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In experiments on mice, we examined the effects of 3-min-long forced swimming sessions
on indices characterizing the state of the nociceptive system. Thirty minutes after the forced
swimming episode, significantly lower (P < 0.05) latencies of motor reactions in the hot plate
and tail flick tests were observed. At the same time, times of licking the paw within the early and
late phases of the formalin test, as well as numbers of writhings in the acetic acid test, became
significantly (P<0.05)smaller. Thus, forcedswimming-inducedstressresultsinthedevelopment
of a hypoalgesia state with respect to thermoinduced pain and chemoinduced somatic (formalin
test) and visceral (acetic acid test) pain. Blockers of histamine H1 (cimetidine, 10 mg/kg)
and H2 (chlorpheniramine, 15 mg/kg) receptors did not influence significantly (P > 0.05)
the intensity of forced swimming-induced hypoalgesia in the tail flick and acetic acid-
induced (writhing) tests. Thus, the histaminergic system is not significantly involved in the
mechanisms of forced swimming-induced hypoalgesia.
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INTRODUCTION

Stressful conditions have been found to be a natural
stimulus capable of triggering pain suppression.
A number of observations demonstrated that pain
perception is altered during exposure to various
stressors [1]; the respective phenomenon is known as
stress-induced hypoalgesia (SIHA). Among earliest
reports on SIHA, there are results published by Beecher
[2] who found that soldiers severely wounded in a
battle reported little pain and required less analgesic
medication, compared with civilians undergoing
similar surgery. SIHA appears to be elicited by a wide
range of influences, including thermal challenges,
rotation, electric shock, exercise, and swimming.
Laboratory rodents, after being exposed to forced
swimming, manifest a decrease in pain sensitivity
[3]. Currently, information on the mechanism(s)
responsible for SIHA is still insufficient. Despite
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the accumulating evidence that histamine turnover
is altered under physiological stress [4], the level of
involvement of histaminergic mechanisms in response
to stress has not been estimated.

Our experiments were carried out to investigate the
possible role of the histaminergic system in forced
swimming stress-related hypoalgesia.

METHODS

Animals. Male mice (50-80 g) were used for the study.
They were housed and bred in the preclinical animal
house of the College of Medicine (University of
Ibadan, Nigeria) under standard laboratory conditions
(room temperature and 12-h light/dark cycle). The
animals were fed with standard mouse cubes (Ladokun
feeds, Ibadan, Nigeria) and provided with water ad
libitum.

The animals were subjected to a forced swimming
procedure for 3 min by placing them in a plastic
cylinder (diameter 30 cm, height 50 cm) containing
water at 30°C (depth of 20 cm).

Drugs and Chemicals. The following drugs were
used: cimetidine (SmithKline and Beecham, GSK,
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F i g. 1. Effects of swimming on hot plate and tail flick latencies
(sec) in mice (A and B, respectively). Each value is the
mean + s.e.m.; n=>5. ¥*P < (.05 (non-swimming vs swimming, 1 and
2, respectively).

P u c. 1. BuiuB mpuMycoBOTo IIaBaHHS Ha TIATEHTHI epi0JU MOTOP-
HHUX peakKLiil y TecTax “raps4ol IUIACTHHKU Ta “BiIACMHMKYBaHHSI
xBocTa” (¢) y muteit (4 Ta B BIAMOBIIHO).

UK), chlorpheniramine maleate (Sigma-Aldrich, Ger-
many), formaldehyde solution (Merck, Germany), and
acetic acid (BDH, Great Britain).

Antinociceptive Assay. Hot Plate Test. The
technique proposed by Eddy and Leimback [5] and
modified by Ibironke et al. [6] was used. The mice
were made to swim for 3 min. Thirty minutes later,
they were placed on a hot plate (55 £ 2°C), and the
time taken by the animal to jump off from the plate
or lick its paws was taken as the hot plate/paw licking
latency. No animal was allowed to stay on the hot plate
for more than 60 sec to avoid excessive tissue damage.
The mean latencies for each group were calculated.
The numbers of animals (n) in the swimming and
control groups were 6 each.

Tail Flick Test. The technique of D’Armour and
Smith [7] was used. Briefly, the end (3 c¢cm) of the tail
was immersed in a water bath at 52°C after 3-min-long
swimming. The time taken by the mouse to flick its
tail out of hot water (tail flick latency) was measured.

Acetic Acid-Induced Writhing Test. The test was
performed as previously described [8]. Each mouse
was 1.p. injected 30 min after swimming in water
for 3 min with 0.2 ml of 3% acetic acid to induce
characteristic writhings related to visceral pain. The
number of writhings occurring between the 5th and
10th min of post-injection observation was measured.

Formalin-Induced Paw Licking Test [9]. Thirty
minutes after 3-min-long swimming, each animal was
subcutaneously injected into the hind paw with 20 pl
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F i g. 2. Effects of swimming on licking times in the formalin test
(A) and number of writhings in the acetic acid test (B). Each value
is the mean + s.e.m.; n = 6. *P < 0.05 (non-swimming vs swimming,
1 and 2, respectively). Early and late are the respective phases of
fam in the formaline test.

P u c. 2. BrumB nprMycoBoOro IiaBaHHs Ha TPUBAJIICTh 00IH3yBaHHS
namu y GopMasiiHoBOMY TeCTi (4) Ta KiJbKiCTh BUKIHKAHAX 00JIeM
KOPYiB y TECTi 3 iH’€KLIIMH OLTOBOI KUCIOTH (B).

of 1% formalin, and the times taken to lick the paw
within the first 5 min (acute pain phase) and for 10
min beginning from the 20th min post injection (tonic
pain phase) were measured.

Pharmacological Modulation of Pain Reactions. In
another set of experiments, the animals were pretreated
with an H1 receptor antagonist, cimetidine (10 mg/kg),
or an H2 receptor antagonist, chlorpherniramine
(15 mg/kg), before being made to swim for 3 min.
They were then subjected to the tail flick and acetic
acid-induced writhing tests (n = 6), as described above.

RESULTS

The mean latency of jumping off of rats from the
hot plate in the respective test, when measured
30 min after episodes of forced swimming, was about
two times longer than in the control; the normalized
increment was 98.4%, P < 0.01 (Fig. 1A). Quite
comparable differences were observed in the tail flick
test; the tail flick latency after forced swimming was
65.4% longer than the corresponding value in the
norm (P < 0.05, Fig. 1B). Thus, forced swimming
resulted in a considerable drop in the sensitivity of the
experimental animals to thermoinduced pain, i.e., in
clear hypoalgesia.

Quite comparable changes in nociception were
observed under conditions of the formalin test
(chemoinduced somatic pain) and acetic acid
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Fig. 3. Effects of cimetidine and chlorpheniramine on hypoalgesia
induced by forced swimming stress in the tail flick test. Vertical
scale) Tail flick latency, sec. Each value is the mean + s.e.m.; n = 6.
*P < 0.05 (before vs after swimming, 1 and 2, respectively).

P u c. 3. BruiuB nuMeTuainy Ta xjopdeHipaMidy Ha Tinoalres3iro

b
110 BUKJIMKAIACs CTPECOM, IHAyKOBaHHM MPUMYCOBHM ILUTaBAaHHIM
y TecTi “BIICMUKYBaHHS XBOCTa”.

(writhing) test (chemoinduced visceral pain). The
mean total duration of paw licking episodes within
the early period of observation in the former test
after 3-min-long forced swimming corresponded only
to about half (53.2%) of the respective index in the
absence of the mentioned influence. Forced swimming
exerted an even somewhat stronger influence on the
duration of pain licking within the late phase in the
mentioned test (correlate of the intensity of tonic
inflammatory pain); the above index was equal to
42.4% of the control value (P < 0.05 in both cases;
Fig. 2A). The number of writhings in the acetic acid
test also demonstrated a significant decrease (B).

Administration of both histamine receptor antagonists,
cimetidine and chlorpheniramine, exerted certain
modulatory effects on the indices characterizing the
level of nociceptive reactions in the tests used. The tail
flick latency in the corresponding test carried out in the
case with no forced swimming became, after injections
of these agents, about 35% longer than in the control.
At the same time, administration of these drugs prior to
swimming exerted no significant effects on normalized
increases in the mentioned latency related to this
influence. Under control conditions, the above increase
was 63.6%; after cimetidine and chlorpheniramine
injections, the respective values were 75.4 and 82.2%,
respectively (P > 0.05 in both cases; Fig. 3).

In the writhing test, injections of the above
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F i g. 4. Effects of cimetidine and chlorpheniramine on hypoalgesia
induced by forced swimming stress in the acetic acid (writhing) test.
Vertical scale) Number of writhes. Each value is the mean + s.e.m.,
n=06. *P <0.05 (before vs after swimming, 1 and 2, respectively).

P u c. 4. BrumB nuMmernainy Ta xjiopdeHipamiHy Ha rimoanresiro,
BUKJIMKaHY IPHMYCOBHUM ILIaBaHHSIM, Y T€CTI 3 iH’€KIISIMU OLITOBOT
KHCJIOTH.

antagonists also provided some basic hypoalgesic
effects. The numbers of writhings in the two respective
groups were about 15% smaller than in the sham-
injected group. Normalized decreases in the above
index in the cimetidine and chlorpheniramine groups,
which were related to 3-min-long swimming, were 11.0
and 19.8% (Fig. 4), while the respective drop in the
control group was 12.3%. In other words, injections
of the mentioned agents exerted no significant effects
on swimming-induced hypoalgesia with respect to
visceral pain (P > 0.05 in both cases).

DISCUSSION

Our study clearly demonstrated the analgesic
potential of forced swimming stress and its negligible
dependence on the activity of histaminergic pathways.
The characteristics of SIHA are dependent on the type
and duration of stress, as well as the method by which
hypoalgesia is assessed [10, 11]. In our experiments,
forced swimming resulted in a hypoalgesic effect
revealed by a significant (P < 0.05) prolongations of
both hot plate and tail flick latencies (thermoinduced
pain), as well as by significant (P < 0.05) reductions in
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both the number of writhings in the acetic acid writhing
test (visceral pain) and licking time in the formalin
test. All these patterns remained nearly exactly the
same despite prior administrations of both cimetidine
and chlorpheniramine, indicating that SIHA in these
cases is practically independent of the involvement of
the histaminergic system.

Our observations on the effect of forced swimming
stress on nociception are in agreement with earlier
reports [12, 13]. However, our results contradict other
observations [14, 15] where no analgesic effect was
observed after swimming sessions. A few reasons
could be adduced for this discrepancy. For example,
the level of hypoalgesia was found to increase with age
[16], mainly due to the development of the supraspinal
descending inhibitory pathways. The cited authors
who did not observe any analgesic effect probably
used younger mice compared with animals used in our
study.

Circadian rhythms also affect stress-induced
hypoalgesia, as the pain sensitivity varies significantly
with the time of day (being low in the morning and
higher during daytime) [17]. Our experiments were
carried out in relatively early hours of the day when
the pain sensitivity is lower; hence the analgesic
effects were easily observed compared with those
carried out in the later part of the day, when analgesia
could not be so easily observed because of increased
pain sensitivity.

Despite the considerable amount of data regarding
the analgesic effects of swimming-induced stress,
the mechanism underlying these phenomena remains
unclear. Various systems are supposed to be implicated
in the mechanisms of SIHA, e.g., opioidergic [18] and
endocannabinoid-related [19].

Thus, the results of our study have ruled out the
possibility of significant involvement of histaminergic
pathways in forced swimming-induced hypoalgesia.
This conclusion is derived from the fact that
pretreatment with H1 and H2 receptor antagonists
failed to reverse or considerably modify the analgesic
effect of forced swimming sessions.
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T'IIIOAJITE3Is, IIOB’SA3AHA 3 IIPUMYCOBUM I1JIABAH-
HAM: HE3AJIEXKHICTD BIJI TICTAMIHEPT'TUHUX
MEXAHI3MIB

'Mennunnii konemx YeiBepcurery 16anany, I6agan (Hirepis).
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Peszome

B excrniepuMeHTax Ha MHIIaX MU BUBYAIIU BILIUB CEAHCIB IIPUMY-
COBOTO MJIaBaHHs TPUBAJICTIO 3 XB HA MOKA3HUKH, 1[0 XapaKTePH-
3YIOTh CTaH HOLHIENTUBHOI cuctemu. Yepes 30 xB micius emi3o-
IIiB IPUMYCOBOTO ILUIaBaHHS MU criocTepiranu ictotHo (P < 0.05)
KOPOTUII JIATEHTHI Mepiogu MOTOPHHUX peakmiid y Tecrtax “ra-
ps9oi minacTHHKU” Ta “BiACMUKYBaHHS XxBocTa’. BomHouac
TPUBANICTh OONM3YBAaHHS JalH B MeXaX PaHHbOI Ta Mi3HBOI
$a3 popmaniHOBOrO TECTy Ta KIJIBKICTh BHKJIMKaHUX 00-
JIeM KOPYiB y TECTi 3 BHYTPIIIHHOOUYCPEBUHHUMH 1H €KLiAMHU
oUTOBOI KHUCIOTH cTaBainu icToTHO (P < 0.05) MeHmHMH.
OTe, BUKIMKAHUH NPUMYCOBHM IJIAaBaHHSIM CTpEC IpHU-
3BOAMTH 10 PO3BUTKY CTaHy rimoainresii mono TepMmoiHay-
KOBAaHOTr'0 0OJI0, a TaKOX XEMOiHIYyKOBAaHOTO COMAaTHYHOIO
(bopmaniHoBH# TecT) Ta BicHepalbHOTO (TECT 3 BUKOPHUCTAH-
HSIM oUuTOBOi KMcioTH) Oonto. brmokaropu ricraminoBux H1
(uumernnin, 10 mr/xr) ta H2 (xmopdenipamin, 15 mr/kr)
peuenTopiB He BIUIMBaNU icToTHO (P > 0.05) Ha IHTEHCUBHICTH
rimoainresii, BUKIMKaHOI IPUMYCOBUM IUUIaBaHHSIM, Y TECTI ,,Bill-
CMHKYBaHHS XBOCTa” Ta alleTaTHOMY TeCTi. TakuM YHHOM, Tic-
TaMiHEpriyHa CHCTeMa He € 3aJy4eHOI0 iICTOTHO B MEXaHi3MHU
IHAYKOBaHOI MPUMYCOBUM ILJIaBaHHAM Timoanresii.

REFERENCES

1. H. K. Beecher, “Pain in men wounded in battle,” Ann. Surg.,
123, No. 1, 96-105 (1946).

2. H. K. Beecher, “Relationship of significance of wound to pain
experienced,” J. Am. Med. Assoc., 161, 1609-1613 (1956).

3. C. W. Terman, Y. Shavitand, and J. W. Lewis, “Intrinsic
mechanisms of pain inhibition: activation by stress,” Science,
226, 1270-1277 (1984).

4. M. Marzurkiewcz-Kwilecki and C. D. Prell, “Brain histamine
response to stress in 12 month old rats,” Life Sci., 38, No. 25,
2339-2345 (1986).

5. N. B. Eddy and D. Leimback, “Synthetic analgesics. II.
Dithienylbutenyl- and dithienylbutylamines,” J. Pharmacol.,
107, 385-388 (1953).

6. G. F. Ibironke, O. J. Saba, and F. O. Olopade, “Glycemic
control and pain thresholds in alloxan diabetic rats,” Afr.
J. Biomed. Res., 7, 149-151 (2004).

7. F.E.D’Armour and D. A. Smith, “Method for determining loss
of pain sensation,” J. Pharmacol. Exp. Ther., 72, 74-79 (1941).

8. R. Konster, M. Anderson, and E. J. M de Beer, “Acetic acid for
analgesic screening,” Fed. Proc., 18, 412-413 (1989).

9. S. Hunskarand and K. Hole, “The formalin test in mice:
Dissociation between inflammatory and non-inflammatory
pain,” Pain, 30, 103-114 (1997).

10. D. D. Kelly, “The role of endorphins in stress-induced
analgesia,” Ann. N.Y. Acad. Sci., 398, Part VIII, No. 1, 260-
271 (1982).

11. O. Olayomi and S. L. Hart, “Involvement of histamine
in naloxone-resistant and naloxone-sensitive models
of swim stress-induced antinociception in the mouse,”
Neuropharmacology, 30, No. 9, 1021-1027 (1991).

12. P. J. O’Connor and D. B. Cook, “Exercise and pain: The
neurobiology, measurement and laboratory study of pain in
relation to exercise in humans,” Exerc. Sport Sci. Rev., 27,

383



G. F. IBIRONKE and K. S. RASAK

13.

14.

16.

384

119-166 (1999).

K. F. Koltyn, “Analgesia following exercise: A review,” Sports
Med., 29, 85-98 (2000).

C. Droste, M. W. Geelee, and M. Schneck, “Experimental pain
thresholds and plasma beta endorphin levels during exercise,”
Med. Sci. Sports, 23, 334-342 (1991).

. B. Olaussen, E. Erikson, and L. Ellmarker, “Effects of naloxone

on dental pulp pain threshold stimulation: A comparative study
in man,” Acta. Physiol. Scand., 126, 299-305 (1986).

M. N. Girasol and P. A. Holloway, “Cold water stress analgesia
in rats: Differential effects of naloxone,” Physiol. Behav., 32,
547-555 (1984).

17.

18.

19.

P. A. Stefano, C. Claudio, and O. Alberto, “Circadian variations
in stress-induced analgesia,” Brain Res., 252, No. 2, 373-376
(2004).

A. Spiaggia, R. J. Bodnar, D. D. Kelly and M. Glusman,
“Opiate and non-opiate mechanisms of stress-induced
analgesia: Cross tolerance between stressors,” Pharmacol.
Biochem. Behav., 10, No. 5, 761-765 (2008).

L. S. Richard, “Endocannabinoids at the spinal level regulate,
but do not mediate non-spinal stress-induced analgesia,”
Neuropharmacology, 50, 372-379 (2006) .

NEUROPHYSIOLOGY / HEUPO®U3NOIOTUSN.—2013.—T. 45, Ne 4



