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within isolated cells, and also external 
magnetic fields can be used to twist the 
particles and probe their viscous envi- 
ronment (19).  Although intracellular par- 
ticle motions can be observed in video- Anatomically Distinct Opiate Receptor Fields Mediate 
microscopy on a cell-by-cell basis, mag- Reward and Physical Dependence 
netometric techniques provide a quanti- 
tative description of mechanical events Abstract. Rats never before exposed to opioids rapidly learned to press a lever for 
and cytoplasmic motility within a large microinjections of morphine into the ventral tegmental area. Challenge by a narcotic 
ensemble of cells. Thus, measurement antagonist produced no signs of physical dependence. Dependence was not seen 
and manipulation of magnetic particles after long-term morphine infusions into the ventral tegmentum but was seen a$ 
within cells in vitro or in situ can be used ter similar infusions into the periventricular gray region. Thus a major rewarding 
to sense amoeboid motions, to probe cell property of morphine is independent of the drug's ability to produce physical de- 
rheology, and to assess the integrity of pendence. These data challenge models of drug addiction that propose physical 
contractile elements. dependence as necessaty for the rewarding effects of opioids. 
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Science and Physiology, tions in humans and laboratory animals or why they retain their potent rewarding 
Harvard School of Public Health, (1) have been presumed by many investi- effects after long periods of drug absti- 
Boston, Massachusetts 02115 gators (2 )  to result from the ability of nence. Several workers (3 )  have argued 

opioids to relieve the distress of with- that opioids can be rewarding indepen- 
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- opioids can be rewarding even when 

they are restricted to brain regions where - 
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they do not activate mechanisms in- 
20 volved in physical dependence. Nonde- 

pendent rats learned to press a lever for 
morphine injections into the ventral teg- 

13 

mental area but not into the periventricu- 
lar gray region; rats were made physical- 
ly dependent on morphine by long-term 
infusions into the periventricular gray 



mine whether physical dependence is 
produced by this regimen, we challenged 
six subjects with the opiate receptor an- 
tagonist naloxone (5 mglkg, injected in- 
traperitoneally) and assessed the tradi- 
tional dependence signs-escape from 
the test box, chattering teeth, and "wet- 
dog" shakes. None of these behaviors 
were induced by the naloxone challenge. 
Although this test suggested that the 
rewarding effect of morphine in these 
animals was not accompanied by physi- 
cal dependence, it was possible that un- 
detected dependence was sufficient to 
motivate drug-taking behavior. 

Since the severity of withdrawal signs 
is exacerbated by increased drug expo- 
sure (7, 8), we tested whether continu- 
ous, prolonged morphine infusions into 
the ventral tegmentum could produce 
physical dependence. Morphine was also 
infused into the periventricular gray sub- 
stance and the ventricular space dorsal 
to this region. The drug (0.5 kg in 0.5 p1 
of vehicle per hour) was delivered for 72 
hours through permanently implanted 
21-gauge stainless steel cannulas con- 
nected by polyethylene tubing to osmot- 
ic minipumps (9, 10). The animals were 
then intraperitoneally injected with nal- 
oxone (5 mglkg) and placed in a 25-cm 
Plexiglas cylinder. The number of es- 
capes from the enclosure and the inci- 
dence of chattering teeth and of wet-dog 
shakes were noted for 20 minutes (Fig. 
1). Long-term infusions into the periven- 
tricular gray produced clear signs of nal- 
oxone-precipitated withdrawal similar to  
that previously reported for both system- 
ic and centrally administered morphine 
(7, 10, 11). 

Some dependence signs were also 
seen after infusions into the ventral teg- 
mentum, which lies 2 mm ventral to the 
injection site in the periventricular gray. 
Since intracranial drug injections can 
flow up the injection cannula to  dorsal 
sites of action (12), the physical depen- 
dence produced by ventral tegmental 
morphine infusions may have resulted 
from the drug's reaching the periven- 
tricular gray. To  assess this possibility, 
additional animals were tested with can- 
nulas angled to avoid penetration of the 
periventricular gray (13). When mor- 
phine was infused through angled cannu- 
las, no signs of dependence were precip- 
itated by the naloxone challenge (Fig. 1). 
These data indicate that morphine injec- 
tions into the ventral tegmental area that 
are sufficiently rewarding to establish the 
lever-pressing response in experimental- 
ly nai've laboratory rats (5) do not pro- 
duce the dependence signs usually asso- 
ciated with opioid addiction in this spe- 
cies. Physical dependence does result 
from the same regimen of morphine infu- 

sions into the periventricular gray re- 
gion, but this site does not support intra- 
cranial morphine self-administration at  
doses that are effective in the ventral 
tegmentum (6). Thus, at least one re- 
warding consequence of opioids does not 
involve the dependence mechanism; this 
result confirms the view of several inves- 
tigators that physical dependence is not a 
necessary condition for opioid reward 
(3). It remains possible that relief of 
withdrawal distress can add to the re- 
warding effect of morphine when sys- 
temic drug intake is prolonged (14), but 
the existence of a primary rewarding 
effect independent of any relief of with- 
drawal stress suggests the need to de- 
emphasize dependence in definitions of 
addiction and questions the utility of 
treatment programs aimed at simply alle- 
viating withdrawal discomfort. The pri- 
mary rewarding effect of morphine in the 
ventral tegmental area may explain two 
facts that are explained only with diffi- 
culty by homeostatic theories that stress 
the relief of withdrawal symptoms as  the 
source of drug reward: opioids are po- 
tent rewards in nai've subjects (3), and 
drug-oriented behavior is prevalent in 
addicts and experienced laboratory ani- 
mals even after prolonged periods of 
abstinence. 
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