  c o r re la te  th e  

a c q u is i t io n , p ro g ressio n , m aintenance, and lo s s  o f  to le ran c e  w ith  a  v a r ie ty  

o f  p a ra n e te ra . fo r  example, m n e r a u  s tu d ie s  have been performed in  o rder 

to  e lu c id a te  th e  re la tio n s h ip  between dose le v e l ,  in te rv a l  between drug 

a d m in is tra tio n , e t c . ,  and th e  r a te  o f  to le ran c e  development.
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Tolerance and physica l dependence a re  e f te a  considered to  be a  re ­

f le c tio n  o f  th e  same underlying proceee. This le  because o f  th e  observa­

t io n  th a t  physica l dependence (defined  as w ithdrawal phenomena which can 

be e l i c i t e d  upon cessa tio n  o f  drug a d m in is tra tio n ) , develops to  drugs 

which a re  a lso  capable o f  producing to le ra n c e . In  a d d itio n , to le ran ce  

dewelepsMnt has been shown to  precede th e  onset o f  physica l dependence 

and d isappear follow ing w ithdraw al.

Heny authors f e e l  th e  evidence suggesting  a ecmmon e tio lo g y  fo r  t o l ­

erance and physica l dependence I s  s u f f ic ie n t ly  com pelling to  assume th a t  

one process I s  a  r e f le c t io n  o f  th e  o th e r . However, to le ran c e  does develop 

to  drugs which a re  not known to  produce p h y sica l dependence, e .g . n a rlju an a . 

Thus, to le ran c e  and dependence could be a r e s u l t  o f  two p a r a l le l  but lep­

e r  a te  p ro cesses . S im ilarly , i t  i s  eq u ally  p o ss ib le  th a t  d i f f e r e n t  m echan lm  

eould underly  to le ran e e  to  th e  va rious pharm acological ac tio n s  o f  a  drug. 

Also, i t  I s  p o ss ib le  th a t  a number o f  mechanisms may be responsib le  fo r  a  

s in g le  m an ifesta tion  o f  to le ran c e  phenomena.

Tolerance to  n a rc o tic  an a lg es ic s  can e a s i ly  be dem onstrated both c l in ­

i c a l ly  and In lab o ra to ry  experim ents) many. I f  not a l l  o f  th e  o r ig in a l  

th e o r ie s  proposed to  aceount fo r  to le ra n c e , v e re  based on s tu d ie s  o f  th e  

ac tio n  o f  morphine. Toleranee to  the  e f f e c ts  o f  morphine hare been demon­

s tra te d  fo r  a la rg e  nuhber o f  I t ' s  a c tio n s , e , f .  hypotherm ia, a n a lg e s ia , 

locomotor a c t iv i ty  in  n lee  (Rethy e t . a l . ,  1 9 7 1 ) (Rev, by Rug, 1973). e tc . 

However, to le ra n c e  has no t been dem onstrated fo r  such ac tio n s  as m io sis , 

e e lsu re  th re sh o ld  changes, and a l te r a t io n s  in  g a s tro in te s t in a l  m o ti l i ty .

In  a d d itio n , I n t r a  aa w ell as ln te r s p e e le s  v a r ia tio n s  In  abso lu te  aa w ell 

as r e la t iv e  production  o f  to le ran c e  have been observed (Cochin, 1970).

In  a d d itio n , th e  g rea t v a r ia tio n  in  experim ental procedures and methods
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o f  d a ta  eva lua tion  have produced a good deal o f  confusion in  t h i s  area* 

and may account fo r  seme o f  th e  c o n f l ic t in g  evidence.

For nany years  a dlchottwqr vas aade between acu te  and chronic t o le r ­

anee to  morphine, based on th e  o r ig in a l  work o f  Schmidt and L ivingston (1933). 

They found th a t  massive s in g le  doses o f  morphine could confer to le ran c e  

to  subsequent doses o f  morphine. They measured a decreased responsiveness 

to  such e f f e c ts  a s v e sd tln g , hypotension, Inco o rd in a tio n , e tc .  M artin and 

lad e s  ( l 96 l )  shoved th a t  to le ran c e  to  analgesia , a s  v e i l  aa o th e r  ac tio n s  

o f  morphine, could be demonstrated follow ing a continuous sh o rt term  in ­

fu s io n . In  o th e r  experim ents (M artin and Fades, 196M , they  vere  unable 

to  demonstrate acu te  to le ran c e  to  th e  e f f e c ts  o f  morphine In chronic sp in a l 

dogs.

Recent evidence tends to  suggest t h a t ,  a t  l e a s t ,  In th e  case o f  an a l­

g esia  th e re  la  no q u a l i ta t iv e  d iffe ren c e  between th e  to le ran c e  observed 

follow ing rap id  in fu sio n  o f  high doses and chronic o r In te rm itte n t admin­

i s t r a t io n  o f  sm all doses o f  morphine. T hus,v lth ln  th e  l im its  o f  ex p eri­

m ental technology, I t  appears th a t  to le ran c e  development I s  a  function  o f 

both frequency and dosage adm inistered and th e re fo re  th e  degree o f  exposure 

o f  t is s u e s  to  morphine appears to  be th e  key fa c to r  vhlch governs th e  

development and maintenance o f  to le ra n c e  ( lu g , 1973).

Tolerance to  morphine an a lg esia  can develop to  aa ex trao rd in a ry  degreet 

in  th a t  p rev io u sly  le th a l  doses may have alm ost no d isc e rn ib le  e f f e c t  In 

a  to le r a n t  sh b je e t. Y et, to le ran c e  development la  never found to  be abso­

lu te !  seme e f f e c t  can always be e l i c i t e d  w ith  a  high enough dose u n less  

to x le  e f f e c ts  (e .g .  convulsions) supervene (M artin , 19T0),
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T heories e f  Tolerance «nd D m n d w e t

The manner by which to le ran c e  and ph y sica l dependence occur haa Ions 

ynz iled  and In trig u e d  In v e s tig a to rs , A a lseab le  mmber o f th e o rle a  have 

been proposed to  account fo r  th ese  phenomena; however necte o f  then  have 

gained u n iv e rsa l acceptance. Sons e f  th ese  hypotheses d i f f e r  w idely in  

t h e i r  approach and p o s tu la ted  meehaalsms, whereas o th ers  a re  f a i r l y  a ln i l a r  

In  most key fe a tu re s , Im p lic it In  most o f  th ese  th e o r ie s  I s  th e  concept 

th a t  th e  neehaniiM  e f  to le ran e e  development sim ultaneously provide th e  

b a s is  fo r  understanding physica l dependence. I t  should be remembered th a t  

although th e  evidence fo r  a  s in g le  nechanlan o f to le ran c e  and dependence 

I s  s u b s ta n t ia l .  I t  I s  not as y e t conclusive. T herefore , I t  I s  p o ss ib le  

th a t  one theory  uay a ccu ra te ly  account fo r  to le ran e e  development but not 

a t  a l l  exp la in  p h y sica l dependence.

M ans' (1063) can be c re d ite d  w ith  proposing th e  f i r s t  theory  o f  morphine 

to le ra n c e  and physica l dependence. He no ted , as many o th e r  au thors have, 

th a t  th e  I n i t i a l  e f f e c ts  o f  n a re o tle  an a lg es ic s  a re  p rim arily  "d ep ress iv e" . 

I . e .  sedation  and a n a lg es ia , and th a t  th e se  e f f e c ts  dim inish r e la t iv e  to  

the  "s tim u la to ry "  e f fe c ts ,  I . e .  changes In  g a s t ro in te s t in a l  m o ti l i ty ,  w ith  

chronic ad m in is tra tio n . He devised a u n ita ry  hypothesis based on th e  fo r­

mation o f  a  morphine d e riv a tiv e  w ith stim u lan t p ro p e r t ie s , whose t l t r e  rose  

w ith chronic morphine a d m in is tra tio n , th u s ev en tu a lly  n e u tra lis in g  the  

acute "depressan t"  a f fe c ts  o f  morphine. Ho evidence o f  a  morphine d e riv a ­

t iv e ,  such as described  by Marme^ haa been forthcom ing b u t some remnants 

o f  th e  coneept o f  aa In te ra c tio n  between d i s t in c t  s tim u la to ry  and depressan t 

system s, I s  found In  mere recen t hypotheses.

A "bual-Aetlsm " hypot h e s is  e f  drug dependence vas f i r s t  proposed by
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fatten and Snarera In  1929, to  aceount fo r  eoealne a d d ic tio n , and van l a t e r  

expanded to  Include morphine add ic tion  (Tatum and Seevero, 1931). Thle theory  

oropoeee th a t  morphine ha* a tw o-fo ld  ac tio n  on th e  c e n tra l  nervous system, 

one ac tio n  p rim a rily  "depressive" and th e  o th e r  "s tim u la to ry " . I t  was pos­

tu la te d  th a t  t h i s  re s u l te d  from th e i r  e x is tin g  two sep ara te  recep to r s i t e s  

fo r  morohlne, one in t r a c e l lu la r  and th e  o th er e x tr a c e l lu la r .  The e x tr a c e l l ­

u la r  s i t e  i s  sa id  to  he responsib le  fo r  th e  depressive  e f f e c ts  o f  morphine 

and la  th e  only s i t e  fo r  which to le ran ce  develops (a sp e c if ic  mechanism by 

which t h i s  to le ran c e  talces p lace  Is  not suggested). As a  r e s u l t ,  the  stim ­

u la to ry  a c tio n s  o f  morphine become dominant fo llow ing long term ad m in is tra tio n . 

Withdrawal I s  described  as r e s u l t in g  from th e  rap id  removal o f morphine from 

th e  membrane s i t e ,  w hile morphine, o r an a c tiv e  m e tab o lite , I s  s t i l l  p resen t 

I n t r a c e l lu la r ly ,  This process I s  sa id  to  account fo r the  "h y p e re x c ita b ility "  

observed in  th e  abstinence o r withdrawal syndrome (Seevera and Deneau, 1 9 6 8 ) .

The "Thial-Action" theo ry  shares many fe a tu re s  (and flaw s) In  com  on w ith 

th e  recep to r-occupatlon  hypothesis o r ig in a lly  proposed by 8chmldt and Livingston 

(1033), Based on observations o f acute to le ran c e  to  th e  v ascu la r e f f e c ts  

o f  morphine, they  suggested th a t  drug m olecules ex ert t h e i r  a c tio n  a t  the  

tim e o f  occupation o f  th e  recep to r s i t e  and once a ttach ed , they  produce no 

e f f e c t  o th e r  than p reventing  th e  I n i t i a t io n  o f  a new response , by blocking 

rec ep to r  combination w ith f re e  drug m oleeules.

Wany fa c e ts  o f  morphine ac tio n  are  explained by th e  l a t t e r  two th e o r ie s ,  such 

as ag o n is t-an tag o ftls t In te ra c t io n s , c ro s s - to le ra n c e , and logarithm ic  dose-response 

cu rves. Wecent in v e s tig a tio n s , however, have Ind ica ted  th a t  bo th  to le ran ce  

and the  abstinence syndrome can be observed a t  In te rv a ls  long a f te r  the  

c e ssa tio n  o f drug ad m in is tra tio n  (Cochin and Kornetsky, 196k; ICornetsky and
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Bain, 1968), T herefo re , a re g u le lte  f a r  th e  acceptance o f  th a  p re v ie w  th e -  

o r la a  would be tb a  deaen etra tio n  o f  a  p e ro la teace  o f  aorphlna o r aorphine 

a e ta b o ll te a  In  tle e u e  a f t a r  drag a d a ln la tra t lo n  la  d lacootlnued .

U n til re c e n tly , th a ra  baa baan no evidence th a t  aorphine o r any o f  i t a  

w te b o l l te e  lin g e red  In tb a  b ra in  or p laaaa  fo r  any a n b a ta n tla l p e riod  f o l ­

lowing t e n d  na tion  o f  drug a d a ln la tr a t lo n . Ualng a  radlolw m noaaaay tech ­

nique an ao lflc  fo r  aorphine (Spector and P arker, 19T0), B arkovlta a t ,  e l .  

(197k) d e te ra ln ad  th a t ,  although th a ra  l a  an I n i t i a l  ra p id  f a l l  In  p laaaa  

and b ra in  norphlne le r e la  (T^ ■ 1 -2  hou ra), th e re  la  a aubeequent gradual 

f a l l  In  p laaaa  aorphlna le v e la  aueh th a t  aarph lna could be d e tec ted  in  p laaaa  

PO daya follow ing reaewal o f  an la p la a te d  aorphlna p e l l e t ,  Thia f in d in g  hae 

given new aupport to  th a  "Dual-Action" th eo ry ; howerer, o th e r  Invent Ig a to ra  

(Paw, by Rug, 1973) have obaerved to le ra n c e  to  th a  ao c a lle d  e tla u la to ry  

e f fe c ta  o f  ao rph lna . In  a d d itio n , Cochin (1972) found th a t  th a  e tla u la to ry  

e f fe c ta  o f  ao rph lna , obaerved during i t e '  a d a ln la tr a t lo n , do no t correepond 

to  th e  hyperexc I t  a b i l i t y  phenomena obaerved In w ithdraw al.

Axelrod*a (1956) c e l lu la r -a d a p ta tlo n  theory  approachee th a  p ro b lea  o f  t o l ­

erance fro a  another p o in t o f  view. Thia theo ry  grew out o f  evidence th a t  

druga can lnduee an a l te r a t io n  In th a  ensyaoa aynthealsed  fo r  t h e i r  a e ta b o ila n . 

In  t h i a  aannar, continued aorphlna expoeure would Induce change a In th a  re*  

cap to r p ro ta in a  o r In  l iv e r  a lc ro a c a a l entyaca known to  a a ta b o lis a  aorphlna.

I n i t i a l  aupport fo r  th ia  hypotbeala caaa from evidence (A xelrod, 1936;

Cochin and Axelrod, 1959) th a t  th a  V -daaathylaaa ansyaa involved In  aorphlna 

breakdown ahowe a daeraaaa In  a c t iv i ty  w ith  chronic aorphlna a d a ln la tra t lo n . 

U nfo rtunate ly , a t te a p ta  t o  la o la te  a l te r e d  a e ta b o ll te a  o r  ehangaa In a e ta b o li te  

le v e l  a which p a r a l le l  th a  t l a a  coaraa o f  to le ran c e  davelopaant have baan
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unsuccessfu l. In  a d d itio n , most o f  th e  A xelrod 's o r ig in a l  experim ents were 

oerformed using  nethods which a re  now considered unacceptable and so re  recen t 

s tu d ie s  using  more so o h ls tlea ted  tech n iq u es, e .g .  rad io iso to p e  la b e lin g , hare 

f a i le d  to  r e n l lc a te  th e  o r ig in a l  r e s u l ts  (Cochin, 1972) (Hug, 1973).

M artin (l«T0) proposes a theory  based on the  assumption th a t  dependence 

to  morphine Is  e s s e n t ia l ly  a d isease  o f  adap ta tion  to  a to x in . He says th a t  

t h i s  adap tation  i s  a r e s u l t  o f  "hom eostatic redundancy". This theo ry  was 

devised I n i t i a l l y  to  exp la in  observations th a t  la rg e  doses o f  a tro p in e  could 

block th e  a c t iv i ty  o f  m ldbrain r e t i c u la r  systems and th a t  t h i s  block could 

be com pletely overcome by In creasin g  stim ulus s tre n g th . I t  was argued th a t  

a lthough a l l  m uscarinic synanses were b locked, a secondary non-m uscarinlc 

system was s t i l l  function ing .

M artin ( I9?n) extended h is  theo ry  to  morphine based on s tu d ies  o f  th e  ad­

justm ent o f  animals to  th e  hypothermic p ro p e r tie s  o f morphine. The "redun­

dancy" theo ry  Im plies th a t  th e re  e x is t  two mor more pathways in  th e  nervous 

system which a re  Involved in  m ediating a sp e c if ic  neu ra l function  and th a t  

th e se  pathways d i f f e r  in  t h e i r  spectrum o f  v u ln e ra b il i ty  to  hypertrophy.

M artin assumes th a t  morphine in te r ru p ts  one o f  th ese  redundant pathways, but 

not th e  o th e rs . The second p a r t  o f h is  hypothesis proposes th a t  th e  non- 

su sce p tlb le  pathways w il l  ev en tu a lly  hypertrophy and b rin g  th e  system back 

to  h o m o s ta tic  le v e ls .  Subsequently, I f  morphine were removed from th e  

system , a s ta te  o f  hyperfunction  o r h y p e re x c I ta b ili ty  would e x i s t ,  th e  

e f f e c ts  o f  which would c o n s titu te  th e  abstinence  syndrome. M artin fu r th e r  

re f in e s  h is  theory  by suggesting  th a t  d i f f e r e n t  le v e ls  o f  to le ran c e  and w ith­

drawal could be re la te d  to  such fa c to rs  as th e  r e la t iv e  fu n c tio n a l Importance 

o f  non-momhlne pathways and th e  r e la t iv e  degree o f su e c e p ta b ll ity  to
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hypertrophy 1b noneuaceptlb le  pathways.

M a rtin 's  theo ry  la  s u f f ic ie n t ly  broad and sehaamtlxed to  eneoapaas faeo ta  

o f  o tb a r  tb o o rla a  boeauao ba dooa no t suggest a ap o e lfle  b lo ch ea lce l o r  neuro- 

pharaaco log lca l aechanlaa th a t  p re c ip ita te s  th e  hypertrophy o f  rodundant path* 

ways. 81nc« d lro e t  evidence fo r  aorphlna o r o th e r drug Induead fu n c tio n a l 

and a a a to a le a l changes In th a  nervous system la  lack in g , M artin 'a  theory  r a -  

aa lna  p u re ly  sp e c u la tiv e .

Sharplaaa and J a f fa  (1969) propound a theory  o f  dlauaa or d an arra tlo n  

s u p e rs e n s i t iv i ty  which la  In  nany way* eoap llnan tary  to  Martin*a thao ry .

Both aodala la p ly  th a t  th a  developaMnt o f  to la ra a c a  and dapandanea a ra  tha  

ex tensions o f  nornal eoapensatory o r h o aeo sta tic  n a c h a n la u  by which a  c a l l  

o r  physio log ic  ayatan a d ju s ts  to  an a l ta r a t lo n  In l t a  o p a ra tlo n .

VmmI I b ( l9 6 l)  performed a r t  ana I ra  a tud laa  on th a  a f fa c ta  o f  dlauaa on 

e h o lin a rg lc  aynapaaa In th a  sa liv a ry  gland, Ha found th a t  proeadurna uhleh 

tandad to  deprive  th a  gland o f  nom al parasym pathetic o r sym pathetic innerva- 

t lo n  lncraaaad  th a  gland*a aubaeguent a a n a lt lv l ty  to  aca ty leh o lln a  or n o r­

ep ineph rine . Sharplaaa and J a f fa  analog lsa  th ia  ayatan to  th a  ac tio n  o f  mor- 

phlna on th a  CHS. They h a l l  a re  th a t  aorphlna cauaaa scan p re-ey n ap tlc  In h i­

b i t io n ,  tb a rab y  canning dlauaa a t  th a  p o st-sy n ap tic  a I ta t  caosegueu tly , th a ra  

davalooa lncraaaad  ra c a p to r  n o la t la a  p o a t-a y n a p tle a lly . Thua, as In  M artin 's  

th a o ry , w ithdrawal la  ch arae ta rlaad  aa a nanl fa  s ta t io n  o f  rabound hyperexc l t -  

a h l l l t y ,  ex cep t, in  th a  eaaa o f  d an arra tlo n  supers e n s i t i r i t y ,  th a ra  la  an 

ineraaaa  In ra e a p to ra , wharaaa In redundancy th ao ry , th a ra  la  a  hypertrophy 

o f  neuronal networks.

D irec t evidence fo r  Increases  In  rec ep to r m o ie ties has not been forthcom ing , 

b u t th a  t l a a  course o f  th a  development o f  aorphlna to le ran c e  appears to  c o rre la te
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m i l  w ith f tm e l ln 's  d a ta  ( J a f fa  and Sharplaaa* 1968), In  add ition*  alnea 

th a  thao ry  p re d ic ts  th a t  dlauaa b y p e rseu s tlv lty  eaa occur a t  any type  o f 

synapse, I t  nay exp la in  why changaa a rc  found In  a  v a r ie ty  o f  neurohm oral 

le v e ls  during and a f t e r  a d a ln la tra tlo n  o f  ao rph lna .

At th a  b loehen iea l level*  G oldstein  and O oldeteln (1961) and Sfauater (1961) 

proposed a  th ao ry  o f  honeostaa ls  based on changes In p ro te in  sy n th e s is . This 

"derepreaslon" thao ry  p o s tu la te s  tb a  concept o f  a aorphlna Induced rep ress io n  

o f  ansyae sy n th e s is . This enayaatlc  rep re ss io n  la  sa id  to  a c t  by In h ib itin g  

th a  ac tio n s  o r sy n th esis  o f  neuro t ran  m i t t e n  r e q u i r e d  fo r  th a  proper func­

tio n in g  o f  th e  c e n tra l  nervous sy sten  (CW8 ) th u s b rin g in g  about th e  e f fe c ts  

o f  sedation* a n a lg e s ia , e tc ,  fo llow ing repeated  a d a ln is t r a t io n , aorphine 

la  sa id  t o  a c t a t  a second s i t e  causing th e  derepression  o f  a sy s te a  which 

ashes th e  n cu ro tran em itte r sy n th esis in g  en tyaes. This e f fe c t  would then In ­

c rease  th e  m ount o f n e u ro tra n s a i t te r  a c tin g  in  th e  CVS. Tolerance would 

occur because ao re  aorphine would be requ ired  to  "depress" th e  CIS. A lte r­

native ly*  aorphine n ig h t a lso  a c t by In creas in g  th e  concen tra tion  o f  neuro- 

t r  an e m itte rs  by rep re ss in g  th e  sy n th esis  o f  an ensyne th a t  I s  necessary  fo r  

th e  metabolism o f  th e  n e u re tr a a a a l t te r .  When aorphine I s  afterw ards withdrawn, 

th e  a c tio n  o f  th e  Increased amount  o f  n e u ro tra n s a i t te r  would no longer be 

counterbalanced by morphine, and c e n tra l  CIS e x c ita tio n  would occur.

I n i t i a l  suppor t  fo r  th e  "derepreaslon" theo ry  came from o tud lee  o f  th e  

e f f e c ts  o f  p ro te in  sy n th esis  In h ib ito rs  on th e  develop—n t o f  to le ran c e  and 

p hysica l dependence. A number o f  s tu d ie s  (Smith a t .  a l . , 1961; Lota a t .  e l , ,  

1 0 6 9 ) dem onstrated th a t  such In h ib ito rs  could decrease th e  agon is t e f f e c ts  

o f  morphine and I t s  eon genera as w ell as p revent to le ra n c e  development and 

a n tag o n is t Induced w ithdraw al. Such stud ies*  however, a re  d i f f i c u l t  to
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e v a lu a te t atnee p ro te in  sy n th esis  In h ib ito r*  are  h igh ly  p o ten t a n tim e tab o lite s  

which noateaa a v a r ie ty  o f  to x ic  e f fe c ta .

All th eo rlea  o f  "derepression" p o s tu la te  th e  ex la tence  o f a neu ro trans- 

m itte r  whose eoneen tra tlona  a re  a ffe c te d  by chronic ad m in istra tio n  o f  n a rco tic  

a n a lg es ic s . The evidence fo r  th e  ex is tence  o f  such a compound i s  Inconclusive 

d esn lte  exhaustive e f fo r ts  (Rev, by Way, 1971) (Rev. by Cochin, 1972). Al­

though changes In le v e ls  o f  se ro to n in , dopamine, noreplneyferlne, and a c e ty l­

ch o lin e , have been observed, such evidence bas not been conclusive enough 

to  n o s tu la te  a causal re la tio n s h ip  between these  changes and th e  development 

o f  to le ran ce  or dependence.

Cdchin and Kornetsky (1968) view th e  re s u l ts  o f  th e  p ro te in  sy n th esis  s tud ies  

from a d if fe re n t  p e rsp ec tiv e ; they  suggest th e  p o s s ib i l i ty  th a t  lnmunologlcal 

mechanisms might account fo r  to le ran ce  and dependence. In support o f  th e i r  

hyoo thesls , Cochin and Kornetsky c i t e  evidence th a t  th e re  Is  a delay period  

between I n i t i a l  con tac t w ith morphine and to le ran c e  development and th a t  a f te r  

th e  delay  e e rlo d , to le ran c e  to  th e  second dose in c reases fo r  some time 

(Kornetsky and Bain, 1968). In a d d itio n , Cochin and Kornetsky, (1961*) found 

to le ran c e  to  th e  e f fe c ts  o f  a s in g le  dose o f morphine p e rs is te d  fo r  up to  

one year follow ing In je c tio n . Cochin and Kornetsky argue th a t  th ese  ex p eri­

ments suggest th a t  mechanisms o th er than a l te r a t io n s  In recep to r molecules 

o r ensyme induction  a re  responsib le  fo r  to le ra n c e . They a sse rte d  th a t  some 

so r t o f  Immunological response might provide a more s a t is fa c to ry  explanation  

♦or t h e i r  r e s u l t s .

In  order to  gain fu r th e r  p ro o f. Cochin and Kornetsky (1968) attem pted 

to  t r a n s fe r  serum fa c to rs  from to le ra n t  to  n o n -to le ran t anim als. The r e s u l ts  

o f  th ese  experim ents were confounding because th e  t r a n s fe r  e x tra c ts  appeared
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to  Increase  r a th e r  than  decrease  (as  was expected) s e n s i t iv i ty  to  ao rph ine . 

As a  conaeeoence, C ochin 's theory  o f an Inaunolog lcal b a s is  fo r  to le ran ce  

has not gained any degree o f  acceptance.
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P i t i f i i t  In v e s tig a tio n  

n a rc o tic s  ad d ic tio n  l a  on* o f  th a  most perp lex ing  problems fac in g  modern 

so c ie ty . Much e f f o r t  h u  bom  pu t fo r th  In  th a  attem pt to  understand and 

deal w ith  th ia  complex m edical and so c ia l  phenomenon. S c ie n t i f ic  raaaarch  

haa eo n trlh n tad  to  th a  underetandlng o f  acme o f  th a  pharmacologic aspect*  

o f  drag a d d ic tio n . I . e .  n hyslca l dependence, to le ra n c e , drug s * lf -a d n in i* tra ­

t i  on, e tc .  One aspec t o f  th e  pharmacology o f  n a rc o tic  d rugs, th a t  la  s t i l l  

no t c le a r ly  understood , la  th e  re la tio n s h ip  between th e  ad m in is tra tio n  o f 

th e se  drags and t h e i r  In fluence  on th e  o v e ra ll  behavior and function ing  o f 

■nh,1 a c ts  rec e iv in g  th e se  substance*.

Hjr o r ig in a l  I n te r e s t s  had been In  determ ining whether "pare" n a rc o tic  

an tag o n is ts , e .g . naloxone, posseesed any ag o n is t p ro p e r t ie s . In  p a r t ic u la r ,  

t  was In te re s te d  In  d iscovering  I f  n a rc o tic  an tag o n is ts  could in fluence  th e  

development o f  an a lg esic  to le ra n c e  o f  mice who subsequently received  morphine.

Standard an a lg esic  t e s ta  u su a lly  Involve th e  measurmient o f some change 

In  re f le x  la ten c y  to  a noxious stim u lus. These t e s t s  a re  somewhat crude and 

would have been p a r t ic u la r ly  u n sa tis fa c to ry  fo r  th e  a n tic ip a te d  needs o f  t h i s  

experiment because they  a re  g en era lly  ln se n a ltlv e  to  p a r t i a l  ag o n is ts  (Olasaman 

W T l). Consequently, a new t e s t  was designed which Involved measuring th e  

frequency o f  escape from a  trough-shaped p le x ig la s s  box; th e  f lo o r  o f  which 

d e liv e red  on e le c t r l e  shock.

As expected, a  m a jo rity  o f  naive mice u su a lly  escaped from th e  box w ith in  

a few seconds and s ig n if ic a n t ly  fev e r mice d id  so follow ing an I n i t i a l  In je c ­

t io n  o f  morphine. I f  c la s s ic a l  to le ran c e  were to  occur, a  s ig n if ic a n t  Improve­

ment In  escape performance should have been Observed on subsequent days. 

S u rp ris in g ly , no Improvement was Observed In theae  mice follow ing re pea ted
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d a lly  in je c t io n s ,  S m  nor* curious m  th e  observation  th a t  th a w  n ice  r e ­

mained Impaired In t h e i r  perfO w anee fo r  e considerab le  period  o f  t in e  f o l ­

lowing eeeee tlon  o f  drug e d n ln le tre tlo n . When another group o f  n ice  were 

In jec te d  w ith norpM ne (but not te e te d  d a lly )  fo r  th e  sane maaber o f  days 

as th e  o r ig in a l  group, s ig n if ic a n t  to le ran c e  was observed when th e  an ln a ls  

were te s te d  fo llow ing  In je c tio n  on th e  l a s t  day o f  norphlne ad m in is tra tio n .

These I n i t i a l  r e s u l ts  suggested th a t  norphlne could Induce th e  lea rn in g  

o f  an o s te n s ib ly  n a lad ap tiv e  response ,.and  th a t  t h i s  response , once e s ta b l is h ­

ed , could p e r s i s t  even fo llow ing d isco n tin u a tio n  o f norphlne a d m in is tra tio n .

The aim o f  th e  p re sen t study le  to  describe  In depth th e se  phenonena*

Mr experim ents have been d ire c te d  towards two g o a ls . F i r s t ,  I  have attem pted 

to  determ ine th e  n a tu re  and degree to  which various stim ulus param eters In ­

fluence t e s t  r e s u l t s ,  and second, I  have sought to  determ ine th e  s p e c i f ic i ty  

o f  my f in d in g s  w ith  re sp ec t to  va rious drugs (n a rc o tic  and n e o -n a rco tlc )  and 

to  v a rio u s t e s t in g  procedures.

This th e s is  I s  d iv ided  In to  four se c tio n s . In  th e  f i r s t  se c tio n , I  have 

reviewed those  a sp ec ts  o f  th e  s c ie n t i f i c  l i t e r a t u r e  which provide a  background, 

both  conceptual and experim ental, fo r  th e  experim ents perform ed. The second 

sec tio n  con ta in s a d e sc r ip tio n  o f  th e  experim ental methods and s t a t i s t i c a l  

wrocedurea anoloyed fo r  th e  eva lua tion  o f  th e  d a ta . The th i r d  eec tlon  con ta ins 

a  p re se n ta tio n  o f  th e  r e s u l t s  o f  th e  experim ents follow ed by th e  l a s t  s e e tlo n , 

a  d iscu ssio n  o f  th e se  r e s u l t s .  This l a s t  sec tio n  w il l  be concerned w ith r e ­

l a t in g  th e  r e s u l t s  ob tained  In  th e  p resen t study w ith  th o se  found by o th e r  

In v e s tig a to rs ;  and f in a l ly ,  1 w il l  propose a  hypothesis concerning th e  Im­

p l ic a t io n s  o f  th e  p resen t work fo r  th e  study o f  drug dependence.
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Bub.iscts

CF-1 female m ica, approxim ately 90 days o ld , were used In a l l  experim ents. 

Animal• were housed in  standard  mouee boxee In  group* o f  16, Food (Purina 

Lab Chow) and w ater vara  provided ad lib *  Tha average weight o f  a  mouaa was 

20 grama * 2 grama.

Upon a r r iv a l  from th a  s u p p lie r , now mlea vara  t ra n s fe r re d  to  t h a l r  boxee 

and no t employed In  any experiment* u n t i l  a f t e r  a t  le a n t W hour*. A 12 hour 

day-night cycle  vaa m aintained In  th e  ta a t ln g  room, vhlch a lao  aerred  aa th a  

animal q u a rte r* . Cedar ch ip  bedding vaa uaed and vaa changed weekly.

A fter I n i t i a l  te n t in g  a l l  mice vere  marked fo r  id e n t i f ic a t io n  purpoee* 

ualng p ic r ic  ac id  app lied  to  th e  fu r .

Aooarattt*

1. Tacape Box

The "shock box" conalated  o f  a  trough ahaped P lex ig laaa  box, 6

Inehe* deep, 10 inches long , 1 1 /2  isehea v ide  a t  th e  bottom , and W Inch**

v ide  a t  th e  to p . The to p  o f  th e  box vaa surrounded by a  b lack  p lex ig laaa

p la tfo rm . P a ra l le l  s te e l  p la te s  vere  p laced  along th e  f lo o r  and bent up to

form th e  In sid e  w alla  o f  th e  box. Because o f  th e  narrow f lo o r  a  mouse always

bridged a  p a i r  o f  p la te s  when I t  stood on th e  appara tu s. A.C. shock was

d e liv e red  from a  co n stan t c u rren t source (Diagram)» R esistance  o f  th e  mouse
5

was found to  be 10 ohms and th e  shock le v e l  was c a lib ra te d  according to  th is  

v a lu e . An ammeter was in s ta l le d  In  th e  c i r c u i t  in  o rder to  determ ine whether 

th e  mouse was rec e iv in g  th e  shock and to  a sc e r ta in  whether vast*  n a t t e r  o r 

d e b ris  vere  sh o rtin g  th e  p la te s .
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2. Hot P lot*

A h o t-p la te  escape t e s t  m i  constructed  in  a  s im ila r  manner to  th e  

shock-escape box, except th a t  th e  bottom o f  th e  escape box vas rep laced  bp a 

sheet m etal p la te ,  A sheet o f  asbestos m a te ria l was placed between th e  p la te  

and a  t r a p  f i l l e d  w ith  o rd inary  sand. The sand was used as a damper to  pre­

vent f lu c tu a tio n s  in  tem perature on th e  p la te  i t s e l f .  This t r a p ,  in  tu rn , was 

seated  on a standard  lab o ra to rp  hot p la te .

The hot p la te  tem perature was measured bp a su rface  reading thermometer 

(FET-Xnstruments) , p laced on th e  sheet m etal f lo o r . During th e  e n tire  t e s t ­

ing period  th e  hot p la te  remained "on" continuously  and no te s t in g  was done 

u n t i l  th e  f lo o r  tem perature was found to  be constan t to  w ith in  1° fo r  a  2*t 

hour period  p r io r  to  any experim ent.

Procedures

T esting  was performed between 9 a.m. -  1 p.m. In je c tio n s  were admin­

is te r e d  ln tra p e r l to n e a llp  in  a l l  in stan ces and were performed using a 26 gauge 

needle. In je c tio n  volume, re g a rd le ss  o f dose, was .1  cc . V ehicle, except 

where in d ic a te d , was normal s a l in e . Other so lu tio n s  vere ad ju sted  to  th e  ph 

o f  a morphine s u l f a te  so lu tio n  w ith a concen tra tion  o f  5 m g./cc. Norphlne 

so lu tio n s  vere  re f r ig e ra te d  and rep laced  ro u tin e ly  a t  60 dap In te rv a ls .

During th e  in je c t io n - te s t  In te rv a l ,  anim als were re tu rn ed  to  th e i r  

boxes. At th e  tim e o f  t e s t in g ,  mice were placed in  th e  apparatus so th a t  

co n tac t was made between a l l  four paws and th e  m etal p la te s .  In  most ex­

perim en ts, mice were perm itted  30 seconds to  escape a t  each t r i a l .  Those 

not escaping w ith in  t h i s  time l im i t  vere graded as non-escapers. The 

escape la ten c y  o f  those  mice escaping vas a lso  recorded w ith  an e le c t r ic  

stopw atch. Following te s t in g ,  mice vere  1M e d ia te ly  re tu rn ed  to  t h e i r  boxes.
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S e lec tio n  and Doterm ination o f  Qrouns

Dot a n im a tio n  o f  i n i t i a l  o r  b a se lin e  performance vaa accomplished a t  

f o l lo w .  I t  vaa found in  p relim inary  experiment a using  6 groups o f  16 naive 

mice, th a t  upon i n i t i a l  t e s t in g ,  te n  o f  a lx teen  mice per group eacaped v ith io  

th e  tim e l im i t .  Thua 1 0 /1 6  o r 62,5$ vaa employed aa a population  param eter 

fo r  eacape performance in  th e  i n i t i a l  a e rlea  o f  experimenbe. I t  vaa found 

in  subsequent experim enta, th a t  th e  6 2 .$$ b aae lln e  c o n tro l value vaa an 

accu ra te  popu lation  param eter. V aria tiona  o f one o r  tvo mice eacaplng or 

not eacaplng per group vere  obaerved o ccasio n a lly . These groups vere  ad ju sted  

by replacem ent o f  a p a r t ic u la r  mouee in  order th a t  a l l  groups had th e  sane 

10/16 I n i t i a l  perform ance. In  some s tu d ie s , 1 or 2 n ice  d ied  e i th e r  fo llo v -  

ing norphlne ad m in is tra tio n  o r  from unknown causes. I f  t h i s  occurred on 

Days 1-$ during th e  pe riod  o f drug In je c tio n , th e  mouse vas rep laced  by 

another v l th  th e  same b a se lin e  (Day l )  performance as th e  dead mouse. Mice 

dying on a l l  o th e r  days vere not rep laced . Except vhere s p e c if ic a lly  In ­

d ica te d  no o th er se le c tio n  procedures fo r  groups vere  employed a f t e r  Day 1. 

Data

In  a l l  experim ents, th e  escape la ten cy  vas recorded fo r  each in d iv id u a l 

mouse a t  each te s t in g  se ss io n . In  those  experiments vhere v o c a lis a tio n  

(squeaking) vas s tu d ied , a response vas recorded vhen any aud ib le  sound vas 

perceived  by th e  observer. In th ese  experim ents, mice vere  not removed 

from th e  t e s t in g  environment u n t i l  30 seconds had e lapsed .

In soaw experim ents, a l l  types o f  responses to  th e  noxious stim ulus 

vere  recorded . In  th e se  experim ents th e  la te n c ie s  fo r  a l l  "stim ulus re la te d "  

b ehav io r, whether v o c a liz a tio n , pav l i f t i n g ,  squeaking, or Jiasping, e t c . ,  

vere  recorded by th e  observer. In  such s tu d ie s , mice vere  removed from
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th e  ta s t in g  apparatus lM e d la te ly  a f t a r  a  responsa vaa e l i c i t e d .

S t a t i s t i c a l  A p^T fla

Baeausa th a  R ( l6  a lc a )  rapraaan tad  a randomly choaan popu lation  and 

10 a f  16 a lc a  ascapad th a  ahock v i th in  th a  c r l ta r lo n  t i a a  H a l t*  a  62.5$ 

performance le v e l  vaa employed as a  popu lation  p a ra a e ta r . Parforaanca o f  

a le e  In  subsequent ta s t in g  s i tu a t io n s  vara compared to  t h e i r  i n i t i a l  p e r­

formance by employing a  Chi? t e s t  In vhich 62.$$ (10/16) vas th a  expected 

va lue . Because th e re  vara  tvo c la sse s  o f r e s u l t s ,  I . e .  escapers and non e s­

cap e rs , th a ra  vas 1 degree o f  freedom. I t  vas c a lc u la te d  th a t  an impairment 

In parforaanca vas s ig n if ic a n t  a t  (p<.0$) i f  $ or fev e r a lc a  ascapad. One 

t a i l e d  "Sign" t e s t s  vara  performed to  determ ine tha  d ire c tio n  o f  change of 

escape performance both v l th ln  and betveen groups o f mica (S ie g e l, 1956).
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In tro d u ctio n

Thia se c tio n  con ta ins th a  experim ental r e s u l t s .  Tha m ajo rity  o f  th a  

da ta  a ra  p resen ted  In graphic form because th ia  format p e m lts  th a  ev a lu a tio n  

o f  tranda  In aacapa h a h arlo r v is  a  v ia  to la ra n c a , aa v a i l  aa abso lu te  la v a ls  o f  

perform ance.

To avoid confusion th a  uaa o f  sev era l term s ahould be c la r i f i e d  a t  t h i s  

p o in t.  F irs t*  in  many experim ents refe ren ce  v i l l  be made to  a "standard  t a s t ­

ing regimen" o r  "schedule". Unless o therw ise sp e c if ied  t h i s  r e f e r s  to  th e  

te s t in g  co n d itio n s as described  fo r  Oronp 2 In  Table 1 . A lso, th e  p h rase , 

"p o s t- ln Je c tlo n  te s t in g " ,  r e f e r s  to  te s t in g  on th e  same day as In je c tio n  In 

c o n tra d is tin c tio n  to  "post-norphlne" te s t in g  vhlch r e fe r s  to  te s t in g  on th e  

day a f t e r  th e  l a s t  o f  a s e r ie s  o f  d a lly  morphine In je c tio n s . F in a lly , t o le r ­

ance c o n tro ls  r e f e r  to  a group o f mice te s te d  In th e  same manner as Group 6 

In Table 1 on Days 1 through 16 except th a t  In  th e  m ajo rity  o f  experim ents 

to le ran e e  vas g en era lly  measured a f te r  In je c tio n  on Day 15 ra th e r  than on 

Uav 1* (as in  Group 6 ) .
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P relim inary  Experiments 

F igure 1 (Groups 1 through 6) rep re se n ts  th a  escape performance o f  a le e  

subm itted to  a  v a r ie ty  o f  trea tm en t schedules designed to  eva lua te  th a  a ffa e ta  

o f  dosage, sequence o f  t e s t in g  and drug in je c t io n ,  th a  abaanca o f  ta a tln g  

during aorphlna a d a ln la t r a t lo n , and continuous ta a tln g  w ithout drug.

Thaaa aehadulaa ora o u tlln a d  In Tabla 1. Tha shock l a r a l  fo r  a l l  groups 

vaa 1^0 u a , v l th  a  t r i a l  t l a a  c r i t e r io n  o f  30 seconds. Tha dose o f  ao rph lna , 

when a d a ln ls to re d , vaa 25 ag /kg , except Oroup 3 vhleh received  12,5 ng/kg.

Mica In Oroup 1 vara  ta s te d  i n i t i a l l y  on Day 1 and than  d a lly  fo r  t h i r t y  

days th e r e a f te r .  Mice In Oronp 2 vara  ta s te d  on Day 1, th an  in je c te d  v l th  

ao rph lna , and r e te s te d  30 a ln u te e  p o st-in ,)ac tio n  (Day 1A). This group vas 

than  ta s te d  d a lly  p o s t- ln je c tlo n  fo r  15 days, followed by 15 a d d itio n a l days 

o f  t a s t in g  w ithout drug a d a ln la tra t lo n . A th i r d  group o f  a lc a  (Oroup 3) 

received  a  s im ila r  t r e a ta e n t  regimen as In  Group 2 except th a t  th a  doaa o f  

aorphine vaa 12.5 ag /k g . Mice In  Oroup k vara  In je c te d  v l th  aorphlna follow ­

ing te s t in g  on Day 1. They vere  than In je c te d  w ith aorphlna fo r  15 days, 

followed by an a d d itio n a l 15 days o f  ta a t ln g  In th a  absence o f  drug admin­

i s t r a t i o n .  Group 5 rece ived  th e  saaa t r e a ta e n t  schedule as Oroup 2 and 3 

except th a t  aorphine vas a d a ln ls te re d  a f t e r ,  r a th e r  than p r io r  t o ,  th a  d a lly  

escape t r i a l s .  Mica In  Oroup 6 were ta s te d  on Day 1 than  In je c te d  w ith  mor­

phine on Days 1 through 30. P o s t- in je c tio n  ta s t in g  vas begun on Day 16 and 

continued u n t i l  c a ssa tio n  o f drug ad m in is tra tio n  on Day 30. These a le e  

vere  than  ta s te d  w ithout drug fo r  an a d d itio n a l 15 days.

The escape performance o f  a le e  fo llow ing a s in g le  In je c tio n  o f  aorphlna 

(25 ag/kg) ( f ig u re  1 , Oroup 2 , Day 1A) vas s ig n if ic a n t ly  Impaired fro a  

t h e i r  p re  aorphlna level*  Following 15 days o f  aorphlna In je c tio n s  and t a a t ­

ln g , however, th e se  a lc a  dem onstrated no Improvement In  t h e i r  p a rfo raanca ,
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Figure 1

E ffe c ts  o f  v a rio u s te s t in g  and /o r In je c tio n  sequences on escape behavior 
In  mice rec e iv in g  norphlne. Groups o f  mice (M*l6/group) vere  t r e a te d  
according to  th e  regimens o u tlin e d  in  Table 1 . Shock le v e l  vas 160 ua a t  
a l l  te s t in g  se ss io n s . Days o f  s ig n if ic a n t  (p l.05* Chi2 t e s t )  Impairment 
from c o n tro l performance (Day l )  vere a s  fo llo v s t Group 2 -  Days 1A 
through 28, Oroup 3 -  Days 2 , 6 , 8 through 15* and 2 o f  th e  next 15 days, 
Oroup 6 -  Days 17 through ^5*
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ta b le  1 

T rea taen t Schedules

Day 1 Days 2-15 Days 16-30 Days 31-b5

1 Escape ta s t in g Escape te s t in g Escape te s t in g

? Escape te s t in g
followed by
aorphlneJ-and
r e - t s s t in g  (Day 1A)

Morphine followed 
by te s t in g

Eseape te s t in g

3 Escape ta a tln g  
followed by 
norphlne

Morphine followed 
by te s t in g

Escape te s t in g

1* Escape ta s t in g  
follow ed by 
norphlne

Morphine Eseape te s t in g

5 Escape ta s t in g  
follow ed by 
norphlne

Escape te s t in g  
lH e d la te ly  
follow ed by norphlne

Eseape te s t in g

6 Escape ta s t in g  
follow ed by 
norphlne

Morphine Morphine followed 
by t e s t i n g t

Escape
te s t in g

(1) Dosage fo r  Oroup 3 ■ 19.5 a g /k g ., a l l  o tb ar groups rec e iv e d  25 ag/kg .

(2) fo e t- In fe c t io n  ta s t in g  began on Day 15 In a l l  ex p erlean t■ axoapt
th a  p re lln ln a ry  study (W irm  l )  In  uhleh ta s t in g  vas begun on Day 16,
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1 ,* , no evidence o f  re tu rn  to  t h e i r  pro mor phine le v e l ,  In  a d d itio n , fo lhev - 

Inn eoooatlon o f  norphlne trea tm e n t, thooo animals eontlnnod to  danonrtra to  

a s ig n if ic a n t  impairment In  performance fo r  13 out o f 15 d a lly  t r i a l * ,  R esu lts 

ob tained  using  a  a n a lle r  doae (12.5 v / M )  o f  norphlne vere  em parab le  b a t 

o f  a  a n a lle r  magnitude, In  th a t  an I n i t i a l  and absta ined  impairment in  p e rfn r -  

nance vaa obaerved fo r  th e  15 days o f  p o s t- in ja c tio n  t r i a l * • Theae n ice  

denonatrated  only  a a n a ll  impairment in  escape performance (2 day a) follow ing 

c essa tio n  o f  norphlne. The escape frequency o f  co n tro l a n ln a ls  (F igure 1, 

droop l )  te s te d  fo r  t h i r t y  days f lu c tu a te d  fo r  th e  f i r s t  fev  days o f  te s t in g  

and then s ta b i l i s e d  a t  a constan t high le v e l o f  perform ance. Mice (Figure 1 , 

Oroup M te s te d  on Day 1 and then rece iv in g  norphlne fo r  15 days w ithout t e s t ­

in g , shoved no Impairment when te s te d  w ithout drug on Days 16 through 25.

In ad d itio n , anim als (Figure 1, Oroup 5) te s te d  on Day 1 and given th e  sane 

regimen as Oroup 2 except th a t  th e  te s t in g  vas performed befo re  ra th e r  than 

a f t e r  In fe c t io n , shoved no impairment e i th e r  during th e  period  o f  morphine 

ad m in is tra tio n  (Days 2 through 15) o r a f t e r  (Days 16 through 28), Thus, th e  

Impairment In performance dem onstrated in  Oroupa 2 and 3 could no t be e l i c i t e d  

by e i th e r  morphine (Oroup k) o r te s t in g  (Oroup l )  a lone . Furtherm ore, the  

combination o f  morphine and te s t in g  (Group 5) vas only e f fe c tiv e  in  producing 

an Impairment In  performance during and a f t e r  drug trea tm en t I f  th e  adminis­

t r a t io n  o f  drug preceded eseape t e s t in g .

In order to  a sc e r ta in  vhether any pharmacologic to le ran c e  could be 

d e tec ted  during  th e  15 days o f  th e  drug ad m in is tra tio n  p e rio d , one group 

o f  n ice  (Oroup 6) vas te s te d  on Day 1 w ithout morphine and then  adm inistered 

norphlne fo r  t h i r t y  days but not te s te d  fo r  th e  f i r s t  15 o f  th ese  days. When 

escape t e s t in g  vas resumed on Day 18, th e  escape performance o f  th e  n ice  vas
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Table 2

Cevparleon o f  th e  n e a p i  performance In s a lin e  and n o n -sa lin e  in je c te d  
• l e a .  ftrotrp 1 (* - l6 )  received  d a ily  te s t in g  (aaa Oroup 1 , Tabla l ) ; 
tlrovp 1 ( s a l in e )  (W*l6) vaa t r e a te d  t im ila r ly  except . le e  nerva l sa lin e  
vaa In je c te d  30 m inutes p r io r  to  ta a t ln g  on Days S through 30. Oroup 2 
(lW.6) and Oroup 2 (a a lln a )  (3*l6) rece ived  tb a  ease trea tm en t regiven  
aa Oroup ? (fa b le  l )  except Oroup 2 (a a lln a )  received  . le e  a a lln a  in ­
je c tio n s  30 ulmxtee p r io r  to  ta a t ln g  on Days 16 through 30.

Oroup Escape frequency ( I )  Days o f  S ig n if ic a n t
Iv p a irv en t *

Dar 15. Day 16 Dax 30

1 75.00 75.00 75.00 •

1 (s a lin e ) - fll.25 75.00 61.25 -

2 6.25 6.25 12.50 37.50 13

2 ( s a lin e ) 6.85 12.50 12.50 **3.75 11

•nuaber o f days on vhleh post-vorphine escape frequency vas lea a  than 37.505.
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not s ig n if ic a n t ly  d if fe re n t  fro*  t h t  Day 1 v a lu e , H w tw r ,  upon continued 

d a lly  p o s t- ln je c t le n  te s t in g ,  th e  performance o f  th a t*  n ice  d*clin*d tuch th a t  

h r  Day 10, th a  performance vas th a  same as th a t  o f  Oroup 2 follow ing th a l r  

I n i t i a l  In je c tio n  o f norphlne (Oroup 2 , Day 1A). In  a d d itio n , th e se  n ice  

(Oroup «?) rem ln ed  s ig n if ic a n t ly  Impaired fo r  th e  e n t i r e  poet-norph lne t e s t ­

ing  period  (Days 10 through k l ) .

S a lin e  C ontro ls

P r io r  to  In v e s tig a tin g  th e  e f f e c ts  o f  a l te r in g  th e  various param eters 

employed In  th e  I n i t i a l  experim ents, I t  vas necessary  to  perform a number o f 

c o n tro l s tu d ie s .

Table ? re p re se n ts  th e  d a ta  from a  comparison study In vhlch th e  previews 

exoerlments (Table 1 , Oroups 1 and 2) vere  rep ea ted  using  s a lin e  in je c t io n s .  

Mice In Oroup 1 (s a lin e )  received  s a l in e  In je c tio n s  p r io r  to  te s t in g  on Days 

1* through 10, As in d ica ted  In Table 2 , no d iffe re n c e  In escape performance 

was observed between th e  s a lin e  and n en -sa lln e  t r e a te d  mice in  e i th e r  Oroups 

1 o r 2 . Based on th ese  f in d in g s , s a l in e  c o n tro ls  In  subsequent experim ents 

v e re  e lim in a ted .

Tolerance In U ntested Mice

In th e  I n i t i a l  experim ents ( f ig u re  1 , Oroup 6 ) ,  I t  was found th a t  pharma- 

eo log lc  to le ran c e  to  morphine could be dem onstrated on th e  f i f te e n th  day o f  

morphine a d m in is tra tio n . A dditional s tu d ie s  vere  e a r r le d  out to  determ ine 

th e  e x te n t to  vhleh an a lg esic  to le ran e e  developed in  mice follow ing various 

p eriods o f  drug a d m in is tra tio n , f ig u re  2 I l l u s t r a t e s  th e  r e s u l ts  o f  th ese  

experiment s .  Oroups o f  16 mice vere  te s te d  on Day 1 and then  In je c te d  w ith 

morphine, fach  group vas In je c te d  d a lly  bu t not te s te d  again u n t i l  a f te r  

In je c tio n  on Day 1, 2 , 6 , 9 , 11, o r  20, Thus, fo r  example, th e  mice te s te d
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Flwrt 2

Tolaranea to  d a ily  aorphlna In je c tio n  In u n tea ted  a lc a ,  S ix  groupa o f  a lc a  
(lM /?/gronp) vara  ta a ta d  on Day 1 (1^0 ua) th an  ln je e te d  v l th  aorphlna 
(?5 ag/kg)* Mica received  aorphlna fo r  a  vary ing  ntsnbar o f  daya h a t vara  
not r a ta a ta d  u n t i l  a f t a r  in je c t io n  on th a  f in a l  day o f  drug a d a ln la t r a t lo n . 
S ig n if ic a n t in p a irn cn t (p{ ,05 , Chl2 t a s t )  from Day 1 ( 6 2 . 5$) c o n tro l valuea 
obaerred only in  1, 2 and 6 day groupa.
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on Day 6 had rece iv ed  te * tin g  and In je c tio n  on Day 1* in je c tio n *  a lm a  an 

Daya 2 through 5» and ta a t ln g  a f t a r  in je c t io n  on Day 6 . Tha re s u lt*  demon­

s tr a te d  th a t  th a  a f fa e ta  o f  aorph lna on aaeapa behavior a ra  g re a te s t  on Day 1 

and than  d la ln la h  In  ln ta n a lty  follow ing d a lly  a d a ln la tra t lo n  tneh t h a t ,  by 

Day 0 , th a ra  la  no a lg n if lc a n t  d lffa ra n c a  between th a  aorphlna group and Day 1 

parforaanca o f  co n tro l*  (a lc a  not rece iv in g  d a lly  p o s t- ln je c t lo n  ta a t ln g ) .  

Tolaranea Measured by V o calisa tio n

Tha previous axparlaan ta  auggaatad th a t  un taa tad  a lc a  d id  becoae to le ra n t  

to  th a  a f fa e ta  o f  aorphlna on aaeapa b ehav io r. I t  vas thus necessary  to  in ­

v e s t lg a ta  th e  s p e c i f ic i ty  o f  th a  a f fe c t  o f  aorphlna on escape behavior In 

those  a n la a la  vho vara  ta s te d  fo llow ing In je c tio n . S ta ted  in  ano ther aanner, 

th a  question  vaa , v ha t a f f e c t  d id  t r a in in g  have on th a  percep tion  o f  th e  noxious 

s t ln u lu s , In an a t te a p t  to  answer t h i s  q u e s tio n , a  group o f  n ice  vara  given 

th a  standard  t r e a ta e n t  schedule (Table 1 , Oroup 2 )t however, th a  occurrence 

o f  squeaking o r  vocal1ta t io n  during  exposure to  th a  t e s t  cond itions vas r e ­

corded as v a i l  as th e  number o f  a le e  escaping* F igure 3 i l l u s t r a t e s  th e  

r e s u l ts  o f  th ia  e x p e rlae n t. I t  la  c le a r  th a t  on I n i t i a l  a d a ln ls tr a t lo n  o f 

aorphlna (Day 1A) th a ra  vaa a narked decrease  In th a  percen tage o f  a lc a  vocal­

iz in g  In response to  th a  s t ln u lu s ,  p a ra l le l in g  a co n cea ltan t f a l l  In  escape 

frequency. However, on subsequent days, th a  number o f  n ice  responding by 

v o c a lisa tio n  Increased  a a rk ed ly , whereas th a  nm ber o f  a lc a  escaping  raaalnad  

c lo se  to  th a t  o f  th a  Day 1A va lu e . Thus I t  appeared f rc a  th ese  d a ta  th a t  

a le e  t r e a te d  w ith d a ily  in je c tio n s  and te s t in g  fa i le d  to  escape th e  noxious 

s t ln u lu s  d e sp ite  th e  f in d in g  th a t  t h e i r  s e n s i t iv i ty  t o  th e  s t ln u lu s  Increased  

profoundly , baaed on v o c a lis a tio n  d a ta , over th e  period  o f  norphlne a d a ln ls ­

t r a t lo n .
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Flgurt 3

Comparison o f  escape behavior and v o c a lisa tio n  frequency In Mica rece iv in g  
d a lly  p o e t- in je c t  ion te s tin g *  A group o f  n lea  vaa ta s ta d  according to  th e  
standard  ta s t in g  procedure (Table 1 , Group 2) (l60  ua and 25 n g /k g ). Iseapa 
performance i s  rav rasan tad  by th e  • — a l ln a t  v o c a lisa tio n  frequency by th e  
4 —A l in a .  Maxi m um  shock exposure in te rv a l  * 30 seconds, and Mica vara  not 
removed a f t e r  v o c a lis a t io n . V ocaliza tion  vaa measured In two "u n tes ted ” 
c o n tro l*  croups rece iv in g  te n t  Inc on Day I  followed by morphine fo r 9 and 
1* davs re sp e c tiv e ly , 'V s tin *  was resumed on th e  f in a l  day of morphine 
ad m in is tra tio n .
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I n i t i a l  F a ra a e tr lc  S tud ies

Dose E ffe c ts

Th« d a ta  In th i s  ■actIon  re p re se n t th a  r e s u l t s  o f  ex p erlaen ts  p e rfo rasd  

In o rder to  d e te ra in e  th a  re la t io n s h ip  between th a  dose o f  aorphlne a d a ln ls -  

ta ra d  and v a rio u s a sp ec ts  o f  th a  escape p srad ig a .

Two a a rlaa  o f  n lna groups o f  a le e  vara  eaployed fo r  thaaa  a x p arlaan ta .

*he f l r a t  n lna groups o f  a le a  vara  given th e  atandard t r a a ta a n t  schedule 

Abble 1 , Group 2) axeapt th a t  each group received  a d if f e r e n t  d a ily  doaa o f 

aorphlne (0 , 7 .5 ,  1* .5 , 18 .75 , 25, 37.5 , 50, 125, and 250 ag /k«). The second 

a e rlaa  o f  n ine groups vara  I n i t i a l l y  given th a  aaaa t r a a ta a n t  schedule as 

Oroun 6 , Table 1, Days 1 through 16 except th a t  th a  groups vara  te s te d  fo r 

to le ran c e  a f t e r  In je c tio n  on Day 15 ra th e r  than  Day 16.

Tha r e s u l t s  o f  th e se  ex p erlean ts  a re  I l lu s t r a te d  In  f ig u re  k. Tha r e s u l ts  

fo r  th e  125 and 250 ag/kg groups vara  not Included In t h i s  graph beeause o f  

a high a o r t a l l t y  r a te  vhlch precluded a  v a lid  s t a t i s t i c a l  a n a ly s is .

A c le a r  dose-response ra la tlo n s h lp  batvaan aorphlne dose sad  Bay IA 

perforaance can be observed. A s l a l l a r  re la tio n s h ip  I s  a lso  observed fo r  th a  

perfo raance  o f  th e se  groups follow ing In je c tio n  on th a  l a s t  day o f  aorphlne 

a d a ln ls tr a t lo n .  I f  th a  d a ta  fTea Day 1 , Day 15 v l th  t a s t in g ,  and Day 15 

w ithout t a s t in g  a re  coapared, I t  I s  ev iden t th a t  fo r  any given dose th e  degree 

o f  to le ran c e  on Day 15 i s  g re a te r  fo r  th e  u n tes ted  than  fo r  th e  te s te d  group 

o f  a le e .

F igure 5 shows th e  Day 16 ( f i r s t  po st-ao rp h ln s day) perfo raance  o f  th e  

groups a le e  described  above, p lo tte d  as a function  o f  d a lly  aorphlne dose.

A c le a r  Inverse  re la tio n s h ip  batvaan dose and escape perforaance can be 

observed over th e  e n t i r e  range o f  doses, reaching  a aax laua  a t  50 ag/kg*



*3

Escape freguency ©f a le e  as a function  o f  (aorphlne) doaa. (x) ra p ra sa n ts  
th e  Day 1 and ( • )  th a  Day 15 perforaance o f  a le e  adm in istered  vary ing  
dosea o f  aorphlne but o therw ise re c e iv in g  th e  standard  te s t in g  procedure 
(Table 1 * Group ?) (160  u a ) , (A) re p re se n ts  th e  perforaance o f  u n tes ted
a le e  ( to le ran ce  c o n tro ls )  a f t e r  In je c tio n  on th e  15th day o f  aorphlne 
a d a ln le tra t lo n . W*l6 fo r  a l l  groups except th e  50 ag , ( te s te d )  group* In 
which two a le e  died on Day 2 and were rep la c e d ; two nora a le e  d ied  on 
Day 6 bu t were no t rep laced . Escape perforaance a t  each dose (except 0 ) 
was g re a te r  (p<, 05 ,Sign t e s t )  on D15 ( • )  In te s te d  groups than  In un tes ted  
(d) groups.
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Ferforaenee o f  a le e  on th e  day a f te r  19 days o f  p o e t- In je c t  Ion te s t in g .  
Groves o f  v ic e  roeolvod th e  standard  te s t in g  reg inen  (Table 1 , Group 2)
(l*0  m )  a t  v a rio u s doses o f  ao rph lne . The f ig u re  shove Day 16 ( f i r s t  
p o st a orphln e  day) escape perfo raance  as a  fu nc tion  o f  d a lly  aorphlne 
dose. 1Nl6 fo r  a l l  groups except fo r  th e  fo llc v ln g t 90 ag /kg  -  two deaths 
on Oar ? .  125 ag /kg  -  fo u r deaths on Days 1 and 2 ( re p la c e d ) , 290 a g /k g - 
four deaths on Days 1 and 2 ( re p la c e d ) .
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Flwrt 6

Poet-aorphlne eecaoe la p a lra e n t m  a function  o f  d a lly  aorphlne done. Oroupa 
o f  a le#  (H*l6/(ti*oup o r Day l )  received  tho  e taadard  te a t ln g  reg iaen  (Table 1 , 
droop 2) a t  m rio u a  doeee, The f ig u re  1 H u r t  r a te  a th a  number o f  po rt-ao rph lne  
day# on vhleh th e  eaeape perforaance vaa a lg n lf lc a n tly  dlmlnlehed (pC05»
Chl? t e a t )  fron  c o n tro l (Day 1) perforaance fo r  each aorphlne doae.
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Thus th e  T>*y 1* poat-aorpM n* escape frequency c o rre la te *  v e i l  w ith  th e  value* 

ob tained  on Day* 1 and 15 (F igure  h ) ,

T*he group* o f  a le e  In  th e  p rev ious experiment rece iv in g  th e  etaadard  

te n t in g  regimen (F igure 1 , Group 2) a t  varying done* were te n te d  fo r  p o s t-  

morphine escape Impairment on Days 16 through 30* Figure € I l l u s t r a t e s  th e  

nuhber o f  days o f  pont-morphln e  escape Impairment o f th ese  mice ( ( 6 /1 6  mice 

escaping) as a  function  o f  th e  morphine dose. The r e s u l t s  In d ic a te  a  strong  

dose-response re la tio n s h ip  vhlch reaches a  p la teau  a t  doses above 3T.5 mg/kg* 

and c o r re la te s  v e i l  w ith  th e  Day 15 performance o f  th ese  mice as shown in  

F igure H.

F ffe c t o f  Devs

In th e  I n i t i a l  experim ents (F igure 1)* a l l  mice rece ived  te s t in g  and In­

fe c tio n s  fo r  15 days. I t  was th e re fo re  necessary  to  determ ine th e  r e la t io n ­

sh ip  between th e  s e v e r i ty  o f  escape Impairment and th e  number o f  trea tm en t 

days.

F igure T I l lu s t r a t e s  th e  e f fe c t  o f  various trea tm en t regimens (0*k»6* 

10*12*15*20* and 30 days) on p o s t- in ja c t io n  performance on th e  l a s t  day o f  

drug a d m in is tra tio n . The r e s u l ts  show a c le a r  c o rre la t io n  between p o s t­

in.1eet Ion performance and days o f  exposure to  th e  treatm ent regimen.

The mice emoloyed In th e  p revious experiment were te s te d  on subsequent 

days w ithout morphine In o rder to  determ ine th e  e f f e c t  on p o st morphine 

Impairment o f  th e  various trea tm en t schedules. The r e s u l t s  (F igure 8) show 

th e  number o f  days o f  s ig n if ic a n t  p o s t morphin e  Impairment a s  a function  o f  

trea tm en t days. These r e s u l t s  dem onstrate th a t  l e s s  than  10 days o f  trea tm en t 

( in je c t io n  and te s t in g )  a re  in s u f f ic ie n t  to  produce continued escape im pair­

ment fo llow ing c e ssa tio n  o f  morphine* In addition* trea tm en t schedules longer



f ig u re  T

The e f f e c t  o f  varying "Days" o f  p o r t - in je c t  ion te s t in g  on escape behavior. 
Groups o f  a le e  (W»l6/group) vere  exposed to  th e  standard  te s t in g  reg laen  
(fh b le  1 , Group 2) except th e  p eriod  ( t o t a l  days) o f  d a lly  p o s t- in ja c tio n  
te e t ln g  vaa v a rie d . The f ig u re  I l l u s t r a t e s  th e  escape frequency on th e  
f in a l  day o f  p o s t- In je c tIo n  te s t in g  a s  a function  o f  th e  n iab er o f  te s t in g  
days. Doee«25 ag/kg and shock le v e l» l60  ua fo r  a l l  groups, Iscape  p e rfo r­
aance vas s ig n i f ic a n t ly  (p<,05, Chl^ t e s t )  la p a lre d  fro*  c o n tro l {62,5%) 
fo r  "Pays" 1% 20, and 30,
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Figure 8

The e f f e e t  o f  vary ing  "Days" o f  p o a t- in ja c tio n  te s t in g  on poet-*orphlne escape 
l a p a ln e n t .  (troupe o f n ice  (P*l6/group) received  th e  standard  te s t in g  reg laen  
(Table 1 , Croup ?) except th a t  th e  p eriod  ( t o ta l  days) o f  d a lly  p o s t- ln je e t la n  
te s t in g  ves v a rie d . The f ig u re  expresses th e  n iab e r o f  days on vhleh p o s t-  
aorphlne eseape frequency vas s ig n if ic a n t ly  (p{.05» Chi2 t e s t )  la p a lre d  fro *  
c o n tro l (Day l ) . Dose o f  aorphlne* 25 ag /kg  and shock lev e l* l6 0  ua fo r  a l l  
groups, Ho re la p se  ( i . e .  re tu rn  to  s ig n if ic a n t  la p a lra e n t)  «aa found, when 
a le e  vere  te s te d  fo r  19 a d d itio n a l days u n t i l  Day «9.
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th an  15 day* d id  not fu r th e r  in crease  th*  niafeer o f  Impairment day*.

Shock In te n s ity

The decision  to  uao th e  shock in te n * ity  (160  ua) in  th e  p relim inary  

experim ents vaa determined e m p iric a lly . I t  vaa found th a t  a t  t h i s  cu rren t 

l e v e l ,  le a a  than 100* o f  mice escaped vhen not rece iv in g  morphine and. In  

a d d itio n , some f ra c tio n  o f  mice in  each group escaped vhen morphine vas ad­

m in iste red  (a c u te ly ) . Thus, l£o ua vas a convenient shock In te n s ity  because 

I t  orovlded fo r  an adequate range o f  Improvement in  mice not rece iv in g  drug 

v h lle  sim ultaneously  a llo v ln g  room fo r  measuring performance f lu c tu a tio n s  In 

mice rece iv in g  drug.

In a  p re lim inary  experim ent, a  shock-response curve vaa generated fo r 

groups o f  naive mice (no previous exposure to  th e  te s t in g  a p p a ra tu s ). The 

r e s u l ts  o f  t h i s  experiment a re  rep resen ted  In Figure 9, A l in e a r  shock-escape 

curve vas ob tained  In th e  70-200 ua range. Threshold fo r  escape vas b e tw en  

ko and <0 ua and maximal responding could be observed a t  le v e ls  above 200 ua.

Raving e s ta b lish e d  a dose-response re la tio n s h ip  fo r  shock In te n s ity  and 

escape freeuency, fu r th e r  experim ents vere  undertaken In o rder to  determ ine 

to  vhat ex ten t th e  o r ig in a l  r e s u l t s  observed a t  160  ua vere  rep roducib le  vhen 

d if f e r e n t  shock I n te n s i t i e s  v e re  employed a t  various s tag es  in  th*  te s t in g  

procedure.

In th e  f i r s t  experim ents, tvo shock le v e ls ,  (105 and 200 u a ) , vere  used 

because th e se  le v e ls  rep resen ted  th e  extremes o f  th e  l in e a r  p a r t  o f th*  dose- 

response curve. 'No groups o f  mice vere  used fo r  eaeh shook le v e l ,

•No groups o f  mice received  th *  sane trea tm en t schedules as d id  Group 1 

in  Table 1 , except th a t  th e  shock In te n s ity  a t  each te s t in g  session  vas 105 

o r 20(1 ua re sp e c tiv e ly . S im ila rly , th*  o th e r  tvo  groups o f  mice received



T5

Aetrt* ahook-reapons* eu rr*  fo r  n a ira  a le * , Win* group* (V*l6/group) o f  
naive a le *  ver*  t** t*4  a t  dl ff* r* n t ahock l* r* l* . Th* **eap* p*rforaaoe* 
o f  th*** a le *  ar«  p lo tte d  a* a function  o f  ahoek in t* n a ity . A standard  
a a r la o a  shock In te rv a l  o f  30 *«eonds vas aaplojrad.
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M aura 10

Escape p « r f o n u e «  o f  n ice  te s te d  a t  200 ua. A group (Val6 )  o f  mica (a) 
rece ived  th e  standard  ta s t in g  rag iaen  (Tabla 1 , Group 2) axeap t th a t  shock 
in te n s i ty  vas 200 ua a t  aach t r i a l .  Morphine dose vas 25 ng/kg. Another 
group ( • )  o f  n ice  ( l« l6 )  vara ta s te d  d a ily  a t  200 ua. Also one group (A) 
o f  a le e  (B"l6) vas ta s te d  on Day 1 than  in je c te d  on Day 1 and fo r  fo u rteen  
days th e r e a f te r  hut vas not r e te s te d  u n t i l  a f t e r  in je c t io n  (to le ran c e  con­
t r o l )  on Day 15. Days o f s ig n if ic a n t  (p<>05* Chi2 t e s t )  ln p a ln e n t  frcai 
Control (Day l )  were as fo llow si Days 1A-19, and 21.
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th *  standard  te s t in g  procedor* (Table 1 , Group 2) except th a t  d i f f e r e n t  check 

In te n s i t i e s  vere  s u b s ti tu te d  s t  a l l  te s t in g  p e rio d s . Tvo a d d itio n a l groups 

ver*  a lso  Included* Theer-mic* received  th*  same trea tm en t as those  In Table 1 , 

Orem 6 , Days 1 t h r o u g h ^  except th a t  d i f f e re n t  shock le v e ls  v e rs  employed.

I . e .  they  vere  te s te d  fo r  to le ran c e  on Day 15 o f  drug ad m in is tra tio n .

The r e s u l t s  o f  th e se  experim ents a re  I l lu s t r a te d  in  F igures 10 and 11.

The Day 15 performance o f  a c o n tro l group ( te s te d  d a lly  a t  200 ua) I s  a lso  

shown In  F igure 10. The performance o f  mice rec e iv in g  morphine and p o s t-  

ln ,lec tion  t e s t in g  a t  200 ua on Day 1 (F igure 9, Day 1A) ver* s ig n if ic a n t ly  

decreased from t h e i r  b a se lin e  p re-d rug  le v e l .  On subsequent days, although 

some f lu c tu a tio n s  v e re  observed, th e  escape behavior o f th e se  mice remained 

im paired during th e  period  o f  te s t in g  and morphine trea tm e n t. S im ila r ly , 

th e re  v e re  a  mmber o f  poat-lm palrm ent days although th ese  mice re tu rned  to  

w ith in  b a se lin e  va lues by Day 2b.

The r e s u l t s  using  th e  lower shock In te n s ity  (105 ua) a re  rep resen ted  in  

F igure 11, I t  I s  c le a r  from th e  graph th a t  low shock le v e ls ,  coupled v l th  

morphine a d m in is tra tio n , produced a h igh degree o f  escape Impairment. Of 

n o te , I s  th e  performance o f  th *  to le ran c e  c o n tro l group on Day 15* This 

group dem onstrated a  le v e l o f  performance g re a te r  than  th e  experim ental 

group ( te s t in g  and m orphine). T his f in d in g  i s  c o n s is te n t w ith  r e s u l t s  ob­

served a t  h ig h e r shock le v e ls .

As dem onstrated in  th e  p rev ious experim ents (F igure 11, Days 1 through 

1 5 ), c o n tro l mice te s te d  a t  105 ua shoek le v e ls  shoved a su sta in ed  low 

le v e l  o f  performance during th e  15 day te s t in g  p e rio d . S im ila r r e s u l ts  

v ere  observed a t  90 ua shock In te n s i ty .  The performance o f  th ese  l a t t e r  

mice resem bled th e  Day 1 through 15 performance o f  mice In  th *  o r ig in a l
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? l« u r i  11

Escape perforaance o f  mica te a ta d  a t  105 ua* A group (H*l6) o f  n ice  ( • )  
rece ived  th a  standard  ta s t in g  reg iaen  (Tahla 1 , Group 2) axeapt th a t  a 
105 ua shock vas eaployed a t  a l l  ta s t in g  sessions* Morphina dosa vas 
25 ag /kg . Anothar group (A) of a lc a  (H«l6) vas ta s ta d  d a ily  a t  105 ua,
A lso, ona group Oi) o f  a lc a  ( l - l6 )  vas ta s te d  on Day 1 than  in je c te d  v i th  
aorphlna on th a t  day and fo r  fou rteen  days th e r e a f te r ,  bu t vas not ra ta s ta d  
( to le ran ce  co n tro l)  u n t i l  a f t e r  in je c t io n  on Day 15* Perforaance o f  v ice  on 
Days 5-13 vas la s s  (p<*05» Sign t e s t )  than perforaance on Days 1A-U.
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f ig u re  12

Escape perforaance o f  a le e  te s te d  d a lly  a t  90 ua w ithout ao rph lne . A group 
o f  a le e  (H»l6) were te s te d  a t  1(J0 ua on Day l i  then  re te s te d  on Day 1 and 
fo r  fourteen  days th e re a f te r  a t  90 ua. On Days l£  through 31, th e  shook 
le v e l was changed to  160 ua. Maxima shock-exposure In te rv a l  was 30 seconds 
on a l l  days. Days o f  s ig n if ic a n t  la p e lra e n t (p<,05, Chi2 t e s t )  f ro a  c o n tro l 
(Day l )  were Days 1A through 19.
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experim ents (•'inure  1 , Broun ?) rec e iv in g  d a lly  p o st-ln ,Jee tio n  t e s t in g .  Conse- 

nu en tly , an experiment was designed in  o rder to  determ ine whether n ice  which 

had undergone te s t in g  a t  a shoe* le v e l  near th re sh o ld  fo r  1? days would show 

an impairment in  b a se lin e  perform ance, vhen th e  shock vas increased  to  160 ua 

on hay IS . Such an impairment would s u g g e s t 'th a t  one e f f e c t  o f morphine might 

he to  lower th e  nerceived  shock in te n s i ty  and th a t  post-m orphine Impairment 

was somehow re la te d  to  the  mice having been exposed to  a stim ulus o f sub th res­

hold in te n s i ty .

F igure  1° i l l u s t r a t e s  th e  performance o f a group o f mice th a t  vas te s te d  

a t  l<n ua on Pay 1 and then  re te s te d  a t  DO ua on Day 1 and fo r  ll* days th e re ­

a f t e r .  Bn Day 1* the  shock vas increased  to  160 ua and th ese  mice were te s te d  

fo r  an a d d itio n a l IS days. The behavior o f th e  mice during th e  f i r s t  15 was 

s im ila r  to  th a t  observed w ith morphine. There was an I n i t i a l  and susta ined  

decrease  ln  escape perforaance during th e  days when the  shock le v e l  vas 90 

ua bu t when th e  shock le v e l was re tu rn e d  to  lfio ua (Day 1 6 ), performance imme­

d ia te ly  improved and th e re  vere  no days when a s ig n if ic a n t  re s id u a l Impairment 

was observed. However, i t  I s  notew orthy, th a t  th e  perfo raance  o f th e se  mice 

on Days 1^ through 3D was below th e  le v e l  th a t  would have been expected i f  

th e  mice had received  no te s t in g  during days 1A through 15 (F igure  1 , Group 1*),

Because th e  r e s u l t s  o f th e  prev ious experim ent vere not com pletely s a t ­

i s fa c to ry  in  re so lv in g  th e  ouestlon  o f  th e  sp e c if ic  ro le  o f  continued exposure 

to  th e  shock stim ulus ln  g en era tin g  im paired perform ance, se v e ra l a d d itio n a l 

experim ents were perform ed. In th e  f i r s t ,  groups o f  mice vere  te s te d  a t  160 

ua on Day 1 and then re te s te d  on Day 1 and fo r  15 days th e r e a f te r  on schedules 

o f g rad u a lly  In creas in g  shock le v e ls .  The purpose o f  th e se  experim ents was to



ft?

sim u la te  th e  condition* In which th e re  1* development o f to le ra n c e  to  

morphine. F igure 13 I s  a re p re se n ta tiv e  sample o f  t h i s  s e r ie s  o f experim ents. 

The choice o f  d a lly  change In  shock Increm ent was determined on an em pirica l 

h e a ls  such th a t  day to  day f lu c tu a tio n s  In performance were kep t to  a  minimum. 

The group o f  mice in  f ig u re  13 received  a te s t in g  schedule vherehy a  shock 

le v e l  o f  l?ft ua was reached by Day 15. On Day 16, th e  shock In te n s ity  was 

changed to  160 ua . On th i s  day, th e  mice re ta in e d  no Impairment and a  marked 

Improvement In  perform ance was observed on Day* 17 through 30.

Although ntmrrous trea tm en t schedules over vary ing  periods o f  days were 

t r i e d ,  a l l  a ttem p ts a t  in c re as in g  shock le v e ls ,  w ithout sim ultaneously  In­

c reas in g  to  some degree, escape perform ance, were unsuccessfu l. A dditional 

experim ents using  v a rio u s shock schedules Includ ing  groups th a t  were te s te d  on 

Say 1 a t  low shock le v e ls ,  i . e .  no p re trea tm en t a t  160 u a , were c a r r ie d  o u t. 

The re s u l t*  o f  th e se  experim ents can be sm a a r lse d  as fo llow s; Group* o f  mice 

su b jec ted  to  trea tm en t regimens c o n s is tin g  o f  v a rio u s schedules o f  shock 

I n te n s i t i e s ,  dem onstrated e i th e r  no Impairment o r  a  n o n -s ig n if ic a n t sh o rt term 

re s id u a l escape impairment when r e te s te d  a t  th e  c o n tro l shock value (1 6 0  ua}.

F igure  l l  p re se n ts  th e  d a ta  from a  s e r ie s  o f experim ents In which groups 

o f mice were te s te d  a t  160 ua on Day 1 and th en  re te s te d  a f t e r  morphine on 

Days 1 through 1? a t  shock le v e ls  o f  0 , TO, 90, 10?, 120, 160 and 400 ua 

re s p e c tiv e ly . The group rec e iv in g  "0" shock In te n s ity  was in je c ts d  and then 

p laced  In th e  te s t in g  apparatus fo r  30 seconds w ithout c u rre n t being admin­

is te r e d  acro ss  th e  p la te s .  The post-m orphlne Impairment days were p lo tte d  as 

a fu n c tio n  o f  th e  Day 1 through 1? shock le v e l .

The r e s u l t s  (70-200 ua) show a  d i r e c t  re la t io n s h ip  between th e  degree o f  

eseape Impairment observed fo llow ing c e s s a tio n  o f  morphine a d m in is tra tio n  and



Esceoe o erfe raan ce  o f  a le e  te s te d  a t  g rad u a lly  in c re a s in g  shock l e r e la .  A 
group o f  a le e  (W»l6) were te s te d  a t  160 ua on Day 1 , then  re te s te d  lM Sedlately 
on T)ey 1 a t  00 ua. Shock le v e ls  vere  g radua lly  Increased  ever th e  next 
fo u rteen  days, A shock le v e l  o f  136 ua vas euployed on Day 13 and th e  shock 
In te n s ity  was Increased  to  l£o  ua on Days 16 through 30. Days o f  s ig n if ic a n t  
ia p e ira e n t  (o< ,0? t Chi9 t e s t )  fro a  c o n tro l (Day l )  ■ Days 1 through lk .
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f ig u re  lU

Post-morphine impairment ee e function  o f  shock in te n s i ty .  S ight 
groups* o f  mice (h«l6) v e re  te s te d  according to  th e  standard  te s t in g  pro­
cedure (Table 1 , Oroup ?) on Day 1, F o a t- ln Ja c tio n  te s t in g  on Day 1A 
through 18 was performed a t  va rious (0-2fc0 ua) shock I n te n s i t i e s ,  On Days 
16 through 30 a l l  groups vere  te s te d  a t  l6o ua* Dose o f  morphine vas 25 
mg/kg and shock exposure in te rv a l  vas 30 seeonds (maximum). The f ig u re  
I l lu s t r a t e s  th e  number o f  days o f  s ig n if ic a n t ly  (p<*05» Chi2 t e s t )  impaired 
post-m orphine escape performance as a function  o f  shock in te n s i ty .

* "0" group vas p laced  In th e  shock apparatus (Days 1A through 15) 30 m inutes 
a f t e r  In je c tio n  b u t no c u rren t vas adm in istered  acro ss th e  p la tee*
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th e  In te n s ity  o f  shock to  which th e  a le e  v ere  exposed ta r in g  th e  p eriod  o f  

morphine a d m in is tra tio n . These r e s u l t s  dem onstrated th a t  a  p re re q u is i te  fo r  

p o st morphine Impairment was bo th  morphine a d m in is tra tio n  and superth resho ld  

shock in te n s ity *

Shook Exposure

In th e  p rev ious experiments* re g a rd le s s  o f  th e  shock le v e l  employed* mice 

were perm itted  30 seconds to  sscape . T his a r b i t r a r y  c u t- o f f  was chosen a f t e r  

p re lim in a ry  c o n tro l experim ents in d ic a te d  th a t  th e re  vas a l e s s  th an  5f proba­

b i l i t y  th a t  a  mouse which had n e t escaped w ith in  30 seconds* would so do i f  

allowed an a d d itio n a l 90 seconds. These fin d in g s  vere  based on s tu d ie s  o f 

two groups o f  mice te s te d  d a lly  w ith  and w ithout drug a d m in is tra tio n . Addi­

t io n a l  experiments* however* were necessary  In o rder to  determ ine what e ffe c t*  

i f  any* d i f f e r e n t  p e rio d s  o f  shock exposure had on in flu en c in g  th e  develop­

ment and m aintenance o f  im paired escape behav io r.

fh a  f i r s t  group o f  experim ents vas designed to  study th e  e f f e c ts  o f  va r­

ious shock exposure tim es during  morphine a d m in is tra tio n  ( i . e .  Days 1A through 

H  In Group 2* F igure l )  on post-m orphine escape impairm ent. Exposure time 

on Day 1 and Days 16 through 30 was kept a t  30 seconds. The r e s u l t s  a re  

p resen ted  in  Table 3. Comparisons vere  made o f  Day 19 performance* Day 16 

performance* nm ber o f  p o st ■■morphine impairment days, and th e  mean escape 

freeusncy  on a l l  days o f  morphine a d m in is tra tio n .

Increased  exposure tim e could have had two opposing in flu e n ce s  on th e  

a e e u la lt lo n  o f  escape im pairm ent. F irs t*  increased  exposure tim e could  have 

affo rded  th e  su b je c ts  g re a te r  tim e to  escape and thus Improve performance 

both during and a f t e r  morphine. The r e s u l t s  in  Table V suggest a  d i f f e r e n t  

exp lanation ! th a t  in  fac t*  th e  increased  exposure tim e worked to  im pair
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Kseape perform ance ©f o le *  exposed to  m ry in g  m l —  shock exposure d u ra tio n s . 
A ll groups (W"l6/group) v e rs  te s te d  according to  th e  s tead e rd  t e s t in g  proce­
dure (Table 1* Oroup 2 ) .

Exposur e  T> ire tlon  Escape Frequency (<) Pays o f  S ig n if ic a n t
( seconds) Inpaineent**

P ea rl?  Ween* Pay 16 _

30 12.50 6,25 12.50 12

5 12.50 6.25 31.25 1

15 12.50 31.25 31.25 2

60 0 6.25 6,25 12

120 6.25 6.25 6.25 lb

*average p o s t- in fe c tio n  escape frequency fo r  Psys 1A through 1?.

••ntssber o f  days on vhlch  poe t-a» rph ine  eeeepe frequency vas le s s  than 37 .50%,



92

performance r a th e r  than to  improve I t .  This i s  evidenced by th e  lneraaaad  

impairment day* a t  Ionaar exposure t in e a ,  and nore  c le a r ly ,  by th e  deereaae 

in  impairment daya a t  sh o rte r  exposures. The e f f e c t  o f  varying exposure t in e a , 

however, was not r e f le c te d  In th e  performance o f  n ice  during  th e  t in e  morphine 

was adm in istered . Thus although th e  i n i t i a l  c o n tro l Impairments dem onstrated 

th a t  th e re  was no s ig n if ic a n t  change in  th e  e'acape performance o f  drug t r e a te d  

and u n trea te d  mice v i th - re s p e c t  to  increased  shock exposure, th e  p resen t ex­

perim ents show, however, th a t  th e  degree o f  d a ily  shock exposure d i r e c t ly  

in flu en ces  post-m orphine escape perfonw nce .

In  one fu r th e r  experim ent, pO st-norphine impairment d a ta  v ere  coaqiared 

using  various shock-exnosure In te rv a ls  on post-no rph ine  te s t in g  days. The 

r e s u l ta  (Table M shewed th a t  recovery  vas su re  rap id  w ith Increased  exposure 

t in e ,  i*hus, exposure f a c i l i t a t e s  th e  a c q u is i tio n  o f  escape impairm ent, but 

in h ib i t s  th e  maintenance o f  Impairment a f t e r  c e ssa tio n  o f  drug.

Pre-Mo rph ine T esting

In a l l  th e  prev ious experim ents, mice were p e rm itted  only a  s in g le  ex­

posure to  th e  t e s t in g  apparatus p r io r  to  morphine a d m in is tra tio n , i . e .  Day 1,

A a e r ie s  o f  experim ents vere  designed in  order to  examine th e  e f f e c ts  o f d a lly  

t e s t in g ,  p r io r  to  morphine a d m in is tra tio n , on th e  development o f  to le ra n c e  

and th e  estab lishm ent o f  re s id u a l or post-m orphine impairm ent. Groups of 

mice v ere  te s te d  fo r  a vary ing  mnfeer o f days (0 , It, 6 , 12, and 15) b efo re  

beginning th e  standard  te s t in g  schedule (Table 1 , Group 2 ) .  For example,

F igure 19 re p re se n ts  th e  escape perfonw nce o f  a group o f  mice tested , in  the  

emcane apparatus fo r  e ig h t days. Beginning on Day 9* th ey  then  received  mor­

phine and post-ln,1 a c tio n  te s t in g  fo r  15 days, follow ed by an a d d it io n a l  15 

days o f  t e s t in g  w ithout morphine.
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Escape p ir fn ra a n rs  o f  n le e  exposed to  varying naxlaun shock dor a t  Ions da ring  
th e  n ea t swreh ine  t a s t in g  p e rio d , A ll groups (S*l6/group) vara  ta s te d  accord­
ing  to  th e  standard  t a s t in g  procedure (T a tle  1 , Group 2) through Day 15.

Exposur e O uratton Escape Erequeney ( I )  Days o f  S ig n if ic a n t
( sac ends) In p a ln e n t*
_______________   P w  I *

30 12.50 12

5 12.50 lk  •*

15 16. T5 12

So 18.75 6

00 25.00 2

120 25.00 3

•nuVber o f  days on which post-aerpM ne escape frequency vas la s s  than 37.505.

••nuVher o f  lv p a ln e n t  days ware g re a te r  (p<.05» Sign t e s t )  a t  "5 seconds" 
than  a t  o th e r  exposure in te rv a ls .
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Escape performance o f  a le *  rece iv in g  e ig h t days o f  t r i a l s  p r io r  to  d a lly  
c o s t- in je c t io n  te s t in g .  A group (• )  o f  a le e  (lf-l6 ) rece ived  escape t r i a l s  
(l*0  ua) once a day fo r  e ig h t days p r io r  to  exposure to  th e  standard  t e s t ­
ing veglmen (Table 1 , Group 2 ) .  Morphine dose was 25 mg/kg and shock ex­
posure in te rv a l  (maximum) vas 30 seconds a t  a l l  te s t in g  se ss io n s . Another 
group (d) received  e ig h t days o f p re - te s t in g  then  15 days o f  morphine In ­
je c tio n  but wore no t re te s te d  u n t i l  a f t e r  in je c t io n  on th e  f in a l  day o f 
drug ad m in istra tio n  (Day 23). Days o f  s ig n if ic a n t  Impairment {p<,05« CM2 
t e s t )  fro a  c o n tro l (Day l )  vere  Days 9 through 11, 13 through 38. Performance 
on Day 13-23 was s ig n if ic a n t ly  (p<,01, Sign t e s t )  l e s s  then  on Day 9.
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Figure 16

Faeane performance o f  a te *  rece iv in g  15 days o f  t r i a l s  p r io r  t o  d a lly  
p o s t- ln Je c tlo n  te s t in g .  A group ( • )  o f  mice (I* l6 )  rece ived  escape 
t r i a l s  once a  day fo r  19 days p r io r  to  exposure to  th e  standard  t a s t in g  
regimen (T a tla  l~ Group 2 ) , Morphine dosa vas 25 *g/kg sad shock ex­
posure l n t a r r a l  (maximum) vas 30 saconds a t  a l l  t a s t in g  se s s io n s . An­
o th e r  group (4) received  15 days o f  p re ^ o rp h ln e  t a s t in g  than  15 days o f  
morphine In je c tIo n  h o t wars not r e te s te d  u n t i l  a f t e r  in je c t io n  on th e  
f in a l  day o f  drug ad m in is tra tio n  (Say 30 ), Days o f s ig n if ic a n t  (p<»05, 
Chi? t e s t )  Impairment from c o n tro l (Day l )  v a ra  Days 21 through 30. Per­
formance on Days 17-30 vas s ig n if ic a n t ly  (p<,01 Sign t e s t )  le s s  than  on 
^nv 1 6 .
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A s e r ie s  o f  c o n tro l croups o f  n ice  were te s te d  a s  s to r e ,  fo r  4 , 8 , 10,

1», end 15 days p r io r  to  rec e iv in g  morphine. However, th e se  groups were 

not r e te s te d  u n t i l  a f t e r  In je c tio n  on th e  l a s t  day o f  ao rphlne a d m in is tra tio n . 

Thus th e  Day 15 morphine (T esting  Day 23, F igure 15) performance served as 

a b a s is  fo r  comparing to le ran c e  le v e ls .

The d a ta  from th ese  experim ents are  p resen ted  In  Table 5 . There I s ,  

as might he expected , a strong  c o rre la t io n  between th e  performance o f  mice 

on hay 1 o f  morphine a d m in is tra tio n  and th e  number o f  p rev ious te s t in g  days.

A s im ila r  re la t io n s h ip  can be observed between pre-m orphine te s t in g  days and 

performance on Day 15 o f  morphine a d m in is tra tio n  and Day 16 (fo llow ing  

c e ssa tio n  o f morphine a d m in is tra tio n ) . S im ila r ly , th e re  i s  a s tro n g  co rre ­

la t io n  between p re te s t in g  days and th e  observed le v e l  o f  to le ran c e  In i n i t i a l  

mice on Day 15 o f  momhlne a d m in is tra tio n . In  a d d itio n , as might be p red ic te d  

from th e  previous d a ta , th e re  I s  an Inverse  re la t io n s h ip  between p re te s t in g  

days and th e  number o f  post-m orphlne Impairment days.

The most p e r t in e n t  f in d in g  in  th e se  s tu d ie s  can be found by comparing 

th e  Pay j and Day 15 morphine performance fo r  each pre-m orphine te s t in g  in ­

te r v a l .  Tn each case th e  Day 15 performance was le s s  than th e  Day 1 pe r­

formance, This e f f e c t  i s  b e s t I l lu s t r a te d  in  F igures 15 and 16. F igure 16 

re p re se n ts  th e  performance o f th e  group rec e iv in g  15 days o f  p re te s t in g . 

Dost<eiorphlne t e s t in g  vas ended on Day Uo. In  both graphs th e re  la  a s ig n i­

f ic a n t  p rog ressive  decrease  In performance during th e  p eriod  o f morphine 

adm in istra tion*  Also o f  no te  I s  th e  f in d in g  th a t  d e sp ite  up to  e ig h t days 

o f P re te s tin g  th e re  I s  no observable decrease  in  post-m orphine escape im­

pairm ent.
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Table 5

Fscape m f t t i u e *  o f  n ice  te s te d  p r io r  to  Morphine ad M ln la tre tio n . Oroupa 
o f  n ic e  (S»l6/groue) were te a te d  fo r  m ry in g  nunber o f  days p r io r  to  expoaure 
to  e i th e r  th e  a tandard  t e s t in g  procedure (Table 1 , Group 2) o r (Vol. groupa)t 
15 daye o f  Morphine a d n ln la tra t lo n . w ith r e te a t in g  only a f t e r  In je c tio n  on 
Oar 15 (o f  norphlne a d n ln la tra t lo n ) .

Wotiber o f  Escape frequency (%) Daye o f  S ig n if ic a n t
O re tea tin g  Daye Inpairnen t**
_________ Par 1A* P ar 151 P ar 16_________________________

Control*** 6.25 6.25 18.75 12

Control*** (Tbl) -  U3.75

It 25.00 0 25.00 12

It (Tol) -  U3.T5

ft 25.00 0 25.00 15

ft (Tol) -  50.00

1? lt3.T5 25.00 31.25 1

12 (Tol) -  62.50

15 68.75 25.00 62.50 0

15 (Tol) -  62.50

20 68.75 37.50 75.00 0

20 (Tol) -  75.00

* Pay 1A * f i r e t  day o f  Morphine a d n ln la tra tlo n .

** nunber o f  daya on which post-«o rph lne  eeeape frequency waa lea a  than  37.501.

*** p re - te a t in g  only on Pay 1.

( l )  eonnarlaon o f  te n te d  groupa ahowa th a t  Pay 1A escape frequency was g re a te r  
( f ( . 0 5 ,Sign t e a t )  than  Pay 15 escape frequency.
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The experiments described  so f a r  hare  concen tra ted  on examining th e  In ­

fluence  o f  va rious p a m e te r s  such as dose, shock In te n s i ty ,  e tc ,  on th e  ac­

q u is i t io n  and maintenance o f escape impairment as measured by d a lly  te s t in g .

The follow ing experim ents w il l  be concerned w ith th e  e f f e c ts  o f  va rious changes 

in  th e  continuous d a lly  te s t in g  regimens on to le ran c e  development, port-m orphine 

Impairment and recovery (re tu rn  to  Day 1 v a lu e s ) ,

Tn th e  f i r s t  s e t  o f  experim ents, one c o n tro l group was exposed to  th e  

standard 30 day te s t in g  regimen (Table 1 , Group 2 ). Other groups o f  mice 

received  th e  equ iva len t schedule through Day 15, These mice were not te s te d  

u n t i l  e i th e r  T, 10 o r 15 days l a t e r .  For comparison, sev era l a d d itio n a l ex­

perim ental groups were a lso  Included, One group rece ived  th e  standard  t e s t ­

ing  schedule (Table 1 , Group 2) through Day 16, I . e .  one d a y 's  te s t in g  follow ­

ing  cessa tio n  o f  morphine, but were not re te s te d  again u n t i l  Day 22, Another 

group received  s im ila r  trea tm en t bu t was no t r e te s te d  u n t i l  Day 30. With 

th e  exception o f  th e  l a t t e r  group, a l l  th e  experim ental groups received  15 

continuous days o f  te s t in g  once post-m orphine te s t in g  vas begun. Thus, th e  

purpose o f  t h i s  experiment vas to  determ ine whether absence o f  d a lly  te s t in g  

a f t e r  c e ssa tio n  o f  morphine ad m in istra tio n  had any e f f e c t  on th e  m aintenance, 

o r  a l te r n a t iv e ly ,  th e  recovery from, morphine Induced escape Impairment,

The r e s u l ts  a re  rep resen ted  g rap h ic a lly  In  F igure IT . Examination o f 

th e  d a ta  on th e  performance o f  th e  u n tes ted  mice shows th a t  d a lly  te s t in g  

has a  sm all and no t s ig n if ic a n t  e f f e c t  on m ain tain ing  escape Impairment, 

S im ila rly , F igure 17B shows th a t  th e  spontaneous Impr ovement in  th e  u n tes ted  

group I s  permanent as r e f le c te d  by th e  strong  c o rre la t io n  between th e  p o s t-  

morphine In te rv a l  and th e  number o f  days o f  s ig n if ic a n t  impairment.



Figure IT

Comparison o f  th e  e f f e c t■ o f continuous end dlseontlnuous post-m orphlne 
t e s t in g .  Six groups (ll*l6/group) o f n ice  were te s te d  according to  th e  
standard procedure (Table 1 , Oroup 2) through Day 15. te e  group (• )  
received  d a lly  post-m orphlne te s t in g  through Day 30* Two groups (• )  
were te s te d  on Day 16 (sane escape frequency In  both groups)} one te s te d  
•g a in  on Day 2$ and th e  o th er on Day 30* Three groups (4) were te s te d  
e i th e r  on Days 22, 25 o r 30, Dose o f  morphine » 2? mg/kg, shock le v e l  
■ 160 u a , maximum shock exposure In te rv a l ■ 30 seconds.

The number o f  post-m orphlne impairment days expressed as a function  o f  
th e  day on which post-m orphlne te s t in g  began. Four groups o f a le e  ( I " l6 /  
group) received  th e  standard  te s t in g  regimen (Table 1 , Oroup 2) through 
Day 15* Post-morphlne te s t in g  (15 days t o t a l )  vas begun on e i th e r  Day 
1 , T, 10, o r 15. Morphine dose ■ 25 mg/kg, shock le v e l ■ 160 ua , and 
maxim® shock exposure In te rv a l  ■ 30 seconds. Days o f  impairment o f 
mice beginning post-m orphlne te s t in g  on Daye 10 and 15 was s ig n if ic a n t ly  
(p C °5 ,0 h l^  t e s t )  le s s  than  c o n tro l (11/16).
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Thus I r re s p e c tiv e  o f  th e  post-m orphlne te s t in g  schedule, recovery frost 

o ost-ao rph lne  Impairment vas complete and su sta in ed  a f t e r  15 days.

Relapse

Having e s ta b lish e d  in  th e  previous experim ents th e  tim e course o f  recovery 

from post-m orphlne impairment, i t  th en  became necessary  to  study th e  phenomenon 

o f  re la p se , 1 ,e , vhether and under vhat cond itions mice p rev io u sly  d isp lay ing  

an escape im pairm ent, could be Induced to  redevelop th i s  impairment,

•"he e f f e c ts  o f  varying a number o f  param eters vere  examined in  these  

experim ents in  o rder to  determ ine th e i r  in fluence  on subsequent re la p se .

Tn th e  f i r s t  o f  th ese  experim ents, groups o f  mice vere  te s te d  according to  

th e  standard  schedule (Table 1 , Oroup 0) through Day 30. R e testin g  o f  these  

mice vas then  begun e i th e r  on Day 30, 60, 90, o r ISO, A ll th e se  groups vere  

then  sub jected  to  th e  same regimen as befo re  (Table 1 , Group S ), A p a r a l le l  

s e r ie s  o f  experim ents vere  a lso  c a rr ie d  o u t. Groups o f  mice vere  te s te d  In 

th e  standard  fash ion  through Day 16 bu t not re te s te d  again u n t i l  e i th e r  Day 

30, *0, 00, o r ISO.

The r e s u l t s  a re  eusmarlzed In  Table 6, They in d ic a te  th a t  th e re  vas 

no s ig n if ic a n t  e f fe c t  o f  p r io r  trea tm en t o r l n t e r t r l a l  In te rv a l  on any para­

m eter o f  re la n se  s tu d ied .

Because in  th e se  and subsequent s tu d ie s , th e re  seemed to  be l i t t l e  e f f e c t  

o f  p r io r  trea tm en ts  on any param eter o f  re la p s e , a  m odified re la p se  trea tm en t 

schedule vas t r i e d .  In  th ese  s tu d ie s ,  lo v e r  doses o f  morphine and lo v e r  shock 

in te n s i t ie s  v e re  s u b s ti tu te d  in  th e  period  o f  re la p se  te s t in g  In o rder to  

provide a  more s e n s i t iv e  means o f  d e te c tin g  su b tle  changes in  re la p se  p e rfo r­

mance. fh e  r e s u l t s  v e re  Inconclusive In  th a t  th e re  vas no s ig n if ic a n t  e f fe c t  

o f v a rio u s p re trea tm en t■ on subsequent re la p se  performance e i th e r  betveen
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Table *

Fseane nerformanee o f  mice or re-exposure  to  th e  standard  t e s t in g  procedure. 
Orouos o f  n ice  (W "l*/grou«) vere  te s te d  according to  th e  standard  te s t in g  
procedure (Table 1 , Oroup 2) u n t i l  e i th e r  Day 15 ( f in a l  day o f  morphine 
ad m in is tra tio n ) o r Day 1* (01*). A "Day 15" and a "Day 1*" group were then 
re-exnosed to  th e  standard  te s t in g  procedure on e i th e r  Day 30f *0» 90 o r 120.

f l r s t  *e-Fxposure Tscape Freeueney (^) Days o f S ig n if ic a n t
Oar on P a ten tin g  Impairment**

Day 1 Mean* Oar 1*

Control*** *2.50 12.50 18.75 12

bar *2.50 12.50 18.75 11

0 1 * *«.75 *.25 18.75 10

Pay *0 75.00 *,25 18.75 10

01* S i. 75 *,25 25.00 11

Pay $2.50 0 18.75 11

0 1 * *2.50 12.50 25.00 10

Pay 12ft S i. 75 25.00 18.75 10

0  1 * 5*.T5 12.50 '18 .75 10

Average escape frequency fo r  Days 1A through 15.

nunber o f  days on which post-m orphlne escape frequency was le s s  than  37 .50f. 

eroun te s te d  according to  standard  t e s t in g  procedure (Table 1 , Oroup 2 ) .
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experim ental groups o r  between any experim ental groups and c o n tro ls . 

f p t e r t r l a l  (Par) In te rv a ls

Tn p rev ious experim ents, one* morphine trea tm en t vas begun, I . e .  Day 1A, 

f t  vas continued on a d a lly  b a s is  u n t i l  th e  beginning o f  th e  p o st morphine 

t e s t l n r  n e rlo d . Consequently, a number o f  experim ent■ were performed In  an 

attem pt to  a sse ss  th e  e f fe c t  o f  varying th e  i n t e r t r i a l  In te rv a l .

Oroune o f  mice vere  te s te d  on Day 1 and 1A as usual (Table 1 , Oroup 2) 

hut vere  then begun on various schedules o f a l te rn a t in g  ( l ,  3 , 5 , and 7 days) 

o o s t- tn le e t lo n  t e s t in g .  Thus th e  group on th e  a l te rn a t in g  3-day schedule 

vas te s te d  a f t e r  In je c tio n  on Day 1, then  not te s te d  o r In je c te d  fo r  two days, 

t*en re te s te d  on th e  th i r d  day ( a f t e r  I n je c t io n ) ,  e tc .  Bach group vas te s te d  as 

such u n t i l  15 morphine n lus t e s t in g  days vere  accumulated. These mice vere 

then te s te d  w ithout morphine d a ily  fo r  15 consecutive  days.

'Jrouos o f  co n tro l mice vere  te s te d  according  to  th e  various In te rv a l  

schedules d a ilv  (w ithout m orphine). Also, to le ran c e  c o n tro l groups received  

morohlne on th e  same schedules as th e  experim ental groups but vere  no t te s te d  

u n t i l  a f t e r  In je c tio n  on e i th e r  th e  5th  o r  th e  15th te s t in g  day re s p e c tiv e ly , 

"bus fo r  each experim ental group, a  to le ran c e  value vas ob tained  in  th e  be­

g inning and a t  th e  end o f  th e  morphine trea tm en t schedule.

T ie r e s u l t s  o f  th ese  experim ents are  suM arlsed  In Table 7 . The f i r s t  

tvo columns compare th e  performance o f  te s te d  and u n tes ted  mice on Days 5 

and 15 re s n e c tlv e ly . "Days" r e f e r  to  te s t in g  days, not a c tu a l days. S im ila r ly , 

th e  va lues In  th e  th i r d  coltsm  rep re se n t th e  mean number o f  mice escaping 

over th e  15 te s t in g  n lu s  In je c tio n  days.

"he r e s u l t s  show sev era l noteworthy tre n d s , f i r s t ,  th e re  i s  an in c rease  

In*the le v e l  o f  to le ran c e  on Days 5 and 15 a* th e  i n t e r t r i a l  In te rv a l  in c re a se s .
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Table 7

▼scan© performance o f  mice te s te d  a t  T ariou t I n t e r t r i a l  In te rv a l*  (day*).
311 groups o f  mice (7*1*/group) vere  te s te d  on Day 1 and re te s te d  a f te r  
ln .leetion  on Day 1*. Subsequent p e e t- ln je c t lo n  te s t in g  va* continued on 
a l te rn a t io n  ( l ,  3 , 5 and 7) day schedules u n t i l  15 p o s t- in je c t io n  day* 
accumulated; a t  which tim e standard  (Table 1 , Oroup 2, Days 1* through 30) 
nost-m orphine te s t in g  vas perform ed. Corresponding to le ran c e  c o n tro l groups 
were te s te d  a f t e r  in je c t io n  e i th e r  on Day 5 or 15. Shock le v e l  * 160 ua.

Tn t e r t r i a l  Fseape frequency (<) Days o f  S ig n if ic a n t
Tntervml Days - Impairment**
____________________Pig  5 __ Day 151 . Mean*_________________________

fon tro l*** P3.00 12.50 12.50 12
Control To l , 77.50 50.00 - -

1 25.00 *.25 12.50 11
1 T o l. *3.75 *2.50 - -

7 37.50 12.50 25.00 7
7 *©1. 50.00 *2.50 - -

3 *3.75 15.00 31.25 5
3 T ol, 50.00 *fl.75 - -

T 55,75 25.00 37.50 0
T T ol. *5,75 75.00

average p o s t- in je e t lo n  eseape frequency fo r  Days 1A through 15*

number o f  days on which oo*t-morphine escape frequency was l e s s  than 37 .50f.

groun te s te d  according to  standard  te s t in g  procedure (Table 1 , Oroup 2 ) .

comparison o f  a l l  te s te d  group* shows th a t  eseape frequency on Day 5 vas 
g re a te r  (p<.05, Sign t e s t )  than  on Day 15.
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Figure 18

Fseape performance o f  a le e  te s te d  on an a l te rn a t in g  (3 day) schedule. A 
g ro w  o f  a le e  (W«lH rece ived  th e  standard  te s t in g  procedure (fh b le  1 , Oroup 
2 ) except th e  days o f  n o s t- ln je c tlo n  te s t in g  vere  spaced 3 days a p a rt ( I . e .  
mice v ere  te s te d  on Day 1A, not te s te d  o r In jec te d  fo r  2 days, then  te s te d  
a f t e r  In je c tio n  on th e  fo llo v ln g  day -  Day 2 ) . Post-m orphlne te s t in g  (Day 
1* through 30) vas performed on a dAlly b a s is .  Tvo a d d itio n a l groups (A) 
v e re  te s te d  and In je c te d  on Day 1 and rece ived  In je c tio n s , bu t no t e s t in g ,  
according to  th e  a l te rn a te  (3  day) schedule. F o s t- in je c tlo n  te s t in g  vas 
begun on e i th e r  Day 5 o r  Day 1? re sp e c tiv e ly . S ig n if ic a n t (p< .05 , Chi2 
t e s t )  nost-m orphine Impairment from co n tro l (Day l )  vas observed on Days 
1A, 2 , 3 , and 10 through 22, The escape frequency on Days 10-15 vas le s s  
(0^ . 0 5 , Sian t e s t )  than  Day 9*
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Tet d e sp ite  t h i s  decrease In post-m orphlne Impairment and in c reas in g  m u  

response freouency, th e re  la  no s ig n if ic a n t  change In  th e  Day 15 performance 

o f th e  te a te d  groupa,

Examination o f  F igure lfl, vhleh i l l u a t r a te a  th e  performance o f th e  group 

rece iv in g  p o a t- ln je e tio n  te a t ln g  every th i r d  day, provide* some ln a lg h ta  In to  

th la  a m a ren t paradox. Unlike any o f th e  o th e r  te a tln g  reglmena, theae  mice 

ahooed an Increaae In eacape performance over th e  f l r e t  e ig h t daye o f  te a tln g . 

Fovever, on subsequent daya, they  demonatrated a  decrease in  eacape frequency, 

re tu rn in g  to  b aae lln e  (Day 1A) le v e ls  by th e  f i f te e n th  In je c tio n  day. S im ilar 

r e s u l t s  vere  found in  th e  "5 and T" day groups, suggesting th a t  to le ran c e  

develops during th e  l n t e r t r l a l  in te rv a l  so as to  antagonize th e  e f f e c t  of 

repeated  te s t in g  during th e  f i r s t  e ig h t In je c tio n  days.
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r i w c  19

Fscape performance In n ice  te s te d  before and a f t e r  d a lly  Morphine In je c tio n .
A group o f  n ice  (lf»l*) were te s te d  before  (A) and a f t e r  (B) In je c tio n  on each 
day o f  twenty days o f  morphine ad m in is tra tio n . Morphine dose ■ 25 mg/kg, 
shock le v e l > l£o  ua, maximum shock In te rv a l •  30 seconds. Post-m orphine 
te s t in g  was performed on a d a lly  b a s is  on Days 21 through 36, Days o f s ig ­
n if ic a n t  (p^ .05 , Chi? t e s t )  impairment freai co n tro l (Day l )  were as follow s! 
(A) -  Days 1, 2 , and 7 through 20| (B) -  Days 12, 17, 18, and 19 and p o s t-  
morphine Days 21 through 2^, 2f through 30 and 35.
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F u rth er Param etric In v e s tig a tio n s

D aily  *estiiu r Before and A fter Morphine A dm inistration

With th e  exception  o f  Dare 1 and 1A, a l l  experim ent! described  to  t h i s  

po in t have been conducted on a o n ee-d a ily  te s t in g  b a s i s • An experiment was 

designed to  determ ine th e  e f f e c ts  o f  d a lly  te s t in g  b efo re  and a f t e r  morphine 

ln ie e t lo n  on escape behav io r. A group o f  mice v ere  te s te d  as usual on Day 

1 , bu t on Days 2 through 20 th ey  received  te s t in g  30 m inutes p r io r  to  in ­

je c t io n .  They vere  then  re te s te d  30 m inutes a f t e r  in je c t io n . Thus two 

eseaoe values v ere  ob tained  fo r  each day o f morphine a d m in is tra tio n .

'’’he r e s u l t s  a re  p resen ted  In Figure 10. To avoid confusion both Day 

1 va lues a re  p resen ted  to g e th e r  ra th e r  than as Day 1 and 1A as In previous 

f ig u re s , fh e  r e s u l t s  show sev era l tre n d s . F i r a t * through Day U. th e re  

vae l i t t l e  o r no a l t e r a t io n  In  th e  p re - in je c tio n  performance o f th e  mice 

as compared to  groups o f  mice te s te d  d a lly  w ith p re - in je c tio n  te s t in g  

(F igure 1 , flrouo s) o r w ithout i t  (F igure 1 , (Troup 1 ) .  The performance o f 

mice a f t e r  In je c tio n  fo r  th e  f i r s t  seven days was somewhat h igher than  th a t  

o f  mice exposed to  th e  standard  te s t in g  regimen. However* on Days 8 through 

? r>, th e  n o s t- ln je c tlo n  performance o f th e se  mice reached th e  expected 

values fo r  mice re c e iv in g  th e  standard  te s t in g  procedure (Table 1 , Group 

2T, In a d d it io n , th e re  was a  c le a r  and su s ta in ed  f a l l  ( a f te r  Day M In 

p re - ln je c tlo n  performance to  a le v e l  below th a t  observed In mice te s te d  

d a lly  (F igure 1 , Group 5) p re - in je c tio n . P re - and p o s t- ln je c tlo n  t e s t -  

Ine  was c a rr ie d  out p a s t Day 13 u n t i l  Day 20 In o rder to  determ ine I f  

th e  n re -  and p o s t- ln je c t lo n  performance would ev en tu a lly  overlap .
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f h i s  vas ne t th e  ease . Hovever, d e sp ite  th e  apparent negative  e f fe c t  o f 

p re - in je e t le n  t e s t in g  on p o s t- ln je c tlo n  perform ance. Cat l e a s t  during th e  

f i r s t  seven days) th e re  vas s t i l l  10  days o f  s ig n if ic a n t  post-m orphine 

eseaoe lnoalrm ent.

Tn.jectlon-Testlng In te rv a l

Tn a l l  th e  experim ents v i th  morphine described  so f a r .  th e re  vas a p o s t-  

in J e e t io n - to - te * t in g  In te rv a l o f  t h i r t y  stlnues. Several acu te  and chronic 

experim ents vere  designed to  ev a lu a te  th e  p o ss ib le  In fluence o f th e  in je c t io n -  

t e s t in g  In te rv a l on v a rio u s param eters o f th e  escape paradigm.

fa b le  9 co n ta in s  th e  r e s u l t s  o f  experim ents comparing th e  e f fe c ts  o f  var­

ious p o s t- In je c tio n  in te rv a ls  on escape frequency. The performance o f mice 

a c u te ly  (Day 1A) and c h ro n ic a lly  (Day 1?) te s te d  a t  v a rio u s tim es a f t e r  

morphine In je c tio n  d id  no t vary  s ig n if ic a n t ly  betveen th e  c o n tro l (30 m inutes) 

and th e  experim ental groups a t  15 and *0 m inutes. The group te s te d  a t  120 

m inutes performed In a s im ila r  fash ion  to  mice rec e iv in g  lo v  doses o f morphine 

I . e .  they  had s l ig h t ly  b e t te r  performance on Day 15 and fev e r Impairment days. 

W ahltuatIon P ontro le

In th e  o r ig in a l  experim ents. In je c te d  but not te s te d  c o n tro l groups, 

vere  not exposed to  th e  t e s t in g  apparatus. Animals vere  simply re tu rned  to  

t h e i r  boxes Immediately fo llo v ln g  in je c t io n . Consequently, sev era l ex p eri­

ments v e re  c a r r ie d  out to  determ ine vhat e f f e c t ,  i f  any, h a b itu a tio n  to  th e  

t e s t in g  environm ent, I . e .  p lac in g  mice In th e  te s t in g  apparatus v lth o u t any 

cu rre n t across th e  p la te s ,  might have on th e  t e s t  r e s u l t s .

Tn th e  f i r s t  experim ents, h a b itu a tio n  c o n tro ls  vere  performed fo r  Group 

b in  fa b le  1 . A group o f  mice vere  te s te d  on Day 1 , then  placed In th e  shock 

apparatus v i th  no c u rre n t app lied  fo r  30 seconds, fo r  15 consecutive days, 

f e s t ln g  a t  1*0 ua vas begun again  on Day 1*. A s im ila r  experiment vas



life

Table fl

Escape performance o f  a le e  te s te d  e t  various p o s t- ln je c tlo n  te s t in g  In te rv a ls , 
ftroups o f  a le e  (IM.fi/group) vere  te s te d  according to  th e  standard  te s t in g  
procedure (Table 1 , Oroup ?) except th a t  varying (15* 60, 120 a ln u te s )  p o s t-  
ln je c tlo n  te s t in g  In te rv a ls  vere  su b s ti tu te d .

F o s t-In ja c tio n  Escape Frequency ( I )  Days o f  S ig n if ic a n t
T esting  In te rv a ls  Impairment*
(a ln u te s )

bear 1A Dav 15

30 (e en tro l) *.25 *.25 12

i s 12.50 12.50 10

<0 12.50 12.50 11

1P0 25.00 25.00 6

* number o f  days on vhlch  post-m orphine escape frequency vas le s s  than  3T.50JC.
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performed fo r  th e  to le ran c e  c o n tro l group, (Table 1 , Oroup 6 ) .  In  t h i s  tx -  

oerlm ent, mice vere  h ab itu a ted  to  th e  apparatus fo r  30 seconds, one h a lf  hour 

follow ing In je c tio n  on Days 1 through lk .

Tn both th ese  experim ents, th e re  vas no observable d iffe ren c e  betveen 

th e  h ab itua ted  and non-habltuated  groups v i th  regard  to  escape performance. 

Also, although o c ca s io n a lly , one o r  two mice climbed ou t o f th e  box v i th in  

th e  V* second tim e l im i t ,  th e re  vas no evidence o f  spontaneous escape Jumping 

in  th e  h ab itu a tio n  c o n tro ls .

A number o f  a d d itio n a l h ab itu a tio n  experim ents v e re  performed. Except 

Cor one experim ent, no d iffe ren c e  vas observed betveen h ab itu a ted  groups.

"’fce exception was found In a comparison study betveen tvo  groups o f mice 

te s te d  fo r  recovery from escape impairment. One group o f mice received  the  

standard  te s t in g  procedure through Day 16 and vas not re te s te d  again u n t i l  

r>ay 30 and again on Day 60. The experim ental group received  th e  same schedule 

except th a t  they  vere  p laced  In th e  escape apparatus w ithout shock fo r  30 

seconds on Days IT through 20 and Days 31 through 59.

"*he experim ents on recovery  ( f ig u re  IT) shoved th a t  th e re  vas no e f fe c t  

o f t e s t ln e  on su s ta in in g  o r d im inishing post-m orphlne escape impairment* 

However, In t h i s  experim ent, th e  h ab itu a ted  group had a su sta ined  impairment 

on Day 30 and on Day 6o (3/1* mice escaping on Days 1* and 30, 5 /l£  escaping 

on Day *n),

forced  and Delayed Shock Exposure

The ro le  o f  h a b itu a tio n  to  th e  te s t in g  apparatus in  a f fe c tin g  escape 

behavior vas explored In th e  previous se e tlo n . A fu r th e r  s e r ie s  o f ex p eri­

ments vas subsequently  designed to  In v e s tig a te  o th e r  fa c to rs  r e la t in g  to  the  

in te ra c tio n  o f  th e  te s t in g  environment and escape behavior.
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Tn th e  f i r s t  e m r l w n t ,  one group o f  a le e  m s  te s te d  ss  usual on Day 1 

but uoon r e te s t in g  a f t e r  In je c tio n  on Day 1 and on a l l  subsequent days, th e  

n ice  vere  placed In  th e  te s t in g  apparatus fo r  10  seconds p r io r  to  tu rn in g  

•’em*1 th e  e le c t r i c  c u rre n t . Thus, th e  n ice  vere  perm itted  a  10 second delay 

period  In vhlch to  avoid th e  shock. Another group m s  te s ts d  d a lly  w ithout a o r-  

eh ln e , but m s  a lso  perm itted  a  10 seeond delay period  p r io r  to  stim ulus o n se t.

'’•he r e s u l ts  vere  as follow s t th e re  m s  no d iffe re n c e  betveen th e  "delay" 

group and th e  c o n tro l group ( f ig u re  1 , Oroup 2 ) a s  measured by any o f th e  

param eters o f  escape perform ance. In  a d d itio n , th e re  m s  no evidence o f 

avoidance lea rn in g  i . e .  escaping p r io r  to  stim ulus o n se t, e i th e r  during o r  

a f te r  th e  period  o f  morphine ad m in is tra tio n . Two o f  six teen  mice d id  le a rn  

to  "avoid" th e  shock In th e  group rece iv in g  d a lly  t e s t in g ,  one beginning on 

T>av 10 and one on Day 12.

fhe experim ental d a ta  p resen ted  so f a r  have suggested th a t  morphine 

and acme degree o f shock In te n s ity  vere  necessary  to  generate  impaired e s­

cape perform ance. The Question s t i l l  remained as to  vhat sp e c if ic  e f f e c t  

morohlne had In f a c i l i t a t i n g  suppression o f  escape behav io r. I f  th e  e f fe c t  

o f  morphine m s  to .  In  essence , "para lyze" th e  m ice, then  fo rc in g  th e  mice 

to  endure th e  stim ulus should have th e  same e f f e c t  as morphine. A simple 

experiment m s  designed to  t e s t  t h i s  hypo thesis . A c le a r  p la s t ic  top  m s  

f i t t e d  to  th e  eseape ap p ara tu s . In  such a fashion  th a t  th e  mice were forced  

to  s ta y  In  con tac t v i th  the  charged p la te s  a t  a l l  tim es, A group o f  a le e  

m s  te s te d  using  t h i s  apparatus on Days 1A through 15* then  te s te d  fo r  Im­

pairm ent on subsequent days.

During Days 1A through 15, th e  a le e  vere  observed to  squeak and jump 

In th e  same manner as n o d era te ly  " to le ra n t"  morphine t r e a te d  c o n tro l a le e .



117

However, no p o st “fo rced  •hock" impairment vas observed. Moreover, theae 

mice escaped a t  a frequency o f BT.5# on Day l€  and never dropped below th la  

le v e l on subsequent days. 

f s c a la t ln g  Doae Levels

Previous experim ents have shown th a t  to le ran c e  to  aorphlne Induced e s -  

cane impairment does no t occur In  d a lly  te n te d  n ic e , a lthough I t  doea develop 

over th e  aaaie period  In u n tes ted  n ic e . I t  n ig h t be suggested th a t  th e  devel- 

oement o f  pharm acological to le ran c e  to  norphine in  te s te d  n ic e  f a c i l i t a t e s  

a gradual d e ae n a ltln a tio n  to  th e  a tln u lu s  in  th e  te s te d  n ic e . An experiment 

was devised In o rder to  In v e s tig a te  t h i s  p o s s ib i l i ty .  Two groups o f  n ice  

were te s te d  as usual (Table 1 , Group 2 and Table 1 , Group 6 , Days 1 -1 ? ) , ex­

cep t th a t  beginning on Day ? and con tinu ing  through Day 15, g rad u a lly  in c re as­

ing ( in  Increm ents o f  ?5 ngA g p e r day) doses o f  norphine v ere  adm in istered .

Dv Day 15, th e  dose was 250  ng /kg . The experim ental group vas then  te s te d  

Tor eseape performance w ithout norphine fo r  an a d d itio n a l 15 days,

The r e s u l t s  a re  p resen ted  In f ig u re  20. I t  I s  c le a r  from th e  d a lly  per­

formance o f  th e  n ic e  rec e iv in g  n o rp h in e , th a t  in c reas in g  dosage, which should 

negate any In te ra c tio n  o f to le ran c e  on d e s e n s itis in g  th e  mice to  th e  shock, 

has l i t t l e  e f f e c t  on performance during o r a f te r  morphine. The lew escape 

frequency on Day 15 In th e  c o n tro l group argues a g a in s t th e  p o s s ib i l i ty  th a t  

to le ra n c e  developed to  th e  high dose o f  morphine.

S p e c ia lly  S e lec ted  Groups

Because o f  th e  i n i t i a l  and repeated  observation  th a t  10 o f  16 naive sdee 

escaped from th e  shock apparatus under th e  o r ig in a l  te s t in g  co n d itio n s , random 

groups o f mice vere  used in  a l l  experim ents.

Tn t h i s  f in a l  s e t  o f  experim ents, only mice th a t  had su c c e ss fu lly  escaped
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figu re  go

’’’he escape perfo raanee  o f  a le e  exposed to  d a lly  g rad u a lly  In creas in g  doses 
o f  norph ine, A group (e )  o f  a le e  (lf«l6 ) rece ived  th e  standard  te s t in g  
reg laen  (Table 1 , Group 2) except th a t  th e  dose vas g rad u a lly  Increased  
over Pays 1A through 15 (25 -  250 m g/kg ,), A second group (B "l6 ) o f  a le e  
(A) rece ived  th e  seae dose schedule as above except p o s t- ln je c t lo n  te s t in g  
vas not nerfom ed  u n t i l  Pay 15, Shock le v e l  •  160 u a . aax laaa  exposure In­
te rv a l  •  30 seconds. Days o f  s ig n if ic a n t  la p a lra e n t (p^ .05 , CM® t e s t )
^ron c o n tro l (Pay l )  vere  Days 1A through 21,
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fig u re  21

The escape performance o f se lec ted  (1005 escaping) groups of mice. Halve 
mice mere tested}  only those escaping were selected* such th a t  th ree  groups 

o f 100* "escapees” were formed. One group ( • )  received  th e  standard 
te s t in g  regimen (Table 1* Group 2 ) , The second group ( m i )  received d a lly  
te s t in g  w ithout morphine* and th i r d  (A) received  d a lly  morphine In jec tio n s  
(?? mg/kg) but no te s t in g  u n t i l  a f te r  in je c tio n  on Day 15.
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on Day 1 v ere  employed. Three groups o f  ( l 6 ) v ice  vere  sub jected  to  th e  t r e a t ­

ment schedules o u tlin e d  In Table 1 fo r  Groups l t 2 , and 6  (through Day 15).

*Phe r e s u l t s  a re  I l lu s t r a te d  In F igure 21.

Pue to  th e  se le c tio n  p ro eess , Chi^ a n a ly s is  could not be done on th e  

experim ental g ro w  because th e  Chi2 t e s t  I s  only ap p licab le  to  random popu­

la t io n s .  Howevert th e  performance o f th e se  mice a lthough h igher than  th a t  

observed w ith random p o p u la tio n s, vere  p a r a l le l  to  th e  o r ig in a l  experim ental 

g ro w s In most a sn ee ts  o f  escane perform ance. There vas an I n i t i a l  r i s e  in  

cacaoe freouency over th e  f i r s t  f iv e  days o f drug a d m in is tra tio n , b u t th e  

escape performance ev en tu a lly  f e l l  to  approxim ately Day 1A le v e ls  by Day 15.

Tn a d d itio n , th e re  was a su s ta ined  escape Impairment a f t e r  c e ssa tio n  o f mor­

phine ad m in is tra tio n  follow ed by a gradual re tu rn  to  c o n tro l le v e ls  on 

subseeuent days.
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Drugs Other Than Morphine

The experim ent■ p resen ted  so f a r  hare  been concerned v i th  q u a n ti ta t iv e ly  

d e fin in g  th e  o r ig in a l  phenomena observed v i th  morphine. The experim ents p re ­

sented In t h i s  sec tio n  v l l l  deal v i th  th e  s p e c i f ic i ty  o f th e se  phenomena v i th  

re sp ec t to  d i f fe re n t  c la sse s  o f  drugs. Four types o f  drugs vere s tud ied : 

n a rc o tic  a n a lg e s ic s , b a rb l tu a te s ,  major t r a n q u i l iz e r s  and minor t r a n q u i l iz e r s ,  

F a rco tlc  A nalgesics 

Tievsrphanol

P re lim inary  te s t in g  o f mice a t  va rious doses shoved th a t  a  12.5 mg/kg 

in je c t io n  o f  levorphanol produced an i n i t i a l  Day 1 escape impairment s im ila r  

to  th a t  observed v i th  morphine a t  25 mg/kg. Two groups o f  mice vere  subae- 

au en tly  te s te d  v i th  levo rphano l. One group received  th e  standard  te s t in g  

nroeedure (Table 1 , Group 2 ) ,  and th e  o th e r received  th e  standard  to le ran c e  

schedule (Table 1 , flroup Day 1 through 15).

Two a d d itio n a l groups were a ls o  included . The f i r s t  group vas te s te d

fo r  to le ran c e  on Day 0  In stead  o f  Day 15. The second group rece ived  th e  s tan ­

dard te s t in g  regimen (Table 1 , Group 2) except th a t  they  received  dex trorphan , 

(0 5  mg/kg), a non-analgesic  o e t le a l  Isomer o f  levorphano l.

The r e s u l t s  a re  I l lu s t r a te d  In F igure 22, The behavior o f  th e  mice r e ­

ce iv ing  th e  standard  te s t in g  regimen v i th  levorphanol shows a l l  o f th e  pe r­

t in e n t  fe a tu re s  o f  s im ila r ly  exposed morphine t r e a te d  m ice. There I s  a marked 

and su s ta in ed  low le v e l  performance during morphine a d m in is tra tio n , even though 

to le ran c e  was sim ultaneously  dem onstrated In th e  u n tes ted  group. There I s  

a lso  a  four-day  post-morphine re s id u a l  Impairment. The group rece iv in g  dex­

tro rphan  e l i c i t e d  none o f  th ese  fe a tu re s  and behaved s im ila r ly  to  u n in jec ted
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Flm re 22

'’’he escape performance o f mice rece iv ing  levorphanol and dextrorphan. Two 
g ro w s (iN l^/group) o f  mice received th e  standard te s t in g  (160  ua) regimen 
(Tahle 1 , Orouo 2) except th a t  levorphanol (12.5 mg/kg) w »  adm inistered 
in stead  o f morphine in  one group (•)  and dextrorphan (25  mg/kg) in  th e  o ther 
(A), Two a d d itio n a l groups (M received  d a lly  levorphanol ( li..5  mg/kg) in ­
fec tio n  hut no p o s t- in fe c tio n  te s t in g  u n t i l  e i th e r  Day 8 o r 15. A ll te s t in g  
vas performed 30 minutes a f te r  In fe c tio n , Days of s ig n if ic a n t  (p<,05( Chi® 
t e s t )  Impairment from co n tro l (Day l )  vere  Days 1A through 18 and 20.
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c o n tro ls .

M eperidine

A range o f  dose* o f m eperidine from 10 to  150 mg/kg vas t r i e d  In  an attem pt 

to  approxim ate th e  perfbrmanee o f  mice rec e iv in g  morphine. However, a t  doaea 

s u f f ic ie n t  to  oroduce a su s ta in ed  low le v e l  o f Impairment, th e re  was a g re a te r  

than ?5< m o r ta li ty  r a t e  . In  a  f in a l  a ttem pt to  overcome th is  o b s ta c le , addi­

t io n a l  mice were added to  each group to  make up fo r  any d e a th s . U nfo rtunate ly , 

th e  d a lly  m o rta li ty  r a te  was so high as to  p reclude a  v a lid  In te rp re ta tio n  

o f  th e  r e s u l t s .

Methadone

*he same problem o f a high m o r ta li ty  r a te  accompanying low escape f r e -  

oueneles was encountered w ith  methadone. However, u n lik e  m eperidine, w ith 

methadone th e  m o r ta li ty  r a te  f e l l  markedly on successive days o f  drug admin­

i s t r a t i o n .  Thus, a method vas devised to  overcome th e  I n i t i a l  h igh death  

r a te  observed w ith doses o f  methadone which were e f fe c t iv e  In producing low 

escape freq u e n c ie s . Two groups o f  mice were te s te d  on Day 1 then  in je c te d  

fo r  two days w ith methadone a t  P .5 mg/kg, then fo r  two days a t  5 .0  ng/kg,

On th e  f i f t h  day, methadone vas adm in istered  a t  7 .5  ng /kg . One group of 

mice was then  te s te d  one hour l a t e r  and fo llow ing In je c tio n  fo r  lk  days th e re ­

a f t e r ,  *710 second group received  lk  a d d itio n a l In je c tio n s  a t  7 .5  ng/kg and 

were te s te d  fo r  to le ran c e  a f t e r  In je c tio n  on th e  15th  day o f  In je c tio n  a t  

th e  high doseage.

The r e s u l t s  a re  p resen ted  In  f ig u re  23. f o r  c l a r i t y ,  th e  graph begins 

on Day 1A which I s  th e  f i r s t  day o f  p o s t- ln je c t lo n  te s t in g .  Although th e
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21

Kscane performance o f mlee rece iv in g  methadone, A group o f a le e  (H"l6 ) vara 
te a t  ad on Day 1 « then  received  two day* o f  d a lly  aethadone ( 2 .5  ag/kg) In­
je c tio n s  followed by two daya o f In je c tio n s  a t  5 .0  ag/lcg. D ally p o s t- in ja c ­
t io n  (7 .5  ag/kg) t e s t in g  was begun on th e  follow ing day (Day 1A). A second 
groun (a) was te s te d  on Day l f received  th e  aaae dose schedule as above, but 
no te s t in g  u n t i l  a f t e r  In je c tio n  on Day 15* A ll te s t in g  vas performed 60 
a ln u te s  a f te r  In je c tio n . Days o f  s ig n if ic a n t  Impairment (p < 0 5 , Chl2 t e s t )  
frost co n tro l (Day l )  were Days 1A through 10,
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e f f e c ts  o f methadone vere  not as marked as v i th  morphine o r levorphanol* th e  

general fe a tu re s  o f  th e  o r ig in a l  phenomena were s t i l l  observab le , There vas 

no evldenee o f to le ran c e  In th e  te s te d  group as compared to  th e  u n tes ted  group 

and th e re  vere  th re e  consecutive days o f  p o it-ao rp h in e  Impairment follow ed 

hy s gradual Improvement in  performance on subsequent days.

Propoxyphene

At th e  shock In te n s ity  o f 160  u a , no dose o f propoxyphene was e f fe c tiv e  

In s ig n if ic a n t ly  suppressing  escape behavior. At high doses (g rea ter than 

1*0  mg/kg) th e  m ajo rity  o f  mice e i th e r  d ied  In  convulsions o r ,  i f  n o t, they 

su c ce ss fu lly  escaped from th e  te s t in g  appara tus.

W M tu r a te s  and T ra n a u llls e rs

Chlorprcmaslne adm inistered  acu te ly  a t  a  dose o f  kO ng/kg vas found to  

e f fe c t iv e ly  suppress escape behavior (on Day 1A) to  a  le v e l equ iva len t to  

th a t  observed w ith morphine (25 mg/kg), A s im ila r  e f f e c t  vas a lso  ob tained  

w ith diazepam a t  12.5 mg/kg. Groups o f  mice vere  te s te d  according to  th e  

standard  procedure. For each drug, one group rece ived  d a lly  p o st* ln te c tlo n  

te s t in g  while th e  o ther vas te s te d  fo r  to le ra n c e , w ithout p r io r  (except Day 1) 

t e s t in g ,  on Day 5 o f  drug a d m in is tra tio n .

fhe  r e s u l ts  a re  p resen ted  in  F igure 2k, The r e s u l ts  fo r  both  chlorprom aslne 

(A) and diazepam (B) a re  s im ila r  In many re s p e c ts . With both drugs, t o l e r ­

ance developed ra p id ly  In both th e  te s te d  and u n tes ted  groups. In a d d itio n , 

and in  c o n tra s t to  morphine, th e  te s te d  groups developed a g re a te r  degree 

o f te le ra n e e  than  th e  u n tes ted  groups. Tolerance to  dlaxepam proceded a t  

a more gradual r a te  in  th e  te s te d  group, bu t t h e i r  eventau l performance was 

even g re a te r  than  th a t  observed w ith  chlorprom aslne.
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Figure gl

Fscaoe perfom anee o f a le e  rece iv in g  chlorpreauislne (A) and diazepam (B ).
■No groune o f  mice (N "l//group) received  th e  standard  te a tln g  regimen 
(Table 1 , Group o) except th a t  one group received  chlorprom aslne (fcO mg/kg) 
and th e  o th e r d la te p m  ( l? ,5  mg/kg). Two a d d itio n a l groups (A) vere  In jec ted  
ae above hut vere not te s te d  u n t i l  a f t e r  drug ad m in is tra tio n  on Day 5. A ll 
te s t in g  vas performed 3rt m inutes a f te r  In je c tio n  a t  ifiO ua. Days o f s ig n i­
f ic a n t  (p^ ,05 , Chi? t e s t )  Impairment from c o n tro l (Day 1) vere  observed on 
Dav 1A (both A and B) only .
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P en to b arb ita l

A fter p re lim inary  te s t in g  o f  a le e  w ith a  broad range o f doaes o f  pan to- 

b a r b i ta l ,  a narked impairment In escape performance could only be found a t  

doaes approaching th e  LD. 50, In  a d d itio n , on subsequent te s t in g  days, t o l ­

erance ra p id ly  developed s l n l l a r  to  th a t  observed w ith diazepam (f ig u re  2 liB).

Naloxone

A number of experim ents v e re  performed to  determ ine whether 

a d m in is tra tio n  of naloxone, a n a rc o tic  an tag o n is t, could modify the  response 

of anim als to  shock In the  presence and In the  absence of morphine 

a d m in is tra tio n . I n i t i a l l y ,  i t  was found th a t  naloxone, in  doses (20 mg/kg) 

v e i l  above those used In  most s tu d ie s , did not produce any signs of 

w ithdraw al (jumping or shaking) In  mice having p rev iously  received  morphine 

(25 mg/kg) fo r up to  90 days. D ally naloxone In je c tio n s  p r io r  to  te s t in g  

had no e f f e c t  on th e  re tu rn  to  b a se lin e  escape performance of mice prev iously  

exposed to  th e  f i r s t  15 days o f the  standard  te s t in g  paradigm. Dally 

naloxone in je c tio n s  (10  m inutes p r io r  to  te s t in g )  alone produced no e f fe c t  

on escape performance. Naloxone adm inistered 20 minutes a f t e r  morphine 

in je c t io n  counteracted  th e  e f f e c ts  o f morphine and consequently blocked 

th e  development of escape impairment.
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Hot P la te

Tb« i n i t i a l  experim ents vere  concerned v i th  studying th e  e f f e c ts  o f  stim - 

u lua param eters on th a  escape bahavlor o f  a lc a  exposed to  ahock follow ing 

th a  ad m in is tra tio n  o f  va rious a g en ts . I r re s p e c tiv e  o f  th a  param eter o r agent 

s tu d ie d , th a  stim ulus mode vaa a la e t r l c  ahoek app lied  to  th a  f a a t .  Thla 

•a c tio n  daala  v i th  th e  re a u lta  o f  experim ents using a q u a i l ta t iv e ly  d if fe re n t  

a tla u lu a , h e a t.

A v a r ie ty  o f  experlaen ta  vere c a rr ie d  out in  o rder to  s e le c t  th a  stim - 

u lus cond itions which could b e s t reproduce tha  r e s u l ts  observed vhan the  

standard  te s t in g  procedure (Table 1 , Group 2) vaa employed using shock as 

th e  stim u lus. In  prelim inary  ex p e rlae n ta , i t  vaa observed th a t  tem peratures 

vhlch produced a 62.5% escape frequency in  naive m ice, vere  In s u f f ic ie n t  to  

d e tec t any to le ran c e  in  norphine tr e a te d  mice ( i . e .  in  groups not te s te d  d a l ly ) .  

Thus a tem perature o f  60*C vas ev en tu a lly  chosen fo r  use in  th ese  experim ents 

even though th e  Day 1 (naive) performance o f  mice a t  t h i s  tem perature vas 

®T.?f eseao in* .

In  th e  f i r s t  experim ents, one group o f mice vas exposed to  th e  standard 

te s t in g  procedure s u b s ti tu t in g  th e  hot p la te  fo r  th e  shock apparatus. Another 

group vas te s te d  fo r  to le ran c e  in  th e  standard manner on Day 1?. A th i r d  

group (F igure 25) vaa te s te d  d a lly  on th e  hot p la te  w ithout morphine. The 

performance o f  th e  l a t t e r  group f lu c tu a te d  over th e  f i r s t  e ig h t days o f  t e s t ­

ing bu t improved and continued a t  a  su s ta in ed  high le v e l  over th e  rem aining 

te s t in g  p e rio d .

Tha r e s u l t s  from th e  experim ental group a re  i l l u s t r a t e d  in  Figure 26.

I t  i s  c le a r  th a t  th e  behavior o f  morphine t re a te d  mice on th e  ho t p la te  p a ra l­

l e l s  in  many a sp e c ts , th e  performance o f  mice when e le c t r i c  shock i s  used



Escapa parforaance o f  a le*  ta s ta d  d a lly  on th e  h o t-p la ta . A group o f  a le a  
(■•16) vara  ta a ta d  on th a  haatad p la ta  (60°C ,) fo r  15 days v i th  a  aaxlnua 
s t ia u lu s  axposura o f 30 saoonda a t  aach t r i a l .
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Iscapa p t r f o n u e i  o f  a le*  ta s te d  a f te r  morphine In je c tio n  on th e  h o t-p la te . 
A group o f  mice (■■16) received  th e  standard  ta s t in g  regimen (Table X, Group 
2) except a heatad p la t s  (60°C .) vas s u b s tl tu tsd  fo r  foo t-shoek . Maxinun 
boat sxposurs a t  saeb t r i a l  vas 30 soconds. A sscond group (A) o f a le s  
(1*16) m s  t e s te d  on Day 1 and in je c te d  w ith morphine (25 ag/kg) d a lly  fo r 
15 days, bu t v tra  not t s s t s d  u n t i l  a f t s r  In je c tio n  on Day 15, Days o f s ig ­
n if ic a n t  la p a lra sn t  (p ( .0 5 , Chi2  t o s t )  from c o n tro l (Day l )  were as fo llow st 
Days 1A through 2k, 27 and 28.
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as th s  s tim u lu s . There i s  an i n i t i a l  and su s ta in ed  impairment in  performance 

o f  mice ta s te d  d a ily  a f t e r  morphine In je c tio n . In  a d d itio n , th e  escape f r e ­

quency o f th e  group te s te d  a f t e r  in je c t io n  on Day 1? fo llow ing d a lly  in je c ­

t io n  vas s ig n if ic a n t ly  h igher than  th e  experim ental group. Also th e re  were 

1 0  days o f  s ig n if ic a n t  escape impairment fo llow ing c e ssa tio n  o f  ao rp h ln e .

Most au tho rs studying an a lg es ia  on the  hot p la te  eeasu re  la te n c ie s  to  

"escape o rien ted "  responses such as squeaking, paw l i f t i n g  o r Jw p ln g  (not 

n e c e s sa r ily  e scap ing ). In o rder to  compare escape behavior and " re f le x "  r e ­

sponses to  h e a t, a group o f  n ice  were exposed to  th e  standard  te s t in g  regimen 

(Table 1 , Group 2) fo r  15 days. Data were c o lle c te d  on escape frequency and 

on la te n c ie s  o f  " re f le x "  responses. L atencies to  a l l  responses whether squeak­

ing o r a c tu a l  escap ing , were evaluated  e q u a lly . The r e s u l t s  a re  p resen ted  

in  Figure 27.

Figure 27A i l l u s t r a t e s  th e  mean d a ily  response la ten cy  over th e  15-day 

p e rio d . I t  i s  ev iden t from the r e s u l ts  th a t  a narked in c rease  in  response 

la te n c ie s  occurs on Day 1A. On successive days, however, la te n c ie s  ra p id ly  

dim inished , ev en tu a lly  f a l l in g  below th e  b a se lin e  Day 1 mean la te n c y . The 

response la te n c ie s  o f  th e  u n tes ted  group on Day 15 vere  not s ig n if ic a n t ly  

d i f f e r e n t  from those  o f  th e  te s te d  group. The corresponding escape per­

formance o f  th e se  groups i s  shown in  F igure 2TB. I t  i s  c le a r ,  from a  compar­

ison  o f th e  two g raphs, th a t  an escape Impairment develops even though th e re  

I s  a  sim ultaneous decrease in  d a ily  mean response la te n c ie s .

In  a  f in a l  experiment w ith  th e  hot p l a t e ,  two groups o f  mice vere  te s te d  

according to  th e  standard  te s t in g  schedule (Table 1 , Group 2) through Day 15. 

One group, however, (Table 9 , HTF-SHK) was te s te d  on th e  hot p la te  through 

Day 15 th en  te s te d  in  th e  shock apparatus through Day 30. S im ila rly  th e  

second group (SHX-HTP, Table 9) was te s te d  through Day 15 w ith  shock as th e
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f ig u re  5T

Oonoarlson ©f th e  escape behavior and r e f le x  la te n c ie s  o f Morphine t r e a te d  
Mice on th e  h o t-p la te .  One group o f n ice  received  th e  standard
te s t in g  regimen (Table 1 , Oroup ?) on th e  h o t-p la te i  both escape frequency 
and re f le x  responds la te n c ie s  vere  recorded. Two a d d itio n a l groups of 
mice (Al received  d a lly  In ,lec tions but no te s t in g  u n t i l  a f t e r  In je c tio n  
on e i th e r  hay 7 or i s .  Mean response la te n c ie s  a re  rep resen ted  In (A) and 
escape performance in  (B).
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Table 9

Iscape performance o f  s ic *  sv itched  from th e  h o t-p la te  to  th e  shock apparatua 
and frc n  th e  ehock apparatua to  th e  ho t-p la te*  Groups o f n ice  (*« l6 /group) 
vere  te s te d  through Dap 1? according to  th e  standard te s t in g  procedure (Tahle 
1 , Group 2) e i th e r  In th e  shock apparatus (SHK) o r on the  h o t-p la te  (HIT), 
then  sv ltched  to  th e  a l te rn a t iv e  te s t in g  s tin u lu a  on Daps 16 through 30. 
Control groups vere  not av ltched .

T esting  Sequence Escape Frequency ($) Daps o f  S ig n if ic a n t
frp a im ettt*

_________________________Day 15 Day 16

HIP*SHK 0 6.25 9

HTPeffEP (C ontrol) 0 18.75 9

SBC-rHTP 1 2 .5 0 12.50 10

SKK*SHK (C ontrol) 6.25 18.75 10

e nunber o f  daps on vhlch post-norph lne escape frequency van le s s  than  31*50%.
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s tim u lu s , than  through Day 30 on th e  hot p la te .

The d a ta  p resen ted  In  Table 9 a lso  Include the  re s u lt*  o f  c o n tro l ex p eri­

ments I . e .  30 days o f  shock and 30 days on the  hot p la te .  I t  I s  c le a r  from 

th e  d a ta  th a t  a le e  can be te s te d  w ith  morphine, v i th  e i th e r  stim u lus, and 

s t i l l  dem onstrate an escape Impairment when te s te d  on th e  a l te rn a t iv e  m odality .
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DISCUSSION

In tro d u ctio n

The development o f to le ran ce  to  th e  ana lgesic  ac tio n s  o f aorphine has 

heen dem onstrated In a v a r ie ty  o f te s t in g  s i tu a t io n s  (Sev. hy Hug, 1973), 

*ayan e t .  a l .  fio^o) sought to  determ ine whether repeated  te s t in g  o r ex- 

nosure to  th e  te s t in g  environment could in fluence  to le ran c e  development, 

fTsln e  th e  h o t-n la te  techn ioue , they  found th a t  to le ran c e  developed more 

ra n id lv  in  su b je c ts  having had experience in  th e  te s t in g  apparatus than 

in  su b je c ts  w ith lim ite d  exposure to  th e  h o t-p la te . Subsequent s tu d ies  by 

•dams e t ,  a l .  fio^o) confirmed th e se  f in d in g . Tamayo and Contreras (1970), 

in c o n tra s t ,  found th a t  experience could in fluence  th e  development o f t o l ­

erance to  mornhine an a lg esia  when a d if fe re n t  t e s t  was employed, th e  t a i l -  

uineh procedure. They, however, found th a t  repeated  te s t in g  had no e f f e c t  

on to le ran c e  development w ith th e  h o t-p la te . There have been no re p o rts  

in  the  l i t e r a t u r e  o f repeated  te s t in g  or exposure to  the  te s t in g  environment 

in te r fe r in g  w ith to le ran c e  d ev e lo m en t.

As exnected , to le ra n c e  to  th e  e f f e c ts  o f  morphine on escape behavior 

was observed In  "un tested" mice in  th e  i n i t i a l  experim ents. However, unex- 

n e e ted lv , to le ran c e  vas not observed in  mice rece iv in g  th e  same drug regimen 

P lus d a llv  p o s t- in je e t io n  t e s t in g .  Am a d d itio n a l unexpected find ing  vas th a t  

th e  Impairment in  escape behavior p e rs is te d  a f t e r  c e ssa tio n  o f morphine 

a d m in is tra tio n ,

*ive na,1or ca teg o rie s  o f  experim ents vere performed to  c h a ra c te riz e  and 

d e lin e a te  th ese  phenomena: l )  p relim inary  experim ents Including  to le ran c e
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and M iln e  c o n tro ls ; o) oar m e t r ic  s tu d ie s  o f  th e  o r ig in a l  paradigm* 3) Mod­

i f ic a t io n s  o f  the o r ig in a l  oaradlgm by a l te r in g  l n t e r t r l a l  in te r v a l ,  days 

of ore-w ornhlne te s tin g *  e t c . ;  fc) ex tension  o f  s tu d ie s  to  drugs o th e r than 

worohlne; and *0 s tu d ie s  o f  e scare  performance o f  mice on th e  h o t-p la te  as 

compared to  th a t  obserred  In th e  shoefc-escape paradigm.
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Prelim inary  Experiments 

In  th e  I n i t i a l  s e r ie s  o f  experim ents, a M ajority  o f naive a le e  vere 

found to  escape th e  noxious s tim u lu s . On subsequent d a lly  t e s t i n g ,  the  

performance o f  th ese  mice remained a t  a  s im ila r  le v e l .  Thus, a le e  rep e a t­

edly exposed to  th e  te s t in g  environment d id  not h a b itu a te  to  th e  aversive  

stim u lus. Tn a c o n tro l group o f m ice. In je c tio n  v i th  sa lin e  p r io r  to  escape 

te s t in g  did not a l t e r  escape perform ance, When a group o f a le e  was in je c te d  

v i th  morphine (25 mg/kg) Immediately follow ing I n i t i a l  te s t in g  on Day 1 , 

and then re te s te d  t h i r t y  m inutes l a t e r ,  th e re  vas a s ig n if ic a n t  decrease  In 

escape oerfoTWanee, ’’'h is  r e s u l t  was expected because 25 mg/kg o f  morphine 

has been shewn to  be an e f fe c t iv e  analgesic  dose In  mice (Cochin end Korn e t  sky, 

A fter 15 days o f d a lly  p o s t- in je c tio n  te s t in g ,  th e re  was no s ig n i­

f ic a n t  Improvement in  escape perform ance. Thus, to le ran c e  to  th e  I n i t i a l  

escape depressing  e f fe c t  o f  morphine was not observed. The sim plest explan­

a tio n  o f  t h i s  find ing  i s  th a t  th e  d u ra tio n  o f  drug trea tm en t (15 days) was 

In su W ie len t to  produce to le ra n c e . This p o s s ib i l i ty  was rendered u n lik e ly  

by th e  fo llow ing o b serva tion . Vice (F igure 1 , Group 6 ) were te s te d  on Day 1 

and then In jec te d  w ith morphine on 15 subsequent days, bu t were not re te s te d  

u n t i l  a f t e r  In je c tio n  on Day i f .  These a le e  vere  found to  be to le r a n t  to  

morphine on Day I f .  ’’’hue, th e  te s t in g  procedure was s u f f ic ie n t ly  s e n s it iv e  

to  d e te c t to le ran c e  to  morphine a f t e r  15 days o f  drug a d m in is tra tio n . The 

r e s u l ts  suggest th a t  repeated  exposure to  th e  te s t in g  s i tu a t io n  could In fluence  

th e  p roduction , o r a t  l e a s t  th e  d e te c tio n , o f  to le ra n c e .

Tn o rder to  determ ine whether Impaired to le ran c e  development requ ired  

th a t  morphine be adm inistered  before  t e s t in g ,  a group o f  n ice  (F igure 1 ,

Group 5) vas te s te d  on Day 1 , then In je c te d  w ith morphine but not r e te s te d .
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On Pay* ? through 1% th ese  n ice  vere  te s te d  30 *1  mite* p r io r  to ,  ra th e r  

than  fo llow ing , morphine in je c t io n . The escape performance o f  t h i s  group 

on hay vas eeu lv a len t to  th a t  observed in  mice te s te d  d a lly  w ithout mor- 

nhlne tre a tm e n t. "Tiese r e s u l t s  In d ica te  th a t  p o s t- in je c tio n  te s t in g  Is  r e -  

eu ired  ^©r th e  production  o f  Im paired escape perform ance.

Escape Impairment fo llow ing  C essation o f  Morphine

Tt was expected th a t  d isc o n tin u a tio n  o f  morphine ad m in istra tio n  In  mice 

rec e iv in g  d a ily  p o s t- in je c t io n  te s t in g  would lead  to  recovery from th e  drug 

e f f e c t .  Recovery, however, vas net observed on th e  day a f t e r  th e  l a s t  mor­

phine a d m in is tra tio n . When post-m orphlne te s t in g  vas continued, recovery 

o f escape performance vas not observed on 13 o f 15 subsequent days. These 

fin d in g s might have been accounted fo r  on th e  b a s is  o f  th e  continued presence 

o f morphine fin  mice) fo llow ing d isc o n tin u a tio n  o f  drug ad m in is tra tio n . This 

hypothesis was re je c te d  since mice te s te d  on Day 1 , then  In jec te d  on Day 1 

and fo r  15 days th e r e a f te r ,  showed no escape Impairment 2k hours a f t e r  the  

l a s t  drug trea tm en t o r on subsequent days. S im ila r ly , no post-m orphlne Im­

pairm ent was observed in  mice (Oroup 5 ) who had received  p re - in Je c tlo n  t e s t ­

ing  fo r  1^ days, Tn simmary, these  r e s u l ts  shoved th a t  post-m orphlne Im pair­

ment could not be e l i c i t e d  by morphine and te s t in g ,  u n less  te s t in g  occurred 

fo llow ing morphine a d m in is tra tio n . Furtherm ore, th e  above fin d in g s in d ica ted  

th a t  d a lly  n o s t- in ja c t io n  te s t in g  was req u ired  fo r  th e  production  o f  impaired 

escape oerfom ance both during and fo llow ing morphine a d m in is tra tio n .

*he p re lim in ary  d a ta  suggested th a t  th e  In te ra c tio n  between morphine 

and eseaoe te s t in g  re s u lte d  In th e  lea rn in g  o f a  m aladaptive response 

( f a i lu r e  to  escape th e  shock), '’’he p re lim inary  experim ents, however, did 

not rev e a l th e  tim e course o f  th e  a c q u is i tio n  o f  th e  lea rned  response , since
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performance d e f ic i t*  approached a  maximum by Day 2 o f  drug ad m in i* tra tio n ,

"Sw a d d itio n a l p re lim inary  experiment* c le a r ly  i l lu a t r a te d  th a t  d a ily  t r a in ­

ing  and morphine in fe c tio n  did in te r a c t  to  produce a p rog ressive  d ec line  in  

escape perform ance. In  th e  f i r s t ,  a group o f mice (Figure 1 , (Jroup 3) received  

th e  same regimen as Group 2 except th a t  th e  dose o f  morphine vas reduced by 

h a lf  to  1^,5 mg/kg. ’’’he Day 1 e f f e c t  o f morphine vas le s s  than th a t  observed 

v i th  th e  h igher dose, hovever, th e re  vas a gradual d ec line  in  performance 

on suhseeuent days, '’’h ere  vas a lso  a p ro p o rtio n a te ly  g re a te r  Day 15 escape 

performance and decreased number o f  post-m orphine impairment days v i th  th e  

sm aller dose o f morphine. In th e  second experim ent, mice received  morphine 

(?5 mg^he) alone fo r  15 days. Although th ese  mice dem onstrated s ig n if ic a n t 

to le ran c e  vhen te s te d  on Day 16, th e i r  performance s te a d ily  declined  on sub- 

seauent days such th a t  th e  performance o f  these  mice on th e  f in a l  day o f drug 

ad m in is tra tio n  vas in d is tin g u ish a b le  from th a t  observed in  th e  o r ig in a l  para­

digm f* lgure  1 , Group 2 ) . S im ila rly  th e  escape impairment observed in  these  

mice p e rs is te d  fo llo v in g  d isco n tin u a tio n  o f  morphine ad m in is tra tio n  on Day 30.

In summary, th e  r e s u l t s  of th e se  p relim inary  experiments suggested th a t  

morohlne, vhen adm inistered  befo re  t e s t in g ,  could Induce th e  a c q u is itio n  of 

an o s te n s lh iv  in ap p ro p ria te  and m aladaptive response to  a noxious stim ulus. 

Moreover, t h i s  response , once lea rn ed , p e r s i s t s  fo llo v in g  c e ssa tio n  o f drug 

a d m in is tra tio n . 

to le ran c e  In  T%te*tcd Mice

In th e  i n i t i a l  experim ents, th e  tim e course o f th e  developswnt o f pharm­

aco logic  to le ran c e  vas not explored. This vas subsequently  determined (F ig­

u re  2 ) and shovn to  be gradual and p rog ressive  over th e  15 day period .
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Tolerance  Measured By V ocalisa tion

Most In v e s tig a to rs  studying morphine an a lg es ia , measure responses o th e r 

than  escape, such as la ten cy  o f pav l i f t i n g  or v o c a liz a tio n . V ocalisa tion  

freoueney and escape performance vere  sim ultaneously recorded in  a  group of 

mlee exnosed to  th e  standard te s t in g  regimen. T olerance, a s measured by 

v o c a lisa tio n  freoueney (Figure *?), proceeded a t  a r a te  s im ila r  to  th a t  ob­

served fo r  eseape behavior in u n tes ted  mice (Figure 2 ), V ocalisa tion  f r e -  

eu en e ies , in  e o n tro l groups te s te d  a f t e r  in je c tio n  on e i th e r  th e  9 th  o r th e  

l* th  dav o f drug a d m in is tra tio n , vere  not s ig n if ic a n t ly  d if fe re n t  frost those 

in  th e  te s te d  groun. The dem onstration o f  pharmacologic to le ra n c e , as meas­

ured by v o c a lisa tio n  in  te s te d  anim als, s tro n g ly  suggests t h a t ,  a t l e a s t  on 

th e  l a t e r  days o f  drug ad m in is tra tio n , morphine does not a c t by in h ib itin g  

th e  oereeo tion  o f th e  noxious stim u lus.
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Param etric S tud ies 

An unexpected in te ra c t io n  between morphine and escape behavior vas ob­

served in  th e  p re lim inary  experim ents. These experim ents vere  performed under 

a lim ite d  se t  o f  stim ulus and te s t in g  co n d itio n s . Before attem pting  to  ex- 

n lo re  th e  Im p lica tions o f th e  o r ig in a l  f in d in g s , i t  vas necessary  to  define  

th e  re la tio n s h iu  between the  experim ental param eters involved.

Bose

Groups o f  atlce vere  sub jec ted  to  th e  standard  te s t in g  regimen except 

th a t  Ind iv id u a l groups received  d i f fe re n t  doses o f  morphine. An inverse  

re la tio n s h iu  was found to  e x is t  between morphine dose and l )  p o a t- in je c tio n  

escape performance on Day 1; 2) th e  p o s t- in je c tio n  escape performance on Day 

1*;, and "O th e  Dav 1* post-m orphlne eseape perform ance. These r e s u l ts  In d i­

cated a c le a r  dose-response re la tio n s h ip  between morphine dose and escape 

impairment both a t  th e  beginning , du ring , and limnedlately follow ing morphine 

a d m in is tra tio n . A comparison o f  Day 15 escape performance between "untested" 

co n tro ls  and te s te d  groups fo r  each dose showed th a t  escape performance was 

in v a riab lv  h igher in  th e  "un tested" groups*

A p o s it iv e  c o rre la t io n  vas a lso  found between d a lly  morphine dose and 

t o t a l  days o f  post-m orphlne Impairment. Thus th e  degree o f  post-morphlne 

escape impairment appeared to  p a r a l le l  th e  escape Impairment observed during 

drug a d m in is tra tio n .

Days

Experiments were performed to  determ ine th e  re la tio n s h ip  between th e  

m ab er o f  davs o f p o s t- in je c tio n  te s t in g  and subsequent post-m orphlne escape 

performance* 'Hie performance o f  mice on th e  day a f te r  th e  l a s t  morphine
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ad m in is tra tio n  vas found to  too in v e rse ly  r e la te d  to  th e  number o f  previous 

p o s t- in je c tio n  te s t in g  days (F igure 7 ) . A minimum nw ber o f  s i*  trea tm en t 

days was necessary  to  produce a su s ta in ed  (g re a te r  then 1 day) post-morphlne 

impairment. A maximum dura tion  o f  impairment vas produced by 15 days o f  

o o s t- in .te e tio n  te s t in g .  An extension  o f  th e  number o f  m orph ine-p lu s-testing  

davs did no t Increase  th e  number o f  post-m orphlne Impairment days. One 

exnlanatlon  fo r  th e  p la te a u  In th e  trea tm en t days v s . Impairment days curve 

might toe t h a t ,  a t  longer trea tm ent in te r v a ls ,  mice became s u f f ic ie n t ly  t o l ­

e ra n t to  morphine such th a t  t h e i r  s e n s i t iv i ty  to  th e  shock was equ iva len t 

to  th a t  o f  u n trea ted  (no morphine) m ice. The performance o f  Group 6 in  F ig­

u re  1 argues a g a in st t h i s  hypo thesis . These mice received  morphine alone 

fo r  15 days, a t  which tim e to le ran c e  was observed. Performance o f th ese  m ice, 

however, d e te r io ra te d  on 15 subsequent days o f  p o s t- ln je c tlo n  t e s t in g .  These 

r e s u l t s  suggested th a t  th e  a b i l i t y  o f  morphine (25 mg/kg d a lly )  to  n eg a tiv e ly  

e f fe c t  escape performance continued even a f t e r  pharmacologic to le ran c e  de­

veloped .

Shock In te n s ity

Varying th e  shock in te n s i ty  employed in  th e  escape paradigm might have 

had c o n f l ic t in g  e f f e c ts .  Fbr example, Increased  shock in te n s i ty  could , as 

might he p re d ic te d , improve escape perform ance. Conversely, Increased  shock 

In te n s ity  might (as observed w ith "Dose" and "Days") f a c i l i t a t e  th e  lea rn in g  

o f  th e  lsm alred escape response , thus d im inishing escape perform ance. In 

o rder to  d e lin e a te  th e  e f f e c ts  o f  changes In  shock in te n s i ty ,  experim ents 

were performed in  which th e  shock le v e l vas a l te r e d  a t  various p o in ts  in  th e  

o r ig in a l  v a ra d lfv .

For naive mice (F igure 9)* a d i r e c t  re la tio n s h ip  vas found between th e
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(oon ufc) vas employed throughout th e  standard  te s t in g  p e rio d , th e  tren d s  In 

escape performance vere  e c u ire le n t to  those  observed a t  th e  standard  shock 

le v e l ( 1*0 u s ) : th e re  was an I n i t i a l  and su s ta in ed  f a l l  in  escape performance 

on *ays 1 * through 15 which vas followed by a gradual re tu rn  to  b a se lin e  

performance vhen morphine was d iscon tinued . S im ilar r e s u l t s ,  a su s ta ined  

escene imnalrment during  morphine ad m in is tra tio n  w ith a subsegment g radual 

re tu rn  to  b a se lin e  performance fo llo v in g  d isco n tin u a tio n  o f morphine admin­

i s t r a t i o n ,  were observed In another group o f miee te s te d  a t  105 ua.

Tn a d d itio n a l experim ents, th e  standard  1*0 ua stim ulus vas employed 

on have 1 , and 1* through 1 0 , bu t th e  shock le v e l  on th e  in te rv en in g  t e s t  

days vas v a rie d  in  d if fe re n t  groups o f m ice. The r e s u l ts  in d ica ted  th a t  a 

monotonic re la tio n s h ip  e x is te d  between th e  ex ten t o f post-m orphlne Impairment 

measured a t  a standard  shock ( l *0  urn) and th e  shock le v e l  employed during 

morohlne ad m in is tra tio n . These r e s u l t s  serve as a d d itio n a l evidence th a t  

momhlne and shock a re  both necessary  to  produce th e  phenosienon o f  post-m or­

phine Impairment. As In th e  s tu d ie s  o f  o th e r  param eters, th e  du ra tion  o f  

post-m orphlne impairment could not be extended p a s t 15  days even w ith th e  

h ig h est shock In te n s ity .

Tn th e  p re lim inary  experim ents, shock alone (a t  a fix ed  In te n s ity )  d id  

not produce an impairment In escape perform ance. P a rt o f  th e  an a lg es ic  a c tio n  

o f  m orphine, however, i s  o ften  a t t r ib u te d  to  i t s  a b i l i t y  to  a l t e r  th e  p e r­

cep tion  o f  noxious s t im u li .  Morphine has been shown to  be an a lg esic  on Day 

1 and to le ran c e  has been shown to  develop over th e  f i f te e n  day te s t in g  p erio d , 

"•hue, i t  might be suggested t h a t ,  as analgesic  to le ran c e  developed, mice becomi
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d e se n s itis e d  to  th e  fo o t ehock as a  consequence o f  repea ted  exposure to  

e ra d u a llv  In creasin g  oereelved  shock l e r e l s .  Post-m orphlne escape im pair­

ment could* th e re fo re*  he o o stu la ted  to  hare  re s u lte d  f re e  a  gradual h a b it­

u a tio n  to  foo t shock. **0 t e s t  t h i s  p o s s ib i l i ty ,  various regimens o f  low shock 

I n te n s i t i e s  and g rad u a lly  In creas in g  shock le v e ls  were employed In an attem pt 

to  reproduce th e  find ings w ith morphine and shock. Ho such M anipulation o f 

shock I n te n s i t i e s  generated  a su sta ined  re s id u a l escape Impairment. S im ila rly , 

l a t e r  exoerlatents u sing  "fo rced” exposure to  shock were a lso  unsuccessfu l 

In th a t  n ice  never h ab itu a ted  to  th e  shock* I . e .  they  escaped Issw d la te ly  

on *ay 1 ^ when th e  r e s t r a in in g  cover was removed. The f a i lu r e  o f te s t in g  

a t low shock in te n s i t i e s  w ith  morphine ( f ig u re  1?)* or g rad u a lly  in c reas in g  

shock I n te n s i t ie s  ( f ig u re  1?) w ithout morphine* to  produce a subsequent e s­

cape impairment* adds fu r th e r  evidence th a t  th e  mechanism by which morphine 

produces escape impairment I s  not simply by dim inish ing  th e  pe rcep tion  of 

th e  noxious s tim u lu s . This finding* coupled w ith th e  observation  th a t  t o l ­

erance to  escape suppression  develops to  morphine* in  u n tes ted  mice* as w ell 

as to  v o c a liz a tio n  In te s te d  mice* In d ica ted  th a t  shock alone Is  Inadequate 

to  produce escape Impairment and th a t  a unloue in te ra c t io n  occurs vhen 

morphine t r e a te d  mice a re  te s te d  fo r  escape behav io r.

Shock fxposure

V arvlne th e  m axlaal duration  o f  shock exposure p e r t e s t  t r i a l  could be 

p o s tu la ted  to  have c o n f l ic t in g  e f f e c ts  on escape behavior, fo r  example, 

in c re a s in g  shock exposure, w hile p o ss ib ly  enhancing th e  a c q u is itio n  o f  th e  

Impaired response* slig h t, by in c reas in g  th e  t r i a l  pe riod  (g re a te r  than 30 

seconds), perm it more mice to  escape. This would lead  to  a measurement o f 

an Improvement r a th e r  than an impairment In  escape perform ance. A s im ila r
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p o te n t ia l  fo r  am biguity could be p o s tu la ted  to  e x is t  fo r  experim ents con­

ducted w ith sh o rte r  d u ra tio n s o f shock exposure. For example, decreasing 

shock d u ra tio n , by d im inishing t o t a l  exposure to  th e  shock, might in h ib i t  

th e  development o f  im paired escape behav io r. A lte rn a tiv e ly , by reducing th e  

shock d u ra tio n , fewer mice might be observed to  escape. Furtherm ore, a l t e r ­

ing shock d u ra tio n  in  th e  ooat-rtorohine period  might have d if fe re n t  or oppo­

s i t e  e j e c t s  th an  a s im ila r  change in  shock du ra tion  during  th e  period  of 

momhine a d m in is tra tio n ,

P ro longation  o f  d a ily  shock exposure d u ra tio n , by as long as 90 seconds, 

was not found to  s ig n if ic a n t ly  e f fe c t  th e  number o f naive mice escaping th e  

shock, ,phere was a lso  no s ig n if ic a n t  d iffe ren c e  in  escape performance between 

groups o f mice te s te d  d a lly  (w ithout morphine) fo r  15 days w ith a standard 30- 

second t r i a l  and groups allowed a g re a te r  maximum shock exposure. There was no 

s ig n if ic a n t  e f f e c t  o f varying exposure tim es during morphine ad m in istra tio n  

on nost-ln .1action  perform ance. However, th e  d u ra tion  of post-m orphlne im­

pairm ent vas ^ound to  be p o s i t iv e ly  c o rre la te d  w ith th e  len g th  o f  maximum 

shock exposure during morphine a d m in is tra tio n . This f in d in g  is  probably a  

sinm le dose e f f e c t ,  i . e .  th e  g re a te r  th e  p r io r  shock exposure the  g re a te r  

th e  impairm ent. In c o n tra s t ,  in  experim ents in  which th e  maximum exposure 

d u ra tio n  vas a l te r e d  in  th e  post-m orphine te s t in g  p e rio d , recovery o f escape 

performance was more rap id  w ith g re a te r  exposure tim es. Thus, shock exposure 

appears to  f a c i l i t a t e  th e  a c a u ls lt lo n  o f escape impairment, but in h ib i ts  

th e  maintenance o f t h i s  e f fe c t  a f te r  c e ssa tio n  o f drug a d m in is tra tio n . 

Fre-Morohlne t e s t in g

*he experim ental r e s u l t s  d iscussed  above in d ic a te  th a t  morphine. In
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th e  presence o f a noxious stim u lus, can induce th e  lea rn in g  o f an apparen tly  

m aladaptive resnonse , f a i lu r e  to  escape th e  noxious stim ulus. In  most le a rn ­

ing s tu d ie s , inc lu d in g  those  involving morphine, th e  su b jec t acqu ires an os- 

ten  s i  h i r  adap tive  response. In a ty p ic a l experim ent, a sub jec t i s  deprived 

©* *©od o r w ater, then  placed in  a "Skinner Box" in  which th e  sub ject le a rn s  

to  perform a ta sk  (e .g .  p ress a lewer) in  o rder to  rece ive  a reward (food 

o r  w a te r) .

v© atudv th e  e f f e c ts  o f  a drug on such behav io r, two kinds o f  experiments 

can he performed, f i r s t ,  th e  drug can be adm inistered  during th e  period  o f 

cond ition ing  and i t s  e f fe c ts  on a e o u is itio n  o f  a behavior can be evaluated . 

Second * th e  drug can be a * » in is ta re d  to  su b je c ts  a f t e r  a behavior has been

lea rn ed . Tn th e  l a t t e r  experim ents, one s tu d ie s  th e  e f f e c ts  o f  th e  drug on 

perform ance.

fxperlm en ts, as described  above, d i f f e r  In sev era l c ru c ia l  aspec ts from 

those  performed in  th e  p resen t In v e s tig a tio n , A good example fo r  comparison 

i s  a study by Herman e t ,  a l ,  (l*>72) on th e  e f fe c ts  o f  m u ltip le  in je c tio n s  

o f  morphine on ah u ttle -b o x  behavior in  th e  r a t .  This study i s  rep resen ta ­

t iv e  o f  th e  m ajo ritv  o f the  in v e s tig a tio n s  on th e  behav io ral e f f e c ts  o f mor­

phine and i t  i s  p a r t ic u la r ly  re le v an t to  th i s  d iscussion  because both th e  

doses employed (* and *>0 mg/kg) and th e  time course (13 days) approximate 

the  param eters o f  th e  p resen t in v e s tig a tio n .

Herman e t .  a l ,  (1972) attem pted to  show th e  tim e course and p a tte rn  o f 

to le ran c e  to  morphine as re f le c te d  by th e  i n i t i a l  d is ru p tio n  and subsequent 

recovery o f  a p rev iously  learned  conditioned  avoidance response. The t e s t ­

ing apparatus was a sh u ttle -b o x  which co n sis ted  o f  two chambers equipped w ith 

g rid  f lo o rs  separa ted  by a p a r t i t io n .  A r a t  was p laced  in  one chamber and



a l ig h t  (conditioned stim ulus) was tu rned  An 10 seconds p r io r  to  th e  onset 

o f th e  d e liv e ry  o f a 500 ua foo t shock (unconditioned s tim u lus). I f  th e  r a t  

entered th e  ad jo in ing  chamber p r io r  to  shock, an avoidance response was r e ­

corded. I f  th e  r a t  en te red  th e  ad jo in ing  chamber a f te r  th e  onset o f th e  un­

conditioned s tim u lu s , an escane response vas recorded. As in  the  p resen t 

studv , naive su b jec ts  su ccess fu lly  escaped the  noxious stim ulus w ithout d i f f ­

ic u l ty .  P a ts  vere  te s te d  ?5 tim es a day u n t i l  a c r i te r io n  o f 90$ avoidance 

(o f PS t r i a l s )  was achieved. One group o f th ese  r a t s  then  received  morphine 

n r io r  to  avoidance tra in in g  on 13 a d d itio n a l consecutive days. Another group 

received  only morphine w ithout fu r th e r  t e s t in g .  D espite th e  apparent metho­

do log ica l s im ila r i ty  o f th i s  experiment to  those in  th e  p resen t study, Herman 

e t ,  a l .  found th a t  to le ra n c e  to  morphine-induced d is ru p tio n  of avoidance be­

havior did occur f in  both te s te d  and u n tes ted  groups) a t a l l  doses w ith in  the  

I 'j day te s t in g  p e rio d . The g re a te s t  d is ru p tio n  o f  avoidance occurred on the  

f i r s t  day a t  th e  h igher (?0 mg/kg) dose. However, even a t  t h i s  dose, no 

change in  escape behavior was found on any day o f morphine a d m in is tra tio n .^

’"he exp lanation  o f th e  apparent discrepancy between th e  r e s u l ts  o f Herman 

e t .  a l .  ( lo f? )  and th e  p resen t study cen te rs  around c ru c ia l  d iffe re n c e s

^’’’he Question o f whether morphine can produce a  d is ru p tio n  o f  avoid­
ance behavior a t  doses which do not e f f e c t  escape behavior i s  th e  su b jec t o f 
mneh controversy  la  th e  l i t e r a t u r e  (H ers, i 960\ B aaaerjee , 1971)• The sug­
g estion  i s  th a t  i f  morphine can produce avoidance impairment w ithout escape 
impairment, then  m orphine 's a c tio n  on behavior i s  p rim arily  "an x io ly tic "  ra th e r  
than re la te d  to  i t s  analgesic  p ro p e r tie s . This theory  grew out o f an e a r l ie r  
find ing  th a t  t r a n o u l l l s e r s  (rh en o th laz ln es) have been shown to  produce a d is ­
ru p tio n  in  avoidance behavior w ithout e ffe c tin g  escape behavior (Verhave, 
e t .  a l . ,  lOkoJ^ Domino e t .  a l . ,  IQ65 , however, found in  h is  experim ents 
on th e  a c o u ls itlo n  o f conditioned pole Jumping, th a t  avoidance behavior could 
not he d isru p ted  w ithout sim ultaneously e f fe c tin g  escape behavior. The con­
tro v e rsy  rem ains unresolved because o f  th e  in c o u p a ra b llity  o f th e  experim ental 
designs and th e  f a i lu r e  o f th e  au thors to  do exhaustivs param etric in v e s tig a tio n s .



15*

In  th e  experim ental methods employed, H enan e t ,  al* se re  In te re s te d  in  

measuring changes in  asoidanee behav io r, Since avoidance behav io r, un like  

escape behavior ( e i th e r  in  th e  sh u ttle -b o x  o r escape-box employed in  t h i s  

s tu d v ), i s  a learned  response , a g rea t number o f  t r i a l s  s e re  necessary  to  

achieve th e  c r i te r io n  o f  00* avoidance. In  a d d itio n , on every p o s t- in je c tio n  

te s t in g  day, r a t s  rece ived  25 t r i a l s .  Perhaps, because Hetman e t .  a l .  (1978)  

l ik e  o th e rs , chose to  examine avoidance behavior r a th e r  than th e  spontan­

eously  e l i c i t e d  escape behav io r, te s t in g  cond itions (e .g . dose, e tc . )  were 

employed, such th a t  changes in  e l i c i t e d  behavior vere  minimised.

Tn the  p resen t in v e s tig a tio n , mice in  th e  standard  paradigm (F ig u re '1) 

received  only one exposure to  th e  te s t in g  apparatus (Day l )  p r io r  to  morphine 

and vere  perm itted  (except on Day l )  only one t r i a l  per te s t in g  day. In  one 

experiment ( ^ b l e  5 ) , however, mice received  vary ing  numbers o f  days o f t e s t ­

ing p r io r  to  morphine a d m in is tra tio n . The r e s u l ts  o f t h i s  experiment In d i­

cated t h a t ,  w ith g re a te r  than 15 days o f  p re te s t in g , a marked d ec lin e  in  p o s t-  

morohine impairment could be observed. S im ila r ly , th e re  was an Improvement 

in  Day 1 , Day 15 (to le ran c e  and experim ental) and Day 16 (post-m orphine) 

escape performance w ith increased  pre-m orphine t e s t in g .  Thus, i t  seems l ik e ly  

th a t  i f  mice were exposed to  m u ltip le  t r i a l s  fo r  sev era l days befo re  and then 

during morphine a d m in is tra tio n , l i t t l e  e f fe c t  o f  morphine on escape behavior 

would be observed on Day 1 o r  any o th e r  day o f  morphine ad m in is tra tio n . The 

d iffe ren c e s  between th e  p resen t r e s u l ts  and those  o f  o th e r in v e s tig a to rs  

studying th e  in te ra c t io n  o f  n a rc o tic  drugs and le a rn in g  can probably be 

a t t r ib u te d  to  such d iffe re n c e s  in  experim ental design and methodology.

The Conditioned Emotional Weaponas

The f a i lu r e  o f  mice to  escape th e  foo t shock both during  and e sp e c ia lly
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a f t e r  morphine ad m in is tra tio n  has been re fe r re d  to  above a> a m aladaptive 

response . This i s  because i t  i s  d i f f i c u l t  to  conceive o f  a  s i tu a t io n  (using  

th e  p resen t experim ental design) in  vhich f a i lu r e  to  escape could be vleved 

as an adaptive response. I t  i s  ev ident from th e  v o c a liz a tio n  and th e  t o l e r ­

ance s tu d ie s  th a t  mice both perceive th e  stim ulus as "aversive" and a re  cap­

ab le  f in  term s o f  locomotor a b i l i ty )  o f  escaping th e  shock. I t  i s  u n lik e ly  

th a t  mice learned  to  a sso c ia te  f a i lu r e  to  escape v i th  th e  d e liv e ry  o f a r e -  

vard in  th e  form o f morphine in ,lec tio n , since th e re  vas no contingen t r e la ­

tio n sh ip  betveen th e  ad m in istra tio n  o f  th e  drug and exposure to  th e  s tim u lus , 

i . e .  morphine In je c tio n  proceeded, not fo llo v ed , te s t in g .

The a c q u is itio n  o f  an apparen tly  m aladaptive response i s  not a find ing  

unique to  t h i s  in v e s tig a tio n , E stes and Skinner (I9*»l) sub jec ted  r a t s  to  

an lnaveldah le  noxious s tim u lu s , e .g . foo t-shock , preceded by a to n e . A fte r 

repeated  t r i a l s ,  upon p re sen ta tio n  o f th e  to n e , th e  r a t s  began to  e l i c i t  a  

v a r ie ty  oe responses includ ing  " fre e z in g " , u rin a tio n  and d e feca tio n . These 

"a n tic ip a to ry "  responses vere c o lle c t iv e ly  termed a Conditioned Emotional 

Response fc* °), E stes  and Skinner suggested th a t  the  a c q u is itio n  o f th e  

rep resen ted  th e  le a rn in g  o f  an "anx ie ty  re a c tio n ? . When th e  CEE pro­

cedure vas superimposed on a b a se lin e  o f  operant responding, p re sen ta tio n  

o r th e  nre-shock stim ulus vas fo lloved  by a f a l l  in  th e  response r a te .  This 

d is ru p tio n  o r  responding vas termed conditioned suppression .

Brady (1055), using  a m odifica tion  o f th e  E stes-S k lnner procedure, 

t ra in e d  r a t s  to  p ress  a  le v e r  fo r  a v a te r  rev a rd . When th e  response r a te s  

s ta b i l iz e d ,  he adm inistered  a s e r ie s  o f  cond ition ing  t r i a l s  In vhlch a c l ic k ­

ing  no ise  vas p resen ted  fo r  th re e  minutes p r io r  to  th e  onset o f a  foo t shock. 

Be observed a suppression in  responding as v e il  as " fre e z in g " , de feca tion  

and crouching. Brady and Runt (1955) i n i t i a l l y  used t h i s  technique to
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evaluate  th e  e f f e c ts  o f  e lee tro co n v u lsiv e  shock end c o r t ic a l  le s io n s  on 

re s to r in g  operant behavior.

Since th e  conditioned suppression obserred  in  th e  E stes-Sklnner p ro ­

cedure was proposed to  be an o b jec tiv e  and q u a n ti ta t iv e  Measure o f  "an x ie ty " .

I t  engendered su b s ta n tia l  I n te re s t  from pharm acologists who sought to  use 

t h i s  method to  in v e s tig a te  th e  " a n ti-a n x ie ty " p ro p e r tie s  o f drugs {K elleher 

and Marae, !<>£*), m u  et .  a l .  (1051*) found th a t  morphine re s to re d  operant 

responding In r a ta  exposed to  a m odified v e rs io n  o f th e  E stes-Sklnner pro­

cedure, Subseouently , tauener (19^3) found th a t  n e ith e r  morphine nor pheno- 

th la z ln e s ,  e f f e c t iv e ly  re s to re d  suppressed responding. He did f in d t however, 

th a t  ch io rd lasen o x ld e , meprobamate and most b a rb ltu a te s  could antagonize 

conditioned suppression . The d iscrepancy between th e  r e s u l ts  in  th e se  s tu d ies  

vas a t t r ib u te d  to  v a r ia tio n s  in  te s t in g  procedures and t r a in in g  schedules 

(K elleher and Morse, 1968),

^unlshed Wespondlng

Conditioned suppression can be viewed as a m aladaptive response because 

th e  decrease in  operant responding only  suspends d e liv e ry  o f th e  reward but 

dees not prevent o r dim inish th e  aversive  stim u lus. In c o n tra s t ,  another 

technloue was developed In Mhieh suppression  o f responding can be viewed 

as an adaptive  r a th e r  than  a m aladaptive response . In t h i s  procedure, r e ­

fe rre d  to  as punishment suppressed responding, a response p rev iously  a sso c ia ted  

w ith a p o s i t iv e  reinforcem ent (rew ard) becomes a d d it io n a lly  a sso c ia ted  w ith 

an av ersiv e  s tim u lu s , thereby  c re a tin g  a  " c o n f l ic t"  s i tu a t io n .  F a ilu re  

to  respond in  t h i s  paradigm I s  c le a r ly  an adap tive  response because th e  de­

l iv e ry  o f  th e  "punishment" i s  con tingen t upon th e  response r a te  o f th e  sub­

j e c t .  In  th e  punishment suppressed responding procedure, avoidance o f  the
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aversive  stim ulus la  passive  In  th a t  th e  stim ulus la  only d e liv e red  fo llo v ­

ing seme response hy th e  su b jec t es d is tin g u ish ed  from " a c tiv e  avoidance" 

lea rn in g  teehn loues in  vhich th e  su b jec t must perform some behavior in  o rder 

to  delay  th e  onset o f  th e  av ersiv e  stim ulus.

Tn c o n tra s t to  th e  in c o n s is te n c ie s  observed v i th  th e  E stes-S k inner pro­

cedure, pharm acological s tu d ie s  o f  punishment suppressed behavior have been 

h igh ly  rep roduc ib le  (K elleher and Morse, 196b), S e l le r  e t ,  a l ,  (1963) i n i ­

t i a l l y  s tu d ied  th e  e f f e c ts  o f  ehlornrom asine and chlordiazepoxide on punished 

responding in  th e  r a t .  They tra in e d  food deprived r a t s  to  p ress  a le v e r  fo r  

a food revard  on a v a r ia b le - in te rv a l  schedule o f  re in forcem ent,*  A fter le v e r  

p re s s in g  r a te s  s ta b i l iz e d ,  a tone vas in troduced vhlch s ig n a lled  a period  

o f  continuous reinforcem ent (CftF), i . e .  each lev e r  p ress  produced a re v a rd . 

*rhus, pe riods o f lov  reinforcem ent (VI) vere  a lte rn a te d  v i th  p e rio d s , during 

th e  to n e , o f high reinforcem ent (CRT), A fte r a number o f  se ss io n s under 

th ese  c o n d itio n s , a punishment contingency vas added such th a t  r a t s  not only 

received  a revard  (food) but vere  punished (fo o t shock) fo r  responding during 

th e  to n e . G e lle r  e t .  a l ,  (lOtfp) found th a t ,  over a vide range o f shock 

le v e ls ,  ch lo rd lazenox ide , meprobamate and various b a rb itu ra te s  re s to re d  r e ­

sponding suppressed by th e  to n e . P heno th iaz lnes, hovever, d id  not re s to re  

suppressed responding. In  subsequent s tu d ie s ,  Q e lle r e t .  a l .  (1963) found 

th a t  morphine, l ik e  pheno th laz lnes, did  not r e s to re  suppressed responding. 

Moreover, they  found th a t  morphine fu r th e r  suppressed th e  a lread y  dim inished 

response r a t a .  Tn suamary th e n , th e se  e a r ly  s tu d ie s  o f th e  e f f e c ts  of 

drums on conditioned  suppression shoved th a t  th e  minor t r a n q u i l iz e r s  such

*Tn operant con d itio n in g , v a rio u s schedules o f reinforcem ent a re  em­
ployed , These schedules can be c la s s i f ie d  according to  r a t i o ,  i . e .  th e  num­
b er o f responses necessary  to  produce a rev a rd , o r  according to  in te rv a l /  i . e .  
th e  period  betveen a p r io r  revard  and th e  tim e vhen a response v l l l  again  
produce a  rev a rd . In a v a r ia b le  in te rv a l  (VI) schedule, t h i s  p e rio d  i s  v a ried  
about seme mean tim e in te rv a l .
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as ehlord iasepoxide and meprobamate were e f fe c t iv e  In re s to r in g  responding 

i m n i w l  by punishment ( t o l l e r  e t .  a l .  19*2, 19*3). A* d iscussed  p rev io u s ly , 

melor t r a n q u i l I t e r s , e .g .  phenoth iaeines and morphine have been shorn to  he 

e f fe c t iv e  In decreasing  escsue and avoidance responding (CAR) (Verhave, e t .  

a l .  lo * o ) . Such r e s u l ts  vere  I n i t i a l l y  in te rp re te d  (H ers, 19*0) as in d ic a tin g  

th a t  ehlororem asine (and morphine) a tte n tu a te  th e  e f f e e ts  o f noxious s tim u li 

through a  reduction  o f th e  " fe a r"  o r "anxiety" which was assumed to  underly 

such behav io r. This in te rp re ta t io n  was in c o n s is te n t , however, w ith th e  f in d ­

ing th a t  morphine and th e  major tra n o u iU s e rs  were in e f fe c tiv e  in  in fluenc ing  

suppressed responding ( t o l l e r  e t .  a l , ,  19*3).

One o f th e  more n uzsling  and in te re s t in g  find ings in  th e  punished re s ­

ponding experim ents o f O e lle r (10*3) was th e  observation  th a t  morphine was 

in e f fe c t iv e  in  re s to r in g  suppressed responding. Morphine has always been 

considered to  a c t  (see  in tro d u c tio n ) by re l ie v in g  th e  "anxiety", as w ell as 

th e  sensory and p e rcep tu a l a sp e c ts , o f  p a in . C l in ic a l ly ,  ad m in is tra tio n  of 

n a rc o tic s  i s  o ften  based on th e  assumption th a t  such drugs have a n x io ly tic  

as w ell as analgesic  p ro p e r tie s  ( H i l l ,  1952). G e lle r (19*3) concluded from 

h is  s tu d ie s  o f  morphine and punished responding th a t  th e  e f fe c ts  o f minor 

tranou i U s e r s ,  e .g .  meprobamate and eh lo rd i asepoxide, vere  u n re la ted  to  a n a l­

g e s ia , d e l le r  d id  n e t exp la in  th e  apparent paradox th a t  morphine I s  

a c l in ic a l lv  e f fe c t iv e  "a n ti-a n x ie ty "  agent but i s  in e f fe c tiv e  in  re s to r in g  

responding suppressed by punishment.

More recen t s tu d ie s  have shown th a t  th e  in te ra c t io n  o f  morphine as w ell 

as e th e r  drugs w ith  suppressed responding I s  more com plicated than  o r ig in a lly  

o u tlin ed  by t o l l e r  ( lo * ? , 19*3). PJahanguiri e t ,  a l .  (19**) were the  f i r s t  

to  dem onstrate th a t  morphine could Increase  th e  r a te  o f operant responding.
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"•her subm itted e a ts  to  prolonged d a lly  low doae ( .2  mg/kg/day) trea tm en ts 

o f  morphine and found an improvement In food-re ln fo read  responding. In  sub- 

seeuent experiments,.Thompson e t .  a l .  (1970) observed th a t  th e  change In 

reanonse r a te s  o* r a t s  follow ing morphine ad m in istra tio n  v a ried  w ith d if fe re n t  

reinforcem ent schedules (fix ed  in te r v a l ,  v a ried  In te rv a l ,  f ix ed  r a t i o ,  varied  

r a t io )  as w ell as dose. In  a d d itio n , th e se  au thors found th a t  th e  na tu re  

o* th e  response to  morphine v a ried  w ith th e  b a se lin e  performance o f  th e  sub­

je c ts  on th e  in d iv id u a l schedules. This find ing  was In agreement w ith e a r l ­

i e r  observations (T>ws and Morse, lo fil)  w ith o th er ag en ts , th a t  th e  e f fe c t  

o f  drugs on th e  reanonse r a te  o f  schedule-induced behavior depended to  a 

considerab le  degree on th e  response r a te s  p r io r  to  drug a d m in is tra tio n .

In l a t e r  exnerl entente. Holt man and Jew ett ( 1Q7?) found th a t  th e  e f fe c t  

o f morphine on conditioned avoidance responding In th e  r a t  could be q u a li ta ­

t iv e ly  a lte re d  w ith changes In shock in te n s i ty .  They found th a t  a t  a "high 

shock in te n s ity "  ( l in o  u a ) , morphine Increased avoidance responding, while 

a t  lower shock in te n s i t ie s  (^00 u a ) , morphine decreased avoidance responding.

In another s tudy , S t l t z e r  (lQ7b) examined th e  In fluence o f  shock In ten ­

s i t y  (and freoueney) on th e  key-peck responding o f pigeons ( fo r  food).

Pi aeons t ra in e d  to  neck a t  a key fo r  a food reward sim ultaneously  received  

e le c t r i c  shock during th e  fix ed  r a t io  component o f an a lte rn a t in g  (fix ed  

In te rv a l and fixed  r a t io )  schedule o f rein forcem ent. Shock in te n s i t ie s  and 

f re e u e n d e s  were ad ju sted  to  produce e i th e r  a  moderate o r severe response 

sunoreeslon during  th e  punishment component. C hlorprosuzlne reduced punished 

responding a t  both ahoek le v e ls  while Increasing  r a te s  during unpunished In­

te r v a ls ,  Morphine, however, Increased  r a te s  o f  responding bo th  during pun­

ished  and unpunished In te rv a ls  a t  moderate shock in te n s i t ie s  and freq u en c ies .
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At shook le v e ls  which severe ly  dim inished response r a te s ,  morphine had 

Q u a lita tiv e ly  s im ila r  e f fe c ts  to  eh lorpram aiine.

In sunsmry, th e  s tu d ie s  o f th e  e f f e c ts  o f  morphine on punished and 

avoidance behavior confirmed th e  e a r l ie r  find ings o f  Dews (1958) and o th e rs , 

th a t  th e  In te ra c tio n s  o f  drugs and behavior can be in fluenced  both q u a li ta ­

t iv e ly  and Q u a n tita tiv e ly  by v a r ia tio n s  in  dose, b a se lin e  performance and 

schedules o f  rein forcem ent. In a d d itio n , th ese  s tu d ies  shoved th a t  even 

when th e  above v a ria b le s  are  accounted fo r , In te rs p e c ie s ? d iffe ren c e s  may 

s t i l l  be observed, e .g . TMahanguiris' (1966) s tu d ie s  w ith c a ts .

M otivational In te ro re ta tlo n s  have assumed, a p r i o r i ,  th a t  conditioned 

avoidance ( i . e .  behaviors which term ina te  o r de lay  th e  p re sen ta tio n  o f a  

noxious stim ulus) and behavior which i s  suppressed by th e  p re sen ta tio n  o f 

a noxious stim u lus, both r e f le c t  cconson components o f " fe a r” and "anx ie ty" 

(F e lleh e r and Morse, 1968). Once one i s  not bound by t h i s  u n ita ry  h ypo thesis , 

i t  becomes p o ss ib le  to  view th e  drug s tu d ie s  as having dem onstrated th a t  

"anx iety" re u re se n ts  a eomplex combination o f behaviors o r m o tiva tional s ta te s  

each Influenced in  a d i f f e r e n t  fash ion  by psychoactive drugs and experim ental 

co n d itio n s .

'’’he purpose o f t h i s  d iscussion  o f  conditioned  avoidance and em otional 

responses i s  to  provide a th e o re t ic a l  and experim ental framework, upon which 

a p la u s ib le  explanation  fo r  th e  behavior described  in 1 th e  p resen t in v e s tig a ­

tio n  can be form ulated. Although I t  I s  c le a r  th a t  th e  CEP and punishment 

experim ents d i f f e r  s t r ik in g ly  from those  presen ted  In t h i s  work, some com­

p ariso n s a re , however, va luab le  In  help ing  to  evaluate  th e  n a tu re  o f  th e  

In te ra c tio n  o f  morphine and escape behavior described  in  th e  p resen t study,

Many d iffe ren c e s  between th e  punishment experim ents and the  p resen t in ­

v e s tig a tio n  can be e l te d .  For example, in  th e  escape paradigm, no conditioned



stim u lus , I . e .  no stim ulus a sso c ia ted  v i th  a  punishment (shock), la  p re ­

sen ted . More im portan tly , in  th e  escape te s t in g  procedure, th e re  la  no 

punishment contingency to r  escaping or not escaping; th e re  I s  no c le a r ly  de­

fin ed  c o n f l ic t  Involved In th e  te s t in g  procedure. Furtherm ore, in  th e  CER 

and punishment nrocedures, drugs v e re  adm inistered  to  su b jec ts  a lread y  e l i c i t ­

ing  suppressed responding In an attem pt to  antagonise  th e  suppression . In 

c o n tra s t .  In th e  p resen t In v e s tig a tio n , drugs vere  Introduced Im aediately  

*ollowing i n i t i a l  exposure to  th e  te s t in g  apparatus (Day 1A). In a d d itio n , 

no p r io r  t r a in in g  vas necessary since  mice spontaneously escaped from th e  

noxious stim u lus.

Conditioned B sotlonal Response and Escape Behavior Follovlng  Morphine
A dm inistration

As p rev iously  described , th e  d ec lin e  In response r a te  In  th e  punishment 

suppression paradigm re p re se n ts  a form o f  passive  avoidance lea rn in g  vhlch 

i s  c le a r ly  adap tive ; although revard  p re se n ta tio n  i s  postponed, th e  noxious 

stim ulus I s  a lso  avoided, ho such adap tive  s ig n ifican ce  can be a tt r ib u te d  

to  th e  f a l l  In  response r a te  observed on th e  conditioned  suppression paradigm 

sin ce  th e  d ec lin e  in  response only decreases revard  p re sen ta tio n , but does 

not e f fe c t  d e liv e ry  o f  th e  (non-contingent) foo t-shock . Several fe a tu re s  o f  

th e  a c q u is itio n  o f Impaired escape performance in  mice rec e iv in g  morphine 

in  th e  shock-escape paradigm can be analoglced to  th e  CER and conditioned 

su m resslo n  paradigm s. The f a i lu r e  o f  mice to  escape th e  shock on th e  f i r s t  

davs o* morphine ad m in is tra tio n  can be explained on th e  b a s is  o f analgesic  

ac tio n s  o* th e  drug, S im ila rly , th e  d is ru p tio n  o f  opereat responding a t 

th e  tim e o f  p re se n ta tio n  o f  an av ersiv e  stim ulus can be ascribed  to  a  d ire c t  

a e tlo n  o* th e  e le c t r i c  shock, th itested  mice (rece iv in g  morphine) vere  found 

to  escape th e  shock on davs vhen te s te d  mice did  not do so . A lso, to le ran c e
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ra n id lv  developed to  morphine induced v o c a lisa tio n  suppression  in  te s te d  

m iee. "'•hds, th e  f a i lu r e  o f  ( te s te d )  aiiee to  escape th e  ahock on subsequent 

davs o f  momMne ad m in istra tio n  (and on oost^soroh ine days) can not be 

a t t r ib u te d  to  a n a lre a la  o r to  aome motor impairment. S im ila rly , su b jec ts  

in  th e  conditioned suppression experim ents a re  not in h ib ite d  from responding 

a ^ te r  p resen ta tio n  o f th e  conditioned e tln u lu a  e i th e r  by lm e d la te  punishment 

o r he a " d ire c t” d is ru p tio n  o f  performance v ia  p re se n ta tio n  o f  an averaive  

stim u lus, ,phus(#th e  f a i lu r e  o f  mlee to  eacape th e  ahock in  th e  p resen t study 

and th e  response suppression in  th e  CTO s tu d ie s  can th e re fo re  be viewed aa 

re n re se n tln e  th e  a c o u ia itio n  o f  an oba tensib ly  m aladaptive response. F u rth e r-  

more/ th e  re tu rn  to  b a se lin e  escape r e s p o t din* a f t e r  repeated  post-morphine 

t r i a l s  can be compared to  th e  e x tin c tio n  (re tu rn  to  b a se lin e  r a te s )  o f response 

suppression observe vben th e  tone was no longer p a ired  w ith a  noxious stim ­

u lu s ,

'Ve o th e r f in d in g , although d i f f i c u l t  to  q u a n ti ta t iv e ly  ev a lu a te , aug­

ments th a t  th e  CTO and th e  f a i lu r e  to  escape in  th e  shock ap p ara tu s , a re  a t  

l e a s t  in  some ways analogous behav io ral s ta te s .  In  th e  CTO, su b jec ts  a re  

u su a llv  observed to  d e fe ca te , " f r e e ie " ,  crouch and otherw ise remain lM o b lle ,  

during th e  p resen ta tio n  o f  th e  conditioned stim u lus. In  th e  p re s e n t ' inves­

t s  r a t io n ,  mice f a l l i n s  to  escape th e  noxious stim ulus were observed to  behave 

in  nueh the  same fash ion  as su b jec ts  in  th e  CTO, Mice crouched, freq u en tly  

defected  and u r in a te d , bu t made l i t t l e  attem pt to  escape, e i th e r  by Jusplng 

o r cllm blne th e  w alls o f  th e  box,

Tf one wishes to  p o s tu la te  th a t  th e  CTO and th e  f a i lu r e  o f  mice to  es­

cape under morphine are  th e  r e s u l t  o f  analsous behav io ra l p ro cesses , one must 

explain  how morphine and shock In te ra c t  to  produce suppression o f  escape
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behav io r. One common denominator between th e  CEF experim ents and shoek-es- 

eaoe paradigm i s  th a t  in both s itu a tio n s*  su b je c ts  f a i l  to  respond in  an 

adap tive  fash ion  under what can he tensed  " s tr e s s "  co n d itio n s . The s t r e s s  

in  th e  OF* and eseane experiments can he a t t r ib u te d  to  th e  a n tic ip a tio n  of 

th e  noxious stim u lus,

f t r e s s  I t  a broad and general term , u su a lly  defined  d i f f e r e n t ly  accord­

ing to  th e  contex t in  vhieh i t  i s  d iscussed , fhe  " s t r e s s "  re a c tio n  has been 

shown to  encomoass a m u ltlo le  o f p h y sio lo g ica l responses, Selye and o th e rs  

have con tribu ted  g re a tlv  to  th e  study and understanding o f  th e  p h y sio lo g ica l 

m an ifes ta tio n s o f  s tr e s s  and th e  na tu re  o f th e  a c tio n s  o f  v a rio u s agen ts in  

modifying th e  b o d ies ' reanonse to  s t r e s s  nroducing co n d itio n s , Selye (i960) 

proposed th e  term "General Adaptation Syndrome" (GAS) to  d esc rib e  th e  v a r ie ty  

o f  autonomic and endocrine responses observed in  prolonged exposure to  various 

b inds o f  s t r e s s ,  *he f i r s t  phase o f  th e  GAB was c a lle d  th e  "alarm  re a c tio n " , 

c o n s is tin g  p rim a rily  o f  g re a tly  increased  adrenal c o r t ic a l  and sym pathetic 

nervous svstem fu n c tio n . I f  th e  s t r e s s  con tinued , a longer phase o f " r e s is ­

tance  M  s tr e s s "  occurred In which th e  organism endured th e  s t r e s s  a s  best 

i t  eould . fv e n tu a llv  a "stage o f  exhaustion" ensued in  which th e  organism 

lo s t  th e  a b i l i tv  to  w ithstand th e  s t r e s s  (Relye and Heuser, 1955).

Exposure to  s t r e s s  has been shown to  produce s t r ik in g  changes in  the  

a c t iv i ty  o f  th e  endoerlne system , e sp e c ia lly  th e  h y p o th a la lam lc -p itu ita ry -ad ren a l 

a x is  (R elye, 1*>60) .  lfumerous s tu d ie s  have been performed to  eva lua te  th e  

e f f e c ts  o f  various s tim u li on p h y sio lo g ica l param eters o f  s t r e s s  such as 

ACT* re le a s e  and ascorb ic  ac id  dep le tio n  o f  th e  ad ren a ls  (L ldd le , e t .  a l . ,  1962)* 

In t h i s  reg a rd . Relye ( 1036) in  h is  e a r l i e s t  experim ents, employed morphine 

to  evoke an "alarm reac tio n "  thereby  b ring ing  about Increased  ad renal c o r t ic a l
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a c t iv i ty .  In  subseeuent In v e s tig a tio n s , th e  a b i l i ty  o f s in g le  doses o f  mor­

phine to  s tim u la te  th e  re le a se  o f e o r t lc o s te ro ld s  ( in  dogs and a le e )  v a t 

v e i l  documented, (h e r . by Sloan, 1971). However, morphine has a lso  been 

shown to  produce the  opposite  e f f e c t  (decreased ACTH and u rin a ry  c o rtlc o ld s )

In c h ro n ic a lly  t r e a te d  su b je c ts  (man, mouse,and r a t )  (Rer. by Sloan, 1971).

An eren more curious find ing  I s  th e  observation  th a t  morphine can antagonise 

th e  ad renal response to  an a d d itio n a l o r  superimposed s t r e s s fu l  s tim u lus, 

e . f ,  exposure to  cold o r p l t r e s s ln  In je c tio n  (Briggs and Munson, 197$).

*he mechanism o f  th e  In te ra c tio n  between morphine and s t r e s s  has been 

stud ied  by severa l au thors (Rev. by George, 1971). Based on various le s io n  

s tu d ie s , which demonstrated th a t  th e  e f f e c ts  o f morphine on ad renal function  

were blocked by hyoeohyseetomy, I t  i s  now be lieved  th a t  th e  a c tio n  o r ac tio n s  

o f  mornhlne on th e  ad renals I s  I n i t ia te d  in  th e  CHS and m ediated v ia  th e  hypo­

thalam i e -p i tu i t a r y  neu rosecre to ry  system. The na tu re  and s i t e  o f  t h i s  a c tio n , 

however, rem ains unknown (Rev, by S loan, 1971).

Most resea rch e rs  studying d ru g -s tre s s  in te ra c tio n s  have concentrated  

on th e  m od ifica tion  o f  physio lo g ica l param eters o f  s t r e s s  by drugs. A few 

a u th o rs , however, have stud ied  th i s  problem from a d if f e r e n t  po in t o f  view: 

th e  a l t e r a t io n  o f drug responses by s t r e s s .  In one e a r ly  study , F riend  and 

H arris  (lo lifl), observed th a t  adrenalectcm r dim inished th e  an a lg esic  e f f e c t  

o f  morphine. In c o n tra s t  o th er au thors showed th a t  th e  chronic adm in istra ­

t io n  o f  s te ro id  p rep a ra tio n s  could decrease  the  an a lg esic  response to  morphine 

(V in ter and F la ta k e r , 1051). Of re la te d  in te r e s t  I s  one study by Rupe e t .  

a l ,  (10*3) on th e  s t r e s s  m odifica tion  o f  th e  response (s leep in g  tim e) of r a t s  

to  h e x o b a r t l ta l . In  i n i t i a l  experim ents, th e  au thors found th a t  r a t s  p re­

v io u sly  s tre sse d  by h lnd -leg  l ig a t io n  shoved a  s ig n if ic a n t ly  decreased
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resnonse to  b a rb itu ra te * . The au tho rs then sought to  determ ine whether t h i s  

m odifica tion  o f  drug response was m ediated through th e  p itu ita ry -a d re n a l 

system. When they  adm inistered  ACTH to  produce a re le a se  o f ad renal c o r tic o -  

s te rO id s, th e  response (decrease In sleep ing  tim e) was enhanced. Next, based 

on th e  p rev io u sly  described  fin d in g s o f Briggs and Munson (1955) th a t  morphine 

blocked th e  adrenal response to  s t r e s s f u l  s t im u li ,  Hupe e t .  a l .  ch ro n ica lly  

o re tre a te d  r a t s  w ith morphine as a means o f producing a  " fu n c tio n a l hypophy- 

sectomy'*. Chronic ad m in is tra tio n  o f morphine as v e i l  as adrenalectomy vere 

found to  block th e  e f f e e ts  o f  a s t r e s s  (h in d -leg  t r a c t io n )  on hexobarb lta l 

s leen  tim e , i . e .  sleep ing  tim e vas Increased . Thus, th ese  au thors used mor­

phine ad m in is tra tio n  to  block th e  normal physio log ica l response to  s t r e s s  

and then s tud ied  th e  e f f e c t  o f t h i s  In te ra c tio n  on th e  a c tio n s  o f a second 

drug.

"'he s tu d ie s  described  above Ind ica ted  th a t  morphine could Influence  th e  

n h y s lo lo r lc a l resnonse to  s t r e s s  and, conversely , th a t  s t r e s s  could modify 

th e  response to  drugs. Such find ings may be analogized to  th e  p rev iously  

d iscussed  behav io ra l in v e s tig a tio n s  o f  Devs and Morse (1958) end S t i tc e r  

(lOTli). "'hese au thors found th a t  th e  b a se lin e  performance le v e l o f a  sub­

je c t  could In flu en ce , both (q u a lita tiv e ly  and q u a n ti ta t iv e ly , th e  responses 

observed when a nharmacologlo agent vas in troduced. The obvious question  

ra ise d  Is  whether au tho rs studying behav io ra l c o rre la te s  o f  s t r e s s  have 

observed drugs to  produce one kind o f  behavior in  an u n stre ssed  su b je c t, and 

a d if fe re n t  o r a l te re d  response in  a " s tre s se d "  su b je c t. With regard  to  mor­

ph ine, th e  answer to  th e  question  Is  th a t  most au tho rs have been concerned 

w ith determ ining whether th e  drug could re s to re  p rev iously  im paired p e rfo r­

mance as In th e  CVS,
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Jaeob ( lo f? )  was one o f th e  fev  author a to  d i r e c t ly  in v est 1 ga te  th e  e ffe c t*  

o f morphine on lea rn in g  under " s t r e s s fu l"  co n d itio n s. His find ings a re  par­

t i c u l a r ly  re le v an t to  the  o resen t in v e s tig a tio n  because h is  experim ents vere 

designed (un like  th e  CFH and o th e r  operant s tu d ie s )  to  evaluate  su b tle  changes 

In  snontaneously e l i c i t e d  behaviors v i th  an emphasis on changes In a c q u is itio n  

o f learned  ta sk s  as v e i l  as on d is ru p tio n s  o f b a se lin e  perform ance. Jacob 

(lo<?) employed th ree  d i f fe re n t  experim ental methods to  study th e  e f fe c ts  

o f  morphine on "adap tation" and " lea rn in g "  . Using a m odifica tion  o f th e  

h o t-n la te  technique (Voolfe and MacDonald, 1 9 ^ 0 , he found th a t  u n trea ted  

m ice, on I n i t i a l  exposure, lick ed  th e i r  pave and then even tua lly  escaped 

flumped) from th e  stim ulus. Or subseouent days, the  Jump re a c tio n  took p re­

cedence over " lic k in g " . Jacob concluded th a t  th e  replacement o f th e  " l ic k  

reanonse" hy th e  "Jump" re a c tio n  rep resen ted  th e  s u b s ti tu t io n  o f an escape 

response hy an avoidance response, He then  found th a t  morphine prevented 

t h i s  change in  response a t  doses th a t  vere  sub -analgesic ; " lic k in g  tim es" 

( la te n c ie s )  vere  not a l te re d  a t  doses vhich in h ib ite d  th e  Jump response.

.Taeob concluded from th ese  fin d in g s th a t  morphine possesses "an in h ib ito ry  

ac tio n  on th e  adap ta tion  o f anim als to  a s t r e s s f u l  s i tu a t io n " .

Tn a second s e r ie s  o f  experim ents, Jacob (1963) employed a "forced  

sviimnine t e s t "  p rev io u sly  used to  in v e s tig a te  th e  " a n ti- fa t ig u e "  p ro p e r tie s  

o f  d if f e re n t  substances. Tn t h i s  procedure* exhaustion tim es vere  measured 

in  su h lec ts  forced  to  continue svim ilng fo r  long period* . Mice, on re-expo­

sure to  th e  t e s t ,  vere  found to  have Increased exhaustion tim es. The e f fe c t  

o f momhlne In naive su b je c ts  vas to  prolong exhaustion tim es. Hovever, 

morphine dim inished th e  norm ally occurring  increase  in  exhaustion tim es in  

mice previously exposed to  th e  t e s t .  Jacob decided th a t  th e  svlmmlng t e s t
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involved no "noxious" s tim u li and he th e re fo re  concluded th a t  th e  re e u lt*  

vere  not re la te d  to  th e  ana lgesic  ac tio n  o f morphine.

Tn a th i r d  a e r ie s  o f  experim ents Jacob stud ied  th e  e f fe c ts  o f morphine 

on th e  performance o f  mice on an e lev a ted  mace lea rn in g  ta s k . Mice vere  i n i ­

t i a l l y  tra in e d  to  comolete th e  naze and Jump (o r climb) o ff  a p latform  in  

o rder to  receive  a food rev a rd . Tn l a t e r  t r i a l s  mice vere fed ad. l i b .  be­

fo re  t e s t in g ,  and th e  food revard  vas d iscon tinued . S ubjects continued to  

comolete th e  naze. Jaeob found th a t  morphine (12.5-50 m g/kg) increased  

th e  mwher o f e r ro rs  and th e  running tim e in th e  maze. The la rg e s t  increase  

vas found in  " f in a l  d e lay " , th e  tim e betveen f in ish in g  the  maze and clim bing 

from the  n la tfo rm . Jaeob in te rp re te d  t h i s  l a s t  r e s u l t  as c o n s titu t in g  a 

d is ru p tiv e  e f f e c t  o f  morphine on a c o n f l ic t  s i tu a t io n  vhlch involved n e ith e r  

"o a in fu l"  nor " s t r e s s fu l"  s tim u li.

In sunrtarv, Jaeob ( 106?) p o stu la ted  from h is  th re e  experim ents:

"Summarizing th e  r e s u l ts  ob tained  v i th  th e  th re e  
t e s t s ,  one i s  te mote d  to  consider th a t  they  a l l  p o in t 
to  th e  p ro p erty  o f  morphine to  depress th e  a b i l i t y  o f 
th e  anim als to  adapt them selves to  a s i tu a t io n  charac­
te r is e d  by an unusual environm ent, vhlch need no t be a 
p h y s ic a lly  n o c iep tlv e  one. This a c t iv i ty  o f morphine 
1s one o f  th e  most Im portant o f i t s  p ro p e rtie s  as i t  
a r re a rs  v i th  lo v er dosages than I t s  physica l analgesic  
p ro p e r t ie s , than  I t s  obvious ac tio n s  on m o tr ic ity  o r 
sensory motor coo rd ina tion  and than i t s  e f f e c ts  on 
’re ta in in g 4 previous experience. In each case , the  
e f fe c t  o f  morphine i s  to  depress th e  r e a c t iv i ty  re ­
g a rd le ss  o f  th e  lsa S d la te  consequence o f  t h i s  de­
p re ss io n , vhether d e trim en ta l (hot p la te  t e s t )  o r 
b e n e f ic ia l  ( sv im in g  t e s t )  o r apparen tly  n e u tra l 
(maze t e s t ) ;  in  each ea se , hovever, th e  f in a l  r e s u l t  
o f m oroM nlsatlon i s  d e trim en ta l a s th e  'lea rn ing*  of 
th e  ln h ab ltu a l environment (o r ad ap ta tio n  to  i t ) ,  
i s  depressed",

Ja co b 's  ( l« * l)  vork can be c r i t ic iz e d  on many le v e ls .  Both h is  conclusions 

and h is  In te rp re ta tio n s  o f  th e  experim ental da ta  a re  open to  q u estio n . In
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Mb hot p la te  experim ents, Jacob made a number o f  a s s ia p tlo n s . He claim ed 

th a t  since th e  l ic k in g  response was rep laced  by a Jump response follow ing 

successive exposure to  th e  s tim u lu s , th a t  th e  Jump response rep resen ted  a 

learned  (conditioned) response . He provided no d ire c t  evidence fo r  th i s  

su p p o sitio n , re fe r r in g  only to  previous s tu d ie s  which Ind ica ted  th a t  th i s  

s u b s ti tu t io n  o f  responses could be blocked by e lee tro co n v u lsiv e  shock between 

t r i a l s .  An a lte rn a t iv e  explanation  might be th a t  " l ic k in g ” , l ik e  Jumping, 

was a learned  behavior and th a t  the  f a i lu r e  o f a dose o f morphine to  a l t e r  

l ic k in g  tim es may In d ica te  only th a t  l ic k in g  had become a conditioned re ­

sponse. Thus, because Jacob f a i le d  to  adequately  prove th a t  th e  Jump re ­

sponse was a conditioned avoidance phenomenon, h is  conclusion th a t  morphine, 

by s e le c tiv e ly  in h ib it in g  Jumping, acted  s p e c if ic a l ly  to  block adap ta tion  

to  s t r e s s fu l  s tim u lu s , was In v a lid . Jacob fu r th e r  a sse r te d  th a t  th e  f a i lu r e  

o f a sp e c if ic  dose o f  morphine to  a l t e r  l ic k in g  tim es, w hile sim ultaneously 

Increasing  Jumnlng tim es, rep resen ted  s u f f ic ie n t  evidence th a t  f a i lu r e  to  

iimrp was u n re la ted  to  a motor o r sensory Impairment, An a l te rn a t iv e  I n te r ­

p re ta tio n  o f t h i s  find ing  might be th a t  th e  l ic k in g  response requ ired  l e s s  

motor coord ination  than th e  Jump response. Thus, the  f a i lu r e  o f morphine- 

tr e a te d  mice to  execute a  Jump may r e f l e c t  an a ta x ic  e f f e c t  ra th e r  than  a  

sp e c if ic  s t r e s s - r e la te d  phenomenon.

Jaeob a lso  f a i le d  to  consider an a d d itio n a l fa c to r  In eva lua ting  h is  

d a ta . Hecent s tu d ie s  (Hev. by Overton, 1971) as w i l l  be discussed  l a t e r ,  

have shown th a t  ta s k s  learned  In a "no-drug*1 condition  nay f a l l  to  t r a n s fe r  

to  th e  drug s ta te  o r  v lce -v e rsa  (H il l  e t .  a l . ,  1971). This phenomenon, 

termed "sta te-dependen t" le a rn in g , may account fo r  the  f a i lu r e  to  observe 

th e  p u ta tiv e  lea rned  response (ju so ) as compared to  the  unlearned response
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f i le * !  In morphlnlzed su b ie e ts .

S im ilar c r i t ic is m * , as o u tlin e d  above, may be ap p lied  to  Jacobs ' (1963) 

sviim lng and maze s tu d ie s ,  In  th a t  he again made assum ptions and in te rp re ­

ta t io n s  based on lim ite d  and tenuous d a ta . For example Jacob f a i l e d  to  exclude 

th e  p o s s ib i l i ty  o f  a s ta te -dependen t e f f e c t  in  th e  evincing t e s t .  In  th ese  

experim ents, momhlne vas found to  in c rease  exhaustion tim es in naive mice 

but produced th e  opposite  e f f e c t  in  mice p rev io u sly  exposed to  th e  t e s t .

''’bus, i t  vas o o ss lb le  th a t  th e  observed changes in  exhaustion tim es vere  not 

re la te d  to  a m od ifica tion  o f a s t r e s s  response, but rep re sen ted , in s te a d , 

th e  f a i lu r e  o f a learned  response to  t r a n s fe r  from a "drug" to  a "no-drug" 

co n d itio n , Jacob fu r th e r  m aintained th a t  m orphine 's a c tio n  in  th e  sviamlng 

t e s t  i s  u n re la ted  to  i t s  a n a lg es ic  p ro p e r t ie s  in  th a t  "no physica l pa in  can 

be p o s tu la ted  in  t h i s  t e s t ” . Re, hovever, provided no experim ental da ta  in  

support o f t h i s  questionab le  assum ption.

Again in  th e  m aze-learn ing  experim ents, Jacob o v e r- in te rp re te d  h is  d a ta , 

f a l l in g  to  adeouately  ev a lu a te  a l te rn a t iv e  hypotheses. He claimed th a t  

because a food revard  vas term inated  a t  some un sp ec ified  tim e p r io r  to  mor­

phine a d m in is tra tio n , th a t  hunger can be e lim ina ted  as a p o ss ib le  motive 

fo r  mice com pleting th e  maze. Based on t h i s  in v a lid a te d  su p p o sitio n , he 

concluded th a t  th e  maze I s  a "n e u tra l t e s t "  and consequently  th a t  m orphine’s 

e f f e c ts  can not be a t t r ib u te d  to  an e f f e c t  on hunger o r on th e  g a s t ro in te s t ­

in a l  system . In a d d itio n , Jacob as aw ed , v ith o u t d i r e c t  evidence, th a t  

m orphine 's e f f e c ts  on s a te  performance vere  un re la ted  to  locomotor a ta x ia  

o r  sensory d is o r ie n ta t io n .

Tn susmiary, Ja c o b 's  ( 1063) study su f fe rs  from tvo  main f la v s . F i r s t ,  

he f a l l s  to  provide any d e ta i l s  o f h is  experim ental methods. Second, and
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more im p o rtan tly , Jacob overlooked o r  f a i le d  to  adequately  c o n s id e r, in  h i*  

experim ental design and h i*  eva lua tion  o f th e  data* p o ss ib le  a l te r n a t iv e  

In te rp re ta tio n *  o f  M* r e s u l t s .  Jacob1* conclusion* th a t  morphine had a 

sp e c if ic  d e trim en ta l e f f e c t  on lea rn in g  o r adap ta tion  to  a change in  e n v ir ­

onment, a re  th e re fo re  d i f f i c u l t  to  accep t due to  hi*  o v e r - in te rp re ta t io n  of 

th e  d a ta , n o n e th e le ss , Jacob1s in v e s tig a tio n  i s  notew orthy in  th a t  h e , a t  

l e a s t ,  attem pted to  in o u ire  In to  seme o f th e  le s s  obvious, and more d i f f i c u l t  

a re a s  o f  drum behavior In te ra c t io n  to  experim en ta lly  ex p lo re .

'’'he m ethodological problem* encountered in  Jacob1* (19^3) study po in t 

out the  d i f f i c u l t i e s  involved in  i s o la t in g  th e  sp e c if ic  manner by vhlch a 

drug mav a c t to  modify behav io r. For example, Jaeob argued th a t  th e  swim 

t e s t  did not involve Mp a ln ” and, th e re fo re ,  th a t  m orphine's e f f e c t  on sub jec t*  

exposed to  t h i s  t e s t  vas u n re la ted  to  a n a lg e s ia . Such an a s sw p tlo n  i s  d i f f i ­

c u l t  i f  not im possible to  prove. The d is ru p tio n  o f  th e  performance o f a  r e ­

sponse hv a drug can be produced by any one o r a combination o f  e f f e c ts  o f 

a drum, e .g .  a ta x ia ,  sensory d is o r ie n ta t io n ,  o r a n a lg e s ia . To a s s e r t  th a t  

a response i s  s p e c i f ic a l ly  r e la te d  to  one o f th e se  e f f e c t s ,  i t  i s  necessary  

to  c o n tro l fo r  th e  a l te r n a t iv e  p o s s ib i l i t i e s .  T his problem i s  e s p e c ia lly  

d i f f i c u l t  v i th  a n a lg e s ic s . Since pain i s  a su b je c tiv e  response , i t  i s  Im­

p o ss ib le  to  determ ine w ith c e r ta in ty  th a t  a p a r t ic u la r  t e s t  does no t Involve 

n a ln fu l s t im u li. The problem, as o u tlin e d  above, o f  determ ining th e  mechanism 

e f  a  drug-behavior in te r a c t io n ,  vas encountered In th e  p re sen t in v e s tig a tio n .

'’Tie experim ents thus f a r  d lseussed  have le d  to  th e  follow ing o b se rv a tio n s . 

* m a jo rity  o f na ive  mice vere  found to  su c c e ss fu lly  escape a  noxious stim ulus 

and thev  continued to  do so on repea ted  d a lly  t e s t in g .  A s in g le  in je c tio n  

o f morphine decreased th e  number o f  mice escap ing . Tolerance vas found to
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develop to  t h i s  e f fe c t  in  u n tes ted  n ice  but not In n ice  rec e iv in g  d a lly  p o s t-  

in .iection  t e s t in g .  Although th e re  vas an even tual lnprovenent In  perform ance, 

the  impairment In  escape behavior observed In n ice  rec e iv in g  d a lly  p o s t-  

in ,lection  te s t in g ,  p e rs is te d  a f t e r  c e ssa tio n  o f norphlne a d n ln ls tra t lo n .

^ e  du ration-and  degree o f  t h i s  e f f e c t  vas shovn to  vary  v i th  dosage, days 

o t  trea tm e n t, and shock In te n s i ty ,  Since escape Im palrnent could be produced 

in su b je c ts  v i th  dem onstrated an a lg esic  to le ra n c e , th e  a b i l i t y  o f norphlne 

to  generate  t h i s  resnonse appeared to  be Independent o f  I t s  analgesic  a c tio n s , 

"’hue, th e  in te ra c t io n  o f morphine and escape te s t in g  appeared to  cause th e  

a e o u ls itlo n  o# an o s te n s ib ly  m aladoative response.

Since th e re  vere  no re p o r ts  In th e  l i t e r a t u r e  o f a s im ila r  e f f e c t  involv­

ing nom M ne and /o r escape b ehav io r, I t  vas necessary  to  search  fo r  a coopar- 

ah le  n a ra d lm  to  exp la in  th e se  phenomena. The Conditioned Emotional Response 

fPFn) sm eared  to  be analagous in  some re sp e c ts  to  th e  behavior observed In 

th e  n resen t study . Tt vas suggested th a t  a common fe a tu re  In  both th e  CER 

and th e  shock-escape paradigm vas th e  f a i lu r e  o f  a su b jec t to  respond appro­

p r ia te ly  in  a " s t r e s s fu l"  s t lu a t lo n .  The l i t e r a t u r e  r e la t in g  to  th e  In te r ­

ac tio n s  o f  s t r e s s  and morphine vas rev ieved . I t  vas found th a t  morphine 

could in flu en ce  se v e ra l o f th e  p h y sio lo g ica l param eters o f th e  s t r e s s  response 

and th a t  s t r e s s  could a lso  modify th e  response to  morphine. These s tu d ie s  

v e re , hovever, d i f f i c u l t  to  r e la te  to  th e  p resen t In v e s tig a tio n  fo r  sev e ra l 

rea so n s , e .g .  acu te  and chron ic  morphine produced d if fe r in g  e f f e c ts  on th e  

s t r e s s  response. F in a lly  Ja co b 's  (1063) study o f th e  In te ra c tio n  o f morphine 

and le a rn in g  vas d iscussed . Ja c o b 's  f in d in g s  vere  In  agreement v i th  those  

o* th e  p resen t s tudy , hovever, th e  v a l id i ty  o f  h is  conclusions vere  questioned
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on th e  b a s is  o f  flaw s In h is  experim ental design .

Tn review ing th e  data  summarized above. I t  can be p o stu la ted  th a t  Impaired 

eseane performance re p re se n ts  a unique In te ra c tio n  between morphine and the  

s t r e s s  ©* exposure to  a noxious stim u lus. D irec t supportive evidence fo r  

th*s h v ro th es ls  Is* however, lack ing  and th e re fo re  th e  mechanisms underly ing 

th e  observed phenomena remain unknown a t  th i s  tim e.
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F urther Param etric S tud ies 

The fo llow ing se c tio n  con ta ins a d iscu ssio n  o f experlaen ts performed 

to  fu r th e r  d e lin e a te  th e  narasieters and experim ental cond itions vhlch governed 

th e  production  o* th e  o r ig in a l  phenomena.

Felanse and Recovery

ft number o* experim ents vere  performed to  determ ine th e  re la tio n sh ip  

between m od ifica tions In th e  postm orph ine  te s t in g  schedule and recovery 

( i . e .  re tu rn  to  b a se lin e  Hay 1 performance from th e  re s id u a l escape Impair­

ment. ) . *he d a ta , f ig u re  1*, In d ica te  th a t  mice recover from the  post-morphine 

eseane Impairment a t  approxim ately th e  same r a te  whether te s t in g  vas or vas 

not performed on a continuous b a s is  a f te r  Day 16. These fin d in g s suggest 

th a t  recovery  occurs Independently o f  th e  number o f  post-m orphlne t r i a l s .

I . e .  te s t in g  oer se does not seem to  In h ib it  o r f a c i l i t a t e  recovery ,

Experiments vere  performed to  determ ine whether p r io r  exposure to  th e  

standard te s t in g  regimen. I . e .  15 days o f p o s t- in je c t io n  te s t in g  followed 

bv la  flays o f te s t in g  a lone , in fluenced  escape performance when mice vere 

subsequently re-exposed to  th e  standard  te s t in g  regimen. No d iffe ren c e  in  

escape behavior vas observed between th e  i n i t i a l  and "re lapse" performance 

Qg mice rec e iv in g  two consecutive exposures to  th e  standard  te s t in g  procedure.

Tn summary, th e  r e s u l ts  o f  th e  recovery and re la p se  experim ents suggest 

th a t  once d a lly  morphine and shock exposure a re  te rm ina ted , a  re tu rn  to  

b a se lin e  performance occurs reg a rd le ss  of whether o r not d a lly  te s t in g  i s  

perform ed, Tn a d d itio n , recovery does not appear to  In fluence subsequent 

redevelopment o f  escape Impairment on re-exposure  to  th e  standard  te s t in g  

procedure,

T n te r t r la l  In te rv a l

Tn th e  standard  te s t in g  procedure, mice were te s te d  once a day fo r
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f i f te e n  dave. Tn one s e r ie s  o f  experim ents, groups o f  mice were te s te d - ln -  

je e te d  and re te s te d  as usual on Day 1« and th e  t o t a l  number o f p o s t- in je c tio n  

davs was held constan t a t  f i f te e n  days. The i n t e r t r l u l  in te r v a l ,  however, 

was varied  from once every o th e r  day to  once every seven days. Post morphine 

te s t in g  was performed on a standard  (d a lly )  b a s is . One unexpected find ing  

in  th ese  experiments was th e  apparent to le ran c e  development (escape p e rfo r­

mance lmnroved from Par 1A le v e ls )  observed on th e  f i r s t  days o f morphine 

a d m in is tra tio n . S u rp ris in g ly , d e sp ite  t h i s  improvement in  performance during 

th e  e a r lv  davs o f  drug a d m in is tra tio n , performance s te a d i ly  declined  on th e  

l a t t e r  days o f  drug ad m in is tra tio n , A p o ss ib le  exp lanation  fo r  t h i s  find ing  

might he th a t  the  increased  i n t e r t r i a l  in te rv a ls  allowed fo r  more rap id  

development o f  ana lgesic  to le ran c e  to  morphine. I t  i s  a ls o  p o ss ib le  th a t 

th e  a c c u is lt le n  o f  lm naired escape behavior vas f a c i l i t a t e d  by th e  r e la t iv e  

proxim ity  o f  th e  t r i a l s  in  th e  standard  d a ily  te s t in g  regimen. Whatever th e  

cause o f t h i s  neaV in  eseane perform ance, o f g re a te s t  s ig n if ic an c e  i s  the  

d ec lin e  in  performance observed on th e  f in a l  days o f  drug ad m in is tra tio n .

fhe  naram etrie  s tu d ie s  described  so f a r  have in d ic a te d  th a t  c e r ta in  

m odifica tions In th e  standard  te s t in g  procedure can In te r f e re  w ith th e  pro­

duction o f lmnaired escape perform ance, f i r s t ,  pre-m orphine te s t in g  was found 

to  dim inish th e  Day 1 momhlne e ffe c t  as w ell as reducing th e  d u ra tion  of 

cost-m orphine impairment. S im ila r ly , in c reas in g  th e  In te rv a l between te s t in g  

days as in  th e  previous experim ents, a lso  dim inished th e  i n i t i a l  e f f e c t  o f 

in je c tio n  and te s t in g  on perform ance. Also, in  th e  p re lim inary  experim ents 

(F igure 1 , Hroup M a p r io r  course o f d a ily  morphine in je c tio n s  was found 

to  produce an Improvement in  performance when p o s t-1 n jec tio n  te s t in g  was 

suhseeuently  begun. S im ila r r e s u l t s ,  an In te rfe re n c e  in  th e  i n i t i a l  e f fe c t
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o? morphine on e ic a w  perform ance, were observed in  another experiment ■ A 

group o f  ntlee wae te s te d  and in je c te d  as usual on Day 1 , hu t received  p re -  

in je c tio n  as well as n o s t- in je e t io n  te s t in g  on subsequent days. The escape 

performance (o o s t- in ja c tio n )  o f  th e se  mice on th e  f i r s t  days o f drug admin­

i s t r a t io n  was g re a te r  than th a t  observed w ith th e  standard  te s t in g  procedure. 

On suhsesuent days, however, both p re -  and p o s t- in je c tio n  performance showed 

a steady  d ec lin e  to  a le v e l  equ iva len t to  th a t  observed w ith th e  standard 

te s t in g  regimen. These f in d in a  in d ic a te  th a t  a  number o f m odifica tions in  

th e  crim inal oarad ian  (pre-m orphine t e s t l n a ,  p r io r  morphine trea tm en t, in ­

creased  i n t e r t r i a l  in te r v a l ,  and pre and p o s t- in je c t io n  te s t in g )  can dim inish 

th e  i n i t i a l  response to  momhine. I t  i s  p o ss ib le  th a t  such m odifica tions 

only a f fe c t  an a lg es ia  induced escape suppression . This hypothesis would 

exp la in  th e  d ec lin e  in  performance observed, in  a l l  th ese  groups, on th e  

f in a l  days o f  drum a d m in is tra tio n .

P o s t- in Ja c tio n  te s t in g  was found to  produce im paired escape behavior 

in  mice p rev io u sly  made to le r a n t  to  th e  an a lg es ic  e f f e c ts  o f morphine. Thus, 

m orphine's a b i l i t y  to  produce escape impairment appears to  be Independent 

o f  I t s  an a lg esic  p ro p e r t ie s , Furtherm ore, th e se  r e s u l t s  in d ica ted  th a t  

th e  fin d in g  th a t  morphine d is ru p ts  escape perform ance, i s  n e ith e r  fo r tu ito u s  

nor dependent on a  r e s t r i c te d  range o f te s t in g  co n d itio n s .

F sca la tln g  hose Iicvels

Fxperim ents have been d escrib ed , e .g .  e sc a la tin g  shock le v e ls  and forced  

exposure to  shock, where th e  purpose was to  attem pt to  reproduce th e  ex p eri­

m ental r e s u l t s  w ithout th e  use o f morphine. Toward a s im ila r  g o a l, ex p eri­

ments were performed to  determ ine i f  th e  dosage o f  morphine could be manipu­

la te d  eueh th a t  a nost-m om hine impairment would not occur. I t  could be
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argued th a t  th e  eosiblnatlon o f a dose o f  morphine, vhlch decreased in  e ffe c ­

tiv e n e ss  v i th  a n a lg es ic  to le ra n c e , and d a lly  t r i a l s  in te ra c te d  such th a t  mor­

phine f a c i l i t a t e d  a p ro g ressiv e  d e se n s lt lz a tlo n  to  foo t-shock . In o rder to  

t e s t  t h i s  h y p o th esis , a croup o f  n ice  vas exposed to  e sc a la tin g  doses o f 

momhlne over th e  f i f te e n  day te s t in g  p e rio d , A to le ran c e  c o n tro l group 

received  th e  same dose schedule , hu t no te s t in g  u n t i l  a f t e r  In je c tio n  on Day 

1^. Tolerance vas not observed to  th e  f in a l  dose o f morphine on Day 15 in  

th e  c o n tro l groun, suggesting  th a t  morphine vas s t i l l  a n a lg es ic . S im ila rly , 

v o c a liz a tio n  vas noted le s s  freo u en tly  in  th e  experim ental group than in  

grouns te s te d  a t  a constan t dose. The above f in d in g s  suggested th a t  morphine 

remained a n a lre s ic  throughout th e  te s t in g  p e rio d . The post-m orphine p e rfo r­

mance o f th e  experim ental group was equ iva len t to  th a t  observed in  standard  

fPA mg/kg dav) groups, prov id ing  a d d itio n a l evidence th a t  m orphine 's a b i l i ty  

to  nroduce lm naired eseane behavior i s  independent o f  i t ' s  a n a lg es ic  a c tio n , 

Delayed me s tln g

Tn C onditioning e x n e rla e n ts , su b je c ts  le a rn  to  avoid r a th e r  than escape 

an av ersiv e  s tim u lu s . Tn th e  p revious experim ents mice vere not perm itted  

th e  o p p o rtu n ity  to  avoid th e  shock. I t  i s  conceivab le , th en , th a t  mice 

could have lea rned  to  avoid th e  shock. A lso, i t  has been suggested th a t  one 

s im ila r i ty  betveen th e  CEP and th e  p re sen t paradigm vas th e  observation  o f 

crouching , " freez in g "  and o th e r  m an ifes ta tio n s  o f "an x ie ty " . In  th e  CER, 

such responses vere  observed to  occur p r io r  to  th e  onset o f  th e  noxious 

s tim u lu s , ’’’he standard  te s t in g  procedure did not a l lo v  fo r  th e  d e te c tio n  

o f  sueh " a n tic ip a to ry "  responses. In a d d itio n . I t  I s  conceivable th a t  

foot-shock  has two ac tio n s  in  th e  escape paradigm. During th e  I n i t i a l  days 

o f  drug a d m in is tra tio n , shock and morphine may i n i t i a t e  th e  le a rn in g  o f  the
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m aladaptive response. On subseouent days, hovever, shock may simply a c t 

to  iw ao b illse  th e  n ic e . I f  th e  shore hypo thesis were t r u e ,  n ice  p laced on 

th e  o la te s ,  p r io r  to  th e  onset o f  shock, should he ah le  to  a ro ld  th e  shock. 

C onseaueotly, experim ents were designed to  In v e s tig a te  th e  e f f e c t  o f  delay­

ing th e  onset o f  fo o t-sh o ck . One group o f  n ic e  rece ived  d a lly  te s t in g  fo r  

t h i r t y  davs hut were p laced  on th e  p la te s  ten  seconds p r io r  to  the  onset o f 

shock on Pays P through 10. A second group received  th e  standard  te s t in g  

reelmen ffa b le  1 , Oroun ?) except th a t  mice were p laced on th e  p la te s  ten  

seconds p r io r  to  shock onset on Pays 1A through 15. Mice were observed on 

each day to  determ ine: l )  I f  th e  su b je c ts  learned  to  avoid th e  shock in

th e  te n  second pre-shock in te rv a l ;  ?) I f  mice crouched o r " froze"  befo re  

and/or a f t e r  shock o n se t; 1) I f  a post-m orphine impairment developed la  th e  

experim ental group.

Only a few o f th e  c o n tro l mice and none o f th e  morphine t r e a te d  mice 

lea rned  to  avoid th e  shock. Crouching and ”f re e l in g "  during th e  delay 

period  was observed In th e  morphine t r e a te d  mice, but not In  th e  c o n tro l 

eroup. Moreover, th e se  responses became more ev iden t on th e  f in a l  days o f 

drug a d m in is tra tio n . The oost-ao roh ine  Impairment observed in  th e  "delay" 

group was In d is tin g u ish a b le  from th a t  observed In  mice exposed to  th e  s ta n ­

dard te s t in g  procedure. The find ing  th a t  mice dem onstrated CER-llke r e -  

soon sea, bu t did not avoid th e  shock suggests th a t  they  became cond itioned  

to  respond in  an Impaired fash ion  and th a t  th e  shock alone d id  no t produce 

limnoblll s a t  Io n .
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S tud ies v i th  Other Pharmacologic Amenta 

i>.e exnerlm ents thus f a r  d iscussed  hare  described  phenomena produced 

by th e  in te ra c t io n  o f  morphine and an escape ta s k . The follow ing sec tio n  

w ill  d iscu ss  th e  s o e e i f ie i ty  o f  th ese  phenomena w ith regard  to  various 

c la s s e s  o f drugs.

N arco tic  Analgesics

Tn a l l  th e  param etric  s tu d ie s ,  p o s t- in je c t io n  te s t in g  took p lace  30 

m inutes a f t e r  in fe c tio n . The r e s u l t s  in  Table 9 c le a r ly  show th a t  th e  e f fe c ts  

o f  momhlne on a l l  th e  key fe a tu re s  o f th e  escape paradigm remain e s s e n t ia l ly  

th e  same a t  n o e t-in ,le c tio n  in te rv a ls  o f  15 to  60 m inutes, and change only 

n u a n ti t iv e ly  a t 12ft m inutes.

Tn a l l  t tu d ie s  w ith o th e r  drugs an attem pt was made to  choose a dose 

and an in .ie e tio n - te s t in g  in te rv a l  which would produce approxim ately th e  same 

nerformance on Day 1A as observed w ith  morphine 25 mg/kg, a t  30 m inutes a f t e r  

in fe c tio n ,

Levorphanol was chosen fo r  study because I t s  c l in i c a l  usage and spectrum 

o f  ac tio n  I s  s im ila r  to  th a t  o f  morphine. Levorphanol i s  approxim ately 3 

tim es more p o ten t than  morphine in  i t s  an a lg es ic  a e tlo n  (Lasagne, 196b), hut 

has an eeu lv a len t d u ra tio n  o f action* A dose o f  12.5 mg/kg was found to  pro­

duce e f f e c ts  eo u lv a len t to  25 mg/kg o f  morphine on Day 1A. The r e s u l t s  a re  

o u ite  c le a r  in  th a t  th e  escape performance o f  m ice, both " te s te d  and to le r ­

ance c o n tro ls " , vas s im ila r  in  a l l  a sp ec ts  to  th a t  observed In th e  o r ig in a l  

paradigm (F igure  1-Groups 2 and 6) w ith morphine.

Vhen mice were In je c te d  w ith dex tro rphan , th e  a n a lg e s lc a lly  in a c tiv e  

o n tic a l  isesm r o f levo rphano l, no e f f e c t  on escape performance was observed. 

S im ila r ly , propoxynhene, a "m ild" a n a lg e s ic , w ith  a  s t r u c tu r a l  resemblence
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to  methadone, was a lso  in e f fe c tiv e  in  suppressing escape behavior except a t 

to x ic  and n e a r - le th a l  doses,

M eneridine i s  an an a lg es ic  agent o f th e  pheny lp iperid ine  s e r ie s  used 

c l in i c a l ly  in o lace  o f  morphine. I t s  spectrum o f a c tio n s  i s  s im ila r to  th a t  

o f  m omhlne; however, i t  i s  l /1 0 th  as po ten t an a n a lg es ic . Meperidine Is  

Vnovn to  possess a number o f  s id e -e f f e e ts  g en era lly  a sc rib ed  to  i t s  a tro p in e -  

H k e  a c tio n s  (Lasagne, 1 0 A ), In  th e  p resen t in v e s tig a tio n , no dose of 

m eneridine ( le s s  than  th e  LD 50) could suppress Day 1A eseape performance 

to  th e  le v e l observed w ith morphine 25 mg/kg.

S im ila r problems (high m o rta li ty  r a te  a t  doses which produce a c r i te r io n  

le v e l o t  response in h ib it io n )  were observed v i th  methadone, an analgesic  w ith 

w ith potency in  between th a t  o f morphine and m eperidine, bu t having a longer 

tim e o t  onset and du ra tion  o f a c tio n .

I t  vas noted in  a com parative study o f th e  e f f e c ts  o f morphine, m eperidine 

and methadone on th e  CFP, th a t  th e  slope o f  dose response curves vere " f l a t t e r "  

ro r  morphine than fo r  m eperidine or methadone (H ill e t .  a l . ,  1966), Thus 

I t  I s  p o ss ib le  th a t  th e  r e la t iv e ly  sm aller r a t i o  between th e  LD 50 and th e  

FP an *ound in  H i l l 's  study might account fo r  th e  high m o rta li ty  r a te .  I t  

I s  a ls o  P o ssib le  th a t  th e  f a i lu r e  to  in h ib i t  escaping a t  doses w ell below 

th e  TrTt an may rep re sen t a d is tin g u ish in g  fe a tu re  o f  sy n th e tic  (non-phenanthrene) 

n a rc o tic  a n a lg e s ic s , a lthough the  evidence presen ted  here  i s  f a r  from conclu­

s iv e , Tn th e  s tu d ie s  w ith methadone, p re trea tm en t w ith low doses and th e  

use o f replacem ent mice (on Days 1 and 2) vas necessary  in  o rder to  produce 

r e s u l t s  which resembled those  observed w ith morphine (25 mg/kg), 

wa.1or and Minor T ran q u iliz e rs

As has been p rev io u sly  d iscussed , major t r a n q u i l i s e r s  (p h en o th ia iin es)
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and minor t r a n a u i l iz e r s  (benzodiazepines) hare  d if fe r in g  e f fe c ts  on avoid­

ance and eseane behav io r. C lin ic a lly , minor t r a n q u il iz e r s  a re  employed as 

sedative-hvono tlcs or a n tla n x le ty  ag en ts . Major t r a n q u il iz e r s  are  p rim arily  

used In th e  trea tm en t o f  th e  psychoses. These agents do, however, share some 

conmon e f f e c t s ,  an a lg es ia  and sed a tio n .

As d iscussed  In nrevlous se c tio n s , a v a r ie ty  o f behav io ral techniques 

have been enmloved to  both id e n tify  and d is tin g u ish  between major t ra n q u il­

iz e rs  (or n e u ro lep tic s)  and minor t r a n q u i l iz e r s .  The c l in ic a l  e ff ic a c y  of 

th e  minor t r a n o u i l iz e r s  i s  g en e ra lly  held  to  be re la te d  to  th e  d iffe ren ce  

between th e  "calm ative" o r "an tlan x le ty "  ac tio n s  o f these  agents and th e i r  

to x ic  (hyrm otic o r a ta x ic )  e f f e c ts .  A number o f behav io ral models have been 

develoned to  experim entally  determ ine th ese  r a t io s .  One commonly employed 

method i s  a m odifica tion  o f th e  standard  conditioned avoidance procedure, 

designed by F eise  and Boff (10*2), In t h i s  techn ique , anim als a re  tra in e d  

to  oostoone an e le c t r i c  foo t shock by p ressin g  a le v e r  a t  a reg u la r r a te ,  

and in  case o f  avoidance f a i lu r e ,  to  te rm ina te  a shock by p ressin g  a  second 

le v e r , beoreasant drugs o f  a l l  k inds tend  to  lower the  r a te  o f le v e r  p ress­

in g , in crease  th e  number o f  shocks d e liv e re d , and to  some e x te n t, produce 

escape f a i lu r e  ( f a i lu r e  to  te rm ina te  th e  shock). For each compound th e  min­

imus e f fe c t iv e  dose (MFP) necessary  to  s ig n if ic a n t ly  in crease  escape f a i lu r e  

and the  wfb necessary  to  increase  avoidance f a i lu r e ,  i s  determined and a r a t io  

o f th e  two values i s  computed. T his "dose range ra t io "  (Relse and B off, 1962) 

i s  sa id  to  r e f l e c t  th e  range o f  doses over which a drug has a  measurable 

deoressan t a c tio n  w ithout causing complete in a b i l i ty  to  respond.

F ish  "dose range r a t io s "  were ob tained  w ith the  benzodiazepine c la s s
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r a t io s  were ^ound w ith b a rb itu ra te s  (Zblnden and R andall, 1967). Such r a t io s  

e le a r lv  d is tin g u ish ed  between n e u ro le p tic s  and minor t r a n q u i l iz e r s  on a 

q u a n ti ta t iv e  b a s is .  A. more com plicated procedure (d is c re te  t r i a l  tra c e  

avoidance) vas developed by Heiae and McConnell ( l9 6 l) .  Rats vere  tra in e d  

to  respond to  a ^-second no ise  stim ulus by p ressin g  a le v e r , f a i lu r e  to  r e -  

snond was followed by a 5-second no ise  coupled w ith  shock. In terposed  be­

tween th e  warning sound and th e  shock was a 5-seeond s i l e n t  "gap" (Helae 

and McConnell, l o ^ l ) .  Subjects were tra in e d  to  a c r i te r io n  o f 90K avoidance 

(responding during th e  I n i t i a l  to n e ) . When th ese  su b je c ts  vere  adm inistered 

compounds o f  the  benzodiazepine c la s s ,  th e  number o f responses in  th e  "gap" 

period  markedly Increased . Chlronromazlne, In c o n tra s t ,  had a "markedly 

d if fe re n t  e f fe c t"  (Tbinden and R andall, 1967) in  th a t  su b jec ts  f a l l in g  to  

respond to  th e  i n i t i a l  warning stim ulus almost never responded during the  

"van" p erio d , while s t i l l  m ain tain ing  the  a b i l i t y  to  escape th e  stim ulus 

(term ina te  th e  shock). These r e s u l ts  vere in te rp re te d  as having demonstrated 

a d i s t in c t  a c tio n  o f  benzodiazepines (and phenobarb lta l) on lengthening  the  

la ten c y  o f response to  a "warning" s tim u lus , whereas chlorprom azlne vas sa id  

to  have "a s e le c tiv e  blocking e f f e c t  on th e  response to  a d is c re e t  warning 

stim ulus" (Tbinden and R andall, 1967).

Tn summary, "a n ti-a n x ie ty "  drugs of th e  benzodiazepine c la s s  reduced 

"passive  avoidance", i . e .  th e  tendency to  r e f r a in  from a response w ith poten­

t i a l l y  aversive  consequences. In  c o n tra s t ,  th e  phenoth lazlnes f a i le d  to  

in h ib i t  "passive avoidance" in  c o n f l ic t  s i tu a t io n s  b u t , on th e  o th e r  hand, 

were e f fe c tiv e  in reducing "ac tiv e  avoidance" responses which postponed 

aversive  s tim u li .
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Drugs re p re se n ta tiv e  o f each o f th ese  th ro e  c la s s e s  o f  agen ts vere  em­

ployed in  th e  p resen t study . As v i th  o th er a g en ts , e .g . levo rphano l, an 

attem ot vas made to  f in d  doses vhlch h ea t approximated the  r e s u l ts  observed 

on Day 1J v ith  momhine (?5 m gAg).

wo dose o f o en to b arM ta l vas e f fe c t iv e  in  suppresiing  Day 1A performance 

to  t.he le v e ls  observed v i th  m o rp h in e ,i.e . le a s  than  25^ o f  mice escap ing , 

w ithout a m o rta li ty  r a t e  o f g re a te r  than *50 ,̂ This r e s u l t  i s  not su rp ris in g  

considering  th a t  b a rb i tu ra te s  have been shown to  lack  analgesic  p ro p e r tie s  in 

some te s t in g  s i tu a t io n s  (P rice  and D ripps, 1°70). Mice f a i l in g  to  escape 

th e  shoeV were observed to  be a ta x ic ,  i . e .  they  vere  unable to  e x h ib it a 

r ig h tin g  r e f le x .  Y et, th ese  mice when no longer a ta x ic  on subsequent days, 

did  eseane su c c e ss fu lly . Tolerance could only be overcome by in c reas in g  th e  

b a rb i tu ra te  dose to  such a le v e l  th a t  th e  m ajo rity  o f mice d ied .

Although ehlororom azine and diazepam a re  c le a r ly  d is tin g u ish a b le  in  Com­

d e x  avoidance n rocedures , in  th e  n resen t In v e s tig a tio n  th e i r  e f f e c ts  vere 

e s s e n t ia l ly  id e n t ic a l .  Tn both cases rap id  to le ran c e  developed in  te s te d  and 

u n tes ted  groups. TTnllV e th e  b a rb i tu ra te s ,  mice t r e a te d  v i th  ch lo rp rcuaslne  

(ho me/Vg) and diazenam (IP . 5 mg/kg) did not appear a ta x ic  on Day 1A, i . e .  

r ig h tin g  resnonses vere  u n a ffec ted , suggesting  th a t  a n a lg es ia  r a th e r  than 

locomotor Impairment produced th e  escape f a i lu r e .  This r e s u l t  i s  not su r­

e r!  s in e  because both ohenoth lazlnes and benzodiazepines have been rep o rted  

to  e x h ib it  mild an a lg esic  a c t iv i ty  (S tem bach e t .  a l . ,  196k; Leme e t .  a l . ,  

10< i; r ic e ro  e t .  a l . ,  lQTt) in  th e  dose ranges employed in  t h i s  in v e s tig a tio n . 

vo roh ine , n e u ro le p tic s  and minor t r a n q u i l iz e r s ,  th e re fo re , share se d a tiv e , 

and to  some e x te n t,  an a lg esic  a c t io n s . Sustained  escape f a i l u r e ,  hovever, 

could onlv be produced by phenanthrene n a rc o tic  an a lg es ic s  suggesting th a t



t h i s  phenomenon la  Independent o f th e  drugs* an a lg esic  a c tio n . The observation  

th a t  su b je c ts  re e e iv in e  n en to b arh ita l*  even though obviously Ataxic on Day 1* 

escaped r a r id lv  once locomotor a b i l i t y  van regained  on subsequent days* adds 

fu r th e r  evidence th a t  forced  exposure to  th e  stimulus* e .g . by r e s t r a in t  or 

In cap ac ita tio n *  was In s u f f ic ie n t  to  produce an escape Impairment.
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H ot-P late  S tud ies

Tn o rder to  w o re  th a t  th e  In te ra c tio n  o f  morphine and a noxious stim ­

u lu s  was not l im ite d  to  a sp e c if ic  stim ulus mode, i t  mas necessary  to  design 

experim ents in  which a l l  o f  th e  fe a tu re s  o f th e  standard  te s t in g  procedure 

were r e ta in e d , except th a t  e le c t r i c  shock would no longer be th e  stim u lus.

The " h o t-p la te "  was chosen fo r  th e se  experim ents because using  th e  h o t-p la te  

made i t  p o ss ib le  to  compare th e  experim ental r e s u l ts  in  t h i s  study w ith those 

o f o th er in v e s tig a to r s ,

The standard  procedure fo r  measuring th e  e f f e c ts  o f an a lg esic  agents 

on th e  " h o t-p la te "  has been described  In th e  "IHTFODUCTION", Since th e  "ho t­

p la te "  techn loue  was o r ig in a l ly  designed to  compare and Id e n tify  ana lgesic  

d rugs, and th e  responses’ measured were considered  to  be " re f le x "  In na tu re  

and th e re fo re  "un learned", l i t t l e  thought was given to  c o n tro llin g  fo r  th e  

p o s s ib l l l tv  th a t  experience In  th e  h o t-p la te  could in fluence  th e  experim ental 

r e s u l t s .  Thus, when In v e s tig a to rs  began to  study th e  developsient o f t o l e r ­

ance to  th e  a n a lg es ic  p ro p e r tie s  o f n a rc o t ic s ,  I t  was not considered  necessary  

to  determ ine whether repeated  exposure to  th e  h o t-p la te  could In fluence the  

experim ental r e s u l t s ,

A p o ss ib le  d ru g - te s t  In te ra c tio n  was considered  by Cochin and Xornetsky 

floAli) in  a study o f  s in g le  dose to le ran c e  to  morphine. These au tho rs acknowl­

edged th e  p o s s ib i l i ty  th a t  p r io r  exposure to  th e  h o t-p la te  might Influence 

response la te n c ie s .  They, however, found no s ig n if ic a n t  d iffe ren c e  in  th e  

(acu te) p o s t- in je e t lo n  la te n c ie s  o f  r a t s  te s te d  fo r  four days p r io r  to  ex­

posure a s  compared to  r a t s  w ith no p r io r  exposure to  th e  a p p ara tu s . In a  

l a t e r  experim ent, two groups o f  r a t s  were In je c te d  w ith  morphine, bu t only



lftT

one rroup received  p o s t- in je c t io n  te s t in g .  When both groups o f r e t s  were 

re - ln Je e te d  w ith morphine two months l a t e r ,  no s ig n if ic a n t  d if fe re n c e  In r e -  

snonse la te n c ie s  were observed. Cochin and Kornetsky concluded from these  

bindings th a t  measurements o f  to le ran c e  to  morphine were no t in fluenced  by 

a d ru g - te s t  In te ra c tio n  and they  remarked "o ra c tic e  makes no d iffe ren c e  in  

th e  la ten cy  o f  response to  heat as measure by th e  h o t-p la te * .

Because o th e r au tho rs (Overton 1961*, 1966) rep o rted  th a t  d ru g -te s t  in ­

te ra c t io n s  did occur w ith o th er depressan t d rugs, Kayan e t ,  a l .  (1969) de­

cided to  examine, in  d e ta i l ,  th e  o r ig in a l  fin d in g s o f Cochin and Kornetsky 

(106I1) .  Kayan e t ,  a l .  ( i 960) performed experim ents employing th e  h o t-p la te  

teehnloue o f  Johannesson and Woods (106I*). They found a s ig n if ic a n t  d i f f ­

erence between th e  re a c tio n  tim es o f r a t s  rep ea ted ly  te s te d  on th e  h o t-p la te  

as compared to  naive c o n tro ls . More im p o rtan tly , they  found th a t  th e  r a te  

o f to le ran c e  development to  morphine was le s s  rap id  In r a t s  not te s te d  a f te r  

In fe c tio n , than In r a t s  th a t  had been te s te d  fo llow ing in je c t io n .  Adams 

e t ,  a l .  (lo6o) found th a t  exposure to  th e  p la te  f a c i l i t a t e d  to le ran c e  devel­

opment re g a rd le ss  o f whether su b je c ts  were te s te d  w ith the  h o t-p la te  a t  55° 

C, or a t  th e  ambient tem perature o f  ?5°C. Thus, exposure to  th e  te a t  e n v ir­

onment was s u f f ic ie n t  to  a l t e r  responsiveness . In a d d itio n , Adams e t .  a l ,  

found th a t  exposure, aeoulred  p r io r  to  a d m in is tra tio n  o f morphine, did not 

In fluence  th e  response to  a subsequent dose o f  morphine. Thus, Cochin amd 

K om etsky’ s (106I1) o r ig in a l  observatlon 'w as confirmed on t h i s  p o in t.

Bebhart and M itche ll (19T1) confirmed th e  e a r l i e r  f in d in g s  o f Kayan e t ,  

a l .  (106q) and. In a d d it io n , found th a t  exposure to  th e  c y lin d e r surrounding 

th e  h o t-p la te^  as w ell as to  th e  ambient temperature^ could enhance th e  r a te  

o f  to le ra n c e  development. These au tho rs suggested th a t  a p o ss ib le  drug- 

s tre e a  In te ra c tio n  could account fo r  th e se  e f f e c ts  s ince  r a t s  were observed
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to  defeca te  and u r in a te  when exnosed to  th e  p la te  a t  th e  amMent tem pera tu re , 

or to  th e  te s t in g  c y lin d e r, Gebhart and M itchell (1971) concluded th a t  th e re  

a re  two tvnes o f  to le ran c e  development to  th e  analgesic  e f fe c ts  o f morphine 

in  th e  h o t-p la te  procedure, One kind o f  to le ran c e  was sa id  to  develop v ia  

a  d ru g - te s t  In te ra c tio n  (behav io ra l to le ra n c e ) . The second type* pharmacologic 

to le rance*  was said to  develoo Independently o f exposure to  th e  te s t in g  appa­

ra tu s  ,

Tn l a t e r  experiments* Gebhart e t ,  a l .  ( l?T l)  sought to  determine whether 

some &snect o f " lea rn in g "  was a sso c ia ted  w ith th e  d ru g - te s t  in te ra c tio n  on 

th e  h o t-n la te ,  'fhe au tho rs found th a t  removing su b jec ts  from the p la te  fo llow ­

ing a response ( l i f t i n g  o f th e  re a r  paw) s ig n if ic a n t ly  decreased response 

la te n c ie s  as compared to  co n tro l su b jec ts  (not removed from th e  p la te  a f te r  

respond ing). 'Hms, th e  au thors concluded th a t  th e  r a t s  ’’lea rned” to  improve 

th e i r  response la ten c y  when th is  ac tio n  was re in fo rced  by immediate removal 

from th e  noxious stim u lus. T ested and re in fo rce d  r a t s  showed a s ig n if ic a n t ly  

g re a te r  degree o f  to le ran c e  than un tested  and non-reInforced  r a t s .  However* 

no s ig n if ic a n t  d iffe re n c e  in  response la te n c ie s  was found between te s te d  and 

re in fo rced  groups and te s te d  and non-re in fo rced  groups, Gebhart e t ,  a l ,  

flOTl) th e re fo re  concluded th a t  although le a rn in g  could in fluence  response 

la te n c y , le a rn in g  per se , d id  not c o n tr ib u te  to  the  a c q u is itio n  o f behav io ral 

to le ran c e  In te s ted *  as compared to  u n te s te d , c h ro n ic a lly  In jec te d  r a t s .

I t  i s  worth no tin g , th a t  In the  s e r ie s  o f s tu d ie s  on th e  h o t-p la te ,  Adams* 

Kayan and th e  o th e r  au thors gave equal weight (la ten cy  va lues) to  Jump re ­

sponses and paw l i f t i n g ,  Ifo mention was made o f  th e  r e la t iv e  frequency o f 

such behaviors* nor was any re fe ren ce  made as to  whether th e  r e la t iv e  f r e -  

ouencles o f such responses s h if te d  during th e  course o f morphine ad m in is tra tio n . 

Tt would be in te re s t in g  to  fin d  out whether th e se  au thors found a r e la t iv e
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41 ml nut ion in  .lump (escape) responses follow ing repeated  p o s t- ln je c tlo n  ex­

posure to  th e  h o t-p la te ,

Tn a re la te d  experim ent, Gebhart e t .  a l .  (1972) in v e s tig a te d  the  e f fe c ts  

o r  S t r e s s *  on th e  development o f  to le ran c e  to  morohlne using th e  h o t-p la te . 

"Tiree tvoes o f s t r e s s f u l  s tim u li were employed: r e s t r a i n t ,  auditory* and 

swimming. "Vo s e r ie s  o r experim ents were c a r r ie d  o u t. In th e  f i r s t  se ries*  

th e re  were th re e  major groups: l )  a te s te d  group ( te s t in g  once befo re  and 

once a ^ te r  drug a d m in is tra tio n ); 2) a n o n -tes ted  group (rece iv in g  drug bu t, 

not te s te d  on th e  heated p la te  u n t i l  th e  f i f t h  of f iv e  days of d a ily  morphine 

in ie e t io n ) ;  and l )  a "swim s tre s s "  group* rece iv ing  in je c t io n  follow ed by 

a I* minute exposure to  a cy lin d e r f i l l e d  w ith  w ater, but not te s te d  on the  

b o t-o la te  u n t i l  th e  f in a l  day o f drug ad m in is tra tio n .

*rhe #our grouos corner!sing the  second experiment consisted  o f  l )  a " re ­

s t r a in t  s t r e s s "  grouo ( r a t s  were enclosed in  a towel fo r  s ix ty  seconds) but 

otherw ise tr e a te d  th e  same as Group 3 in  th e  f i r s t  s e r ie s ,  and 2) an "aud ito ry  

s tr e s s "  group, t re a te d  as above except th a t  r a t s  were exposed (60 seconds) 

to  a high in te n s i ty  tone (llG  d b s ,) .  The th ir d  and fo u rth  groups were equiv­

a le n t to  th e  te s te d  and n o n -tes ted  groups in  th e  f i r s t  s e r ie s  o f experim ents, 

Gebhart e t ,  a l ,  (107?) found no evidence th a t  a " d ru g -s tre s s"  in te ra c ­

t io n  was op e ra tiv e  in  th e  development o f analgesic  to le ran c e  to  morphine as 

measured by th e  h o t-p la te . They found th a t  th e  la te n c ie s  o f  te s te d  morphine- 

tre a te d  su b jec ts  were s ig n if ic a n t ly  sh o rte r  than  th e  values observed in  e i th e r  

th e  s tre sse d  o r u n stre ssed  (as  w ell as u n tes te d ) groups. The au tho rs d id  

find  th a t  a s ig n if ic a n t  degree o f to le ran c e  d id  develop in  one u n tes ted  con­

t ro l  groun (although to  s ig n if ic a n t ly  sm aller le v e ls  than  observed in  the  

te s te d  group, G uriousl^  to le ran ce  was never observed in  any o f th e  s tre s se d
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groups. Tn o th er words, I t  appeared th a t  to le ran c e  developed to  a  le a a e r  

ex ten t in th e  s tre a se d  groups than In th e  u n tes ted  c o n tro ls . The au thors 

(Oehhart e t .  a l . ,  10T?) did  not explore t h i s  find ing  any fu r th e r  bu t concen­

t ra te d  Instead  on th e i r  o h se rra tio n  th a t  te s te d  r a t s  dereloped a le v e l  o f 

to le ran c e  s le n lf le a n t ly  g re a te r  than th a t  observed in  any o f th e  o th er groups.

ftehhart and M itchell (107?) au topsled  th e  s tre sse d  su b jec ts  and found 

c o n s is te n t n a th o lo g lca l changes in  th e  g a s tr ic  mucosa. No such changes were 

observed In th e  te s te d  groups. Thus, th e  au thors concluded from th ese  p o st­

mortem exam inations th a t  te s t in g  I t s e l f  did not c o n s titu te  a " s t r e s s fu l"  ex- 

oerlenoe, a t  le a s t  In comnarlson to  th e  o th e r  types of s t r e s s  employed.

Oehhart e t .  a l .  (107?) concluded from these  experim ents and from th e i r  

e a r l i e r  work (lOTl) th a t  n e ith e r  s t r e s s  nor le a rn in g  (v ia  reinforcem ent) was 

involved in  th e  d ru g -te s t In te ra c tio n s  observed on th e  h o t-p la te . The au thors 

nronosed th a t  th e  behav io ral to le ran c e  observed on th e  h o t-p la te  re f le c te d  

a more "general phenomenon" involving an "adap tive" change "brought about 

due to  th e  n e c e ss ity  o f  task-perform ance v h lle  under th e  in fluence  o f  the  

drug", i*hus, they  p o s tu la te d , since "non -tested" anim als are  not requ ired  

to  perform a ta sk  w hile under th e  in fluence  o f  a drug, to le ran c e  to  th e  func­

tio n a l  Impairment induced by th e  drug develops s lo v ly , o r not a t  a l l .

Tn more rec en t experim ents, Kayan e t .  a l .  (1973) In v es tig a te d  th e  p o ss i­

b i l i t y  th a t  ex tensive  ore-drug experience on th e  h o t-p la te  could in fluence  

p o s t-in .le e tio n  la te n c ie s .  ^ e  e a r l i e r  experim ents o f Cochin and Korn e t  sky 

t i o t o )  and Adams e t .  a l .  (lo^o) had not rep o rted  any e f fe c t  o f  lim ite d  (k-5 

davs) pre-drug te s t in g  on acute p o s t- In je c tio n  perform ance. In t h e i r  inves­

t ig a t io n ,  Kayan e t .  a l .  (107?) found th a t  11 days o f repeated  te s t in g  caused 

a dim inution In th e  an a lg esic  response to  a s in g le  dose o f  morphine.
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•"he au thors described  th i s  phenomenon ss  " i n i t i a l  behav io ral to le ra n c e " .

"•Ms " I n i t i a l  behav io ra l to le ran c e"  was observed c o n s is te n tly  in  su b jec ts  

te s te d  d a lly ,  bu t only in freq u e n tly  In su b je c ts  te s te d  weekly (same t o t a l  

te s t in g  t r i a l s ) .  Thus, Kayan e t .  a l .  (1973) concluded th a t  th e  i n t e r t r i a l  

In te rv a l Influenced th e  subsequent dem onstration o f behav io ra l to le ra n c e .

A s im ila r  e f f e c t  o f l n t e r t r l a l  in te rv a l  was observed to  In fluence th e  develop­

ment, o f  "chronic behav io ral tolerance"*, d i f f e r e n t i a l  r a te s  o f to le ran c e  de­

velopment were observed In su b jec ts  rece iv in g  repeated  p o s t- in je c tio n  t e s t ­

ing as compared to  those  su b je c ts  rece iv in g  weekly te s t in g s .

Tn summary, th e  s e r ie s  o f s tu d ie s  by Adams, Kayan, G ebhart, and o th e rs  

showed th a t  one aspect o f  to le ran c e  development to  th e  ana lgesic  e f f e c ts  to  

morphine can be a t t r ib u te d  to  a d ru g -te s t  In te ra c tio n . This in te ra c t io n  was 

demonstrated by th e  find ing  th a t  to le ran c e  developed more ra p id ly  in  te s te d  

(o o s t- ln je e tio n )  su b je c ts  than In n o n -tes ted  su b je c ts . The term "behavioral 

to le ra n c e " , o rig in a te d  by Thompson and Schuster (19^6), was app lied  to  t h i s  

phenomenon to  d is tin g u ish  i t  from "pharmacologic" to le ra n c e , i . e .  to le ran c e  

observed In u n tes ted  su b je c ts .

fhe  fin d in g  o f a d ru g - te s t  In te ra c tio n  such as behav io ral to le ran c e  i s  

not unique to  morphine o r to  th e  h o t-p la te  techn ique . Behavioral to le ran c e  

has been re fe rre d  to  by Overton (106U) as a form o f  "sta te -dependen t le a rn ­

in g " , "fitate-deoendent lea rn in g "  r e f e r s  to  th e  a b i l i ty  o f  drugs to  a c t as 

d isc rim in a tiv e  s t im u li .  Drugs can ac t as cu es, e .g . su b jec ts  have been shown 

to  lea rn  to  make a p a r t ic u la r  response In th e  "d ru g -s ta te "  and a d i f fe re n t  

response In th e  "no d ru g -s ta te "  o r v ic e -v e rsa . I t  i s  p o ss ib le  th a t  adm inis­

t r a t io n  o f  morphine In fluences response la te n c ie s  on th e  h o t-p la te  not only 

v ia  I t s  analgesic  e f f e c t s ,  but a ls o  by producing some change in  sensory
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d isc rim in a tio n . Thus, through repeatad  exposure to  the  te s t in g  environm ent, 

re lie v in g  morphine a d m in is tra tio n , su b je c ts  might le a rn  to  adapt to  the  

"brum -altered" s t a te .  The development o f  behav io ra l to le ran c e  can , th e re fo re , 

be vleved as an adap ta tion  to  changes in  d isc rim in a tiv e  eues which were 

brought about bv ad m in is tra tio n  o f th e  drug.

Overton (lP T l) performed ex tensive  s tu d ie s  o f  d is c r is d n a tiv e  lea rn in g  

on a T-Maze (mice le a rn  to  escape a shock by e n te rin g  one o f  two arms o f a 

^-shared  m aze). He found th a t  a v a r ie ty  o f drugs were r e la t iv e ly  e f fe c tiv e  

In acq u irin g  d isc rim in a tiv e  c o n tro l o f s t im u li .  Those drugs ex ertin g  th e  

s tro n g est c o n tro l Included th e  b a rb i tu ra te s  and benzodiazepines. M oderately 

a c tiv e  drugs Included momhlne as w ell as various compounds known to  a c t on 

ch o lin erg ic  and ad renerg ic  system s. Phenoth lazines were found to  be r e l a ­

t iv e ly  In ac tiv e  In c o n tro llin g  d isc rim in a tiv e  behavior.

bverton (lOTl) attem pted to  determ ine th e  mechanisms underly ing  the  

drug-induced m od ifica tion  o f d isc rim in a tiv e  s tim u li termed "sta te -dependen t"  

o r " d is so c ia tiv e "  le a rn in g . He suggested th a t  since " c e n tra lly "  a c tin g  drugs 

are  more e f fe c t iv e  In producing sta te -dependen t e f f e c t s ,  than drugs ac tin g  

a t th e  p e rip h e ry , i t  was u n lik e ly  th a t  th e  phenomenon was d i r e c t ly  re la te d  

to  an a l te r a t io n  o r sensory cues, However, he a lso  s ta te d  th a t  " th e re  i s  

no d ire c t  evidence to  e i th e r  support o r negate th e  hypothesis th a t  drugs 

acnulre  response con tro l by v ir tu e  o f  seme c e n tra l  p rocess th a t  i s  independent 

o r sensory c o n tro l"  (Rev. by O yerten, 1971).

Tn th e  p resen t study , th e  e f fe c t  o f repea ted  exposure to  th e  foo t shock

was to  dim inish to le ran c e  to  morphine, a s  measured by escape perform ance.

">18 fin d in g  i s  in  d ire c t  c o n f l ic t  w ith those  o f  Kayan e t .  a l .  ( 1969)* who 
■

round th a t  p e s t- ln ja c t io n  t e s t in g  f a c i l i t a t e d  th e  measurement o f  to le ran c e
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on th e  h o t-o la te , ’nhe r e s u l t s  o f  th e  s tu d ie s  on v o c a lis a tio n  (F igure 3) pro­

vided th e  f i r s t  c lue  as to  th e  p o ss ib le  na tu re  o f t h i s  paradox. There was 

a fle ily  in crease  In v o c a lisa tio n  freouency concomitant v l th  a  su s ta ined  low 

le v e l of escane perform ance. Consequently, In perform ing th e  h o t-p la te  ex­

perim ents , two values were recorded: th e  escape frequency, and th e  la te n c ie s  

as measured hy th e  teehnloue o f Johannesson and Woods (19^M .

Tn exoerlm ents v l th  repeated  d a ily  te s t in g  o f non-drugged animals (F ig­

u re  ? ? ) , mice vere  found to  su c ce ss fu lly  escape th e  h e a te d -p la te  in  much the  

same fashion  as th ey  did In th e  shock appara tu s. Thus, mice did  not h a b itu a te  

to  th e  heat s tim u lus, "*he performance o f te s te d  and in je c te d  m ice, exposed 

to  th e  standard te s t in g  procedure (F igure 2 l ) , was c le a r ly  analogous to  the  

performance o f mice in  th e  shock experim ents. A su sta ined  p o s t- in je c tlo n  

escape Impairment vas observed throughout th e  period  o f drug a d m in is tra tio n , 

y e t to le ran c e  vas observed in  an u n tes ted  group. In a d d itio n , th e re  vas a 

period  o f  r>ost-morphine impairment v i th  recovery to  b a se lin e  values by Day 

in .

When mean response la te n c ie s  vere  recorded (Figure 23 A and B ), I t  

became c le a r  th a t  escape behavior and re f le x  la te n c ie s  responded d if f e r e n t ly  

to  repeated  morphine a d m in is tra tio n . Mean response la te n c ie s  fo llo v ln g  th e  

f i r s t  morphine in je c tio n  vere  longer than  pre-m orphine c o n tro l v a lu e s . Re­

sponse la te n c ie s  declined  on successive days o f drug a d m in is tra tio n , approx­

im ating rre-m orphine values by the  3rd and fcth day. The mean la te n c ie s  in  

th e  con tro l (u n tes ted ) groups on Days 7 and 15 vere  not s ig n if ic a n t ly  d i f f ­

e re n t from th e  values ob tained  in  th e  experim ental group. T herefo re , th e re  

vas no evidence fo r  behav io ral to le ran ce  vhen measuring r e f le x - la te n e ie s . 

n i l s  find ing  c le a r lv  in d ic a te s  th a t  s im ila r  r e s u l ts  to  those  observed in
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o th er s tu d ie s  (Kayan e t .  a l , ,  lo*o) can be obtained  using  th e  p resen t t e s t ­

ing m ethodolorv; i f  one measure re f le x  la te n c ie s  ra th e r  than  escape behavior. 

'’Vis^ th e  r e s u l t s  o f  p revious "h o t-p la te "  s tu d ie s  (Kayan e t .  a l . ,  19^9* Adam* 

e t .  a l . ,  10*0 ; e tc . )  can be s a t i s f a c to r i ly  reconciled  w ith th e  r e s u l ts  o f 

th e  p resen t study on th e  b a s is  o f th e  natu re  o f th e  response measured.

Tn summary, th e  r e s u l ts  o f th e  h o t-p la te  experim ents show th a t  th e  o r i ­

g in a l f in d in ss  a re  not lim ite d  to  one stim ulus mode. In a d d itio n , i t  was 

found th a t  mice rece iv in g  o o s t- in je c tio n  te s t in g  w ith one stim ulus ( e i th e r  

shocV or h e a t ) exh ib ited  a post-m orohine impairment when subsequently te s te d  

u stne  th e  o th er stim u lus .
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Summary and Conclusions

'Hie p resen t experimenta dem onstrate th a t  n ic e ,  rece iv in g  d a lly  in je c tio n s  

o r  rhenanthrene n a rc o tic  an a lg es ic s  followed by exposure to  a foo t-shock , 

aequire  a m aladaptive response (escape f a i lu r e ) .  The a c q u is itio n  o f th is  

response i s  not dependent on the  analgesic  ac tio n  o f morphine because i t  occurs 

In mice p rev iously  made to le ra n t  to  the  analgesic  p ro p e r tie s  o f th e  drug.

Once aecu ired , dem onstration o f t h i s  response did not req u ire  th e  presence 

o f  th e  drug since escape f a i lu r e  was found to  p e r s i s t  follow ing d isco n tin u a ­

tio n  of th e  drug. Impairment in escape performance requ ired  in te ra c tio n  of 

drug and te s t in g  since  i t  could not be produced by shock a lone , drug a lone , 

or by forced exposure to  the  shock. N on-narcotic a n a lg e tic s , b a rb itu ra te s  

and major and minor t r a n q u i l iz e r s  produced an i n i t i a l  escape suppression ,bu t 

performance ra u id lv  re tu rned  to  p re-drug v a lu es. The phenomena were not r e ­

s t r ic te d  to  a s in g le  stim ulus mode since r e s u l ts  s im ila r  to  those w ith  shock 

were observed when "heat"  vas employed as th e  noxious stim ulus.

Tn t o t a l , th e  experim ental r e s u l ts  suggested th a t  n a rc o tic  an a lg esics  

can In te ra c t  w ith an avers!ve  s tim u lu s , through a unique and as y e t unknown 

mechanism, such th a t  su b jec ts  (once capable o f an ap p ro p ria te  response), 

le a rn  to  perform In a m aladaptive fash io n . The question  now becomes: what 

i s  th e  Im plica tion  o f  th e se  phenomena to  th e  understanding o f drug a c tio n  

and to  th e  problem o f  drug a d d ic tio n f The r e s u l ts  in  t h i s  study serve to  

re in fo rc e  th e  find ings in  previous in v e s tig a tio n s  th a t  th e  behavioral s ta te  

o f an organism, as determined by i t s  environment and p r io r  experience, can 

in flu en ce  th e  response to  a drug. Thus, morphine can be sa id  to  possess 

ana lgesic  ac tio n  and p o ss ib ly  a n ti-a n x ie ty  e f f e c ts  under c e r ta in  co n d itio n s , 

but In o th er s i tu a t io n s ,  e .g . repeated  exposure to  s t r e s s ,  th e  drug nay
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o o te n tla te  th e  fe a r  o r anx ie ty  a sso c ia ted  w ith sane experience.

"he abuse l i a b i l i t y  o f n a rc o tic  ana lgesics has been ascribed  to  the  com­

b in a tio n  o f such d rugs ' ana lgesic  and euphoriant p ro p e r tie s  and th e i r  a b i l i ty  

to  nroduce ohysica l dependence. These being th e  most obvious pharm acological 

concom itants o f drug a d d ic tio n , l i t t l e  considera tion  has been given to  th e  

p o ss ib le  e f fe c ts  o f chronic drug ad m in is tra tio n  on th e  behavior and Judgement 

o f th e  a d d ic t, "he bindings in th e  p resen t study suggest th a t  the  in te ra c tio n  

o f th e  drug and experience may in fluence  th e  behavior o f the  a d d ic t. I t  i s  

p o ss ib le  th a t  a drug-hehavior in te r a c t io n , s im ila r  to  th a t  observed w ith mice 

in th e  p resen t in v e s tig a tio n , in  th e  a d d ic t, leads to  th e  performance o f in ­

appropria te  o r s e lf -d e s tru c t iv e  behavior.

”*o to le ran ce  to  th e  a b i l i ty  of n a rc o tic  an a lg es ic s  to  produce m aladaptive 

responding was observed in  th e  p resen t in v e s tig a tio n . Moreover, impaired 

performance was found to  p e r s i s t  follow ing d isco n tin u a tio n  of th e  drug. The 

above observations suggest th a t  whatever th e  na tu re  o f  th e  drug-behavior 

in te ra c t io n , th e  re s u l tin g  a l te r a t io n  of function  i s  long la s t in g .  Chronic 

drug adm in istra tion  may, th e re fo re , produce a d iso rg a n isa tio n  in  function ing  

or .ludgement which then c o n tr ib u te s  to  the  d i f f i c u l t i e s  encountered in  suc­

c e ss fu lly  t r e a t in g  th e  a d d ic t. The p o s s ib i l i ty  th a t  chronic drug abuse can 

in te r f e r e  w ith cogn itive  p rocesses should, th e re fo re , be considered  in  the  

design o f s t r a te g ie s  (e .g . methadone m aintenance) fo r  th e  trea tm en t o f drug 

a d d ic tio n .

The experiments p resen ted  In th is  th e s is  were performed employing 

a sp e c if ic  s t r a in  (C7-1) o f mice. In  order to  give fu r th e r  support to  the  

con ten tion  th a t  the  observations in  the  p resen t in v e s tig a tio n  rep resen t 

a general phenomenon, i t  w i l l  be necessary  to  dem onstrate these  phenomena 

in  o ther species of anim als as w ell as d if f e r e n t  s t r a in s  o f mice.



A number of a d d itio n a l experim ents might be valuab le  In 

provid ing  fu r th e r  Ine igh t in to  th e  mechanlama by Which morphine in te ra c ta  

w ith the  averslve  stim ulus. For example, I t  would be in te re s t in g  to  

determ ine whether sim ultaneous ad m in is tra tio n  o f benzodlaseplnes or o ther 

" a n ti-a n x ie ty "  agents w ith morphine, counteracted  the norm ally observed 

morphine-Induced suppression of escape behavior. I t  would a lso  be 

in te re s t in g  to  d iscover I f  these  "a n ti-a n x ie ty "  drugs could , In the 

post-m orphlne period , Influence the  re tu rn  to  b a se - lin e  perform ance.

I f  benzodiazepines did coun terac t morphine-Induced escape Impairment, 

th is  find ing  would lend support to  th e  hypothesis th a t  th i s  in te ra c tio n  

Is  analagous to  the  CER. S im ila rly , fu r th e r  q u a n tif ic a tio n  of th e  "CER-like" 

responses observed in  te s te d  anim als, might a ls o  provide a d d itio n a l 

evidence th a t th e  escape impairment rep re se n ts  a form of CER.
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