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to controls (ANOVA, (3,15)=3.89, 6 0.05). Male-
exposed rats took signi¢cantly longer to lift the paw
compared to control rats (Fig. 3, Newman”Keuls tests,

6 0.01). On day 21, withdrawal latencies did not dijer
between conditions.

Several studies in adult rats have shown that stressful
experience induces enkephalin gene expression in the
hypothalamus (Iglesias et al., 1992; Helmreich et al.,
1999; Dumont et al., 2000) and in the central amygdala
(Petrovich et al., 2000). The results of the present study
extend these ¢ndings and demonstrate that stimulus-
induced enkephalin expression depends on the age of

Ventrolateral @&
PAG

Male-exposed

Fig. 1. (A) Schematic diagrams of the brain areas in which preproenkephalin mMRNA levels were quanti¢ed. (B) Photomicro-
graphs showing brain sections of a 14-day-old non-exposed control pup and a pup exposed to the adult male rat. Scale
bar=1 mm.

the animal. Enkephalin biosynthesis in young rats after
male exposure may replenish previously released enke-
phalin or result in accumulation, which is necessary to
support a higher rate of utilization in a later encounter
with stressors such as the male. However, it remains to
be determined whether increased PPE mRNA levels indi-
cate transcriptional activity. mMRNA may not be trans-
lated into the enkephalin precursor PPE or not be
processed further into enkephalin (Iglesias et al., 1992;
Zagon et al., 1994).

Amygdala projections to the PAG seem to be involved
in the inhibition of nociception. Lesion of the ventrolat-
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Fig. 2. PPE mRNA levels in the amygdala and periaqueductal gray of 14- and 21-day-old rats after exposure to an adult

male rat. Control rats were not exposed to the male. The values represent change scores (means S.E.M.) from baseline

levels, *** 6 0.001. Basolat amyg, basolateral amygdala; cent amyg, central amygdala; latPAG, lateral periaqueductal gray;
vlatPAG, ventrolateral periaqueductal gray.

eral PAG disrupted analgesia induced by stimulation of
Wopioid receptors in the amygdala (Helmstetter et al.,
1998). Injection of a Wopioid receptor antagonist into
the ventrolateral PAG altered neuronal ¢ring produced
by stimulation of the central amygdala (Da Costa
Gomez and Behbehani, 1995) and decreased analgesia
produced by basolateral amygdala stimulation (Tershner
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and Helmstetter, 2000). Enkephalin synthesis in the cen-
tral amygdala may indicate enkephalin release in the
PAG, which through Wopioid receptors mediates male-
induced analgesia in 14-day-old rats (Wiedenmayer and
Barr, 2000). Accordingly, dijerential activation of the
amygdala may contribute to developmental changes in
nociceptive reactivity.
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Fig. 3. Paw withdrawal latencies from a heated surface (39{C) of 14- and 21-day-old rats. Latencies were measured immedi-
ately before (Pre) and 0, 5 and 10 min after exposure to an adult male rat. Controls were not exposed to the male. Means
S.E.M., ** 6 0.01.
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Long”~Evans hooded rats were housed under standard labo-
ratory conditions. Treatments were according to the guidelines
of the Institutional Animal Care and Use Committee. The num-
ber of animal used is the minimum number required based on
our prior experience to provide statistical signi¢cance.

Male rats were used throughout the experiments. Rats were
tested in small huddles to decrease isolation-induced stress
(Hofer and Shair, 1980). Of the three young rats, one rat
was used to assess nociceptive reactivity, the other was used
to determine enkephalin activity. This distinction was made
because noxious thermal stimulation could have ajected enke-
phalin activity. Testing procedures, as described previously
(Wiedenmayer and Barr, 2001), consisted of exposing the
young rats for 5 min to an adult male rat behind a wire-mesh
screen. For nociceptive reactivity testing, the left forepaw of the
¢rst rat was put on an electric resistor heated at nominal tem-
peratures of 39iC. Latency to withdraw the paw was assessed
immediately before the male was placed in the testing cage
(baseline), immediately after removal of the adult male, and
again 5 and 10 min after exposure. Three rats from the same
litter were used as control animals. They were submitted to the
same procedure, but were tested without a male in the adjacent
compartment. Three h after exposure, three rats per litter (see
below) were removed from the home cage for the hybrid-
ization procedure. Animals from six litters were tested on day 14
and another six litters on day 21.

PPE mRNA was detected with antisense synthetic oligonu-
cleotide probes (Oligos Etc., Wilsonville, OR, USA) that were
labeled with *S-dATP. The probes correspond to amino acids
86795 and 1127121, and their speci¢city was determined previ-

3!

ously (Angulo et al., 1991). The probes were labeled at the 3’
end by terminal transferase (Roche, Indianapolis, IN, USA).

One rat from the male-exposed and one rat from the control
group, which both had not been tested previously for nocicep-
tive reactivity, were used for the assessment of PPE mRNA
expression. In addition, baseline PPE mRNA levels were
assessed in an unhandled littermate taken directly from the
home cage. The rats were anesthetized, decapitated and their
brains removed over dry ice. The frozen brains were sectioned
coronally (20 Wn). Three out of every 12 sections were collected
per slide and ¢xed at 41C in 2% paraformaldehyde. Sections
were hybridized overnight at 37tC in a humidi¢ed environment
(Angulo et al., 1991). The next day, hybridized sections were
washed, dried and apposed to ¢Im (Hyper¢im MP, Amersham
Pharmacia Biotech, Piscataway, NJ, USA) for 21 days.

P #

PPE mRNA levels were determined by quantifying gray levels
on X-ray autoradiograms in regions corresponding to subdivi-
sions of the amygdala and the PAG. The amygdala was sub-
divided into the basolateral complex (consisting of the lateral
and basolateral nuclei; Maren, 1999) and central amygdala; the
PAG was subdivided into lateral and ventrolateral PAG
(Bandler and Shipley, 1994, Fig. 1). Gray levels were quanti¢ed
with an image analysis system utilizing the NIH Image 1.49
software by a person without knowledge of treatment group.
Film background values were subtracted from all sections. Sec-
tions of control and male-exposed animals were matched for
corresponding neuroanatomical levels. To correct for variation
between assays, values from unhandled animals were subtracted
from values from control and male-exposed animals and change
scores were used for the statistical analyses.

# $ This study was supported by NS10817,
NS36130, MH01975 and DA00325.
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