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he central nervous system possesses intrinsic 
pain inhibition systems that are activated by 

stressful situation.1  It is also the basis for stress-
induced analgesia (SIA),2 whereby different forms of 
stress can produce potent analgesia.3 SIA plays an 
important role in the survival of animals especially in 
fight-or-flight situations.2 In human, this phenomenon 
can be found in battle, where the soldier were 
severely wounded showed little pain and required less 
analgesic medication compared with civilians 
undergoing similar surgery.4  

The opioidergic and GABAergic systems has 
been implicated involved in the SIA.5-6 Endogenous 
opioid and GABA were released under stressful 
conditions and produce analgesia by inhibiting the 
excitability of sensory nerves and/or the release of 

excitatory neurotransmitters that leads to modulation 
of pain and induction of analgesia.2  

Studies have shown that painful stimulation 
activates primary sensory neurons and causes the 
expression of c-Fos (immediate early gene) in the 
nuclei of postsynaptic neurons of the dorsal horn of 
the spinal cord.7-8 The most extensive labeling is 
generated by noxious stimuli in those regions of the 
dorsal horn that receive small diameter primary 
afferents fiber (PAF), namely Aδ and C fibres. The 
regions involved are superficial dorsal horn (laminae 
I and II) and some in the neck of the dorsal horn 
(laminae V and VI).9 This property of c-Fos 
expression makes it an invaluable tool in the study of 
pain, as it can be used as a specific marker for neural 
activation in the spinal cord.8 Attenuation of pain 
behaviour response and decreased c-Fos expression 
in a superficial dorsal horn of the rat spinal cord after 
exposure to acute stress and pain stimulation is 
consistent with SIA phenomenon.2 In contrast, certain 
stressful situations can also increases c-Fos 
expression in rat spinal cord after pain stimulation, a 
phenomenon known as stress-induced hyperalgesia 
(SIH), which elicit hyperalgesia, allodynia and long-
term potentiation instead of analgesia effect.10-12 

However, many studies concentrated at changes 
on c-Fos expression on the ipsilateral (injected) side 
but neglected what has happened on the contralateral 
(non-injected) side. Therefore, the purpose of the 
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present study is to investigate the effect of acute 
swim stress on pain behaviour and c-Fos expression 
in both ipsilateral (injected) and contralateral (non-
injected) sides of the rat spinal cord after formalin-
induced pain. 
 

Materials and methods 
 

Animals 
Twenty-four adult male Sprague Dawley rats weigh-
ing 250-300 g were used in this study.  Animals were 
obtained from the Laboratory Animal Research Unit, 
Universiti Sains Malaysia (LARUSM) and allowed 
adaptation for at least four days in the Physiology 
Department laboratory. Rats were maintained in a 12-
h light dark cycle and allowed free access to food and 
water. Experiments were approved by the Animal 
Ethics Committee of Universiti Sains Malaysia. 
 

Experimental groups 
Rats were divided into four groups consisting of those 
subjected to acute swim stress (S) (n = 6), formalin 
injection (F) (n = 6), acute swim stress with formalin 
injection (S+F) (n = 6) and control rats (C) (n=6) 
respectively. Acute swim stress was performed in an 
aquarium measuring 92 cm x 46 cm x 46 cm contain-
ing 20 cm water at 21°C. The rats were forced to 
swim individually for 3 minutes before being 
removed.13 
 

Induction of pain and pain behavioral scoring 
The formalin injection as the pain stimulus and the 
pain behaviour score recorded over time was 
performed on all rats 10 minutes after cessation of 
swimming to make clear distinction between swim 
stress and cold stress due to water temperature. 
Formalin 1 % (0.37 % formaldehyde solution) was 
freshly prepared from 37 % formaldehyde solution 
with isotonic saline. Fifty microliters of dilute (1 %) 
formalin was injected to the plantar aspect of the left 
hindpaw using a 26-gauge needle.14 

The rat was placed in a perspex-testing chamber 
measuring 26 cm x 20 cm x 20 cm. A mirror was 
placed below the floor of the chamber at 45˚ angle to 
allow an unobstructed view of the rats paws. Pain 
behaviour was recorded with a videocam starting 
from the time of injection until the end of one hour.  
The tape was later viewed by two observers blinded 
to the treatment of each rat and the formalin test score 
was tabulated every minute and averaged at 5-minute 
intervals.15  The scores were as follows: 
0 = the injected paw is not favored (i.e. foot flat on 

the floor with toes splayed), indicating insignifi-
cant or no pain felt; 

1 =  the injected paw has little or no weight on it 
with no toe splaying, indicating mild pain felt; 

2 =  the injected paw is elevated and the heel is not 
in contact with any surface, indicating moderate 
pain; 

3 = the injected paw is licked, bitten or shaken, 
indicating severe pain. 

Immunohistochemistry procedure 
Two hours after formalin injection, the rats were 
sacrificed by an overdose of intraperitoneal injection 
of sodium pentobarbitone (100 mg/kg body weight). 
This method was used to avoid damage to the spinal 
cord.16 This time was chosen for sacrificed in order to 
ensure that the pattern of c-Fos was contributed by 
the entire phase of the formalin test.17 Then, the rats 
were perfused intracardially with 200 ml phosphate 
buffered saline (PBS) followed by 500 ml of cold 4% 
paraformaldehyde in phosphate buffer (PB) 0.1 M 
(pH 7.4). Segments L4 and L5 (segments which 
innervate the hindpaw) of the spinal cord were then 
removed from the rats. Following overnight cryo-
protection in sucrose 20 % in PB 0.1 M, the L4 and 
L5 segments were cut into coronal sections (30 μm 
thick) using cryostat and every third section collected 
as free-floating section in PBS. Sections were then 
rinsed with Tris-buffered saline (TBS) twice for 5 
minutes and incubated with polyclonal anti-c-Fos 
antiserum raised from rabbit (Oncogene, USA) 
diluted 1:20,000 in buffer (2 % normal goat serum, 
0.2 % triton-X, TBS) for 48 hours. Sections were 
rinsed with TBS in triton-X (TBS/TX) three times for 
10 minutes each and then incubated with biotinylated 
goat anti-rabbit IgG (Vector Labs) diluted 1:200 in 
buffer (2 % normal goat serum, 0.2% triton-X, TBS)  
for 1 hour. After additional rinses in TBS/TX, all 
sections were incubated with avidin-biotin-HRP 
(ABC Elite; Vector; diluted 1:50 in TBS) for 1 hour 
at room temperature. Sections were again rinsed three 
times with TBS/TX and treated with diamino-
benzidine (0.02 % in TBS, 0.2 % hydrogen peroxide) 
as chromogen, until a brown coloration of solution 
was seen. Finally, sections were rinsed four times and 
mounted on slides, air-dried, dehydrated and cover 
slipped.    

Sections were examined using an image analyzer 
(Leica MPS 60) at magnifications of 40x and 100x 
objective lens. At least 8-12 of the L4/L5 sections 
were scanned for each rat, and six sections were 
selected. For each rat the number of FLI was 
recorded according to the specific laminar regions of 
the spinal grey matter, as follows: superficial dorsal 
horn (laminae II and I), nucleus propria (laminae III 
and IV), neck of the dorsal horn (laminae V and VI) 
and the ventral grey (laminae VII, VIII, IX and X). 
The grey matter landmark was determined according 
to Molander et al. (1984).18  

 

Statistical analysis 
Pain behavior responses were divided into 2 phases 
consisting of phase 1 (mean score at 5 minutes) and 
phase 2 (mean scores from 10 to 60 minutes). Pain 
behavior responses in phase 1 and 2 were analyzed by 
a non-parametric Kruskal-Wallis test. When a 
significant value was detected, it further analyzed by 
the Mann Whitney test which was conducted for 
comparison between treatment groups in each phase. 
While for Fos-like immunoreactivity (FLI), one-way 
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ANOVA was used for comparison between each 
group according to laminae on the ipsilateral and 
contralateral sides. Post-hoc Tukey test was used for 
multiple comparisons. Significance was accepted at P 
< 0.05. All data are presented as mean ± SEM.  
 

Results 
 

Pain behavioral score 
Pain behavior score was significantly lower in the 
S+F group (P < 0.01) compared to the F group during 
phase 2 (Figure 1C).  Pain behavior scores in S+F 
group was markedly attenuated during phase 2 which 
begin at 10 minutes until 60 minutes post-formalin 
injection. There was no significant difference 
between S and C groups on the pain behavior scores 
during both phase 1 and 2 (Figure 1B and 1C). This 
indicates the presence of stress-induced analgesia 
effect in the S+F groups. 
 

FLI on the ipsilateral (injected) side 
As expected, FLI was significantly higher on the 
ipsilateral side in all laminae of the spinal cord in all 
groups injected with formalin (F and S+F groups) (P 
< 0.01) compared with the groups not injected with 
formalin (S and C groups).  However, FLI was 
significantly less in the S+F group compared to the F 
group especially in laminae I/II (P < 0.05) and 
laminae V/VI (P < 0.01) on the ipsilateral side. FLI 
was found not significantly difference in the groups 
not injected with formalin (S and C groups) (Figure 
3A). 
 

FLI on the contralateral (non-injected) side 
FLI was also significantly higher on the contralateral 
side in all laminae of the spinal cord in the groups 
that were injected with formalin (F and S+F groups) 
(P < 0.01) compared to the groups not injected with 
formalin (S and C groups). However, FLI in laminae 
I/II (P < 0.01) and laminae V/VI (P < 0.01) were 
significantly higher in S+F group compared to the F 
group.  In groups not injected with formalin (S and C 
groups), no significant difference was evident in the 
FLI (Figure 3B). 

 
Discussion 

 

A noxious stimulus (formalin injection) has been 
shown activated PAF called sensory nociceptor fiber 
known as C, Aδ and Aβ fibres.19 The activation of 
this pain pathway can be representing by increased c-
fos expression especially in laminae I-II and V regions 
on the superficial dorsal horn, which activated during 
pain transmission. The dorsal horn of the spinal cord 
is the major receiving zone for PAF especially high 
threshold C and Aδ fibres.19 This nociceptive infor-
mation transmitted from peripheral tissue to the 
cerebral cortex for interpretation through ascending 
pain pathway. Then the interpretation in higher brain 
centre is modulated by supraspinal sites via descend- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1  A, pain behavior scores for all groups in 1 hour 
periods; B, pain behavior scores during phase 1; C, pain 
behavior scores during phase 2. Values are means ± SEM. n 
= 6 for each group. ***P < 0.001. 
 

 

 
 

Figure 2  Photomicrographs (original magnification 40X and 
100X objective lens) showing the FLI neurons on positive (A) 
and negative (B) slides 
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Figure 3  The number of FLI neurons on the ipsilateral (A) 
and contralateral (B) sides for all groups according to 
laminae. Values are mean ± SEM. **P < 0.01; *P < 0.05. 
 
ing pain pathways.20 The brainstem analgesic system 
and its descending projections to the dorsal horn 
constitutive a powerful negative feedback system that 
is activated by nociceptive stimulation (through 
ascending pain pathways). This in turn, produces 
inhibition of the spinal transmission of nociceptive 
signals.19 The complex pain transmission processes 
resulted in increased or decreased c-Fos expression in 
spinal cord and also licking and flinching response 
(pain behavior response) in the hindpaw where 
formalin was injected. Therefore, a reduction in the c-
Fos expression on the ipsilateral side and the 
attenuation of pain behavior response in the S+F 
compared to F groups may indicate a phenomenon of 
SIA.   

This analgesia effect most probably is the result 
of an activation of endogenous descending 
modulation of pain in the supraspinal system21 that 
can be mediated by opioid and/or non-opioid 
mechanisms.22 Acute swim stress for 2.5-3 minutes at 
21˚C has been shown to be mediated by δ-opioid 
receptor.23 However, another study showed that 
subjecting mice to the same swim-stress paradigm 
produced a non-opioid analgesia in the formalin 
test.24 This swim stress paradigm has been reported to 
increase c-Fos expression in rat periaqueductal grey 
neuron (PAG), which project to the rostral ventro-
medial medulla (RVM) that is involved in the 
descending inhibitory pathways.25 The GABAergic 
systems also has been showed play an important role 
during SIA. GABA mediates presynaptic inhibition 
by reducing the release of excitatory neurotransmitter 
such as glutamate, substance P (SP), calcitonin gene 
related protein (CGRP) which are involved in 
nociceptive transmission in the spinal cord.26 The 
action of GABA at postsynaptic receptors produces 

hyperpolarization. Loss of tonic GABAergic inhibi-
tion at the level of the spinal cord is one of the factor 
that lead to enhanced pain sensitivity observed in 
models of neuropathic pain states27 while administra-
tion of GABA agonists reverse the mechanical 
allodynia observed in neuropathic rats.28 

In contrast to acute stress,29 repeated restraint 
stress decreases tail-flick latency30 and reduced c-Fos 
expression in the cortex, hippocampus, hypothala-
mus, septum and rats brainstem.31 Thus, it can be 
suggested that stress capable to modulate c-Fos 
expression in rat spinal cord that received input from 
descending pain modulatory system. The descending 
pain modulatory system can exert inhibitory and 
facilitatory influences (bi-directional) on nociceptive 
neurotransmission in the rat spinal cord.32 In this 
study, increased FLI expression was observed on the 
contralateral side in the S+F group despite reduction 
on the ipsilateral side, albeit noxious stimuli applied 
on the ipsilateral side. Whether increases FLI 
expression on the contralateral side in S+ F group 
contributes to the pain behavior response in this 
group is unclear. In this study, we only measured pain 
behavior on the ipsilateral side. However, study has 
demonstrated increases in the c-Fos expression after 
repeated swim stress on the contralateral side.29 It 
also has been reported the occurrence of spontaneous 
contralateral nocifensive behavior and bilaterally 
increased glucose utilization of the lumbar spinal 
cord after unilateral formalin injection into the 
hindpaw known as “mirror pain” on the contralateral 
side.33 A single stressful experience has been shown 
altered brain and brainstem responsivity as evidenced 
by increased c-Fos expression although behavioral 
sensitization was not expressed.34-35 The mechanism 
for the difference in c-Fos expression on the 
ipsilateral and contralateral sides is still uncertain. 
Possibly, the effects may be due to the alterations in 
the neural pain pathways through neuroplastic 
changes that involved in the processing of acute swim 
stress and pain in this study.  

In conclusion, this study provides evidence that 
acute swim stress not only can modulate the pain 
behavior response but also can modulates the FLI 
expression differentially on both ipsilateral and 
contralateral sides in the rat spinal cord after formalin 
induced pain due to neuroplastic changes in neural 
pain pathways. 
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