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HUGHES, R. A., M. BOWES AND K. J. SUFKA. Morphine hyperalgesic effects on developmental changes in thermal 
nociception and respiration in domestic fowl (Gallus gallus). PHARMACOL BIOCHEM BEHAV 42(3) 535-539, 1992.- 
Domestic fowl tested at 3, 5, and 7 days posthatch jumped from a heated grid more rapidly than animals tested at 14 days 
posthatch. Morphine (2.5 mg/kg) decreased jump latency in 14-day-old chicks but did not significantly affect jump latency in 
younger chicks. Respiration was lower in 3-day-old chicks than in the older groups but morphine depressed respiration at 
each age. In a second experiment morphine significantly decreased jump response latency in 5-day-old chicks when thermal 
stimulus intensity was lowered and morphine dose increased (5 mg/kg). Posttest respiration rate was depressed by morphine. 
Morphine hyperalgesia and respiratory depression were reversed by naloxone (5 mg/kg). However, naloxone alone increased 
jump response latency. Young domestic fowl are more sensitive and/or reactive to a noxious thermal stimulus and are less 
sensitive to morphine than 14-day-old chicks but morphine hyperalgesia was evident in both 5- and 14-day-old chicks. These 
hyperalgesic chicks may be tolerant at birth to morphine hypoalgesic effects on nociception. 

Morphine Hyperalgesia Nociception Respiration Naloxone Hot-plate Ontogeny 
Developmental Domestic fowl Chicken Cockerel Avian Opiate 

ACUTE administration of  morphine produces hypoalgesia 
against various measures of  nociception in most animal mod- 
els (1,13). This antinociceptive morphine effect is attenuated 
by the opioid antagonist naloxone and appears to be mediated 
primarily by/~ and x opioid receptors (31). In striking contrast 
to the typical hypoalgesic effects of  morphine, acute morphine 
administration in domestic fowl produces hyperalgesia on 
tests of  thermal and chemical nociception (9,10,12). This mor- 
phine hyperalgesic effect is strain dependent, naloxone sensi- 
tive, and like morphine hypoalgesia in other species, appears 
to be mediated primarily by/z and x opioid receptors at central 
nervous system loci (9,27). Morphine-induced hyperalgesic ef- 
fects have been observed in rodents after chronic morphine 
administration (14) and at long intervals after acute morphine 
administration (7), but these morphine hyperalgesic effects are 
preceded by hypoalgesia. Morphine hyperalgesia in domestic 
fowl are atypical; they occur on first exposure to morphine 

i To whom requests for reprints should be addressed. 

and are not preceded by hypoalgesia (12,24). This unusual 
morphine effect may be unique to nociception in fowl, how- 
ever, because the characteristic respiratory depression induced 
by morphine in other animals also occurs in hyperalgesic fowl 
(12,27). 

The data on morphine hyperalgesia in domestic fowl were 
obtained with chicks 14-17 days old. Unpublished observa- 
tions from our laboratory show similar morphine effects in 
fowl 21-28 days of  age. Although we have evaluated thermal 
nociception in younger fowl (11) we have not systematically 
evaluated morphine effects on nociception in chicks younger 
than 14 days of  age. Substantial changes in the substrates of  
nociception and the behavioral manifestation of  nociception 
occur within this early postnatal period both in rat pups 
(5,6,22) and in chicks (2,11). The present study was, therefore, 
designed to examine the ontogeny of  morphine effects on ther- 
mal nociception in domestic fowl at 3, 5, 7, and 14 days after 
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hatching. Respiration was also monitored to provide a second 
index of morphine effects. 

EXPERIMENT 1 

METHOD 

Subjects 

Eighty cockerels (Welp-Line 542 commercial stock; Welp 
Inc., Bancroft, IA)were obtained 1 day after hatching. Chicks 
were housed in pairs in enclosures (described below) that pro- 
vided physical separation without visual or auditory isolation 
from other chick pairs. Animals were maintained under 24-h 
overhead fluorescent illumination at a room temperature of 
32.0 + 1.0°C for the first week and 29.0 + 1.0°C thereafter. 
Food (Wayne pullet starter, St. Charles, MO) and water were 
continuously available in the home cage. 

Apparatus 

Four separate 125 x 56 x 30 cm housing enclosures were 
constructed of hardware cloth. Each enclosure was divided 
into 25 x 28 cm compartments (10 compartments per enclo- 
sure) with outer walls surrounded by white cotton cloth fabric. 
The test apparatus consisted of a 16 x 29 x 30 cm Plexiglas 
chamber with hinged lid. The walls of the chamber were cov- 
ered with white paper except for a 5-cm window near the 
chamber floor for observation of the apparatus interior. The 
floor was composed of eight glass tubes 1-cm diam spaced 2 
cm center to center and mounted in holes drilled through the 
walls of the Plexiglas chamber. The tubes were heated by a 
nichrome wire heating element (Glocoil Incubator, Eagle 
Manufacturing Company, Long Island City, NY), threaded 
through the glass tubing of the test chamber floor. Tempera- 
ture was regulated by a 7.5 A variable transformer (Standard 
Electric Co., Dayton, OH, model 300BU) and monitored by a 
digital thermometer. One end of the test chamber was occu- 
pied by a 12.5 x 15.5 x 7 cm wooden platform that rested 
on the grid floor. Response latencies were measured to the 
nearest 0.1 s with an electronic timer. 
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FIG. 1. Mean latency to jump from a heated grid as a function of 
posthatch age in domestic fowl given saline or morphine (vertical 
lines = SEM). 

100 
0 
uJ 90 
co 

0 80 

70 

Z 60 
0 

50 

-- 40 
a. 

30 uJ rr 
20 

Z 
10 

~J 

o 

-~)MORPHINE 2.5 mg/kg 

I SALINE , ., /"/ /~ 

//A 

-t- 

3 

4= 

r / /  

, / /  
/ / /  / / A  

I/A 

i// ,IA 

ii/ //A 
,i, //A 

5 14 

POSTHATCH AGE (DAYS) 

FIG. 2. Mean number of posttest respirations as a function of post- 
hatch age in domestic fowl given saline or morphine (vertical lines = 
SEM). 

Procedure 

The experimental design was a 2 x 4 factorial (n = 10 per 
cell) which combined two levels of drug (saline vs. morphine) 
with 4 age levels (3, 5, 7, 14 days after hatching). Each housing 
unit was randomly assigned to one age level and within each 
unit chicks were randomly assigned to one of the two drug 
levels. At the appropriate test age a chick was removed from 
the housing unit, weighed to the nearest 0.1 g, and injected 
with morphine sulfate (2.5 mg/kg, IM) or the 0.9o70 saline 
vehicle (volumes = 1.0 ml/kg). Chicks were color coded un- 
der one wing with a felt tip marker pen for group identifica- 
tion and returned to the home cage. 

Testing for thermal nociception occurred 30 min after in- 
jection. A subject was taken from the housing unit, placed in 
an opaque cylindrical plastic container (14 cm diam x 19 cm 
high) which was covered with a vented lid, and carried to an 
adjacent room where behavioral testing was conducted. 
Chicks were placed on the glass grid (temperature = 80 
_+ 0.3°C monitored by a thermistor placed against the inter- 
ior surface of the glass tubing) facing away from the raised 
platform. An electronic timer was started as the chick's feet 
touched the grid. The apparatus lid was lowered quietly and 
timing continued until the animal jumped (both feet com- 
pletely off the grid), stepped onto the wooden platform, or 70 
s elapsed. The chick was then immediately removed from the 
apparatus and the number of respirations (rhythmic chest 
movements) was counted for 60 s after which the chick was 
returned to its home cage. 

RESULTS 

Inspection of the jump latency (JLAT) data, summarized 
in Fig. 1, shows an age-related increase in latency that is atten- 
uated by morphine. In support of the visually apparent effects 
displayed in Fig. 1, analysis of variance (ANOVA) indicated 
that JLAT increased significantly with age [F(3, 72) = 10.84, 
p < 0.0001] and decreased with morphine treatment [F(1, 
72) = 11.16, p = 0.0013]. These main effects were qualified 
by a significant age x drug interaction [F(3, 72) = 4.95, 
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p = 0.0035]. Simple main effects analysis (17) for drug at 
each age level indicated that morphine decreased JLAT signif- 
icantly only in the oldest age group [F(1, 72) = 25.07, p < 
0.01] and that age was significant only at the saline level [F(3, 
72) = 14.83, p < 0.01]. Post-hoc analysis of the saline 
groups by power adjusted t-tests (17) demonstrated that the 
mean JLAT for the 14-day-old chicks was significantly greater 
than the mean JLATs displayed by the other three ages (p' 
< 0.01); the 3, 5, and 7 day age comparisons were not signifi- 
cantly different. In brief summary, JLAT showed a consistent 
increase as a function of posthatch age and although mor- 
phine attenuated JLAT at each age, these effects were signifi- 
cant only for the relevant 14-day age group comparisons. 

The respiration data are summarized in Fig. 2. In general, 
respiration rate increased with increased age and morphine 
attenuated respiration at each age. An ANOVA demonstrated 
a significant main effect for age [F(3, 72) = 27.7, p < 
0.0001] and drug [F(1, 72) = 60.49, p < 0.0001]. The age 
x drug interaction was not significant. For both morphine 
and saline treatment mean respiration for 3-day-old chicks 
was significantly lower than that of all older same treatment 
age groups (p' < 0.05). Comparisons among the older treat- 
ment groups were not significant for same treatment compari- 
sons across ages. Furthermore, power-adjusted t-tests demon- 
strated that morphine significantly decreased respiration at 
each age (p < 0.05 at age 3; <0.01 for each of the remaining 
age comparisons). 

EXPERIMENT 2 

The results of Experiment 1 suggest that chicks 3, 5, and 7 
days of age may be less sensitive to morphine effects on ther- 
mal nociception than 14-day-olds. Alternatively, response la- 
tency displayed by the younger chicks may have been nearly 
asymptotic and therefore not able to reflect morphine hyperal- 
gesic effects. Experiment 2 was designed to examine this possi- 
bility by evaluating morphine effects in 5-day-old chicks at a 
lower thermal stimulus intensity than used in Experiment I. 
This manipulation should result in longer response latencies 
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FIG. 3. Mean latency to jump from a heated grid as a function of 
morphine dose in 5-day-old chicks pretreated with saline or naloxone 
(vertical lines = SEM). 
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FIG. 4. Mean number of posttest respirations as a function of mor- 
phine dose in 5-day-old chicks pretreated with saline or naloxone 
(vertical lines = SEM). 

and increase the likelihood of obtaining morphine hyperalge- 
sia. Morphine effects on respiration were also evaluated in 
this experiment and morphine interactions at opioid receptors 
were evaluated b~ the use of the opioid receptor antagonist 
naloxone. 

METHOD 

Subjects 

Sixty cockerels (Welp-Line 542 commercial stock) were ob- 
tained one day after hatching and were housed and maintained 
as described in Experiment 1. Apparatus and procedure were 
generally as described in Experiment 1 except that animals 
received two IM injections one immediately after the other 
and the grid temperature for thermal nociception was lowered 
to 74 + 0.3°C. The design of this experiment was a 2 x 3 
factorial which combined two levels of naloxone hydrochlo- 
ride (0.0 vs. 5.0 mg/kg) with three levels of morphine sulfate 
(0.0, 2.5, or 5.0 mg/kg). The drugs were dissolved in sterile 
0.9o/0 saline and administered at 1.0 ml/kg. At 5 days of age 
animals were randomly assigned to receive one of the six drug 
injection combinations and tested 30 min later for treatment 
effects on thermal nociception and respiration using proce- 
dures described in Experiment 1. 

RESULTS 

Jump latency (JLAT) data are summarized in Fig. 3. These 
data show that 5.0 mg/kg morphine decreased JLAT and this 
decrease was reversed by naloxone. Moreover, naloxone in- 
creased JLAT at the 0.0 morphine dose. In support of these 
trends, an ANOVA demonstrated a significant main effect of 
naioxone dose [F(1, 54) = 13.17, p < 0.0006] and morphine 
dose [F(2, 54) = 3.31, p = 0.044]. The naioxone x mor- 
phine interaction was not significant. Pairwise comparisons 
for saline vs. naloxone at each morphine dose demonstrated 
significant differences at the 0.0 (p < 0.05) and 5.0 (p < 
0.01) mg/kg morphine doses. The saline group at the 5.0 mg/ 
kg morphine dose differed significantly from saline groups at 
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the two lower morphine doses (p < 0.05 at 2.5 mg/kg; <0.05 
at 0.0 mg/kg). There were no significant differences in JLAT 
among the naloxone groups. 

Respiration data are summarized in Fig. 4. Morphine re- 
duced respiration and naloxone reversed this morphine effect. 
The main effect of  morphine dose was significant [F(2, 54) 
= 9.01, p = 0.0004] as was the main effect of  treatment with 
naloxone or saline [F(I ,  54) = 10.85, p = 0.0017]; the inter- 
action term, however, was also significant [F(2, 54) = 3.99, 
p = 0.02]. Comparison across morphine dose for saline and 
naloxone treatments indicated that respiration declined signif- 
icantly for saline [F(2, 54) = 12.5, p < 0.0001] but not for 
naloxone. Comparison of  saline and naloxone treatments 
at each morphine dose revealed a significant difference only 
at the 5.0 mg/kg morphine dose IF( l ,  54) = 15.99, p = 
0.0002]. Palrwise comparisons among the saline treatment 
groups demonstrated significant differences between the 5.0 
morphine dose and the two lower doses (p < .05 at 2.5 mg/  
kg; p < 0.01 at 0.0 mg/kg). 

DISCUSSION 

The present study was designed to examine morphine ef- 
fects on thermal nociception in young fowl at 3, 5, 7, and 14 
days of  age. Consistent with earlier research (1 l),  the results 
of  Experiment 1 demonstrated an age-related increase in jump 
latency. Animals tested at 14 days of  age displayed longer 
jump response latencies than the younger animals. Also con- 
sistent with earlier research (9,24,27) the jump latency at 14 
days posthatch was significantly faster in animals given 2.5 
mg/kg morphine sulfate. This morphine dose did not signifi- 
cantly affect jump response latency of  3-, 5-, or 7-day-old 
chicks. These young animals were not insensitive to morphine 
effects, however, because respiration was depressed by mor- 
phine at each test age. It appeared likely that the rapid re- 
sponse latencies displayed by the youngest chicks in the saline 
condition reduced the likelihood that morphine could produce 
a further decrease in response latency. This possibility was 
examined in Experiment 2. 

In Experiment 2, 5-day-old chicks given saline injections 
displayed relatively long jump latencies from a grid main- 
tained at a lower temperature than used in Experiment 1. 
Morphine at 2.5 mg/kg did not significantly affect jump la- 
tency but a 5.0 mg/kg dose did. These results indicate that 
5-day-old chicks are less sensitive to morphine hyperalgesic 
effects than their 14-day-old counterparts in which 2.5 mg/kg 
morphine produced hyperalgesia. As suggested by the results 
of  Experiment 1, 5-day-old animals are not generally insensi- 
tive to 2.5 mg/kg morphine because this dose, and the higher 
5.0 mg/kg dose, significantly depressed respiration. Although 
young chicks may be less sensitive to morphine hyperalgesic 
effects than their 14-day-old counterparts, they nevertheless 
display hyperalgesia in response to their first exposure to mor- 
phine. Morphine hyperalgesic effects are atypical on first 

exposure to morphine but have been observed to occur in 
morphine tolerant animals (14). Morphine hyperalgesia in do- 
mestic fowl is strain dependent (9,26) and this suggests the 
possibility that selective breeding may have produced a model 
that is morphine tolerant at birth. Monoamines play a signifi- 
cant role in morphine hypoalgesic effects and we have recently 
shown that hyperalgesic fowl differ from hypoalgesic fowl in 
brain but not spinal monoaminergic response to morphine 
(26). Thus, one interpretation of  morphine hyperalgesia in 
domestic fowl is that it reflects tolerance to morphine pro- 
duced by genetically determined changes in the profile of 
monoaminergic response to morphine. 

The age-related increase in jump latency observed in Exper- 
iment 1 corresponds well with the emergence and age- 
dependent increase in fear indicators in this precocial avian 
species (4,8,11,20,21). This increase in jump latency may, 
therefore, reflect a stress-induced analgesic effect (15,28) pro- 
duced by social separation (25) and by the predatory compo- 
nent of an initial encounter with the experimenter (23). We 
have demonstrated a robust hypoalgesic effect produced by 
experimenter contact and brief social separation in 7-day-old 
domestic fowl. This effect can be attenuated by handling and 
by the presence of  social companions (25). Animals in the 
present study were not handled before morphine administra- 
tion and they were separated briefly from their social compan- 
ions for the nociceptive test session. It is, therefore, very likely 
that the response latencies displayed by animals in the present 
study reflect a stress-induced hypoalgesic component that in- 
creases within the first 2 weeks after hatching as a concomitant 
of increased fear. 

Although contrary evidence exists (30), substantial evi- 
dence demonstrates that morphine can decrease and naloxone 
can increase some indices of stress elicited by social separation 
(16,19). Therefore, a plausible explanation for the present re- 
sults is that naloxone produced hypoalgesia by increasing 
stress, morphine produced hyperalgesia by decreasing stress, 
and when administered together these competitive opiates 
interacted, presumably at opioid receptors, to produce inter- 
mediate effects (see Fig. 3). This interpretation necessarily 
assumes that, in the present avian model, morphine and nalox- 
one act on systems that subserve social comfort (19) and that 
the stress of social separation elicits a nonopioid hypoaigesia 
(3,29). Without this assumption morphine and naloxone 
would be expected to increase and decrease, respectively, the 
index of  nociception (16). This interpretation is consistent 
with the earlier suggestion that the avian model used in the 
present study is born tolerant to morphine effects on nocicep- 
tion. 
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