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SCHNUR, P AND V P RAIGOZA Effects of naloxone on morphine mduted sedatton and hyperattLwty tn the hamster 
PHARMACOL BIOCHEM BEHAV 24(4) 849--854, 1986--Three experiments investigated the effects of naloxone on 
morphine ehc~ted changes m hamster locomotor act~vtty in Experiment 1, a prior subcutaneous mject~on of naloxone (0 4 
mg/kg) converted morphine (15 mg/kg) ehc~ted hypoacttv~ty into hyperact~vtty Compared w~th sahne controls, naloxone 
pretreated ammals were hyperacttve following a subcutaneous mject~on of morphine Experiment 2 investigated the effects 
of four doses of naloxone (0, 0 04, 0 I, 0 4 mg/kg) on morphine ehc~ted hyperact~vtty Results mdtcated that naloxone 
reversal of morphine ehc~ted hyperactivity ts dtrectly related to dose of naloxone In Experiment 3, naloxone (0 4 mg/kg) 
was admmtstered one and two hours after a morphine mjectton Compared wtth sahne controls, morphine treated animals 
were hypoacttve for approxtmately 40 minutes after each of the naloxone mject~ons Results are dtscussed m terms of a 
modtfied duai-actton hypothes~s 

Naloxone Morphine Hamsters Locomotor acttvtty 

IT has long been known that morphtne has both tnh~b~tory 
and exo ta to ry  effects, in both rat and hamster, for example, 
low doses have predominantly excttatory effects, whereas 
high doses have predominantly inhibitory effects [2, 5, 13] 
Moreover, for a w~de range of doses, both effects are evident 
~n morphme's  btphas~c t~me effect curve [2, 5, 13]. For  
example, after morphine administration in the hamster, lo- 
comotor acttvity ms first suppressed and then elevated com- 
pared with sahne controls [11,13] Furthermore,  with re- 
peated admimstration, morphine 's  sedative effects decrease 
m magmtude and duraUon (tolerance), whde ~ts excitatory 
effects ~ncrease tn magmtude and decrease tn latency of 
onset (senstttzat~on) [2, 11, 12, 18]. There ms some evidence 
that morphine 's  btphasic effects are the result of independent 
pharmacological actions, medtated by d~fferent 
neuroanatom~cal mechanisms [9,19] 

The dual-action hypothes~s was proposed,  m part, to ac- 
count for morphine 's  b~phas~c effects [4, 15, 17]. According 
to tMs hypothests: "(1) MorpMne produces both depression 
and sttmulatton m the integrated nervous system as a dtrect 
pharmacologic effect, (2) Depression domtnates during the 
early phases of  drug action, masking and even ant~dottng the 
stimulant effects, (3) S~nce stimulatton outlasts depresmon, 
the later phases of drug action are characterized by 
hyperexc~tabthty; (4) As the dosage tncreases, stimulation 
dominates, ulttmately wtth tetany and convulmons as the net 
effect, (5) Stnce tolerance extsts only to the depressant ac- 
tions of morphine, rapid tncrementation of dosage and raptd 
development of  tolerance results m unopposed accumulation 
ofexc t ta tory  effects." ([141 p 514). 

Recent findings m our laboratory provide parttal support 

for the dual-actton hypothests. We reported that the opiotd 
antagomsts, naloxone and naltrexone, were effecttve in 
blocking morphine ehc~ted sedation as well as morphine 
elicited hyperactivity [10]. Such results are consistent wtth 
the dual-action hypothesis insofar as ~t implies that both lo- 
comotor hypoactivity and hyperacttvity are independent 
pharmacological effects of morphine Furthermore,  these re- 
sults suggest that both portions of  morphine 's  biphas~c time 
effect curve are opio~d medmted. Also consistent wtth the 
dual-action hypothes~s was the finding that, following the 
admimstration of  naloxone, morphine elicited sedation was 
reversed [10]. That ms, when naloxone was administered prior 
to an mjectton of morphine, hyperactivity occurred in place 
of  sedatmon. Thins finding suggests that naloxone antagonizes 
locomotor sedation and thereby unmasks hyperact~wty. But 
we also found that when naloxone or naltrexone was ad- 
ministered one hour after a morphine rejection, sedation oc- 
curred ~n place of  hyperactmv~ty [10]. This finding, not specff- 
mcally antmc~pated by the dual-acuon hypothesis,  suggests 
that opioid antagomsts block morphine elicited hyperactivity 
and thereby unmask sedation A modified dual-action hy- 
pothes~s could account for these results by proposmg that 
morphtne ehcits two concurrent, mutually inhibitory proc- 
esses ~n the hamster, one that mediates hyperactivtty and 
another that mediates sedation. Imtially, morphine ehcited 
sedation masks the effects of the process that promotes 
hyperactivity and subsequently, morphine elicited hyperac- 
t~vtty masks the effects of the process that promotes seda- 
tion. However,  when optoid antagomsts are used to block 
morphine ehcited effects, the effects of the complementary 
processes are revealed. 
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The purpose of the present experiments was to provide 
additional documentation of naloxone's effects on morphine 
elicited activity in the hamster Experiment 1 tested the ef- 
fects of naioxone on morphine ehclted sedation, whereas 
Experiments 2 and 3 investigated the effects of naloxone on 
morphine elicited hyperactivity 

EXPERIMENT 1 

Experiment 1 was designed to replicate the previously 
reported effects of naioxone on morphine elicited sedation 
[10] As described above, naloxone reversed morphine ehc- 
ited hypoactivity in the hamster, naloxone pretreated 
animals given morphine were hyperactive, compared with 
saline controls. However, in a similar experiment using the 
long acting oplold antagonist naltrexone, morphine elicited 
hypoactivlty was blocked, but not reversed, naltrexone pre- 
treated animals given morphine were no different from saline 
controls [10] A procedural difference distinguished the 
naloxone and naltrexone experiments the naltrexone chal- 
lenge was given after three days of exposure to morphine 
alone, the naloxone challenge on the first day of morphine 
administration. Perhaps naloxone's reversal of morphine in- 
duced hypoactivlty to produce hyperactivity would not 
occur following three days of morphine admlmstratlon The 
present experiment therefore administered a naloxone chal- 
lenge following three days of morphine admlmstration 

METHOD 

Subje~ ts 

Eight female golden Syrian hamsters with a mean weight 
of 99 3 grams, obtamed from Sasco, Inc (Omaha, NE), were 
used The hamsters were housed individually, maintained on 
a 12 12 hr lighting cycle (lights on at 7 a m.) and given free 
access to tap water throughout the experiment Animals re- 
ceived a daily food ration (Punna rodent lab chow) after each 
experimental session sufficient to maintain 90% of their ad 
lib weights 

Apparatus and Materials 

The apparatus consisted of eight identical activity wheels 
(Wahmann Co., Model LC-34) which were housed in a room 
dimly illuminated by two 15 watt bulbs Running wheels 
were fitted with microswitches and interfaced (Lafayette 
minicomputer interface, Model i180) to an Apple II Plus 
computer to record the number of wheel revolutions An 
ambient noise level of 79 dB (re. 0 0002 dynes/cm ~, A scale) 
was maintained 

Morphine injections consisted of 15 mg/kg doses of moro 
phlne sulfate (Lilly) and naloxone injections consisted of 0 4 
mg/kg doses of naloxone hydrochlonde (Endo) All inJec- 
tions were administered subcutaneously ~n the dorsal surface 
of the neck in 1 ml/kg volumes 

Pro~ edure 

The experiment was conducted on nine successive days 
On each of the first three days, animals were given saline 
injections and placed ~n the running wheels for a three hour 
baseline session. Animals then were randomly assigned to 
one of four treatment groups" Groups SAL/SAL (n=4). 
NLX/SAL (n=4), SAL/MS (n=4), NLX/MS (n =4) On Days 
4, 5 and 6, Groups SAL/SAL and NLX/SAL received saline 
injections and Groups SAL/MS and NLX/MS received mor- 
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phlne injections 15 mln before being placed in the running 
wheels for three hours On Day 7, animals were tested in a 
three hour running wheel session following two injections. 10 
mln apart Group SAL/SAL received two saline injections, 
Group NLX/SAL received a naloxone injection followed by 
a saline injection, Group SAL/MS received a saline injection 
followed by a morphine Injection, Group NLX/MS received 
a naioxone injection followed by a morphine injection On 
Day 8, all animals received a single injection of sahne or 
morphine (as on Days 4-6) before being placed m the running 
wheels for three hours On Day 9, animals were tested as 
they were on Day 7, except that group assignments were 
reversed between animals in Groups SAL/SAL and 
NLX/SAL and between animals in Groups SAL/MS and 
NLX/MS (cf ,  [10]) The number of wheel revolutions was 
recorded at 20-minute intervals for each animal 

RESULTS AND DISCUSSION 

Figure 1 shows mean running wheel activity as a function 
of time for all groups dunng test days The effect of mor- 
phine is evident in the comparison of Group SAL/MS with 
Group SAL/SAL Consistent with earlier reports [1 I, 12, 
13], morphine in the present experiment induced sedation 
followed by hyperactivity The present results also confirm 
our e i ther  observations concerning naloxone's effects on 
morphine induced sedation in the hamster [10] A compari- 
son of Group NLX/MS with Group SAL/MS indicates that 
the sedation elicited by morphine m Group SAL/MS was 
completely blocked in Group NLX/MS by a prior injection of 
0 4 mg/naioxone. Moreover, as expected, animals given 
naloxone plus morphine (Group NLX/MS) were hypera~ ttve 
compared with saline controls Naloxone itself had no effect 
on hamster locomotor activity, Groups NLX/SAL and 
SAL/SAL maintaining similar activity levels dunng the test 
sessions [ 10] 

These conclusions are corroborated by a 2 (first injection) 
× 2 (second injection) × 9 (time blocks) mixed factorial 
analysis of variance (ANOVA) which indicated that there 
was no effect of the second Injection, F(I,6)=2 38, p > 0  17. 
but that the effect of the first injection. F(I.6)=5 58, p < 0  05, 
and the interaction between the first and second rejections, 
F(1,6)=i5 66, p<0.01, were significant In addition, the in- 
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FIG 2 Mean act=vlty (number of wheel revolutions) as a function of 20-minute time blocks dunng test days ~n 
Experiment 2 Each panel shows the data for a different naloxone dose. 

teractlon between time and the second injection was stgmfi- 
cant, F(8,48)=4.17, p<0.001, as was the interaction between 
time, the first m.lectlon and the second injection, 
F(8,48) = 3.59, p <0.002 Post hoc comparisons using Fisher 's  
least significant difference test revealed that Group NLX/MS 
was significantly (p<0.05) more active than Group 
SAL/SAL after 40, 60 and 80 minutes of  the test session; that 
is, times when Group SAL/MS was not yet hyperactive. 

Thus, the present findings indicate that, after three days 
of morphine admmmstration, naloxone can reverse morphine 
elicited sedation to produce hyperactivity. Such results are 
consistent w~th previous results [10] and with the hypothesis 
that naloxone acts on morphine ehclted sedation to "un- 
mask" an underlying process that promotes hyperactivity. 

EXPERIMENT 2 

According to the modified dual-action hypothes~s pro- 
posed above, morphine elicited hyperact~vity masks the ef- 
fects of an underlying process that mediates sedation Evi- 
dence consistent with that hypothes~s is given by the finding 
that opiate antagonists induce sedation when administered 
dunng morphine elicited hyperactivity [10]. Experiment 2 
was destgned to extend that finding by testing the effects of 
four doses of naloxone (0, 0.04, 0. i, 0.4 mg/kg) on morphine 
~nduced hyperact lwty Morph|ne was administered for three 
successive days before the naloxone challenge. As in previ- 
ous work [10], the naloxone challenge was given one hour 
after animals began running under the influence of morphine 
m order to synchronize the naloxone injection w~th the ex- 
cttatory portion of morphine 's  time effect curve [I 1,12]. 

METHOD 

Subjects 

Sixteen adult golden Syrian hamsters (11 females, 5 
males) with a mean weight of 97 grams were used. The ham- 
sters were descended from animals obtained from Sasco, 
Inc. (Omaha, NE). Housing and maintenance conditions 
were the same as described ~n Experiment I 

Apparatus and Matertals 

The apparatus was identical to that used m Experiment 1. 
Morphine injections consisted of 15 mg/kg doses of morphine 
sulfate (Lilly). Naloxone injections consisted of  0 (sahne), 
0.04, 0.1 or 0 4 mg/kg doses of naloxone hydrochlonde 
(Endo). All injections were administered subcutaneously in 
the dorsal surface of  the neck ~n I ml/kg volumes 

Prot edure 

The experiment was conducted on ten successive days. 
During each of the first three days,  the animals were given a 
saline rejection and placed in the running wheels for a three 
hour baseline session. On Days 4 through 6, half the animals 
received saline and half received morphine mject~ons before 
being placed m the running wheels for three hours Animals 
were tested on Days 7 through 10. On each test day, animals 
received saline or  morphine as they had on Days 4-6 and 
then were placed in the running wheels. One hour later, they 
were removed from the running wheels, g~ven an mject~on of 
one of the four doses of naloxone, and replaced in the wheels 
for two additional hours. The order of admimstenng 
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naloxone doses on Days 7-10 was counterbalanced across 
subjects 

RESULTS AND DISCUSSION 

Figure 2 shows mean locomotor activity on test days as a 
function of 20-minute blocks of time for all groups in Exper- 
iment 2 Each panel presents the data for a d~fferent 
naloxone dose Recall that the second injection for all groups 
was given after one hour of running under saline or mor- 
phine Figure 2a shows the data for Groups SAL/0 and MS/0 
Compared with saline controls, morphine produced sedation 
followed by hyperactivity As expected, a saline injection 
after one hour had no detectable effect on morphine's time 
effect pattern Figures 2b, 2c and 2d show the data for 
Groups SAL/004 and MS/0.04, Groups SAL/01 and 
MS/0 1, and Groups SAL/0 4 and MS/0 4, respectively 
Compared with saline controls (Fig 2a), naloxone interfered 
with morphine elicited hyperactivity in a dose dependent 
manner At the lowest dose of naloxone, the recovery from 
sedation was slowed and little hyperactivity occurred during 
the three hour session. At the 0 I dose of naloxone, sedation 
occurred in place of hyperactivity, recovery was slowed and 
again, httle hyperactivity was evident during the session At 
the highest naloxone dose, even greater sedation occurred in 
place of hyperactivity, recovery was slowed and no 
hyperactivity was evident 

These conclusions are corroborated by a 2 (first injection) 
× 4 (naloxone dose) × 9 (time blocks) mixed factorial 
ANOVA The effect of the first injection was not significant 
(F<I) ,  nor was the effect of the second Inject~on (F<I )  
However. the effect ot time was significant, F(8,112)=9 94. 
p < 0  001, as were the Time × First ln, lect~on, F(8,112)=2 84, 
p < 0  01, and the Time × First Injection x Naloxone Dose, 
F(24,336)= 1 84 ,p<0  01, interactions Post-hoe comparisons 
using Fisher's least slgmficant difference test indicated 
(p<0 05) that Group MS/0 was significantly more active than 
Group SAL/0 after 120 minutes, that Group MS/0 04 was 
slgmficantly less active than Group SAL/0 04 after 80 min- 
utes, that Group MS/0 1 was significantly less active than 
Group SAL/0.1 after 80 and 100 minutes, and that Group 
MS/0 4 was significantly less active than Group SAL/0 4 
after 80 and 100 minutes 

These results confirm previous findings by demonstrating 
that a 0 4 mg/kg dose of naloxone reverses morphine ehoted 
hyperactivity In addition, the present data indicate that 
naloxone reversal of morphine elicited hyperactivity is di- 
rectly related to dose of naloxone An alternative interpreta- 
tion of these data is that naloxone elicits opiate withdrawal in 
morphine treated animals However. since opiate with- 
drawal ~s characterized by tilt reased levels of activity In 
hamsters [I], Jn mice [161 and sometimes In rats [3]. this 
hypothesis seems implausible 

EXPERIMENT 3 

According to the dual-action hypothesis, morphine In- 
duced stimulation outlasts morphine induced depression and 
thus hyperactivity appears as the second phase of mor- 
phine's t~me effect pattern. However, the results of Experi- 
ment 2 (and our previous observations [10]) suggest that an 
underlying process that promotes sedation accompanies be- 
havioral hyperactivity, that morphine's excitatory actions 
are superimposed on and mask the sedation Nevertheless, it 
remains reasonable to consider the hypothesis that "stimu- 
lation outlasts depression" If that is true. then a naloxone 
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FIG 3 Mean activity (number of wheel revolutions) as a funcuon of 
2~mmute blocks of t~me dunng tes~ days m Ex~nmen~ 3 

challenge should reveal a smaller inhibitory process as a 
function of time since morphine administration The purpose 
of Experiment 3 was to test the effects of two naloxone 
injections on morphine induced hyperactivity Naloxone re- 
jections were given one and two hours after morphine admm- 
lstrauon It was expected that the first naloxone injection 
would produce a greater reversal of hyperactivity than the 
second 

METHOD 

Sub.lC~ t,~ 

Sixteen adult golden Syrian hamsters (15 females, 1 male) 
with a mean weight of 100 5 grams were used The hamsters 
were descended from animals obtained from Sasco, Inc 
(Omaha, NE) Conditions of housing and maintenance were 
as described in Experiment I 

Apparatus" and Materials 

The apparatus and materials were identical to those used 
in Experiment 1 

PFO( CdlIFC 

The experiment was conducted on eight successive days 
Dunng each of the first three days, the animals were given a 
saline m3ectlon and placed m the running wheels for a three 
hour baseline session On Days 4 through 6, half the animals 
received saline and half received morphine m.lectlons before 
being placed m the running wheels for a three hour session 
Days 7 and 8 were test days m which the animals received 
either saline or morphine, as on Days 4 through 6, before 
being placed in the running wheels Then, one and two hours 
later in the session the animals were removed from the run- 
rang wheels and received a second and third in3ectlon, re- 
spectively, of either saline (Groups SAL/SAL and MS/SAL) 
or naloxone (Groups SAL/NLX and MS/NLX) On Day 8, 
the same procedure was followed, but those animals which 
were given naloxone on Day 7 were given saline and those 
given saline on Day 7 received naloxone 

RESULTS AND DISCUSSION 

Figure 3 shows mean activity on the test days as a func- 
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tmon of  20-minute blocks of time for all groups m Experiment 
3. Morphine 's  sedative effects are ewdent during the first 
hour, where Groups MS/SAL and MS/NLX were less actmve 
than Groups SAL/SAL and SAL/NLX.  The effects of 
naloxone on morphine reduced changes m activity can be 
seen in the comparison of Group MS/SAL with Group 
MS/NLX after the first and second hour rejections. After 
both inject|ons, Group MS/NLX decreased its act~wty and 
was hypoact~ve compared w~th saline controls After the first 
mnject~on, the act~vtty of Group MS/NLX decreased,  
whereas that of Group MS/SAL increased. After the second 
injection, the actmvity of Group MS/NLX decreased agatn, 
but the magnitude of the decrease was smaller than mt was 
after the first mjectmon A comparison of Groups SAL/SAL 
and SAL/NLX indicates that naloxone by mtself had no effect 
on hamster locomotor act~vmty. 

One feature of these results that ms inconsmstent w~th pre- 
vinous data ms the fact that morphine did not ehcmt hyperactmv- 
mty m the present experiment.  That ms, Group MS/SAL was 
never more actmve than Group SAL/SAL.  Nevertheless,  the 
effects of  naloxone are clear. Although Groups MS/SAL and 
SAL/SAL achieved equmvalent levels of actmvmty, the results 
of  the naloxone challenge mdtcate that acttvmty in these two 
groups was mediated by dtfferent mechamsms That ms, stance 
naloxone admimstrations produced hypoactmvmty mn mor- 
phine treated ammals (Group MS/NLX), but not mn saline 
treated ammals (Group SAL/NLX),  mt is fair to conclude that 
actmvmty mn the former but not m the latter group, was opmid 
mediated Moreover,  since naloxone ehcmted hypoa~ ttvtty in 
Group MS/NLX, tt appears that naloxone, mn blocking re- 
covery from morphine sedatmon, unmasked a process that 
promotes decreased locomotor actmwty. 

These conclusmons are corroborated by a 2 (first mnjectmon) 
× 2 (second, third rejection) x 9 (tmme blocks) m~xed facto- 
hal ANOVA which mdmcated that the effect of  the first mnjec- 
tion was smgmficant, F(I ,14)= 12 25, p<0.005,  as was the ef- 
fect of tmme, F(8,112) = 21 83, p <0.001 In addition, the Time 
× F~rst Injection mteracuon, F(8,112)=8.09, p<0 .0~l ,  and 
the Tmme x Fmrst Injection × Second, Third lnjectmon in- 
teraction, F(8,112)=2.2 I, p<0.05,  were smgmficant Post-hoc 
comparisons using F~sher's least smgmficant dmfference test 
mdmcated (p<0 05) that Group MS/NLX was smgnmficantly 
less actmve than Group SAL/SAL after 80, 100, 140 and 160 
minutes of the test sessmon In other words, compared with 
sahne controls, morphine treated animals were hypoactmve 
for approxmmately 40 m~nutes after each of two naloxone 
mjectmons The decrease m act~vmty evmdent m Group 
MS/SAL after 140 minutes was not smgmficantly dmfferent 
from sahne controls. 

In demonstrating that naloxone ehc~ts hypoact~vity mn 
morphine treated ammals, the present experiment suggests 
the exmstence of an underlymng process that promotes de- 
creased actmvmty during the recovery from morphine reduced 
sedatmon. The present results are consmstent wRh the dual- 
action hypothesms mnsofar as the first naloxone reject|on 
produced more hypoact|vmty than the second This was ex- 
pected on the bas~s of the hypothesms that stimulatmon out- 
lasts depressmon. It ms interesting to note, however, that smg- 
mficant hypoactmv|ty was produced by the second naloxone 
~nject~on, two hours after morphine admmmstratmon. 

G E N E R A L  DISCUSSION 

The experiments reported here extend prewous mvesu- 
gauons of the effects of opmomd antagomsts on morphine ehc- 

ited changes ~n hamster locomotor activity and may be sum- 
manzed as follows: (1) morphine elicited sedation is replaced 
by hyperactivity in naloxone pre-treated animals; (2) 
naloxone reversal of  morphine induced hyperactivity is d~- 
rectly related to dose of  naloxone; (3) successive naloxone 
challenges produce repeated reversal 0.e. ,  hypoactivity) of 
recovery from morphine sedaUon. Such results are consis- 
tent wroth the hypothesis that morphine elictts two concur- 
rent, mutually |nhibmtory processes m the hamster Initmily, 
one process predominates and sedauon is the behavioral 
outcome Subsequently, the opposing process predominates 
and hyperactivity ms the behavmoral outcome That the oppo- 
nent processes co-exist ~s suggested by the effects of 
naloxone: When e~ther process was blocked, its complement 
was revealed m a reversal of behavtoral outcome. 

The effects reported m these experiments with hamsters 
have been reported occasionally m other species. For  
example, Brady and Holtzman [3] studied the effects of 
naloxone on morphine elicited changes m the acuv~ty of 
nondependent and dependent rats In nondependent rats, 
doses of morphine (e.g., 30 mg/kg) that produced sedation 
when administered alone, produced hyperacUwty when 
administered m combination wroth naloxone (0.3 mg/kg). In 
dependent rats, doses of morphine (e.g., 1 mg/kg) that 
produced hyperactivmty when admimstered alone, produced 
sedation when admimstered m combination w~th naloxone 
(0.3 mg/kg). In mice, hyperactmvmty induced by morphine (10 
mg/kg) was changed mnto hypoactivRy by a low dose (0.05 
mg/kg) of naloxone [8]. And, m monkeys,  morphine reduced 
sedation was changed mnto excitation by pre-treatment with 
the op~omd antagonist, nalorphine [15]. 

These findings raise quesuons about the mechanisms of 
morphine 's  hiphasmc effects One possibility is that both ef- 
fects are the result of a smngle dose related mechanism, with 
sumulant effects occurnng at low doses and depressant ef- 
fects at high doses [18] Thus, over time, sedation g~ves way 
to hyperactmvmty as initially high blood levels of the drug fall 
to low blood levels. The present find|ng that naloxone can 
reverse sedauon to produce hyperactmv|ty and reverse 
hyperacuvmty to produce sedaUon weakens that hypothesis 
mn favor of one that posmts two independent actions of mor- 
phine (cf., [12]). An alternatmve hypothes~s is that morphine 's  
biphas~c effects are the result of drug receptor interaction at 
different CNS states For  example, the dual actmon hypothesms 
[14]. proposed that morphine sedaUon was mediated by re- 
ceptors on the axon, whereas morphine excitation was 
medmated by receptors on the cell body. Recently, evmdence 
has been presented to suggest that morphine 's  excitatory 
actmons are medmted by the mesolimbic dopamme system 
[7,19], and that ~ts sedatwe effects are medmted by mmdbrain 
[9] or reticular formauon structures [4]. Thus, m rats, apph- 
cauon of morphine dwectly to the nucleus accumbens [9], 
substantia mgra [7], and the ventral tegmentum [7,19] elicmts 
hyperactwtty,  whereas apphcatmon of morphine directly to 
the nucleus raphe pontms eho t s  sedation [4] It ~s stdl too 
early to choose among these competing hypotheses 

The present findmngs are relevant also to reports of mor- 
phine mnduced hyperreat ttvuy [6] This phenomenon is char- 
actenzed by extreme startle reacuons (explosive motor be- 
havmor) to relatmvely mild stmmuh and ms ehcmted by mmcrom- 
jectmons of  morphine mnto the periaqueductal grey region 
Smgnificantly, however, this form of  morphine elicRed exc~- 
tauon is not naloxone reversible, whereas the hyperactmvity 
seen mn the above experiments ms naloxone reversible. 

Finally, the present findings, along wroth previous results 
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[3, 8, 10], raise dtfficult ques t ions  about  the mechamsm(s )  of  
na loxone  an t agomsm o f  morp lune  mduced  changes  ~n loco- 
mo to r  acUv~ty. In part icular ,  the m e c h a m s m  by which 
na loxone  " u n m a s k s "  opiate  effects  ~s at ~ssue' What  would 
be the m e c h a m s m  by which  na loxone  blocks  sedat ion  and 
not hyperac t iv i ty  at one  momen t ,  but subsequen t ly  blocks 
hyperact~wty but not sedat ion  9 Admi t ted ly ,  it ~s merely  a 
rephras ing  o f  the p rob lem to state  that ,  m the con tex t  o f  the 

dual-act ion hypothes~s, optate an tagomsts  act to oppose  the 
p redominan t  p rocess  
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