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ABSTRACT

Introduction: Some evidence demonstrates endogenous inhibitory pathways of pain involved
in the interphase (phase between early and later phase) of the formalin test. We previously
showed that swimming stress modulates the pain-related behaviors during the interphase
. of the formalin test. In this study, we evaluated the role of the endogenous opioid system in
First Revision: 03 Jun 2017 :  modulating nociceptive responses of the formalin test.
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Methods: Swim stress was performed in different heights of water (5, 25, 50 cm) in a swimming
tank. The mean nociceptive scores were measured during phase 1 (1-7 min), interphase (8-14
min), and phase 2 (15-90 min) of the formalin test. Opioid receptor antagonist, naloxone (3
mg/kg; IP) was injected immediately before swim stress.

Results: Swim stress attenuated nociceptive behaviors in the first phase and increased the
duration of interphase in the formalin test in a water-height-dependent manner, compared to
the control group. Naloxone significantly increased nociceptive behaviors in the first phase,
interphase, and the second phase of the formalin test, compared to the control group.

Conclusion: Stress could affect the nociceptive response. Swim stress in different heights of
water could have different effects on the nociception in different phases of the formalin test.

Ke?fwords: ) :  In addition, the involvement of the endogenous opioid system is further demonstrated in the
Swim stress, Rat, Formalin swim stress-induced modulation of pain behaviors in phase 1, phase 2, as well as interphase
test, Naloxone * of formalin test in rats.
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Highlights

» Swim stress attenuated nociceptive behaviors in the first phase and increased the duration of interphase in the for-
malin test in a water-height-dependent manner.

* Naloxone increased nociceptive behaviors in the first phase, interphase, and phase 2 of the formalin test.

* Involvement of endogenous opioid system demonstrated in the swim-stress-induced modulation of pain behaviors
in phase 1, phase 2, and interphase of formalin test.

Plain Language Summary

Formalin test is commonly used as an animal model of tonic pain to evaluate the analgesic effects of drugs. Stress has
an important role in the modulation of interphase. The interphase period in the formalin test may be an active process
due to the activity of endogenous pain-suppressing mechanisms. Swim-stress-induced analgesia appears to be medi-
ated through opioid and non-opioid mechanisms. Based on the previous studies, swim stress prolonged interphase or
delayed the start of phase 2 in the formalin test. In addition, some studies have shown that naloxone can modulate only
the interphase, while testosterone involves in phases 1 and 2 without affecting the interphase. We hypothesized that
swim stress could modulate the nociceptive behaviors induced by formalin in phase 1, interphase, and phase 2, through

interacting with the endogenous opioid system.

1. Introduction

ormalin test is commonly used as an animal
model of tonic pain and even sometimes as a
chronic pain model to evaluate potential an-
algesic effects of drugs (Abbott, Franklin, &
Westbrook, 1995; Dubuisson & Dennis, 1977).
Injection of low concentration of formalin into
the hind paw of animals induces a series of no-
ciceptive behaviors which could last for more than one hour
(Abbott et al., 1995; Dubuisson & Dennis, 1977; Sofiabadi
et al., 2011). Stress has an essential role in the modulation of
interphase,this period is much overlooked since it is prob-
ably considered a phase of inactivity (Gaumond, Arsenault, &
Marchand, 2002; Henry, Yashpal, Pitcher, & Coderre, 1999).

Some data demonstrate that interphase period in the formalin
test may be an active process, comprising endogenous pain-sup-
pressing mechanisms (Gaumond et al., 2002; Henry et al., 1999;
Franklin & Abbott, 1993). Pentobarbital, diazepam, and ethanol
inhibit the alleviation of pain during the interphase through acti-
vating Gamma-Aminobutyric Acid (GABA) receptors (Franklin
& Abbott, 1993). Henry et al. (1999) reported that after two in-
jections of formalin (with 20 min interval), a triphasic response
was seen with another diminution of nociceptive scores, com-
pared to a biphasic response in one injection of formalin.

Swim Stress-induced Analgesia (SSIA) can attenu-
ate formalin-induced nociceptive responses. This form
of analgesia appears to be mediated through opioid

and non-opioid mechanisms (Lapo, Konarzewski, &
Sadowski, 2003). Based on the previous studies, swim
stress prolongs interphase or delay the start of the sec-
ond phase in the formalin test. In addition, some studies
have shown that naloxone can modulate only the inter-
phase, while testosterone is involved in phases 1 and 2
without affecting the interphase (Gaumond, Arsenault,
& Marchand, 2005; Gaumond, Spooner, & Marchand,
2007). We hypothesized that swim stress could modulate
the nociceptive behaviors induced by formalin in phase
1, interphase, and phase 2, through interaction with the
endogenous opioid system. To test this hypothesis, we
assessed the effect of an opioid antagonist, naloxone, on
the swim stress-induced pain modulation during phase 1,
interphase, and phase 2 of the formalin test.

2. Methods
2.1. Study animals

All experiments were performed following the National Insti-
tutes of Health Guide for Care and Use of Laboratory Animals
(NIH Publication No. 80-23, revised 1996), and approved by the
Ethics Committee of Sabzevar University of Medical Sciences,
Sabzevar, Iran. Maximum effort was made to minimize discom-
fort and number of study animals. Young male, Sprague-Dawley
rats (weight: 80-120 g) were maintained in a temperature con-
trolled room with a 12:12 h light-dark cycle with lights on from
7:00 to 19:00 and housed in groups by threes in a cage. Food and
water were provided ad libitum.
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Sixty-one animals were divided into eight groups (n=7-
8); groups 1 and 2: animals were not exposed to swim
stress (control) and those treated with naloxone, respec-
tively; groups 3 and 4: Animals subjected to swim stress
in 5-cm height water and those treated with naloxone;
groups 5 and 6: animals subjected to swim stress in 25-
cm height water and those treated with naloxone; groups
7 and 8: Animals subjected to swim stress in 50-cm
height water and those treated with naloxone.

2.2. Swim stress-induced analgesia

To assess the effects of swim stress on the pain induced
by formalin injection, the rats were acclimatized in the
formalin test box for 30 min. Then they were subjected
to forced swim stress for 3 min in a cylinder plastic tank
(60 cm height and 50 cm diameter), filled with 20°C wa-
ter with heights of 5, 25 or 50 cm. Animals in the control
group did not receive any stress procedure. The water was
clear, and 2 rats simultaneously were used for swim stress
paradigm. After ending swimming sessions, each rat was
carefully dried with a new towel and placed into formalin
test box for 5 min to acclimate, and then formalin was in-
jected into the plantar surface of the rat’s right hind paw.

2.3. Formalin Test

After swimming, the animals were taken back into the
formalin test chamber to acclimatize. Formalin (50 MI,
2%) was injected Subcutaneously (SC) into the plantar
surface of the right hind paw with a 30-gauge needle.
Animals were then immediately returned to the obser-
vation box to record their pain behaviors. A mirror was
placed at a 45° angle beneath the box for accurate detec-
tion of pain behaviors without moving the box. Pain be-
haviors were scored as follows: 0. The injected paw was
not favored; 1. The injected paw had little or no weight
placed on; 2. The injected paw was elevated and not in
contact with any surface; and 3. The injected paw was
licked or bit.

Scores were continuously observed during the 90 min of the
experiment. The scores were recorded in control rats as well
as those who were put in 5, 25, and 50 cm heights of water in
the swimming tank. In each group, the response of each rat
during the first phase (1-7 min), interphase (8-14 min), and the
second phase (15-90 min) was separately recorded (Azhdari-
Zarmehri, Erami, Ghasemi, & Salmani, 2012).

2.4. Data analysis

The obtained data were expressed as Mean+=SEM, and ana-
lyzed by 1-way Analysis of Variance (ANOVA) and t-test.
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The mean nociceptive scores in each phase I (1-7 min), inter-
phase (8-14 min), phase 2A (15-60 min) and 2B (60-90 min)
in the formalin test and in different heights of water were ana-
lyzed using ANOVA followed by Dunnett’s and or Tukey’s
post hoc tests. P values less than 0.05 were considered as a
significant difference (Azhdari Zarmehri et al., 2012).

3. Results

3.1. Effects of naloxone on the mean nociceptive
scores of the formalin test

In the control group with no swim stress, SC injection
of formalin into the hind paw induced typical biphasic
pain responses. Naloxone (3 mg/kg) was intraperitone-
ally administered before formalin injection. Naloxone
produced a similar nociceptive behavior score during
phase 1, interphase, and phase 2A, except for phase 2B
of the formalin test (for phase 1: t (14)=0.84; P=0.417,
for interphase: t (14)=1.375; P=0.194; for phase 2A: t
(14)=0.069; P=0.946; and for phase 2B: t (14)=5.183;
P=000). Based on the t-test analysis, naloxone signifi-
cantly increased nociceptive behaviors during the end of
phase 2 compared to the control (P<0.001) (Figure 1).

3.2. Effects of naloxone on the swim stress-in-
duced pain modulation in the 5-cm height of wa-
ter on mean nociceptive scores of the formalin test

Swim stress in the 5-cm height of water decreased
mean nociceptive score in phase 1 (P<0.05), interphase
(P<0.01), and the first part of phase 2 (P<0.05), but it did
not affect the second part of phase 2. Naloxone (3 mg/
kg; IP) was injected immediately before swimming and
followed by formalin injection. As observed in Figure 2
A-B, the injected naloxone significantly prevented the
antinociceptive responses of swimming after application
of formalin. One-way ANOVA of data revealed a signifi-
cant difference for the phase 1 (F, ,=12.710, P=0.001),
interphase (F, ,,=9.166, P=0.002), bhase 2A(F, ,=3.616,
P=0.04), and phase 2B (F, , =4.525, P=0.025), (Figure 2).

2,19

3.3. Effects of naloxone on the swim stress-in-
duced pain modulation in the formalin test in the
25-cm height of water on mean nociceptive scores
of the formalin test

Swim stress in 25-cm height of water decreased no-
ciceptive behaviors in phase 1 (P<0.001), interphase
(P<0.001), and phase 2A (P<0.01), but had pronocicep
Naloxone (3 mg/kg; IP) was injected immediately before
swim stress, followed by formalin injection. The weight-
ed pain scores were recorded at 3-min intervals during
a 90 min period. Swim tank was filled with water up to
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Figure 1. The effect of Naloxone (Nal) injection (3 mg/kg, IP) on the formalin-induced nociceptive scores

A. Time scores of formalin-induced nociceptive behaviors were measured every 3 min during 90 min; B. Bar charts represent
nociceptive scores of phase 1 (1-7 min), interphase (8-14 min), the first part (15-60 min) and the second part (61-90 min) of phase
2 in the formalin test, in the control and naloxone groups.

***P<0.001 compared to the control group; Values are presented as Mean+SEM.

a height of 25 cm. As observed in Figure 3A-B, the IP injec- 3.4. Effects of naloxone on the swim stress-induced
tion of naloxone prevented the antinociceptive responses of ~ pain modulation in the 50-cm height of water on
the swim in phase 1 (P<0.001) and phase 2A (P<0.01) as dem- mean nociceptive scores of phase the formalin test

onstrated in Figure 3B. One-way ANOVA of data revealed
a significant difference for phase 1 (F, =48.838, P=0.000), Swim stress in 50-cm height of water decreased nociceptive
interphase (F =5.032, behaviors in phase 1(P<0.001), interphase (P<0.001), and

2,19

=15.760, P =0.000), phase 2A (F

2,19 2,19

P=0.018), and phase 2B (F, ,=4.872, P=0.020) (Figure 3). phase 2A (P<0.001), but had pronociceptive effect during the
’ second part of phase 2 of formalin test (P<0.01). Naloxone (3
mg/kg; IP) was injected immediately before administration
of swim stress, followed by formalin injection and record-
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Figure 2. The effects of Naloxone on the formalin test after swim stress (5 cm)

A. Time scores of formalin-induced nociceptive behaviors following swim stress were measured every 3 min for 90 min; B. Bar
charts represent nociceptive scores of phase 1, interphase, first and second parts of phase 2 of the formalin test in the control, swim
stress, and swim stress+naloxone-treated rats.

Values are presented as Mean+SEM; The height of the water was 5 cm; *P<0.05 and **P<0.01 in comparison with the control
group and # P<0.05 and #P<0.01 in comparison with the swim stress group.
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Figure 3. The effects of Naloxone on the formalin test after swim stress (25 cm)

A. Time scores of formalin induced-nociceptive behaviors fo llowing swim stress were measured every 3 min for 90 min; B. Bar charts
represent nociceptive scores of phase 1, interphase, the first and second parts of phase 2 in the formalin test in the control, swim stress,
and swim stress+naloxone-treated rats.

Values are presented as MeantSEM; *P<0.05; **P<0.01 and ***P<0.001 in comparison with the control group and #P<0.01 and #*#
P<0.001 in comparison with the swim stress group; The height of water were 25 cm.

ing the weighted pain scores at 3-min intervals during a 90 malin test (for phase 1: F, , =31.334, P=0.000; for interphase:
min period. As observed in Figure 4 A-B, naloxone signifi- Fz, ,,=24.452, P=0.000; for phase 2A: Fzﬁ ,,=16.150, P=0.000;
cantly prevented the antinociceptive responses of swimming and for phase 2B: F, ),=3.453, P=0.050) (Figure 4).

in phase 1 (P<0.001), interphase (P<0.001), and phase 2A

(P<0.001) as demonstrated in Figure 4B, and had no effect

on pronociceptive effect during second part of phase 2 of for-
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Figure 4. The effects of Naloxone on the formalin test after swim stress (50 cm)

A. Time scores of formalin-induced nociceptive behaviors following swim stress were measured every 3 min for 90 min; B. Bar
charts represent nociceptive scores of phase 1, interphase, first and second parts of phase 2 in the formalin test in the control,
swim stress, and swim stress+naloxone-treated rats; Values are presented as Mean+SEM; * P<0.05; ** P<0.01 and *** P<0.001 in
comparison to the control group and #**# P<0.001 in comparison with the swim stress group; The height of water were 25 cm.
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4. Discussion

In the current study, we found that opioid receptor an-
tagonist, i.e. naloxone, significantly increased nocicep-
tive behaviors during the end of phase 2 of the formalin
test in animals without swim stress compared to the con-
trol group. It seems that a powerful endogenous opioid
inhibitory mechanism is responsible for nociceptive be-
havior termination at the end of the formalin test (Azh-
dari-Zarmehri, Mohammadzadeh, Feridoni, & Nazeri,
2014). Swim stress decreased the nociceptive behaviors
in the first phase of the formalin test. Conversely, it pro-
longed interphase of the formalin test in comparison to
the control ones in a water-height-dependent manner in-
dicating different pain modulation during different phas-
es of the formalin test and elucidated the impact of swim
stress on the duration of interphase.

The interphase period has been long considered as an
inactive phase, but some research studies suggest that ac-
tive inhibitory mechanisms are involved in the modula-
tion of pain during this period (Gaumond et al., 2002;
Henry et al., 1999; Franklin & Abbott, 1993). Stress has
been shown to activate multiple neural systems involved
in pain sensation and modulation (Bodnar, Kelly, Brutus,
& Glusman, 1980; Guillemin et al., 1977; Madden, Akil,
Patrick, & Barchas, 1977). This endogenous pain inhibi-
tory systems (Bodnar et al., 1980; Guillemin et al., 1977;
Madden et al., 1977). In a stressful situation, the opi-
oid and non-opioid forms of SIA are elicited in rodents
(Bodnar et al., 1980; Madden et al., 1977). It has been re-
ported that antagonizing the endogenous opioid system
with naloxone or naltrexone attenuates the nociceptive
behavioral responses following exposure to stress, sup-
porting the role of the endogenous opioid system in SIA
(Amit & Galina, 1986). Systemic or intracerebroven-
tricular injection of p-, k-, or d-opioid receptors antag-
onists prevents the SIA or fear-conditioned analgesia
in rats (Akil, Young, Walker, & Watson, 1986; Butler
& Finn, 2009; Fanselow, Calcagnetti, & Helmstetter,
1989). The characteristics of a stressor such as dura-
tion, intensity, and temporal aspects, affect the induced
analgesic response (Watkins & Mayer, 1986; Amit &
Galina, 1986). SSIA can attenuate formalin-induced
nociceptive responses (Hopkins, Spinella, Pavlovic, &
Bodnar, 1998; Altier & Stewart, 1999). This form of
analgesia is considered to be mediated through opioid
and non-opioid mechanisms (Lapo et al., 2003; Olive-
rio & Castellano, 1982; Mogil et al., 1993).

Mogil et al. (1993) showed that swimming stress in
20°C water could induce analgesia that is sensitive to
naloxone in male rats. In contrast, antagonizing opioid

Basic and Clinical

receptors were not effective in inhibiting SSIA in female
rats, suggesting that other mechanisms depending on the
sex hormones might be involved. According to our pre-
vious study, exposure to restraint stress as well as swim
stress significantly reduces the formalin-induced nocicep-
tive behaviors in rats. An orexin receptor type 1 antagonist
entirely reverses this antinociceptive effect produced by
either restraint stress or swim stress on interphase. The
opioid receptor antagonist, naloxone, does not reverse the
observed antinociceptive effect with such forms of stress.
Interphase is considered an inactive phase, but recent evi-
dence shows the involvement of active mechanisms in
this quiescent phase (Henry et al., 1999).

Based on previous reports, pentobarbital, diazepam, and
ethanol attenuate nociceptive behaviors in the interphase
of the formalin test, which are blocked by picrotoxin, sug-
gesting the involvement of GABAA receptors (Franklin
& Abbott, 1993). Differences between our study and other
studies might be due to the different methods of scor-
ing and defining intervals for formalin test. Besides, we
should not forget the role of age, weight, and genetics of
the animals used in different studies. Similar to our results,
effective inhibitory mechanisms of pain in this period has
been reported in some earlier studies (Henry et al., 1999).

Our results revealed that swimming in different heights
of water had different effects on the nociception ob-
served in various phases of the formalin test. Naloxone
diminishes nociceptive scores in phase 1, interphase, and
phase 2 compared to the control group. These findings
suggest that opioid might be involved in swim stress-in-
duced modulation of pain, and different heights of water
employ different inhibitory mechanisms.
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