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TAKE1CHI, T , S KURUMIYA, M UMEMOTO AND M E OLDS Role~ oftatecholamme terminals and mtr,n.~,t 
neurons of the ventral tegmentum m self-stvnulat~on mvesttgated m neonatally dopamme-depleted rats PHARMACOL 
BIOCHEM BEHAV 24(4) 1101-1109, 1986--Three series of experiments were undertaken to determine whether the 
residual catecholamme (CA) terminals or intnnslc neurons of ventral tegmentum (VT) m rats g~ven 6-hydroxydopamm¢ 
(6-OHDA) after desmethyhmlpramme (DMI) m the lateral ventricles at birth, mediated VT self-stimulation (SS) In 
Experiment I, male pups were injected bilaterally on days 3 and 5 with 6-OHDA (total dose 200 V.g) or with the velucle after 
pretreatment vath DMI (50 mg/kg, IP) 30 nun earlier Each subject, 150 days old, was implanted bilaterally m the VT with 
electrode-cannula umts Both the dopamme (DA)-depleted and control groups yielded similar percentages of self- 
stimulators The rate of responding was, however, shghtly but stgnificantly lower m the DA-depleted group than m the 
controls In Experiment II, 8 DA-depleted and 7 control rats were pretreated with pargyhne (50 mg/kg, IP) and then g~ven 
umlateral injections of 6-OHDA m the VT, m the ttssue below the SS electrode These intracerebral injections of 6-OHDA 
had no effect on VT SS m both groups Seventeen controls and 12 DA-depleted rats, m Experiment III, were gtven 
mjecttons of kaJmc acid (KA, 5 nM) e~ther ipsflatemlly or contralaterally The ~psdateral rejection abolished SS 04 days of 
testing), whereas the contralateral rejection had no effects on ~psdateral SS m both groups. Histochenucal fluorescence 
study m Experiment I and II showed that the neonatal treatment with DMI + 6-OHDA had reduced the number of 
DA-contmmng penkarya m the VT and that remjectlon of 6-OHDA into the VT caused the disappearance of the residual 
CA terminals m tissue surrounding the electrode tip Conventional histology for rats in Experiment III showed the 
destruction of cell bodies m tissue below the tip of the SS electrode after KA These findings suggest that the mtnnslc 
neurons in the VT play a critical role m SS of the VT 

Self-stimulation Ventral tegmentum 6-Hydroxydopamme Desmethyhmlpramlne Kmmc acid 

SEVERAL lines of  the evidence have implicated central 
dopamine (DA) systems m the control of self-stimulation (SS) 
behavior. For example, mapping studies [9, 14, 33, 37-39] 
have shown that SS can be obtained from the mgrostriatal 
and mesocorticohmbic DA systems which arise from the 
A9 and AI0 rel0ons [25,49]. Lesion studies with 6-hy- 
droxydopamme (6-OHDA) after pretreatment with des- 
methylimipramine (DMI) also have shown that damage 
specific to the DA systems depressed nigrostnatal SS behav- 
ior [5,30]. Another verificatton of  the s~gnificant role for DA 
systems in the control of SS behavior derives from phar- 
macological studies [51]. Especmlly local mject~ons of DA 

receptor blocker such as haloperidol or spirpendoi ~nto the 
nucleus accumbens or the nucleus caudatus attenuate or 
suppress SS m DA regions [26, 27, 35, 46]. However,  these 
pharmacological data must be interpreted with caution, be- 
cause DA receptor blockade has been reported to interfere 
w~th voluntary movements [10, 17, 36]. It is reported that the 
disruptive effects of  these drugs on SS may to a large degree 
reflect a d~sruption of lever responding [17, 29, 36] The in- 
volvement of  the DA neurons,in SS has also been questioned 
by the fact that responding can be reinstated transiently soon 
after the treatment with DMI + 6-OHDA [8,31] Further- 
more, some recent electrophys~ological and ies~on studms 

tRequests for repnnts should be addressed to Dr M Umemoto, Psychology Divtslon, Faculty of Letters, Osaka City University, Sug~moto, 
Sum~yoshl-ku, Osaka 558, Japan 
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T A B L E  1 

SELF-STIMULATION IN THE VT IN ADULT RATS NEONATALLY 
TREATED WITH DMI +6-OHDA ON THE LAST DAY OF ADDITIONAL.  

5 SS SESSIONS 

SS Subject Current  (/~A) Response  Rate/M~n 
Group N Means  ± S D Means  _ S D 

Control 28 15 3 +- 6 8 75 6 ± 7 7 
DA-depleted 24 15 6 ± 7 3 61 9 ± 6 3 
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FIG I Locah~ t~on  of  SS s~te ~n the ventral t egmentum of  control 
(~ )  and DA-depleted (~)  rats Abbrevmt~ons CC c ~ s  ce rebn .  IP. 
m t e r ~ d u n c u l a r  nucleus .  LM. l emmscus  med~ahs. SNC,  substant~a 
m g ~ ,  zona compacta ,  SNR, substant~a mgra.  zona ret~culata 

FIG 2 Photomicrographs  illustrating the CA-con tmmng  cell bodies around the t~p o f  the electrode tn a control (A) and a neonatal ly 
DA-depleted (B) rat Free CA f luorescence v a n c o s m e s  (C) beheved to contain NE can be seen ,n the v~cm~ty o f  the electrode track of  
the same ammal  as m B ET. electrode track. IP. mterpeduncular  nuc leus  (F~gure 2 B. C on facmng page ) 
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FIG 3 Rates of self-st~mulauon ~n the ventral tegmentum after 
6-hydroxydopamlne. ~ - ~  controls tn=7). • • DA- 
depleted (n=5) group Data expressed as the dady group mean 
e~ of preleslon (5 days) average score _+S E M 

suggest that SS ts supported by non-catecholam~nerg~c (CA) 
fibers [3, 7, 19, 20, 32, 43] Taking these invest~gauons into 
accounL it can be pointed out that the evidence  for the DA 
hypothesis ,  that DA plays crucial role for motlvat |onal  as- 
pects m SS, is far from conclusive 

In a previous study [48] designed to evaluate  the role of  
the DA pro jec t |on  to the medial prefrontal  cor tex (MFC) in 
SS of  this same region, rats were  rejected neonatal ly with 
6-OHDA ~n both lateral ventr icles  after  pretreatment  with 
DMI,  given to reduce select ive damage to the DA terminal 
fields ~n the forebraan In adul thood,  these ammals gave no 
evidence of  deficits m SS in the M F C  The pattern of  SS in 
these rats was slmdar to the pattern in the controls These  
findings suggested a critical role for the intrinsic neurons 
rather than the DA terminals of  the M F C  in SS If this hy- 
pothesis was vahd,  then SS in the ventral  tegmentum (VT), 
the origin of  the DA projecuon to the MFC,  should l ikewise 
not depend on the integrity of  the DA neurons in that region. 
but on the non-CA neurons,  and in rats treated neonatal ly 
with DMI + 6-OHDA,  SS should be comparable  in the VT to 
that in the control  rats 

The purpose of  the present study was to evaluate  this 
hypothesis  In Exper iment  I, 6 - O H D A  was |njected intra- 
ventncular ly  (IVT) into the rat during the neonatal  stage 
after DMI pre t rea tment  The neonatal  approach was selected 
because ~t results in more severe  damage to the DA systems 
than Injections m adulthood [ 12] In Exper iment  II, rats from 
Exper iment  l whose  DA terminal fields had been neonatal ly 
damaged,  were  injected in adu l thood- -a f t e r  pargyhne 
t r ea tmen t - -wi th  6 -OHDA It was |n jec ted  into the VT, ~p- 
sllateral to the SS site The local VT rejections in adul thood,  
g~ven after the neonatal  damage infl~cted by the IVT injec- 
tions, were designed to des t roy the ascending axons o f  the 
ventral  noradrenerg lc (NE)  bundle en passage  in lhe VT and 
the DA cell bodies of  the VT which had survived the 
neonatal  damage In Exper iment  I l l .  kalnlC acid (KA} was 
injected into the VT on the side ei ther  ipsllateral or  con- 

tralateral to the VT SS sites in order  to invesugate  the role of  
the mtnns lc  neurons in the VT in SS 

M E T H O D  

Experiment  ! 

Subjet t~ The subjects were sixty-six male rats of  the 
Wis tar  strain The behaviora l  tests were  carr ied out on the 
adult animal in which the neurotoxm had been injected 
shortly after  birth Pregnant females ,  and subsequent ly  
mothers  and their  pups, were housed in rodent breeding 
cages w,th sawdust  bedding After  weaning, the animals 
were housed in groups of  5-6 m the same cages until elec- 
trode ~mplantation in the fifth or sixth months Thereaf ter .  
the animals were  housed individually m stainless steel cages 
with food and water  ad lib 

Neonata l  tn.lt'~ tton~ o f  6 -OHDA after pretreatmcnt  with 
D M i  Each htter was divided into two groups a DA-depleted 
IN=37)  and a control  (N=29)  The procedures  used to 
deplete DA in the brain were  the same as those used in our 
previous studies [47,48] Briefly, the rat pups were  lightly 
anes thet ized  with metofane,  and were given bilateral injec- 
tions on days 3 and 5 after b,rth After  the skin over  the skull 
was retracted and bregma was identified, the needle of  a 
Hamil ton syringe (10 ,ul) was lowered first into one lateral 
ventr icle  to g~ve an injection of  6 -OHDA,  and following 
complet ion of  that injection,  it was lowered into the o ther  
lateral ventr icle  When the bilateral IVT rejections were  
comple ted ,  the skin was sutured and the animal was placed 
in a recovery  box for about 0 5-1 hr and then returned to the 
care of  its mother  Each animal of  the DA-depleted group 
had been pretreated with DMI (25 mg/kg, IP) 30 mm before 
the ~njectlon of  6 -OHDA (total dose,  200/a.g, 50 p.g/2 5 ~1 of  
artificial cerebrosp~nal fluid [CSF 26] containing 0 lea of  as- 
corb~c acid ×4) Each animal in the control  group was pre- 
treated with DMI and then given 4 injections of  C S F  (2 5 
p.l/injectlon) with the ascorbate  The stereotaxlc coordinates  
for the IVT were 0 2 mm poster ior  to bregma.  0 5 mm lateral 
to the mldhne,  and I 0 mm down from the top of  the skull on 
day 3, and I 5 mm on day 5 

hnplantatltm o f  the ele~ troth'-t annula umt DA-depleted 
and control ammals at least 150 days old were Implanted 
bilaterally with e lec t rode-cannula  unit aimed at the VT The 
stereotax~c coordinates  for the VT [24] were 6 0 mm 
poster ior  to bregma,  1 0 mm lateral to the mldhne,  and 7 8 
mm down from the top o f  the skull The bipolar twisted 
e lect rode used in the SS test was made from 2 strands of  100 
p.m Insulated stainless steel wire glued to a 23-gage stainless 
steel guide cannula The cannula was 2 mm shorter  than the 
e lec t rode  The injection needle (a 30-gage cannula),  when 
inserted,  came to rest 0 5 mm above  the e lect rode tip 

SS  prot t'dure.~ The procedures  were the same as those 
descr ibed in detail in a previous  study of  this series [481 

] 'he  chamber  used for the SS test measured 19 × 32 × 60 cm 
and was made of  Plexlglas. with a metal floor It was titled 
with a lever,  10×5 cm, about 3 cm above the floor on the 
front wall 

Each depression of  the lever  was fol lowed by the del ivery 
o f a  0 2 sec tram of  60 Hz sine waves  A high resistor  across  
the output  of  the s t imulator  insured current  stability After  
r ecovery  from the surgery (at least l0 days),  the rats were 
given SS training sessions for 2 hr for five consecut ive  days 
During these training sessions,  the threshold current yielding 
SS was determined by varying stimulus intensities up and 
down by steps of  5 p.A, and the rats which showed rates of  
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FIG 4 H~stochemtcal CA fluorescence m the ventral tegmental tissue (Al0)just below the electrode tip A Neonatally DA-depleted control 
rat B Contralateral VT to 6-OHDA mject~on in a neontally DA-depleted rat C Ipsdateral VT m the same rat as m B 

respondtng of  more than 10 responses /mm for one hour  in ~ 
each sesston were classified as self-st imulator The antmals .'~ 
which showed SS for two e lect rodes  implanted m both sides ~ 120 
of  the brmn were given five additional SS sessions lasting ~ 
one hour  Dunng  this and succeeding SS sesstons in Expert-  ~ 

'=:100 ment II and III the current  intensities available for SS were  2~ 
set at 5 g.A above the threshold ~ntensmes ___ 

H~stochernt~al fluorest en~ e venfit atton The brains of  ¢zz 80  
etght self-sttmulators,  that is, four controls  and four  DA- -~ 
depleted,  were processed by a modified formaldehyde-  ' "  

= 60 glutaraldehyde perfus |on cryostat  method [18,22] to v~su- ca_ 
ahze the CA f luorescence cell bodies in the tmmedlate  vicln- "~ 
~ty of  the electrode ttp °~ 40 

The rematmng subjects o f  Exper iment  I were  randomly ' , '  
dlvtded into two groups,  and used as the subjects of  Expert-  ~- ~ 2~ 
ment II and III. 

G'3 

~:rpertment i l  

In.let tton o f  6-OHDA m the VT after pretreatment wtth 
pargyhne Eight neonatal ly DA-deple ted  and seven control 
self-sttmulators which had comple ted  Exper iment  I were  
given ipsllateral mject lons o f  6 -OHDA into the VT using one 
of  the two e lect rode-cannula  units. Each rat was pretreated 
w~th pargyline, 50 mg/kg IP and then, 30 mm later, the stylet 
in the ipsllateral cannula  was r emoved  and replaced with the 
mjectton needle Each animal received an injection of  
6 -OHDA,  4 #g12 tzl of  C S F  whtch contained 0 1% ascorbtc 
acid The duratton of  the rejection was 6 mm but the needle 
was left m place for an additional 4 mm to opt imtze condi- 
tions for d~ffusion o f  the solution in tissue below the cannula.  
The antmal was then returned to its home cage 

SS testing Daily testing for SS was resumed on the day 
after the VT rejections,  and cont inued for seven days. 

H~stochem~cal f luorescence venficatmn When SS test- 
ing was comple ted ,  braans of  all subjects  tested were proc- 
essed by the g lyoxyhc actd-perfusion cryostat  method [4] for 
v |sual lzat ton of  CA f luorescence vancoSlt les  m the area sur- 
rounding the electrode tip 

Expertment 111 

The mjet tmn o f  KA after pretreatment wtth dmzepam 
Twelve  DA-deple ted  and seventeen  control  self-st imulators 
which had comple ted  Exper iment  I were  given ipsllateral or  
contralateral  lnjectton of  KA (5 nMd/~l/mjection) 30 mm after 
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Suppression of self-stlmulauon m the ventral tegmentum 
after mject~ons ofkamtc acid O ~  lpsllateral SS to the rejection 
m control rats (N=5) ~ Contralateral SS to the injection m 
control rats (n=6) • --" Ipsdateral SS to the m.lect~on m 
neonatally DA-depleted rats (n=6) • - - - - •  Contralateral SS to 
the injection in neonatally DA-depleted rats (n=5) Data expressed 
as the daily group mean ~ of preleslon 15 days) average scores 
_ S E M  

pret reatment  with dtazepam (20 mg/kg, per os), given to 
mmtmtze the reduction of  remote  effects  of  KA [2,41]. The  
injection lasted for 6 ram, but the needle  was left m place for 
another  4 min before being withdrawn.  The animals were  not  
anesthet tzed during these injections as dtazepam, at the dose 
g~ven, ~nduced sedation Contralateral  injections were  g~ven 
to the control group to offset the posstbthty that the effects  of  
KA on SS were due to behavioral  tOXlCtty 

SS testing The rats were  given 14 consecut ive  daaly ses- 
sions of  SS on the ipsilateral or  the contralateral  probe 

Histologwal verlficanon At the end of  these tests,  the 
animals were  sacrificed by giving a lethal dose o f  pentobarbl-  
tal fol lowed by cardiovascular  perfuslon first with physiolog- 
tcal saline and then with 10% formalin The brains were  sec- 
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FIG 6 Photomicrographs of Ntssl-sta~ned secnon ~n the ventral tegmentum (VT) after ka~mc aod mjecnon A Contralateral to the injection 
m a control rat B Ipsdateral to the mject~on m a control rat C Contralateral to the mject~on m a neonatally DA-depleted rat D Ipsdateral to 
the rejection m a neonatally DA-depleted rat 

honed on a freezing m~crotome to obtain 30 ~m secnons 
which were subsequently mounted and then stained with 
cresyl v~olet. 

Statlstwal procedures When stanst~cai analys~s was 
needed, Student 's t-test, Chl-square test and an analysis of 
variance were used to evaluate the difference between the 
groups [52] 

R E S U L T S  

Expertment 1 

Of the s~xty-slx rats prepared, 52 were selected for bdat- 
eral SS with probes rightly placed in the VT. These 52 con- 
rained 28 controls and 24 neonatally DA-depleted subjects 
The results show that there was no d~fference between the 
percentages of ammals that met the SS criterion in the DA- 
depleted and the control groups Although responding was 
stable from day to day m the subjects from both groups that 
met the criterion, the rate of responding on the last day of  the 
SS session was shghtly but s~gmficantly lower m the DA- 
depleted animals, t(50)=5.50, p<0.001 Neither was there a 
difference m the average current intensities needed to main- 
tam SS ~n the two groups (Table I) Thus, the neonatally 
reduced DA-depletion d~d not block SS ~n the VT, but ~t 
reduced the rate of responding 

The probes of all subjects used ~n Experiment 1 were 
entered on drawings of the rat brain [24] following verifica- 
tions of electrode placement For Experiment I and II the 
venficanon was on secnons processed by the h~stochem~cal 
fluorescence method; for Experiment III, on secnons proc- 
essed by standard h~stoiog~cal procedures The results show 
that there was no systematic dLfference between the place- 
ment of the electrodes m the controls or the neonatally DA- 
depleted subjects (F~g l) The s~tes y~eld~ng SS were io- 
cahzed lateral to the mterpeduncular nucleus, medml to the 
substantla mgra and ventral to the lemmscus med~ahs 

The h~stolog~cal results also show that the neonatal treat- 
ment with DMI+6-OHDA ~nduced severe damage to the A9 
and A10 cell groups Figure 2 shows the d~stnbut~on of DA 
cell bod|es in hlstochemlcal fluorescent-processed nssue 
taken from the VT near the electrode t~p of control and DA- 
depleted animals In the control subject (A), fluorescence 
cell bodies are present m an area that is part of the AI0 
region, and which ~s on the right side of the electrode track 
Fluorescence cell bodies are also present in the A9 region 
which ~s on the left side of the electrode track In the DA- 
depleted subject (B), fluorescence cell bodies cannot be seen 
either in the A9 or Al0  regions. Some are however visible m 
the area just dorsal to the mterpeduncular nucleus F~gure 2 
C shows an example of the network of fine fluorescence 
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varicos~ttes that was observed ~n the vicinity of  the electrode 
track in the same material as ~n B under high magnification. 
This f'me network most hkely represented the NE fibers that 
traverse the VT on their way to the telencephalon. 

Expertment !! 

Three of the e~ght neonatally DA-depleted ammals died 
after receiwng the ipsilateral rejection of 6-OHDA into the 
VT. The DA depletion caused reduction of  the body weights. 
Before the mtracerebral rejection, the average weight of the 
controls was 452.1-+39.5 g and DA-depleted, 360 0+-40.5 g, 
t(10)=3 59, p<0.01 Twenty-four hours after the in,lectlon of 
6-OHDA into the VT, the weight of the controls was 
427.1+-38.7 g and of  the DA-depleted rats, 327.0+-46 9 g, 
indicating that the rate of  body wetght reduction after the 
intracerebral injection of 6-OHDA (% reduction values) did 
not differ between the control and the neonatally DA- 
depleted groups, t(10)= 1.79, n s 

Neither was there a difference between the two groups m 
the pattern of SS after the mject~on of 6-OHDA into the VT 
(Fig. 3) Both groups gave evidence of marked suppression 
of responding on the first day after the in,lect~on, with dra- 
matmc recovery to prelesion response rates on the second 
day. The stability of these rates was evmdent tn the tests on 
subsequent days (for 2nd-7th post leston days,  DA-depleted; 
F(5/20)=0.345, n s ,  Controls, F(5/30)= I 076, n s ) 

The histochemlcal verification of the action of 6-OHDA 
mn,lected into the VT in the adult ammal indicated that the 
m,lect~on in the neonatally DA-depleted rats caused the dts- 
appearance of the residual CA vancos~ties m tmssue sur- 
rounding the s~te of mnjectlon. Fmgure 4 shows representatmve 
examples of the CA ~nnervatton ~n the area.lust below the SS 
probe ~n a control (A) and a neonatally DA-depleted sub,lect 
(B, C) In the control sub,lect, a dense network of fluores- 
cence CA vancos~t~es and numerous cell bodies are present 
(A) In the neonatally DA-depleted sub,lect, on the s~de con- 
tralateral to the mtracerebral 6-OHDA rejection (B), small 
fine vancosit~es are v~stble whmch are hkely to be part of the 
CA ~nnervatmon that survmved the neonatal damage The ef- 
fects of the neurotoxm on the CA mnervation m the v~cm~ty 
0psdateral  VT) of the mn,lected stte (C) shows a striking loss 
of CA fluorescence vancos~ttes The residual CA ~nnervat~on 
seen on the contralateral smde (B) ms absent on the mpsdateral 
smde (C). 

These results, taken together, show that damage to the 
resmdual CA mnervat~on present m tissue surrounding the t~p 
of the electrode, had no effects on SS. 

Expertment IH 

Eleven of  the 17 controls, and eleven of  the 12 neonatally 
DA-depleted rats survtved after the ~nject~on of KA. The 
difference m mortality between the two groups was not 
statistically s~gnlficant, ~2=2 79, n s 

The weight of all the antmals decreased after the KA m- 
,lect~on. Before the injechon of  KA, the average weight of the 
controls was 430.5__+33 7 g, while that of the neonatally DA- 
depleted ammals was 369.0-+48.6 g, t(19)=3.94, p < 0  01; 24 
hr after the KA injection, ~t was 391 8+_34.8 g for the control 
group and 331.5+-48.9 g for the DA-depleted group. The 
difference for the rate of  body weight reduction between the 
two groups was not statistically s~gntficant, t(19)= I 43, n s 

In the subjects which received tpsilateral mjectton of KA 
m the VT, SS was blocked in tests conducted over a 14-day 
period. But SS tn the animals which had received the con- 

tralateral injection of  KA showed no deficits (F~g. 5). The 
same dtfferences m the effects of  ipsi- and contralateral m- 
,lections of  KA were observed in both the control and the 
neonatally DA-depleted rats. 

The t~ssue ~njected w~th KA showed necrosis ~n a cir- 
cumscribed area around the ttp of the ~njection needle, which 
never extended contralaterally. Figure 6, B and D, shows 
typical examples of the absence of cell bodies in tissue below 
the electrode tip of a control and a neonatally DA-depleted 
rat produced by an ~psdateral KA ~n,lect~on Figure 6 A 
shows that a contralateral injection of  KA caused no damage 
to ipsdateral tissue at the electrode t~p in a control rat, as 
ewdenced by the presence of  numerous cell bodies and rela- 
tively few astrocytes.  F~gure 6 C shows also the lack of  
effects of contralateral KA in,lect~on on ipsilateral t~ssue, in a 
neonatally DA-depleted rat. In Fig. 6 C, cell bodies are pres- 
ent, though reduced m number by the neonatal DA- 
depletion, and astrocytes are not as numerous as w~th ip- 
silateral KA injections. 

DISCUSSION 

In Experiment I, 6-OHDA was rejected bdaterally in two 
stages in the lateral ventricles at a dose of 200 v,g. In an 
earher study using tdentacal procedures [48], the level of DA 
~n the frontal cortex in adulthood was approximately 8% of  
the control level. Therefore, it is reasonable to assume that 
the DA level m the VT was similarly low in the neonatally 
DA-depleted animals of Experiment I Furthermore,  our his- 
tochemical fluorescence findings pertaining to the tissue sur- 
rounding the electrode ttp in the VT showed a loss of CA 
flourescence cell bodies, except m an area just  dorsal to the 
~nterpeduncular nucleus. These results of  Experiment I may 
suggest that the DA systems originating w~th e~ther the A9 or 
AI0 cell bodies are not necessary for SS in the VT region. 

Experiment I does not exclude the possibility that CA- 
contalmng fibers ~n the VT are responsible for SS, as fine 
network of CA fluorescence vancosit ies  was observed in the 
VT of the neonatally DA-depleted animals (Fig. 2 C). How- 
ever, in Experiment II, we destroyed CA terminals in the VT 
by m,lecting 6-OHDA locally. Yet, VT SS was not abolished. 
It ms evident that the CA innervat~on of  the VT does not play 
a cnttcal role m VT SS. It is noteworthy that the local infu- 
sion of 6-OHDA ~n the VT was given in animals pretreated 
w~th pargyhne and not wRh DMI This treatment does not 
restrict the action of  the neurotoxm to the DA element; ~n- 
stead, the substrate for this treatment ~s the CA innervation 
of the VT which includes NE and DA. with preference being 
g~ven to terminals rather than penkarya,  and thus to the NE 
ternunals. The results of Experiment II thus conform to the 
v~ew that the NE systems do not mediate the re~nforcmg 
effects of brain stimulation ~n the VT [16,53]. For  the VT, the 
NE ~nput derives ~n large part from the ventral NE bundle 
[15,49], and therefore, the present findings show that this 
bundle serves no function m VT SS. 

In Experiment III, SS was abohshed following ~psilateral 
~nject~on of KA ~n t~ssue below the electrode. The effect was 
not caused by motor dysfunction or the induction of  a gen- 
eral pathological state s~nce the contralateral injection of KA 
was ~neffect~ve. The avadable neurochem~cal and histologi- 
cal results indicate that KA causes selective damage to local 
neurons, sparing the terminals and axons present m t~ssue at 
the s~te of the m,lect~on and nearby [21,44]. Such selective 
action of KA probably produced,  in Experiment III, de- 
struction of the penkarya  in the tissue surrounding the elec- 
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trode t~p, but not o f  the terminals  and fibers ~n that area  
Smce KA rejected ipsdaterally led to the comple te  suppres -  
sion of  SS, th~s ,mphes  that the act~vatton o f  the cell bodies ,  
but not the terminals  or  f ibers en p a s s a g e ,  in the VT, was 
respons ib le  for the brmn reward  

Intrinsic neurons  o f  the VT, here  a s sumed  to be critically 
responsib le  for  SS, are most  hkely to be non-dopamlnerg lc  
cells w~th glutamate  receptors  on them However ,  involve- 
ment  of  DA neurons  in SS cannot  be excluded comple te ly  
After  DA-deplet~on in Exper iment  !. some c o m p e n s a t o r y  
p rocess  m~ght occur  to supp lement  DA neurons  Indeed ,  it 
has been repor ted  that DA-con tmnmg neurons  which have 
survived the neonatal  damage retain the capaci ty  to sprout  
axon terminals ,  and that their  m e t a b o h s m  is ~ncreased con- 
current ly  with ad jus tments  ~n the number  of  and affinity of  
recep tors  for  these  neurons  [1 .6 .  I1. 13.34. 54] H o w e v e r .  
this possibil i ty IS unhkely as the few DA neurons  which sur- 

v~ved the neonatal  DM1 + 6 -OHDA t rea tment  in Exper iment  
I were  dorsal  to the In terpeduncular  nucleus,  whde  the SS 
sites were  lateral to it Fur the rmore  the KA-les loned  area ~n 
Exper iment  II1 is not hkely to have ex tended  far enough to 
include these  surviving DA contmnlng cell bodies  (see Fig 
6) The presen t  finding that the SS rates from the VT were  
shghtly but slgmficantly reduced in the DA-deple ted  animals 
~n compar i son  to those  of  control  animals  may be interpreted 
as suggest ing that .  even  though DA neurons  are not essent ial  
in effect lng SS. they play a role in main tenance  of  the VT SS 
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