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ABSTRACT 

Corticotropin-releasing factor (CRF) is a peptide that 
is released from the hypothalamus into widespread 
areas of the brain. Evidence has suggested that CRF 
is involved as a neuromodulator outside of the hypo- 
thalamic-pituitary-adrenal axis, playing an important 
role in fear, anxiety, depression and pain modulation. 
Our previous report demonstrated that CRF receptor 
activation in basolateral (BLA) or central nuclei of 
the amygdala (CeA) produces innate fear in guinea 
pigs. Inhibition of these receptors via administration 
of α-helical CRF9-41 (a nonspecific antagonist) into the 
CeA or BLA decreased innate fear behavior [1]. Ad- 
ditionally, there is strong evidence that emotional 
behavior and nociception can be modulated simulta- 
neously. The present study was conducted to investi- 
gate the involvement of the CRF receptors of the BLA 
or CeA in nociception in guinea pigs. Guinea pigs 
were treated with CRF and α-helical CRF9-41 in 
three different doses or injected with α-helical 
CRF9-41 preceded by CRF into the BLA or CeA, and 
they were evaluated using the hot plate test. Our 
findings indicated that activation of CRF receptors in 
the BLA and in the CeA promoted antinociception, 
and this effect was reversed by preadministration of 
α-helical CRF9-41 in the same area. The treatment 
with α-helical CRF9-41 per se into the BLA and CeA 
did not alter nociception. Thus, nociception modula- 
tion occurs in a phasic manner, whereas defensive 
behavior can occur tonically because the α-helical 
CRF9-41 did not cause any modification on the index 
of analgesia in the hot plate test but did reduce innate 

fear behavior [1].  
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1. INTRODUCTION 

Corticotropin-releasing factor (CRF) is a peptide com- 
prising 41 amino acids that is synthesized and secreted in 
many regions of the brain and functions as a neurotrans- 
mitter and neuromodulator. This peptide is widely dis- 
tributed within the brain, with its highest concentration in 
the hypothalamus and moderate to low levels in cortical 
and limbic structures [2]. There is extensive evidence 
that CRF functions as both a neurohormone and a neuro- 
transmitter for coordinating endocrine, autonomic, and 
behavioral aspects of the stress response [3]. Additionally, 
note that analgesia is one of the characteristics of the 
stress reaction [4], and CRF has been recognized for its 
ability to produce analgesic effects [5,6]. In fact, previ- 
ous reports have demonstrated that CRF receptors can 
modulate both emotional behavior and antinociception 
[7-9]. Thus, the activation of CRF receptors on mouse 
dorsal periaqueductal gray matter (dPAG) has produced 
anxiogenic and antinociceptive responses [8] that have 
been blocked by prior administration of a potent CRF 
type 1 receptor antagonist (NBI 27914) [8]. 

Furthermore, intracerebroventricular injections of CRF 
increase anxiety-like responses and stimulate pronounced 
increases in glutamate concentration in the central nu 
cleus of the amygdala, as measured using a microdialysis 
technique [9]. In contrast, intracerebroventricular ad- 
ministration of α-helical CRF9-41 decreases the rat *Corresponding author. 
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freezing response and increases the GABA concentration 
in the central nuclei of the amygdala (CeA). These re- 
sults have suggested that the role of CRF in regulation of 
fear and anxiety is realized, at least in part, by modulat- 
ing amino acid release in the amygdala [9]. 

In fact, the central nucleus of the amygdala (CeA) has 
one of the highest densities of CRF-immunoreactive 
neurons in the brain [10-12], but the basolateral nucleus 
of the amygdala (BLA) has the highest concentration of 
CRF receptors and a low density of CRF-immunoreac- 
tive perikarya [13]. An electrophysiological study has 
thus shown that the amygdala is an important site of 
CRF-mediated pain modulation [14]. Moreover, we pre- 
viously reported that activation of CRF receptors in the 
BLA or the CeA produces a tonic immobility response in 
guinea pigs, a defensive behavior associated with innate 
fear and/or anxiety. In contrast, the inhibition of these 
receptors via the administration of α-helical CRF9-41 into 
the CeA or BLA decreased the duration of the tonic im- 
mobility response [1]. These data suggest that the activa- 
tion of the CRF receptors in the BLA or the CeA most 
likely produces fear and anxiety. Because there is activa- 
tion of endogenous analgesic mechanisms responsible 
for the reduction of nociceptive responses during tonic 
immobility behavior [15], we designed the present study 
to investigate the effects of CRF receptor activation of 
the BLA and of the CeA on nociception. To this end, we 
investigated whether microinjection of CRF or of a CRF 
antagonist (α-helical CRF9-41) into the BLA or into the 
CeA in different groups of guinea pigs could alter the 
response in the hot plate test. 

2. MATERIALS AND METHODS 

2.1. Animals 

Adult male guinea pigs (Cavia porcellus, from the Uni- 
versity of São Paulo, Campus of Ribeirão Preto, Brazil) 
weighing 400-500 g (n = 113) were kept in Plexiglas 
wall cages (56 × 17 × 39 cm, five guinea pigs per cage) 
in a room maintained at 24˚C ± 1˚C, on a 12 h light cycle, 
with free access to water and food throughout the ex- 
perimental period. The experiments were carried out in 
compliance with the recommendations of SBNeC (the 
Brazilian Society of Neuroscience and Behavior) and 
with the approval of the Animal Care and Use Commit- 
tee of the University of São Paulo-Brazil at the Ribeirão 
Preto campus (Protocol number 08.1.1368.53.1). All ef- 
forts were made to minimize animal suffering. 

2.2. Hot Plate Test 

The apparatus consists of an aluminum hot plate heated 
to 52˚C ± 0.5˚C with a removable acrylic tub measuring 
28 cm high, 26 cm long and 18 cm wide, in which the 

animals were placed. The dependent measure was the lag 
time(s) to licking the genitalia. Trials were terminated at 
70 seconds to avoid tissue damage. The hot plate test was 
initially standardized for rats and mice, for which the 
dependent behavioral measure used as an index of no- 
ciception is licking a hind limb or jumping. However, 
guinea pigs do not exhibit these behaviors in this situa- 
tion but rather lick their genitalia. Thus, we used the 
standardization of this test described by Leite-Panissi et 
al. [15]. After the guinea pigs recovered from surgery, we 
initially measured baseline latency in three consecutive 
trials at random time intervals. After this evaluation of 
baseline latency, the guinea pigs were subjected to 
microinjection of the study drug or a placebo in the CeA 
or the BLA. The animals were then subjected to six hot 
plate test trials, at 10-minute intervals over 60 minutes. 

2.3. Surgical Procedures 

Guinea pigs were anesthetized by an intramuscular injec- 
tion of ketamine (100 mg/kg, St. Louis, MO) plus xy- 
lazine (14 mg/kg, Calier S.A., Barcelona, Spain) and 
placed in a stereotaxic apparatus (David-Kopf Instru- 
ments, USA) with the buccal piece 21.4 mm below the 
interauricular line. One guide cannula (14 mm in length 
and 0.6 mm in diameter, prepared from a hypodermic 
needle) was implanted into the left hemisphere toward 
the basolateral (BLA) or the central (CeA) nuclei of the 
amygdala. According to the Rössner atlas for guinea pig 
[16], the stereotaxic coordinates for the placement of the 
guide cannula implanted toward the BLA were 3.4 mm 
caudal to the bregma, 6.0 mm lateral to the midline, and 
9.0 mm below the cortical surface. For the CeA, the co- 
ordinates were 3.4 mm caudal to the bregma, 6.1 mm 
lateral to the midline, and 7.5 mm below the cortical 
surface. The guide cannula was lowered to a depth of 1 
mm above the target regions and fixed to the skull by 
means of a self polymerizing resin and an additional an- 
choring screw. At the end of surgery, each guide cannula 
was sealed with a stainless-steel wire to protect it from 
obstruction. In addition, the guinea pigs received a sub- 
cutaneous injection of the anti-inflammatory and analge- 
sic Banamine (Schering-Plough, flunixin meglumine, 2.5 
mg/kg, 10 mg/mL, 0.2 mL). Afterwards, the guinea pigs 
were given a period of one week to recover from the sur- 
gical procedure. 

2.4. Experimental Groups 

As noted above, after recovering from surgery, the ani- 
mals were subjected to baseline latency measurement on 
three consecutive hot plate test trials at random time in- 
tervals without administering a drug or placebo. The 
animals were then divided into different experimental 
groups for each brain area (BLA and CeA) to evaluate 
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the effects of the drugs. Group 1 guinea pigs (n = 7 BLA; 
n = 8 CeA) received 0.9% saline, group 2 guinea pigs 
were microinjected with CRF (an agonist of CRF recap- 
tors) with 0.2 µg (n = 8 BLA; n = 7 CeA), 0.5 µg (n = 6 
BLA; n = 7 CeA), or 1.0 µg (n = 6 BLA; n = 7 CeA) 
doses. To evaluate the effect of blocking CRF receptors, 
Group 3 was treated with α-helical CRF9-41 (an antago- 
nist of CRF receptors) with 0.2 µg (n = 9 BLA; n = 7 
CeA), 0.5 µg (n = 7 BLA; n = 7 CeA), or 1.0 µg (n = 6 
BLA; n = 7 CeA) doses. Finally, to analyze blocking of 
the CRF receptor before CRF administration, Group 4 
guinea pigs were microinjected with α-helical CRF9-41 
(0.2 µg), and after five minutes, an effective dose of CRF 
(1.0 µg) was administered into the BLA or CeA (n = 7 to 
BLA or n = 7 to CeA). All of the drugs were adminis- 
tered with a volume of 0.2 µl. 

2.5. Drugs and Microinjection Procedure 

Corticotrophin releasing factor (a nonselective CRF re- 
ceptor agonist) and α-helical CRF9-41 (a nonselective 
CRF receptor antagonist) were obtained from Sigma (St. 
Louis, MO). The solutions were freshly dissolved in 
0.9% sterile saline. The doses used were based on a pre- 
vious study [17]. The microinjections were performed on 
awake animals using a Hamilton microsyringe (10 µl) 
connected to a PE-10 polyethylene catheter that was 
coupled to a thin dental needle (0.3 mm O.D; 0.1 mm 
longer than the guide cannula). A volume of 0.2 µl was 
microinjected over a period of 1 min, and the needle was 
left in place for an additional 40 s to avoid reflux. 

2.6. Histological Verification 

At the end of the experiments, the guinea pigs were 
given a lethal dose of chloral hydrate (500 mg/kg, i.p.) 
and perfused intracardially with saline followed by 10% 
formalin. The brains were removed and fixed in 10% 
formalin. The tissue was submitted for routine histology- 
cal processing, and sections were observed under a mi- 
croscope to determine the locations of the stimulated 
sites using the Rössner atlas [16]. Only the guinea pigs 
with microinjections that reached the target structure 
were used for data analysis. 

2.7. Statistical Analysis 

Data from the hot plate test were normalized using an 
index of analgesia (IA) according to the following for- 
mula: hot plate test—hot plate control/cut off time—hot 
plate control, where hot plate control is the average of 3 
baseline measurements of hot plate latencies, and hot 
plate test is the latency recorded for each animal during 
experimental trials. The data are reported as the means ± 
SEM and were analyzed by repeated measures multivari- 

ate analysis of variance (ANOVA) using time as a 
within-subject factor and treatment (control, α-helical 
CRF9-41 and CRF) as between-subject factors. Tukey’s 
post hoc test was used to determine the difference be- 
tween treatments, with the level of significance set at P < 
0.05. 

3. RESULTS 

The results indicate that the activation of CRF receptors 
in the BLA and CEA by microinjection of CRF at a con- 
centration of 1.0 µg promoted an increase in the index of 
analgesia (IA, Figures 1 and 2). Additionally, the pre-
treatment with α-helical CRF9-41 in the BLA or CEA 
blocked the effect of CRF in the same areas (Figures 1(a) 
and 2(a)). Moreover, the administration of the antagonist 
for CRF receptors, α-helical CRF9-41 in the CeA and 
BLA, did not alter the IA in the hot plate test (Figures 
1(b) and 2(b)). 

Two-way ANOVA applied for the different groups that 
received microinjections into BLA showed a difference 
with respect to time (F6, 776 = 0.74, P < 0.05), with respect 
to treatment (F7, 776 = 34.67, P < 0.05, two-way ANOVA) 
and an interaction between time and treatment (F42, 776 = 
1.18, P < 0.05, two-way ANOVA). The post-hoc New- 
man-Keuls test showed a significant difference in the IA 
between group CRF 1.0 µg at intervals of 10 to 60 min- 
utes compared to the other groups over time (Figure 
1(a)). In addition, the IA of the other groups did not dif- 
fer during all other experimental conditions (Figures 1(a) 
and (b)). 

In regard to the groups that received different dosages 
in the CeA, the two-way ANOVA showed differences in 
time (F6, 835 = 4.59, P < 0.05), in treatment (F7, 835 = 30.65, 
P < 0.05) and an interaction between time and treatment 
(F42, 835 = 1.53, P < 0.05). The post-hoc Newman-Keuls 
test showed a significant difference in the IA between the 
CRF in the 1.0 µg group at the intervals of 10 to 50 min- 
utes compared to the other groups over time (Figure 
2(a)). Moreover, the IA of the other groups did not differ 
during all other experimental conditions (Figures 2(a) 
and (b)). 

Figure 3 illustrates the sites where the microinjections 
were administered in the basolateral or central nuclei of 
the amygdala for all experimental groups. 

4. DISCUSSION 

This study shows that the activation of CRF receptors of 
the basolateral and central nuclei of the amygdala in- 
creased the index of analgesia (IA) in the hot plate test. 
This antinociceptive effect, induced by the microinjec- 
tion of CRF 1.0 µg, was blocked by pretreatment with 
the CRF receptor antagonist α-helical CRF9-41 in the 
same area. However, the α-helical CRF9-41 per se did not  
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Figure 1. Modulation of nociception in the hot plate test (IA: 
index of analgesia) by the corticotropin-releasing factor (CRF) 
in the basolateral nucleus of the amygdala (BLA). (a): Means ± 
SEM. IA in the control group (Saline) and after microinjection 
of corticotropin-releasing factor (CRF) at 0.5 µg, 0.2 µg and 
1.0 µg doses for three different groups into the basolateral 
amygdala, and after the treatment with the CRF antagonist 
(α-h-CRF9-41 at the dose 0.2 µg) plus CRF 1.0 µg. (b): Means ± 
SEM. IA in the control group (Saline) and after microinjection 
of an antagonist of corticotropin-releasing factor (α-h-CRF 9-41) 
at 0.5 µg, 0.2 µg and 1.0 µg doses for three different groups 
into the basolateral amygdala. *P < 0.05 compared to Saline and 
#P < 0.05 compared to α-h-CRF group by the Newman-Keuls 
test. The number in parentheses represents the number of ani-
mals in each group. 
 
alter the IA. Note that the inhibition of these receptors 
via the administration of α-helical CRF9-41 in the BLA or 
CeA reduced innate fear and/or anxiety [1]. Thus, it is 
possible to hypothesize that the CRF receptors of the 
BLA and CeA are involved in a nociceptive regulation 
mechanism, but they do not share this tonic circuitry. 

There is strong evidence that CRF has antinociceptive 
properties in animal models, both centrally and peripher- 
ally [18]. Furthermore, antinociception has been shown  
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Figure 2. Modulation of nociception in the hot plate test (IA: 
index of analgesia) by the corticotropin-releasing factor (CRF) 
in the central nucleus of the amygdala (CeA). (a): Means ± 
SEM. IA in the control group (Saline) and after microinjection 
of corticotropin-releasing factor (CRF) at 0.5 µg, 0.2 µg and 
1.0 µg doses for three different groups into the basolateral 
amygdala, and after the treatment with the CRF antagonist 
(α-h-CRF9-41 at the dose 0.2 µg) plus CRF 1.0 µg. (b): Means ± 
SEM. IA in the control group (Saline) and after microinjec- tion 
of an antagonist of corticotropin-releasing factor (α-h-CRF9-41) 
at 0.5 µg, 0.2 µg and 1.0 µg doses for three different groups 
into the basolateral amygdala. *P < 0.05 compared to Saline and 
#P < 0.05 compared to α-h-CRF9-41 group by the Newman- 
Keuls test. The number in parentheses represents the number of 
animals in each group. 
 
to be induced by different routes of administration, in- 
cluding intracerebroventricular, intrathecal, and intracis- 
ternal [19-21]. However, the mechanisms by which this 
peptide acts are still unclear [22]. Previous studies have 
suggested that the analgesic effect of CRF on somatic 
pain sensitivity may be mediated by both opioid and 
non-opioid mechanisms [23,24]. For example, a previous 
report [25] demonstrated that CRF administered i.c.v in 
anesthetized rats has an analgesic effect on sensitivity to 
somatic pain (caused by electrical current). This effect  
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Figure 3. Schematic drawing of the frontal sections obtained at 
representative levels of the guinea pig amygdala. (a) Repre- 
sentation of the microinjection sites in the basolateral (BLA) 
and central (CeA) nuclei of the amygdala. The open square () 
represent the sites where Saline was microinjected. The open 
circles () represent the sites where corticotropin-releasing 
factor (CRF) was microinjected. The filled circles (●) represent 
the sites where alpha-helical-CRF9-41 (α-h-CRF) was microin-
jected. The filled triangles () represent the sites where CRF 
preceded by α-h-CRF was microinjected. All microinjections 
were made on the left side, but some groups are illustrated on 
the right for clarity. (b) Representative photomicrographs of 
microinjection into the basolateral (BLA, left panel) or into the 
central nuclei of the amygdala (CEA, right panel). The number 
of points in the figures is less than the total number of guinea 
pigs (n = 112) due to several overlaps. Abbreviations: BLA: 
basolateral amygdala; CEA: central amygdala; LP: lateral 
amygdala; MEA: medial amygdala; OPT: optic tract. 
 
must have been mediated by a non-opioid mechanism 
associated with endogenous glucocorticoid receptors 
because the effect was abolished by a glucocorticoid 
receptor antagonist (RU 38486). In contrast, blockage of 
the opioid system by naltrexone, but not by a glucocor- 
ticoid receptor antagonist (RU 38486), eliminated the 
analgesic effect of CRF in conscious rats exposed to a 
thermal stimulus, revealing an opioid-associated mecha- 

nism [26]. 
With regard to the central action of CRF, studies have 

shown that the release of this peptide can modulate a 
variety of behavioral [24], autonomic [27], endocrine [28] 
and nociceptive responses [29]. CRF exerts these effects 
by acting as a neurotransmitter and/or neuromodulator in 
many structures of the central nervous system (CNS), 
especially in extrahypothalamic centers [30] such as the 
locus coeruleus [31], hippocampus [32] and amygdala 
[6,14]. 

Whereas CRF is primarily related to responses associ- 
ated with stress, Bardin et al. [33] suggest that the dual 
modulation of CRF in the nociceptive system can be di- 
rectly related to the anti- and pro-nociceptive effects ob- 
served in emotional situations [34-36]. The antinocicep- 
tive action of acute stress is widely known in animals 
and humans [36]. Moreover, it has been reported that 
continuous stress results in hyperalgesia or allodynia 
[34,35]. Exposure to chronic stress in humans increases 
pain sensitivity and reduces the pain threshold [35], 
which can be explained by the elevation of corticoster- 
one in the amygdala. It is possible that the increased re- 
lease of corticosterone to promote long-term changes in 
neurotransmission in the amygdala results in increased 
anxiety and visceral hypersensitivity and decreased so- 
matic pain sensitivity [37,38]. 

The central (CeA) and basolateral nuclei (BLA) of the 
amygdala play an important role in regulating fear, anxi- 
ety, and affective responses [1,39,40] and in the modula- 
tion of nociception [41,42]. Previous electrophysiology- 
cal [6], biochemical [43-45] and behavioral findings 
[18,27] have suggested that amygdaloid CRF receptors 
are involved in nociceptive modulation. The microinjec- 
tion of a nonselective antagonist of CRF receptors in the 
amygdala reversed the hyperalgesia induced by opioid 
withdrawal as evaluated by the tail flick test in rats [27]. 
Nonetheless, Ji and Neugebauer [14] showed that intra- 
amygdaloid administration of the CRF1 receptor antago- 
nist, but not the CRF2 antagonist, inhibits central sensiti- 
zation of neurons in a model of inflammation nocicep- 
tion. Note that in the present study, the administration of 
the CRF antagonist per se did not alter the IA in the hot 
plate test in guinea pigs. Thus, it is possible to suggest 
that CRF receptors can differentially modulate an acute 
thermal nociceptive stimulus (hot plate test) and no- 
ciception associated with a persistent condition (hyper- 
algesia and inflammation). 

Another previous study has shown that high concen- 
trations of CRF (10 mM) administered into the central 
nucleus of amygdala promoted an antinociceptive effect 
in rats, and a CRF2 receptor antagonist reversed this 
antinociception. In contrast, treatment with low concen- 
trations of CRF (0.01 mM to 1 mM) in the central nu- 
cleus of amygdala facilitated nociception that was 
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blocked by pretreatment with a CRF1 receptor antagonist 
[6]. Different studies have suggested that CRF1 receptors 
mediate pro-nociceptive effects of CRF, whereas CRF2 
receptors have an antinociceptive effect [46-51]. 

With regard to the CRF mechanisms involved in the 
modulation of defensive behavior and the antinociceptive 
response, the activation of CRF receptors in dorsal 
periaqueductal gray matter (dPAG) has produced anxio- 
genic and antinociceptive responses in mice that have in 
turn been blocked by prior administration of a potent 
CRF type 1 receptor (NBI 27914) [8]. These results cor- 
roborate the present study, where the administration of 
CRF in the BLA and CeA promoted an antinociceptive 
effect that was reversed by the pre-administration of a 
CRF receptor antagonist (α-helical CRF9-21) in the same 
areas. Our previous report also demonstrated that the 
activation of CRF receptors in the BLA or CeA potenti- 
ates a tonic immobility response (a defensive behavior 
associated with innate fear and/or anxiety) in guinea pigs 
[1]. However, the inhibition of these receptors via 
α-helical CRF9-41 administration into the CeA or BLA 
decreased the duration of the tonic immobility response 
[1], but it did not alter the IA in the hot plate test in the 
present study. These results taken together show that 
amygdaloid CRF receptors modulate emotional behavior 
and nociception but do not share the same circuitry. 

In summary, the present results show that the CRF re- 
ceptors in the BLA and CeA modulate nociception and 
that these same receptors can be involved in the modula- 
tion of fear and anxiety [1]. Moreover, the thermal no- 
ciception modulation occurs in a phasic manner, whereas 
the defensive behavior can occur tonically because the 
administration of a non-specific antagonist for CRF re- 
ceptors α-helical CRF9-41 did not cause any modification 
on the IA in the hot plate test, but it did reduce innate 
fear behavior [1]. 
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