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CALCAGNETTI, D J , F J HELMSTETTER AND M S FANSELOW Quatelnary naltte~one re~eal~ the central 
rnedtatton ofcondtttonal optotd analge~ta PHARMACOL BIOCHEM BEHAV 27(3) 52%531, 1987 --Earher research has 
demonstrated that when rats are placed in a context associated with mild electric shock (1 mA/O 75 sec), environmental 
cues alone can produce condltmnal analgesm that suppresses pare sensmwty on the formalin test This analgesia appears to 
be mediated by endogenous opmlds since it is reversed by the centrally active opio~d antagonists naloxone and naltrexone 
Two experiments attempted to determine if peripheral or central opio~ds mediate th~s analgesia by employing quaternary 
naltrexone (QNTX), an antagonist which does not readily penetrate the blood-brain barrier at moderate doses Intracere- 
broventncularly administered QNTX (10/xg) slgmficantly reversed condmonal analgesm, whereas mtraperltoneally re- 
jected QNTX did not affect formahn-mduced behavior These results suggest that the conditional analgesia produced by 
our procedures is mediated by central, not peripheral, oplold mechanism(s) 
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Formahn test 

A central prediction of the Perceptual-Defenstve- 
Recuperative (PDR) model, proposed by Bolles and Fan- 
selow (1980), is that originally neutral stimuli that have be- 
come associated with a painful event through Pavlovlan 
conditioning will acquire the ability to engage a defensive 
behavior system referred to as fear [2] Activation of this 
system produces species specific defensive responses (such 
as freezing) and a reduction of  sensmwty to noc~ceptlve 
stimuli (analgesia) In more operational terms, it has been 
demonstrated that if a rat is placed m a context that was 
assocmted with mdd electric footshock the situational cues 
alone can produce a naloxone reversible conditional 
analgesia capable of  suppressing pare related behawors on the 
formalin test [6,8] Earher research has demonstrated that 
th~s analgesia ~s medmted, at least pantally, by endogenous 
opmlds since lntraperltoneal (IP) reJections of the opmld 
antagonists, naloxone (NX, 10 mg/kg) [6] and naltrexone 
(NTX, 7 mg/kg) [8], ehmmate the suppressmn of formahn- 
induced recuperative behavmr thus reversing conditional 
analgesm However ,  it is unknown if perapheral or central 
oplold mechanisms are pnmardy responsible for condltmnal 
analgesia 

The present experiments attempted to address th~s Issue 

by using naltrexone methobromlde (QNTX), a quaternary 
form of naltrexone that does not readily penetrate the 
blood-brain barrier when administered in moderate doses 
[3] If blockade of peripheral oplold receptors, using this 
quaternary antagomst, fails to reverse conditional analgesm, 
then a central oplold mechanism is suggested In Experiment 
1, QNTX was administered IP to block peripheral oplold 
receptors To prowde simultaneous indices of  pain sensitiv- 
ity and fear responses we employed the formahn test [4,9] 
The doses were selected based on prior research using this 
drug In averslve learning situations [12] 

EXPERIMENT 1 

METHOD 

SubJects 

The subjects were 22 female rats of  the Long Evans strain 
raised m the Dartmouth Psychology Department colony All 
subjects were 180 days old at the time of testmg The rats 
were maintained in a colony room (14/10 hr hght dark cycle, 
with dark onset at 7 00 p m ), individually housed in hanging 
stainless steel cages, and provided with ad lib food (Prolab 
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3000) and tap water They were trained and tested in an 
Isolated room maintained at 23°C during the last two hours of 
their light cycle 

Pro6edute and Appatatu~ 

After five days of adaptation to transportation and han- 
dhng, conditioning took place in one of four observation 
chambers (23 5×29x 19 5) The chambers were illuminated 
with a 7 5 W white hght bulb which allowed the experimenter 
to observe the subjects's behavior through a 30× 30 cm clear 
plastic window In the front wall of the sound attenuating 
chest Ventilation fans were adjusted to provide background 
noise at 73 dB (C scale) The chambers were cleaned after 
each rat with a 5% amonlum hydroxide solution Two hr 
prior to dark onset on the training day each rat was placed 
into its assigned chamber Four rain after placement in the 
chamber each rat received a total of three 1 mA/0 75 sec 
footshocks spaced 20 sec apart The rats were removed 20 
sec after the last shock and returned to their home cage for 
about 24 hr 

On the next day (test day) pain senslUvlty was measured 
with the formalin test [5] Each rat was injected subcutane- 
ously (0 05 ml) under the dorsal surface of the right hind paw 
with 15% formahn in sahne (SA) F~ve mln later the rats were 
randomly assigned to one of four drug groups and injected IP 
with 0, 3, 10 and 30 mg/kg of QNTX (a gift of Dr H Merz, 
Boehrlnger-lngelheim) and returned to the home cage Fif- 
teen min after drug injection (thus 20 mln after formalin) the 
rats were placed in the chamber in which they received 
shock the day before and their behavior scored for 8 mln 
with a time sampling procedure [8] Every 8 sec each rat's 
behawor was scored as belonging to one of the four following 
categories (1)F~eezmg--defined as complete body lmmo- 
bdlty except for those required by respiration, (2) Paw 
LtJtmg--ln which the ammal rinses and holds the formahn 
treated paw elevated and close to its body, (3) Pau 
Ltckmg--defined as any hcklng or contact of the treated paw 
with the animal's mouth, (4) Acm,ttv--all other behaviors, 
such as locomotion and grooming, were scored as general 
actlwty [6] Statistical analyses were performed by overall 
one way ANOVA followed, when appropriate, by linear 
trend analyses No shock was admlnstered on th~s test day 

R E S U L T S  

The percentage of total samples was determined for the 
categories of recuperation (defined as the sum of paw lick 
and paw lift scores) and freezing These data were subjected 
to separate one way ANOVA's  No significant differences 
were found for recuperation, F(3,18)= 1 2, p = 0  32, or freez- 
ing, F(3,18)= 1 83, p = 0  18 The percent recuperative means 
for peripherally administered doses of QNTX (0, 3, 10 and 30 
mg/kg) were 3 4 (SD 3 29, n=5),  0 (SD 0, n=5),  10 (SD 17 37, 
n=6) and 1 2 (SD 2 04, n=6) respectively Since none of the 
animals in the 3 mg/kg group showed any recuperative be- 
havior the assumption of homogeniety of variances for the 
ANOVA was violated Therefore, we performed a supple- 
mental analysis using the Kruskal-Walhs test The results 
with this nonparametrlc test confirmed the results with the 
ANOVA in that there was no reliable between groups differ- 
ence (H=5 02, p = 0  17) Thus peripherally admlmstered 
QNTX did not significantly affect conditional analgesia at 
the doses tested using these procedures 
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FIG 1 Shows the mean percent recuperation scores for four ICV 
doses of QNTX (0, 0 1, 1 and 10/zg/rat) 

EXPERIMENT 2 

Experiment 1 demonstrated that IP QNTX failed to sup- 
press conditional analgesia Since the centrally and periph- 
erally acUve tertiary form of naltrexone does attenuate con- 
d~tional analgesia, this result suggests that peripheral opioid 
receptors are not involved in conditional analgesia How- 
ever. the possiblhty exists that QNTX did not work because 
its unique molecular structure resulted in a compound with 
less receptor affinity than tertiary naltrexone To further test 
the hypothesis that the effects of naloxone and naltrexone 
upon recuperation are indeed centrally mediated, we ad- 
ministered QNTX lntracerebroventrlcularly (ICV) The 
doses were selected based upon research using the drug in 
other aversive learning situations [1] 

M E T H O D  

Sublect~ 

The subjects were 20 naive female rats of the Long Evans 
strain similar to those used in Experiment 1 All subjects 
were about 180 days old at the time of surgery The rats were 
housed, maintained, trained and tested as specified in Exper- 
iment 1 

Sutgely Dlugs and InJection 

Rats were anesthetized with 100 mg/ml/kg Ketamlne Hy- 
drochlorlde A local anesthetic (2% hdocaine) was injected 
under the scalp A 22 gauge stainless steel outer cannula was 
implanted into the right lateral ventricle (coordinates used 
were 0 4 mm posterior to bregma, 1 4 nun lateral to mldhne, 
and 3 l mm ventral to the surface of the cortexl with the 
skull leveled between lambda and bregma QNTX was dis- 
solved in 0 9% filtered SA (Mlllex-GV 0 22 /xm, Mlllipore 
Corp ,  Bedford, MA) Filtered 0 9% SA also served as the 
control injection The ICV injections were performed by 
backloadmg the drug up a 28 gauge internal cannula (Plastic 
Products Roanoke, VA) into PE-50 tubing (Intramedlc No 
7411) An injection volume of 4/zl was delivered by a 5/xl 
synnge (Hamilton No 7002) at a rate of 4/xl/40 sec 

Procedure 

The subjects were given a minimum of six days recovery 
prior to the beginning of conditioning All subjects were 
handled and had their cannula caps removed daily for five 
days prior to training to familiarize them with the procedure 
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The rats were  run w~th the same procedure  and apparatus as 
specified in Exper imen t  1 excep t  that f ive mm after the for- 
mahn injection the rats rece ived  ICV ln jechons  o f  Q N T X  (0, 
0 l ,  1 and 10/~g/rat) instead of  IP  reject ions Fif teen min 
after drug reject ion (thus 20 mm after formahn) the rats were  
placed in their  assigned chambers  and scored as descr ibed in 
Exper iment  1 

At  the conclus ion o f  the exper iment ,  all subjects were  
overdosed  with Nembuta l  and rejected ICV with 4/~i of  India 
mk (Hunt /Speedbal l  No  3338) Approximate ly  5-15 mln 
after injection o f  the ink t racer  they were  perfused transcar- 
dially with SA fol lowed by 10% formalin The brains were  
r emoved  and coronal  sections were  made  along the cannula  
tract  Posit ive cannula  p lacement  was verif ied for each rat by 
the presence  o f  mk hnmg the epithelial cells  o f  the lateral,  
third and fourth ventr ic les  Eighteen of  the 20 rats showed 
posi t ive cannula p lacements  Due to procedura l  er ror  two 
rats missed ink rejections,  however ,  visual inspect ion 
showed the tip of  the cannula within the ventr ic le  There-  
fore,  all 20 rats were  included in the analysis When  the data 
analysis was per formed without  those two rats it did not  alter 
the statishcal results 

RESULTS 

An overal l  one way  A N O V A  of  recupera t ive  scores re- 
vealed reliable group differences,  F(3,16)=6 58, p < 0  004 
Linear  t rend analysis revea led  a significant l inear componen t  
for dose,  F(1,16)= 16 04, p < 0  001 Figure 1 depicts  the mean 
percent  recupera t ive  scores in rats given the four  doses  o f  
Q N T X  ICV These  data indicate that mt racerebrovent r lcu-  
larly adminis tered Q N T X  produced  a significant dose-  
related reversal  o f  con&tlonal  analgesm The mean re- 
cupera t ive  score for the rats which rece ived  10/xg Q N T X  
was nine t imes higher than the SA group One way A N O V A  
for ICV freezing scores revealed no sigmficant differences,  

F (3 ,16)= l  8, p = 0  18, nor  were  any expec ted  given these 
procedures  [7-9] We &d not  observe  hyperexcl tabdl ty  or  
seizure-l ike ac t lwty  after ICV administrat ion of  any dose of  
Q N T X  tes ted 

D I S C U S S I O N  

Q N T X  (10 /~g) given ICV on the test  day significantly 
(/9<0 001) reversed  condit ional  analgesia in that drug t reated 
subjects recupera ted  on the average  o f  nine t imes more than 
controls  using the formalin test  On the o ther  hand, periph- 
erally adminis tered Q N T X ,  at doses  as high as 30 mg/kg, 
failed to significantly reverse  condit ional  analgesia These  
findings are consis tent  with the hypothesis  that  the effects of  
naloxone and nal t rexone on condit ional  analgesm measured  
by the formalin test  are centrally media ted  Peripheral  oploId 
receptors  do not appear  to be involved  m this form of  condi-  
tional analgesm 

Freez ing  was not sigmficantly affected by Q N T X  These  
results argue against suppression of  locomotor  mechanisms  
by Q N T X  Since peripheral ly administered naloxone (10 
mg/kg) [10], has no effect  on basehne  pmn sensitivity using 
the formahn test,  but does  reverse  condit ional  analgesm 
[6,8], it seems reasonable  to assume that  the pr imary effect  
of  ICV Q N T X  is indeed a reversal  o f  analgesm And since 
con&hona l  analgesm is not  affected by hypophysec tomy [6] 
nor  IP Q N T X ,  it seems that  this analgesia is medmted  by a 
neural-opiold mechan i sm [11] 
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