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1986 --In previous reports, we have demonstrated that mtrac,sternal (IC) administration of neurotensm (NT), an endoge- 
nous trldecapeptide, produces s,gnlficant antmoclceptlon m a variety of analgesic tests, including the hot-plate test In 
addmon, many of the central nervous system effects of NT (1 e ,  hypothermla, gastric cytoprotectIon) appear to be 
medmted by brain dopamIne (DA) systems In this study, we evaluated the effect of selected DA agonlsts and antagonists 
on NT-mduced antmooceptmn m the hot-plate test with m~ce Doses, route of admtnlstratmn, and pretreatment interval 
were determined from the available hterature to stgmficantly affect the modence of DA-dependent behawors Pretreatment 
with chlorpromazme but not halopendol significantly potentmted NT-mduced antmooceptlon This potentiating effect of 
chlorpromazlne appears not to be due to any intnns~c antinoc~ceptlve activity of this agent, chlorpromazlne had no 
s~gnlficant effect on hot-plate latenctes when administered alone The involvement of DA on NT-induced antmoctceptmn 
was further substantmted by the findmgs that pretreatment with several DA receptor agomsts, including methylphemdate, 
apomorphlne, and d-amphetamine, slgmficantly antagonized the antinoclcept~ve response to IC NT None of these agents 
slgmficantly altered the ammal's response to the hot-plate when administered alone The data furnished m the present 
report suggest that central DA circuits may be revolved m the expressmn of NT-mduced antmoclceptlon 

Neurotensm Antlnoclceptmn Dopamtne 

ONE area that has produced a substantial development in 
our understanding of reception and processing of pare is the 
novel discovery that antinoclception can be affected by sev- 
eral endogenous brain peptides (see [11] for review) One 
such peptide is neurotensln (NT) Immunohlstochemlcal and 
radiolmmunoassay techniques have revealed that NT is dis- 
tnbuted in regions of the rat brain implicated in the animal's 
response to noxious stlmuh These include the amygdala, 
penaqueductal  gray, and thalamus [19]  Neurotensm- 
containing terminals and NT receptors have also been de- 
scribed in areas lmphcated in modulation of pain, most not- 
ably the substantla gelatmosa of the spinal cord [19,21] The 
original hypothesis that NT may reduce spinal and supraspl- 
nal analgesia has been widely confirmed [2, 3, 4, 6, 12] 

Intraclsternal (IC) administration of NT in mice and rats 
has been shown to produce dose-dependent antlnociceptlon 
in a variety of  tests, including the hot-plate, tail-flick, tail- 
immersion, and acetic-acid writhing tests. Of interest is the 
finding that NT-induced antinociceptlon has been shown to 
be more potent than morphine, but not/3-endorphln, in some 

analgesic tests [2,12] More recently, it has been demon- 
strated that lntrathecal admlnlstratmn of NT produces a 
dose-related antinoclceptive response in the hypertonic 
sahne paradigm in mice [9] The mechanisms by which cen- 
tral (IC) or penpheral (lntrathecal) NT induces antlnocicep- 
tion are still unclear Neurotensm-lnduced antinociception is 
apparently not due to motor impairment Doses of NT that 
produce significant antlnooception do not affect coordinated 
motor control on a rotating rod However ,  spontaneous lo- 
comotor activity is reduced [16] 

Although. many aspects of NT distribution also coincide 
with the location of enkephailnerglc cell bodies and terminals 
[8], recent evidence indicates that NT-mduced antinoclcep- 
tion is not mediated by opiate receptors [6, 11, 17] In more 
recent work, we have found that co-administration of NT 
and leuclnal, an ammopeptldase mMbltor which potentiates 
leu-enkephahn and B-endorphm-lnduced antlnociceptlon, 
does not affect the antinoclceptive response to IC NT in the 
hot-plate test m mice [3] This recent observation, coupled to 
the fact that NT produces a naloxone-lnsensmve 
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FIG 1 Effect of pretreatment with selected dopamme receptor 
agomsts and antagonists on neurotensm (NT)-lnduced antmocicep- 
tlon m the hot-plate test in mice Groups of mice (n=8/group) were 
pretreated (-30 mm) with halopendol (A), chlorpromazme (B), 
methylphemdate (C), d-amphetamine (D) and apomorphme (E) For 
doses and route of admmlstratlon, see text Mice were then injected 
IC with NT (10 p,g) or vehicle (10 p.l of 0 9% NaCI) Treatment 
categories were as follows (O) saline IC + vehicle (IP or SC, -30 
mln), (0) NT IC El0 ~zg) + vehicle (IP or SC, -30 mm), (Fq) saline IC 
+ drug (IP or SC, -30 mm), and El) NT (10/a,g) IC + drug (IP or SC, 
-30 min) *p<0 05, **p<0 01 when compared to saline-treated con- 
trois (Dunnett's test) tp<0 05, 5-tp<0 01 vs NT-treated mice (Dun- 
nett's test) 

antlnoclceptlon [17], suggests that the antlnoclceptive re- 
sponse to central NT is not mediated by endogenous opmte 
systems 

Central (IC) NT produces a variety of behavioral effects 
[16], and many of these actions of  NT are antagomzed by 
thyrotropm-releasmg hormone (TRH) Simultaneous IC 
administration of NT and TRH and several TRH congeners, 
including 3-methyl-Hls-TRH, MK-771, /3-ala-TRH, and 
RX-77368, significantly antagonize NT-mduced hypothermla 
and antlnocmeption m the hot-plate test m mice [6,17] 

A growing body ot evidence suggests that many of the 
central nervous system (CNS) effects of NT are medmted by 
central dopamlne (DA) clrcults [15,18] Depletion of brain 
catecholamines with 6-hydroxydopamme, or pretreatment 
with halopendol (a DA receptor blocker), significantly 
potentiates NT-mduced hypothermia. Dopamine receptor 
agonlsts, on the other hand, block the hypothermlc response 
to NT [13] In addition, NT also reduces locomotor activity 
mduced by several DA agonists [15] Neurochemlcal studies 

have shown that IC administration of NT increases DA turn- 
over and DA metabohte concentrations in several brain re- 
gions, including nucleus accumbens, olfactory tubercle, and 
strlatum [20] This study was designed to evaluate the effect 
of DA receptor agomsts and antagonists on the antlnoclcep- 
tlve responses to IC NT in the hot-plate test with mice 

METHOD 

Adult, male Swiss-Webster mice (25-35 g) were pur- 
chased from Flow Laboratories (Dublin, VA) and were 
group housed (6 mice/cage) m a controlled envwonment 
ammal faclhty (12 hr light, 12 hr dark) with laboratory chow 
and water available ad lib The mice were housed for at least 
one week prior to experimentation All experiments were 
conducted between 0800 and 1200 at ambient temperatures 
of  22-24°C 

Groups of mLce (n=8/group) were selected for each exper- 
iment, no animal being used in more than one experiment 
Intraperltoneal (IP) pretreatments included methylphemdate 
(5 mg/kg), d-amphetamine (2 mg/kg), and halopendol (I 
mg/kg) Subcutaneous (SC) pretreatments Included apomor- 
phlne (5 mg/kg) and chlorpromazlne (2 mg/kg) All the 
dopamine agonlsts (e g ,  d-amphetamine, methylphemdate, 
and apomorphme), and the dopamme antagonists (e g ,  hal- 
operldol and chlorpromazlne) were administered 30 mm be- 
fore IC NT (10 p,g) or vehicle (10/zl of 0 9% NaCI) Doses, 
route of administration, and pretreatment interval were de- 
termined from the available literature to slgmficantly affect 
the incidence of  dopamlne-dependent behaviors [7, 13, 15] 
Intracasternal injections were performed under light ether 
anesthesia as previously described [5] All drugs were dis- 
solved m 0 9% (w/v) NaC1, except apomorphme, which was 
dissolved in 0 5% (w/v) ascorbic acid, and halopendol, which 
was dissolved in 0 3% (w/v) tartaric acid All drugs were 
calculated as salts 

The basic experimental design included four groups of 
mice (n=8/group) each one receiving one of the following 
treatments (1) vehicle (IC) + vehicle (IP or SC), (2) NT (IC) 
+ vehicle (IP or SC), (3) vehicle (IC) + DA agonlst or 
antagonist (IP or SC), and (4) NT (IC) + DA agonlst or 
antagomst (IP or SC) The dose of IC NT (10 tzg) utdlzed in 
these experiments was chosen because at has been previ- 
ously described to reliably produce antlnoclceptlon m mace 
[2, 3, 6, 12] 

Antinoclception was assessed by using the hot-plate test 
[1] In this test, mice are placed with all four paws on a 
heated copper plate and the time to the nearest tenth second 
for the mice to either lick their paws or jump is considered as 
a response to the noxious stimulus The temperature in the 
hot-plate was set at 50-52°C This hot-plate temperature 
permits repeated testing of the response of an individual 
mouse to the noxious stimulus without inflicting Injury to the 
animals An arbitrary cut-off was used to score animals not 
responding to the noxious stimulus within 30 sec Each 
animal was tested every 20 min for 2 hr Time 0 refers to the 
first reading of the hot-plate latencles after the IC Injection 
This is performed routinely m our laboratory between 1-3 
rain after the injections Mice normally regain the writhing 
reflex after 10-15 sec after exposure to light ether anesthesia 
There is probably some effect of ether on the mitml hot-plate 
latencies However,  comparisons of latencies between 
nonanesthetized controls and mice exposed to light ether 
anesthesia have failed to reveal significant differences (un- 
published observations) 
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Neurotensln was purchased from Bachem (Torrance, 
CA), haloperldol from McNeil Laboratories  (Fort  Washing- 
ton, PA) and chlorpromazlne from Elklns Slnn (Cherry Hill, 
N J) MethylphenIdate was a gift from Clba-Geigy Corpora- 
tlon (Summit, N J) Apomorphlne HCL was purchased from 
Merck and Sharp Company, Inc (Rahway, NJ) and 
d-amphetamine sulphate from Sigma Chemical Co (St 
Louis, MO) A significant increase In the response time for 
expenmental  compared to control mice was defined as 
ant lnoocept lon One-way analysis of variance followed by 
Dunnett 's  test for multiple comparisons was used for this 
analysis A p value of 0 05 or less was considered to repre- 
sent significant differences between groups 

RESULTS 

The results illustrated in Fig 1 show the effect of  pre- 
treatment with selected DA receptor  agonlsts and 
antagonists on the antlnoclceptlve response to IC NT in the 
hot-plate test with mice In confirmation of previous findings 
[2, 3, 4, 6, 12], NT (10/zg) produced significant antlnOclcep- 
tlon after IC admlmstratlon (Fig 1A-E) As indicated in Fig 
1A, halopendol  (1 mg/kg, IP) did not significantly affect NT- 
induced antinoclceptlon Only at 100 and 120 min a signif- 
icant effect of haloperldol on NT's  effect was observed 
Chlorpromazlne (2 mg/kg, SC), however,  significantly 
(/7<0 01) potentiated NT-lnduced antlnOclception (Fig IB) 
The effect of this agent on the antlnoctceptlve properties of NT 
was long-lasting Significant antinoclceptlon was observed 
after 2 hr, a time at which the anttnoclceptlve activity of NT 
alone had already disappeared In confirmation of previous 
work [14], the two neurolepttc drugs tested m this study (halo- 
pertdol and chlorpromazlne), unlike NT, did not reduce 
antinoclceptlon (Fig 1A, IB) Of interest were our findings 
with the DA receptor agonists on the antlnociceptlve re- 
sponse to IC NT (10/zg) As indicated in Fig 1C-D, indirect 
stimulation of DA receptors with methylphenidate (5 mg/kg, 
IP) or d-amphetamine (2 mg/kg, IP) significantly blocked 
NT-mduced antlnoclception The antagonism of NT-lnduced 
antmoclceptlon by methylphenldate or d-amphetamine IS 
apparently not due to an intrinsic hyperalgesic property of 
these agents, as evidenced by their inability to significantly 
affect hot-plate latencies when admlmstered alone (Fig 
IC-D) Finally, as indicated in Fig 1E, apomorphlne (5 
mg/kg, SC). a directly acting DA receptor agonist, also 
produced a significant (p<0 01) antagonism of NT-induced 
antmoclceptlon Apomorphlne did not have any significant 
effect when administered alone 

DISCUSSION 

The results of this investigation confirm and extend pre- 
vious observations that IC administration of NT produces 
significant antlnociceptlon in the hot-plate test in mice [3, 4, 
6, 12] The antlnoclceptlve response to central (IC) NT was 
significantly potentiated by pnor  blockade of DA receptors 
with chlorpromazme This interesting observation suggests 
that NT-induced antlnOclceptlon may be exaggerated by 
diminished DA neurotransmlsslon within the CNS These 
findings resonate with previous observations Depletion of 
brain catecholamines with 6-hydroxydopamine and des- 
methyhmlpramlne, or pretreatment with halopendol,  but 
not atropine or naloxone, significantly potentiates the 
hypothermlc response to IC NT [13] In addition, IC ad- 
ministered NT, like haloperidol (a neuroleptlc drug), re- 
duces spontaneous locomotion or forward locomotion in- 

duced by redirect DA agonlsts [15] It would appear that NT 
and neuroleptlcs (all of  which are DA blockers) share a very 
similar neuropharmacologlcal profile This Is evidenced by 
the fact that NT and neuroleptlcs produce a variety of behav- 
ioral effects including hypothermia,  potentiation of barbitu- 
rate- and ethanol-induced sedation, muscle relaxation and 
catalepsy [14] However ,  halopendol  and chlorpromazlne, 
unlike NT, do not induce antlnociceptlon In this study, the 
lack of effect of neuroleptlc drugs on nociceptive processes 
is further documented These findings, taken together, indi- 
cate that the potentiation of NT-mduced antlnOclceptlon by 
chlorpromazme may be the result of decreased DA activity 
at relevant brain sites, but not the consequence of  an addi- 
tive effect between NT and neuroleptlc drugs In addition, it 
is entirely possible that the differences observed on the ef- 
fects of chlorpromazlne and haloperldol on NT-tnduced 
antlnoclceptlon reflect preferential activation of Dt recep- 
tors by chlorpromazine Considering the dose of chlorpro- 
mazlne used in this study, indirect involvement of chohner- 
glc, serotonergic and hlstaminergic pathways can not be 
ruled out 

The Involvement of DA on the antlnoclceptlve effect of 
NT was further substantiated by our findings with the di- 
rectly- or indirectly-acting DA agonists As indicated in re- 
sults (vide supra), pretreatment with methylphemdate,  
d-amphetamine, or apomorphine significantly antagonized 
NT-mduced antlnoclceptlon These agents did not affect 
hot-plate response by themselves These results indicate that 
increased presynaptlc release of DA, or direct stimulation of 
postsynaptlc DA receptors is an equally effective mechanism 
for blocking the antlnociceptlve activity of central NT 

As mentioned above, a growing body of evidence 
suggests a role for NT in modulation of pmn transmission 
Our recent neuroanatomical and neurochemlcal studies indi- 
cate that NT acts not only on classical noclceptive pathways 
in the brain stem, but may also interfere with more integrated 
behavioral and affectlve responses to painful stimuli [11,16] 

Bilateral stereotaxlc mlcrolnjectlons of NT (2 5 /zg/slte) 
have been shown to elicit significant antinoclception in sev- 
eral brain loci, including the central amygdaloid nucleus, 
caudal diagonal band of Broca, rostral preoptic area, ven- 
tromedial thalamus, and the rostral half of the mesencephahc 
reticular formation [10] All of these sites contain endoge- 
nous NT [19] Another interesting observation is that NT and 
DA systems are located in proximity to one another m sev- 
eral brain regions, including the nucleus accumbens,  ventral 
tegmentum (VTA), median eminence, and substantla nigra 
Thus, it would appear that this distinct neuroanatomlcal 
overlapping between NT and brain DA systems subserves a 
major role in the expression of the CNS effects elicited by 
NT [15,18] 

This onginal hypothesis has been confirmed for a number 
of the brain effects of NT including hypothermia,  locomo- 
tion, and gastnc cytoprotectlon [7, 13, 15] Although the 
work descnbed in the present report  provides evidence for 
the involvement of DA on the antinociceptive response to 
central NT, a full description of this interaction awaRs future 
investigation 

ACKNOWLEDGEMENTS 

This work was supported by NIMH MH-33127, MH-22536, 
MH34121, and NICHHD HD-03110, and by a grant-in-rod from 
AVMA Foundation We thank Debra G Collins for expert manu- 
scnpt preparation 



428 H E R N A N D E Z / - /  ~1 

REFERENCES 

1 Anklet, S I New hot-plate test to quantify antmoclceptlve and 
narcotic antagomsts actlvlUes Eur J Pharmat ol 27 1-4, 1974 

2 Chneschmldt, B V and J C McGuffin Neurotensm admlms- 
tered Intraclsternally inhibits responsiveness of m~ce to noxious 
stlmuh Eur J Pharma¢ol 46" 395-396. 1977 

3 Davis, K R ,  D E Hernandez and R Wolfenden Leucmal 
inhibits brain ammopeptldase activity and potentiates analgesia 
reduced by leu-enkephalln Pharmatol Bto~hem Behal, 19" 
791-794, 1983 

4 Furuta, S , K Klsara, S Sakurada, T Sakurada, Y Sasaki and 
K Susuk~ Structure-antmoclceptlve activity studies with 
neurotensm Br J Pharma~ ol 83: 43-48, 1984 

5 Hernandez, D E ,  C B Nemeroff and A J Prange. Jr On- 
togeny of the hypothermlc response to centrally administered 
neurotensm m rats Dev Brain Re~ 3. 497-501, 1982 

6 Hernandez, D E ,  C B Nemeroff, M H ValderramaandA J 
Prange, Jr Neurotensm-mduced antmoclceptlon and 
hypothermla in mice antagomsm by TRH and structural 
analogs of TRH Regul Pep 8: 41-49. 1984 

7 Hernandez, D E ,  D A Stanley, J A Melvin and A J Prange, 
Jr Role of brain neurotransmltters on neurotensm-mduced gas- 
tnc cytoprotectlon Pharma~ ol Bto~ hem Beha~ 22 509-513, 
1985 

8 Hokfelt, T , A L_lungdahl, L Terenlus, R Elde and G Ndsson 
Immunohlstochemlcal analysis of peptlde pathways possibly re- 
lated to pain and analgesia enkephahn and substance P Prot 
Natl A¢ad S~t USA 74. 3081-3085, 1974 

9 Hylden, J L K and G L Wdcox Antmoclceptlve action of 
mtrathecal neurotensm m msce Pepttde* 4" 517-520, 1983 

10 Kahvas,  P W , L Jennes, C B Nemeroffand A J Prange, Jr 
Neurotensm topographic dlstnbutmn of brain sites involved in 
hypothermla and antmoclceptlon I Comp Nenrol 210. 225-238, 
1982 

11 Luttlnger, D ,  D E Hernandez C B Nemeroff and A J 
Prange, Jr Peptldes and Noclceptmn lnt Rev Neurobtol (J R 
Smythles and R J Bradley (Eds)  25 185-241, 1984 

12 Nemeroff, C B , A  J Osbahr, P J Manberg. G N Ervmand 
A J Prange, Jr Alterations m noclceptlon and body tempera- 
ture after lntraclsternal admlmstratlon of nemotensm 
/3-endorphm, other endogenous peptldes and morphine P~,,~ 
Natl A~ad Scl USA 76 5368-5371, 1979 

13 Nemeroff, C B ,  G Blssette, P J Manberg, A J Osbahr I11, 
G R Breese and A J Prange, Jr Neurotensm-mduced 
hypothermm evidence for an interaction with dopammerglc 
systems and the hypothalamlc paultary-thyrold axis Btam Rcs 
195 6%84, 1980 

14 Nemeroff, C B ,  A J Prange, J r ,  D Luttmgel D E Hernan- 
dez, R A King and S K Burgess Slmllarmes and differences 
m the effects of centrally admlmstered neurotensm and 
neuroleptlcs P ~ h o p h a r m  Bull 17 145-147, 1981 

15 Nemeroff C B , D E Hernandez, D Luttmger P W Kahvas 
and A J Prange, Jr Interactions of neurotensm with brain 
dopamme systems Ann N Y  At ad ,S( t 400. 330-344, 1982 

16 Nemeroff, C B , D Luttmger and A J Prange, Jr Neurotensm 
and bombesln In The Handboot, o[ P~v(hopharma( ologx 
edited by L L lversen, S D Iversen and S H Snyder New 
York Plenum Press, 1983, pp 363-466 

17 Osbahr, A J C B Nemeroff, D Luttmger, G A Mason and 
A J Prange Jr Neurotensm-mduced antmoc~ceptlon m m.ce 
antagonism by thyrotropln-releasmg hormone I Pharma~M 
E~p Ther 271 645-651 1981 

18 Qmnon,  R lnteractmns between neurotensm and dopamme m 
the brain An overview Pepttdes 4 60%615, 1983 

19 Uhl, G R ,  R R Goodman and S H Snyder Neurotensln- 
contaln.ng cell bodies fibers, and nerve terminals m the brain 
stem of the rat immunohlstochemlcal mapping Bratn Re~ 167 
77-91, 1979 

20 Wlderlov. E ,  C D Kdts. R B Madman, C B Nemeroff, T J 
McCown, A J Prange, Jr and G R Breese Increase m 
dopamme metabohtes by neurotensm J Pharma~ ol E~p ?'her 
222 I-6, 1982 

21 Young, W S and M J Kuhar Neurotensm receptors Au- 
torad|ographlc Iocahzatlon m rat CNS Eur J Pharmat ol 159 
161-163, 1979 


