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Background: There is on going controversy on the effect of experimentally induced hypertension 

on nociception. The effect of salt-loading-induced hypertension on pain was studied in male 

rats.

Method: Twenty-four male Sprague-Dawley rats (160–280 g) were divided into two groups. 

Group A (n = 12) was treated with normal-feed diet (control), while group B (n = 12) was 

treated with 8% salt-loaded diet for 10 weeks. After 10 weeks of the treatment, six rats each 

from groups A and B were used for blood pressure measurement, while the remaining six rats 

were used for both the tail-flick and formalin tests. Thermal and chemical pain test were assessed 

using tail immersion test (tail flick) and formalin test pain paradigms at onset of salt-loading 

diet and after 10 weeks of salt loading.

Results: Chronic administration of salt-loading diet caused significant increases (P , 0.001) 

in systolic blood pressure, diastolic blood pressure, and mean arterial blood pressure. Moreover, 

salt-loading-induced hypertension was found to significantly reduce pain sensitivity in the 

tail-immersion test (P , 0.001) and in the early and late phase of the formalin test (P , 0.01). 

However, the hypoalgesia was higher in the late phase (94.8%) than in the early phase (56.8%) 

of the formalin test.

Conclusion: The present study suggests that high salt-loading-induced hypertension causes 

hypoalgesia in rats, which might be due more to reduction in inflammatory response.
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Introduction
Hypertension, which is a persistent increase in arterial blood pressure is often referred 

to as a “silent” killer, as it is well established that individuals with high blood pressure 

rarely experience subjective symptoms of their disorder.1 High blood pressure increases 

the risk of heart diseases and stroke, the first and third most common causes of death 

among African Americans.

According to the International Association for the Study of Pain, pain is an 

unpleasant sensory and emotional experience associated with actual or potential tissue 

damage.2 Decreased sensitivity to noxious stimulation has been reported in hypertensive 

humans. Although investigations using human populations have been relatively few 

in number,3 these studies have consistently confirmed the presence of a decrease 

in pain threshold in hypertensive compared with normotensive controls.4–6 Even in 

normotensive humans, pain threshold has been shown to be positively correlated 

with resting systolic blood pressure levels.7 However, a number of studies suggest 

that sustained blood pressure elevation might not be a necessary factor in nociceptive 
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threshold differences observed in hypertensive animals and 

pain sensitivity differences in hypertensive humans. Sitsen 

and de Long8 found that the reduction in pain perception in 

spontaneous hypertensive rats did not occur in rats which had 

experimentally induced hypertension by renal artery clip and 

deoxycorticosterone-salt treatment. Furthermore, it has been 

observed that significant blood pressure reductions following 

antihypertensive treatment did not produce significant pain 

threshold differences in humans.5 These last two findings 

seem to cast doubt on the relationship between hyperten-

sion and hypoalgesia, seeming to indicate that the observed 

hypoalgesia in hypertension is due to genetic factors and 

not to the hypertension per se. While hypertension can be 

experimentally induced by salt loading, constriction of renal 

blood flow, denervation of carotid sinus and aortic arch, just 

to mention a few, this study was designed to investigate the 

effect of salt-loading-induced hypertension on nociception 

in rats.

Materials and method
Animals and experimental design
Sex differences in pain perception have been reported in 

numerous studies, with pain thresholds and pain tolerance 

being lower in females than in males. Previous studies on 

the estradiol modulation of nociception produced equivocal 

results, with some demonstrating longer latencies,9,10 while 

another reported hyperalgesia.11 Moreover, the estrous cycle 

in female rats has been shown to affect pain perception.12,13 

Therefore, we chose to investigate the effects of salt-loading 

hypertension on nociception in male rats.

Twenty-four male Sprague Dawley rats (160–280 g) 

were purchased from the Institute of Medical Research 

and  Training, University of Ibadan College Hospital, Nigeria 

and were acclimated to their new environment. They were 

housed in plastic cages (n = 3/cage), and fed a standard 

laboratory diet (Bova Jay Feeds Nig. Ltd,  Ogbomoso, 

Nigeria) with free access to tap water ad libitum. The 

rats were kept under conditions of uniform humidity and 

 temperature on a 12-hour light–dark cycle. Study protocol 

and animal use were approved prior to the beginning of the 

study by our institutional research and ethical committee. 

All necessary protocols were followed to ensure the correct 

welfare of the animals.

Experimental protocol
After 2 weeks acclimatization to their new environment, 

animals were randomly divided in a blinded fashion into two 

treatment groups (A and B) consisting of 12 rats per group. 

Group A were fed with a normal diet for 10 weeks (control 

group); group B were fed with an 8% NaCl diet for 10 weeks 

(salt-loaded group). After 10 weeks of the treatment, 

six rats from each group were used for blood pressure 

 measurement. In the remaining six rats in each group, both 

tail-flick and formalin tests were completed a day before the 

commencement of the treatment and again a day after the 

10-week treatment, as described below.

Blood pressure measurement
Anesthesia was induced by an intraperitoneal injection of 

0.6 mL/100 g bodyweight of 25% urethane. The animals were 

allowed to breathe room air (25°C) spontaneously through a 

small tracheotomy. The left femoral artery was cannulated 

and connected to a Grass 7D polygraph through a pressure 

transducer to monitor blood pressure.

Pain assessment method
The tail-flick test was done a week before the  commencement 

of the treatment and repeated a day after the 10-week 

treatment. Animals were handled for 3 minutes and 

 habituated to the testing room for 1 hour on two occasions 

before the day of testing and again on the day of testing. Each 

rat was removed from its home cage and gently restrained 

in a towel, and its tail was immersed in 54°C water.14 The 

latency to flick the tail was recorded three times, each 

time separated by 10  seconds, and the average of the three 

 measures was calculated. The responses were also analyzed 

as a repeated measure to observe whether there was any 

difference. All tail-flick testing was performed between 

9:00 AM and 1:00 PM.

Formalin test
The formalin test was done in the same animals on a different 

foot before and after the treatment at least 7 days after the tail-

flick test. Tail-flick testing 1 week before was not expected 

to affect formalin pain responses because other studies have 

reported no effect of repeated (formalin) testing at 1 week 

intervals.15–17 Animals were habituated to the 30 cm3 trans-

parent Plexiglas observation box for 30 minutes on two 

occasions before the day of testing and immediately before 

testing. Each rat was removed from the observation box and 

restrained in a towel, and 50 µL of 1.5% formaldehyde was 

injected under the plantar surface of the left hind paw. Each 

rat was placed in the observation box, and the pain behavior 

within the first 5 minutes of intraplantar formalin injection 

was recorded as the early formalin score, while the pain 

behavior between 20 and 40 minutes of the formalin injection 
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was recorded as the late phase. Below the floor of the box, 

a mirror at a 45° angle facilitated viewing of the injected 

paw. The behavior was scored as a 2 if the rat licked, bit, 

or shook the injected paw; as a 1 if the rat elevated the paw 

from the floor; or as a 0 if any part of the paw other than the 

tips of the digits was in contact with the box. The score was 

entered into a computer that recorded the last score entered 

once every half second. A mean pain score (a weighted sum 

of the durations of each behavior) was calculated as the 

sum of the scores divided by the number of scores in the 

time period. All formalin testing was performed between 

9:00 AM and 2:00 PM.

Statistical analysis
Data were analyzed using SPSS version 16.0 (IBM Corporation, 

Armonk, NY, USA). All values given were the mean ± standard 

error of the mean of the variables measured. Significance was 

assessed by analysis of variance followed by a post-hoc Tukey 

multiple range test for multiple comparisons. P-values of 0.05 

or less were taken as statistically significant.

Results
Figure 1 shows the effects of salt-loaded diet on the blood 

pressure of rat. The systolic blood pressure in the salt-

loaded rats (205.50 ± 2.32 mmHg) was significantly higher 

(P , 0.001) than in the control (126.80 ± 12.54 mmHg). 

The diastolic blood pressure in the salt-loaded rats 

(162.30 ± 0.56 mmHg) was significantly higher (P , 0.001) 

than in the control (88.80 ± 12.60 mmHg). The mean arterial 

blood pressure in the salt-loaded rats (175.83 ± 0.82 mmHg) 

was significantly higher (P , 0.001) than in the control 

(101.12 ± 1.02 mmHg).

Figure 2 shows the effects of salt-loading hypertension 

on the tail-flick latency period in rats. The baseline latency 

periods in the control (3.29 ± 0.20 seconds) and salt-loaded 

rats (3.89 ± 0.30 seconds) were not significantly different 

(P . 0.05). However, 10 weeks after administration of 

the salt-loaded diet, the tail-flick latency period in the salt-

loaded rats (8.93 ± 0.18 seconds) was significantly higher 

(P , 0.001) than its baseline (3.89 ± 0.25 seconds) and the 

control (3.86 ± 0.17 seconds).

Figure 3 shows the effect of salt-loading hypertension on the 

early phase formalin score in rats. The baseline formalin score 

in the control (78.00 ± 2.47 pain score/second) and salt-loaded 

rats (74.53 ± 3.32 pain score/second) were not significantly 

different (P . 0.05). However, 10 weeks after administration 

of the salt-loaded diet, the formalin score in the salt-loaded 

rats (32.02 ± 1.85 pain score/second) was significantly lower 

(P , 0.001) than its baseline (74.53 ± 3.32 pain score/second) 

and the control (78.14 ± 2.75 pain score/second).

Figure 4 shows the effects of salt-loading hypertension on 

the late phase formalin score in rats. The baseline  formalin 

score in the control (200.38 ± 8.50 pain score/ second) 

and salt-loaded rats (195.00 ± 0.30 pain score/ second) 

were not significantly different (P . 0.05).  However, 

10 weeks after administration of the salt-loaded diet, the 

formalin score in the salt-loaded rats (10.69 ± 0.40 pain 

score/second) was  significantly lower (P , 0.001) than its 

baseline (195.00 ± 0.30 pain score/second) and the control 

(200.38 ± 0.71 pain score/second).
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Figure 1 Effects of a salt-loaded diet on blood pressure in rats.
Notes: Values are expressed as mean ± standard error of the mean (n = 6);  
***P , 0.001 versus control.
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; 
MAP, mean arterial pressure.
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Figure 2 Effects of salt-loading hypertension on the latency period in the tail-flick 
test in rats.
Notes: Values are expressed as mean ± standard error of the mean (n = 6);  
***P , 0.001 versus control, ###P , 0.001 versus baseline.
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Discussion
The increased blood pressure after administration of the salt-

loaded diet in the present study is consistent with the previous 

study.18 Administration of the salt-loaded diet significantly 

increased systolic diastolic and mean arterial blood pressure 

in the rats. The salt-loaded rats also had reduced formalin 

score and increased tail-flick latency, suggesting that the 

salt-loaded hypertensive rats had lower pain perception 

frequency and higher threshold compared with the controls. 

The finding of higher tolerance for pain in the salt-loaded 

hypertensive group above that of normal diet-fed control 

group, though at variance with the findings of Sitsen and 

de Long,8 is consistent with previous studies that reported a 

close association between experimentally induced high blood 

pressure and hypoalgesia.19–22 The fact that formalin score 

and latency period were not significantly different in the 

two groups before administration of salt-loaded diet further 

suggested that the observed hypoalgesia after its treatment 

was undoubtedly induced by salt-loading hypertension. 

Although individual differences may account for higher pain 

threshold in some individuals, hypertension has consistently 

been associated with hypoalgesia.5,23 Hypoalgesia associated 

with high blood pressure has been attributed to many factors. 

Several lines of evidence point to a role of the baroreflex 

system reducing or interrupting sino-aortic afferent input in 

raised blood pressure and high levels of endogenous opiate 

activity in the pituitary, hypothalamus and spinal cord.23

The association of hypoalgesia with hypertension assumed 

great significance with the finding of greater susceptibility to 

“silent” myocardial ischemia in hypertensive patients with 

coronary heart disease.24 Thus, patients who have coronary 

heart disease with concomitant hypertension are more likely 

to have a sudden massive myocardial infarction. The situation 

of hypertensive patients is more precarious as they are more 

susceptible to left ventricular hypertrophy,25,26 which is in 

itself a predisposing factor to coronary heart disease.

The greater hypoalgesia in the late phase of the formalin 

test (98.4%) above that of the early phase (56.8%) in the salt-

loading hypertensive rats is of particular interest. Although 

both early and late phase have nociceptive effect and travel 

through the same pathways (ie, Aδ and C fibers), the early 

phase is thought to act by direct chemical stimulation 

of nociceptors,27 while late phase response acts through 

inflammation.22 The results may reflect reduced activity in 

chemical sensitivity of afferents, Aδ and C fibers that mediate 

the second phase response.21 In the tail-immersion pain test, 

there was increase in pain tolerance in salt-loaded rats. How-

ever, tail immersion test is a thermal test which travels via 

the Aδ fiber in which the tolerance may be due to sensitivity 

of endogenous opiate.23

Although the underlying mechanisms responsible for 

this form of hypertension-associated hypoalgesia remain to 

be fully identified, several hypotheses have been proposed. 

Several anatomic, physiological, and pharmacological 

findings support the hypothesis of a relationship between 

the various central mechanisms that are involved in pain 

modulation and in arterial blood pressure regulation; various 

studies have described an association, or at least a partial 

overlap, between the brain circuits involved in the control of 

blood pressure and pain perception.28–30 The observation that 
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Figure 3 Effects of salt-loading hypertension on the early phase formalin score 
in rats. 
Notes: Values are expressed as mean ± standard error of the mean (n = 6); 
***P , 0.001 versus control, ###P , 0.001 versus baseline.
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Figure 4 Effects of salt-loading hypertension on the late phase formalin score 
in rats. 
Notes: Values are expressed as mean ± standard error of the mean (n = 6). 
***P , 0.001 versus control, ###P , 0.001 versus baseline.
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hypoalgesia can be suppressed in the experimental  animal by 

naloxone,31–33 but not by its exclusively principally acting ana-

log, N-methyl-naloxone,33 clearly indicates an involvement of 

the endogenous opioid systems within the central nervous sys-

tem. A further aspect of possible  importance is  represented by 

the role of the carotid sinus and cardiopulmonary baroreceptor 

pathways. In fact, hypoalgesia can be induced by baroreceptor 

activation in the hypertensive rats, and it can be attenuated by 

carotid sinus baroreceptor denervation and by reducing the 

cardiopulmonary baroreceptor afferent input.31,34,35

Previous epidemiological studies have shown that circu-

lating inflammatory molecules are increased in hypertensive 

patients, and their levels predict the onset of hypertension.36–40 

Moreover, treatment of animal models of hypertension with 

angiotensin-II receptor blockers reduces the level of inflam-

matory activation in the vessels.41,42 Though this study did 

not measure plasma inflammatory molecules, which is one 

of its limitation, we did however observe a lower inflamma-

tory response in the salt-loaded hypertensive rats compared 

with the control. Another limitation of this study is the 

inability to report some health conditions of the animals, 

such as whether they have motor dysfunction, which could 

also account for the lack of response in the formalin tests. 

Further studies that will extend the time of this experiment 

and assess myocardial damage, in addition to incorporating 

these limitations, are needed.

Conclusion
The present study suggests that high salt-loading-induced 

hypertension causes hypoalgesia in rats and that this might 

be due more to reduction in inflammatory response. More 

studies need to be done to determine the mode of action of 

salt-loading hypertension-induced hypoalgesia, especially 

on its potential anti-inflammatory effect.

Disclosure
The authors report no conflict of interest in this work.
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