
ABSTRACT

Methods: The effect of CPT on 39 normotensive (NT) and 52 hypertensive (HT) participants was 
investigated after ethical approval from the College of Medicine, Idiaraba's Research Grants 
Experimentation Ethics Committee. Baseline measurement of blood pressure and forearm blood flow (FBF) 
were carried out with or without exposure to the CPT. These were repeated after each intervention. 
Thereafter, the participants were given 200 mmol of NaCl (Analar Grade) to be ingested in two-divided 
doses. Following a 7-day washout period, they were given 200 mmol of salt and 5mg amiloride to take daily. 

Conclusion: We conclude that in addition to inhibition of ENaC activity in the renal tubules, Amiloride may 
also be lowering blood pressure by reduction in sympathetic neurally-mediated vascular responses

Results: Forearm blood flow was reduced in both groups following salt-loading and salt+amiloride 
ingestion. Exposure to the CPT led to significant decrease in FBF in the two groups at baseline and following 
salt-loading and salt+amiloride. However, these decreases were not significantly different across group. 
Forearm vascular Resistance (FVR) was significantly higher among NT compared to the HT. Ingestion of 
salt+amiloride led to a significant reduction in FVR among NT but a slight increase among HT from the salt-
loading level. However, in both groups FVR was brought back towards baseline value by amiloride.

Background: Forearm Vascular Resistance is an indicator of endothelial wellbeing. When salt is combined 
with amiloride, a specific β-Epithelial Sodium Channel blocker, we hypothesized that the vascular effect of 
cold pressor test (CPT) will be moderated. 
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INTRODUCTION
 Hypertension is a major cause of morbidity and 
mortality; it has the highest worldwide incidence of non-
communicable diseases. According to the World Health 
Organization,[1] about 1.13 billion people worldwide suffer 
from this disease, of which two-thirds reside in the low- and 
middle-income countries. The incidence of hypertension is 
higher in Africa at about 46% compared with the United 
States of America at about 35%.[1] The prevalence in South-
West Nigeria has recently been reported to be above 55%.[2] 
The most prevalent cause of vascular events is hypertension 
[3] being responsible for about 50% of risk.[4] Patients with 
only episodic hypertension have a high risk for vascular 
events.[5] Resistance arteries are the primary determinants of 
blood flow and blood pressure within the capillary beds. 
Resistance to blood flow within a network of vessels depends 
mainly on the size of the individual vessels; changes in 
diameter especially in precapillary arteries maintain adequate 
blood flow and blood pressure within the capillary beds 
thereby promoting maximal gas and nutrient exchange. 
Optimal pressure and flow relationship are maintained 
primarily by small resistance artery pressure-dependent 
myogenic reactivity.[6] Myogenic component of vascular 
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tone refers to the correlation between intraluminal pressure 
and pressure-dependent tone; it is commonly exhibited by 
small arteries with lumen diameter less than 150µm. 
Myogenic reactivity is a very important determinant of 
vascular resistance and a regulator of regional blood flow.[6] 
High dietary salt ingestion, quite apart from causing 
hypertension, also leads to impaired endothelial function. 
This is because high salt ingestion leads to oxidative stress, 
increased endothelial cell stiffening and increased arterial 
stiffness.[7]
 Vasoconstriction can be induced by the Cold Pressor 
Test through activation of the sympathetic nervous 
system.[8,9] The sympathetic nervous system is a major 
driver of blood pressure regulation.[10] When there is an 
increase in sympathetic outflow to the heart and blood 
vessels, there is increased vasoconstriction leading to 
increased peripheral resistance; and cardiac contractility also 
increases  whi le  the  accompanying  decrease  in 
parasympathetic activation of the heart results in an increase 
in heart rate. It has been reported that black individuals show a 
higher vascular response to the cold pressor test [11] and this 
response could be an indicator of future cardiovascular 
events. The increased systemic vascular resistance, 
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characteristic of essential hypertension, lies at the resistance-
vessel microcirculation.[12] Reactive hyperaemia in the 
forearm may be due to remodelling within the small arteries 
which in turn may be significant in the pathogenesis of high 
blood pressure since it may result in lumen narrowing.[13] 
Hypertension is more prevalent in Blacks than in Caucasians, 
some due to dysfunction of the Epithelial Sodium Channel 
(ENaC) causing sodium retention. High salt ingestion can 
lead to elevated blood pressure. Some of the mechanisms 
involved include enhanced constrictor response to 
agonists.[14] Amiloride blocks ENaC activity in the kidney 
and so can result in reduction of blood pressure.[15] This 
study was therefore designed to determine the effect of salt-
loading and blockage of the ENaC by amiloride on Forearm 
Vascular Resistance and its response to an autonomic 
sympathetic stress by way of the cold pressor test among 
normotensive and hypertensive adults.

METHODS
Ethical Consideration and Approval
 Ethical  approval  was sought and obtained 
(CM/COM/8/VOL XXI) from the Research Grants and 
Experimentation Ethics Committee, College of Medicine of 
the University of Lagos, Idiaraba. Thereafter, informed 
verbal and written consent was obtained from each volunteer 
before being enrolled in the study. The experiments were 
carried out in accordance with the Helsinki Declaration with 
regards to human experiments and they were well-tolerated 
by the participants.

Participants
 There were 39 normotensive (blood pressure <140/90 
mmHg) and 52 hypertensive (blood pressure ≥140/90 
mmHg) participants. They were volunteers from the 
community surrounding the Lagos University College of 
Medicine and Teaching Hospital, Idiaraba. The sample size 
was calculated from the equation for determining sample size 

2 2 2for a comparative research: N = 4σ (Z  + Z ) / D  [16] crit pwr

where N = total sample size for the two groups, normotensive 
and hypertensive participants; σ = the assumed standard 
deviation for each group (assumed to be equal for both 
groups); Z  = standard normal devaiate at the chosen level of crit

significance (α) of 0.05; Z  = desired statistical power for pwrr

the study and D = minimum expected difference between the 
two means. From a similar work,[17] we assumed a standard 
deviation of 15.1 for this study.
 Participant were included in the study and categorized 
based on the blood pressure characteristics as earlier 
defined.[18] Patients with ischaemic heart disease, 
cerebrovascular disease, renal impairment, diabetes mellitus, 
secondary causes of hypertension or other concurrent illness 
were excluded from the study population. Participants were 
also excluded if plasma creatinine was greater than 
150μmol/L or serum potassium concentration greater than 
5mmol/L ab initio. Pregnant females were excluded for 
ethical reasons. Participants were allowed to withdraw if they 
did not feel able to continue at any time, or if their plasma 
creatinine exceeded 200μmol/L; or serum potassium became 
higher than 5.5mmol/L or if they had a blood pressure 
consistently greater than 180mmHg systolic and 110mmHg 
diastolic at any time. All these factors indicated worsening of 
the individuals' condition.

Salt-Loading

 Specifically, participants with systolic blood pressure 
< 110mm Hg or diastolic blood pressure < 65mmHg before 
the amiloride tests were withdrawn; this was to prevent the 
possibility of hypotension in these participants [17] during the 
amiloride part of the experiments.

Determination of Forearm Vascular Resistance

 After control parameters of blood pressure and 
forearm blood flow had been determined, participants were 

+ given a salt-load at a dose of 200mmol/day Na (HK Pharma 
Ltd.) for 5 days.[24] The salt was administered in two divided 
doses after participants had eaten and given with 500ml of 

 Participants were allowed 30 minutes rest in the 
laboratory in the sitting position before commencement of 
tests. Basal blood pressure (mmHg) was determined before 
exposure to the CPT. With the sphygmomanometer left in 
place in readiness for determining blood pressure, the 
subject's foot was immersed for 1 minute up to the ankle, in 
ice slurry composed of equal parts water and crushed ice and 
maintained at 4oC.[19-21] Participants were asked to be still, 
breathe normally and to avoid muscle contractions as well as 
all forms of Vasalva manoeuvre [20,22] as all these will 
modify their response to the cold pressor test. At the end of 1 
minute and with the foot still immersed up to the ankle, peak 
blood pressure (mm Hg) was determined as the highest of 
three 15 sec serial blood pressure readings taken after 1 
minute with the foot still immersed.[19,23] The foot was used 
in this study in order to obtain maximal haemodynamic and 
sympathetic responses to the CPT.[20]

Anthropometric Data and Baseline Measurements
 The anthropometric characteristics of the participants 

2such as age (years), weight (kg), height (m ) and blood 
pressure (mmHg) were obtained at baseline.

Exposure to the Cold Pressor Test

 Forearm vascular resistance (FVR) was determined 
from the haemodynamic equivalent of Ohm's Law by 
dividing mean arterial blood pressure (MABP) by blood flow. 
Blood pressure of the participants was measured using the 
auscultative method. This was followed by the measurement 
of their forearm blood flow (FBF) by means of Venous 
Occlusion Plethysmography. The plethysmograph comprised 
a Perspex chamber sealed with a rubber cuff but with space 
through which participants' forearm could be inserted. The 
plethysmograph was coupled to a Grass polygraph (Model 
7D, Grass instruments, Mass, USA) via a volume transducer 
(Model PT5A) inserted in a side vent. The transducer was 
connected to the polygraph through a pre-amplifier and driver 
amplifier to an ink stylus. The transducer was calibrated every 
time before the plethysmograph was put to use. The 
polygraph and its writer amplifier were calibrated as well; a 
sensitivity level of 1 mV/cm was selected. The subject's 
forearm was inserted into the plethysmograph and the cuff of 
the sphygmomanometer was then wrapped around the upper 
arm. With the polygraph set at a speed of 10mm/s and patient 
at rest, the sphygmomanometer was inflated to 60mmHg to 
cause venous occlusion. It was kept there until the rate of rise 
of the stylus got to a plateau. Then the polygraph was stopped 
and the sphygmomanometer deflated rapidly. 

CPT and FVR in adult Nigerians
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2 Body mass Index (kg/m ) was calculated from 
weight/(height)2. Mean arterial blood pressure (mm Hg) was 
obtained from DBP + 1/3 PP of the BP reading. The rate of 
forearm blood flow (ml/s) was calculated from the initial rate 
of rise of the slope of the blood flow tracing obtained from the 
plethysmograph. FVR was calculated in mmHg/ml/s, from 
mean arterial blood pressure (mmHg) divided by the forearm 
blood flow (ml/s).[25] Percentage difference (%Δ) in forearm 
vascular resistance (FVR) was calculated as the percentage 
difference of the values before and after CPT (after CPT 
minus before CPT/before CPT x 100). It signifies the actual 
effect of the CPT on FVR.

orange squash to mask the salt taste. participants

 Data were analysed using the GraphPad Statistical 
software, Prism 5 for Windows (GraphPad Software, San 
Diego, California, USA). Data were expresses as X±SEM. 
Differences were determined using students t-test and one-
way analysis of variance (ANOVA) followed by Newman-
Keuls post-hoc test as required. Statistical significance was 
accepted at 95% confidence interval.

 The anthropometric data of the participants are shown 
in Table 1. There was no significant difference in the age and 
heights between the normotensive (NT) and hypertensive 
(HT) participants, but the Body Mass Index (BMI) was 
significantly higher (p< 0.05) in the HT group.

Forearm Vascular Resistance in Normotensive and 
Hypertensive Participants

 The tests for forearm vascular resistance (FVR) were 
repeated before and after the participants had been salt-

+loaded with 200 mmol/day Na  daily for 5 days as described 
above. Participants were also exposed to the cold pressor test 
by immersing their right foot for 1 minute in ice slurry 
composed of equal parts of water and crushed ice maintained 
at 4oC, before and after salt-loading.

Data Analysis

Statistical analyses

RESULTS

 

 The mean forearm vascular resistance (FVR) in the 
normotensive participants (NT) before intervention was 
115.5±14.00 mmHg/ml/s. This was significantly lower (p < 
0.05) than the 149.30±13.4 mmHg/ml/s recorded among the 
hypertensive participants (HT) (Figure 1). Following salt-
loading, FVR increased slightly (p > 0.05) among NT to 
117.70±10.0 mmHg/ml/s. On the other hand, there was a 
slight reduction (p > 0.05) in FVR among HT following salt-

Effect of Cold Pressor Test on Forearm Vascular 
Resistance Before salt-loading, after salt-loading and 
after salt-loading plus amiloride

There was a percentage increase of 91.78±18.4% in FVR 
among NT aft salt+amil which was significantly higher (p < 
0.05) than that recorded after salt-loading alone but 
marginally different (p > 0.05) from that recorded before salt-
loading in these normotensive participants (Table 2)

loading to 136.30±9.1 mmHg/ml/s. Results of this study also 
show that in NT, salt+amiloride caused a significant fall (p < 
0.01) in FVR from 117.70±10.0 mmHg/ml/s recorded after 
salt-loading alone to 92.22±8.0 mmHg/ml/s which was only 
slightly less (p > 0.05) than the baseline value of 115.5±14.00 
mmHg/ml/s (Figure 1). Among the HT on the other hand, 
FVR increased slightly (p > 0.05) to 138.9±12.8 mmHg/ml/s 
which was only slightly less (p > 0.05) than the baseline value 
of 149.6±13.4 mmHg/ml/s

Response of Forearm Vascular Resistance to the Cold 
Pressor Test 
 Before salt-loading, exposure to the cold pressor test 
(CPT) resulted in significant increase (p < 0.001) in forearm 
vascular resistance (FVR) among the normotensive 
participants (NT) from 115.5±14.00 mmHg/ml/s to 
176.20±18.0 mmHg/ml/s (Figure 2a). Also, FVR increased 
significantly (p < 0.001) in the hypertensive participants (HT) 
from 149.30±13.4 mmHg/ml/s at baseline to 264.20±29.0 
mmHg/ml/s on exposure to the CPT (Figure 2b). Following 
salt-loading, exposure to the CPT led to a significant increase 
(p < 0.001) in FVR among the NT from 118.00±9.75 
mmHg/ml/s to 202.90±26.97 mmHg/ml/s and among HT 
from 142.40±10.82 mmHg/ml/s to 227.70±18.75 
mmHg/ml/s (Figure 2). After salt+amiloride ingestion, there 
was a significant increase (p < 0.001) in FVR among the NT 
from 89.92±7.91 mmHg/ml/s to 167.90±19.46 mmHg/ml/s 
on exposure to the CPT. After salt+amiloride-loading, the HT 
also responded with a significant increase (p < 0.001) in FVR 
from 144.60±13.70 mmHg/ml/s to 270.20±32 .10 
mmHg/ml/s on exposure to the CPT.

 The actual effect of the cold pressor test was 
determined as the percentage difference (increase or 
decrease) following exposure to the cold pressor test (CPT). 
This was necessary because FVR is a derived measure.

 The percentage increase of 79.1±10.3 % recorded in 
FVR among HT aft salt+amil, was not significantly different 
(p > 0.05) from those recorded before and after salt-loading in 
these participants (Table 2). 

SBP (mmHg) 117 ± 1 145  ± 3 <0.0001

Table 1:  Baseline characteristics of normotensive and hypertensive 
participants 

Weight (Kg) 66.53 ± 1.8 078.31 ± 1.68 <0.00

 NT (n = 39) HT (n = 52) p

BMI (Kg/m2) 23.66 ± 0.68 28.69 ± 0.70 <0.0001

Modified with permission from [9]
Key: NT = normotensive; HT = hypertensive

DBP (mmHg) 80 ± 1 96 ± 2 <0.0001

Age (y) 41.2 ± 1.4 44.4 ± 1. 30.12

1Height (m) 1.68 ± 0.02 1.66 ± 0.02 0.37

CPT and FVR in adult Nigerians
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Normotensive (NT) n = 39; Hypertensive (HT) n = 52
KEY: *** p < 0.001 NT versus HT all groups; # p < 0.05 before salt 
versus after salt+amiloride NT; B4 = before; Aft = after

Figure 1: Effect of salt and combined salt and amiloride on forearm 
vascular resistance in normotensive (NT) and hypertensive (HT) 
participants

Key: %Δ = Percentage Difference; * p<0.05 vs After salt, 
Normotensive

Table 2: Effect of Cold Pressor Test on Forearm Vascular 
Resistance Before Salt-Loading, After Salt-Loading and 
After Salt-Loading Plus Amiloride 

Before Salt %Δ 74.9 ±11.3 % 78.3 ± 13.6 % 0.85

 Normotensive Hypertensive p

After Salt+
After Salt %Δ 61.9 ± 8.6 % 76.5 ± 16.6 % 0.50

Amiloride %Δ 91.8 ±18.4 %* 79.1 ± 10.3 % 0.52

DISCUSSION

 Following salt-loading in the present study, whereas 
FVR increased slightly among the NT, there was a slight 
reduction among the hypertensive participants. These results 
differ from that of Schmidlin et al.,[30] in which a decrease in 
systemic vascular resistance was recorded in normotensive 
participants over the first three days following a salt load. 
Such a fall in vascular resistance in their study does not tally 
with the nephrogenic explanation of salt-induced 
hypertension. By this formulation and as mentioned above, it 
is expected that during the initial days following a salt load, an 
increase in blood pressure is basically as a result of a change in 
cardiac output while vascular resistance remains normal. 
However, FVR was not measured on a daily basis in this 
present study, being measured only at the end of the 5-day 

 The cold pressor test (CPT) is a provocative test 
designed by Hines to predict future hypertension.[23] The test 
was used as a sympathetic autonomic stress in this study. 
Usually the non-dominant hand is inserted up to the wrist in 
cold water and the blood pressure recording taken from the 
other hand.[26] In this study, the foot was immersed in the 
cold slurry in order to obtain maximal haemodynamic and 
sympathetic responses to the CPT[20]; participants' blood 
pressure and heart rate were determined simultaneously with 
the foot still immersed. This method differed from that used in 
an earlier work [27] in which the hand was inserted into ice 
water for 2 min and blood pressure measured after the hand 
had been removed from the water. It was however similar to 
the method of Roy-Gagnon et al., [28] in which blood 
pressure was measured with the participants' hand still 
immersed. The difference in methodology did not however 
affect the result of the studies.
 The regulation of peripheral vascular resistance is 
important in the control of regional blood flow. Also, since the 
CPT causes increased sympathetic activity, this results in 
vasoconstriction leading to an increase in peripheral vascular 
resistance.[29] At baseline, FVR was lower in the 
normotensive participants (NT) compared with the 
hypertensive participants (HT) in this study. Enhanced 
haemodynamic changes to physiological and psychological 
stressors have been recorded among Blacks. These are 
thought to be mediated largely through an increase in 
peripheral vascular resistance.[19] Blacks have been shown 
to experience a greater increase in vascular tone in response to 
stress probably due to increased sympathetic activity or 
altered vascular sensitivity to sympathetic stimulation. This 
may lead to increased peripheral vascular resistance which in 
addition to the high environmental stress to which blacks are 
exposed, predisposes them to sustained hypertension.[19] 

CPT and FVR in adult Nigerians

Figure 2a: Forearm vascular resistance response to the cold pressor 
test (CPT) in normotensive participants before salt-loading, after 
salt-loading and after salt-loading plus 
Amiloride (n = 39)
KEY: *** p < 0.001 = significant effect of CPT before salt, after salt-
loading and after salt+amiloride; FVR = forearm 
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Figure 2b: Forearm vascular resistance response to the cold pressor 
test (CPT) in hypertensive participants before salt-loading, after 
salt-loading and after salt-loading plus amiloride
(n = 52)
KEY: *** p < 0.001 = significant effect of CPT before salt, after salt-
loading and after salt plus amiloride-loading; FVR = forearm 
vascular resistance; B4 = before; Amil = amiloride; Peak = after CPT



salt-loading period and the 5-day salt+amiloride period. It is 
therefore possible that what was observed in the NT in this 
study was at the point when autoregulation had occurred in 
response to the increased cardiac output that accompanies a 
salt load. On the other hand, the slight increase in FVR in the 
HT may be due to the fact that although peripheral vascular 
resistance is said to remain normal following a salt-load, this 
does not mean that it remains totally unchanged. On the 
contrary, this suggests a systemic vascular dysfunction that is 
expressed as impaired vasodilatory response to the increased 
salt intake.[30]
 In this study, stimulation of the sympathetic nervous 
system by means of the cold pressor test resulted in 
significant increases in FVR among both the NT and NT. The 
actual effect of the CPT (determined by the percentage 
difference) on FVR was not significantly different between 
NT and HT before and after the ingestion of a salt load. 
However, after addition of amiloride concomitantly with the 
salt load, the increase in Forearm Vascular Resistance (FVR) 
was much higher in NT than in HT (91.8±18.4 % vs 
79.1±10.3%). This suggests that the drug amiloride did not 
affect the FVR response to CPT in HT participants suggesting 
a reduction in sympathetically-mediated vascular resistance 
change as possible additional action of amiloride in our HT. 
However in another study in which salt ingestion elevated 
blood pressure and 70% of Maximum Voluntary Handgrip 
Contraction was used to excite sympathetic nervous system, 
and the effect of Losartan, an angiotensin receptor blocker 
(ARB) was tested, losartan attenuated the vascular response 
to MVC.[31] Thus, it appears that Amiloride. unlike the ARB 
losartan, may not be mediating its response by majorly 
sympathetic system inhibition. 
 Peripheral vascular resistance and its regulation play a 
central role in the control of arterial blood pressure. Response 
of resistant arteries to cold may be as a result of a balance 
between adrenergic vasoconstriction and vasodilation; the 
latter is mediated by endothelial function. Endothelial 
function of resistant arteries is a vascular function that has 
been identified as a primary target of injury from 
hypertension.[32] Increased arterial stiffness and reduced 
arterial compliance may both be associated with endothelial 
dysfunction which is again present in cardiovascular 
disease.[20] Activation of the sympathetic nervous system by 
the cold pressor test increases vascular tone in resistant 
arteries. This simulates a natural occurrence in winter during 
which period it has been observed that blood pressure is 
higher compared to the other seasons.[33,34]

CONCLUSION
 Forearm vascular resistance increased significantly in 
response to sympathetic stimulation in normotensive 
participants after salt-loading; this post salt-loading level in 
NT approached the baseline FVR level among the 
hypertensive participants. This indicates that significant 
adrenergic nervous potentiation is important in the 
development of salt sensitive hypertension. Amiloride 
generally brought the FVR back towards the baseline value, 
indicating a role for the epithelial sodium channel in the 
vascular response to sympathetic autonomic stress. In 
addition, sympathetically-mediated vascular response was 
absent or reduced in HT, suggesting that lack of, or inhibition 
of sympathetic drive may be additional mechanism of the 
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