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MARCZYNSKI, T. J. AND J. T. HACKETT. Dose-dependent dual effect of morphine on electroph.vsiologh' correlate.s" of 
positive reinforcement [Reward Contingent Positive Variation: RCPV) in the cat. PHARMAC. BIOCHEM. BEItAV. 512) 
95-105, 1976. - In cats trained to press a lever for milk reward, the postreinforcement EEG synchronization (PRS) and 
the associated epicortical steady potential shift, known as "Reward Contingent Positive Variation (RCPV) restricted to the 
occipital cortex, were studied prior to and after administration of morphine sulfate. Contrary to what has ordinarily been 
described as a typical feline response to morphine, such as restlessness, aggressiveness, rage, and exaggerated startle reaction 
to environmental stimuli, associated with an increased tonus of the hrainstem-hypothalamic arousal system and 
desynchronized EEG patterns, doses of 0.1-0.4 mg/kg, IM, caused a strong monophasic enhancement of the PRS-RCPV 
phenomenon. Do~s of 0.6-- 1.0 mg/kg, IM, had clearly a biphasic action: the initial enhancement of the PRS-RCPV 
responses was followed by their strong suppression. Chlorpromazine (0.1 1.6 mg/kg, i.e.) promptly restored the EEG 
responses. During the peak effect of the enhancing doses of morphine, the reward-related EEG phenomena also occurred 
prior to or after the nonrewarded bar press when the animals licked the empty cup. This dissociation of the PRS-RCPV 
from consumption was much more conspicuous in animals whose control frequency of the PRS oscillations was higher, and 
after morphine .'showed more significant slowing. Despite the strong facilitation of the PRS-RCPV in the presence orlight, 
morphine, in contrast to LSD-25, was not able to restore the reward-induced phenomena in the dark. 

Reward Contingent Positive Variation (RCPV) 
Morphine-induced enhancement 

Post-reinforcement EEG synchronization (PRS) 

IN INTACT cats, doses of  morph ine  smaller than 1 mg/kg 
given parenteral ly  have been repor ted  to have no measur- 
able effects  on overt behavior,  e lec t roeneephalographic  
activity (EEG), and evoked potent ia ls  to central  or periph- 
eral nocicept ive s t imulat ion recorded in various brain 
regions ]5, 10, 21, 22, 27] .  On the o ther  hand,  early 
repor ts  [7,29] claim that  the sensitivity of  intact cats to 
morphine ,  as judged by overt gross behavior, approaches  
that  of man, and doses as small as 0. I - 0 . 2  mg/kg, SC, have 
sedative effects ,  whereas larger doses of  2 - 5  mg/kg cause 
behavioral exc i tement .  Such a dual act ion of  morph ine  was 
also demons t r a t ed  in acute decor t ica ted  eat prepara t ion  in 
which doses of  2- 5 mg/kg, IV, depressed "sham rage", in 
contras t  to the exci ta tory  effects  of  larger doses [31 ]. 

in intact cats a dual act ion of  morph ine  on gross 
behavior was in terpre ted  as an initial "selective depression 
of  adaptive behavior"  fol lowed by a phase of  restlessness 
and exaggerated startle react ions to envi ronmenta l  stimuli 
[311. To the best of  our  knowledge,  there are no more  

recent  repor ts  on the biphasic act ion of  morph ine  in the 
cat, in which an a t t empt  was made to quant i fy  these 
effects.  

In previous studies we have shown that in the cat trained 
to press a bar for milk reward the so-called post re inforee-  
ment  EEG synchron iza t ion  IPRS) and the associated 
e p i c o r t i c a l  s teady potent ia l  shift,  termed Reward 
Cont ingent  Positive Variation (RCPV),  are very sensitive 
measures of  central  act ions  of  drugs [I 21. The nlaximunl 
positivity of  a typical RCPV lasting 3 - 5  sec is recorded 
over the pr imary and secondary visual projec t ions  
(poster ior  marginal gyri o f  both  hemispheres)  and ranges on 
the average from 100 .200 uV when recorded with 
reference to the subjacent white mat te r  or a distant  
"neu t r a l "  cor tex [ 18,19].  

The present  s tudy,  in agreement  with our prel iminary 
report  [14] ,  shows that the enhancing effect  of morphine  
on pos t r e in fo reemen t  EEG phenomena  can readily be 
quant i f ied after  doses as low as 0.1 and 0.2 mg/kg, and this 
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effect  is b locked  and even reversed by higher  doses than  0.4 
mg/kg, IM. Hence,  the cat may be a more  valuable animal  
than  o the r  species in which the intr insic  ac t ions  of  
morph ine  can be s tudied,  because the ac t iva t ion  of two 
di f ferent  dose -dependen t  mechan i sms  appears  to be separa- 
ted in a shor t  per iod of t ime.  

MATERIAI,S AND METHOD 

The results  are based on  a to ta l  of  66 successful 
expe r imen ta l  sessions, each lasting 40 90 min,  carried out  
in 6 adult  cats (3 males and 3 females),  t ra ined to press a 
lever for an 0.8- 1.0 ml of milk reward presen ted  on  a 
variable interval  schedule  such that  pressing a lever pro- 
duced the reward aper iodical ly ,  on the  average once  every 
10 sec (VI-10 see). During the  initial stage of t raining,  the 
e x p e r i m e n t e r  shaped the behavior  of  the cats  by p roduc ing  
the reward each t ime the  animal  t ouched  the lever. 
S tandard  unswee tened  milk was used. After  3 - 5  weeks of  
t ra ining dur ing which  the animals  were al lowed to per form 
each day for 1 hr, 5 days per week,<)05,: of  the con t ro l  and 
exper imen ta l  sessions aimed at quan t i fy ing  the t~RS-RCPV 
were c o n d u c t e d  using a fixed interval  schedule  in which  the 
lever p roduced  the reward once  very 4 sec. The la t ter  
schedule  was selected because it was observed that  it 
markedly  reduced the variabi l i ty  of  the PRS-RCPV 
responses  in t e rms  of ampl i tude  and dura t ion ,  thus  facili- 
ta t ing  the statist ical  analysis of  the data.  All animals  were 
kept on a 23-hr water-  and food-depr iva t ion  schedule ,  5 
days a week. Since the occur rence  of  the PRS-RCPV 
responses  depends  upon  the light input  ] 3 , 1 8 ] ,  t h e e x p e r i -  
men t s  were c o n d u c t e d  in a wel l - i l luminated c h a m b e r  in 
which the light in tens i ly  was set at 26 candles /sq  meter .  
The I,ehigh Valley 4 cubic feet,  sound -a t t enua t i ng  chamber ,  
provided with a one-way window,  was equipped  with a 
t r ansparen t  Plexiglas delivery cup a t t ached  to the wall 12 
cm above  the f loor level, two levers p ro t ruded  from the 
wall. each requir ing app rox ima te ly  20 g of force.  A mir ror  
on the f loor below the delivery cup al lowed the experi- 
men te r  to see whe lhe r  the cat consumed  the milk or licked 
the e m p t y  cup. In a typical  lever pressing pe r fo rmance ,  the 
e lectronical ly  con t ro l led  delivery of milk was executed  in a 
f ract ion of a second.  The actual  c o n s u n l p t i o n  of  a 0.8 ml of 
milk lasted 2 3 s e c a n d  that  o f a  1 . 0 m l o f  milk 3 4 see, as 
judged by the e x p e r i m e n t e r  observing the I ransparenl  
delivery cup. Licking ou t las ted  the c o n s u m p t i o n  by 1 2 
sec, depend ing  on the animal .  

/ , nde r  pen toba rb i t a l  anesthesia ,  4 - 1 0  sol id- type non-  
polar izable  ( 0 . 6 - 0 . 8  mm in dia) Ag-Ag('l  e lect rodes ,  
described by Bond and Ho [3 ] .  were implan ted  epidural ly  
over the par ie to-occip i ta l  cor tex.  One Ag-Ag('l e lec t rode  
was implan ted  in subjacent  whi te  ma t t e r  of the pos te r ior  
marginal  gyrus 5 mm below the surface (AP 1 . 0 : l  3.0) 
as a reference for t ranscor t ica l  recording of the s teady 
po ten t i a l  shifts  and e lec t rocor t ica l  pa t t e rn s  f rom an 
epidural  e lec t rode  placed 2 3 mm fronta l ly  or rostrally 
f rom the poin t  of  en t ry  of the deep electrode.  In many  
instances,  very good and ar tefact - f ree  recording of the 
PRS-R(?PV was ob ta ined  over the pos te r ior  marginal  gyrus 
with reference to a n o t h e r  epidural  e lec t rode  placed over the 
an te r ior  ectosytvian gyrus of  the same hemisphere  (Fig. 2) 
which in previous  s tudies  of the topographica l  d i s t r ibu t ion  
of the R( 'PV responses  was shov,'n to be relatively 
" n e u t r a l " ,  i.e. c o n t r i b u t i n g  only a small f rac t ion (approx .  
I./10) lo the posit ive SP over the pos ter ior  marginal  gyrus 

by developing  a 15  25 uV surface negat ivi ty  as measured  
in t ranscor t ica l  record ing  11~1. In add i t ion  to the epidural  
and the whi te  ma t t e r  e lect rodes ,  two stainless steel elec- 
t rodes  were implan ted :  one at the b o t t o m  of the f ronta l  
sinus, and the o the r  in the occipi tal  ridge as a reference  to 
m o n i t o r  the po ten t i a l s  associated with l icking or lapping. In 
app rox ima te ly  5(}q~,. of  instances,  a more  fai thful  m o n i t o r i n g  
of licking and lapping was ob ta ined  by conver t ing  the milk 
delivery cup in to  a d r i n k o m e t e r  [ 2 0 ] .  This  was accom- 
plished by feeding a c o n t i n u o u s  40  c/see train of impulses  
(3 -5 V: 1 msec du ra t ion )  f rom a Grass s t imula lo r  and an 
isolation unit  in to  the main milk con t a ine r  on the top of 
the chamber ,  and recording this signal f rom the f ronta l  
sinus e lec t rode  with reference to the " ' c o m m o n  g r o u n d " .  
each t ime the cat ' s  tongue  touched  the cup (see Fig. 21. 
After  the c o m p l e t i o n  of expe r imen t s ,  the histological  
e x a m i n a t i o n  revealed thal  all record ing  e lec t rodes  were 
placed over an intact  dura  anti normal  looking cor tex .  

Quczn t(/icatt~sn o! R ('P V Respop~xes 

The RCPV responses  were recorded with a Grass Model 
7P1 low-level DC ampl i f ier  coupled  wi th  a Model 71)A 
driver ampli f ier  and wr i t ten  out  on paper,  The  RCPV 
responses  were in tegra ted  by feeding the  o u t p u t  ( s m o o t h e d  
out  by fi l tering to ha l f -ampl i tude  response  at 3 c/sec) f rom 
a Model 7DA driver ampli f ier  in to  a Grass Model 7P10 
cumula t ive  D('  in tegrator .  The o u t p u t  of the  la t ter  was 
displayed on a separate  channe l  in the form of  cons t an t  
ampl i tude  s awtoo th  def lec t ions  whose rise t ime,  and thus  
the f requency ,  were p ropo r t i ona l  to the magn i tude  of the 
posit ive s teady-po ten t ia l  shift triggered by reward.  ] 'he  
in tegra t ing system was ca l ibra ted  to p roduce  two pen 
deft ons  (30 mm each)  in response to a 1 0 0 u V  positive 
shift .... l ing 1 sec. This value was arbi t rar i ly  accepted  as one 
unit of  R( 'PV. 

In a typical  e x p e r i m e n t  session, a f te r  the I)(" e lec t rodes  
have been ba lanced dur ing the initial non rewarded  bar 
presses associated with maximal  surface negat ivi ty  and 
desynchron i ; ' ed  EEG pat te rns ,  the baseline of the ou tpu t  
f rom a Grass Model 7DA driver ampli f ier  fed into the 7P10 
D(" in tegra to r  i f i l tered to ha l f -ampl i tude  response  at 3 
eisec) was adjus ted to main ta in  a zero o u t p u t  of the lat ter .  
[f lhere  was a shift  in the baseline of more  than 20 u \ ;  
dur ing  the session, an add i t iona l  a d j u s t m e n t  was made.  The  
RCPV responses  were measured by coun t ing  the n u m b e r  of  
def lec t ions  of the in tegra tor  dur ing the t ime per iod 
be tween  two rewarded bar  presses, as shown in Fig. 2 (a 
boxed  response in the upper  right corner) .  

The paired S tuden t ' s  t test was used to evaluate the 
significance of the d i f ferences  be tween  the mean  R( 'PV 
responses  ob ta ined  dur ing the cont ro l  sessions and those 
dur ing which the effect  of m o r p h i n e  sulfate was tested.  The 
average R( 'PV responses  were based on 20 single R( 'PVs 
taken front each animal  dur ing  various per iods  af ter  
admin i s t r a t ion  of 0.5~; m o r p h i n e  sulfate in doses of 
0.07 .1.0 mg/kg,  IM. The average values were then  con> 
pared to those  ob ta ined  from the same animals  dur ing  a 
comparab le  t ime interval af ter  1M injec t ion of saline 24 or 
48 hr pr ior  to the exper imen ta l  session. 

All 6 cats received doses of m o r p h i n e  sulfate ranging 
from 0.07 mg/kg lo 1.2 mg/kg, IM whose effects  are listed 
in Fable 2 and Fig. 7. Doses of morph ine  were admin i s te red  
in :, r a n d o m  order ,  each being separaled from the next one 
by a t ime interval not shor te r  than 7 days. Approx imace ly  
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FIG. 1. Cumulatively recorded bar pressing performance on a Vl-IO sec-Schedule postreinforcement FEG synchronization responses (PRS) 
prior and after 0.3 mg/kg, IM, of morphine sulfate in cat No. 5. Oblique short spikes on the slopes of the cumulative record mark the 
presentations of 0.8 cc of milk reward. Arrows above the EEG excerpts mark the time of rewarded bar press, whereas dots mark the 
nonrewardcd bar presses. D and L below each EEG excerpt tell whether the response was recorded in the dark or light. Note that the 
amplitude and duration of PRS bursts increased after morphine administration. Initially, the nonrewarded bar presses were not associated 
with any signs of synchronization. However, during the peak facilitatory effect of morphine on PRS, bursts of PRS-like activity occurred 
prior and after the nonrewarded bar press. The PRS and the dissociated EEG responds were not observed in the dark (D). Note also that 

morphine caused a slowing in the PRS rhythm from 9.7 c/see to 7.2 c/see. 

209' of  the  doses were repeated  to find w h e t h e r  the results  
are replicable.  

Dissociation o f  t:'EG Phenomena 

In order  to test  the effect  of m o r p h i n e  on  the 
d issocia t ion  be tween  the  actual  c o n s u m m a t o r y  behav ior  
and its EEG express ion,  the an imals  were a l lowed to 
per form on a variable interval  schedule  (VI :10  sec) in which  
several n o n r e w a r d e d  bar  presses in te rvened  be tween  2 
rewarded ones. The degree of  d issocia t ion  or uncoup l ing  
be tween  the PRS-RCPV p h e n o m e n o n  and the actual  
c o n s u m p t i o n  was d e t e r m i n e d  by coun t ing  the n u m b e r  of  
the PRS responses  triggered pr ior  to a rewarded bar press 
and dur ing  or a f te r  a n o n r e w a r d e d  bar  press when  the  
animal  licked the  e m p t y  cup (Fig. 6, b o t t o m ) .  As m e n t i o n e d  
earlier, the  actual  c o n s u m p t i o n  of  1 ml of  milk lasted not  
longer than  4 sec, the l icking ou t las t ing  the l a t t e r  by 
a p p r o x i m a t e l y  1 - 2  sec. Thus,  all lapping tha t  occur red  
af te r  4 sec f rom the  m o m e n t  of  reward p r e s e n t a t i o n  should  
be regarded as l icking the e m p t y  cup. I towever ,  the 
PRS-RCPV response  tha t  c o n t i n u e d  u n i n t e r r u p t e d l y  be- 
yond  the  4 sec t ime period,  a f te r  it was triggered by reward 
p resen ta t ion ,  was not  coun t ed  as a dissociated response,  
even though  it ou t las ted  the ac tual  c o n s u m m a t o r y  per iod,  
as o f t en  observed a f te r  doses of  m o r p h i n e  that  p o t e n t i a t e d  
the PRS-RCPV dur ing  p e r f o r m a n c e  on  a FI-4 sec (Fig. 2, 
top r ight)  and on  a VI-10 schedule  (Fig. 6, b o t t o m ) .  Only  
those  PRS responses  were coun t ed  tha t  p roduced  more  
than 0.5 uni t s  of  RCPV in DC recording  (see above  for the 
def in i t ion  of  the RCPV unit) .  The rat io of  the dissociated 
PRS-RCPV responses  to the sum tota l  of  all responses  was 
expressed as percentage .  The  mean  values were based on 50 
responses  f rom each animal  dur ing  the peak effect  usually 
2 0 - 4 0  min af te r  admin i s t r a t i on  of  a par t icu lar  dose of  
morph ine  sulfate.  

Frequent), o f  PRS Rhythm 

Changes  in the mean f requency  were d e t e r m i n e d  by 
c o u n t i n g  the n u m b e r  of osci l la t ions  in 3 series of 10 PRS 
responses  in each animal  dur ing the peak effect  of  a 
par t icular  dose of  morph ine .  The mean  values were then  
compared  to those  ob ta ined  dur ing  a co r r e spond ing  con t ro l  
per iod a f te r  saline in jec t ion  in a session run 24 hr or 48 hr  
pr ior  to the  expe r imen ta l  one. 

RESULTS 

Modula tion o f  PRS-R CP V Responses 

Fol lowing a rewarded bar press (on a FI-4 sec or VI-10 
see-Schedule)  dur ing  c o n s u m p t i o n  of  milk all 6 cats showed 
well-developed p o s t r e i n f o r c e m e n t  s y n c h r o n i z a t i o n  (PRS) 
consis t ing 7 . 5 - 1 0 . 8  c/see large amp l i t ude  (150  -200  uV)  
alpha-l ike act ivi ty  over the pos te r io r  marginal  gyrus of  bo th  
hemispheres ,  wi th  lower  ampl i tude  over the medial  
and marginal  pos te r io r  suprasylvian gyri. The PRS was 
always associated with the posi t ive epicort ical  s teady-  
po ten t i a l  shift ,  i.e., the  Reward Con t ingen t  Positive Varia- 
t ion (RCPV)  with maximal  amp l i t ude  over  the p r imary  and 
secondary  visual p ro j ec t ions  (pos te r io r  marginal  gyri of  
bo th  hemispheres :  for a descr ip t ion  of a more  detai led 
topographica l  d i s t r ibu t ion  of  the RCPV, see reference  
[271) .  The effect  of  morph ine  on the PRS and RCPV is 
i l lus t ra ted in Figs. 1 (VI-10 sec-Schedule)  and 2 (FI-4 
sec-Schedule) ,  respectively.  The smallest  dose of  m o r p h i n e  
sulfate capable  of  s ignif icant ly  enhanc ing  the  RCPV was 0.1 
mg/kg (Table  I). This effect  was observed 15- 25 rain af te r  
admin i s t r a t i on ,  lasted a p p r o x i m a t e l y  3 0 - 4 0  rain, and 
occur red  clearly in 3 out  of  6 animals ,  thus  indicat ing that  
there  are s ignif icant  individual  d i f ferences  in sensi t ivi ty to 
low doses of  morph ine .  Doses of  0.2 0.4 mg/kg marked ly  
enhanced  the  RCPV responses  in all 6 animals.  A dose of  
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control J morphine sull~ate 0.4 mg/_kg;2Omin:, 

I N7 [ ' . . . . . . . . . . . . . . . . .  : 

~morphine sull ~. 1.2 mg/kg i.m420 min. C P ~ ' ~ . 6  mg/kg 

_ __ _.._-_. i - 2 % a . a 7  
2 s e c  IO01~V 

FIG. 2. Typical excerpts of EE(; simultaneously recorded with an AC- and a DC-coupled amplifier from the visual cortex 
(posterior marginal gyrus) with reference to the anterior ectosylvian gyrus (cat No. 1 ). In the DC channel, the filter was set 
at 3 e/see halt-amplitude responsiveness. Two full dellections of the integrator (INT) are equal to one unit of RCPV. The 
numbers above each RCPV response were obtained by summing up the deflection of the integrator during the time period 
between two rewarded bar presses, as shown in the upper-right corner (boxed INT record). LAP-potentials caused by 

lapping and licking. 

0.5 and 0.6 mg/kg still had a m o n o p h a s i c  enhanc ing  effect  
in 3 animals,  bu t  in the remain ing  3 the effect  was clearly 
biphasic,  i.e., the initial e n h a n c e m e n t  was fol lowed by a 
suppress ion  which became most  consp icuous  4 0 - 5 0  rain 
af te r  m o r p h i n e  admin i s t r a t ion .  The blphasic ac t ion  was 
par t icular ly  well developed in all 6 animals  af ter  a dose of 
0.7 and 0.8 mg/kg  as shown for the  cat No. 2 in Fig. 3. 
With larger doses (1.0 and 1.2 mg/kg) ,  the initial enhance-  
men t  per iods  of  the PRS-RCPV p h e n o m e n o n ,  became 
shor te r  and less consp icuous ,  and,  in most  instances,  were 
replaced by a monophas i c  suppress ion of the RCPV which  
occurred  despite  the  fact that  the animals ,  dur ing  the 
per iod be tween  15 ..25 rain af te r  in ject ion,  showed no 
significant  changes  or only slight s lowing of thei r  bar  
pressing pe r fo rmance  (Fig. 2, b o t t o m ,  middle) .  During the 
per iods of RCPV suppress ion,  app rox ima te ly  6054 of  
rewarded bar presses were fol lowed by 16 18 c/see 
osci l lat ions of  relatively low ampl i t ude  (60  -80 uV)  which 
were not  associated wi th  any significant  s t eady-po ten t ia l  
shift .  Swi tching the  filter of the DC ampl i f ier  f rom 3 c/see 
to 15 or 33 c/see ha l f -ampl i tude  responsiveness  did not  
augmen t  the abor t ive  RCPV responses  (not  shown in Fig. 
2). 

The m o n o p h a s i c  suppress ion  of RCPV by larger doses of  
morph ine  and the associated restless behavior  tha t  inter- 
fered with bar  pressing pe r fo rmance  were readily antag- 
onized by 1.0. 1.6 mg/kg of ch lo rp romaz ine ,  as shown in 
Fig. 2 ( b o t t o m  right).  A typical  t ime course of  suppressant  
effect  of  1.2 mg/kg  of  m o r p h i n e  sulfate  on RCPV and bar 
pressing pe r fo rmance ,  and the effect  of ch lo rp romaz ine  are 
shown in Figs. 4 and  5. 

Dissociation of  the EEl; Phenomena from Consumption 

In an experinaental  paradigm in which  milk reward was 
presented on  a variable  interval  schedule  (VI-10 sec). all 6 
animals,  if not  t rea ted  with morph ine ,  showed an a lmost  
perfect  cor re la t ion  be tween  the actual  c o n s u m p t i o n  and the 
occur rence  of the PRS-RCPV p h e n o m e n a ,  since, ou t  of the 
total  1750 considered  responses,  98% of  them were 
triggered only 0.5 1.0 sec af ter  the rewarded bar  press and 
a f rac t ion  of a second af ter  the onset  of c o n s u m p t i o n ,  as 
evidenced by the po ten t i a l s  caused by lapping (Fig. 6, top).  
This  cor re la t ion  was not  d i s turbed  even when  as many as 
8-  12 non rewarded  bar presses in tervened be tween  2 
rewards,  and the animal  l icked the empty  cup. in this 
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T A B L E  1 

BIPHASIC, DOSE-DEPENDENT EFFECT OF MORPHINE SUI,FATE 
UPON DURATION AND AMPI,ITUDE OF THE REWARD CONTIN- 
GENT POSITIVE VARIATION (RCPV) EXPRESSED IN UNITS (ONE 
RCPV UNIT = 100 p.V P O S I T I V E  S H I F I ' O F O N E - S E C  DURATION)* 

Approximate 
time period Number 

Average % of peak effect of animals 
Morphine change in RCPV after admin- that showed 

sulfate as compared to istration significant 
(mg/kg, IM) control responses (rain) change 

0.07 - 19 +_ 1.6~-(NS) 15-25 0/6 

0.1 +23 _+ 8.8 iS) 15-25 3i6 

0.2 +118 _+ 6.5 IS) 15-31) 6/6 

0.3 ~190 +_ 15.4 IS) 15-25 6/6 

11.4 -210 +_ 2.2 IS) 15-41) 6/6 

0.5 -199 _+ 8.4 IS) 20-30 3/6 
-55 _+ 19.8 IS) 40-51) 6/6 

0.6 ~ 174 _+ 12.5 IS) 20-25 3/6 
-59 _+ 1(I.7 IS) 40-50 3/6 

0.7 +85 _+ 15.6 IS) 111-2(I 6/6 
-70 +_ 18.0 IS) 40-55(R) 6/6 

(I.8 +75 _+ 19.7 IS) 10-211 6/6 
-79 _+ 12.2 ($1 40-60(R) 6/6 

1.0 +2g +_ 13.0INS) 10-20 2/6 
-97 '- 11.0 IS) 40-90(R) 6/6 

1.2 -99 _- 0.5 iS) 40-120 (R) 6/6 

*Combined results based on 3-5 series of 10 RCPV responses 
recorded in each of 6 animals during the peak effect of morphine. 
and compared to the same number of control responses during a 
comparable time period folio "ing saline injection. 

-Standard deviation. 
IS) = Significant (p<tJ.05). 
INS) = Nonsignificant (p<0.051. 
(RI = Restless behavior interfered with bar-pressing performance 

si tuation,  only sporadic small-ampli tude,  abort ive PRS-like 
oscil lat ions occurred (Fig. 6, top left), and were not  
associated with significant s teady-potent ia l  shifts  that  
exceeded 0.5 units i.e., the arbitrary min imum qualifying 
such a response as a dissociated RCPV p h e n o m e n o n  (now 
shown in Fig. 6). As shown in Fig. 6, top,  the dura t ion of  
the PRS bursts  lasting 3 - 4  sec more  exactly reflects  the 
dura t ion of  the consumpt ion  of a 1.0 ml of milk than the 
lapping fol lowed by licking of  the e m p t y  cup. After  
adminis t ra t ion  of  0.3- 0.5 mg per kg of  morph ine  sulfate, 
the well-t imed PRS-RCPV responses,  i.e. triggered during or 
af ter  p resen ta t ion  of  reward,  markedly out las ted the actual 
4 see c o n s u m m a t o r y  period,  and cont inued  un in te r rup ted ly  
during the licking of the e m p t y  cup. In addi t ion,  a high 
percentage of  fully developed dissociated responses  were 
observed after  a series of  nonrewarded  bar presses when the 
animal licked the empty  cup (Fig. 6, b o t t o m :  " d "  re- 
sponses).  Some dissociated responses  occurred 0 . 5 - 1 . 5  sec 
prior to rewarded bar press, showed no decline during the 
subsequent  rewarded bar press, and un in te r rup ted ly  con- 
t inued through the period of  consumpt ion  (Fig. 6, b o t t o m 
right and left). 

The relat ionship be tween  the increasing doses of  

morph ine  and the per cent occurrence  of  dissociated RCPV 
responses recorded during a 10-rain pe r fo rmance  on VI-10 
see-Schedule at the peak effect  of  a particular dose of  
morph ine  is shown in Fig. 7 and Table 2. The animals were 
divided into Groups  A and B which clearly showed 
dif ferent  susceptibil i ty to morphine .  For  instance,  a dose of 
0.3 mg/kg induced 58% dissociated RCPV in Group A and 
only 19.5% in Group B, the di f ference being significant at 
the 0.01 conf idence  limits. The greatest difference be tween  
the two groups was observed after a dose of  0.4 mg/kg, and 
occurred be tween  the 15 and 40 rain after morph ine  
adminis t ra t ion ,  i.e. during the time period of  max imum 
po ten t i a t ion  of  the RCPV after  the same dose (Table 2). 
With still increasing doses of  morph ine  and the emergence 
of  suppressant  act ion on RCPV, the occurrence  of dissoci- 
ated responses  declined in both  groups and the di f ferences  
be tween  groups became nonsignif icant .  

Sex di f ferences  did not seem to correlate with the 
groups, since in Group A there were 2 males and 1 female 
and the lat ter  showed sensitivity to morphine  that  was 
comparable  to that of  the 2 males. Also in Group B the 2 
females and 1 male appeared to respond in a comparable  
fashion. Al though the rate of bar pressing pe r fo rmance  was 
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FIG. 5. A typical bar pressing performance and PRS responses during a development o fa  suppresssant 
effect of morphine, and the reversal caused by chlorpromazine (cat No. 6). 

no t  s tudied  in a sys temat ic  fashion,  b o t h  groups  appeared  
to pe r fo rm similarly in con t ro l  and dur ing various doses of  
morph ine .  

The b, fJect o f  Light on PRS-RCPV Responses 

In the absence  of  light, the wel l- t imed as well as the 
dissociated PRS-RCPV responses  were suppressed (Fig. 1), 
and m o r p h i n e  in all tes ted doses, in con t ras t  to LSD-25 
[ 1 3 ] ,  was not  able to res tore  them.  Since a p p r o x i m a t e l y  
three  h u n d r e d  c o n s u m m a t o r y  responses  in the  dark were 

recorded  a f te r  var ious doses of morph ine ,  the  negative 
resul ts  can be cons idered  as s ignif icant .  

Frequeno, o f  PRS Rh)' thm 

After  2 -4 weeks of  t ra in ing and wi th  the emergence  of  
well-developed PRS, it became a p p a r e n t  tha t  a par t icular  
f r equency  of  the PRS r h y t h m  is a stable charac ter i s t ic  of  an 
animal  and  an e lec t rode .  Across all 6 animals ,  the lowest  
con t ro l  PRS r h y t h m  was 7.5 c/see (an imal  No. 4) and  thc 
highest ,  11.7 c/see (animal  No. 2), as shown in Fig. 7, left. 
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t ' IG.  6. I n f l u e n c e  o f  mi lk  c o n s u m p t i o n  a n d  the  m a n i p u l a n d a  ( the  lever a n d  deliver3,' cup )  o n  the  PRS p h e n o n a e n o n  pr ior  to  
a n d  a f t e r  m o r p h i n e  a d m i n i s t r a t i o n  (cat  No.  3). T o p :  C o n t r o l  PRS  r e s p o n d s  (milk  r e w a r d  del ivered  o n  a V I - 1 0  sec 
Schedu le ) .  L I C K - p o t e n t i a l s  c a u s e d  b y  l i ck ing  the  e m p t y  c u p  or l app ing .  PS-pos t e r io r  s igmoid  g y r u s ;  PM-pos t e r i o r  marg ina l  
g y m s ;  r e c o r d i n g  o f  the  EEG wi th  r e f e r e n c e  to  the  a n t e r i o r  e c t o s y l v i a n  g y r u s .  N R - n o n r e w a r d e d  bar  press ;  R E I N F - r e w a r d e d  
ba r  press .  N o t e  tha t  P R S  over  the  PM o c c u r s  on ly  d u r i n g  c o n s u m p t i o n ,  a n d  P R S  d o e s  no t  deve lop  w h e n  the  an ima l ,  d u r i n g  
a n d  a f t e r  several  n o n r e w a r d e d  ba r  presses ,  l icks  the  e m p t y  c u p  b e t w e e n  the first  a n d  s econd  r e w a r d .  B o t t o m :  Dur ing  the 
peak  e f fec t  o f  m o r p h i n e  su l fa te  (0 .3  m g / k g ,  IM) the  d i s soc i a t ed  PRS r e sponses  (d) o c c u r r i n g  a f t e r  n o n r e w a r d e d  or  p r io r  to 

the  r e w a r d e d  bar  press  w h e n  the a n i m a l  l icks  the  e m p t y  cup .  

T A B L E  2 

Til l"  EFI:I-C'T O1. MORPHINE SUI ,FATE ON TI lE  OCCURRt -NCE OF DISSOCIATED EEG RESPONSES AND q'HI- AVERA(;E 
PRS RHYTHM IN TWO GROUPS OF ANIMALS 

G r o u p  A G r o u p  B 
A n i m a l s  N o .  2. 3 a n d  5 A n i m a l s  N o .  I. 4 and  6 

Dose  M e a n  "~ o f  d i s soc i -  M e a n  ")~ o f  d i s soc i -  
of  m o r p h i n e  a t ed  E E G  response. , ,  a t ed  E E G  r e s p o n s e s  
su l fa te  a n d  s t a n d a r d  M e a n  P R S  r h y t h m  a n d  s t a n d a r d  M e a n  P R S  r h y t h m  
m g / k g ,  IM d e v i a t i o n  c l sec  d e v i a t i o n  c t sec  

0 2.7 ± 0.1 (NSI  10.4 ± 1.0 IS) 2.6 -~ 0.2 (NS)  7 .9  _+ 0 .4  {N) 

0.1 5.1 ± 4.2 (NSI  10.2 = 1.0 (S) 2.8 ± 0.3 INS)  7.7 ± 0.4 (S) 
0.2 30.2 ± 9.3 (NSJ  9 .6  ± 1.1 (NS)  7 .0  _+ 6.8* t N S )  7.7 _, 0.4 (NS)  
0.3 58.11 ~_ 10.5"(S~ 7 .g  ± 0 .6*{NS)  19.5 +_ 10.0*(S) 7.1 _+ 0.3 INS1 

0.4 88.3 z I I .0*(S)  7.4 :'- 0 . 2 * ( N S )  19.8 ± 10.5"(S)  7.0 ± 0.3 (NS)  
0.5 77.0 = 14.0"tS1 7 .6  = 0 . 3 q N S )  26.5 ± 10 .3"(S)  6.R +_ 0 . 2 " ( N S I  

0 .6  54.3 +- 20 .2* INS)  7.8 = (1.3"(NS1 26.3 :t- 11.5*{NSI 7.1 - 0 .1* (NSI  

(1.7 46.3 ± 17.1*(S)(R) 7 .8  _~ 0 .4* INS)  12.8 : 8.2 (SRR)  7.4 .,_ 0.4 INS)  

(1.8 30.1 = 1g.5 IS)IR) 8.9 ~ 0.8 iNS)  6.1 + 6.2 tS)IR)  7.9 + 0 .7  i N S )  

* =  S ign i f i c an t  c h a n g e  f r o m  c o n t r o l  level  ( p < 0 . 0 1 ) .  
S o r  N S =  S ign i f i can t  o r  n o n - s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  the g r o u p s .  
R = R e s t l e s s  b e h a v i o r  i n t e r f e r e d  wi th  b a t  p r e s s i n g  p e r f o r m a n c e "  d a t a  c o u l d  be  c o l l e c t e d  on ly  d u r i n g  a r e l a t ive ly  

s h o r t  p e r i o d  o f  f a c i l i t a t o w  ef fec t  o f  m o r p h i n e .  
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FIG. 7. Summary of the peak effects of increasing doses of morphine sulfate on 3 phenomena associated with bar pressing perfi)rmance for 
milk reward: (a) the mean frequency of the PRS rhythm in animals Nos. 1 through 6 (each value based on the number of oscillations in 30 
PRS bursts); (b) the mean per cent occurrence of dissociated PRS responses in the group of more "sensitive" (Nos. 2, 3, 5) and the group of 
less "sensitive" animals (Nos. 1,4, 6); values are based on 50 responds from each animal counted during the peak effect of morphine; and (c) 
per cent increase of RCPV, as compared to control responses recorded during the peak effect of a particular dose of morphine in both groups 
of animals (the values and standard deviations are based on 20 responses from each animal). Note that both groups show similar enhancement 
of RCPV (open squares and stars). However, the more "sensitive" group, characterized by initially higher frequency of PRS rhythm, showed 
more conspicuous drop in the PRS rhythm and a much higher per cent occurrence of dissociated responses after doses of 0.2 through 0.7 

mg/kg of morphine. 

The changes  in the average r h y t h m  over a t ime per iod of  
5 -6 m o n t h s  did no t  exceed  7'~,. To emphas ize  the s tabi l i ty  
of  the  PRS r h y t h m  dur ing  a typical  con t ro l  session last ing 
4 0 - 9 0  rain, it should  be po in ted  out  tha t  the average 
r h y t h m  dur ing  the  first 5- 10 min ,  when  c o m p a r e d  t o t h a t  
toward  the end  of  a session, i.e., pr ior  to  sa t ia t ion ,  showed  
no s ignif icant  changes;  if a t e n d c n c y  to a s lower r h y t h m  
developed,  it did not  exceed 7% and was not  significant  
Q)>0.05) .  

As shown  in Table 2 and Fig. 7, the  animals  have been 
divided in to  Group  A tha i  d isplayed a higher  average PRS 
r h y t h m  of  10.4 c/see, and G r o u p  B wi th  an average r h y t h m  
of  7.9 c/see (p>O.01) .  Like the  PRS-RCPV p h e n o m e n o n ,  
the  s tabi l i ty  of the  PRS r h y t h m  was affected by m o r p h i n e  
in a dose -dependen t  and biphasic  manne r :  lower  doses 
( 0 . 2 - 0 . 6  mg/kg  IM) slowed the r h y t h m ,  whereas  larger 
doses ( 0 . 7 - 0 . 8  mg/kg  IM) were less effect ive  in parallel 
wi th  the  superven ing  depress ion  of  PRS-RCPV responses  
and behavioral  restlessness. As shown in Fig. 7, the effect  of  
m o r p h i n e  on  the PRS r h y t h m  was inversely re la ted to the  
p o t e n t i a t i o n  of  the PRS-RCPV p h e n o m e n a ,  as well as to 
the occur rence  of  the dissocia ted EEG responses.  

Morph ine - induced  s lowing of the PRS r h y t h m  was more  
consp icuous  in G r o u p  A whose  average con t ro l  r h y t h m  of 

10.4 was reduced  to 7.8 e/see by 0.3 mg/kg  of m o r p h i n e .  
whereas  the  " s l o w e r "  Group  B with the average of  7.9 c/see 
showed  a signif icant  r educ t ion  to an average 6.8 c/see only  
af te r  a dose of  0.5 mg/kg  (Table  2). Due to the greater  
s lowing of  the  faster  PRS r h y t h m  in G r o u p  A, the init ially 
s ignif icant  d i f ference be tween  the means  d isappeared 
dur ing  the peak effect  of  0.2 mg/kg of  m o r p h i n e  sulfate.  

DISCUSSION 

The main observa t ion  tha t  m o r p h i n e  in appropr i a t e  
doses p roduces  consp icuous  e n h a n c e m e n t  of  PRS-RCPV 
p h e n o m e n a  fol lowed by suppress ion  mer i t s  a t t e n t i o n  for 
three  reasons:  (a) this  dual  ac t ion  can readily be quan t i f i ed  
in the  same animal ,  dur ing the same and relatively 
shor t - las t ing expe r imen ta l  session: (b)  it appears  tha t  
m o r p h i n e  modua l t e s  the func t ion  of at least two neurona l  
sys tems in f luenc ing  cort ical  E|:.G and gross behavior ;  and 
(c) using our  expe r imen ta l  paradigm,  fu r the r  exp lo ra t ion  
and iden t i f i ca t ion  of  these sys tems by pharmaco log ic  and 
more  ref ined e lec t rophys io log ic  procedures ,  e.g. single uni t  
recording,  may shed light on the  mode  of ac t ion  of 
morph ine .  
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k'nham'emen t o f  PRS-R ('P V Responses 

It is generally believed that the PRS is triggered by a 
short-lasting, ahnost quantum-l ike  inhibit ion of the 
ascending reticular-activating system (ARAS)  [4, 16, 25, 
261. Indeed, the striking similarity between patterns of  
evoked potentials  Io sensory stimuli recorded during burst 
of PRS and sleep onset [121, as well as the identical 
topographical  distr ibution of  the RCPV and the Sleep 
Onset Positive Variation (SOPV), support  this conten t ion  
[17,19] .  Fur thermore ,  flash stimuli at a frequency of P RS 
rhythm produce sleep in a relaxed cat and epicortical 
s teady-potential  shift whose topographical  distr ibution is 
indistinguishable from that of the spontaneous PRS and 
SOPV 1151. 

It can be argued that the central complex  and poorly  
understood mechanisms of morphine  analgesia are partially 
linked to the synchronizing action. The thalamo-cort ical  
alpha activity is based on widespread postsynaptic  
inhibitory phasing of neuronal ac t iv i ty : large  populat ions  of 
thalamic neurons of the specific and nonspecif ic  sensory 
nuclei, during bursts of  alpha waves, remain silent and 
hyperpolar ized [1] .  Hence, the transmission of sensory 
input to the cor tex and the integration of nociceptive 
stimuli in the polymodal i ty  systems may be suppressed or 
even blocked. In man, morphine  in analgesic doses enhances 
alpha activity [6] and slows its f requency [~] .  

The slowing of the PRS rhythm may be a crucial factor 
in augmenting the RCPV. When phasing of  neuronal 
activity occurs at a f requency lower than ~1 c/see, the 
summation of  sequential IPSPs in cortical pyramidal cells, 
and the associated surface positivity,  may be enhanced 
since intervals of  120 135 msec between two IPSPs are 
optimal to obtain a cumulat ive effect [30] .  Interestingly 
enough, this range of intervals corresponds to a lower 
rhythm of 7.4.-8.3 c/see which was characteristic of PRS 
bursts in most animals after doses of morphine  that 
maximally enhanced the surface reward-induced positivity. 
In conclusion,  it can be stated that morphine  in lower doses 
appears to maximize,  at the thalamic and cortical levels, the 
funct ion of  the phasing inhibitory mechanism triggered by 
biological reward. 

( 'onsidering the possible neurohumoral  mechanisms 
involved in the enhancement  by morphine  of the 
t 'RS-RCPV responses, one can marshall several arguments  
support ing the role of the 5-HT system. Firstly, during the 
last l0  years, a substantial body of data has accumulated,  
indicating that act ivation of the 5-HT system is responsible 
for suppression of the ARAS, Elf(, synchronizat ion and 
slow-wave sleep [8,1 I 1. These data, in conjunct ion  with the 
a forement ioned  similarities between the RCPV and SOPV 
phenomena  [17 ,19] ,  appear particularly convincing. 
Secondly,  numerous  observations indicate that activation of 
the serotonin system plays an important  role in the 
mechanism of morphine analgesia [ 241. 

Dissociation o.1 the I:'E(; Responses J}'om ( o n s u m p t i o n  

The apparent correlat ion between the dose-dependent  

morphine- induced EEG dissociation and the slowing of the 
PRS rhythm is difficult  to explain. Similar dissociation was 
observed after 1 5 - 3 0  ug/kg of LSD-25 112,131. The 
mechanism of act ion of I,SI) appears to be different from 
that of  morphine.  It should be recalled that, unlike the 
human alpha activity, the PRS depends on unpat terned 
light input,  even in cats trained and fully habi tuated to 
perform in the dark 118].  LSD-25 is capable of restoring 
the PRS-RCPV responses in the dark [13] ,  whereas 
morphine,  despite the enhancement  of PRS-RCPV in the 
presence of  light, had no effect  in the dark. 

Suppression o f  the PRS-R( 'P  I" Responses 

Larger doses of morphine  (5- 20 mg/kg, IM) are known 
to produce in cats a strong increase in sympathet ic  tone 
characterized by mydriasis, pi loerect ion,  restlessness, 
aggressiveness, violent motor  responses to mild environ- 
mental stimuli,  yowling, clawing and biting of "neu t r a l "  
objects,  i.e., a syndrome that has been likened to a manic 
reaction [5, 7, 23, 28, 31 ]. The suppression of PRS-R( 'PV 
and the emergence of behavioral restlessness after larger 
doses of  morphine are likely to be caused by a c o m m o n  
neurohumoral  mechanism which may be dopaminergic  in 
nature. Several pharmacologic  observations in cats have 
implicated dopaminergic mechanism in morpine-induced 
behavioral exci tement  after doses higher than 5 mg/kg [5] : 
(a) catecholamine depletors such as reserpine and tetra- 
benazine, or central dopaminergic  receptor  blocking agents 
such as haloperidol  or chlorpromazine  prevent the behav- 
ioral and au tonomic  responses to morphine  [5 ] :  (b)a lpha-  
and beta-adrenergic receptor  blocking agents such as 
phenoxybenzamine  and propranolol  do not antagonize the 
naorphine-mania [5 ] :  and (c) anticholinergic drugs 
tatropine}, anti-histaminic drugs (mephyramineL and 
ant iserotonin agents such as LSD-25 do not present 
morphine-mania [5] .  In our exper iments ,  the observation 
thai chlorpromazine  was very effective in restoring the 
PRS-RCPV responses suppressed by morphine  is compat ible  
with the hypothesis  [51 that morphine  in larger doses 
activates the dopaminergic mechanisms which play an 
important  role in the modula t ion  of the ARAS and/or  the 
thalamo-cort ical  synchronizing system. Since moderate  
doses of  morphine  had a biphasic action on the PRS-R( 'PV 
responses, it can be suggested that,  in the second phase, the 
dopaminergic  mechanisms override lhe sedative and 
synchronizing serotonergic influences. 

The difference in sensitivity to morphine  in our animals 
merits special a t tent ion,  but before any plausible cxplana- 
lion can be offered a more extensive study musl be carried 
out encompassing general behavioral characteristics, such as 
sleep-waking patterns,  as well as turnover of brain mono-  
amines prior to and after administrat ion of morphine.  
Fur thermore ,  the degree of analgesia in both groups after 
the same dose of morphine should shed some light on the 
nature of  the d icho tomy between the tv,'o groups of 
animals. 
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