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SMITH, J E ,  K SHULTZ, C CO, N E GOEDERS AND S I DWORKIN Effects of 5,7-dthydroxytryptamtne 
lestons of the nucleus accumbens on rat tntravenous morphtne self-admtmstratton PHARMACOL BIOCHEM BEHAV 
26(3) 607-612, 1987 --The role of serotonergic mnervations of the nucleus accumbens m the processes ma~ntaimng intrave- 
nous morphine self-admlmstration were assessed Pairs of male rat httermates were ~mplanted with intravenous jugular 
catheters and bilateral ~njection guide cannulae into the central medial nucleus accumbens, made physically dependent on 
morphine and then allowed to intravenously self-administer with continuous access When stable basehnes of drug mtake were 
obtained (2-3 weeks), one of each pair received bdateral m~cro~nject~ons of vehicle and the other 5,7-d~hydroxytryptam~ne 
(5,7-DHT) into the nucleus accumbens Response independent infusions of morptune were dehvered for 24 hours at the prewous 
rate of self-injection and the ammals were agmn allowed to self-admimster wtule drug intake was momtored for tlurteen days The 
httermate pa~rs were then sacrificed by immersion m hqmd nitrogen, the brains removed at -20~C and frozen sections of the 
cannulae tract taken for histological assessment The nucleus accumbens, anterior caudate nucleus and pyriform cortex were 
removed at -20~C and biogemc monoamine content determined The 5,7-DHT lesions resulted m a s~gnLficant increase m drug 
intake and s~gmficantly decreased the content of serotomn (5-HT) and 5-hydroxyindoleacet~c acid m the nucleus accumbens 
(-49% and -30%, respectively) and 5-HT in the anterior caudate nucleus (-14%) and pyriform cortex (-17%) Dose-effect 
relationships were assessed in four add~tional animals before and after similar bdateral 5,7-DHT lesions The lesion resulted 
m s~mdar rates of responding maintained by all drug doses including vehicle, thus eliminating the typical pattern of dose 
related decreases m responding as a function of increasing dose 5-HT mnervations of the nucleus accumbens appear to 
participate m neuronal activity med~ating intravenous morphine self-admlmstratlon 
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Serotomn 

B E H A V I O R  mus t  ~n some way  be  con t ro l l ed  and /o r  ~nflu- 
e n c e d  by e v e n t s  t ha t  t ake  place  in the  cen t ra l  n e r v o u s  s y s t e m  
(CNS).  Some  drugs  w h e n  d e h v e r e d  r e s p o n s e  con t ingen t ly  
e n g e n d e r  and  ma in t a in  the  b e h a v i o r  tha t  resu l ted  ~n the i r  
p r e s e n t a t ~ o n ~ a  p ro ce s s  cal led r e in fo rcemen t .  H y p o t h e s e s  
p ropos ing  r e i n f o r c e m e n t  to be  med ia t ed  by  specif ic  neu rona l  
p a t h w a y s  e v o l v e d  f rom s tudies  of  r e s p o n d i n g  ma in t a ined  by  
ln t rac ramal  e lectr ical  s t imula t ion  [23] T he  n e u r o n a l  sy s t ems  
r e spons ib l e  for  re~nforc~ng drug effects  have  b e e n  ~nvestl- 
ga ted  w~th pha rmaco log ica l  b lockade  and  les~on t e c h m q u e s  
A g e n t s  tha t  a n t a g o m z e d  a c e t y i c h o h n e  [7,12], dopam~ne [12, 
27, 34] and  n o r e p ~ n e p h n n e  [8] neurotransm~ss~on a t t e n u a t e d  
i n t r a v e n o u s  m o r p h i n e  self-adm~mstrat~on indica t ing  an  m- 

1Requests for reprints should be addressed to James E Smith, Ph D 
Shreveport, LA 71130 

v o l v e m e n t  of  these  n e u r o n s  ~n sy s t ems  mamta~mng th~s be- 
hav io r  Elec t ro ly t ic  les ions  o f  some b ra in  regions  also al- 
t e red  drug in take  w h i c h  fu r the r  focused  r e sea rch  on  the  d~s- 
c re te  sy s t ems  tha t  par t i c ipa ted  in these  p r o c e s s e s  [10, 11, 
13-15] Innerva t~ons  and  p ro jec t ions  of  the  nuc leus  accum-  
bens  were  s h o w n  to be  ~mportant  s~nce neurotox~n les~ons 
modu la t ed  ~nt ravenous  se l f -adminis t ra t ion .  Kam~c acid le- 
s~ons o f  th~s region select ively  d e c r e a s e d  the  ra te  of  mor-  
ph ine  ~ntake by  ra ts  r e s p o n d m g  on  a c o n c u r r e n t  schedu le  o f  
food,  wa te r  and  drug p r e sen t a t i on  [9] whi le  s~mdar les~ons 
also d e c r e a s e d  ~ntravenous coca ine  ~ntake [41]. 6-Hy- 
d roxydopam~ne  (6 -OHDA)  les~ons o f  dopam~nerg~c ~n- 
puts  to the  nuc l eus  a c c u m b e n s  d e c r e a s e d  ~ntravenous  co- 
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ca~ne [2%31] and amphetamine maintamed responding [19] 
but had no effect [24] or moderately increased opiate intake 
[33]. Les~ons of serotonerglc mnervat~ons of this region with 
5,7-d~hydroxytryptamme (5,7-DHT) ~ncreased total intake of 
intravenous amphetamine but did not alter the rate of acqui- 
sition of self-administration [20] Since innervations of the 
nucleus accumbens may be d~fferentially ~nvolved in the 
processes maIntaImng the self-admlmstration of stimulants and 
opiates [24], this investigation was ~nitlated to assess the 
effects of 5,7-DHT lesions of th~s structure on intravenous 
morphine self-adm~mstratlon 

METHOD 

Subjects 

Eleven llttermate pairs of adult nrale F~scher F-344 rats 
(90--150 days old) were used These ammals were maintained 
on a reversed 12 hour hght (1700 to 500 hr) and 12 hour dark 
(500 to 1700 hr) cycle w~th continuous access to food (Punna 
rat chow) and water The rats were implanted with a venous 
catheter, trained to self-administer morphine and then given 
e~ther bilateral sham-vehicle or 5,7-DHT les~ons of the nu- 
cleus accumbens. Four additional rats received bilateral 
5,7-DHT lesions with intravenous morphine self- 
adm~mstration dose-effect relationships evaluated before 
and after 

Surgtcal Procedures 

The rats were ~mplanted w~th jugular catheters and bilat- 
eral ~nject~on guide cannulae Into the nucleus accumbens 
using previously described procedures [25] The catheter 
(0.76 mm o d. × 0 25 mm Ld., polyvinylchlonde tubing) was 
inserted into the right posterior facial vein and pushed down 
into the jugular vein until ~t terminated outside the right 
atrium The catheter was anchored to tissue ~n the area and 
continued subcutaneously to the back where ~t exited just  
posterior to the scapulae through a plastic harness that was 
implanted under the skm for attachment of a leash. Bdateral 
26 gauge stainless steel injection guide cannulae were then 
stereotaxically ~mplanted ~nto the nucleus accumbens (9 5 
mm anterior to lambda, 1 2 mm from the midllne, and 5.1 
mm below the surface of the brain [18]) using prewously 
described procedures [21]  The grade cannulae were 
cemented to the skull with dental cement and 32-gauge stain- 
less steel stylets inserted that extended 0 5 mm below the txp 
A stainless steel needle tublng-spnng leash was then at- 
tached to the subcutaneous harness to protect the catheter 
which was connected to a fluid swivel suspended and coun- 
terbalanced above the self-administration cage The surgery 
was followed by 48 hours of hourly infusions of 200/xl of 
hepannized saline 

SelJ-Admtmstratton 

Each animal was housed m a self-adm~mstration cage ~n- 
s~de a sound attenuated chamber containing a speaker which 
maintained a constant intensity of white no~se Continuous 
access to food and water and the reversed hght-dark cycle 
were continued Two days after surgery each rat was made 
physically dependent with hourly infusions of morphine sul- 
fate ~n increasing doses (three days each of 1 25, 2.5, 5 0 and 
two days of 10 0 mg/kg ~n 0 2 ml of hepanmzed saline dehv- 
ered over 5 5 seconds). Each morphine ~nfuslon was fol- 
lowed by a 30-sec time-out period dunng which tone and 

hght stlmuh were presented (when self-adm~mstratlon was 
ImtIated responding dunng the timeout was counted but had 
no schedule consequences). Non-contingent infusions were 
discontinued after two days of exposure to the I0 mg/kg dose 
and a response lever was introduced The animals were then 
allowed to self-admlmster morphine on a fixed-ratio 
schedule with 24-hr access and continued pairing of the tone 
and hght stimulus Dunng the first week the fixed-ratio re- 
quirement was increased from one lever press to I0 

Lestons 

When stable baselines of self-administration were ob- 
tained (2 to 3 weeks), one of each of the eleven httermate pairs 
received a bilateral 5,7-DHT lesion while the second litter- 
mate received sham-vehicle treatment The rats were pre- 
treated with desmethylimlpramine (30 mg/kg, IP) 30 min 
prior to being anesthetized with methohexital (1 mg/kg, IV) 
Forty-five minutes after desmethyhmlpram~ne treatment, 0 5 
~1 of e~ther the vehicle 0sotomc sahne-0.02% ascorb~c acid) 
or 5,7-DHT (6 /xg ~n ~sotomc sahne-0 02% ascorb~c acid) 
were bdaterally ~njected over 71/z m~n xnto the central medml 
nucleus accumbens through 32-gauge ~njectlon cannulae ex- 
tending 0 5 mm below the grade cannulae The ~nject~on can- 
nulae were left ~n place an additional I0 m~n, removed and 
the stylets replaced Response-~ndependent morphine ~nfu- 
sions were dehvered for 24 hours s~nce the 5,7-DHT les~ons 
are potentially debd~tat~ng and could d~srupt physical de- 
pendence resulting an an artifactual change ~n self- 
adm~mstratlon The response-~ndependent xnfus~ons were 
dehvered at equal intervals w~th the total number per day 
equal to the average for ~ntake of each ammal during the five 
days ~mmediately prior to the les~on The rats were again 
allowed to self-adm~mster morphine and drug ~ntake was 
momtored for days 6-14 post-les~on and compared w~th pre- 
les~on for each group 

Dose-Effect 

The effects of 5,7-DHT lesions on the self-admimstrat~on 
of different doses of morphine were evaluated in four addi- 
tional rats After self-administration of the 10 mg/kg dose 
stabilized (2-3 weeks), these rats were exposed to duphcate 
24-hr probes of vehicle, 2 5, 5 0 and 40.0 mg/kg of morphine 
sulfate A dose probe consisted of substitution of another 
drug concentration (or vehicle) for the training dose for 24 
hours commencing at 5 a m (the beginning of the dark cy- 
cle) Dose probes were separated by 2 to 4 days and were not 
initiated untd the 10 mg/kg intake had returned to baseline 
The animals then received bilateral 5,7-DHT lesions of the 
nucleus accumbens using the procedures outhned above 
After 24 hours of response-independent infusions of mor- 
phine (10 mg/kg) the animals were again allowed to self- 
administer the drug Duplicate 24-hr vehicle, 2 5, 5 0, 40 0 
mg/kg dose probes were again evaluated wxth the same pro- 
cedure used prior to the les~on 

Sacrtfice Procedure 

The eleven httermate pairs were sacrificed by total xm- 
merslon for 5 minutes ~n hqmd nitrogen and the brains re- 
moved at - 18°C and stored at -69°C The four dose-effect 
animals were sacrificed by decapxtat~on and the brains frozen 
in methyl butane cooled w~th liqmd nitrogen for histological 
analysis 
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FIG 1 Effects  of  ei ther sham-vehicle  t rea tment  or  5 ,7-DHT lesions 
of  the nucleus  acc umbens  on in t ravenous  morphine  self- 
administrat ion Values are means  and error  measu re s  s tandard de- 
viations for 11 pmrs o f  h t te rmates  The values  represent  drug intake 
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FIG 2 Dose-effect  relationship for xmravenous morpbane self- 
administrat ion prior to and after bilateral 5 ,7-DHT lesions of  the 
nucleus  accumbens .  Values are means  and error measu rem en t s  one 
s tandard deviation on each side of  the mean  for four  animals with 
two 24 hour  probes  at each dose (vehicle, 2 5, 5 0 and 40 0 mg/kg) 
and the mean  intake at the 10 mg/kg training dose for each  day prior 
to a dose probe " E X T "  represents  the vehicle infusion rates 

Statistical Procedure 

Students t-tests were used to compare the sigmficance of 
d~fferences in the retake of morphine pre- and post-lesmn or 
sham treatment in the eleven littermate pairs. Analysis of 
variance w~th repeated measures was used to assess the ef- 
fects of the les~on on the four dose-effect animals 

Htstologtcal Procedures 

Location of the grade cannulae and h~stolog~cal assess- 
ment of the les~ons were determined m the eleven httermate 
pmrs and the four dose-effect ammals The brains were 
warmed to - 18°C m a cryostat and a coronal cut made at the 
point of entry along the tract of the guide cannulae Four 16 
/xm frozen sections of the cannulae s~te were thaw-mounted 
on m~croscope shdes and the remaining nucleus accumbens 
(95-98% of the total) and adjacent anterior caudate nucleus- 
putamen and pyriform cortex md~wdually d~ssected at 
- 18°C for assessment of biogemc monoamme content. The 
frozen sections were fixed in 70% ethanol, stained w~th luxol 
fast blue and cresylecht v~olet using prewously reported pro- 
cedures [17] and the location of the cannulae and lesmn dam- 
age assessed by hght m~croscopy. 

Btogemc Monoamtne Content 

The content of dopamme (DA), d~hydroxyphenylacetic 
acid, homovandhc acid, serotomn (5-HT), 5-hydroxy- 
~ndoleacet~c acid (5-HIAA) and norepinephnne (NE) were 
concurrently measured ~n extracts of the nucleus accum- 
bens, anterior caudate nucleus-putamen and pyriform cortex 
from the eleven httermate pairs by h~gh pressure hquid 
chromatography w~th electrochemical detection using a 
prewously reported procedure [6] 

RESULTS 

Morphine intake stabilized after two or three weeks of 
self-administration. The mean number of infusions of the 
training dose (10 mg/kg) per 24 hours was 12 4 and 12.8 with 
55% and 59% occurring during the dark cycle for the animals 
that were to receive sham-vehicle and 5,7-DHT treatments, 
respectively The sham-vehicle treatment did not alter self- 
administration, Increase (15%), t ( 2 0 ) = - I  03, Ò N.S. How- 
ever, the 5,7-DHT lesion resulted in significant increases 
(79%) in drug intake compared to pre-les~on self- 
adm~mstrat~on, t (20)=-2  78,,o<0.025 (F~g. 1). Ttus increase 
~n drug intake shortened ~ntennfuslon ~ntervals dunng both 
the hght and dark cycles In the four dose-effect rats the 
neurotoxm lesion increased drug retake and appeared to 
ehmtnate the dose effect relationstnp (Fig. 2). Morphine in- 
take at various doses was sigmficantly altered (o<0.0341) by 
the les~on (Table 1) 

Body weights were not altered by the treatments [sham- 
vehicle les~on--303_+5.7 g pre- and 321_+10 g post-lesion, 
5,7-DHT leslon--307_+ll g pre- and 313_+12 g post-lesion 
(means_+standard deviations)]. Histological assessment 
indicated guide cannulae to be ~n the medial central nucleus 
accumbens of the eleven httermate pairs (Fig. 3) and m the 
four dose-effect animals (data not included) The 5,7-DHT 
les~on resulted m significant decreases ~n the content of 5-HT 
(-49%) and 5-HIAA (-30%) in the nucleus accumbens and 
~n 5-HT m the anterior caudate nucleus ( -  14%) and pyriform 
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TABLE 1 
REPEATED MEASURES ANALYSIS OF VARIANCE OF EFFECTS OF 
5,7-DHT LESIONS OF THE NUCLEUS ACCUMBENS ON THE SELF- 

ADMINISTRATION OF VARIOUS DOSES OF MORPHINE* 

Source df F Value Probablhty V z 

Overall Model 38 7 8 0 0001 
Rat 3 17 3 0 0001 
Les~on 1 59 2 0 0001 
Dose 4 26 1 0 0001 
Lesion × Dose 4 7 1 0 0001 
Rat × Les~on × Dose ll  2 0 0 0341 

0 77 

*Data obtmned from N=4 rats exposed to several doses (0, 2 5, 
5 0, 10 0 and 40 0 mg/kg) of morphine before and after bdateral 
5,7-DHT lesions of serotonerg~c innervat~ons of the nucleus accum- 
bens 

cortex (-17%) (Table 2), but dad not effect DA or NE con- 
tent ~n any of these regaons 

DISCUSSION 

Behavior controlled by contingent drug presentation 
(self-administration) can be anfluenced by neurobaologacal 
manapulataons of d~screte brain regaons. The nucleus accum- 
bens appears to be a regaon that has a crucaal role in these 
processes since damage to doparmnergac ~nputs attenuated 
intravenous amphetamine [19], cocaine [29--31] and mor- 
phine [33] self-admamstrataon. Furthermore, the condataoned 
reinforcing properties of stamuh pawed wath noncontmgent 
administration of amphetamine [35] and heroin [37], were 
also attenuated by les~ons of these dopammergac inputs. The 
~ncrease ~n morphine retake after the 5,7-DHT lesion re- 
ported here suggests the involvement of serotonerg~c mner- 
vataons of the nucleus accumbens m the neuronal processes 
med~atang responding maintained by contingent morphine 
presentataon This increased drug retake was observed for 
more than 45 days in the four dose-effect animals md~catang 
affects of long duration. The decrease an 5-HT content 
(-49%) and lack of changes m DA and NE reflects a sub- 
stantaal and specific lesaon of the central nucleus accumbens 
The decrease m 5-HT m the anterior caudate nucleus ( -  14%) 
and pyriform cortex (-17%) most hkely did not result from 
direct exposure to the neurotoxan since the small volume and 
slow rate of ~nfusaon decrease the hkehhood of such diffusaon 
artifacts Instead, these decrements may reflect loss of col- 
lateral fibers to the caudate nucleus and pyriform cortex 
from the damaged serotonergic innervations of the nucleus 
accumbens 

Several factors could be responsible for the ~ncrease in 
morphine self-adm~mstrataon after the lesaon since the behav- 
ioral mechamsms revolved are of consaderable complexity 
The lesaon could have darectly increased activity or altered 
the effects of morphine on activity and/or stereotypy, all of 
which could increase lever pressing and, thus, drug ~ntake 
Similar les~ons increased intravenous amphetamine self- 
admmlstrataon mdacatmg the rate increasing effects to not be 
specafic to opiates [50]. Motor actav~ty has been demon- 
strated to ancrease after chronic opaate admimstrataon [ 1] and 
after decrements in serotonergic neuronal act~wty resulting 

SHAM-VEHICLE LESION 

CN-P ~ 
N A  

, PC 
A ~o,~ 

5,7-DHT LESION 

A 96~o/ 

FIG 3 Location of the t~ps of the bdateral injection cannulae ~n 
eleven pa~rs of httermates each rece~wng e~ther sham-vel'ucle treat- 
ment or 5,7-DHT les~ons of the nucleus accumbens Abbrewat~ons 
CN-P---caudate nucleus-putamen, NA--nucleus accumbens, PC-- 
pyriform cortex 

from either lntracerebroventricular (ICV) 5,7-DHT [2] or 
electrolytic lesions of the raphe nuclei [39] These affects 
could be partially mediated by 5-HT mnervatlons of the nu- 
cleus accumbens since direct injections of serotonln into th~s 
region decreased locomotion [26] and lesions of serotonerg~c 
neurons increased dopamlne stimulated circling [16] There- 
fore, the lesion could have decreased serotonerglc inhibition 
of nucleus accumbens dopamlne neurons which are involved 
in the motor effects of stimulants [28]. Moreover, the ~n- 
crease in stimulant self-administration after this les~on may 
be a direct result of these activity effects and not a modula- 
tion of the reinforcing efficacy of the drug. Although, it ~s 
possible that similar mechanisms may be responsible for the 
changes in morphine self-administration, several factors are 
not consistent with this explanation F~rst of all, the les~on 
d~d not increase responding during the 30 second time out 
which followed each injection by the four dose effect ammals 
(16.8_+7 0% versus 20.4_+3 5% of total responding pre-lesion 
and post-lesion, respectively) Such increases would be ex- 
pected if there was a general non-specific increase in lever 
pressing Secondly, dose-related effects on responding were 
also not observed which is demonstrated by the flat relation- 
ship after the les~on (Fig 2). If the les~on had non-specifically 
increased the sttmulatory effects of morphine on motor ac- 
tivity, then some dose related relationship would be ex- 
pected. 
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T A B L E  2 

CONTENT OF DOPAMINE, DIHYDROXYPHENYLACETIC ACID, HOMOVANILLIC ACID, 5-I-IYDROXYTRYPTAMINE, 
5-I-IYDROXYINDOLEACETIC ACID AND NOREPINEPHRINE IN THE NUCLEUS ACCUMBENS AND ADJACENT ANTERIOR VENTRAL 

CAUDATE NUCLEUS-PUTAMEN AND PYRIFORM CORTEX OF LITTERMATE PAIRS OF INTRAVENOUS MORPHINE SELF-ADMINISTERING 
RATS FOLLOWING EITHER BILATERAL 5,7-DIFIYDROXYTRYPTAMINE OR SHAM-VEHICLE LESIONS OF THE NUCLEUS ACCUMBENS 

Content (pmoles mg protein -1) 

Brmn Regton Treatment DA DOPAC HVA 5-HT 5-HIAA NE 

Nucleus Accumbens 
Sham-Vehicle Les~on 615 9 ± 56 1 92 0 ± 16 4 40 5 ± 10 7 43 0 ± 4 3 22.7 ± 2.5 21 1 ± 12 9 
5,7-DHTLeston 5 8 0 4 ±  632 1017 ± 269 407--- 118 22 1 ± 46~" 158 ± 26~" 125 ± 43 

Anterior Caudate-Putamen 
Sham-VehtcleLeston 888.2± 814 8 2 2 ±  133 581 ± 136 4 3 9 ±  37 221 ± 7 6  113_-_ 57  
5,7-DHTLes~on 833.7 ± 1367 805---20 1 5 6 4 ±  128 377 ± 74"  215 ± 52 162--- 87 

Pyriform Cortex 
Sham-Veh~cleLes~on 2093 ± 964 320--- 119 1 6 4 ±  42  573 ± 9 1 1 6 6 ±  20  223___ 34  
5,7-DHTLes~on 202 1 ± 80 1 3 1 6 ±  114 17 1 ± 45 474_+ 11 3* 149 ± 4 6  215 ± 39  

Values are means ± S D, for eleven parrs of httermates 
The s~gmficance of the d~fference between means determined with Student's t-tests were *=p<0 05, 5"=p<0 001 

The ~ncrease In morphine  intake could also have  resulted 
from a modif icat ion in the intensity o f  the w~thdrawal re- 
sponse The les~on may  have al tered neuronal  processes  ~n- 
vo lved  in w~thdrawal or  the associa ted behavioral  effects  of  
withdrawal.  The  poss~blhty exists  that  the ~ncreased ~ntake 
resulted f rom enhanced  negat ive reinforcing propert ies  o f  
the drug (the removal  o f  avers~ve w~thdrawal sUmuh). 
Howeve r ,  th~s was not  hkely since noradrenerg~c and not  
serotonerg~c systems are thought  to be specifically involved  
m opiate w~thdrawal [3,40] Increased deprivat ion p roduced  
by decreased  food and/or  water  ~ntake after the les~on is 
another  potential  reason for the increase ~n drug self- 
adm~mstrat~on that can be d~scounted [4,5] The  5 ,7-DHT 
les~ons of  the nucleus accumbens  do not alter food or  water  
consumpt ion  [19] and body weights  assessed at the conclu-  
sion of  th~s study were  not  d~fferent be tween  les~oned and 
non-les~oned ht termates  The  increase ~n responding post- 
les~on could have been the result  o f  a decrease  ~n the d~srup- 
Uve effects o f  morphine.  The  descending hmb of  the dose 
effect  relat ionship ~s assumed to result  f rom the d~sruptlve 
effects  o f  the drug. Higher  doses  may be more  re~nforcmg 
but are also more behawora l ly  debd~tatlng resulting ~n a net  
decrease  ~n response  rate The  les~on may at tenuate these 
d~srupt~ve effects resulung ~n the same number  of  dady infu- 
sions at all doses  The rate of  self-administrat ion was s~mdar 
at the 2.5 mg/kg dose for the dose effect  animals both before  
and after the les~on (F~g. 2) Therefore ,  one  could assume 
that this dose  produced  mlmmal  d~srupt~ve effects and, 
perhaps,  maximal  o ther  effects  (re~nforc~ng) The ies~oned 

ammals  took 2.1, 3 9, and 14 0 t imes more  drug at the 5 0, 
I0 0, and 40.0 mg/kg doses  respect ively ,  wtuch could result  
f rom enhanced  re~nforc~ng eff icacy o f  these h~gher doses.  

The  ~ncreased morplune mtake  following the lesion could 
also result  f rom a change m central  re inforcement  processes .  
Sero tomn appears  to dampen  these  neurob~olog~cal mech-  
amsms ICV lnfus~ons of  5-HT decreased  ~ntracramal elec- 
trical self-st imulation (ICSS) [38]. Moreove r ,  ~njectlons o f  
5-HT d~rectly Into the nucleus accumbens  decreased  lateral 
hypothalam~c ICSS [22]. The  ~ncreased morphine  retake 
could result  f rom loss of  th~s serotonerg~c modulat ion o f  rein- 
fo rcement  ElectrolyUc les~ons o f  the raphe nuclei  sh~ft the 
dose-effect  curve  for ~ntravenous morphine  self-admin- 
istration to the right which was interpreted as decreased  rem- 
forcing eff icacy [13]. Fur thermore ,  ~ncreased postsynapt~c 
action o f  sero tomn produced  by the administrat ion of  a reup- 
take inhibitor decreased  oral morphine  intake [32] The  in- 
crease ~n morphine  mtake repor ted  here ~ndtcate that  the 
sero tomn ~nputs to the nucleus accumbens  parttc~pate ~n the 
neuronal  processes  mamtmmng cont ingent  morphine  presen-  
tation. The e levated  and f lat tened dose-effect  relaUonship 
suggests a potential  at tenuaUon of  the d~sruptwe effects and 
enhancement  o f  the reinforcing propert ies  o f  morphine  
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