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BODNAR, R.J,, D.D. KELLY, A. SPIAGGIA, C. EHRENBERG AND M. GLUSMAN. Dose-dependent reductions by
naloxone of analgesia induced by cold-water stress. PHARMAC. BIOCHEM. BEHAV. 8(6) 667—672,1978. — Animals
exposed to cold-water swims, rotation, or inescapable shocks, display analgesia comparable to that of 10 mg/kg of
morphine. The present study investigated whether a narcotic antagonist would eliminate analgesia induced by cold-water
swims. In one group of 12 rats, naloxone at 0, 1, 5, 10 and 20 mg/kg was administered at weekly intervals immediately
preceding forced cold-water swims (2°C for 3.5 min) and alterations in flinch-jump thresholds were determined 30 min
thereafter. In a second group of six rats, the effects of the same dose range of naloxone were determined upon normal
flinch-jump thresholds. Naloxone dose-dependently attenuated the cold-water swim-induced analgesia up to a maximal
reduction of 50% at 20 mg/kg. In contrast, all doses of naloxone had no effects upon normal flinchjump thresholds. Since
low doses of naloxone completely abolish morphine-induced analgesia, the present data suggest that the analgesia induced

by stress is not identical to that of opiates.

Stress Analgesia Naloxone Pain inhibition

Flinch-jump test

SEVERAL behavioral studies have identified a set of severe
environmental situations which can induce in the organism
an analgesic response comparable to that produced by
moderate doses of morphine. Following the initial obser-
vation that showed increased tail flick latencies following
inescapable foot shock, rotation or intraperitoneal in-
jections of hypertonic saline [24,25], the list of an-
algesically effective stressors has rapidly lengthened to
include cold-water swims [9,10], food deprivation (46]
and acute administration of 2-deoxy-D-glucose, an anti-
metabolic analogue which produces glucoprivation (7] . The
analgesia induced by these stressors has been measured by a
wide range of pain tests, both reflex and operant, including
tail-flick withdrawal to radiant heat, hot plate, paw-pinch,
flinch-jump, tail-pinch and an operant liminal escape test
(9, 10, 24, 25, 33]. Given the number of environmental
stressors that increase nociceptive thresholds, it would seem
unlikely that various non-specific peripheral factors peculiar
to the individual stressors could account for the threshold
elevations. In particular, the analgesia induced by cold-
water swims, the stressor employed in the present ex-
periment, can be explained by neither core or skin
hypothermia, nor hypoactivity, since both acutely-treated
analgesic rats and chronically-treated non-analgesic rats
have been shown to display significant core and skin
hypothermia as well as similarly increased activity levels
following the swims [8, 10, 11]. Rather it would seem that
a temporary reduction in sensitivity to painful stimuli may
be one of a shifting collection of physiological responses to
challenging environmental stimuli which collectively define
a stress response. Supporting this notion are the in-

dependent observations that both inescapable foot shock
[1,34] and cold-water swims [10,11] induce analgesia only
on initial exposure. Repeated exposures to the same
stressor have been found to result in adaptation of the
analgesic response in much the same way as other physio-
logical stress responses adapt and in much the same way as
repeated injections of morphine result in tolerance.

With the discovery of the opiate receptor [39, 45, 48]
and the identification of the endogenous peptides with
opiate-like properties [22, 26, 27, 44] most biochemical
characterizations of neural pain-inhibition have emphasized
its opiate components. Administration of both morphine
and endorphin fragments produces analgesia (4, 6, 21, 29,
30, 31, 40, 49, 50]. The analgesia induced by stressful
events was also initially linked to brain endorphin activity
because acute exposure to stressors increased brain opiate
receptor binding properties [1, 14, 15, 34] and because
beta-endorphin and adreno-corticotrophic hormone were
found to be released concomitantly from the pituitary
following acute restraint stress [23]. In contrast, beta-
endorphin was found in higher levels in the blood, but not
in brain tissue, following foot shock stress [43] while
whole brain ®H-methionine enkephalin activity was un-
altered following this same stressor [18]. Similarly, dorso-
lateral funiculus lesions in the spinal cord, which eliminate
morphine-produced and stimulation-produced analgesia [3,
41, 421, have no effect upon analgesia induced by electric
foot shock [41,42]. Finally, cross-tolerance fails to develop
between morphine-produced and cold-water stress-
produced analgesia [13].

Whereas the narcotic antagonist, naloxone has shown
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FIG. 1. Alterations in flinchjump thresholds (+SEM) of 12 rats pretreated with either 0, 1, 5, 10 or 20 mg/kg of naloxone

following acute exposure to cold-water stress. Subcutaneous naloxone injections immediately preceded the cold-water

swims; flinch-jump determinations occurred 30 min post-swim. All cold-water swim/naloxone administration combinations

for each pain threshold measure were significantly higher than the no swim baseline condition (Tukey repeated-measures
comparisons, p<0.05).

only mild {5, 19, 28] or no [16,20] effects upon normal
pain sensitivity, it has been able to eliminate analgesia
induced by systemic or intracerebral administration of
morphine [30,36] and to attenuate stimulation-produced
analgesia [2,39]. Interestingly, naloxone at a dose of 10
mg/kg has been found partially effective in attenuating
stress-induced analgesia {1, 10, 12], while naloxone at 1
mg/kg failed to alter foot shock-induced analgesia [24,25].
In the former studies the partial effectiveness of naloxone
actually represented a statistical blend of two binary
effects: marked analgesic reduction in some animals, and no
effect in others. Since these studies suggested that dose
might be a more critical determinant of naloxone’s effect
upon stress-induced as opposed to opiate-induced analgesia,
the present study investigated the dose-dependent effects of
naloxone upon analgesia induced by cold-water swims by
testing individual animals across a wide dose range (1, 5, 10
and 20 mg/kg).

METHOD

Eighteen male albino Holtzman Sprague-Dawley rats
(350-500g) were used. Testing was carried out in a
chamber with a grid floor composed of 14 grid bars (0.6-cm
dia. spaced 1.8 cm apart). Electric shocks were delivered

through the grids by a shock generator. The polarity of the
shock was rapidly switched across grids through a shock
scrambler. Each animal was tested for 10 trials daily for
flinch, initial jump and jump thresholds using a
modification of the Evans {17] method. Using an ascending
method of limits of successively more intense shocks, the
“flinch” threshold was defined in mA as the lowest
intensity that elicited a withdrawal of a single paw from the
grids. The “initial jump” threshold was defined as the
lowest intensity that elicited simultaneous removal of both
hind paws from the grids. The ‘“jump” threshold was
defined as the lowest of two consecutive intensities that
elicited a jump as above. Each trial began with the animal
receiving a 300-msec foot shock at a current intensity of
0.1 mA. Subsequent shocks were increased in equal
0.05-mA steps at 10sec intervals. After each trial, the
current intensity was reset to 0.1 mA for the next trial until
10 trials were completed. Daily flinch, initial jump and
jump thresholds were each computed as the mean of these
10 trials. The experimenters conducting the flinch~jump
test were uninformed both of the purpose of the ex-
periment and of the specific experimental conditions.

In one group of 12 rats, each rat was subjected at one
week intervals to five forced cold-water swims (2°C for 3.5
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TABLE 1

TUKEY REPEATED-MEASURES COMPARISONS OF NALOXONE'S EFFECTS UPON COLD-WATER SWIM
ANALGESIA

Threshold (mA) Cold-Water Swim

Cold-Water Swim + Naloxone (MG/KG)

1 s 10 20

Jump

X 0.933 0.857 0.802 0.805 0.746

¢ 0.84 1.43 1.60 2.07

p NS NS NS 0.10>p>0.05

Initial Jump

X 0.873 0.809 0.731 0.723 0.685

t 0.69 1.70 2.33 2.50

p NS NS <0.05 <0.05
Flinch

X 0.355 0.325 0.323 .0280 0.288

t 0.64 1.06 2.73 3.95

p NS NS <0.05 <0.01

min) with flinch-jump thresholds determined 30 min after
each swim. Baseline control thresholds were taken on four
intervening swimless weekdays. Immediately prior to each
swim, each rat received a subcutaneous injection of
naloxone (Naloxone Hydrochloride, Endo Labs/ 1 ml
sterile water) at one of five doses: 0, 1, 5, 10 or 20 mg/kg.
The order of drug administration was determined by
random placement of animals in a Latin Square design, so
that each rat received all four doses of naloxone and the
placebo injection in conjunction with the five cold-water
swims during the S-week paradigm.

A second group of six unstressed rats was tested daily
for normal flinch-jump thresholds for 17 sessions. Five min
preceding every third session, each rat was administered one
of the five naloxone doses outlined above. The order of
drug administration occurred in an ascending order for one
half of the group and in descending order for the remaining
half.

RESULTS

Figure 1 displays the mean elevations over baseline
thresholds produced by cold-water swims following the
various levels of naloxone pretreatment. Separate one-way
analyses of variance revealed significant swim-induced
elevations in all nociceptive measures: jump: F(5,66) =
2.98, p<0.05, initial jyump, F =3.31, p<0.01, and flinch, F
= 4.30, p<0.01. Post-hoc Tukey comparisons for all three
measures further indicated that, overall, naloxone partially
reduced the stress-induced analgesia in a dose-dependent
manner as compared to placebo. Yet, at no dose was
naloxone capable of blocking a statistically significant
stress-induced elevation in any threshold measure. Still, as
summarized in Table 1, when each dose of naloxone was
compared to placebo, mild, yet often significant and

dose-dependent, reductions in stress-induced analgesia were
noted. These effects were not related to the order of dose
administration. Nor did tolerance to stress-induced an-
algesia develop within the limited exposure to the five
weekly, cold-water swims, as it has been shown to do
following 8 -14 daily exposures to various stressors [1, 7,
11].

There was wide individual variability across animals in
naloxone’s effectiveness in reducing the analgesia induced
by exposure to stress. While 8 of 12 animals manifested the
dose-dependent partial reductions in stress-induced an-
algesia which characterized the group data, the remaining
four showed all-or-none dichotomous effects. Two showed
full reduction of poststress thresholds to baseline levels by
all naloxone doses, and, in the other two, no naloxone dose
had any effect upon analgesic thresholds. Despite individual
variations in drug sensitivity, orderly downward shifts in
the severity of stress-induced analgesia, as shown in Fig. 1,
and in the cumulative distribution of animals displaying
various degrees of analgesia were noted as the dose of
naloxone was increased. For instance, Table 2 shows that,
following placebo injections, two out of three animals
showed analgesic response greater than 40% over baseline
levels; while only one of every three animals displayed a
similar degree of threshold elevation when pretreated with
any naloxone dose. It is unlikely that these results could be
attributed to chance factors because a significant overall
relationship existed between the magnitude of stress-
induced analgesia and administration of either placebo or
naloxone (x? = 5.14, 0.05> p>0.02).

Figure 2 shows that naloxone’s alterations of analgesia
induced by cold-water stress was clearly not due to
naloxone’s effects upon normal unstressed pain thresholds.
At no dose was naloxone able to alter significantly jump,
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FIG. 2. Alterations in flinch-jump thresholds (+SEM) of six rats injected subcutaneously with either 0, 1, S, 10 or 20
mg/kg of naloxone S min prior to nociceptive determinations. No significant changes were noted at any dose.

TABLE 2

CUMULATIVE PERCENT OF ANIMALS SHOWING VARIOUS DEGREES OF POST-STRESS ANALGESIA FOL-
LOWING NALOXONE PRETREATMENT

Degree of Threshold Elevation

(% of baseline) Placebo Naloxone
1 MG 5 MG 10 MG 20 MG

(%) (%) (%) (%)

100 0 8 17 8 17
100-120 8 50 58 42 58
120-140 33 67 67 67 75
140-160 67 83 75 83 92
160-180 83 83 92 83 92
180 100 100 100 100 100

F(5,30) = 0.09, initial jump, F(5,30) = 0.17, or flinch,
F(5,30) = 0.26 thresholds in the six control animals.

DISCUSSION

The principal finding of the present experiment is that
naloxone produces a mild, dose-dependent reduction in the
analgesia induced by an acute stressor. However, even at
doses normally sufficient to block the most pronounced
opiate analgesia, naloxone did not fully reverse, nor limit
below levels of statistical significance, the phenomenon of
stress-induced analgesia. These data confirm and explain the

conflicting previous reports that 10 mg/kg of naloxone
reduced stress-induced analgesia following inescapable foot
shock [1] and cold-water swims [10,12], while 1 mg/kg of
naloxone failed to attenuate significantly similar foot
shock-induced analgesia [24,25] . Naloxone’s relatively mild
interactions with stress-induced analgesia contrast markedly
with its consistent and complete effectiveness at low doses
to reverse both morphine- and endorphin-induced analgesia
(4, 6, 21, 29, 30, 31, 32,40,49, 50]. The present data are
similar in form, however, to naloxone’s partial effectiveness
in reducing stimulation-produced analgesia [2,39],
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although sufficient dose-response data on the latter inter-
action is not yet available.

Naloxone’s partial effectiveness in reducing stress-
induced analgesia implies that the neural mechanisms
mediating opiate-induced and stress-induced analgesia may
not be identical, and moreover that the latter phenomenon
may not be endorphin-mediated. This view is further
supported by the observation that not even partial cross-
tolerance develops between morphine and stress-produced
analgesia [13]. This contrasts with full cross-tolerance
reported between intracerebral morphine and intracerebrai
endorphin injections [49,54] and between the former and
systemic morphine injections [31]. The lack of cross-
tolerance between stress-induced and opiate-induced an-
algesia also contrasts with the partial development of
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tolerance between stimulation-induced and opiate-induced
analgesia [37]. Thus, the most parismonious explanation of
these results would seem to imply the possible existence of
a parallel non-opiate neural route which may share access
with opiate pathways to the descending serotonergic
bulbospinal system that apparently serves as the final
common path for pain inhibition [37].

ACKNOWLEDGEMENTS

R. J. B. was supported by Post-Doctoral NIMH Grant #13579.
The research was supported by N.Y.S. Health Research Council
Grants #922 to R.J.B. and #365 to D.D.K. We thank L.
Skaredoff for technical assistance and Endo Laboratories for their
kind donation of the naloxone hydrochloride.

REFERENCES

1. Akil, H., J. Madden, R. L. Patrick and J. D. Barchas. Stress-
induced increase in endogenous opiate peptides: concurrent
analgesia and its partial reversal by naloxone. In: Opiates and
Endogenous Opitae Peptides, edited by H.W. Kosterlitz.
Amsterdam: North Holland, 1976, pp. 63-70.

2. Akil, H, D.J. Mayer and J.C. Liebeskind. Antagonism of
stimulation-produced analgesia by naloxone, a narcotic an-
tagonist. Science 191: 961-963, 1976.

3. Basbaum, A.J., N.J. E. Marley, J. O’Keefe and C. H. Clanton.
Reversal of morphine and stimulus-produced analgesia by
subtotal spinal cord lesions. Pain 3: 4356, 1977.

4. Belluzzi, J. D, N. Grant, V. Garsky, D. Sarantakis, C. D. Wise
and L. Stein. Analgesia induced in vivo by central ad-
ministration of enkaphalin in rat. Nature 260: 625-626, 1976.

5. Bernston, G. G. and J. M. Walker. Effect of opiate receptor
blockade on pain sensitivity in the rat. Brain Res. Bull. 2:
157-159,1977.

6. Bloom, F., D. Segal, N. Ling and R. Guilleman. Endorphins:
profound behavioral effects in rats suggest new etiological
factors in mental illness. Science 194: 630—632, 1976.

7. Bodnar, R.J., M. Brutus, M. Glusman and D.D. Kelly.
Analgesia induced by 2-deoxy-D-glucose, an antimetabolic
glucose analogue. Fedn Proc. 37: 470, 1978.

8. Bodnar, R. J., M. Glusman, A. Spiaggia, M. Brutus and D. D.
Kelly. Attenuation of stress-induced increases in nociceptive
thresholds by hypophysectomy. Second World Congress on
Pain of the International Association for the Study of Pain.
Pain Abst. 1: in press, 1978.

9. Bodnar, R.J., D.D. Kelly and M. Glusman. Stress-induced
analgesia: time course of pain reflex alterations following
cold-water swims. Bull. Psychon. Soc. in press, 1978.

10. Bodnar, R.J., D.D. Kelly, A. Spiaggia and M. Glusman.
Analgesia produced by cold-water stress: effect of naloxone.
Fedn Proc. 36: 3,1977.

11. Bodnar, R.J.,, D.D. Kelly, A. Spiaggia and M. Glusman.
Stress-induced analgesia: adaptation following chronic cold-
water swims. Bull. Psychon. Soc. in press, 1978.

12. Bodnar, R.J., D.D. Kelly, A. Spiaggia, C. Pavlides and M.
Glusman. Stress-induced analgesia: effect of naloxone
following cold-water swims. Bull. Psychon. Soc. in press, 1978.

13. Bodnar, R.J., D.D. Kelly, S.S. Steiner and M. Glusman.
Stress-produced analgesia and morphine-produced analgesia:
Lack of cross-tolerance. Pharmac. Biochem. Behav. 8:
661-666,1978.

14. Chance, W.T., A.C. White, G.M. Krynock and J. A.
Rosecrans. Autoanalgesia: behaviorally activated anti-
nociception. Eur. J. Pharmac. 44: 283-284,1977.

15. Chance, W.T., A.C. White, G.M. Krynock and J.A.
Rosecrans. Centrifugal control of nociception: autoanalgesic
mechanisms. Soc. Neurosci. Abstr. 3: 479, 1977.

16. El-Sobky, A., J. O. Dostrovsky and P. D. Wall. Lack of effect
of naloxone on pain perception in humans. Nature 263:
783-784,1976.

17. Evans, W. O. A new technique for the investigation of some
analgesic drugs on a reflexive behavior in the rat. Psycho-
pharmacologia 2: 318-325,1961.

18. Fratta, W., H. Y. T. Yang, J. Hong and E. Costa. Stability of
metenkaphalin content in brain structures of morphine-
dependent or foot shock-stressed rats. Narure 268: 452453,
1977.

19. Frederickson, R. C. A., V. Burgis and J. D. Edwards. Hyper-
algesia induced by naloxone follows diurnal rhythm in
responsivity to painful stimuli. Science 198: 756 -758, 1977.

20. Goldstein, A., G. T. Pryor, L. S. Otis and F. Larsen. On the
role of endogenous opioid peptides: failure of naloxone to
influence shock escape threshold in the rat. Life Sci. 18:
599-604, 1976.

21. Graf, L., J. 1. Szekely, A.Z. Ronai, Z. Dunai-Kovacs and §S.
Bajusz. Comparative study on analgesic effect of MetS-
enkaphalin and related lipotropin fragments. Nature 263:
240-241,1976.

22. Guilleman, R., N. Ling and R. Burgus. Endorphins, hypo-
thalamic neurohypophyseal peptides with morphomimetic
activity. Isolation and primary structure of a-endorphin. C.R.
Acad. Sci. (Paris) 282: 783-785, 1976.

23. Guilleman, R., T. Vargo, J. Rossier, S. Minick, N. Ling, C.
Rivier, W. Vale and F. Bloom. B-endorphin and adreno-
corticotropin are secreted concomitantly by the pituitary
gland. Science 197: 1367-1369,1977.

24. Hayes, R. L., G.J, P. Newlon and D.J. Mayer. Analgesic
effects of certain noxious and stressful manipulations in the
rat. Soc. Neurosci. Abstr. 2: 1350, 1976.

25. Hayes, R.L., G.J. Bennett, P, Newlon and D.J. Mayer.
Analgesic effects of certain noxious and stressful manipulations
in the rat. Brain Res. in press, 1978.

26. Hughes, J. Isolation of an endogenous compound from the
brain with pharmacological properties similar to morphine.
Brain Res. 88: 295-308, 1975.

27. Hughes, J., T. Smith, H. W. Kosterlitz, L. A. Fothergill, B. A.
Morgan and H. R. Morris. Identification of two related
pentapeptides from the brain with potent opiate agonist

- activity. Nature (Lond.) 258: 577-579, 1975.

28. Jacob, J.J,, E. C. Tremblay and M. C. Colombel. Enhancement
of nociceptive reactions by naloxone in mice and rats.
Psychopharmacology 37: 217-223,1974.

29. Jacquet, Y.F. and A. Lajtha. Morphine action at central
nervous system sites in the rat: analgesia or hypoeralgesia
depending on site and dose. Science 182: 490-492, 1973.



672

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

Jacquet, Y. F. and A. Lajtha. Paradoxical effects after micro-
injection of morphine in the periaqueductal gray matter in the
rat. Science 185: 10551057, 1974.

Jacquet, Y. F. and A. Lajtha. The periaqueductal gray: site of
morphine analgesia and tolerance as shown by 2-way cross
tolerance between systemic and intracerebral injections. Brain
Res. 103: 501-514, 1976.

Jacquet, Y. and N. Marks. The C-fragment of B-lipotropin: an
endogenous neuroleptic or antipsychotogen. Science 194:
632635, 1976.

Kelly, D. D., M. Brutus, M. Glusman and R. J. Bodnar. Operant
liminal escape thresholds: sensitivity to opiates, stress and
stimulation-produced analgesia. Second World Congress on
Pain of the International Association for the Study of Pain.
Pain Abstr. 1: in press, 1978.

Madden, J., H. Akil, R. L. Patrick and J. D. Barchas. Stress-
induced parallel changes in central opioid levels and pain
responsiveness in the rat. Nature 265: 358-360, 1977.

Martin, W.R. Opioid Antagonists. Pharmac. Rev. 19:
463-521,1967.

Mayer, D. J. and R. L. Hayes. Stimulation-produced analgesia:
development of tolerance and cross-tolerance to morphine.
Science 188: 941 -943,1975.

Mayer, D.J. and D.D. Price. Central nervous system mech-
anisms of analgesia. Pain 2: 379-404, 1976.

Oliveras, J. L., Y. Hosobuchi, F. Redjemi, G. Guilleman and
J. M. Besson. Opiate antagonist, naloxone, strongly reduces
analgesia induced by stimulation of a raphe nucleus (centralis
inferior). Brain Res. 120: 221-229,1977.

Pert, C. and S. H. Snyder. Opiate receptor: demonstration in
nervous tissue. Science 179: 1011 -1014, 1973.

Pert, A. and T. L. Yaksh. Sites of morphine induced analgesia
in the primate brain: relation to pain pathways. Brain Res. 80:
135-140, 1974.

Price, D. D., R. L. Hayes, G. J. Bennett, G. L. Wilcox and D. J.
Mayer. Effects of dorsolateral spinal cord lesions on narcotic
and non-narcotic analgesia in the rat. Soc. Neurosci. Abstr. 2:
947,1976.

42.

43.

44.

4S.

46.

47.

48.

49.

50.

51.

BODNAR ET AL.

Price, D. D., R. L. Hayes, G. J. Bennett, G. L. Wilcox and D. J.
Mayer. Effects of dorsolateral spinal cord lesions on narcotic
and non-narcotic analgesia in the rat. Brain Res. in press, 1978.
Rossier, J., E. D. French, C. Rivier, N. Ling, R. Guilleman and
F. E. Bloom. Foot-shock induced stress increases B-endorphin
levels in blood but not brain. Nature 270: 618620, 1977.
Simantov, R. and S. H. Snyder. Brain-pituitary opiate mech-
anisms: pituitary opiate receptor binding, radioimmunoassays
for methionine enkephalin and leucine enkaphalin, and [*H]
enkephalin interactions with the opiate receptor. In: Opiates
and Endogenous Opioid Peptides, edited by H. W. Kosterlitz.
Amsterdam: North Holland, 1976, pp. 41 -48.

Simon, E.J., J.M. Hiller and 1. Edelman. Stereo-specific
binding of the potent narcotic *H-etorphine to rat brain
homogenate. Proc. Natn. Acad. Sci. U.S.A. 70: 1947-1949,
1973.

Spiaggia, A., R.J. Bodnar, D. D. Kelly, M. E. McManus and M.
Glusman. Biphasic alterations in nociceptive thresholds after
food deprivation. Soc. Neurosci. Abstr. 3: 492,1977.

Szekely, J. 1., A.Z. Ronai, Z. Dunai-Kovacs, E. Miglecz, S.
Bajusz and L. Graf. Cross-tolerance between morphine and
B-endorphin in vivo. Life Sci. 20: 1259-1264, 1977.

Terenius, L. Stereospecific interaction between narcotic
analgesics and a synaptic plasma membrane fraction of rat
cerebral cortex. Acta Pharmac. Toxic. 32: 317-320, 1973.
Tsou, K. and C. S. Jang. Studies on the site of analgesic action
of morphine by intracerebral micro-injection. Sci. sin. 13:
1099-1109, 1964.

Yaksh, T.L., J.C. Yeung and T.A. Rudy. Systematic
examination in the rat of brain sites sensitive to the direct
application of morphine: observation of differential effects
within the periaqueductal gray. Brain Res. 114: 83-103, 1976.
Zieglgansberger, W., J.P. Fry, A. Herz, L. Moroder and E.
Wunsch. Enkephalin-induced inhibition of cortical neurones
and the lack of this effect in morphine tolerant/dependent rats.
Brain Res. 115: 160164, 1976.



