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OHNO, M , T YAMAMOTO AND S UEKI Influences oJ electrical le~tons oJ the dopammelgtt ~3 stem on molphme- and 
U-50,488H-mduced analgesta tn rats PHARMACOL BIOCHEM BEHAV 27(3) 457-461, 1987 --The effects of electrical 
lesmns of brain areas containing dopamlne cell bo&es and terminals on morphine analgesm were investigated and com- 
pared w~th those of a selective kappa-oplold agonlst, U-50,488H The analgesic effect of morphine 10 mg/kg IP was 
potentmted sigmficantly In substantm mgra (SN)- or caudate-putamen-lesloned rats, but not by ventral tegmental area 
(VTA) or nucleus accumbens lesmns However, electrical lesmns of neither SN nor VTA affected the analgesic activity of 
U-50,488H 32 mg/kg IP Although the tolerance to morphine analgesm developed in all four of the lesmned groups as well as 
m sham-lesmned rats, a sigmficant analgesic effect m the SN-les,oned group prevailed dunng chronic treatment for 14 days 
as compared with that of sham-lesioned rats From these results, it is suggested that (1) morphine analgesm is potentiated 
by dysfunctmn of the nlgro-strlatal dopamlnerglc system, but not by that of the mesohmblc dopammerglc system, (2) the 
central dopamlnerglc system is not involved m the appearance of U-50,488H analgesia and is not basically related to the 
development of tolerance to morphine analgesm 

Morphine Kappa-opmld agonlst U-50,488H Analgesm Tolerance Dopamme Brain lesion 
Substantm nlgra 

DOPAMINERGIC antagonists potentiate morphine 
analgesm, while dopammergic stimulants produce its inhibi- 
tion [4, 8, 15, 17, 18] From these findings, it has been 
suggested that dopamlnerglc systems may be negative mod- 
ulators of  morphine analgesia However,  others have re- 
ported opposite results, dopamme stimulants potentmte and 
antagonists block morphine analgesia [2, 10, 13] Clearly, 
studies on the effects of  dopamlnergic agents on morphine 
analgesia have produced inconsistent results Furthermore, 
there are few reports concerning the involvement of the 
dopamlnerglc system m the development of tolerance to 
morphine analgesia 

On the other hand, a selective kappa-opiold agomst, 
U-50,488H, has been reported to display potent analgesic 
effects in mice, rats and rhesus monkeys [16,19] The antag- 
omsm of U-50,488H analgesia is far less sensitive to block- 
ade by naloxone than that of morphine, whereas a reputed 
kappa-antagomst, MR-2266, is much more potent at blocking 
U-50,488H than morphine Furthermore, although tolerance 
occurs to U-50,488H analgesm, there is no cross-tolerance to 
morphine 

In view of these findmgs, we mvesUgated the effects of 
electrical lesions of  bram areas containing cell bodies of 
dopamlne neurons such as substantla mgra (SN), ventral 
tegmental area (VTA) and their terminals, caudate-putamen 

(CP), nucleus accumbens (NAc), on morphine analgesia In 
order to elucidate the functional differences of dopammerg~c 
systems m the appearance of morphine analgesia Further- 
more, the effects of these brain lesions on U-50,488H 
analgema were compared with those of morphine so that the 
dlfferentml analgesic mechanisms of  kappa- and mu-agonlsts 
might be clarified Whether or not the dopaminerglc system 
is implicated in the development of  morphine tolerance was 
also lnvesUgated 

METHOD 

Antmal~ and Surgery 

The animals used were male Wistar strain rats (body 
weight 250-300 g at the time of  surgery) obtained from 
Shizuoka laboratory animal center They were housed in a 
room maintained at a temperature of  22___ I°C with a 12 hr 
hght-dark cycle (light period 07 00--19'00) Food and water 
were supplied ad lib throughout the experimental period 

Rats were anesthetized with sodium pentobarbltal (40 
mg/kg IP) and fixed in a stereotaxlc instrument For reduc- 
tion of  bilateral electrical lesions, a stainless steel electrode 
(0 4 mm in dmmeter) Insulated except 0 5 mm from the tip 
was inserted into the various brain areas, located according 
to the rat brain atlas of  Paxmos and Watson [11] A direct 
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FIG 1 Analges|c effects of U-50,488H and morphine m the rat 
hot-plate test The animals whose hot-plate latency exceeded 20 sec 
were considered to be analgesic responders Each point represents 
the incidence of analgesm 0 5 hr after drug rejection in each group of 
8-12 rats 
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FIG 2 Influences of electrical lesions of the substantia nigra (SN), 
caudate-putamen (CP), ventral tegmental area (VTA) and nucleus 
accumbens (NAc) on pare sensitivity The hot-plate test was carried 
out prior to drug rejection on the 7th day after surgery Each value is 
the mean_+S E for 8-16 ammals 
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Fig 3 Influences of electrical lesions of the substantm nlgra (SN), caudate-putamen {CP}, ventral tegmental area (VTA) 
and nucleus accumbens (NAc) on morphine-induced analgesia Each point represents mean hot-plate latency for 8-16 
ammals Stgnificant &fferences from the sahne-mjected group (**p<0 01, ***p<0 001) and from the morphine-injected 
group of sham lesions (~p<0 05, O©p<0 01) were determined using Student's t-test 

current of 2 mA was applied for 15 sec to destroy SN 
[anterior (A) 3 7 mm from the interaural line, lateral (L) 2 2 
mm, horizontal (H) 8 6 mm], VTA (A 3 7 from the inter- 
aural hne, L 0 8, H 9 0) and 3 mA for 20 sec to CP (rostral 
CP, A 1 5 from bregma, L 2 3, H 5 5, caudal CP, A 0 5, L 
3 3, H 6 1), NAc (rostral NAc,  A 2 0 from bregma, L 1 5, 
H 70 ,  cauda lNAc,  A 1 0, L 17, H 77)  Sham-lesioned 
rats were treated in the same way w~thout applying the cur- 
rent after insertion of  the electrode One week was allowed 
for recovery from the surgery before starting the experiment 

Analgesw Assay 

The hot-plate test was employed for the measurement of 
analgesic effects A rat was placed m a copper cylinder (40 
cm m high, 25 cm an inner diameter) fixed in a water bath 
whose temperature was maintained at 55---0 5°C The time 
from contact with the plate until the occurrence of  either 

hind-paw licking or jumping was recorded as the hot-plate 
latency When a rat produced neither hckmg nor jumping 
w~thin 50 sec, the rat was immediately removed from the 
hot-plate and the latency was recorded as 50 sec The hot- 
plate test was camed  out on the 7th day after surgery The 
analgesic test was performed lust prior to and 0 5, 1, 2 and 4 
hr after the drug injection Chronic admtmstrat~on was con- 
ducted at 12 00-15 00 once dally for 14 days and analgesic 
effects were measured on the 3rd, 7th and 14th days 

Drugs 

The drugs used m this study were morphme hydrochlo- 
nde (Takeda) and U-50,488H (trans-3,4-dichloro-N- 
methyl-N-(2-(1-pyrrodInyl)-cyclohexyl)-benzeneacetamlde 
methanesulfonate, hydrate, The Upjohn Company) Both 
drugs were dissolved in distilled water and administered in- 
trapentoneally at 0 1 ml per 100 g body weight 
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FIG 4 Influences of electrical lemons of the substanla mgra (SN) 
and ventral tegmental area (VTA) on U-50,488H-1nduced analgesia 
Each point represents mean hot-plate latency for 8-16 animals Sig- 
nificant differences from the sahne-mjected group (Student's t-test), 
**p<0 01, ***p<0 001 

Histology 

After completion of  the experiment,  the animal was 
anesthetized with ether and the brain was perfused with 10% 
formalin solution through the left cardiac ventricle After the 
brain was removed,  sectioned shces were stained w~th cresyl 
violet The site and extent of the brain lesion were verified 
histologically Those animals who developed lesions in areas 
other than those under study were excluded 

Stattstwal Analysts 

The significance of analgesic effects was determined 
using the Student 's  t-test The EDso values and their 95% 
confidence interval were calculated by the method of  Litch- 
field and Wdcoxon [7] 

R E S U L T S  

Analgesw Effects of  U-50,488H and Morphme 

As shown in Fig 1, U-50,488H and morphine produced 
analgesic effects in a dose-dependent manner The analges|c 
potency of  U-50,488H was approximately 1/3 that of mor- 
phine, the ED50 values of  U-50,488H and morphine were 20 2 
(12 9-31 6) mg/kg and 6 0 (4 5-7 9) mg/kg, respectively 

Influences of  Elecmcal Lestons o f  SN, CP, VTA and NAc on 
Morphme- and U-50,488H-lnduced Analgesia 

The histological examinataon revealed that electrical le- 
sions of  SN were teardrop shaped with a dmmeter of  about 1 
mm and exclusively localized in the pars compacta rather 
than in the pars retlculata of  SN The VTA lesions were 
almost completely conducted (diameter about 1 mm) How- 
ever, in animals with the maximal lesmns of VTA, the de- 
structmn was extended to a part of  the red nucleus and the 
superior cerebellar peduncle The lesions of CP and NAc 
were confined to partial destructions (diameter 1-1 5 mm) of  
these large structures 

Pare sensmvlty was not affected by electrical lesions of 
SN, CP, VTA and NAc (Fig 2) The hot-plate latency of  

saline-treated rats remained almost constant following the 
time-course of 0, 0 5, 1, 2 and 4 hr after administration 
Morphine at 10 mg/kg significantly increased the pain 
threshold at 0 5 and 1 hr after IP injection in sham-lesioned 
rats (Fig 3) Moreover,  this analgesia was potentiated signif- 
icantly in SN- or CP-lesioned rats (Fig 3A), but not by VTA 
or  NAc lesions (Fig 3B) 

U-50,488H at 32 mg/kg also produced a significant anal- 
gesic effect, whose potency was almost equipotent to that of 
morphine 10 mg/kg, but duration was shorter than that of 
morphine (Fig 4) Electrical lesmns of  neither SN nor VTA 
affected the U-50,488H analgesia 

Influences of  Electrwal Lesions of  SN, CP, VTA and NAc on 
the Development of  Tolerance to Morphme Analgesia 

Chronic treatment with saline for 14 days did not alter the 
hot-plate latency When morphine at 10 mg/kg was adminis- 
tered once daily for 14 days In sham-lesioned rats, morphine 
analgesia was diminished gradually compared with that of 
the Ist injection and disappeared completely on the 7th and 
14th days (Fig 5) Although the diminution of  morphme 
analgesia by chronic treatment was also observed in all four 
lesioned groups, the analgesic effect m SN-lesioned group 
was prolonged and lasted through the 7th and 14th days (Fig 
5A) 

The analgesic effect produced by morphine 5 6 mg/kg was 
also potentiated significantly by SN lesions In that case, the 
potency was almost equipotent to that of  morphine 10 mg/kg 
m sham-lesioned group (Fig 6) Unlike the effect of the 10 
mg/kg dose, the potentiated analgesia of morphine at 5 6 
mg/kg m SN-lesioned rats was significantly reduced and dis- 
appeared completely after chronic treatment for 7 days 

D I S C U S S I O N  

The analgesic effect of morphine in rats was potentiated 
significantly by SN- or CP-lesions in spite of the lack of 
significant alterations of pain sensitivity by itself In mice, 
the electrical lesions of  caudate nucleus produced a persis- 
tent potentiation of morphine-reduced analgesia in escape 
latency from foot shock [3] Conversely, electrical lesions of  
neither VTA nor NAc influenced the analgesic activity of 
morphine Meanwhile, neurolepttcs such as halopendol,  
plmozlde and splropendol also produce potentiation of mor- 
phine analgesia, which results from blockade of dopammer- 
gm receptors [4, 8, 15, 17, 18] From these results, morphine 
analgesia is potentiated by dysfunction of  the mgro-stnatal  
dopaminerglc system, but not by that of the mesohmbic 
dopamInerglc system However,  it is conceivable that there 
is fundamentally no direct involvement of the central 
dopaminerglc system in the appearance of  morphine 
analgesia since the lesions of  the dopaminerglc system fmled 
to abolish the analgesic activity Szremawski et al [14] also 
report  that ventral tegmental dopamine neurons are not 
primarily involved m the analgesic activity of  morphine 
measured by a taft pressure method in rats Although their 
findings gwe support to the present results, they differed by 
the fact that VTA lesions decreased the pain threshold in 
their experiments 

On the other hand, CP has been known to send the pro- 
jections of  T-amInobutync acid (GABA)-contaimng neurons 
to SN [6] Therefore, there is a possibility that the potentia- 
tion of  morphine analgesm in CP- or SN-lesioned rats may 
result from the alteration of the GABAerg~c system Actu- 
ally, it has been shown that GABAergic stimulant drugs an- 
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FIG 5 Influences of electrical lesions of the substantla mgra (SN), caudate-putamen (CP), ventral tegmental area (VTA) and 
nucleus accumbens (NAc) on the development of tolerance to morphine analgesta Morphine l0 mg/kg or saline was rejected 
once daffy for 14 days Each point represents mean hot-plate latency 0 5 hr after drug mjectmn m each group of 6-16 ammals 
S]gmficant differences from the sahne-mjected group (*p<0 05, **p<0 01, ***p<0 001) and from the values of the 1st day ( <~ 
p<0 01 >~>~ p<0 001) were determined using Student s t-test 
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tagomze morphine-induced analgesm m rats [9] and mice [5] 
However,  conversely, Blggm et a! [1] reported that a GABA 
agomst, musc~mol, potentmtes morphine analgesic actlwty 
evaluated by the hot-plate method m mice These contro- 
versml findings make it difficult to understand the potentm- 
t~on of morphine analgesia m th~s experiment from a v~ew- 
point of the GABAerg~c system at present 

The analgesic potency of the kappa-opmld agomst, 
U-50,488H, was approximately 1/~ that of morphine m the 

hot-plate test, which is slmdar to the results obtmned by Von 
Volgtlander et al [19] Electrical lesions of either SN or 
VTA faded to affect the analgesic effect of U-50,488H unhke 
morphine analgesia These results suggest that the ascending 
dopammerg~c neurons may not be revolved m the analgesic 
action of U-50,448H lhercey et al [12] indicated that the 
locus of U-50A88H analgesic action may be in the spinal 
cord since U-50,488H produced analgestc effect when in- 
jected lntraspmally, but was almost mactwe after mtracra- 
nml rejection 

Tolerance to the analgesic effect of morphine 10 mg/kg 
developed in all four lesioned groups as well as in sham- 
lesioned group However,  the significant analgesic actw~ty in 
SN-lesloned rats was markedly prolonged and lasted dunng 
chronic treatment for 14 days On the other hand, the poten- 
tiated analgesic actwlty of morphine 5 6 mg/kg in SN- 
lesioned rats, which was almost eqmpotent to that of  mor- 
phine 10 mg/l<g m sham-lesioned group, disappeared com- 
pletely during chromc admmlstratmn Therefore, a signifi- 
cant morphine analgesm observed on the 7th and 14th days m 
the SN-lesmned group was due to the potentmted analgesic 
effect of morphine on the 1st day In conclusmn, it Is con- 
ceivable that the central dopammerglc system may not be 
revolved in morphine tolerance, although the development of 
tolerance to morphine analgesm tends to be delayed in SN- 
lesioned rats 
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