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Corticotropin-releasing factor (CRF) is involved in the regulation of pain sensitivity and can induce an an&gesic ef
in animals and human¥he periaqueductal gray matteAEM) of the midbrain is one of the key structures of the
antinociceptive systenThe aim of the study was to investigate the involvement of CRF receptor type 2 (CRF-R2
receptors), localized in thBM, in the analgesic &fct caused by central or systemic CRF on somatic pain sensitivity
in conscious rats. Somatic pain sensitivity was tested by a tail flick test (measuring tail flick latency induced by tail's
thermal stimulation)The involvement of CRF-R2 receptors was studied by administering the selective antagonist
astressigB into the AGM. Both peripheral and central CRF administration caused an increase in tail flick latencies
(analgesic déct). Administration of astressin2-B into thdBM attenuated the analgesidesft induced by the central

as well as systemic CRF administratidhe results suggest that one of the mechanisms of the CRF-induced analgesic
effect may be mediated by CRF-R2 receptors located\®NP.

Key words:corticotropin-releasing factor, somatic pain sensitivity, analgesic effect, corticotropin-releasing factor receptors
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INTRODUCTION involved in somatic pain regulation, and may mediate opposite
effects on somatic pain sensitivity (7). Pronociceptivieatfof

CRF is an important regulator of physiological functions andintra-amygdala CRF administration has been shown to be
behavior in stress. Exogenous CRF may cause a decrease nrediated by CRF-R1 receptors, while the antinociceptifestef
somatic pain sensitivity (analgesidesft) in animals (1, 2) and of CRF is mediated by CRF-R2 receptors within the amygdala
humans (3, 4). HoweveCRF may also exert a hyperalgesic (7). The contribution of CRF-R2 receptors to somatic pain
effect on somatic pain sensitivity (5). inhibition in other brain structures remains unclear

CRF action is mediated through CRF receptors of type 1 and The periaqueductal gray matteAEM) is a mesencephalic
2 (CRF-R1 and CRF-R2 receptors) (6). CRF-R1 and CRF-R3tructure that is involved in multiple behavioral and
receptors may mediate opposite (hypar hypoalgesic) éécts physiological processes, including nociception (12), fear and
of CRF on pain sensitivity (7, 8). It has been shown that aranxiety (13, 14), cardiovascular control (15) and respiration
increase in visceral pain sensitivity might be mediated by CRF{16), sexual (17) and maternal behavior (18), vocalization (19).
1 receptors and decreased by CRF-R2 receptors (8). Anatomically the AGM can be divided into four columns along

In the present study we focused on the CRF-inducedts rostrocaudal axis: the dorsomedial, dorsolateral, lateral and
analgesic déct on somatic pain sensitiviBecause CRF-R2 ventrolateral columns (20). Both CRF receptor subtypes have
receptors are involved in suppression of pain sensitivity (5), ibeen shown within the A&M in rats (6). CRF-R1 and
was reasonable to propose that one of the mechanisms of CRparticularly CRF-R2 receptors are expressed in dorsal and
induced analgesic action on somatic pain sensitivity is providediorsolateral parts of theABM of the midbrain (21, 22), and
through involving CRF-R2 receptors. It has been shown thatheir localization corresponds to the distribution of CRF and
peripheral CRF-R2 receptors are involved in a local CRF-urocortin terminals within theAGM (23, 24).
induced analgesicfefct on tonic pain, caused by inflammation in The dorsal part of theA&BM is a common component for
somatic areas (9). In our previous studies we had demonstratédth modulation of anxiety-related defensive reactions and
that peripheral CRF-R2 receptors are involved in the peripherahhibition of pain sensitivity (20). Intra-dorsal ABM
CRF-induced analgesicfe€t on acute somatic pain in rats (10, administration of CRF enhances the expression of anxiety-
11). However there is little data on the participation of central related behavigrand alters autonomic reactions (blood pressure
CRF-R2 receptors in the CRF-induced analgesfecefon and heart rate) through the CRF receptors located within the
somatic pain sensitivityit is well documented that the CRF-R1 PAGM (13, 25-27).According to these findings, the CRF-R1
and the CRF-R2 receptors located within the amygdala areseceptors in the dorsalABM are involved in regulation of
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defensive behavior associated with both anxiety and pani@ntagonist astressiB (33).Astressin-B was administered intra-
whereas the CRF-R2 receptors are involved in the type oPAGM (in the same area within th&8M as CRF), at a dose of
behaviors, leading to anfeét, opposite to that caused by the 1 pg/rat in volume 0.5 pl/rat, 30 min before CRF or vehicle of
CRF-R1 receptors (26-28\t the same time the dorsolateral CRF were given either centrally or peripheraliyie dose was
PAGM plays a crucial role in mediating nonopiod analgesiaselected based on data of literature (34, 35).
induced by an electric foot shock (29) or fear (14). Intra-dorsal
PAGM administration of CRF causes pain inhibition (25, 30). Surgery
However there is only one study on the role of CRF-R1 and
CRF-R2 receptors located withid@8M in pain regulation (25). The rats were anesthetized with Zof&0 (Mrbac, France,
It has been demonstrated that the intra-dor8&N CRF-R1 15 mg/kg (0.5 ml/kg), intraperitoneally) and Rometar (Bioveta,
receptor antagonist NBI 27914 prevents intRsR CRF- Czech Republic, 10 mg/kg, 0.5 ml/kg, intraperitoneally) and
induced analgesic fefct on tonic pain induced by formalin placed in a stereotaxic frame (David Korf, USA)stainless
injection, suggesting the involvement of CRF-1 receptors withinsteel guide cannula (23-gauge, length 5 mm) was implanted
the AGM in the analgesia. Howevelintra-dorsal RGM unilaterally (at the left side) at the coordinates (32): 6.8 mm
administration of the CRF-R2 receptor antagonist antisauvaginposterior from bregma, 0.5 mm left of the midline, and 4.5 mm
30 did not influence the analgesideef (25).This data suggests ventral from the skull surfacd-ig. 1). The guide cannula was
that further studies are necessary to elucidate the role of CRF-RiXed to the skull with dental acryl. Dummy cannulas (stylet, 27-
receptors within theAGM in the CRF-induced analgesidest. gauge) of the same length as the guide cannula were inserted into
Although peripheral CRF-induced analgesieets are well  the guide cannula immediately after thegsuy to prevent
known in animals and humans (1, 4), there still remains abstruction.The animals were then placed per in individual
controversial question about the involvement of centralcages and allowed to recover from thegeny for 1 week.
mechanisms in systemic CRF-induced analgesfecefTo During the second week after the geny the rats were
answer this question we studied the contribution of CRF-RZabituated to experimental conditions.
receptors located in theABM to not only the central, but also

in peripheral CRF-inducedfett. Microinjection

The aim of the present study was to investigate the
involvement of CRF-R2 receptors located in th&®GR! in On a day of testing the animals were gently held and their
peripheral and central CRF-induced analgediecebn somatic  stylets were removed stainless steel cannula-injector (27-gauge)
pain sensitivity was lowered into the guide cannula, so that it extended 2 mm

below the tip of the guide cannulhe injector was attached to a
1 pl Hamilton microsyringeia polyethylene tubing, and, then the
MATERIALS AND METHODS rats were hand-injected through injector with solution of volume
0.5 pl. Each drug was infused over a 60 s period and the injector
remained in situ for a further 2 min following the injection. One
day before experiment the injector was lowered but no solution
Adult male Sprague-Dawley rats t@®ovoe, Moscow was delivered to acclimate rats to the infusion procedure and to
Russia) weighing 220 — 300g were used. Four animals per cagminimize stress induced by injection on the test day
were acclimatized to standard laboratory conditions (12:12 h
light-dark cycle, temperature 20 + 1°C, free access to food anNociceptive testing
water) for 7 days before use. Care and treatment of animals were
according to the European Communities Council guidelines on A tail-flick latency test was used for measurement of somatic
animal research (86/609/EEC) and the local animal cargain sensitivity in conscious rats (3%his pain test conforms to

Animals

committee at the Pavlov Institute of Physiology RAS. the ethics of study of pain sensitivity in awake animals, and it is
widely used in experimental studies (37, 38). Pain reaction was
Drugs induced by thermal stimulation of a tail by using a light beam

analgesia meteRadiant heat was applied to the ventral surface
We used rat/human (r/h) CRF (Sigma, Saint Louis, USA),of the tail at 6 — 7 cm from the tipail flick latency time was
and astressin2-B, a selective CRF-R2 receptor antagonisheasured as the time from the onset of the heat exposure to the
(Sigma, Saint Louis, USA). Immediately before use thewithdrawal of the tail.The intensity of the radiant heat was
compounds were dissolved in sterile saline (r’h CRF) or doubleadjusted to yield the baseline latencies of 4 — Bhe heat

distilled water (astressiB). stimulus was discontinued after 15 s to avoid tissue damages (the
cutoff point was 15 s). For each animal, the tail flick latency was

Administration of CRF and CRF-R2 receptor antagonist obtained as the mean of five measuremeAtslgesia was

astressin,-B defined as an increase of tail flick latencies after the CRF

injection compared to the baseline and tail flick latencies after its
CRF was administered peripherally (intraperitoneally), asvehicle injectionThe animals had been allowed to habituate to
well as centrally (intraRGM). CRF was injected experimental conditions for 1 week before the tail flick test.
intraperitoneally at a dose of 40 pg/kg (in the volume of 2
mi/kg). The dose was chosen so as to produce an increase @ollection of blood samples and estimation of plasma
glucocorticoids levels (10, 31). CRF was administered intra-corticosterone levels
PAGM at doses of 0.007; 0.07 or 0.7 pg/rat (in the volume of 0.5
pl/rat). Injection area within theABM was limited by the After completion of nociceptive testing the rats were
dorsomedial, dorsolateral and lateral subdivisions of the leftecapitated (for details see al&sperimental protocol) and
PAGM in the midbrain (6.8 mm posterior to bregma) (F2p( blood samples were collected from the trunk vessEle
1). Control animals were given a vehicle of CRF samples were then centrifuged at 4°C, and the plasma was frozen
The involvement of CRF-R2 receptors in the CRF-inducedat —20°C. Plasma corticosterone levels were determined by
analgesia was studied by administering CRF-R2 receptor selectiwpectrofluorometric micromethod (39).
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Histology vehicle of CRF; vehicle of astressi® + CRF; astressjiB +
vehicle of CRF; astressiB + CRF

After completion of experiments, cannula-injector
placements were marked with microinjections of methylene blugata and statistical analysis
dye in the volume of 0.5 pl/rat. Brains were extracted and placed
in 10% formalin. One week later the brains were cut with a  Data was expressed as mean + S.E.M. Data was analyzed
microtome-cryostat and frozen sections 30 — 40 um thick weravith ANOVA module of the MedCalcversion 12.7.0.0.
placed on a slide to identify the injection site using the atlas (32)Statictics for biomedical research, MedCalc Software,
Only those rats that had injection sites within tBe&Rl were Belgium). Satistical significances were tested by one or two-

chosen for statistical analysis. way repeated measur@BIOVA (factors: treatment (group) and
time), followed by a post hoturkey-Kramer testA student t-
Experimental protocol test was applied to analyze corticosterone levels. In each case,

the required level for significance was considered to ©®B5.
In all experiments rats were transported to the experimental Percentage of suppression compared to that obtained when

room and left undisturbed for 30 min prior to testing. CRF was injected i.p. andABM. It was calculated using
following formula: % suppression = {(Tkkewenice -

Experiment 1: effect of peripheral corticotropin-releasing factor TFLcrrrantagonit / TFLcreswenicd X 100, where, TFLcrerenice =

on tail flick latencies and on corticosterone plasma levels CRF-induced tail flick latencies in rats pretreated with vehicle of

antagonistTFLcgrr.anagonis= CRF-induced tail flick latencies in
After measurement of the baseline tail flick latencies (Baslyats pretreated with antagonist (astresBin

the rats were administered intraperitoneally by CRF (n = 9) or its
vehicle (n = 4)Tail flick latencies were tested 5, 10, 15 and 20
min after the CRF (or its vehicle) administratidfid, 2). After RESULTS
completion of nociceptive testing at 20 min after the CRF
administration the animals were decapitated and blood sampl
were collected from the trunk vessels.

ect of peripheral corticotropin-releasing factor on tail flick
atencies and plasma corticosterone levels (experiment 1)

Experiment 2: effect of central corticotropin-releasing factor Peripheral CRF administration produces an increase in tail
on tail flick latencies and on corticosterone plasma levels flick latencies.An increase in CRF-induced tail flick latencies
was observed at 5, 10 and 15 min after injection compared to
In preliminary experiments the rats were given one of thebasal tail flick latency (K 0.05) and corresponding tail flick
doses of CRF (0.007 pg/rat (n = 6); 0.07 pg/rat (n = 4); 0.7atencies in vehicle treated animdisg; 2a). The CRF-induced
pa/rat (n = 9)) or its vehicle (n = 14) and the time-courses of thanalgesic déct was accompanied by an elevation of plasma
effect of CRF (or its vehicle) on tail flick latencies were corticosterone levels at 20 min after injectifig( 2b).
examined. For each of doses the tail flick latencies were
measured before and for 30 min after the inthaM Effect of central corticotropin-releasing factor on tail flick
administration of CRF (or vehicle) significant increase in tail  latencies and on corticosterone plasma levels (experiment 2)
flick latencies was detected 15 min after the inth&M CRF
administration. Based on these results we built a dose-response Histological examination revealed that 33 of the 37
curve Fig. 3A). For each dose, tall flick latencies were given atimplanted animals had injection sites within the dorsal,
15 min after CRF administration as percent of baseline tail flickdorsolateral and lateral parts of the leAGM (Fig. 3A).
latencies Fig. 3B). The dose of 0.7 pg/rat was chosen for Additional 4 animals had injection sites outside tA&WM! that
further experiments. included deep gray and white layers of the superior colliculus (n
Corticosterone levels in the plasma were measured at 15 min 3) and dorsal tegmentum bundle (n = 1) and were used as
after the intra-RGM CRF administration at the dose of 0.7 pg/rat. additional controls.
A group of rats was subjected to int'@@M administration of Central (intra-RGM) CRF administration caused dose-
CRF (or its vehicle) under anesthesia (Zd66l 15 mg/kg (0.5 dependent analgesicfeft at 15 min after injection (F(3,32) =
ml/kg), intraperitoneally) and Rometar (10 mg/kg (0.5 ml/kg), 13.25; P< 0.001) Fig. 3A). Intra-FAGM CRF injection at a dose
intraperitoneally)Then, the anesthetized rats were decapitated 16f 0.007 pg/rat did not #ct tail flick latencies compared with
min after the intra-RGM administration and blood samples were vehicle of CRF CRF at the dose of 0.07 ug/rat resulted in an

collected from the trunk vessels. increase of tall flick latencies compared to the dose of 0.007
pg/rat and vehicle of CRF €0.05). Increasing the dose of CRF
Experiments 3 and 4: effect of astressin,-B on peripheral up to 0.7 pg/rat led to a further increase in tail flick latencies (P
(experiment 3) or central (experiment 4) corticotropin- < 0.05). Since the increase of tail flick latencies after CRF
releasing factor-induced analgesia administration at a dose of 0.7 pg/rat constituted more than 50%

compared with baseline tail flick latencies, this dose was

Immediately after measurement of the baseline tail flickselected for further investigatiorfFig. 3Ba demonstrates
latencies (Basl) all animals were subjected to the iA@MP  absolute tail flick latencies induced by this dose of CRFL5
administration of antagonist of CRF-R2 receptors asteeBsor min after injection. IntraARGM CRF administration resulted an
its vehicle After the intra-RGM injection the rats were returned to increase in tail flick latencies compared to baseline tail flick
their home cages and 30 min later were tested for tail flick latencidstencies and tail flick latencies after injection of saline (F(2,17)
(Bas2).The rats were then given CRF (or its vehicle) peripherally= 5.26; P< 0.05) Fig. 3Ba). Intra-FAGM CRF-induced increase
(intraperitoneally) at the dose of 40 ug/kg (experiment 3) orin tail flick latencies was accompanied by an increase in
centrally at the dose of 0.7 pg/rat (experiment ®il flick corticosterone plasma level at 15 min after injectleig.(3Bb).
latencies were measured for 30 min after the intraperitoneal or CRF administration into areas outside t#&GRI (superior
intra-FAGM administration with 5 min interval¥he drugs were colliculus and midbrain tegmentum) did not cause any changes
administered in following combinations: vehicle of astresBir in tail flick latencies compared to baseline tail flick latencies and
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saline-induced tail flick latencie&ig. 3Ba), which indicates the
specificity of CRF action on pain sensitivity within the dorsal,
P Y/, N dorsolateral and lateral parts of th&GM.

!

\

- f\ Effect of astressin,-B on peripheral corticotropin-releasing
factor-induced analgesic effect (experiment 3).

Bregma-6.80 mm

In this experiment 39 of 50 implanted rats had injection sites
within the dorsal, dorsolateral and lateral partsAB M. 11 rats
had injection sites outside thé&®M (superior colliculus (n =
8); aqueduct (Sylvius) (n = 2), lateral ventricle (n = 1) were
excluded from analysis.

CRF caused the analgesideet in animals that were given
antagonist vehicle before CRF injectiomhe CRF-induced
analgesic déct manifested at 10 and 15 min compared to the
corresponding tail flick latencies after saline administration (P
0.05) and tail flick latencies before CRF administration (Bas2)
(P< 0.05) Fig. 4).

Astressin-B itself did not influence the baseline somatic pain
sensitivity Tail flick latencies in rats pretreated with astres&in
and rats pretreated with vehicle of astresBinwere not
significantly diferent from their baseline tail flick latencies and
between themselvedFig. 4). Pretreatment with astressid
affected peripheral CRF-induced analgesieaf Efects of
treatment (F(3,50) = 5.41), time (F(3,50) = 3.92) and their
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———————————— interaction (F(9,50) = 4.68) were significant{m®.01) Fig. 4).
\ ’ Intra-FAGM administration of astressiB attenuated peripheral
NS CRF-induced analgesicfe€t at 10 min after CRF injection &
= =" 0.05). The percentage of suppression of intraperitoneal CRF-

induced analgesicfefct by astressiB made up 20 £ 6% (n = 9).
Fig. 1. Schematic diagram of the rat brain section showing the

injection sites within the midbrain periaqueductal giidye brain  Effect of astressin2-B on central corticotropin-releasing factor
section was given 6.8 mm posterior to bregma based on thénduced analgesic effect (experiment 4)

stereotaxic atlas (32). Filled area corresponds to the whole area

where the microinjections were plac@te injection area included In this experiment 27 of 33 implanted rats had injection sites
dorsomedial (DMRG), dorsolateral (DLRG) and lateral (LRG) within the dorsal, dorsolateral and lateral parts of h@8¥ and
periaqueductal grajrq, aqueduct (Sylvius). only those rats were chosen for analysis. 6 of the 33 animals had

a b
-/ Saline D Saline
PRI _ CRF
>l'\ * g .
g 94 2 25
= g S 20°
3 S 15+
- 7. 2]
o= " i © 101
T 61 S £ 51
= 4 s °
L] T L] L] 1 O 0'
Bas S 10 15 20
Time, min

Fig. 2. Effect of peripheral CRF administration on tail flick latencies (a) and plasma corticosterone levels (b) in conscious rats. CRF
was injected intraperitoneally at a dose of 40 pg/kg. Plasma corticosterone levels were measured immediately after completion of tail
flick latency testing (at 20 min after CRF or saline injection). Significafereifices at R 0.05* verus baseline tail flick latency (Bas)

or saline Arrow indicates a moment of CRF or saline injection; n = 7 — 10 per group.
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injection site outside theABM (in the superior colliculus) and CRF-induced analgesicfett by astressipB made up 27 + 6%
were excluded from analysis. (n=6) and 36 +1% (n =5) at 10 and 15 min, respectively
CRF produced the analgesidezt in the animals pretreated
with vehicle. These rats showed an increase in the tail flick
latencies at the 10 and 15 min compared to tail flick latencies DISCUSSION
before CRF administration (Bas2)<M.05) and compared with
the corresponding tail flick latencies after saline administration  In the present study we have shown that intra-do&s&INP
(P<0.05) Fig. 5). astressipB had not €ect on baseline somatic pain sensitivity
As in experiment 3, intraAGM astressin2-B did not cause but attenuated the analgesifeet induced by central as well as
changes in baseline pain sensitivitut afected the central CRF-  peripheral CRF administratiomhe obtained results suggest that
induced analgesic fect (F(3,24) = 3.10; K 0.05) Fig. 5). the CRF-R2 receptors located in th&a@M are involved in
Pretreatment with astresgiB eliminated CRF-induced analgesic peripheral, as well as central CRF-induced analgegictefn
effect at 10 and 15 min after CRF administration. CRF-inducedsomatic pain sensitivity in rats.
tail flick latencies after astressin2-B injection did nofetifrom The present results confirmed our previous data on the role of
the corresponding tail flick latencies after saline administrationCRF in somatic pain regulation (10, 31). Here we found that
but were significantly lower than CRF-induced tail flick latenciesintra-FAGM CRF administration produces analgesideet,
in the rats without antagonist (vehicle + CRF versus astge8sin  which is mediated by CRF-R2 receptors within tAGSRI. At the
+ CRF P < 0.05). percentage of suppression of intA&RI same time CRF-induced analgesiteef was not prevented by
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Fig. 3. Effect of central administration
B of CRF on tail flick latencies and

. plasma corticosterone levels in
O Baseline conscious rats.

Saline (intra-PAGM) (A) Dose-dgpendgnt fetct of intra-.
PAGM administration of CRF on tail
CREF (intra-PAGM, 0.7 pg/rat) flick latencies measured at 15 min after
intra-FAGM CRF administrationTall
CRF (outside PAGM, 0.7 pg/rat) flick latencies were expressed as
b percent of corresponding baseline tail
flick latencies. Significant dérence at
P < 0.05* - from all groups; n =4 — 14
per groupThe diagram of brain section
shows the injection sites within the
30 - PAGM: filled squares - CRF group;
open squares - saline group.
(B) Effect of intra-AGM
administration of the CRF at the dose of
0.7 pg/rat on the tail flick latencies (a)
and corticosterone plasma levels (b) at
15 min after injection.Tail flick
latencies were given in absolute units
(seconds). Significant dédrence at *R
0.05: from all groups; n = 4 — 9 per
group.
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Fig. 4. Effect of central pretreatment with CRF-R2 receptor antagonist astiBssmperipheral CRF-induced analgesgistressin-B (1
pg/rat, intra-RGM) or its vehicle was injected 30 min before CRF (40 pg/kg, i.p.) or saline administration. Signifieaehdd at K
0.05*: versus Basl (tail flick latency before astresBiwr its vehicle administration) and Bas2 (tail flick latency before CRF or its vehicle
(saline) administration},versusc<astressigB + CRF> group; + versus<vehicle + saline- or <<astressinB + saline> groups;? versus
<<astressipB + saline> group.Arrows indicate a moment of astresdih(vehicle) or CRF (vehicle) injection, respectivdliie diagram

of brain section shows the injection sites withGM; n = 9— 18 per group.

intra-FAGM CRF-R2 receptor antagonidthe finding suggests analgesia may varyn our experiments the involvement of CRF-
that other mechanisms withinABM, including CRF-R1 R2 receptors in CRF-induced analgesia was shown under
receptors, may be also involved in CRF-induced analgesia. Owircumstances of acute (short-term) pain, but their participation
results support the idea regarding the involvement of &P  failed to be detected under circumstances of tonic (long-term)
in the pain inhibiting pathways that are related to GR#e of the  pain caused by formalin injection in another study (25). It is
sources of endogenous CRF to t#e&GRI is the amygdala (40). possible that CRF-R2 receptors are involved in inhibition of
The amygdalaARGM pathways are involved in stress-induced acute pain rather than tonic pain.
analgesia and pain inhibition (41). It might be hypothesized that New fact obtained in the present study concerns the role of
one of the mechanisms of stress-induced analgesia may lentral CRF-R2 receptors in peripheral CRF-induced analgesia.
mediated by involving CRF-R2 receptors within the dorsalAccording to our previous data the analgesfeafinduced by
PAGM. Unfortunately the type of neurons that express CRF-R2peripheral CRF is mediated by peripheral CRF-R2 receptors
receptors is unknown. Howeydt has been shown that CRF (11). Here we have shown that CRF-R2 receptors within the
receptors are presented in th&@M cells containing opioid PAGM may be also involved in the CRF-induced analgesic
peptides (9). It might be assumed that CRF binds CRF receptoedffect. However it remains unclear how peripherally injected
within the AGM for modulation of opioid action that can CRF may reach theA®&M and activate CRF receptors into this
contribute to CRF-induced analgesi@his suggestion is area.According to the data of literature radiolabeled CRF has
supported by our previous data (30) on the role of opioidnot been detected in the brain for 30 min after its intraperitoneal
receptors located in théABM in CRF-induced analgesicfett. injection at a dose of 50 ug/kg (8).
We showed that intraA&M naltrexone pretreatment resulted in One of mechanisms explaining thAGM involvement in
reduction of intra-RGM CRF-induced analgesia (30). peripheral CRF-induced analgesia may be mediated by through
It should be noted that the involvement of CRF in painalterations of blood pressure that can activate endogenous CRF in
inhibition is apparently not dependent on the type of pain, buthe brain. Peripheral CRF is involved in the regulation of
the mechanisms underlying the intrd&M CRF-induced cardiovascular functions (42). It is well documented that
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Fig. 5. Effect of central pretreatment with CRF-R2 receptor antagonist astiBssmintra-RGM CRF-induced analgesiAstressin-B

(1 pglrat, intra-RGM) or its vehicle was injected 30 min before CRF (0.7 ug/rat, ift@NP or its vehicle administration. Significant
difference at R 0.05*: versus Basl (tail flick latency before astresBinr its vehicle administration) and Bas2 (tail flick latency before
CRF or its vehicle (saline) administratiofi)yersus <<astressigB + CRF> group; + versus<<astressigB + saline> or <<vehicle +
saline> groups Arrows indicate a moment of astress(or vehicle) or CRF (or vehicle) injection, respectivélye diagram of brain
section shows the injection sites within t#e&a®M; n = 4— 9 per group.

peripherally (intravenously) injected CRF causes a dose-dependent Central, as well as peripheral CRF-induced analgeféctef
decrease in blood pressure (hypotension) and tachycardia in rat&ere accompanied by an increase in plasma corticosterone
(43-45). The hypotensive &fct has been caused by intravenous suggesting activation of the hypothalamic-pituitary-adrenocortical
CRF at a doses of 7.5 — 750 pg/kg with a latency of 5 — 10 s an¢HPA) axis. The HRA axis hormones, glucocorticoids aAGTH,

lasted for 1 hour in conscious rats (45). It would be expected thatarticipate in regulation of somatic pain sensitivity (50, 51).
intraperitoneal administration of CRF at dose of 40 ug/kg is als@herefore, they may contribute to peripheral as well as central
effective for hypotension production. Hypotension is a stressor thaRF-induced analgesic fe€t. This idea is supported by our
stimulates the endogenous CRF release in the brain structurpgevious data. It has been shown that glucocorticoids produced in
including paraventricular nucleus of the hypothalamus, centratesponse to theA®BM stimulation at the 15 min, are involved in
nucleus of the amygdala, locus coeruleus (46, #¥.activation  analgesia caused by th&®M stimulation (50)The results of the

of the locus coeruleus neurons by hypotensive stress is mediated pgesent study confirmed thA8M role in the HR axis activation.

CRF coming from the central amygdala (4AGR® is known as The involvement of glucocorticoids in peripheral CRF-induced
one of the brain regions which are sensitive to fluctuations in bloo@nalgesia in conscious rats remains to be eluciddetad shown
pressure (48, 49). It is possible that CRF is released wittiMP  previously that peripheral CRF causes plasma corticosterone rise at
(in response to changes in blood pressure) and binds CRF-Rne interval from 8 to 20 min after CRF injection (31). Our present
receptors which may be involved in pain regulatibhus, the  results confirmed an increase in corticosterone levels at 20 min
involvement of CRF-R2 receptors withilABM in peripheral  after CRF administratiorAccording to our data, CRF caused an
CRF-induced analgesia might be due to peripheral CREt&fn increase in both tail flick latencies and corticosterone levels at 10 —
cardiovascular functions. Nevertheless we cannot exclud&5 min after injection. CRF-induced increase in tail flick latencies
completely that peripherally administered CRF may alsojiact then disappeared, while corticosterone level was elevated at 20
CRF receptors at circumventriculargans that are relatively min. Thus, we did not find a correlation (r = 0.31=F0.096)
unprotected by the blood-brain barridoweverthe verification of  between CRF-induced analgesicfeef and an increase in
these assumptions is a task for future research. corticosterone levels. It might be explained by the fact that
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glucocorticoids act in concert with other mechanisms that are als.
involved in the peripheral CRF-induced analgesieoctf Our
previous data (31) and data of literature (52) demonstrate a crucial
role of opioids in peripheral CRF-induced analgesiecefin
conscious rat&Ve showed that peripheral (intraperitoneally) CRF- 7.
induced dect is eliminated by peripheral (intraperitoneally)
naltrexone pretreatment in conscious rats (31). Glucocorticoids are
also involved in CRF-induced analgesia, howgetlesir role is not 8.
likely to be significant compared to opioids, since, according to our
data, the pretreatment with antagonist of glucocorticoid receptors
RU 38486 only modulates the peripheral CRF-inductstiefout 9.
doesn't eliminate it, like naltrexone (31). It should be noted that
corticosterone production may be also dependent on other
physiological systems, acting within adrenal glands and brain
during stress such as II3and NO systems (53). Glucocorticoids
exerting their action through glucocorticoid receptors are involvedLO.
in the diferent physiological processes in brain and peripheral
organs that allow survival and adaptation during stress (54).
Change of somatic pain sensitivity is one of aspects of the stress-
induced adaptive response. 11.

It is known that both peripheral and central (inteGR1)
administration of ACTH cause analgesic fetts (50, 55).
PeripheraACTH-induced analgesic fefct appears at 8 min and
is mediated by opioid receptors in conscious rats {8)have  12.
demonstrated that opioid receptors are involved in peripheral
CRF-induced déct. These facts allow us to suggest thafTH,
as well as opioid receptors can be involved in peripheral CRF13.
induced efects in conscious rats. It is unlikeljowever that
ACTH might be involved in central CRF-induced analgesic
effect, because analgesia caused by i@ administration
of ACTH is mediated by non-opioid mechanisms (55). 14.

Pharmacological treatment of pain, anxiety and depression
continues to be an important clinical problem (56). Data obtained
can be a useful approach for uncovering new therapeugietsar
for the treatment of pain and stress-related disorders.

In conclusion, the results of the present study suggest thdts.
peripheral, as well as central analgesieat of CRF on somatic
pain sensitivity may be mediated by CRF-R2 receptors located
in the AGM.
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