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Abstract

We have studied behavioural, biochemical and endocrine responses to the cannabinoid agonist WIN 55,212-2 (WIN) in neonatal rats, as
well as the effects of weaning on such responses. We used preweanling rats (20 days of age), 25-day-old weaned rats (weaning at Day 22)
and 25-day-old nonweaned rats of both sexes. The behavioural effects of WIN were assessed in the nociceptive tail immersion test and in the
open field. We also analysed the effect of weaning on corticosterone responses to WIN (radioimmunoassay) as well as on WIN-stimulated
[**S] GTPyS binding in periaqueductal grey (PAG) and striatum. The cannabinoid agonist induced a modest increase in pain thresholds,
whereas the effect of the drug on open-field activity, particularly on vertical activity, was much more marked. The weaning process appeared
to reduce the baseline nociceptive latencies of the female rats. No significant effect of weaning on the behavioural responses to WIN was
found. However, the group of weaned females (but not males) showed a significantly reduced WIN-stimulated [*°S] GTPyS binding in the
striatum. The cannabinoid agonist significantly increased the corticosterone levels of 25-day-old rats with the effect being more marked in
weaned than in nonweaned animals. The results suggest that the weaning process might produce some sexually dimorphic developmental

changes in CB; receptor function.
© 2004 Elsevier Inc. All rights reserved.
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1. Introduction

The effects of cannabinoid agonists on adult rodents
have been extensively studied and include antinociception,
changes in motor activity and anxiety, and activation of the
hypothalamus—pituitary—adrenal (HPA) axis (Wenger et
al., 1997; Chaperon and Thiébot, 1999; Manzanares et
al., 1999a). There is also evidence about the behavioural
and neuroendocrine consequences of pre- and perinatal
exposure to either cannabis preparations or to its main
psychoactive component, A’-tetrahydrocannabinol (THC)
in rats (Navarro et al., 1994; Fernandez-Ruiz et al., 1999;
Ramos et al., 2002). However, there is much less infor-
mation about the acute effects of cannabinoid agonists in
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infant rats. The endocannabinoid system appears to play
different functional roles at different developmental stages
in rodents. The atypical distribution of cannabinoid CB,
receptors during the perinatal period seems to be related to
a specific involvement of the endocannabinoid system in
brain development. Thus, during this early developmental
period, CB;-receptor binding is prominent in white-matter
areas, including those of the midbrain and brainstem, and
CBj-receptor mRNA is expressed in some forebrain areas
which participate in the processes of neuronal and glial-
cell proliferation. As for binding in fiber tracts, the
importance of this observation is its transient nature
(Romero et al., 1997; Fernandez-Ruiz et al., 2000; Ramos
et al.,, 2002). In adults rats, the highest values for CB;
receptor binding are found in striatum, hippocampus and
cerebellum (Fernandez-Ruiz et al., 2000). The endocanna-
binoid 2-arachidonoyl glycerol (2-AG) is present in ma-
ternal milk (Fride et al., 2001) as well as in pups’ brain
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(Berrendero et al., 1999), and the endocannabinoid system
appears to play a role in milk suckling, and hence, in
neonatal development (Fride et al., 2001; Fride and Sho-
hami, 2002).

The periweanling period, and in particular, the weaning
stimulus, appears to be critical for the development of
neurochemical systems, such as the opioid system (Kitchen
et al., 1995; Terranova and Laviola, 2001). The activation
of 6-opioid receptors induced by weaning may be depen-
dent on the loss of certain components of milk which show
opioid activity (Goody and Kitchen, 2001), and the manip-
ulation of weaning age induces a number of neurobeha-
vioural changes, including an altered responsivity to o-
opioid agonists (Terranova and Laviola, 2001; Laviola et
al., 2003). Thus, both the cannabinoid and the opioid
systems appear to be critically involved in developmental
changes occurring during the periweanling period. In
addition, there is abundant evidence about parallelisms
and functional interactions between the two systems in
adult animals (Manzanares et al., 1999b; Kirkham and
Williams, 2001; Berrendero and Maldonado, 2002; Marin
et al., 2003). On the basis of this evidence, we hypoth-
esised that the weaning stimulus might exert an influence
on the functional development of cannabinoid CB; recep-
tors. In this study, we have investigated a number of
functional responses to the cannabinoid receptor agonist
WIN in neonatal rats of both genders, as well as the
influence of weaning in such responses. We have
addressed behavioural and corticosterone responses, as
well as WIN-stimulated [*>S] GTPyS binding in discrete
brain regions. This latter biochemical technique provides
quantification of functional receptor—G protein coupling,
an index of cannabinoid receptor function. We performed
this assay in the striatum, in relation to the motor compo-
nent of open-field behaviour, and the periaqueductal grey
(PAG) as a region related to both emotional responses and
nociception.

2. Materials and methods
2.1. Animals and experimental conditions

Experiments were performed on Wistar albino rats of
both sexes from the animal house of the Universidad
Complutense of Madrid, which is served by Harlan Inter-
fauna Ibérica S.A. (Barcelona, Spain). The animals were
maintained at a constant temperature of 21 °C and in a
reverse 12-h dark—light 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 X two females). On the day of birth
(postnatal day 0), litters were sex balanced and culled to
10 £ 1 pups per dam. Only one litter had a fewer number of
animals, three males and three females. To investigate the
effect of weaning on the diverse behavioural, endocrine and

biochemical parameters indicated below, the experiments
were performed in preweanling rats (20 days of age), 25-
day-old weaned rats (weaning at Day 22: removal of the
mother and rehousing of the pups in groups of the same
gender) and 25-day-old nonweaned rats. All experimental
procedures were carried out between 0930 and 1430 h. On
the day of testing, the animals were equilibrated in a quiet
laboratory for a 30-min period, before experimental proce-
dures began. Nociceptive and behavioural testing was
carried out under the same illumination conditions as those
in the animal facilities (red light).

All the experiments performed in this study are in
compliance with the Royal Decree 223/1988 of 14 March
(BOE 18) and the Ministerial Order of 13 October 1989
(BOE 18) about protection of experimental animals, as well
as with the European Communities Council Directive of 24
November 1986 (86/609/EEC).

2.2. Drug treatment and behavioural testing

In the first phase of the study, to get an adequate dose for
the second experiment, we performed an experiment on 25-
day-old weaned animals using 3 and 10 mg/kg of WIN
55,212-2 (WIN; Tocris), which was administered subcuta-
neously. To study the effect of weaning on antinociceptive
and behavioural responses to the cannabinoid agonist (sec-
ond experiment), we selected the dose of 3 mg/kg. The
doses of the compound, the route of administration, and the
pretest time (see below) were chosen on the basis of pilot
experiments performed in our laboratory and previous
results obtained from peripubertal rats (Fox et al., 2001;
Romero et al., 2002). In fact, there were no data available in
the literature about effects of WIN in rats of the same ages
as those used in this study. In all cases, the volume
administered was 0.1 ml/20 g. Nociception was assessed
using the tail immersion test with water at 50 °C (Kitchen et
al., 1984). Nociceptive responses (tail immersion latencies)
were measured 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 immediately before
the administration of WIN or its corresponding vehicle
[ethanol/cremophor/saline (1:1:18); cremophor, Fluka Bio-
ChemiKa; baseline latencies], and 60 min after treatment
(posttreatment latencies). Antinociception was quantified
using the following formula: % MPE (percentage maximum
possible effect)=(posttreatment latency — baseline latency/
cutoff — baseline latency) x 100. Five minutes after the
completion of the tail immersion test, the animals were
tested individually in the open field, as previously described
(Fernandez et al., 1999; Romero et al., 2002). The apparatus
consisted of a cylinder (75 cm diameter X 50 cm high) with
a floor divided into 19 sections of a similar area by two
concentric circles (17 and 45 cm diameter) and a series of
radii. The duration of the test was 3 min. The parameters
measured were as follows: peripheral ambulation (number
of squares adjacent to the wall entered with the four limbs),
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internal ambulation (number of squares in the central area
entered with at least three limbs) and frequency of rearing
(number of times that the animal stood on its rear limbs,
vertical activity).

2.3. Corticosterone assay

The serum corticosterone levels were measured in
animals corresponding to the experiment on the effect of
weaning upon nociceptive and behavioural responses to
WIN. Three minutes after completion of the open field, the
animals were killed by decapitation. Blood samples were
collected from the trunk and centrifuged (3000 rpm for 15
min), and serum was stored at — 80 °C. Corticosterone
was measured using a solid phase '*’I radioimmunoassay
(Coat-A Count Rat Corticosterone kit, Diagnostic Products,
Los Angeles, CA). The detection limit was 5.7 ng/ml and
the intra- and interassay coefficients of variation were less
than 10%.

2.4. Basal and WIN-stimulated [*°S] GTPyS binding assay

The basal and WIN-stimulated [**S] GTPyS binding was
studied in additional naive groups of animals.

2.4.1. Drugs

JWH-133 (6aR,10aR)-3-(1,1-dimethylbutyl)-6a,7,
10,10a-tetrahydro-6,6,9-trimethyl-6H-dibenzo[b,d|pyran
(Dr. J.W. Huffman, Clemson University, USA), WIN
55,212-2 mesylate (R)-(+)-[2,3-dihydro-5-methyl-3-(4-mor-
phonilylmethyl) pyrrolo[1,2,3-de]-1,4-benzoxazin-6-yl]-1-
naphtalenylmethanone mesylate (Sigma), Rimonabant or
SR141716 N-(piperidin-1-yl)-5-(4-chlorophenyl)-1-(2,4-
dichlorophenyl)-4-methyl-1H-pyridazole-3-carboxamide
(Sanofi Recherche, Montpellier, France), SR 144528 N-
[(1S)-endo-1,3,3-trimethyl bicyclo [2.2.1]heptan-2-yl]-5-(4-
chloro-3-methylphenyl)-1-(4-methylbenzyl)-pyrazole-3-car-
boximide (Sanofi Recherche). Drugs were dissolved at 10
mM in DMSO and further diluted in the appropriate buffer
or vehicle prior to its use. DMSO final concentration never
exceeded 0.1%.

2.4.2. Procedure

Animals were sacrificed by decapitation and the brains
were stored at —20 °C. PAG region and striatum were
dissected from 2-mm-thick slices. The tissues were homog-
enized in 50 volumes of Tris—HCI 50 mM, pH 7.4, using
an Ultraturrax (20 s, 20,000 rpm). The samples were
centrifuged at 2000 X g for 10 min at 4 °C, to eliminate
nuclei. The supernatants were then centrifuged at
15,000 X g for 15 min. The resulting pellets were resus-
pended in 50 volumes of the same buffer, keeping (— 20
°C) a sample for protein measurements. Finally, the tissues
were centrifuged again at 15,000 X g for 15 min and the
pellet was stored at —20 °C until analysis. In preliminary
experiments, it was confirmed that two freeze—thaw cycles

did not modify GTPyS binding. The membrane prepara-
tions were resuspended in 50 volumes of incubation buffer
(Tris—HCI1 50 mM, pH 7.4, containing 3 mM MgCl,, 100
mM NaCl, 0.2 mM EGTA, 0.5mg ml~' BSA). Tubes
contained 200 pl membrane preparation (4 mg wet weight
tissue/ml), 0.04 nM [**S] GTP+S, 30 uM GDP and 5 uM
WIN. Basal activity was determined in the absence of
agonist and nonspecific binding in the presence of 10
uM of cold GTPvS. In competition experiments performed
on striata from 25-day-old nonweaned rats, increasing
concentrations (10 ~'°~10 73 M) of the CB; receptor
selective antagonist Rimonabant (SR 141716A) or the
CB, receptor selective antagonist SR144528 were added
in combination with WIN (5 uM). In other experiments, the
effect of increasing concentrations of the CB, selective
agonist JWH-133 on basal [>°S] GTPyS binding was
assayed. The samples were incubated for 60 min at 30
°C in a water bath, filtered through GF/C Whatman filters
(0.45 um) using a Brandel harvester, washed three times
with ice-cold Tris—HCl SmM, pH 7.4, containing 0.1 mg
ml ~ ' BSA, and the radioactivity counted for 3 min using
an LKB scintillation counter. Net stimulation was calculat-
ed by the difference of the binding in the presence and in
the absence of WIN (basal binding). Data were expressed
in fmol/mg prot.

2.5. Statistical analysis

The results from the experiment using WIN at 3 and 10
mg/kg in 25-day-old weaned animals were analysed by two-
way ANOVA, with the two factors being sex and pharma-
cological treatment. The baseline latencies obtained in the
tail immersion test and the biochemical data were analysed
using two-way ANOVA with the two factors being sex and
age condition (20-day-old preweanling rats, 25-day-old
nonweaned rats and 25-day-old weaned rats). The % MPE
values, the data from the open field and those from the
corticosterone determinations, corresponding to the study on
weaning (using WIN, 3 mg/kg), were analysed by three-way
ANOVA (sex, pharmacological treatment and age condi-
tion). The Fisher LSD Method (LSD) was used for post hoc
comparisons.

3. Results

3.1. Effects of WIN, 3 and 10 mg/kg, in 25-day-old weaned
rats

3.1.1. Tail immersion test

The analysis of the % MPE values showed a significant
effect of the treatment [ F(2,54)=114.7, P<.001], whereas
no significant effect of sex or interaction between factors
were found. As Fig. la shows, WIN induced a modest
although significant increase of the % MPE values with the
highest dose being more effective (Fig. 1a).
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Fig. 1. Effect of WIN 3 and 10 mg/kg on functional responses of 25-day-old weaned female (F) and male (M) rats. Control animals were injected with vehicle
(Vh; see text). (a) Antinociceptive responses in the tail immersion test. % MPE (percentage maximum possible effect)=(posttreatment latency — baseline
latency/cutoff — baseline latency) X 100. Open-field activity: (b) peripheral ambulation, (c) internal ambulation and (d) rearing frequency (vertical activity).
Histograms represent the mean + S.E.M. of the following number of animals: Vh (F=10, M=9), WIN 3 (F=12, M=9) and WIN 10 (F=11, M=9). LSD test:
*¥* P<.01, ¥** P<.001 vs. vehicle-treated animals; § P<.01 vs. the animals treated with WIN 3 mg/kg.

3.1.2. Open-field activity

The analysis of open-field data indicated that WIN
significantly reduced the three parameters measured (Fig.
Ib—d): peripheral ambulation [F(2,54)=11.9, P<.001];
internal ambulation [ F(2,54)=15.8, P<.001] and rearing
frequency [ F(2,54)=72.6, P<.001].

A visual inspection of Fig. 1b and ¢ shows that the effect
of WIN on the horizontal ambulation of females was less
marked at 3 mg/kg than at 10 mg/kg, whereas in males, the
two doses had a similar effect. With respect to vertical
activity, WIN induced a drastic reduction of rearing behav-
iour at the two doses used and in both sexes (Fig. 1d).

3.2. Effects of weaning on functional responses to WIN, 3
mg/kg

Because, in the first experiment, the dose of 10 mg/kg
induced an excessive reduction of motor activity, we decid-

ed to use the dose of 3 mg/kg to study the effect of weaning
on the diverse parameters indicated below. For this part of
the study, we obtained additional litters to complete a new
group of 25-day-old weaned animals which was tested in
parallel with the other two experimental groups, i.e., 20- and
25-day-old nonweaned rats.

3.2.1. Tail immersion test

The analysis of the baseline latencies revealed a signifi-
cant effect of the age condition [ F(2,99)=56.8, P<.001]
and post hoc comparisons showed significant differences
between the three age groups. As Fig. 2a shows, the
preweanling rats showed the lowest baseline latencies. The
difference between 25-day-old weaned and nonweaned rats
was slight but significant and these latter animals showed the
highest latencies. The difference was more clear in females
than in males [interaction between factors: F(2,99)=2.6,
P=.08]. The three-way ANOVA performed on the % MPE
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Fig. 2. Effects of weaning on baseline latencies (a) and antinociceptive responses to WIN 3 mg/kg (b) in the tail immersion test. Control animals were injected
with vehicle (Vh; see text). F: females, M: males. % MPE (percentage maximum possible effect)=(posttreatment latency — baseline latency/cutoff — baseline
latency) X 100. Histograms represent the mean + S.E.M. of the following number of animals. For baseline latencies: 20-day-old rats (F =14, M =15), 25-day-
old nonweaned rats (F=15, M= 16) and 25-day-old weaned rats (F =22, M=23). For % MPE: 20-day-old rats, Vh (F=6, M=7), WIN (F =8, M =8); 25-day-
old nonweaned rats, Vh (F=7, M=8), WIN (F=8, M =8) and 25-day-old weaned rats, Vh (F=11, M=12), WIN (F=11, M=11). LSD test: [T/P<.001 vs. 25-

day-old weaned and nonweaned rats; P< .05 vs. 25-day-old nonweaned rats; *** P< 001 vs. vehicle-treated animals.

indicated significant effects of treatment [ F(1,93)=189,
P<.001] and age [F(2,93)=16.6, P<.001], as well as a
significant Treatment X Age interaction [F(2,93)=19,
P<.001]. As Fig 2b shows, WIN induced a significant
increase of the % MPE in the three age groups, and this
effect was more marked at 25 days of age (irrespective of
weaning) than at 20 days of age.

3.2.2. Open-field activity

The analysis of horizontal activity in the open field
(Fig. 3a and b) showed that the pharmacological treatment
induced significant decreases in both, (a) peripheral
[F(1,93)=32.7, P<.001] and (b) internal [ F(1,93)=53.1,
P<.001] ambulation in all the experimental groups, where-
as the other main factors and interactions between factors

were not significant. The effect of WIN on vertical activity
(Fig. 3c) was more marked, and rearing behaviour practi-
cally disappeared after drug treatment [F(1,93)=182.6,
P<.001].

3.2.3. Corticosterone determinations

The three-way ANOVA revealed significant effect of sex
[F(1,73)=7.6, P<.01], pharmacological treatment
[F(1,73)=39, P<.001] and age [ F(2,73)=20.8, P<.001],
as well as a significant Treatment X Age interaction
[F(2,73)=14.1, P<.001]. As Fig. 4 shows, this interaction
indicated a different effect of treatment at different ages.
Accordingly, we further analysed the effect of WIN within
each age condition. The analysis of the data obtained from
20-day-old rats did not render any significant effect. In the
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Fig. 3. Effects of weaning on behavioural responses to WIN 3 mg/kg in the open field. Control animals were injected with vehicle (Vh; see text). F: females, M:
males. (a) Peripheral ambulation, (b) internal ambulation and (c) rearing frequency. Histograms represent the mean = S.E.M. of the following number of
animals: 20-day-old rats, Vh (F =6, M=7), WIN (F =8, M =8); 25-day-old nonweaned rats, Vh (F=7, M=8), WIN (F=8, M =8) and 25-day-old weaned rats,
Vh (F=11, M=12), WIN (F=11, M=11). LSD test: **P<.01, *** P<.001 vs. vehicle-treated animals.
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Fig. 4. Effect of weaning on corticosterone responses to WIN. Animals
injected with either WIN 3 mg/kg or vehicle were sacrificed by decapitation
3 min after completion of the open field (see text for details). The serum
corticosterone levels were measured by radioimmunoassay. Histograms
represent the mean = S.E.M. of the following number of animals: 20-day-
old rats, Vh (F=6, M=7), WIN (F =8, M =38); 25-day-old nonweaned rats,
Vh (F=7, M=8), WIN (F=8, M=8) and 25-day-old weaned rats, Vh
(F=5, M=7), WIN (F=6, M=7). LSD test: **P<.01, *** P<.001 vs.
vehicle-treated animals. See text for significant overall effect of sex in
weaned animals.

25-day-old nonweaned animals, a significant effect of the
pharmacological treatment was found [F(1,27)=11.6,
P<.01], whereas in 25-day-old weaned animals, both main
factors, sex [F(1,21)=6.2, P<.05] and treatment
[F(1,21)=43.2, P<.001], were significant. The corticoste-
rone responses to WIN were more marked in weaned than in
nonweaned rats. Besides, in weaned animals, the cortico-
sterone levels were significantly higher in females than in
males (Fig. 4).

3.3. Basal and WIN-stimulated [>°S] GTPyS binding assay

The results obtained in the basal [*>S] GTPyS binding
assay did not indicate significant differences between the
different age-condition groups, in any of the regions ana-
lysed: PAG (n=4-5): 20-day-old preweanling rats: females
(F)=29.6 £ 6.5, males (M)=40.7 + 6.4; 25-day-old non-
weaned rats: F=38.1 £ 2.8, M=39.6 £ 3.7 and 25-day-old
weaned rats: F=27.1+1.7, M=32.4+3.0. Striatum
(n=4-5): 20-day-old preweanling rats: F=35.0 £2.0,
M=35.2 + 2.2; 25-day-old nonweaned rats: F=42.7 + 2.1,
M=38.5 £ 6.2 and 25-day-old weaned rats: F=34.4 + 1.8,
M=36.3 +1.5. With respect to WIN-stimulated [*°S]
GTP~S binding (Fig. 5a and b), the following results were
found: in PAG, an overall effect of sex was found with males
showing the highest value [ F(1,21)=4.7, P<.05] (a); with
respect to striatum (b), the statistical analysis rendered a
significant effect of sex [ F(1,23)=7.5, P=.01] as well as a

significant Sex X Age Condition interaction [F(2,23)=4,
P<.05]. According to this interaction, 25-day-old weaned
females showed a significant reduction in stimulated binding
when compared to both preweanling and 25-day-old non-
weaned females, whereas no differences were found be-
tween the male experimental groups. Besides, a sex
difference was found within the weaned animals with
females showing the lowest value.

As stated in Materials and methods, we performed an
additional assay in striata to characterize the receptors.
Competition curves showed that WIN-stimulated [*°S]
GTPyS binding was concentration-dependently displaced
by the CB; receptor selective antagonist Rimonabant,
whereas it was not modified by the CB, receptor selective
antagonist SR144528. Besides, the CB, receptor selective
agonist JWH-133 did not alter basal [>°S] GTP+yS binding
(data not shown).

5 ]

-]

6]

2]

3 1 )

5]

1 N
0

a)

fmol/mg protein
[&)]

 h—

20-day old 25-day old non  25-day old
preweanling rats weaned rats weaned rats
b)
25 A
10
[=
5
9 15 1
> #
(=]
£ 10
©°
E 5
\\
0 .

20-day old 25-day old non 25-day old
preweanling rats weaned rats weaned rats

Females [\
Males

Fig. 5. Effect of weaning on WIN-stimulated [*>S] GTPyS binding. The
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animals. The data represent net WIN-stimulated [**S] GTPyS binding
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regions were analysed: (a) PAG and (b) striatum. Histograms represent the
mean + S.E.M. of four to five animals per group. LSD test: * P<.05,
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4. Discussion

The present results indicate that the cannabinoid agonist
WIN at the doses employed in this study (3 and 10 mg/kg)
induced significant reductions in the motor activity (periph-
eral ambulation and rearing) of 20- and 25-day-old rats.
These data contrast with previous results obtained from
developing mice which showed that the cannabinoid ago-
nists anandamide and THC only produced a significant
decrease in locomotor activity in 45-day-old mice and in
the adults, but not at earlier ages (Fride and Mechoulam,
1996a,b). The discrepancies with respect to the present
results might be due to the different type of cannabinoid
agonist and/or the different species used. Thus, two addi-
tional studies have shown that the potent cannabinoid
agonists HU-210 (Martin-Calderon et al., 1998) and CP
55,940 (Mcgregor et al., 1996) produced inhibition of motor
activity in neonatal rats. In particular, CP 55,940 inhibited
motor activity at postnatal day 12 (Mcgregor et al., 1996)
and HU-210 produced immobility at postnatal day 15
(Martin-Calderon et al., 1998). WIN induced a particularly
marked effect on vertical activity. In fact, rearing behaviour
practically disappeared after the pharmacological treatment.
We have previously found a similar result in both peripu-
bertal (Romero et al., 2002) and adult (Marin et al., 2003)
rats, indicating that vertical activity is particularly sensitive
to the effects of cannabinoid agonists from early postnatal
ages. The present results should be taken into account in
relation to the potential therapeutic utility of cannabinoids in
children (Williamson and Evans, 2000). In contrast with its
marked effect on motor activity, the analgesic effect of WIN
was very slight (approximately 25% MPE at the highest
dose used). These data indicate that the cannabinoid recep-
tors mediating the analgesic effects of cannabinoid agonists
are not fully developed at 20—25 days of age. The degree of
functional development of different subpopulations of can-
nabinoid receptors may be related to their respective region-
al distribution (Romero et al., 1997).

With respect to the nociceptive test, our results also show
a modest although significant difference between 25-day-
old weaned and nonweaned rats, with these latter animals
(particularly the females) showing increased baseline laten-
cies. The present results suggest that the weaning process
might play a modulatory role in pain sensitivity. It has been
shown that intraoral infusions of milk increased pain thresh-
olds of newborn rats. This antinociceptive effect of milk,
that appears to be independent of the social contact with the
mother, was blocked by the opioid antagonist naltrexone
(Blass, 1994). 1t is likely that peptide fragments with opioid
activity (Goody and Kitchen, 2001) and perhaps also
endocannabinoids (Fride et al., 2001) contained in maternal
milk contribute to such antinociceptive effect.

The present results did not show any significant effect of
weaning on the behavioural responses to WIN that we
recorded. However, the biochemical data showed a signif-
icant decrease in the cannabinoid agonist-stimulated GTPyS

binding in the striatum of 25-day-old weaned females with
respect to both the other groups of females and the
corresponding male group. The pharmacological character-
ization of the striatal receptors indicated that, as expected,
WIN-stimulated [*°S] GTPyS binding was occurring
through CB; receptor stimulation under our conditions.
Thus, our results suggest that the weaning process may
induce a reduced functional activity of the striatal CB;
receptors in females. The development of the opioid system,
which shows numerous interactions with the cannabinoid
system, is also affected by weaning (Kitchen et al., 1995).
The loss of dietary casein, which is known to produce
peptide fragments that can exert opioid activity, appeared
to be a critical factor for this effect (Goody and Kitchen,
2001). The endocannabinoid 2-AG is present in maternal
milk and is accompanied by 2-palmitoyl glycerol and 2-
linoleoyl glycerol, which enhance its activity (entourage
effect; Fride et al., 2001). 2-AG, when administered orally,
albeit in high doses, was active in the mouse tetrad (Di
Marzo et al., 1998). This finding suggests that the endo-
cannabinoids and the “entourage” compounds that are
present in milk might reach, in part at least, the central
nervous system (Fride and Shohami, 2002). Previous data
also suggest that in certain brain regions, such as the
striatum, there may be a relationship between the functional
expression of CB; receptors and the levels of anandamide
(Di Marzo et al., 2000). If weaning (removal of maternal
milk) affects the levels of endocannabinoids in the pups, this
may account for the reduced functional activity of the
striatal CB; receptors in our weaned animals. The sexual
dimorphism observed in this effect might be related to the
previously reported sex differences in the developmental
pattern of striatal CB; receptors (Rodriguez de Fonseca et
al., 1993). The results also indicated another interesting
sexual dimorphism in the PAG, with the agonist-stimulated
GTP binding being greater in males than in females. It has
been shown that there are sex differences in the mesence-
phalic cannabinoid receptor density of developing rats, with
males exhibiting a higher receptor density than females
(Rodriguez de Fonseca et al., 1993). As for other sexual
dimorphisms found in this study, these gender differences in
both cannabinoid receptor density and activation might be
dependent on the effects of perinatal androgens during the
critical period for the sexual differentiation of the brain
(Mclusky and Naftolin, 1981).

There is substantial evidence indicating that cannabi-
noid receptor agonists induce a CBj-receptor-mediated
activation of the HPA axis in both adult (Wenger et al.,
1997; Manzanares et al., 1999a) and 40-day-old (Romero
et al., 2002) rats. The present results show that this
response was absent at postnatal day 20, at least at a dose
of 3 mg/kg of WIN, suggesting that the CB,; receptors
mediating this response are still immature at this age. The
cannabinoid agonist induced modest although significant
corticosterone responses in 25-day-old nonweaned rats.
However, the most marked effect of WIN on adrenocorti-
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cal activity was found in the weaned animals. Thus, the
weaning process appears to play a role in the functional
development of the CB; cannabinoid receptors mediating
the adrenocortical responses to cannabinoid agonists. The
levels of corticosterone were significantly higher in female
than in male weaned rats, whereas no sex differences
appeared in the other age groups. The gender difference
in the HPA axis function has been previously described in
both 40-day-old (Romero et al., 2002) and adult (Viveros
et al.,, 1988) rats. Thus, the weaning process may also
contribute to the establishment of this sexual dimorphism.
The present results contrast with previous data from rats of
10, 20, 30 and 40 days of age, indicating that the
cannabinoid agonist HU-210 did not increase plasma
corticosterone levels until postnatal day 40 (Martin-Cal-
deron et al., 1998). Our animals were subjected to behav-
ioural testing before sacrifice, and this fact may have
facilitated the effect of the cannabinoid agonist. In fact,
the stimulatory effects of cannabimimetics on pituitary—
adrenal responses appear to be centrally mediated, proba-
bly through an increased release of corticotropin-releasing
factor, and with the contribution of extrahypothalamic
inputs from stress-responsive limbic nuclei (Wenger et
al., 1997; Martin-Calderon et al., 1998).

In summary, the present results suggest that, as for the
opioid system, the weaning process might affect the func-
tional development of CB; cannabinoid receptors, with
some of these effects showing sexual dimorphism. The
specific component of the weaning process (social/nutri-
tional) involved in this effect and the functional interactions
between the cannabinoid and the opioid systems during the
periweanling period deserve further investigation.
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