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SUFKA, K. J., R. A. HUGHES AND J. GIORDANO. Effects of selective opiate antagonists on morphine-induced hyperalgesia in 
domestic fowl. PHARMACOL BIOCHEM BEHAV 38(1) 49-54, 1991.--Although morphine typically produces analgesia in a va- 
riety of species, recent research has identified a biological model in which morphine produces a naloxone-reversible, paradoxical 
hyperalgesic response to a noxious thermal stimulus in young domestic fowl. The present study examined opioid receptor-mediation 
of this atypical opiate effect. Patterns of morphine hyperalgesia (1.25 to 5.0 mg/kg IM) were examined on a standard hot-plate test 
following administration (10 p,g/5 p.l ICV) of the mu antagonist beta-funaltrexamine, the delta antagonist naltrindole, or the kappa 
antagonist nor-binaltorphimine in 15-day-old White Leghorn cockerels. Respiration measures were also recorded because they are 
indicative of opiate effects. Morphine produced a dose-dependent decrease in mean jump latencies (i.e., hyperalgesic effect). Mu 
receptor antagonism attenuated this morphine-induced hyperalgesic effect. Kappa receptor antagonism attenuated morphine-induced 
hyperalgesia only at the highest morphine dose (i.e., 5.0 mg/kg) and delta receptor antagonism failed to attenuate morphine-induced 
hyperalgesia. These results suggest that morphine-induced hyperalgesia, like morphine-induced analgesia, is mediated primarily by 
mu receptor activation. 

Domestic fowl Nociception Opioid receptors Morphine Beta-funaltrexamine Nor-binaltorphimine 
Naltrindole Pain Opiates 

ENDOGENOUS opioid peptides and opiate drugs interact with 
heterogeneous populations of opioid receptors (i.e., mu, kappa, 
and delta) in the central nervous system (CNS) and peripheral 
nervous system (PNS) to mediate several behaviors (e.g., feed- 
ing, analgesia, aggression, etc.) and physiological effects [e.g., 
temperature, respiration, immune function, neuroendocrine sta- 
tus, etc.; for reviews see (20, 23, 29)]. Opiate agonists (e.g., 
morphine) typically produce analgesia in a variety of species (2, 
7, 15, 21, 37). These analgesic effects result from the activation 
of an opioid-mediated antinociceptive mechanism located in the 
CNS (3, 4, 33, 36). 

Although most animals display an analgesic response to mor- 
phine, recent research has identified a genetically variant, biolog- 
ical model in which morphine produced a strain-dependent 
hyperalgesic response (13, 14, 27). In these studies, various doses 
of morphine (2.5 to 30.0 mg/kg) decreased response latencies 
(i.e., produced hyperalgesia) to a noxious thermal stimulus in 
young domestic fowl. This atypical morphine effect was nalox- 
one-reversible (13) and exhibited dose and temporal parameters 
(27) that were the inverse equivalent of typical opiate (analgesic) 
effects. These observations suggests that opioid receptors may 

mediate this morphine hyperalgesic effect. 
Morphine is relatively specific for mu receptors (20), how- 

ever, there are data that demonstrated the agonist activity of mor- 
phine at delta and kappa sites (11). It has also been suggested that 
mu and delta sites may be functionally interrelated (5,16). The 
question arises as to whether the atypical action of morphine in 
domestic fowl results from the activation of a single opioid recep- 
tor system (mu, delta, or kappa) or an interaction of multiple 
opioid receptor systems. The present research, therefore, sought 
to determine the contribution of various opioid receptor types in 
the expression of this paradoxical opiate effect in domestic fowl. 
In separate experiments, patterns of morphine hyperalgesic ef- 
fects were examined following administration of the selective mu 
antagonist beta-funaltrexamine [beta-FNA; (28,32)], the selective 
delta antagonist naltrindole [NTI; (26)], or the selective kappa 
antagonist nor-binaltorphimine [nor-BNI; (24,25)]. 

Hyperalgesic effects in domestic fowl have been reported at a 
low dose of morphine [i.e., 2.5 mg/kg; (27)]. The effectiveness 
of this dose may be reliant upon mu receptor activation. Through 
the use of beta-funaltrexarnine, an opioid receptor alkylating agent 
that produces irreversible mu receptor blockade and reversible 
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kappa agonist effects (28,32), the involvement of mu receptors in 
the expression of morphine-induced hyperalgesia can be evalu- 
ated. If morphine-induced hyperalgesia is produced by selective 
mu receptor activation, beta-FNA administration should attenuate 
morphine effects. It is possible, however, that hyperalgesia in 
domestic fowl may reflect the activity of morphine at delta recep- 
tor sites. If morphine-induced hyperalgesia results from activation 
of delta sites, administration of the selective delta antagonist nal- 
trindole (26) should attenuate morphine effects. Finally, several 
studies have shown kappa receptor-mediation of hyperalgesia 
(30,35). The involvement of kappa receptor system in morphine- 
induced hyperalgesia in domestic fowl has not been previously 
investigated. If morphine-induced hyperalgesia is subserved by a 
kappa receptor component, then nor-BNI should attenuate mor- 
phine effects. Together, these experiments will characterize the 
role of heterogeneous opioid receptors in the expression of para- 
doxical morphine hyperalgesia in domestic fowl. This model may 
provide evidence of genetic determinants that can influence opi- 
oid-mediated responses. 

In addition to pain modulation, morphine has been shown to 
depress respiration in a number of species including domestic fowl 
(12, 17-19). Given the atypical effects of morphine on nocicep- 
tion in this species, it may be critical to include analysis of this 
opioid receptor mediated dependent variable. The inclusion of 
respiration measures will more completely evaluate functional pa- 
rameters of opioid receptor activity and may serve to obviate a 
variety of alternative interpretations of the nociceptive data. Thus 
the present study also examined the effects of selective opiate re- 
ceptor antagonists on morphine-induced respiratory depression in 
domestic fowl. 

METHOD 

Subjects 

Chicks (Welp-Line 542 cockerels commercial stock) were ob- 
tained from Welp Incorporated (Bancroft, IA) 1-day posthatch 
and were housed in pairs in chambers that provided physical sep- 
aration but not auditory or visual isolation. This housing arrange- 
ment, as described below, enables researchers to locate and capture 
animals with minimal disruption to the brood and eliminates many 
procedural problems (e.g., social isolation and/or social aggres- 
sion confounds during injection-to-test intervals) associated with 
communal brooder housing. 

Housing Apparatus 

Four separate 186 x 62 x 37 cm enclosures were constructed. 
Each enclosure was divided into twelve 31 x 31 x 37 cm individ- 
ual housing units. The outside perimeter walls were fabricated 
from 16-gauge aluminum sheeting and were painted gray. The 
floor of the housing apparatus was constructed from 2.5 cm ex- 
pansion metal. The internal walls of the housing apparatus and 
the lids covering each individual unit were constructed of 2 x 2 
hardware cloth. The lids were covered with white broadcloth, ll- 
lumination was provided by a 12-W fluorescent light bulb that 
was centered at the top and extended across the housing facility. 
Animals were housed under continuous illumination. Food was 
available from 1/4 round stainless steel feeders. Water was avail- 
able from J-shaped waterers mounted outside the chamber with 
the drinking spout protruding through a 3 cm diameter opening 
into each housing unit. Animals had free access to food and tap 
water. Room temperature was maintained at 32 ± I°C for the first 
week and at 29___ 1 °C thereafter. 

Test Apparatus 

Jump latency in response to a thermal stimulus was used as 

the index of nociception. The apparatus (15) is a modified version 
of a hot-plate that is typically used to assess thermal nociception 
in rats (6). The grid-like floor of the apparatus consisted of a 
63 x 20 x 0.3 cm copper plate with six 1.5 cm diameter copper 
tubes with lead shot. The tubes were spaced 0.9 cm center to 
center and were attached to the middle 12.5 cm of the copper 
plate. The copper plate was supported by a 63 x 19 × 7 cm wood 
base with a 23 x 7 cm opening in the front which enabled a sin- 
gle element hot plate (750 W Hamilton Beach, Model 812) to be 
under the center portion of the copper plate. The thermostatic 
control of the hot plate was disconnected and temperature was 
regulated by a variable transformer (Stayco Energy Products Co., 
Type 3PN1010). Temperature was monitored by a digital ther- 
mometer (Fluke, Model 52) from a thermistor imbedded in the 
upper surface of one of the center middle copper tubes. A 17 x 
16x 31 cm Plexiglas chamber with a hinged lid was fitted over 
the tubes. The outside chamber walls were covered with onion- 
skin paper. A 3.5 x 16 cm opening at the base of the front wall 
remained uncovered to permit observation. All the copper areas 
outside of the chamber were covered with 2.5 cm Styrofoam which 
was fastened to the base with ductape. Response latencies were 
recorded to the nearest 0.1 second via an electronic timer (Hunt- 
er, Model 120A). 

Procedure 

Injections. The groups in this study formed a 2 x 4 factorial 
design. Factors were antagonist (saline or opiate antagonist 10 
txg/5 ~1 ICV) and morphine (0.0, 1.25, 2.5, or 5.0 mg/ml/kg; 
n = l0 per cell). Opiate antagonists were obtained from Research 
Biochemicals Incorporated (Natick, MA) and morphine sulfate 
was purchased from Sigma Chemical Company (St. Louis, MO). 
All drugs were dissolved in neutral pH, pyrogen-free saline. Doses 
for morphine were based on earlier work from this laboratory 
(27). The dose for the three antagonists was extrapolated from 
work in rodents (24,32). Chick (15 days old) pairs from each in- 
dividual housing unit received either ICV saline or the opiate an- 
tagonists. Beta-FNA (and its vehicle control) was administered 
approximately 20 hours before morphine injections while nor-BNI 
and NTI (and their vehicle controls) injections were given imme- 
diately before IM morphine injections. Intracerebroventricular in- 
jections were manually performed with a l0 I.d Hamilton 
microsyringe fitted with a 22S gauge needle (22). Solutions were 
directly delivered through the skull immediately anterior to the 
cerebellum into the vicinity of the 4th ventricle. Injection sites 
were verified by dye injection in a separate group of chicks. Drugs 
were ICV delivered in a total volume of 5 p,l at a rate of 1 Ixl per 
5 s. The needle was maintained in place for 15 seconds prior to 
withdrawal to prevent retrograde leakage of the injected solution. 
Intramuscular morphine injections were given thirty minutes be- 
fore nociceptive tests. Animals were returned to their home cage 
during this injection-to-test interval. 

Thermal nociceptive and respiration measures. Thirty minutes 
after morphine injections, chicks were placed into a 2-quart opaque 
plastic container which was covered with a vented lid. Each ani- 
mal was individually transported to an adjacent experiment room 
where tests were administered. The chick was removed from the 
container and placed on an ambient temperature grid (25°C). An 
electronic timer was started by a manual switch as the chick's feet 
touched the apparatus floor and was manually terminated follow- 
ing a jump response or after attainment of a 70-s no-jump crite- 
rion. The nociceptive response was defined as a vertical jump 
with both feet leaving the grid floor. After this ambient tempera- 
ture test, the chick was tested for jump latency on a 60°C hot- 
plate. Immediately after hot-plate tests, respirations were measured 
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by counting rhythmic chest movements during a 1-minute inter- 
val. All observations were performed without knowledge of the 
treatment conditions. Chicks were returned to their home cage 
following tests. 

Statistics. Data were analyzed using a 2-way analysis of vari- 
ance (ANOVA). Factors were antagonist (saline or opiate antag- 
onist) and morphine (0.0, 1.25, 2.5, and 5.0 mg/kg). Simple 
effects analyses were used to identify sources of significant inter- 
actions. Multiple t-statistics (one-tailed) were used to test a priori 
orthogonal contrasts. These contrasts identified significant dose- 
related hyperalgesic effects of morphine and determined if the 
opiate antagonist treatment attenuated observed morphine effects. 

RESULTS 

Dye Spread 

Verification of dye spread in a separate group of chicks was 
conducted with reference to the coordinates of van Tienhoven and 
Juhasz (31) 30 min post-ICV blue dye injection. Chicks (n=8) 
were sacrificed by rapid decapitation and whole brains were im- 
mediately removed from the calvarium, A midsagittal incision 
through the longitudinal fissure was performed. For each chick 
brain, dye diffusion was observed throughout the entire ventricu- 
lar system. Moreover, blue stain was observed to penetrate ap- 
proximately 1.5 mm into the neural tissue surrounding the 
ventricular system. 

The ICV method of administering drugs to the experimental 
animals produced no overt, long-lasting changes in the animals 
behavior. Some chicks (less than 10%) displayed acute motor 
dysfunction lasting approximately 15 seconds and/or a small amount 
of bleeding from the injection site. In all cases, the motoric ef- 
fects of icv administration completely abated prior to nociceptive 
testing. 

Beta-Funaltrexamine Effects 

Jump latency. The effects of beta-FNA on morphine-induced 
hyperalgesia are presented in Fig. 1. Morphine produced a dose- 
dependent decrease in mean jump latencies in chicks that received 
ICV/saline administration. This morphine-induced hyperalgesic 
effect was attenuated by ICV/beta-FNA administration. A 2-way 
ANOVA performed on these data revealed significant treatment 
effects for antagonist, F(1,72)= 11.99, p<0.01, and morphine, 
F(3,72) = 10.16, p<0.01. The antagonist x morphine interaction 
was not significant, F(3,72)= 1.85. Subsequent analysis of the 
jump latency data for the ICV/saline groups demonstrated that the 
mean jump latency for the 2.5 and 5.0 mg/kg morphine dose 
groups were significantly shorter than the mean jump latency of 
the saline control group, ts(72)=4.02 and 5.32, respectively, 
ps<0.01. Further analysis demonstrated that the mean jump la- 
tencies of the ICV/beta-FNA groups at the 2.5 and 5.0 mg/kg 
morphine doses were significantly longer than the mean jump la- 
tencies for comparable ICV/saline groups, ts(72)= 2.11 and 3.22, 
ps<0.05 and 0.01, respectively. Jump latencies from ambient 
temperature tests were not analyzed since animals reached the 
70-second no-jump criterion on 98% of the tests at ambient grid 
temperature. 

Respirations. As shown in Fig. 2, morphine produced a dose- 
dependent decrease in mean respirations in the ICV/saline groups 
that was attenuated by ICV/beta-FNA administration. A 2-way 
ANOVA performed on these data revealed significant treatment 
effects for antagonist, F(1,72) = 7.13, p<0.01, morphine, F(3,72) = 
19.76, p<0.01, and a significant antagonist x morphine interac- 
tion, F(3,72)=5.30, p<0.01. Analysis of simple main effects 
yielded significant morphine effects at each dose saline, F(3,72) 
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FIG. 1. Mean jump latency as a function of morphine dose for chicks 
treated with the selective mu antagonist beta-funaltrexamine (10 p.g/5 ILl 
ICV) or saline (vertical lines = SEM). *Indicates significant morphine hy- 
peralgesia; tindicates significant antagonist attenuation of hyperalgesia 
(all ps<0.05). 

= 22.27, p<0.01; beta-FNA, F(3,72)--2.78, p<0.05, and a sig- 
nificant antagonist effect at only the 5.0 mg/kg morphine dose, 
F(3,72) =4.01, p<0.01. 

Naltrindole Effects 

Jump latency. The effects of NTI on morphine-induced hy- 
peralgesia are shown in Fig. 3. Morphine produced a dose-depen- 
dent decrease in mean jump latencies in both the ICV/saline and 
ICV/NTI groups. This hyperalgesic effect was partially attenu- 
ated in the ICV/NTI groups at the 2.5 and 5.0 mg/kg morphine 
dose groups. A 2-way ANOVA, however, revealed significant 
treatment effects for morphine only, F(3,72)= 13.55, p<0.01. 
Subsequent analysis of these data for ICV/saline groups demon- 
strated that the mean jump latencies for the 1.25, t(72)--2.34, 
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DOSE (mg/kg) 

FIG. 2. Mean respirations (1 minute) as a function of morphine dose for 
chicks treated with the selective mu antagonist beta-funaltrexamine (10 
p.g/5 p~l ICV) or saline (vertical lines = SEM). *Indicates significant mor- 
phine respiratory depression; tindicates significant antagonist attenuation 
of respiratory depression (all ps<O.05). 
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FIG. 3. Mean jump latency as a function of morphine dose for chicks 
treated with the selective delta antagonist naltrindole (10 v,g/5 Ixl ICV) or 
saline (vertical lines = SEM). *Indicates significant morphine hyperalge- 
sia (all ps<0.05). 

p<0.05,  2.5, t (72)=4.12,  p<0,01,  and 5.0 mg/kg, t(72) =4.98,  
p<0.01,  morphine dose groups were significantly shorter than 
the mean jump latency of the saline control group, t-Tests be- 
tween the mean jump latencies of the ICV/saline and ICV/NTI 
groups at each morphine dose failed to reveal a significant atten- 
uation of morphine-induced hyperalgesia. Jump latencies from 
ambient temperature tests were not analyzed since animals reached 
the 70 second no-jump criterion on all of the tests at ambient grid 
temperature. 

Respirations. As presented in Fig. 4, morphine produced a 
dose-dependent decrease in mean respirations in both ICV/saline 
and ICV/NTI groups. A 2-way ANOVA of these data revealed a 
significant treatment effect for morphine, F(3,72)=20.28,  
p<0.01,  The antagonist effects and morphine × antagonist inter- 
action terms were not significant. Subsequent analysis of the res- 
piration data for the ICV/saline groups revealed that the mean 
respirations of the 2.5, t (72)=2.65,  p<0.01,  and 5.0 mg/kg, 
t(72)=4.61,  p<0.01 ,  morphine dose groups were significantly 

90  

80  
Z 
_o 
.,~ 70 
n.- 

¢n 60 
UJ 
n" 

z 50 
,< 
t t l  

40 

O saline 
• NTI 

I 
o.o i. ,5 215 sYo 

MORPHINE DOSE (mglkg] 

FIG. 4. Mean respirations (1 minute) as a function of morphine dose for 
chicks treated with the selctive delta antagonist naltrindole (10 p,g/5 ILl 
ICV) or saline (vertical lines = SEM). *Indicates significant morphine res- 
piratory depression (all ps<0.05). 
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FIG. 5. Mean jump latency as a function of morphine dose for chicks 
treated with the selective kappa antagonist nor-binaltorphimine (10 Ixg/5 
Ixl ICV) or saline (vertical lines = SEM). *Indicates significant morphine 
hyperalgesia; tindicates significant antagonist attenuation of hyperalgesia 
(all ps<0.05). 

lower than the mean respirations of the saline control group. 

Nor-Binaltorphimine Effects 

Jump latency. The effects of nor-BNI on morphine-induced 
hyperalgesia are shown in Fig. 5. Morphine produced a dose-de- 
pendent decrease mean jump latencies in the ICV/saline groups. 
This hyperalgesic effect was attenuated by nor-BNI at higher doses 
of morphine (i.e., 2.5 and 5.0 mg/kg). A 2-way ANOVA re- 
vealed a significant effect for morphine, F(3,72)=15.40,  
p<0.01,  a marginally significant effect for antagonist, F(1,72)= 
3.54, p = 0 . 0 6 ,  and a nonsignificant antagonist × morphine in- 
teraction. Subsequent analyses of these data for the ICV/saline 
groups demonstrated that the mean jump latencies for the 2.5, 
t(72) = 4.19, p<0.01,  and 5.0 mg/kg, t(72)= 5.20, p<0.01,  mor- 
phine dose groups were significantly shorter than the mean jump 
latency of the control group. Moreover, at the 5.0 mg/kg mor- 
phine dose, the mean jump latency of the ICV/nor-BNI group 
was significantly longer than the mean jump latency of the ICV/ 
saline group, t(72)= 1.94, p<0.05.  Jump latencies from ambient 
temperature tests were not analyzed since animals reached the 
70-no-jump criterion on all of the tests at ambient grid tem- 
perature. 

Respirations 

As shown in Fig. 6, morphine produced a dose-dependent de- 
crease in mean respirations that was unaffected by ICV nor-BNI 
treatment. A 2-way ANOVA of these data revealed a significant 
treatment effect for morphine, F(3,72)= 24.49, p<0.01.  The an- 
tagonist effects and antagonist × morphine interaction terms were 
not significant. Subsequent analyses of the respiration data of the 
ICV/saline groups demonstrated that the mean respirations of the 
1.25, t(72)=3.02, p<0.01,  2.5, t (72)=3.97,  p<0.01,  and 5.0 
mg/kg, t(72)= 6.76, p<0.01 ,  morphine groups were significantly 
shorter than the mean respirations of the saline control group. 

DISCUSSION 

The purpose of the present research was to examine the in- 
volvement of opioid receptor types in the expression of paradox- 
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FIG. 6. Mean respirations (1 minute) as a function of morphine dose for 
chicks treated with the selctive kappa antagonist nor-binaltorphimine (10 
v.g/5 p,1 ICV) or saline (vertical lines = SEM). *Indicates significant mor- 
phine respiratory depression (all ps<0.05). 

ical morphine hyperalgesia in domestic fowl. Morphine dose 
response effects against thermal nociception were evaluated after 
ICV administration of the selective mu, kappa, or delta opiate 
antagonists. Respiration measures were also recorded as they are 
indicative of opioid sensitivity. In the present study, mu, but not 
kappa or delta antagonism attenuated morphine-induced respira- 
tory depression. These results with domestic fowl are consistent 
with earlier research that demonstrated mu receptor involvement 
in the regulation of respiration in other species (18,19). 

In the present research, as is common in similar research with 
rats and mice, changes in nociception were inferred from changes 
in response latencies elicited by a noxious thermal stimulus. The 
assumption underlying this inference is that increases and de- 
creases in some aspect of nociception are reflected in decreases 
and increases respectively, in response latency. Further support 
for this inference is provided by research that demonstrated ther- 
mal stimulus intensity is inversely related to response latency (15). 
Animals typically did not perform the jump response on ambient 
temperature tests. This failure to respond to ambient temperature 
suggests that chicks were responding to noxious properties of the 
thermal stimulus and not to confinement characteristics of the test 
apparatus. Furthermore, it is unlikely that morphine-induced 
changes in response latencies were due to motoric effects as chicks 
did not display overt alterations in wing or leg movements. Al- 
though it is possible that that patterns of morphine-induced hy- 
peralgesia were the result of drug toxicity, this is improbable for 

several reasons. First, chicks did not present the physical charac- 
teristics representative of illness (e.g., crouching and immobili- 
ty). Second, it is unlikely that gross systemic involvement of 
morphine-toxicity would produce hyperagitation and motoric hy- 
peractivity. Such toxic effects would cause immobility, thereby 
extending response latencies. The morphine-induced decreases in 
response latency strongly argue against this possibility. 

In the present research, morphine-induced hyperalgesia was 
attenuated by the mu antagonist beta-FNA at the two highest mor- 
phine doses (i.e., 2.5, and 5.0 mg/kg) tested. The kappa antago- 
nist nor-BNI reduced this hyperalgesic response only at the highest 
morphine dose (i.e., 5.0 mg/kg), whereas NTI, the selective delta 
antagonist, failed to affect the hyperalgesic response produced by 
morphine. The hyperalgesic effects of morphine, therefore, may 
reflect the specific action of distinct opioid receptors (e.g., mu 
and kappa) within the CNS. Although biochemical characteriza- 
tion of distinct populations of opioid receptors in this animal model 
has not yet been conducted, the differential efficacy of the opiate 
antagonists in attenuating morphine-induced hyperalgesia supports 
such a conclusion. 

Evidence suggests that multiple opioid receptor types subserve 
analgesia at several levels in the nociceptive neuraxis. Autora- 
diographic studies have identified distinct mu, delta, and kappa 
receptors at various CNS loci [for review see (10)]. Most notable 
are populations of mu receptors located within the midbrain PAG 
and various raphe nuclei, and mu, delta, and kappa receptors dif- 
ferentially distributed (i.e., in rostral and caudal regions) within 
the dorsal horn of the spinal cord. This regional distribution cor- 
respon~ls with observations that analgesia can be elicited by both 
mu receptor activation within the PAG (38) and kappa and delta 
receptor activation at spinal loci (34). Opioid receptor systems 
have been shown to interact with peptide and monoaminergic 
neuraxes that function in both local circuit and centrifugal pain 
modulation. The contribution of these spinal and supraspinal opi- 
oid receptor-mediated mechanisms in the paradoxical hyperalge- 
sic effects of morphine in domestic fowl is yet unknown. 

Genetic factors have been shown to affect the pharmacologic 
profile of opiate drugs in rodents (1). Alterations in molecular 
dynamics of receptor complexes, metabolic mechanisms and bio- 
chemical constituents of the central and peripheral nervous sys- 
tem (8) may all contribute to the differential activity of opiates in 
genetically variant models. It has been suggested that the ob- 
served atypical effects of morphine may reflect genetic variabil- 
ity in substrates contributing to the pharmacologic profile of opiate 
drugs in this animal model (14). These variables require further 
study; our laboratory is engaged in these investigations. 

ACKNOWLEDGEMENTS 

The authors thank Jill M. Linderman, Winifred K. Neely, Nancy L. 
Gorton and Mark P. Bowes for technical assistance on these projects. 

R E F E R E N C E S  

1. Baran, A.; Shuster, L.; Eleftheriou, B. E.; Bailey, D. W. Opiate re- 
ceptors in mice: Genetic differences. Life Sci. 17:633--640; 1975. 

2. But'do, M. T.; Hughes, R. A. Shock-elicited flight response in chick- 
ens as an index of morphine analgesia. Pharmacol. Biochem. Behav. 
9:147-149; 1978. 

3. Basbaum, A. I.; Fields, H. L. Endogenous pain control mechanisms: 
Review and hypothesis. Ann. Neurol. 4:451--462; 1978. 

4. Basbaum, A. I.; Fields, H. L. Endogenous pain control systems: 
Brainstem spinal pathways and endorphin circuitry. Annu. Rev. Neu- 
rosci. 7:309-338; 1984. 

5. Clark, J. A.; Itzhak, Y.; Hruby, V. J.; Yamamura, H. I.; Pastemak, 
G. W. [D-Pen 2, D-PenS]Enkephalin (DPDPE): A delta-selective en- 
kephalin with low affinity for mu I opiate sites. Eur. J. Pharmacol. 
128:303-304; 1986. 

6. D'Amour, F. E.; Smith, D. C. A method for determining loss of pain 
sensation. Pharmacol. Exp. Ther. 72:7-79; 1941. 

7. DeFeudis, F. V.; DeFeudis, P. A.; Somoza, E. Altered analgesic re- 
sponse to morphine in differentially housed mice. Psychopharmacol- 
ogy (Bedin) 49:117-118; 1976. 

8. Frederickson, R. C. A. Endogenous opioids and related derivatives. 
In: Kuhar, M.; Pastemak, G., eds. Analgesics: Neurochemical, be- 
havioral, and clinical perspectives. New York: Raven Press; 1984:9- 
68. 

9. Giordano, J.; Burr, G. A. Morphine- and ketocyclazocine-induced 
analgesia in the developing rat: Differences due to type of noxious 
stimulus and body topography. Dev. Brain Res. 32:247-253; 1987. 

10. Goodman, R. R.; Adler, B. A.; Pastemak, G. W. Regional distribu- 
tion of opioid receptors. In: Pastemak, G. W., ed. The opiate recep- 



54 SUFKA, HUGHES AND GIORDANO 

tors. Clifton, NJ: Humana; 1988:197-230. 
11. Goodman, R. R.; Pasternak, G. W. Multiple opiate receptors. In: 

Kuhar, M.; Pastemak G., eds. Analgesics: Neurochemicals, behav- 
ioral, and clinical perspectives. New York: Raven Press; 1984:69- 
96. 

12. Green, A. F. Comparative effects of analgesics on pain threshold, 
respiratory frequency and gastrointestinal population. Br. J. Pharma- 
col. 14:26-34; 1959. 

13. Hughes, R. A. Codeine analgesic and morphine hyperalgesic effects 
on thermal nociception in domestic fowl. Pharmacol. Biochem. Be- 
hav. 35:567-570; 1990. 

14. Hughes, R. A. Strain-dependent morphine-induced analgesic and hy- 
peralgesic effects on thermal nociception in domestic fowl. Behav. 
Neurosci. 104:619-624; 1990. 

15. Hughes, R. A.; Sufka, K. J. The ontogeny of thermal nociception in 
domestic fowl: Thermal stimulus intensity and isolation effects. Dev. 
Psychobiol. 23:139-140; 1990. 

16. Itzhak, Y.; Pasternak, G. W. Interaction of [D-Ser 2, LeuS]enkeph - 
alin-Thr 6 (DSLET), a relatively selective delta ligand, with mu~ opi- 
oid binding sites. Life Sci. 40:307-311; 1987. 

17. Ling, G. S. F.; Spiegel, K.; Lockhart, S. H.; Pasternak, G. W. Sep- 
aration of opioid analgesia from respiratory depression: Evidence for 
different receptor mechanisms. J. Pharmacol. Exp. Ther. 232:149- 
155; 1985. 

18. McGilliard, K. L.; Takemori, A. E. Antagonism by naloxone of nar- 
cotic-induced respiratory depression and analgesia. J. Pharmacol. 
Exp. Ther. 207:494-503; 1978. 

19. McQueen, D. S. Opioid peptide interactions with respiratory and cir- 
culatory systems. Br. Med. Bull. 39:77-82; 1983. 

20. Martin, W. R. Pharmacology of opioids. Pharmacol. Rev. 35:283- 
323; 1984. 

21. Martin, W. R.; Eades, C. G.; Fraser, H. F.; Wilker, A. Use of 
hindlimb reflexes of the chronic spinal dog for comparing analgesics. 
J. Pharmacol. Exp. Ther. 144:8-11; 1964. 

22. Panksepp, J.; Vilberg, T.; Bean, N. J.; Coy, D. H.; Kastin, A. J. 
Reduction of distress vocalizations in chicks by opiate-like peptides. 
Brain Res. Bull. 3:663-667; 1978. 

23. Pasternak, G. W. The opiate receptors. Clifton, NJ: Humana Press; 
1988. 

24. Portoghese, P. S.; Lipkowski, A. W.; Takemori, A. E. Binaltor- 
phimine and nor-binaitorphimine, potent and selective K-opioid re- 
ceptor anatagonists. Life Sci. 40:1287-1292; 1987. 

25. Portoghese, P. S.; Nagase, H.; Lipkowski, A. W.; Larson, D. L.; 
Takemori, A. E. Binaltorphimine-related bivalent ligands and their K 

opioid receptor antagonist selectivity. J. Med. Chem. 31:836--841; 
1988. 

26. Portoghese, P. S.; Sultana, M.; Nagase, H.; Takemori, A. E. Appli- 
cation of the message-address concept in the design of highly potent 
and selective non-peptide d opioid antagonists. J. Med. Chem. 31: 
281-282; 1988. 

27. Sufka, K. J.; Hughes, R. A. Dose and temporal parameters of mor- 
phine-induced hyperalgesia in domestic fowl. Physiol. Behav. 47: 
385-387; 1990. 

28. Takemori, A. E.; Larson, D. L.; Portoghese, P. S. The irreversible 
narcotic antagonist and reversible agonist properties of the fumarate 
methyl ester derivative of naltrexone. Eur. J. Pharrnacol. 70:445- 
451; 1981. 

29. Tam, S. W. Opioid receptors. In: Williams, M.; Glennon, R. A.; 
Timmermans, T. B., eds. Receptor pharmacology and function. New 
York: Marcel Dekker; 1989:571-598. 

30. van der Kooy, D.; Nagy, J. I. Hyperalgesia mediated by peripheral 
opiate receptors in the rat. Behav. Brain Res. 17:203-21 I; 1985. 

31. van Tienhoven, A.; Juhazs, L. P. The chicken telencephalon, dien- 
cephalon and mesencephalon in stereotaxic coordinates. J. Comp. 
Neurol. 118:185-197; 1962. 

32. Ward, S. J.; Portoghese, P. S.; Takemori, A. E. Pharmacologic 
characterization in vivo of the novel opiate, [3-funaltrexamine. J. 
Pharmacol. Exp. Ther. 220:494-498; 1982. 

33. Watkins, L. R.; Mayer, D. J. The organization of opiate and non- 
opiate pain control systems. Science 216:1185-1192; 1982. 

34. Wood, P. L.; Rackham, A.; Richard, J. Spinal analgesia: Compari- 
son of the mu agonist morphine and the kappa agonist ethylketazo- 
cine. Life Sci. 28:2119-2125; 1981. 

35. Wu, K. M.; Martin, W. R.; Kamerling, S. G.; Wettstein, J. G. Pos- 
sible medullary K hyperalgesic mechanism. I. A new potential role 
for endogenous opioid peptides in pain perception. Life Sci. 33: 
1831-1838; 1983. 

36. Yaksh, T. L. Multiple spinal opiate receptor systems in analgesics. 
In: Kruger, L.; Liebeskind, J. C., eds. Advances in pain research and 
therapy, vol. 6. New York: Raven Press; 1984:197-215. 

37. Yaksh, T. L.; Rudy, T. A. A dose ratio comparison of the interac- 
tions between morphine and cyclazocine with naloxone in rhesus 
monkeys on the shock titration task. Eur. J. Pharmacol. 46:83-92; 
1977. 

38. Yaksh, T. L.; Rudy, T. A. Narcotic analgesics: CNS sites and mech- 
anisms of action as revealed by intracerebral injection techniques. 
Pain 4:299-359; 1978. 


