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Short communication 

Pretreatment with pertussis toxin spinally, but not supraspinally, blocks 
the cold water swimming-induced antinociception in the mouse 
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Abstract 

Mice exposed to cold water swimming (4°C) for 3 min produced a marked antinociception. Experiments were designed to determine 
whether pretreatment with pertussis toxin given intrathecally (i.t.) or intracerebroventricularly (i.c.v.) attenuates cold water swimming-in- 
duced antinociception in male ICR mice. Antinociception was measured by the tail-flick test 7 min after cold water swimming. I.t. 
pretreatment with pertussis toxin at a dose of 0.5 tzg for 24-96 h caused a time-dependent attenuation of cold water swimming-induced 
antinociception. Moreover, i.t. pretreatment with pertussis toxin at doses from 0.125 to 0.5 Ixg for 96 h attenuated cold water 
swimming-induced antinociception in a dose-dependent manner. However, i.c.v, pretreatment with pertussis toxin at doses from 0.125 to 
0.5 txg for 24-96 h did not affect the cold water swimming-induced antinociception. The present results suggest that pertussis 
toxin-sensitive Gi /Go proteins in spinal cord, but not at the supraspinal sites, are involved in cold water swimming-induced 
antinociception. 
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1. Introduct ion 

It has been well docu3aaented that the antinociception 
induced by environmental stimuli in rodents is mediated in 
part by the activation of endogenous opioid systems (Tier- 
ney et al., 1991; Mayer and Manning, 1995). Of  many 
forms of environmental stimuli which produce antinocicep- 
tion, cold water swimming in mice has been consistently 
shown to produce opioid-mediated antinociception which 
is mediated by the activation of ~-opioid receptors either 
in the spinal cord (Mizoguchi et al., 1995) or at the 
supraspinal sites (Killian et al., 1995; Vanderah et al,, 
1992). However,  we have recently found that this cold 
water swimming-induced antinociception is mainly medi- 
ated by the stimulation of ~-opioid receptors in the spinal 
cord (Mizoguchi et al., 1995) but not at the supraspinal 
sites (Mizoguchi et al., 1!)96). The finding is inconsistent 
with reports by Killian et al. (1995) and Vanderah et al. 
(1992) who reported that the ~-opioid receptors at the 
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supraspinal sites are involved in cold water swimming-in- 
duced antinociception. 

Opioid receptors such as IX-, ~- and K-opioid receptors, 
at both supraspinal and spinal sites couple to pertussis 
toxin-sensitive G i / G o  proteins. This contention is sup- 
ported by the findings that antinociceptive effects induced 
by Ix-, ~- and K-opioid receptor agonists given intracere- 
broventricularly (i.c.v.) and intrathecally (i.t.) are attenu- 
ated by the pretreatment with pertussis toxin given i.c.v, or 
i.t., respectively (Przewlocki et al., 1987; Sfinchez-Blfizquez 
and Garz6n, 1988; Wong et al., 1992; Tseng and Collins, 
1996). Pertussis toxin interferes with the signal transduc- 
tion of Ix-, ~- and K-opioid receptors by ADP-ribosylating 

subunit of the coupled G i / G o  proteins (Law, 1995). 
The present studies were designed to determine whether 

i.t. or i.c.v, pretreatment with pertussis toxin attenuated 
cold water swimming-induced antinociception in mice. We 
found that i.t., but not i.c.v., pretreatment with pertussis 
toxin attenuated cold water swimming-induced antinoci- 
ception. Our results provide additional evidence to support 
the contention that ~-opioid receptors in the spinal cord, 
but not at the supraspinal sites, are involved in cold water 
swimming-induced antinociception. 
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2.  M a t e r i a l s  a n d  m e t h o d s  2.6. Statistical analysis 

2.1. Animals 

Male ICR mice weighing 23-25 g (Sasco, Omaha, NE, 
USA) were used. Animals were housed five per cage in a 
room maintained at 22 + 0.5°C with an alternating 12 h 
light-dark cycle. Food and water were available ad libitum. 
Animals were used only once. 

The data are expressed as the mean and S.E.M. Statisti- 
cal analysis of differences between groups was assessed 
with a one-way analysis of variance (ANOVA) followed 
by the Newman-Keuls test. 

3.  R e s u l t s  

2.2. Assessment of antinociception 

Antinociception was determined by the tail-flick test 
(D'Amour and Smith, 1941). For measurement of the 
latency of the tail-flick response, mice were gently held by 
hand with their tail positioned in an apparatus (model TF6; 
EMDIE Instrument Co., Maidens, VA, USA) for radiant 
heat stimulation on the dorsal surface of the tail. The 
intensity of the heat stimulus was adjusted so that the 
animal flicked its tail after 3-5  s, The inhibition of the 
tail-flick response was expressed as percent maximum 
possible effect, % MPE, which was calculated as: [(T~ - 
To) / (T  2 - To)] × 100, where T o and T 1 were the tail-flick 
latencies before and after the cold water swimming and T 2 
was the cutoff time which was set at 10 s for the test to 
avoid injury of the tail. 

2.3. Antinociception induced by cold water swimming 

A water tank (30 × 20 and 15 cm tall) filled with 
ice-cold water (4°C) 7.5 cm in depth was used for cold 
water swimming. After the measurement of the baseline 
tail-flick latency, the individual mouse was made to swim 
in the ice water for 3 min and dried immediately after 
swimming with cloth towels. The preliminary experiment 
indicated that the inhibition of the tail-flick response devel- 
oped immediately after cold water swimming, reached its 
peak in about 7 min, gradually declined and returned to 
that of the pre-swimming level in 20-25 min. The tail-flick 
response was then tested 7 min after cold water swimming 
in all experiments. 

2.4. l.t. and i.c.v, injection 

I.t. administration was performed following the method 
described by Hylden and Wilcox (1980) using a 25-pA 
Hamilton syringe with a 30-gauge needle, and i.c.v, admin- 
istration was made according to the procedure of Haley 
and McCormick (1957) using a 10-txl Hamilton syringe. 
Injection volume for i.t. and i.c.v, injection was 5 ~1 and 4 
Ixl, respectively. 

2.5. Drugs 

Pertussis toxin (Research Biochemicals International, 
Natick, MA, USA) was dissolved in sterile saline solution 
(0.9% NaC1 solution). 

Groups of mice were pretreated i.t. with pertussis toxin 
(0.5 txg) or saline (5 txl) and the antinociception induced 
by cold water swimming was measured 24, 48, 72 and 96 
h after the pretreatment. As shown in Fig. I A, the antinoci- 
ception induced by cold water swimming was gradually 
attenuated following the i.t. treatment with pertussis toxin 
(0.5 Ixg) but not saline (5 txl). The % MPE of cold water 
swimming-induced antinociception in pertussis toxin pre- 
treated mice was time-dependently attenuated to 65.3, 
47.7, 33.9 and 27.2% at 24, 48, 72 and 96 h, respectively, 
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Fig. 1. Effect of i.t. pretreatment with pertussis toxin on the cold water 
swimming-induced antinociception in mice. A: Time course (24-96 h) of 
the attenuation of cold water swimming (4°C, 3 min)-induced antinoci- 
ception following i.t. pretreatment with pertussis toxin (0.5 txg) or saline 
(5 ill). B: Dose-related effect of 96 h i.t. pretreatment with pertussis toxin 
(0.125-0.5 p~g) or saline on the cold water swimming-induced antinoci- 
ception. The tail-flick response was measured 7 rain after the cold water 
swimming. The numbers within parentheses (A) or bars (B) indicate the 
number of mice used and the vertical bars represent the S.E.M. * * P < 
0.01, compared to mice pretreated with saline. 
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Fig. 2. Effect of i.c.v, pretreatment with pertussis toxin on the cold water 
swimming-induced antinociception in mice. A: Time course (24-96 h) of 
the attenuation of cold water swimming (4°C, 3 min)-induced antinoci- 
ception following i.c.v, pretreatment with pertussis toxin (0.5 I~g) or 
saline (4 ILl). B: Dose-related effect of 96 h i.c.v, pretreatment with 
pertussis toxin (0.125-0.5 txg) or saline on the cold water swimming-in- 
duced antinociception. The tail-flick response was measured 7 min after 
the cold water swimming. The numbers within parentheses (A) or bars 
(B) indicate the number of mice used and the vertical bars represent the 
S.E.M. 

after pretreatment. On the other hand, saline pretreated 
mice remained 79-92% MPE of cold water swimming-in- 
duced antinociception. Another group of mice was pre- 
treated i.t. with different deses of pertussis toxin (0.125-0.5 
i~g) 96 h before the exposure to cold water swimming. The 
i.t. pretreatment with pertussis toxin (0.125-0.5 ixg) for 96 
h caused a dose-dependent attenuation of cold water swim- 
ming-induced antinociception (Fig. 1B). The % MPE of 
the cold water swimming-induced antinociception was sig- 
nificantly reduced to 70.6, 43.4 and 27.2% MPE by pre- 
treatment with 0.125, 0.25 and 0.5 Ixg of pertussis toxin, 
respectively, while mice pretreated with saline remained 
91.8% MPE of cold water swimming-induced antinocicep- 
tion. 

Groups of mice were pretreated i.c.v, with pertussis 
toxin (0.5 Ixg) or saline (4 ~1) and the antinociception 
induced by cold water swimming was measured 24, 48, 72 
and 96 h after the pretreatment with pertussis toxin or 
saline. As shown in Fig. 2A, i.c.v, pretreatment with 
pertussis toxin (0.5 ~g) (lid not affect cold water swim- 

ming-induced antinociception at various times after the 
pretreatment. Another group of mice was pretreated i.c.v. 
with various doses of pertussis toxin (0.125-0.5 ~g) 96 h 
prior to the exposure to cold water swimming. I.c.v. 
pretreatment with various doses of pertussis toxin also did 
not affect cold water swimming-induced antinociception 
(Fig. 2B). 

4. D i s c u s s i o n  

We have recently found that cold water swimming-in- 
duced antinociception is mainly mediated by the stimula- 
tion of 8-opioid receptors in the spinal cord (Mizoguchi et 
al., 1995) but not at the supraspinal sites (Mizoguchi et al., 
1996). This contention is supported by the finding that the 
blockade of ~-opioid receptors in the spinal cord by the 
~-opioid receptor antagonist naltrindole (NTI) given i.t. or 
depletion of ~-opioid receptors in the spinal cord by i.t. 
treatment with antisense oligodeoxynucleotide to ~-opioid 
receptor mRNA blocks cold water swimming-induced 
antinociception (Mizoguchi et al., 1995). On the other 
hand, the blockade of ~-opioid receptors at the supraspinal 
sites by i.c.v, injection of NTI which significantly blocked 
the antinociception induced by i.c.v, treated [D-Pen2,D - 
Pen 5 ]enkephalin (DPDPE) or [o-Ala 2 ]deltorphin II, did not 
block cold water swimming-induced antinociception 
(Mizoguchi et al., 1996). The effect is specific to 8-opioid 
receptors because blockade of Ix- or K-opioid receptors 
either in the spinal cord or at the supraspinal sites by i.t. or 
i.c.v, injection of o-Phe-Cys-Tyr-o-Try-Om-Thr-Phe-Thr- 
NH 2 (CTOP) or norbinaltorphimine (norBNI) did not block 
cold water swimming-induced antinociception at doses 
which blocked i.t. or i.c.v, treated [o-Ala2,NHPhe4,GIy - 
ol]enkephalin (DAMGO)- and U50,488H-induced anti- 
nociception, respectively (Mizoguchi et al., 1995, 1996). 
However, our results are inconsistent with the reports by 
Vanderah et al. (1992) and Killian et al. (1995). They 
reported that cold water swimming-induced antinocicep- 
tion was mediated by ~2-opioid receptor at supraspinal 
sites. The reason for the discrepancy of the results between 
their studies and ours is not clear at this time. Besides they 
did not determine the involvement of spinal ~-opioid 
receptors on cold water swimming-induced antinocicep- 
tion. 

The 8-opioid receptors in both spinal cord and 
supraspinal sites have been known to couple to pertussis 
toxin-sensitive Gi /Go proteins (Law, 1995). This is evi- 
denced by the findings that the inhibition of Gi /Go pro- 
teins by i.c.v, or i.t. treatment with pertussis toxin blocks, 
respectively, supraspinal and spinal ~-opioid receptor- 
mediated antinociceptions (Przewlocki et al., 1987; 
S~nchez-Blfizquez and Garz6n, 1988). In the present study, 
we found that pretreatment spinally with pertussis toxin 
blocked antinociception induced by cold water swimming. 
On the other hand, pretreatment supraspinally with pertus- 
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sis toxin did not affect cold water swimming-induced 
antinociception. The same pretreatment with pertussis toxin 
has been shown to significantly attenuate the antinocicep- 
tion induced by the fil-opioid receptor agonist DPDPE 
(Sfinchez-Blfizquez and Garz6n, 1988) and the 82-opioid 
receptor agonist [D-Ala2]deltorphin II (Tseng and Collins, 
1996). Our finding indicates that the antinociception in- 
duced by cold water swimming is mediated by the stimula- 
tion of pertussis toxin-sensitive G i / G o  protein-coupled 
receptors in the spinal cord but not at the supraspinal sites. 
The result is consistent with our previous finding that cold 
water swimming-induced antinociception is mediated by 
the stimulation of  8-opioid receptors in spinal cord but not 
at supraspinal sites (Mizoguchi et al., 1995, 1996). 

It has been proposed that the cold water swimming-in- 
duced antinociception involves the ascending-descending 
loops of  endogenous pain control system (Mayer  and 
Manning, 1995). The antinociception induced by cold wa- 
ter swimming may involve the receptors at the supraspinal 
sites which are resistant to pertussis toxin treatment. Kja~r 
et al. (1995) reported that some types of stress induce the 
release of  [3-endorphin at the supraspinal sites of  rodents. 
The released [3-endorphin activates e-opioid receptors at 
supraspinal sites and induces subsequently the release of 
[MetS]enkephalin in spinal cord which stimulates the ~2- 
opioid receptor (Tseng, 1989). Cold water swimming has 
been considered to be one of  the stress. We found in our 
previous studies that i.c.v, pretreatment with antiserum to 
13-endorphin or i.t. pretreatment with antiserum to 
[MetS]enkephalin attenuated the cold water swimming-in- 
duced antinociception (Mizoguchi et al., 1996). This evi- 
dence indicates that cold water swimming-induced 
antinociception is mediated by the release of [3-endorphin 
which stimulates e-opioid receptor at the supraspinal site 
and the release of  [MetS]enkephalin in spinal cord which 
stimulates the ~2-opioid receptor. Tseng and Collins (1996) 
reported that, unlike i.t. pretreatment with pertussis toxin 
of mice which blocked i.c.v, injected [3-endorphin-induced 
antinociception, i.c.v, pretreatment with pertussis toxin did 
not attenuate i.c.v, injected 13-endorphin-induced antinoci- 
ception. These findings indicate that, unlike ~2-opioid 
receptor in spinal cord which is coupled with pertussis 
toxin-sensitive G i / G o  protein, e-opioid receptor at 
supraspinal sites which is stimulated by [3-endorphin is not 
coupled to pertussis toxin-sensitive G i / G o  protein. This 
may explain why i.t. pretreatment with pertussis toxin of  
mice blocked cold water swimming-induced antinocicep- 
tion, whereas i.c.v, pretreatment with pertussis toxin did 
not attenuate cold water swimming-induced antinocicep- 
tion. 

In conclusion, cold water swimming-induced antinoci- 
ception is blocked by i.t., but not i.c.v,, pretreatment with 
pertussis toxin. The cold water swimming-induced 
antinociception is mediated by pertussis toxin-sensitive 
G i / G o  protein in the spinal cord, and this antinociception 

is not mediated by a mechanism which involves pertussis 
toxin-sensitive G i / G o  protein at the supraspinal site, like 
I~-, ~- and K-opioid receptor at the supraspinal site. 
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