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ABSTRACT 

Background: There is paucity of information on how exposure to high environmental 

temperature interacts with high dietary salt to influence cardiovascular outcome in the face of 

global warming. Method: This study investigated the impact of high environmental temperature 

(HET) on the cardio- renal indices of an animal model of hypertension (fed on high salt diet, 

HSD), and evaluated the effectiveness of angiotensin II receptor blocker (ARB), telmisartan, in 

modulating these indices. Fifty-six male Sprague Dawley rats (70-90g , 7 week old) were 

randomly assigned into seven groups of 8 rats, which include control rats (I), fed 0.3% NaCl 

diet; salt loaded rats (II), fed with  8% NaCl (high salt) diet; Heat rats (III), exposed to HET 

(37.5-38.5oC) 4 hours daily per week; salt loaded + Heat rats (IV),  fed with 8% NaCl diet and 

exposed to HET daily. Next,   salt loaded + ARB rats (V) , fed 8% NaCl  diet and treated with 

telmisartan (30mg/kg); Heat +ARB rats, exposed to HET and treated with telmisartan 

(30mg/kg); salt loaded +HET+ARB rats (VI),  fed with 8% NaCl diet, exposed to HET  and 

treated with telmisartan (30mg/kg). Experiment lasted 8 weeks. Blood Pressure and heart rate 

were determined invasively and electrolytes by selective ion electrode method. Data analyzed 

using ANOVA, with P<0.05 significant. Results: Systolic and Diastolic BP, Mean Arterial 

Pressure, Rate Pressures Product (RPP) (P<0.05), and plasma Na+ (P<0.05) were significantly 

higher with associated suppressed Na+ excretion (P<0.05) in salt loaded rats exposed to HET 

compared to rats fed a high salt diet alone. Telmisartan significantly attenuated the elevated 

blood (P<0.05) and RPP (P<0.05), in the HSD rats exposed to HET, with no corresponding 

reduction in the rats fed a HSD alone. Conclusion: This indicates that chronic exposure to hot 

environment exaggerated cardiovascular response to high salt diet possibly via angiotensin II 

pathway with consequent enhanced ARB action.  
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INTRODUCTION   

Persistent blood pressure elevation, otherwise referred to 

as Hypertension, is common and more severe among 

blacks than whites (van de Vijver et al., 2013) . It is 

reported as the principal cause of cardiovascular diseases 

(CVDs), which has been identified as the leading cause 

of global death (WHO, 2017). Specifically, African 

region accounted for the highest prevalence of 

hypertension put at 46% of the reported 1billion cases in 

2008 (Cappuccio and Miller, 2016). 

 

High salt diet is a major risk factor (Mozaffarian et al.,   

2014)  in the  development of hypertension especially 

among the black population (Svetkey et al., 1999) . This 

form of hypertension, referred to as salt-induced 

hypertension, is characterized by increased tendency of 

sodium ion retention by the kidney. This is critical as the 

kidney is involved in the regulation of body water and 

sodium balance which is key to long-term blood pressure 

regulation (Meneton et al., 2005).  

Historically, salt retention  by the kidney was a survival 

strategy against dehydration by the black man 

transported in hot environment during the slave era, as 

postulated by the controversial Wilson-Grim slavery 

hypertension hypothesis (Wilson and Grim, 1991) and in 
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agreement with Curtin’s  historical perspective (Curtin, 

1992). Unfortunately, salt consumption in diets is 

increasingly becoming high, with sodium level 

averaging between 2.18 and 5.51g in 181 of 187 

countries around the world (Bernstein, 2014) and in 

many African countries (Cappuccio et al., 2006).This is 

well above the recommended reference level of 2.0g of 

sodium intake per day (Mozaffarian et al., 2014). 

Meanwhile, as a result of global warming caused by 

the indiscriminate emission of green gas into the 

atmosphere (MacMillan , 2016), high environmental 

temperature (HET) has been suggested as the number 

one weather-related killer, causing more fatalities per 

year than flood, lightening, tornadoes, hurricanes, winter 

storms and extreme cold (National Oceanic and 

Atmospheric Administration, 2012). Therefore, climate 

change is considered to be a major challenge of the 21th 

century according to experts (Hajat et al., 2014).  For 

example, on hot days, temperatures inside parked 

automobiles can be as high as 57°C–78°C (McLaren et 

al., 2005). In support of this narrative, high 

environmental temperature has been implicated as a risk 

factor in the development of cardiovascular diseases 

(CVDs) (Moghadamnia et al., 2017). Sadly, sub-Saharan 

African region is a tropical region characterized by high 

climate temperature with associated high prevalence of 

occupational heat exposure (Collins, 2011). 

Hitherto, there is paucity of information available on 

the possible interaction between high salt diet and long 

term exposure to environmental heat on the 

cardiovascular function. It is not also known if the rising 

global temperature and the adverse workplace 

environmental temperature of low income countries, 

particularly in sub-Saharan African countries, play any 

role in the pathophysiology of the severity of salt-

induced hypertension in this global subset. Both factors 

are known to modulate sympathetic nervous system and 

Renin Angiotensin System (RAS).  

Meanwhile, it has been suggested that the use of 

Angiotensin receptor blocker (ARB) as a monotherapy 

in the control of hypertension may not be effective in 

black populations compared to whites (Mancia et al., 

2007) . However, a 6- week clinical trial with 

telmisartan, an ARB, on hypertensive black patients 

suggested otherwise (Mabayoje & Oke,2004). The 

mechanisms by which ARB(s) control blood pressure 

among the black is largely unknown. But evidence 

suggest that the mechanism of action of these agents 

could be influenced by a phenomenon referred to as salt 

sensitivity (Endo et al., 2009) . This is a phenomenon 

characterized by the tendency of blood pressure to rise 

with high level of salt diets (Weinberger et al., 1986). 

We therefore hypothesized that long-term exposure to 

hot environmental temperature worsens cardiovascular 

adaptive adjustment to high salt diet. The basis of our 

hypothesis is that, environmental heat may modulate the 

therapeutic potential of ARB in salt-induced 

hypertension. 
 

METHODS 

Animals 

 Fifty-six male Sprague- Dawley rats were used for the 

study. The rats were obtained from the animal house of 

the College of Medicine of the University and were 

housed in standard plastic cages at the animal unit of 

Physiology Department of College of Medicine, 

University of Lagos, Nigeria. The rats were maintained 

on a 12h dark/light cycle at 26-29oC ambient 

temperature in the animal house. They were allowed 

access to standard rat chow and clean tap water ad 

libitum throughout the study and were allowed to 

acclimatize for 1 week before the experimental 

procedures in standard cages at the animal house of 

Department of Physiology. Animal care and handling 

was done according to the  National Research Council 

(US) Committee for the Care and Use of Laboratory 

Animals, 2011). The study protocol was approved by the 

Ethics committee of College of Medicine of the 

University of Lagos (CMUL/HREC/11/18/471). 
 

 Experimental Design 

The rats were randomly assigned into 7 groups of 8 rats 

per group as shown in Table 1.They were either fed on 

normal salt diet (0.3%NaCl) or high salt diet (8%NaCl); 

exposed to ambient room temperature (26-29oC) or high 

environmental temperature (37.5-38.5±0.5oC 4hr daily 

per week for 8 weeks); untreated or treated with oral 

telmisartan (30mg/kg daily for 7 weeks). 

 
Experimental procedure: 

Salt loaded rats (Groups II, IV, V and VII) were fed on 

high salt diet as described by (Sofola et al., 2002) for 8 

weeks. The high salt diet contained 7.7% NaCl added to 

the original diet containing 0.3% NaCl. 
 

Exposure to hot environment/ high environmental 

temperature (HET)  

Prior to the exposure of animals to HET, the animals 

were acclimatized to HET for one week at a temperature 

between 30 and 35oC. Thereafter, the animals were 

exposed to HET at 37.5-38.5±0.5oC  using the method 

described by Barney and Kuhrt (2016) with some slight 

modification. Briefly, exposure took place for 4 hours 

daily for 6 days per week in 8 weeks, in an 

environmental chamber from 9am to 1pm. The 

environmental   temperature   was monitored   with  an 
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Table 1: Allocation of animals into experimental groups 

 
 
environmental digital LCD thermometer (HTC-2 

model). Core temperature was determined before and 

after exposure to HET by gently inserting the sensor of 

a digital thermometer inside the animal anus (Omron, 

MC246). The assessment was done in the first and last 

week of the exposure. The environmental chamber was 

made of a plastic cage (30cm by 50cm by 23 cm) with 

wide aluminium net for good ventilation. The source of 

HET was a 100Watt dry bulb positioned on the roof of 

the cage to generate heat that raises the temperature in 

the chamber.  The chamber had wooden shaves for 

bedding. Feed and water were not made available to rats 

until the exposure was over. 
 

Administration of Drugs to Animals 

The angiotensin II receptor blocker (ARB) treated rats 

had 30mg/kg per body weight oral doses of telmisartan 

(Gohlke et al., 2001) administered to them daily with 

oral cannula. The treatment commenced a week after 

introducing the animals to high salt diet and HET 

respectively. The drug was obtained from MSN 

Laboratories Private Limited, India through Phillip 

Pharmaceutical Nigeria Limited. 
 

Determination of Sodium (Na+) clearance, Na+ 

excretion and Glomerular Filtration Rate  

12-hour urine output (V) in ml was determined at 8th 

week of the experiment from 7 p.m to 7 a.m in a 

metabolic cage. Urinary Na+ excretion was evaluated as 

product of urinary Na+ concentration (UNa
+) and 12hr- 

urine volume(V) in (mmol/L/12hr); Plasma Na+ 

clearance was calculated as urinary Na+ excretion (UNa 

V) divided by Plasma Na+ concentration (PNa
+) in 

(ml/min).This is also bearing in mind the validation of 

12-hr urine collection for the calculation of sodium 

excretion as an index of dietary sodium intake(Mill et 

al., 2012) . While GFR was estimated as a product of 

urinary creatinine concentration and urine volume, 

divided by plasma creatinine concentration, UcrV (min) 

/Pcr (ml/min). Plasma and Urine electrolytes (Na+, K+, Cl-

) in mmol/L were determined with ion selective 

electrode method (ISE 6000 analyzer, France); Plasma 

and urine Creatinine concentration were determined 

with alkaline picrate colorimetric method followed by 

analysis with Spectrophotometer (SFRI, BSA-3000 

Chemistry analyzer, France).  
 
Animal Anaesthesia  

The rats were sacrificed at the end of week 8 of the 

experiment. Solution of 25%(w/v) urethane and 1% 

alpha chloralose were administered as anaesthesia via 

intraperitoneal route (i.p), at a dose of 5ml/kg body 

weight(Oloyo et al., 2019). Blood was collected from the 

rat heart via cardia puncture and placed in heparin bottles 

for electrolytes and creatinine determination and stored 

at-20oC following the measurement of blood pressure 

and heart rate. Plasma was separated from blood after 15 

minutes of centrifugation at 3000 rev per min. 
 

Blood pressure and Heart Rates Measurement  

Blood Pressure and Heart Rate (HR) were determined 

via cannulation of carotid artery (Oloyo et al., 2011) with 

polyethylene cannula, connected to 1% heparinized 

normal saline with a 3-way channel connector. The 

cannulated artery was secured tightly with thread and 

connected to Power lab pressure transducer (model 

SP844, Physiological Pressure Transducer, AD 

Instrument (Power Lab-4/24T) which was in turn 

attached through MLACH11 Grass adapter cable to a 

computerized data acquisition system with Labscribe 

software.  Heart rates were determined by counting the 

number of arterial pulses at sampling frequency of 

sample of 5/s. The Systolic Blood Pressure (SBP), 

Diastolic Blood Pressure (DBP) were obtained directly 
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from the tracing as the peak and the base of the arterial 

pulses respectively. Mean Arterial Pressure (MAP) was 

determined from the following formula:1/3(SBP-DBP) 

+ DBP. Rate Pressure Product (RPP), a representative of 

myocardial workload and a predictor of myocardial 

oxygen consumption(MOD), was determined as a 

product of SBP and HR (Gobel et al., 1978) .   
 

Statistical Analysis 

Data are presented as Mean ± SEM. Differences in 

experimental rat groups were compared with one- way 

ANOVA followed by Tukey post-hoc test, Pre and post 

rectal temperatures were compared with t-test. Graph 

pad 5 software package was used for the analysis. 

Statistical significance set at P<0.05. 

 

 
RESULTS 

Effect of chronic exposure to hot environment on the 

behaviour of the Sprague- Dawley rats 
 Rats exposed to high environmental temperature were 

observed to develop rough and erect furs, with dampen 

lower body surface and furs, especially in the salt plus heat 

group. Furthermore, the rats licked each other tongues, hid 

themselves under bedding in the environmental chamber, 

away from heat source, breath faster and deeper and the 

animal looked smaller. Occasionally, the rats were 

hyperactive and standing erect. Excessive jumping 

indicated imminent heat shock, and exposure was 

discontinued at this stage. Two animals developed heat 

stroke in the heat+ ARB at 5th and 7th week of exposure 

with signs of spinning, falling on one side, following 

growth retardation and died subsequently. Two rats also 

developed heat shock in the salt+heat group 

characterized with sudden death during the early week 

of heat exposure. 
 

Effect of chronic exposure to hot environment on rectal 

temperature in salt loaded rats treated with telmisartan  
Rectal temperatures, an index of core temperature, was 

significantly raised (P<0.001) by exposure to high 

environmental temperature in all the rats exposed to high 

environmental temperature. The mean core temperature for 

the unexposed animals (n=23) was 35.5±0.2oC which was 

not significantly (P=0.08) different from the pre-exposure 

core temperature of 36.0±0.1oC   for the heat exposed rats 

(n=32). 

 
Effect of chronic exposure to hot environment on blood 

pressure, heart rate and Rate pressure product salt 

loaded rats treated with telmisartan  
In this study (figure 1 & table 2), the feeding of Sprague -

Dawley rats with high salt diet (8% of NaCl) for 8 weeks 

resulted in significantly higher SBP (P<0.01), DBP 

(P<0.01), HR(P<0.05) and RPP (P<0.01)  compared to 

control. Similar higher records were observed   for SBP    

(P<0.05),  DBP   (P<0.05),   MAP  
 

 

Table 2: Effect of high environmental temperature on 

core temperature of Sprague-Dawleys rats 

 
Exposure of  Sprague-Dawley rats to hot environment of 37.5-

38.5±0.5oC ,4 hours daily, 6 days per week in 8 weeks 

significantly raised the rectal temperatures of the rats. Data 

presented as Mean±SEM ;t-test and One-way ANOVA with 

Tukey post test. (***P<0.001 vs pre exposure). 
 

 (P<0.05), HR (P<0.05) and RPP (P<0.05) in rats 

chronically exposed to hot environment when compared 

to control. However, a combination of high salt diet and 

exposure to hot environment in the salt + heat  group 
resulted in a significantly much higher elevation of SBP 

(P<0.001), DBP (P<0.001), MAP(P<0.001),  and RP 

P(P<0.001) relative to control, and in comparison with rats 

fed a high salt diet: SBP (P<0.01), DBP(P<0.01), 

MAP(P<0.01), RPP(P<0.01) and  compared to rats exposed 

to hot environment alone: SBP(P<0.001), DBP (P<0.001), 

MAP(P<0.001), RPP(P<0.001). These results suggest that 

long term exposure to high environmental temperature 

increased blood pressure, HR and myocardial work load 

in the studied rats comparable to high salt diets feeding, 

while a combination of the two factors resulted in an 

additive effect on blood pressure and myocardial 

workload. 
 

Meanwhile, temisartan significantly attenuated the 

elevated SBP (P<0.001) DBP (P<0.001)  MAP 

(P<0.001) and RPP (P<0.001) in rats exposed to hot 

environment plus fed a high salt diet in comparison with 
the untreated rats exposed to the same combined 

environmental conditions. Similarly, treatment with 

telmisartan significantly lowered SBP (P<0.05) and RPP 

(P<0.05) in rats exposed to hot environment alone in 

comparison with untreated rats under the same condition. 

Conversely, telmisartan treatment produced no noticeable 

reduction in SBP (P>0.05), DBP (P> 0.05), MAP (P>0.05) 

and RPP (P>0.05) in rats fed a high salt diet alone. Put 

together, blockade of AT1 receptor with telmisartan resulted 

in significant attenuation of the elevated SBP, DBP, MAP, and 

myocardial workload in salt loaded rats exposed to HET, 

with no reduction in rats fed with high salt diet alone. 

Similar telmisartan-mediated attenuations were recorded in 

the SBP (P<0.05) and RPP (P<0.05) of rats exposed to hot 

environment alone. 
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Table 3:  Effect of hot environment on blood pressures and heart rate in the presence and absence of high salt diet in 

male Sprague-Dawley rats 

 
 

Rats fed with normal salt (0.3%NaCl) or high salt diet (8%NaCl) were either exposed to high environmental temperature of 37.5-

38.5±0.5oC ,4 hours daily, 6 days per week for 8 weeks or maintained on room temperature (26-29±0.5oC ) with or without 

telmisartan (30mg/kg body weight) treatment. Data presented as Mean±SEM. One-way ANOVA with Tukey post test;*P<0.05, 

**P<0.01, ***P<0.001 is significantly higher than control; ##P<0.01, ###P<0.001,†††P<0.001 is significantly lower than Salt+ heat 

(IV);††P<0.01 vs  is significantly lower compared to Heat (III). 

 

 

Table 4:  Effect of hot environment on plasma electrolytes, urea and creatinine in the presence and absence of high 

salt diet in male Sprague-Dawley rats. 

 
Effect of 8 weeks of exposure to high environmental temperature on Plasma electrolytes in rats fed a high salt (8%NaCl) or 

normal salt diet (0.3%NaCl) with or without treatment with Telmisartan (30mg/kg/ bw orally). *P<0.05, **P<0.01 ***P<0.001 

is significantly higher compared to control; #P<0.05 is significantly higher compared to salt. 
 

 

Effect of chronic exposure to hot environment on Plasma 

Na+, K+, Cl- in salt loaded rats treated with telmisartan  

Table 3 shows that in comparison with control rats, 

plasma Na+ was significantly higher in rats fed with high 

salt diet alone (Na+=134.3±0.8 vs 141.1±1.2mmol/L; 

P<0.05) and in rats exposed to hot environment alone 

(Na+=134.3±0.8 vs 141 ± 1.8mmol/L; P<0.05), as well 

as in rats fed a high salt diet plus exposed to hot 

environment (Na+=134.3±0.8 vs 148.3±0.7mmol/L; 

P<0.001). But plasma Na+ level in rats fed a high salt 

diet plus exposed to hot environment was significantly 

higher compared to rats fed with high salt diet alone 

(148.3±0.7 vs141±1.8mmol/L, P<0.05). This result 

suggests that interaction between high environmental 

temperature and high salt diet, apparently resulted in 

additive elevation of plasma Na+. 

Meanwhile, telmisartan lowered plasma Na+ level in 

rats fed a high salt diet plus exposed to hot environment 

noticeably compared to the untreated rats under same 

condition (143.5±1.0 vs 148.3±0.7mmol/; P>0.05). 

However, this did not reache significant level (P>0.05) 

Conversely, plasma Na+ level increased slightly in 

telmisartan- treated rats exposed to hot environment 

alone (144.6±1.3 vs 141±1.8mmol/L) compared to the  
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Table 5: Effect of 8 weeks of exposure to HET on UNaV, Na+ clearance & GFR in rats fed a high salt (8%NaCl) or 

normal salt diet with or without treatment with Telmisartan (30mg/kg/ bw orally) 

 
.*P<0.05 & **P<0.01 higher than control; #P <0.05 and     ##P<0.01 lower than Salt group .Data presented as Mean±SEM  and 

One-way ANOVA with Tukey post test 
 

untreated rats exposed to hot environment alone; 

whereas the level was unaffected in telmisartan- treated 

salt-loaded rats in comparison (140.8±2.7vs 

141.1±1.2mmol/L) to the untreated salt-loaded rats. This 

suggest that telmisartan did not significantly attenuate 

the aforementioned elevated plasma Na+ resulting from 

a combination of HET and high salt diet or the individual 

factors.   Furthermore, plasma K+, Cl-, creatinine and 

urea were not significantly affected by high salt diet, 

exposure to hot environment and telmisartan 

administration. 
 

Effect of chronic exposure to hot environment on urinary 

sodium excretion, Na+ clearance and GFR in  salt 

loaded rats  treated with telmisartan  

 In comparison with control (Table 4), rats fed a high salt 

diet had significantly higher urinary Na+ excretion 

(P<0.01) and plasma Na+ clearance (P<0.05) , while rats 

exposed to hot environment (heat group) had slightly 

higher urinary Na+ excretion  with unchanged plasma 

Na+ clearance. 

 

Furthermore, rats fed a high salt diet and exposed to hot 

environment had slightly lower Na+ excretion and Na+ 

clearance relative to control. As presented above, high 

environmental temperature in the presence of high salt 

diet resulted in significantly lower urinary Na+ and 

plasma Na+ clearance when compared with rats fed a 

high salt alone. This indicates that high environmental 

suppressed natriuresis in salt-loaded rats. However, GFR 

was unaltered in all the experimental rats. 

 

DISCUSSION 
The finding of this current study reveals that rats fed 

a high salt diet and exposed to long term high 

environmental temperature (HET) developed a severe 

form of hypertension in comparison with rats exposed 

exclusively to hot environment or rats fed a high salt diet 

alone. Interestingly, the observed severity in the salt-

induced hypertension in our animal models was 

ameliorated by angiotensin II receptor blockade with 

telmisartan treatment 
First, we observed that rats chronically exposed to 

hot environment had significantly higher Systolic (SBP) 

and Diastolic blood pressure (DBP), Mean arterial 

pressure (MAP) and Rate Pressure Product (RPP), an 

index of myocardial workload, when compared with 

control rats .This clearly  supports   earlier studies by  

Geng et al.,(2016) and Hundekari (2012). Similarly,  

Brook et al., (2011) observed that BP was elevated in 

people following hotter night.  
Next, heart rate (HR) was noticed to increase 

significantly in the rats chronically exposed to hot 

environment compared to control. This was similar for 

the rats fed on high salt diet. This observation is in line 

with previous studies that acute and chronic heat 

exposure significantly raised HR (Alam et al., 2011 & 

Okoruwa,2014) . The heat-induced rise in HR arising 

from chronic exposure to high environmental 

temperature may be due to sympathetic nervous system 

activation as indicated by previous  study(Yamamoto et 

al., 2007).  
Expectedly, our results  provide further evidence in 

support of the involvement of high salt diet in the 

development of salt-induced hypertension, given the 

significant elevation of SBP, DBP, MAP, HR  and RPP  

of rats fed a high salt diet compared to control,  in 

agreement with previous studies (Elias et al., 2011; 

Malta et al., 2018). Since this form hypertension is 

preponderant among the black race (Lackland, 2014), we 
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reason that high environmental temperature in sub-

Saharan Africa may play a key role in priming the 

kidneys of African descendants towards salt-induced 

hypertension, by suppressing the ability of kidney to 

effectively excrete salt, in tandem with previous historic 

and experimental evidences (Curtin, 1992; Lujan & 

DiCarlo, 2018).  
In line with our hypothesis, the result of this current 

investigation clearly suggest that rats fed a high salt diet 

plus chronically exposed to hot environment, had 

significantly higher SBP, DBP, MAP and RPP relative 

to control and in comparison with rats exposed to hot 

environment alone as well as rats fed a high salt diet 

alone. These observations indicate that chronic exposure 

to high environmental temperature possibly amplified 

the potential negative effect of high salt diet on SBP, 

DBP and MAP and myocardial workload. The 

implication of this is that salt-related hypertension in salt 

sensitive individuals may be worsen by exposure to hot 

environment. Apparently, high environmental 

temperature raised the core temperatures of the heat 

exposed rats with consequent thermal dehydration. This 

possibly activated Renin angiotensin system (RAS) and 

sympathetic nervous system (SNS) to prevent against 

cardiovascular collapse (Gagnon et al., 2015).Indirect 

activation of the SNS could also result from angiotensin 

II, the effector of RAS (Tsuda, 2012) . The resultant 

activities of SNS increases cardiac contractility, cardiac 

output (Crandall and Wilson, 2015), vascular resistance 

(Kenney  & Munce,2003) and renal Na+ retaining 

mechanism (Fujita, 2014) .These potential mechanisms 

possibly contributed to the observed elevated blood 

pressure , augmented heart rate and increased 

myocardial workload as reflected by RPP in this study. 
In support of the elevated blood pressure and 

myocardial workload above, plasma sodium ion (Na+) 

increased significantly in the rats fed exclusively on high 

salt diet, in line with other previous investigations (Elias 

et al.,2011 & Oloyo et al., 2016) , and in the rodents 

exposed to hot environment alone, in support of studies  

by Allahverdi et al., 2013). The high plasma sodium in 

the rats fed a high salt diet is indicative of sodium 

retention, because under normal conditions 95% of 

ingested dietary sodium is expected to be excreted in 

urine (Law et al., 1991). 
Similarly, this present study revealed that plasma 

sodium level was significantly much higher in the rats 

fed with high salt diet plus exposed to hot environment 

compared to rats fed a high salt diet alone. This indicates 

that high environmental temperature further raised 

plasma sodium level in the rats fed with high salt diet, in 

support of the exaggerated blood pressure and 

myocardial workload noticed in this group of rats. This 

is evidently supported by the observation that plasma 

sodium clearance and urinary sodium excretion were 

significantly elevated in the salt loaded rats compared to 

the salt loaded rats concurrently exposed to hot 

environment. In other words, exposure to hot 

environment suppressed the hitherto elevated sodium 

excretion or natriuresis in salt loaded rats. 

 

Evidently, in the face of exaggerated blood pressure, 

sodium excretion was suppressed in the salt loaded rats 

by exposure to hot environment, which is indicative of 

pressure –natriuresis resetting. Pressure-natriuresis is an 

important Physiological mechanism in which elevated 

arterial blood pressure results in increase renal sodium 

excretion or natriuresis (Roman, 1986). The mechanism 

works in a manner that accumulation of dietary sodium 

in body fluid, raises plasma osmotic pressure and 

promotes fluid retention, with resultant elevation of 

blood pressure towards the enhancement of renal sodium 

ion excretion. However, the resetting of this mechanism 

in most experimental and clinical hypertension 

maintains normal sodium excretion despite the elevation 

of arterial blood pressure. This is the picture seen in the 

salt-loaded animal models exposed to hot environment, 

as against the sustained higher sodium excretion 

observed in the exclusively salt-loaded rats in this study 

and in those of other studies (Oloyo et al., 2019).  
The implication of this findings is that exposure to 

hot environment in salt-sensitive population may, 

promote remarkable rise in plasma sodium ion, via the 

resetting of pressure natriuresis. Consequently, this 

could translate into a severe form of salt sensitive 

hypertension, characteristic of the black population, 

living and working under high environmental 

temperature. In support of our result, high environmental 

temperature is known to cause thermal dehydration via 

sweating in human and excessive salivation in rodents, 

with initial loss of sodium and chloride ions. However, 

following acclimatization to chronic exposure to high 

environmental temperature,  Renin Angiotensin System 

(RAS) is evidently activated to mitigate sodium and 

chloride ions loss (Wijkström et al., 2013).  
Meanwhile, in this present study, plasma potassium 

ion (K+), chloride ion (Cl-) creatinine and urea as well as 

GFR were unaffected by exposure to hot environment in 

either the animals fed a high salt diet or in the animal fed 

on normal salt diet. This was similar for animals fed a 

high salt diet, although other investigators did suggest 

otherwise for urea and creatinine (Oloyo et al., 2016) . 

Nonetheless, our observation suggests that high salt diet 

or exposure to hot environment did not change K+, Cl- 

Creatinine and GFR either dependently or 

independently. This therefore clearly indicates that the 



    High environmental temperature and salt-induced hypertension in rats 

 

116     J. Afr. Ass. Physiol. Sci. 7 (2): 2019                  Agbaraolorunpo et al. 

 

 

blood pressure and myocardial workload adjustment 

observed in this study is independent of GFR modulation 

(Hall et al.,1990) and unrelated to alteration in plasma 

potassium and chloride ions. In addition, the relatively 

normal plasma urea and plasma creatinine levels in this 

study suggest that renal function was relatively 

maintained, in the face of these two environmental 

stressors.  
Next, our results show that elevated MAP, SBP, HR 

and RPP in the rats fed with high salt diet were not 

significantly reversed by treatment with telmisartan. 

This is in agreement with previous studies that 

demonstrated the limitation of telmisartan monotherapy 

to normalized MAP  in spontaneous hypertensive 

rats(SHR) fed with high dietary salt (Susic et al., 2013). 

In a similar study, candesartan and losartan could not 

control hypertension in  SHR fed with high salt diet, but 

attenuated the damaging organ effects of excess salt  

(Susic et al., 2010).  
However, temisartan, effectively restored the 

severely elevated MAP, SBP, DBP and myocardial 

workload in the salt- loaded rats exposed to hot 

environment to a level comparable to control in this 

present study. Likewise, SBP and myocardial workload 

were significantly normalized by treatment with 

telmisartan in the rats exposed to hot environment alone. 

These findings indicate that salt-induced hypertension 

aggravated by hot environment may be mitigated by 

angiotensin II type I receptors blocker. This ultimately 

suggests a role for angiotensin II and its antagonist, in 

high environmental temperature influenced salt 

dependent and independent cardiovascular adjustment. 

In line with this reasoning, previous studies have 

suggested the need to downwardly review the doses of 

angiotensin receptor blockers in hot climate (Forsdyke, 

2015) .  
Furthermore, telmisartan did not alter plasma 

potassium, chloride ions, creatinine and GFR levels in 

all angiotensin II receptor blocker -treated experimental 

groups, but it attenuated plasma sodium level 

appreciably in rats fed with high salt diet under hot 

environment. However, this reduction did not reach a 

significant level. Similarly, sodium excretion and 

plasma sodium clearance were not significantly 

enhanced by temisartan in the rats exposed to hot 

environment plus fed a high salt diet, as well as in the 

rats fed a high salt diet alone or exposed to hot 

environment alone. This indicate that restoration of 

blood pressure, and myocardial workload by angiotensin 

II antagonism in the rodents chronically exposed to hot 

environment and high salt diet appeared to be 

independent of plasma potassium ions, chloride ions and 

GFR modulation. Nonetheless, it is not unlikely that 

telmisartan partly attenuated plasma sodium ion given 

the noticeable fall in plasma sodium ion with a 

corresponding slight increase in urinary sodium 

excretion in the telmisartan-treated animal models 

exposed to the combined environmental stressors.  
Overall, our finding indicates that angiotensin type 

1(AT1) receptor blocker possess antihypertensive 

potential that is likely influenced by environmental 

temperature. Ultimately, this potential could be 

beneficial in salt-induced hypertension under hot 

climate. The AT1 receptor mediated action was probably 

facilitated under these combined environmental factors. 

The possible actions of angiotensin II receptor  inhibited 

by AT1 receptor blocker could include  vasoconstriction, 

aldosterone release, catecholamine release, Arginine 

vasopressin peptide release, water intake and fluid 

retention (Barreras and Gurk-Turner, 2003).  
In conclusion, blockade of AT1 receptor with 

telmisartan resulted in significant attenuation of the 

elevated SBP, DBP, MAP, and myocardial workload in 

salt loaded rats exposed to HET, with no reduction in rats 

fed with high salt diet alone. Our study indicates, for the 

first time that long term exposure to high environmental 

temperature significantly exaggerated cardiovascular 

response to high salt diet in salt loaded rats possibly via 

the angiotensin II type I receptor pathway. These 

findings provide a roadmap for future studies on the 

interaction between high environmental temperature and 

high salt diet in the pathophysiology and epidemiology 

of salt related hypertension and it potential 

cardiovascular outcome among the blacks. This study 

also provides a benchmark for the investigation of the 

therapeutic potentials or dilemma of angiotensin 

Receptor pathway under these dual environmental 

stressors. 
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