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Background: In the present study, the effect of dextromethorphan on antinociception and 

tolerance induced by water swim-stress in the formalin test was investigated.  
Methods: Swim- stress at 8ºC induces antinociception in both phases of the formalin test. 

Intraperitoneal administration of dextromethorphan (60 mg/kg) also induces antinociception in the 
second phase of the formalin test. The lower doses of dextromethorphan (1.25, 2.5, and 5 mg/kg) 
which did not induce antinociception alone, but did so in combination with swim- stress (40 
second), showed antinociceptive effect in both phases of the test. Exposure to water swimming 
stress with a period of 20 sec, once daily for three days, altered swim- stress- induced  
antinociception in the formalin test, when tested on the  fourth day. 

Results: In these animals, exposure to either water swimming stress alone or water swimming 
stress in combination with dextromethorphan showed potentiation of antinociception induced by 
swim- stress up to 20 second and decreased the response induced by 40 and 60 second swim- 
stress, indicating a tolerance induction. Dextromethorphan (20 mg/kg) did not alter the changes 
induced by three days exposure to swim- stress. 

Conclusion: The results may indicate a possible involvement of n-methyl-d-aspartate receptor 
mechanism in the antinociception but not tolerance induced by swim- stress at 8ºC. 
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Introduction 
 

ifferent types of swim- stress-induced 
antinociception (SIA) have been 
recognized. The antinociceptive 

properties of the water swimming stress (WSS) 
depends on the severity of swim parameters. 
Antinociception induced by WSS at 4°C may be an 
opioid-mediated type which is reversed by 
naloxone  and  other  opioid   receptor  antagonists.  

 
 
Thus, endogenous opioids  and  δ-opioid  receptors  
in the spinal cord have been proposed to be 
involved in the opioid form of SIA.1,2 Repeated 
exposure to cold WSS at 4°C,  produces an opioid-
mediated antinociception1,2; the induced tolerance 
may be due to a reduction of opioid receptors in 
the brainstem, midbrain ,and spinal cord regions.3 

Exposure of animals to swimming stress in the 
20°C water, produces antinociception measured by 
the formalin test, which has been suggested to be 
mediated through nonopioid mechanism by some 
investigators.4 Nonopioid form of SIA is 
insensitive to the opioid receptor antagonists. 
Dopamine D2 receptors and n-methyl-d-aspartate 
(NMDA) receptors have also been suggested to be 
involved in the nonopioid form.4,5 An opioid-
nonopioid form of SIA has also been suggested.6–9 
Mixed and often conflicting results have been 
reported concerning the involvement of NMDA 
receptor in the opioid-mediated antinociception. It 
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is not clear whether the use of an NMDA receptor 
antagonist would enhance or decrease the 
antinociceptive effect of opioids.10 However, there 
is a report that the NMDA receptor antagonist, 
dextromethorphan alleviates chronic pain.11 On the 
other hand, the drug may reduce the development 
of morphine tolerance and dependence in rats.12 

Previously, we have shown a cross-tolerance 
between antinociception induced by swim-stress at 
20°C and morphine.  

In the present study, the effect of an NMDA 
receptor antagonist, dextromethorphan, on anti-
nociception and tolerance induced by the swim- 
stress at low temperature (8°C) in the formalin test 
was investigated. In the present study, swim-stress 
at 8°C was used since 30% of the animals had died 
at 4°C.   

 
Materials and Methods 

 
Animals  

Male NMRI mice weighing 25 – 30 g, from 
Pasteur Institute of Iran (Tehran, Iran) were used 
for these experiments. The animals were housed 
ten per cage (43×30×15 cm) in a room maintained 
at 23±1°C with an alternating 12 hours light/dark 
cycle. Food and water were freely available except 
during the experiments. Each mouse was used only 
once and was euthanized immediately after the 
experiment.   

 
Water swimming stress (WSS)  

The mice were forced to swim in 8°C water in a 
container 15 cm in diameter and 20 cm tall with 
water filled to a depth of 11 cm (at 10 am), for a 
period of 20, 40, and 60 sec, in order to induce 
antinociception or a period of 20 sec, once daily 
for three days in order to induce tolerance to 
antinociception induced by swim-stress. After the 
swimming, the mice were gently dried by patting 
the body with a towel for two minute. The swim- 
stress at 8°C was chosen since about 30% of the 
animals died at 4°C. Formalin was injected 15 min 
after swim-stress and pain scores were recorded 
immediately after formalin administration. The 
control groups had similar treatment without water 
swimming.    

 
 Antinociceptive testing  

Animals were allowed to acclimatize for 30 min 
before formalin injection. Forty microlitter of 
formalin (1%) was injected subcutaneously into the 
dorsal surface of the right hind paw of the mouse 
using a microsyringe (Hamilton Co, Reno, NV) 

with a 27- G needle and pain behavior was 
recorded immediately after formalin injection. The 
behavior was that originally described by 
Dubuisson and Dennis13 and reiterated by Abbott  
et al.14 as 0=normal weight bearing on the injected 
paw; 1=limping during locomotion or resting the 
paw lightly on the floor, or elevation of the 
injected paw so that at most, the nails touch the 
floor; 2=licking; and 3=biting, or shaking the 
injected paw.  

The animals were observed each for 15 sec and 
pain scores were recorded one to five min (the first 
phase; 0 – 60 scores) and 15 – 60 min (the second 
phase; 0 – 540 scores) after the injection. Each 
mouse was observed by a separate observer who 
was unaware of treatments and doses given.  

 
Drug  

Dextromethorphan hydrobromide (Sigma-
Aldrich, Germany) 5 mL/kg was injected 
intraperitoneally (IP), 20 min before formalin 
injection. The control groups received saline.   

 
Drug Treatment 

The animals were treated as follows:  
 
Swim- SIA in mice 

Four groups of mice had WSS at 8°C, for three 
durations of time (20, 40, and 60 sec) or no stress, 
and pain scores were recorded 15 min after swim- 
stress for a period of one hour. 

 
Antinociceptive effect of dextromethorphan 

Four groups of mice received IP injection of 
either saline (5 mL/kg) or different doses of 
dextromethorphan (20, 40, and 60 mg/kg) 20 min 
before formalin injection. Pain scores were 
recorded immediately after formalin injection for a 
period of one hour 
 
Antinociceptive effect of dextromethorphan in 
mice exposed to different periods of water 
swimming stress  

Mice were injected with saline (5 mL/kg) or 
different low doses of dextromethorphan (2.5 and 5 
mg/kg) 20 min before formalin injection and 
divided into four groups. Each group received 
either no swim-stress or stress for different 
durations of time (20, 40, and 60 sec) 15 min prior 
to formalin injection and pain scores were recorded 
immediately after formalin injection, for a period 
of one hour. 
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Antinociceptive effect of different doses of 
dextromethorphan in mice exposed to a duration 
of water swimming stress 

Mice were injected with saline (5 mL/kg) or 
different low doses of dextromethorphan (1.25, 
2.5, and 5 mg/kg) 20 min before formalin injection 
and divided into two groups. Each group received 
either no swim-stress or stress with duration of 40 
sec, 15 min before formalin injection; pain scores 
were recorded immediately after formalin 
administration for one hour. 
 
Antinociceptive effect of swim- stress in the 
animals which received repeated exposure to 
swim- stress in the presence or absence of dextro-
methorphan  

In these experiments, three groups of mice had 
either no stress (control) or swim-stress for a 
duration of 20 sec, once daily for three days in the 
presence or absence of dextromethorphan (5 
mg/kg). Each group was divided into four sub-
groups, receiving either no stress or stress with 
different durations of time (20, 40, and 60 sec) 15 
min before formalin injection; pain scores were 
recorded immediately after formalin injection for 
one hour. 

 
 Statistical analysis  

Data were analyzed only for the early (five min) 
and late (15 – 60 min) phases of the formalin test. 
One-way ANOVA was used for the comparison of 
the antinociceptive effects of swim- stress with 
different durations of time and also the effects of 
different doses of dextromethorphan with the 
controls.  Two-way ANOVA was used for 
evaluation of interactions between the effects of 
swim-stress and administration of dextromethor-
phan. Two-tailed Newman-Keuls test was used as 
the post hoc test. P<0.05 was considered 
statistically significant.    

 
Results 

 
Swim-SIA in mice  

Figure 1 shows the antinociceptive effect of the 
swim-stress. Three groups of animals received 
WSS at 8°C, with three durations of time (20, 40, 
and 60 sec) 15 min before formalin injection and 
compared with no stress group (control). Pain 
scores were recorded immediately after formalin 
injection for one hour. One-way ANOVA 
indicated a significant difference between 
antinociception induced in the control and the three  

other groups of animals, in the first phase 
(P<0.01), and in the second phase (P<0.05) of the 
formalin test. Post hoc analysis showed that swim-
stress with duration of 60 sec induced 
antinociception in both phases of the formalin test. 

 
Antinociceptive effect of dextromethorphan in 
mice  

Figure 2 indicates the antinociceptive response 
of dextromethorphan. Four groups of mice 
received IP injections of either saline (5 mL/kg) or 
different doses of dextromethorphan (20, 40, and 
60 mg/kg) 20 min before formalin injection; pain 
scores were recorded immediately after formalin 
injection for one hour. One-way ANOVA 
indicated a significant difference between 
responses induced in the three groups of animals  
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Figure 1. Antinociception induced by swim-stress in 
mice. Mice were forced to swim in 8ºC water, for 
different durations of time (20, 40, and 40 sec), 15 min 
before formalin injection. Pain scores were recorded 
immediately after formalin injection in the first phase (A) 
or the second phase (B) of the formalin test. Bars and 
error bars represent respectively, the mean and SEM of 
scores of pain response for 10 mice. **P<0.01 different 
from the control group. 
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which received dextromethorphan (20, 40, and 60 
mg/kg) and that of the control group in the first 
phase (P<0.05), and in the second phase (P<0.01) 
of the formalin test. Post hoc analysis showed that 
the higher dose of dextromethorphan (60 mg/kg) 
induced antinociception in the second phase of the 
test.  
 
Antinociceptive effect of swim-stress in the 
presence or absence of different doses of dextro-
methorphan  

Figure 3 shows the effect of dextromethorphan 
on swim- SIA in mice. Mice were injected with 
saline (5 mL/kg) or lower doses of dextromethor-
phan (2.5 and 5 mg/kg) and divided into four 
groups. Each of the groups received either no 
swim- stress or stress with different durations of 
time (20, 40, and 60 sec) 15 min before formalin 
injection; pain scores were recorded immediately 
after  formalin  injection   for  one  hour.  Two-way  

ANOVA indicated no significant difference 
between responses induced in the control group of 
animals with those which received 
dextromethorphan (2.5 mg/kg) in the first (P>0.05) 
and the second phase (P>0.05) or with 
dextromethorphan (5 mg/kg) in the first phase 
(P>0.05); there was, however, significant 
difference in the second phase (P<0.05) of the 
formalin test. Post hoc analysis showed that the 
higher dose of dextromethorphan (5 mg/kg) 
potentiated SIA induced with 40 sec in the second 
phase of the test. 
 
Effect of different doses of dextromethorphan on 
SIA  

Figure 4 presents the antinociceptive effect of 
dextromethorphan on SIA by a 40-sec swim. Two-
way    ANOVA    showed  a  significant  difference  
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Figure 3. Effect of dextromethorphan on swim-stress 
with different periods of time in mice. Animals were 
exposed to swim-stress for different durations of time (0, 
20, 40, and 60 sec), 15 min before formalin injection 
and saline, or dextromethorphan (2.5 and 5 mg/kg) was 
administered 20 min before formalin injection. Pain 
scores were recorded immediately after formalin 
injection in the first phase (A) or the second phase (B) 
of the formalin test. Bars and error bars represent 
respectively, the mean and SEM of score of pain 
response for 10 mice. **P<0.01 different from the 
control group. 
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Figure 2. Antinociception induced by 
dextromethorphan in mice. Animals were treated 
intraperitoneally with either saline (5 mL/kg) or 
different doses of dextromethorphan (20, 40, and 60 
mg/kg), 20 min before formalin injection. Pain scores 
were recorded immediately after formalin injection in 
the first phase (A) or the second phase (B) of the 
formalin test. Bars and error bars represent 
respectively, the mean and SEM of scores of pain 
response for 10 mice. ***P<0.001 different from the 
control group. 
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between SIA (40 sec) in the presence or absence of 
different low doses of dextromethorphan (1.25, 
2.5, and 5 mg/kg) in the first (P<0.05) and the 
second phases (P<0.01) of the formalin test. Post 
hoc analysis showed that different doses of 
dextromethorphan increased the SIA in both 
phases of the formalin test. 
 
Effect of SIA in the presence or absence of 
repeated exposure to swim-stress or swim-stress 
plus dextromethorphin  

Figure 5 indicates the effect of repeated swim-
stress (WSS) in the presence or absence of 
dextromethorphan on SIA. In these experiments, 
three main groups of mice had either no stress or 
WSS for 20 sec, once daily for three days in the 
presence or absence of dextomethorphan (5 
mg/kg).    SIA   was  tested  on  the  fourth  day  of  

exposure to swim-stress with different durations 
(20, 40, and 60 sec). Two-way ANOVA showed 
that SIA was altered in the presence of WSS 
(chronic WSS for 20 sec) in the second phase 
(P<0.0001), but not in the first phase (P>0.05) of 
the formalin test. Analysis also showed a 
significant difference between the SIA in the 
presence of chronic WSS plus dextromethorphan 
(5 mg/kg) in the second phase (P<0.0001), but not 
in the first phase (P>0.05) of the test. Post hoc 
analysis showed that chronic WSS caused 
antinociception on the fourth  day and potentiated 
SIA with lower duration (20 sec), while reduced 
SIA induced by higher durations  of time (40 and 
60 sec). 
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Figure 4. Effect of swim- stress in the presence or 
absence of low doses of dextromethorphan on the 
formalin test in mice. Animals were exposed to swim-
stress for 40 sec, after either saline, or 
dextromethorphan (1.25, 2.5, and 5 mg/kg). Animals 
were exposed to swim -stress 15 min prior to formalin 
injection and were administered dextromethorphan 20 
min before formalin injection. Pain scores were 
recorded immediately after formalin injection in the first 
phase (A) or the second phase (B) of the formalin test. 
Bars and error bars represent respectively, the mean 
and SEM of score of pain response for 10 mice. 
**P<0.01, ***P<0.001 different from the control group. 
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Figure 5. Antinociceptive effect of swim -stress in the 
animals which were exposed to repeated swim- stress 
(WSS) in the presence or absence of 
dextromethorphan. Mice were exposed to 20 min WSS 
after saline (■) or dextromethorphan (Dex, ▲; 5 mg/kg) 
administration, once daily for three days. The control 
animals received no WSS (●). On the test day, animals 
received swim- SIA for different durations of time (0, 20, 
40, and 60 sec) 15 min before formalin injection. Pain 
scores were recorded immediately after formalin 
injection in the first phase (A) or the second phase (B) of 
the formalin test. Bars and error bars represent 
respectively, the mean and SEM of score of pain 
response for 10 mice. *P<0.05, **P<0.01, ***P<0.001 
different from the control group. 
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Discussion  
 

The formalin test is used widely as an animal 
model for evaluating the antinociceptive effects of 
mild analgesic drugs.15 Formalin injections into a 
paw in mice produces a biphasic nociceptive 
response consisting of a transient early phase—
acute pain—followed by a tonic late phase—
chronic pain.5,16 In the present study, the effect of 
dextromethorphan on antinociception and on the 
response of repeated exposure to WSS at 8°C, in 
the formalin test was investigated. 

Our data showed that WSS at 8°C for 60 sec 
induced antinociception (SIA) in both phases of 
the formalin test. This is in agreement with 
previous results that swim-stress produces 
antinociception.3 Exposure to WSS at different 
degrees of temperature may cause antinociception 
with different mechanisms. Therefore, it has been 
shown that cold WSS at 4°C, induces 
antinociception through endogenous opioid 
peptides and the stimulation of δ2-opioid receptors 
in the spinal cord.1,2 However, exposure of animals 
to swimming stress in 20°C water, produces 
antinociception, which has been suggested to be 
mediated through nonopioid mechanism, and 
hroutgh dopamine D2 receptors and NMDA recap- 
tors.4,5 It  may  be  interesting  to examine whether 
the opioid or nonopioid mechanism is  involved  in 
the SIA induced at 8°C.  

In the present experiments, in agreement with 
others11,17 administration of dextromethorphan, an  
NMDA receptor antagonist, also induced antinoci-
ception in the second phase of the formalin test. 
Our data showed that lower doses of dextromethor-
phan which did not induce any responses by 
themselves, potentiated SIA. Since SIA induced at 
the low temperature may be mediated through the 
opioid receptor system,1,2 and it has also been 
shown that the drug potentiates morphine’s anti-
nociception in the hot plate test,18 the possibility 
may exist that both opioid and nonopioid mecha-
nisms may be  involved in the SIA induced at 8°C.  

When animals exposed to chronic swimming 
stress for 20 sec, once daily for three days, SIA 
induced by a lower duration of time was 
potentiated while that induced by a higher duration 
of time was reduced. However, the alteration 
induced due to repeated exposure to SIA, was not 
changed by low doses of dextromethorphan. The 
data may also show that dextromethorphan as an 
NMDA receptor antagonist, is not involved in the 
tolerance by repeated SIA.      
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