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ABSTRACT
The present study examined the effect of pre-treatment with calcium channel blockers on cold swim analgesia   using chemical and thermal behavioral models of nociception. Control animals were subjected to a swimming exercise for 3mins in water at a temperature of 10˚C after which pain perception was estimated using chemical (acetic acid-induced writhing and formalin ) and thermal (tail flick and hot plate)  algesiometric tests .In another group of experiments, L- type calcium channel blockers, nifedipine (20mg/kg) and verapamil (40mg/kg) were administered intraperitoneally (i/p) thirty minutes before the animals were subjected to the swimming exercise. There was a significant (P< 0.05) increase in the  reaction time to noxious heat in animals subjected to cold swim stress when compared with control . Also, cold swim stress  significantly  (p<0.05) reduced the number of abdominal constrictions induced by acetic acid in mice. Prior administration of nifedipine and verapamil before swimming potentiated the analgesic response as revealed by increases in the thermal latencies and reductions in the number of writhes induced  by acetic acid. Collectively, the present results provide experimental evidences indicating that cold- swim  has an analgesic effect which  was potentiated by calcium channel blockers. .
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INTRODUCTION
The beneficial effects of exercise in the body have been reported, for example, it has been found to increase pain threshold (Ibironke and Rasak , 2013), increase  functional aerobic capacity in lower limbs osteoarthritis (Escalade et al, 2010) and stabilizes the blood pressure (Koltyn, 2000).Previous studies have also reported the effect of cold water swim in the rat (Rochford and Henry,1988), gender differences in cold water –swim analgesia (Romero and Bodnar,1986) .Despite the growing experimental data on cold swim analgesia, the precise mechanism by which this form of exercise induces analgesia still remains elusive   , however , previous attempts  include  potentiation by yohimbine (Kepler et al,1988 ,) and the influence of the endorphins  (Kelly,1982).
	Information on the role of calcium channels in  analgesia has been documented for  example, it has been found to inhibit the analgesic effect of endogenous lipoamino- acids ( Babara et al,2009) , potentiate  morphine analgesia (Dogrui et al.,2001).However, there are no  studies on the  role of  calcium channels in   cold water analgesia using this paradigm ( swimming at 10ᵒC for 3min)  hence the purpose of this study since   experimental observations depend largely on  the methodology .  

MATERIALS AND METHODS
METHODS
Male rats (180- 250g) and mice (20-30g) were used for the study. They were housed and bred in the pre-clinical animal house of the College of Medicine, University of Ibadan, Nigeria under standard laboratory conditions (room temperature and 12hr light/ dark cycle). The animals were fed with standard laboratory cubes (Ladokun feeds, Ibadan, Nigeria) and provided with water ad libitum. The control had 10ml/kg normal saline and then subjected to a forced swimming procedure for 3mins by placing them in a plastic cylinder (diameter 30cm, height 50cm) containing water at 30˚C (depth of 20cm) before being subjected to the various tests, those in the experimental group were pre- treated with either nifedipine or verapamil intraperitoneally (i/p) before the swimming procedure.

Drugs and Chemicals
The following drugs were used: acetic acid (BDH, Great Britain), nifedipine and verapamil were purchased from a local pharmaceutical outfit in the city of Ibadan, Nigeria..

Antinociceptive Assay

Hot Plate Test
The technique of  Eddy and Leimbach ( 1953) as modified by Ibironke et al (2004) was used. The mice were made to swim for 3mins in water at 30ᵒC. Thirty minutes later, they were placed on a hot plate (55˚± 2˚C) and the time taken for the animal to jump off 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 60s to avoid excessive tissue damage. The mean latency for each group was calculated. The number of animals in the control and experimental groups were six each.

Tail Flick Test
The technique of  D’Armour and Smith (1941) was used. Briefly, the terminal 3cm of the tail of each animal was immersed in a water bath at 52˚C after the 3mins long swimming. The time taken for the mouse to flick its tail out of the hot water (tail flick latency) was measured.

Acetic Acid- Induced Writhing Test
The test was performed as previously described (Konster et al, 1957). Each mouse was intraperitoneally injected 30mins after swimming in water for 3mins with 0.2ml of 3% acetic acid to induce the characteristic  writhing . The number of writhes occurring between the 5th and 10th minute post- injection was measured.

Cold  Swim  Technique.
 The procedure was carried out as previously described (Ibironke and Rasak, 2013) .Briefly, a large plastic bowl with a diameter of about  75 cm and 40cm in height was filled with cold water at 10ᵒC	 to a  depth of about  35cm .The animals were gently  placed in turn  inside the water and made to swim for exactly  10min after which it was removed and the body dried  before being subjected to the algesiometric tests.   

Mechanism of Analgesia
In another group of experiments, the animals were divided into three groups (n= 6) each and pre-treated with normal saline (10ml/kg), nifedipine (20mg/kg) and verapamil (40mg/kg). Thirty minutes later, they were made to swim before being subjected to the algesiometric tests as described in this study.
Statistical Analysis
The analysis was done using the Student’s t- test. A value of p< 0.05 was regarded as significant.


RESULTS

Effect of nifedipine on cold swim induced hypoalgesia in the tail flick test 
Figure 1  showed that cold swim caused a significant prolongation of the tail withdrawal latency compared with the control (4.29 ± 0.31 vs 2.803 ± 0.19, p< 0.05). Intraperitoneal administration of nifedipine further increased the tail flick latency over and above what was obtained in the swimming group (6.513 ± 0.20 vs 4.285 ± 0.31. p< 0.05).

Effect of verapamil on cold swim hypoalgesia in the tail flick latency test 
It was observed that swimming resulted in a prolongation of the tail flick latency compared with the control (4.372 ± 0.21 vs 2.803 ± 0.19) as shown in fig 2. Pre- treatment with verapamil resulted in further significant prolongation of the tail flick latency (6.458 ± 0.57 vs 4.372 ± 0.20) over and above the value obtained in   the swimming group.
Effect of nifedipine on cold swim induced hypoalgesia in the acetic acid-induced writhing test.
It was observed in figure 3 that cold swim stress significantly reduced the number of writhes in the acetic acid test compared with the control (17.95 ± 1.58 vs 8.167 ± 1.01, p< 0.01). After the injection of nifedipine, the number of writhes was reduced compared with the swimming group (8.33 ± 1.03 vs 1.33 ± 0.42, p< 0.01).

Effect of verapamil on cold swim induced hypoalgesia in the acetic acid writhing test 
Compared with the control, swimming similarly reduced the number of writhings (17.95 ± 1.58 vs 8.167 ± 1.01, p< 0.01) as shown  in fig 4.  Prior administration of verapamil before swimming produced further reduction in the number of acetic acid induced writhes (8.33 ± 1.29 vs 1.17 ± 0.31, p< 0.01) compared with the swimming group.

DISCUSSION
Clinically, calcium channel blockers are used to decrease the blood pressure in patients with hypertension. The analgesic potential of calcium channel blockers has not been fully investigated especially in animal models. However, Wong et al (1994) had earlier on reported the antinociceptive effects of nifedipine and verapamil at the spinal level in contradistinction to the intraperitoneal root employed in this study. The present study demonstrated that calcium channel blockers potentiated the antinociceptive effects of cold swim in male Swiss albino mice. To our knowledge, this is the first report on cold swim analgesia that investigated the mechanism of nociception using calcium channel blockers with this paradigm (swimming at 10ᵒC for 3min) . Related  studies using other paradigms  have  reported the effect of   phentolamine  (Rochford and Henry,1988) ,opioids (Kilian et al,1995) and Yohimbine (Kepler and Bodner ,1988) , the general observation was that cold swim produces analgesia in consonance with our findings .
	In this study, we used both thermal and chemical models of nociception, our results indicated that both nifedipine and verapamil have potent analgesic activities. On the mechanism of action, it is known that the analgesic effect of calcium channel antagonists is due to the inhibition of transient receptor potential vanilloid; TRPV1, TRPV2, TRPV3 and TRPV4 (Levine et al, 2007), the noradrenergic and serotonergic mechanisms have also been implicated in the regulation/ modulation of pain at the spinal level (Pinardi et al, 2002, Bardin et al, 2000). The acetic acid induced writhing test is a typical model that has been used as a screening tool for the assessment of both peripherally and centrally acting analgesic agents. Induction of writhes by acetic acid causes the release of substance P, histamine, serotonin and prostaglandins which excite the pain nerve endings. These nerve endings are sensitive to analgesics such as narcotics and non- steroidal anti- inflammatory drugs (Nguemfo et al, 2007). The acetic acid induced writhing test indicated that nifedipine and verapamil significantly potentiated cold swim antinociception.
	In conclusion, the present study validated the analgesic effects of cold   swimming and its potentiation by calcium channel antagonists.
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Fig 1: 
Effect of swimming on pain perception and its potentiation by nifedipine in the tail flick test. Values are expressed as mean ± SEM, n=6, *P< 0.05compared with control. #P<0 .05 compared with swimming group. 
















Fig 2: 
Effect of swimming on pain perception and its potentiation by verapamil in the tail flick test. Values are expressed as mean ± SEM, n=6, *P< 0.05compared with control. #P< .05 compared with swimming group. 












Fig 3: 
Effect of swimming on  pain perception and its potentiationhe by nifedipine in the acetic acid - induced abdominal writhing test. Values are expressed as mean ± SEM, n=6, *P< 0.05compared with control. #P< 0.05 compared with swimming group. 
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Fig 4: Effect of swimming on pain perception and its potentiation by verapamil in the acetic acid- induced abdominal writhing test. Values are expressed as mean ± SEM, n=6, *P< 0.05compared with control. #P< 0.05 compared with swimming group. 
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