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62

 

(1) 145–149,
1999.—The effects of a daily injection of the 

 

d

 

 selective opioid antagonist naltrindole (1 mg/kg), from birth to postnatal day
19, on antinociceptive and behavioral responses to the 

 

m

 

 selective agonist alfentanil (65 

 

m

 

g/kg) and the 

 

k

 

 selective agonist CI-
977 (50 

 

m

 

g/kg) in 20-day-old male rats were investigated. Antinociception was assessed using the tail immersion test and be-
havioral testing was performed by employing an open field. The functional blockade of the 

 

d

 

 receptor by naltrindole blocked
the antinociceptive response to alfentanil but did not affect the antinociception induced by CI-977. The effects of alfentanil
(increased exploration) and CI-977 (a marked hypoactivity) in the open field were not modified by neonatal naltrindole treat-
ment. The results suggest a functional interaction between 

 

d

 

 and 

 

m

 

 receptors in the postnatal period but not between 

 

d

 

 and 

 

k

 

receptors. The data also suggest differences in the 

 

d

 

 and 

 

m

 

 receptors interacting in the modulation of antinociception and
those involved in behavioral responses in the open field. © 1998 Elsevier Science Inc.
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THERE is substantial evidence indicating the existence of
critical periods during early postnatal development of the en-
dogenous opioid system in the rat, in which the system is par-
ticularly sensitive to environmental insults and pharmacologi-
cal treatments with opioid compounds (1,3,4,10,24,25,30).
Some of these studies have shown that chronic treatments
with opioid agonists or antagonists produce downregulation
(24,30) or upregulation (1,10,25) in the opioid receptors,
pointing to the plasticity of the opioid system. Many of these
studies have used compounds that are not selective for the
opioid receptor subtypes, such as morphine or the general an-
tagonists naloxone and naltrexone. There is also much infor-
mation about the existence of interactions and cooperativity
between 

 

m

 

 and 

 

d

 

 receptors in adult rodents. These kind of in-
teractions, which affect antinociceptive responses (8,20,21),
the development of physical dependence on morphine (28),
and brain-stimulation reward (6), may have implications for
the therapeutic use of opioids. However, there is little evi-

dence about this functional 

 

m

 

–

 

d

 

-receptor interactions in new-
born rats. Functional antinociceptive responses to 

 

m

 

-agonists,
as well as 

 

m

 

 opioid tolerance and dependence, have been
demonstrated in neonatal rats (12,18,32). For the 

 

k

 

-opioid re-
ceptor, antinociceptive and behavioral responses to 

 

k

 

 agonists
have revealed striking differences between adult and neonatal
rats (13,14,15,19). Information on 

 

d

 

-mediated responses in de-
velopment is scarcer, in part due to the lack of availability of
high-affinity agonists (7) and antagonists (22,29) until recently.
When responses to 

 

d

 

-agonists have been reported (2,13,15),
these show a lack of functional responses in preweanling ani-
mals possibly associated with the late development of this re-
ceptor (16,18).

To address the question of whether functional interactions
exist between 

 

d

 

 and 

 

m

 

 receptors or 

 

d

 

 and 

 

k

 

 receptors in the
neonatal period, we have studied the effects of functional
blockade of neonatal 

 

s

 

 receptors by a chronic treatment with
naltrindole and measured antinociceptive and behavioral re-
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sponses to the selective 

 

m

 

 agonist alfentanil and to the 

 

k

 

 selec-
tive agonist CI-977 in neonatal rats.

 

METHOD

 

Animals and Neonatal Treatments

 

Experiments were performed on Wistar albino male rats
from the animal house of the Universidad Complutense of
Madrid, which is served by Harlan Interfauna Ibérica S.A.
(Barcelona, Spain). The animals were maintained at a con-
stant temperature of 20

 

8

 

C and in a reverse 12-D:12 L cycle
(lights on at 2000 h), with free access to food (commercial diet
for rodents A04/A03; Panlab, Barcelona, Spain) and water.
Male rats were mated with females (one male 

 

3

 

 two females)
and sperm-positive females were then rehoused in individual
cages for the duration of pregnancy. On the day of birth (post-
natal day 0), litters were sex balanced and culled to 10 

 

6

 

 1
pups per dam. Although only the males were used in the be-
havioral tests, the whole litters remained with their mothers
to avoid interferences due to sexual isolation (3,27). The pups
were marked subcutaneously with ink to identify each of
them. From the day of birth to day 19 half of the animals
within each litter (males and females) received a daily SC in-
jection of naltrindole (RBI) (1 mg/kg, 1 ml/kg) and the other
half a SC injection with the same volume of 0.9% saline solu-
tion. Taken into account this neonatal treatment plus the dif-
ferent acute treatments detailed below, each experimental
group contained individuals from a minimum of four different
litters, which were tested on at least two different days to min-
imize interlitter and interday variability. All experimental
procedures were carried out between 0930 and 1430 h. On the
day of testing the animals were equilibrated in a quiet labora-
tory at least 1 h before experimental procedures were begun.
Behavioral tests were carried out under the same illumination
conditions as those in the animal facilities (red light).

 

Antinociceptive and Behavioral Responses to 
Alfentanil and CI-977

 

At 20 days of age, and within each of the above-mentioned
neonatally treated groups, the following five acute treatment
groups were studied: a control group, which received a single
injection of 0.9% saline solution IP; two groups receiving ei-
ther a single injection of alfentanil (Janssen) (65 

 

m

 

g/kg, IP) or
CI-977 (Parke Davis) (50 

 

m

 

g/kg, IP) and two additional
groups for antagonism studies that received an injection of
naloxone (1 mg/kg, IP.) (RBI) before the administration of ei-
ther alfentanil or CI-977. In previous studies (2,15) and from
dose–response curves carried out in our laboratory (unpub-
lished data) we found that the doses chosen for the 

 

m

 

- and

 

k

 

-agonists produce submaximal responses in neonatal rats.
The maximum dose volume was of 0.13 ml/20 g. Nociception
was assessed using the tail immersion test with water at 50

 

8

 

C
(17). Nociceptive responses (tail immersion latencies) were mea-
sured as the time elapsed prior to removal of the tail from the
water surface, and a maximum 10-s cutoff was used. Response
latencies were measured 15 min before administration of sa-
line, alfentanil, or CI-977 and 5 min after treatment, a time
point that represents peak antinociception for both alfentanil
(2) and CI-977 (15) in this paradigm. The antagonist naloxone
was administered 10 min before agonist administration. To
compare the different treatments, antinociception was quanti-
fied as previously described (23) using the following formula:

Latency quotient response latency after treatment
response latency before treatment
----------------------------------------------------------------------------------------=

 

Behavioral testing was performed by using a square open
field (60 

 

3

 

 60 

 

3

 

 45 cm) with a floor divided into 36 squares
(10 

 

3

 

 10 cm). The duration of the test was 5 min. The param-
eters recorded were: external ambulation (number of entries
to the external sectors situated in the periphery, by the walls)
and internal ambulation (number of entries to the internal
sectors situated in the central area), total ambulation (exter-
nal 

 

1

 

 internal), frequency of rearing and facial grooming, and
defecation score (number of boluses). The animals were
tested individually in the open field, 5 min after the comple-
tion of the tail immersion test.

 

Statistical Analysis

 

Data from tail immersion (latency quotients) and open field
were analyzed by two-way analysis of variance (ANOVA)
(factors: neonatal treatment and acute treatment). The groups
included in the analysis were chronically treated with saline or
naltrindole, and subsequently studied for the acute effects of

 

m

 

 or 

 

k

 

 agonists and antagonism by naloxone. Student–New-
man–Keuls test with a level of significance set at 

 

p

 

 

 

,

 

 0.05 was
used for posthoc comparisons. An unpaired Student 

 

t

 

-test was
employed to analyze basal nociceptive latencies.

 

RESULTS 

 

Baseline Nociceptive Latencies

 

In order to evaluate the effect of neonatal naltrindole
treatment on baseline nociceptive latencies (s) in the tail im-
mersion, we analyzed the pretest data obtained from all the
animals included in the study. There was no significant effect
of neonatal treatment on the baseline responses (animals
treated neonatally with saline: 1.71 

 

6

 

 0.06, 

 

n

 

 

 

5

 

 51, animals
treated neonatally with naltrindole: 1.89 

 

6

 

 0.08, 

 

n

 

 

 

5

 

 51; 

 

t

 

(100) 

 

5
2

 

1.79, 

 

p

 

 

 

5

 

 0.08).

 

Antinociceptive and Behavioral Responses to 
Alfentanil and CI-977

 

The analysis of the data from the tail immersion test re-
vealed the following results: with respect to the 

 

m

 

 agonist al-
fentanil, significant effects of the acute treatment, 

 

F

 

(2, 48) 

 

5

 

7.77, 

 

p

 

 

 

5

 

 0.001, and a significant interaction between factors,

 

F

 

(2, 48) 

 

5

 

 4.88, 

 

p

 

 

 

5

 

 0.01, were found, while the effect of the
neonatal treatment was not significant. Posthoc comparisons
showed that alfentanil caused a significant antinociception in
the animals treated neonatally with saline, and that this effect
was antagonized by naloxone. However, the 

 

m

 

-agonist did not
induce any antinociceptive response in the animals treated
neonatally with naltrindole (Fig. 1a). For the 

 

k

 

 agonist CI-977,
ANOVA revealed a significant effect of the acute treatment,

 

F

 

(2, 63) 

 

5

 

 10.72, 

 

p

 

 

 

,

 

 0.0001, while the neonatal treatment and
the interaction between treatments were not significant. CI-
977 caused an antinociceptive effect in all the animals (treated
neonatally with saline or naltrindole) that was antagonized by
naloxone (Fig. 1b).

The analysis of the data from the open field did not reveal
any significant interaction between neonatal and acute treat-
ments for any of the parameters recorded, indicating that neo-
natal naltrindole treatment did not significantly modify the re-
sponses to alfentanil or CI-977 in this test. The analysis on the
responses to alfentanil revealed significant effects of acute
treatment for rearing behavior, 

 

F

 

(2, 49) 

 

5

 

 16.81, 

 

p

 

 

 

,

 

 0.0001,
and a marginally significant effect for internal ambulation,

 

F

 

(2, 49) 

 

5

 

 3.01, 

 

p

 

 

 

5

 

 0.06. In fact, the animals treated with al-
fentanil showed a significant increase in rearing behavior,
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which was antagonized by naloxone, and a trend towards in-
creased internal ambulation (Table 1). Analysis of responses
to CI-977 showed significant effects of acute treatment for ex-
ternal ambulation, 

 

F

 

(2, 64) 

 

5

 

 4.76, 

 

p

 

 

 

5

 

 0.01, total ambulation,

 

F

 

(2, 64) 

 

5

 

 5.50, 

 

p

 

 

 

,

 

 0.01, rearing behavior, 

 

F

 

(2, 64) 

 

5

 

 85.58,

 

p

 

 

 

,

 

 0.0001, and grooming, 

 

F

 

(2,64) 

 

5

 

 21.19, 

 

p

 

 

 

,

 

 0.0001. Acute
CI-977 treatment produced significant decreases in all these
parameters. After the administration of the 

 

k

 

 agonist sedation
and straub tail responses were observed in some animals.
Naloxone antagonized the effects of CI-977 on ambulation
and reduced the effects on rearing, but did not prevent the ef-
fect on grooming (Table 1).

 

DISCUSSION

 

There is substantial evidence indicating the existence of in-
teraction between 

 

m

 

 and 

 

d

 

 receptors in adults, and it has been
hypothesized that 

 

m

 

 and 

 

d

 

 receptors may coexist in an opioid–
receptor complex (8,20,21). Our results indicate that the func-
tional blockade of the 

 

d

 

-receptors during postnatal days 0–19
blocked the antinociceptive response to the selective 

 

m

 

 ago-
nist alfentanil in preweanling rats, which suggest that this kind
of interaction might exist during the period in which both re-
ceptors are in rapid development. These results also support
previous studies suggesting that endogenous and exogenous 

 

s

 

agonists may enhance antinociceptive processes mediated by 

 

m

 

receptors (8,20,21). Thus, the chronic functional blockade of 

 

s

 

receptors by naltrindole during the postnatal period might
have prevented a possible modulatory effect of endogenous 

 

s

 

agonists on 

 

m

 

 receptors that might account for the inhibition
of the antinociceptive action of alfentanil.

Although many studies have shown that 

 

k-agonists in
adults are relatively insensitive in thermal tests (9,19,26), this
is not borne out in postnatal animals. The k agonists PD 117302,
U69593, and CI-977 produce a marked antinociception in the
tail immersion test, in 5- and 10-day-old rats (15), U50,488
causes antinociception at day 10 (14), and CI-977 is effective
in the tail-flick test in 3-day-old pups (19). Our results confirm
that CI-977, at a dose of 50 mg/kg, was effective in producing
antinociception at 20 days of age. As a whole, these data sug-
gest that k-mediated antinociception against thermal stimuli
might be particularly important in the neonates in comparison
with adult animals and this, indeed, might be biologically pro-
tective during early development. In contrast to the results
obtained with alfentanil, the antinociception induced by the k
agonist was not significantly reduced by the neonatal treat-
ment with naltrindole. This suggests that there is an interac-
tion between m and d receptors, but not between k and d re-
ceptors in preweanling rats in relation to nociception.

Our previous studies have shown that m agonists (mor-
phine and DAGO) induced behavioral depression in neonatal
rats of 5–20 days of age when tested in a cage similar to their
usual home cage, i.e., under a low-stress condition (13). In
contrast, the results of this work indicate that the selective
m agonist alfentanil caused increases in internal ambulation
and rearing behavior in the open field, a test that involves a
moderate degree of stress. These results suggest that alfenta-
nil increased the exploratory activity, and this accords with
previous studies showing that opioid substances may facilitate
the exploratory behavior in novel or aversive environments
(31). In contrast to the findings regarding the interaction be-
tween the neonatal naltrindole treatment and alfentanil-medi-
ated antinociceptive responses, the open-field responses to
alfentanil were not affected by neonatal treatment with the
d antagonist. This suggests that the m and d receptors interact-
ing in the modulation of antinociception might be at least in
part different from those involved in these type of behavioral
responses in the open field.

In studies where behavioral responses of neonatal rats to
k-agonists have been investigated, these compounds induce
hyperactivity in rats of 3, 5, 10, and 15 days of age (13,14,19).
In contrast, k-agonists, and in particular CI-977, typically in-
duce hypoactivity in mature rats and mice (5,9,11,19). Our re-
sults indicate that CI-977 induced a marked hypoactivity in
the open field at 20 days of age, which was reflected as signifi-
cant decreases in external and total ambulation and rearing
behavior, with this latter parameter being decreased by ap-
proximately 90%, with also significantly reduced grooming.
These effects were not affected by the neonatal treatment

FIG. 1. Effects of neonatal naltrindole treatment on antinociceptive
responses to alfentanil and CI-977 in the tail immersion test in 20-
day-old male rats. The animals were treated neonatally with saline
(SS) or naltrindole (NTI) (from birth to day 19) and subsequently
studied for the acute effects of alfentanil (ALF) (a) or CI-977 (b) and
antagonism by a previous injection with naloxone (NAL). (a) Histo-
grams represent the mean 6 SEM of 7–11 animals. Two-way ANOVA:
significant effects of acute treatment and interaction between acute
and neonatal treatments. Student–Newman–Keuls: *p , 0.05 vs. the
control group treated acutely with SS, §p , 0.05 vs. the group treated
acutely with ALF. (b) Histograms represent the mean 6 SEM of 10–15
animals. Two-way ANOVA: significant effect of acute treatment, no
significant interaction between acute and neonatal treatments. Stu-
dent–Newman–Keuls: *p , 0.05 vs. the control groups treated acutely
with SS, §p , 0.05 vs. the groups treated acutely with CI-977.
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with naltrindole. In a previous study (13) it was found that
U50,488H supressed grooming and gnawing behavior in 20-
day-old rats, while locomotor activity was relatively unaf-
fected. Other data indicate that the effect of CI-977 on activity
in 21-day-old animals appeared to be biphasic, with some
stimulatory effects appearing at low doses (10 mg/kg) and a
significantly decreased open field activity with 1000 mg/kg
(19). Although this dose is much higher than that used in this
study, it appears that at postnatal days 20–21 there are clear
changes in the effects of CI-977 on the animals’ activity when
compared with those induced in younger rats. It has been pro-
posed that this fact might reflect a developmental transition in
the substrate subserving the effects of CI-977 on activity (19).
Given the important role that the process of weaning appears
to play in the development of d-opioid receptors (16), the pos-
sible existence of an additional influence of weaning on the
development of k-mediated behavioral responses deserves
further investigation.

In conclusion, the functional blockade of the d-receptor by
naltrindole blocked the antinociceptive response to alfentanil

but did not affect the antinociception induced by CI-977, in
preweanling rats. The results suggest a functional interaction
between d and m receptors in the postnatal period but not be-
tween d and k receptors. To address the molecular basis of
these functional responses, we are currently evaluating by au-
toradiographic mapping if and how the chronic administration
of naltrindole influences the expression of m, d, and k-opioid
receptors.
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