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REYMANN, K G , S WULCKO, T OTT AND H MA'Iq'HIES OploM-receptor blockade reduces nose-poke self- 
snmulanon derived from medial entorhmal cortex PHARMACOL BIOCHEM BEHAV 24(3) 439--443, 1986 --Rats were 
trained to nose-poke for mtracramal self-stimulation (SS) with electrodes unilaterally ~mplanted m the medial entorhInai 
cortex The acute effects of naloxone (NX, 0 1-10 mg/kg, IP) on a continuous reinforcement schedule were determined 
Reductions m the self-stimulation rates occurred only at moderate doses (medmn of individual changes=-36% at 1 and 5 
mg/kg), whereas the high dose (10 mg/kg) was ineffective None of the doses influenced operant behavior These results are 
consistent with the hypothesis that endogenous op~o~d-oplate receptor mechamsms play a modulatory role in SS reward 
ConsJdenng that NX was administered systemically the action of the drug on reinforcement levels may be mediated by a 
s~te distinct from the locus of stimulation 

Brmn self-stimulation Entorhmal cortex Rat 
Naloxone 

Oplold receptor blockade Reward mechanisms 

MANY neurotransmltters such as dopamme, noreplneph- 
nne,  serotonm, acetylchohne and gamma ammobutyrlc acid 
have been imphcated in reward mechanisms in the CNS (for 
review see [4, 19, 35, 43]) 

Since the discovery that the brmn contains endogenous 
opmte-hke peptldes, a number of investigators have 
suggested that also optold-erglc neurons may play a role in 
pleasure and reward [3, 4, 19, 20, 22, 29, 35, 36, 38, 43] 

An enkephahnerglc substrate of reward was first pro- 
posed by Belluzl and Stem [3] following the successful 
demonstration of mtraventncular self-admmlstraUon of leu- 
and met-enkephahn 

One approach m the search for possible cntlcal transmit- 
ters subserving reinforcement denved from electrical brain 
sUmulatlon has been to compare self-st~mulatmn before and 
after receptor blockade If mtracranlal self-stmaulaUon (SS) 
behavior is mediated in part by the release of endogenous 
oplolds onto the oplold receptor, then admlmstrat~on of 
naloxone (NX), the prototyplc antagomst of morphine and 
enkephahn at oplold receptors, should attenuate thts behav- 
ior Unfortunately, previous studies have not provided con- 
Slstent results Whereas some studies report reduced 
rates of lever pressing at moderate [3, 7, 11, 20, 32, 41] or 
high doses [2, 37, 40, 42], others have failed to f'md effects of 
acute NX treatment on rate of SS responding over a wide 
range of dosages [5, 13, 17, 18, 24, 39]. Although the 

above-mentioned experimental differences cannot be ex- 
plained solely by use of dtfferent stimulation sites, the exam- 
lnatton of other brain regmns and more "natural"  operants 
should convey further insight into the oplold-ergac mech- 
anisms 

Recent experiments have demonstrated conclusively that 
the electrical stlmulaaon of the medial entorhlnal cortex 
yielded a rehable SS behavior [26]. Whereas SS of the lateral 
entorhmal cortex was related to its doparmnerglc lnnervatlon 
[6], no dopamlnerglc lnnervatlon has been reported so far for 
the medial entorhmal cortex. Furthermore, haiopendol in- 
jection produced a clear decrease m SS if derived from the 
lateral, but not from the medial entorhmal cortex (Ott, un- 
pubhshed data) In the light of the postulated role of endoge- 
nous OplOldS in reward, the existence of enkephalmerg~c 
neurons and fibre systems m tlus area [14,21] ra,ses the 
posslbflRy that they are responsible for medml entorhmal 
cortex SS For that reason, the present experiments examine 
the effect of several moderate doses of NX on nose-poke 
response rates reduced by electrical stimulation of the medial 
entorhlnal cortex 

METHOD 

Fourteen male Wlstar rats from our own colony weighing 
220-250 g at the time of surgery served as subjects The rats 

~Requests for repnnts should be addressed to Klaus G Reymann 
ZPresent address Institute of Pharmacology and Toxicology of Chantr, Humboldt-Umverslty Berhn, DDR-1080 Berlin, Clara-Zetlan-Str 94 

439 



440 REYMANN, WULCKO, OTT AND MATTHIES 

were individually housed under the conditions of a 12 hour 
light dark cycle (artificial illumination between 6 00 a m and 
6 00 p m ), with continuous access to food and water One 
week before the beginning of the experiment each rat was 
stereotaxically implanted with a single bipolar Teflon- 
isolated stainless-steel stimulating electrode (l l0 p.m In di- 
ameter) The tip was aimed for the posterior part of the right 
medial entorhlnal cortex using the stereotactlc coordinates 
AP - 7  l mm, lateral 4 1 mm, and 3 3 mm below the skull 
surface [34] 

The electrodes were attached to subminiature connectors 
and rigidly fixed to the skull with stainless steel screws and 
dental cement Surgery was camed out under sodium pen- 
tobarbital anaesthesia (50 mg/kg IP) The correct placement 
of the electrodes was verified by histological examination of 
paraffinlzed brain sections after completion of the experi- 
ments 

The SS behavior was tested using a plastic cylinder (20 
cm in diameter, 40 cm in height), with two photoelectric cells 
mounted into two holes (distance 14 cm) in the cylinder wall 
By interrupting one of the photobeams with the nose, the 
animal initiated a stimulus train with a frequency of 100 cps 

The square wave pulses were generated by a constant- 
current stimulator which was connected with the electrodes 
by a commutator and a cable Train duration and pulse dura- 
tion were fixed at 200 msec and 0 l msec, respectively The 
other photobeam (non-effective hole) served as a reference 
for operant behavior Each rat was tested only once daily 
throughout stabihzatlon and treatment, between l 00 p m 
and 3 00 p m for 30 mm Response rates were recorded 
automatically at 6 min intervals The rats were trained to 
self-stimulate lntracerebrally until a relatively constant rate 
and a ratio 3 1 between response rates at the effective and 
noneffective hole were established For each animal a sub- 
convulsive current intensity which elicited approximately 
75% of the maximal response rate (between 80-240 /zA) 
was selected individually 

Thereafter the animals were treated with an intrapento- 
neal injection of isotonic saline (0 156 M) for five days 
Naloxone hydrochlonde (Endo Laboratories) was dissolved 
in lsotonlc saline to concentrations of 0 01, 0 l, 0 5 and 1 0 
mg/ml and administered in a volume of l0 ml/kg of body 
weight IP The different doses of the drug were tested in 
random sequence Data collection began l0 min after injec- 
tion The total number of nose-pokes made dunng the 30 min 
test sessmn provided the data to compare the differences in 
response rates between a given dose of drug and the preced- 
ing saline days 

RESULTS 

The histological evaluation showed that the tips of the 
stimulating electrodes were consistently located in the me- 
dial entorhlnal cortex, mmnly in the area of the fibres of the 
perforant path, 1 e , between the entorhinal cell layers and the 
alveus (Fig 1) A 2 to 3 week training period was necessary 
to obtain a reliable and stable SS of the medial entorhlnal 
cortex (cf [7]) At the time of NX testing the rats were 12-13 
weeks old Evaluation of the data indicated that there was no 
reliable difference between the scores on the last two preced- 
ing saline days (Fig 2) For statistical analysis, the data were 
reduced by averaging across the two pretest sahne scores to 
get a single index of responding under placebo 

NX treatment in moderate doses lowered the response 
rate on the effective hole (Fig 2) The Wllcoxon matched- 

f ,rn br m"~, 

,t 
\ 

I lular 
~dle 

/ 

MEC ~ - ~ - / - j  -[ 

FIG 1 Dmgram of electrode sites from horizontal sections 
(MEC=medml entorhmal cortex) 

pairs signed-rank test indicates that the 1 mg/kg scores 
(n= 14) and the 5 mg/kg scores (n= 10) are reliably different 
from the saline scores (two-talledp<0 05, Fig 2) This effect 
was evident throughout the whole test session (Fig 3) Al- 
though the medians of absolute values were different (Fig 2) 
the median of individual changes revealed the same 36 per- 
cent decrease for both 1 and 5 mg/kg doses 

NX 0 l mg/kg slightly reduced response rates in 3 of 4 
animals (median of individual changes -12%) Interestingly 
enough, the baghest dose (10 mg/kg, n=  14) used in this study 
produced no change in the SS behavior (Fig 2) 

The level of operant behavior indicated by the number of 
responses at the noneffective hole was not influenced by 
either dose of NX Pilot experiments with lateral entorhmal 
cortex implants (n=6) did not reveal such a clear NX de- 
pression of SS rates 

DISCUSSION 

The results of these experiments support the idea that 
positive reinforcement is mediated, in part, by the release of 
endogenous endorphms [3] In agreement with some earlier 
experiments [2, 3, 7, 11, 20, 32, 37, 40-42], a reduction of SS 
was obtained with acute NX treatment Other data suggested 
that NX is also reducing the reinforcing value of food and 
water (for review see [19, 29, 35]) Additionally, it is well 
established that opiate agonists facilitate lntracranlal SS at 
doses that have been shown to be self-administered (for re- 
view see [15, 22, 29]) An alternative interpretation that NX 
suppresses SS primarily by antagonizing endorphln- 
mediated analgesia and thereby increases the aversive prop- 
ertles of the brain stimulation was excluded at least for the 
central gray stimulation sites [20] Moreover, recent data 
support the assumption that SS and analgesia are mediated 
not only by different brain systems [20], but also by different 
oploid-receptor subtypes [2,28] 

The present findings supply first evidence that SS (1) de- 
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FIG 2 Effects o f  mtrapentoneal ly  reJected naJoxone on response 
rate per 30 mm dally session One mg/kg and 5 mg/kg NX signifi- 
cantly (*p<0 05) reduced the self-stimulation (shaded columns), 
whereas the operant behavior (noneffecuve hole=open columns) Js 
not influenced Median+standard error of the median (n=14 
ammals with the following exceptions 0 1 mg/kg n=4, 5 mg/kg 
n= 10) Note that the different NX doses were g~ven randomly after 
the preceding sahne days 
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FIG 3 Time course of SS responding (counts per 6 minutes) after 
sahne or NX (1 mg/kg) Medmn+standard error of the medmn 

raved from a perlarchlcortlcal structure and (2) performed by 
nose-poking depends on endogenous opmlds, too There- 
fore, the avadable data seem to suggest tha t - -even if 
neuronal elements subservmg various SS operants differ to 
some extent--opiotd dependence is not restricted to SS by 
lever pressing only Although m some SS models [32, 42] the 
use of partial reinforcement schedules was necessary to 
demonstrate an effect of NX, this is not the case m nose- 
poke SS of the medml entorhinal cortex as well as in other 
models [2, 3, 11, 20, 41] 

If the suppressmn of SS was due to a non-specific per- 
formance defiot in th~s expenment  then th~s effect also 
should have been evident at the noneffective hole However, 
the response rate was not affected by NX at the noneffective 
hole It could be argued that the rate of non-reinforced 
nose-poking was too low for the demonstration of a non- 
specific performance deficit The lack of an effect at the 
noneffectwe hole, however, is consistent with previous find- 
mgs where acute administration of moderate doses of NX 
failed to produce slgmficant changes in rats' spontaneous lo- 
comotor activity [1, 9, 10] 

There is evidence that NX has more influence on social 
behavmr and exploratmn of novel environments than on 
general activity [10, 26, 31] 

In contrast to most prevmus studies describing the effects 
of NX [2, 3, 11, 32, 37, 42], the highest dose of NX used m 
this study (10 mg/kg) was ineffectwe Although a simple 
dose-response relationship ~s more common for NX, there 
are some reports on a decreasing efficacy w~th mcreasmg 
doses of NX m other behavioral tests (see [31,44]) One 
possible explanation would be that, at high doses, a second 
type of the opIotd-receptor or another non-specific mech- 
anism with opposing or blocking effects is revolved which, in 
the case of our model, could cancel the effect at the more 
sensitive site At present, the basis of the d~screpancy be- 
tween the NX data in the hterature ~s unclear The fact that 
NX failed to affect SS behavmr m some studies can perhaps 

be due to the following reasons (1) Insufficient activation of 
the cntlcal opiold-erg~c neural substrate (l e ,  differences in 
electrode sites and stimulation parameters) (2) Testing of 
too high doses (e g , [17,40]). (3) Depressive effects of NX on 
other parameters as for example self-selected current dura- 
tion [13] (4) Long-term effects of repeated admlmstratlon 
Chrome NX treatment usually failed to alter SS (for review, 
see [27]) 

The fact that various neuronal structures were exposed to 
NX precludes identification of the pnmary site of action of 
NX being responsible for the suppression of the SS rate in 
our expenments.  Since we could not find effects of NX on 
SS of the lateral entorhlnal cortex m pilot expenments,  its 
enkephahnerglc projections [14] seem not to be revolved. If 
NX antagonizes the actmn of cholecystokmm-contalnmg 
projections of the medial entorhmal cortex [12] could be a 
matter of speculation (cf [33]) Interestingly, SS behavior 
obtained by electrodes m the dentate gyrus, an important 
target of the entorhlnal projections, is NX-sensltive [7] 

However, m our previous experiments it was shown by 
electrophysmloglcal methods that at least the actlvatmn of 
the classical (glutamaterglc) medml perforant path to the 
dentate area ~s not cntlcally involved m the medmtlon of this 
type of mtracranlal SS [26] Little is known about the pro- 
jections of the relatively small number of enkephalmerglc 
neurons of the rats' medml entorhinal cortex [14,21] and 
about the connectmns of the entorhmai cortex with other SS 
substrates as the prefrontal cortex and the ventral tegmental 
area There is an increasing evidence, that dopamlnerglc 
neurons of forebram represent the final common pathway for 
the expression of motwated behawor and that reward from 
opmtes may revolve a dopammerglc mechamsm [4,43]. Some 
recent studies suggest that the reward-relevant opmtd- 
receptors are localized m the ventral tegmental area (for re- 
view see [4,43]) However, consldenng the lack of 
pronounced attenuation of response rates after dopamme re- 
ceptor blockage by halopendol (Ott, unpubhshed data), a 
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separa te  reward  sys tem could be responsib le  as well for the 
N X  effects  m our model  It was  hypo thes ized  that  SS f rom 
cort ical  sRes is caused  by a c o m m o n  neural sys tem [8] It is 
no t ewor thy  that SS of  ano the r  cortical area, the prefrontal  
cor tex ,  Is hkew~se dep re s sed  by N X  [11] 

In conclus ion,  our  results  suggest  that  an enkephahn  
and/or  e n d o r p h m  release  may be revolved m the neural 
mechan i sm of  a nose -poke  SS of  the rat medml entorhlnal  
cor tex  H o w e v e r ,  fur ther  exper iments  including rate- 
mtens~ty funct ions  and " r a t e - f r e e "  m e a s u r e m e n t s  [23] are 
appropr ia te  to conf i rm the p resen t  in terpre ta t ion  The 
fur ther  identif icat ion of  oplotd-ergtc sys tems  as par t~opant  
o f  the reward  funct ion of  the en torhmal  cor tex  has interest-  

mg ~mphcat~ons for s tudying the relat ionship be tween  rc- 
ward and memo ry  E w d e n c e  indicates  that electrical sumu- 
lat~on of  the same neuroana tomlca l  sys tem can be used as a 
condi t ioned  stxmulus in a learning paradigm and Ls fol lowed 
by a long- term potentmt~on of  synaptac t ransmass |on m target 
areas (for revmw see [30]) 
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