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A B S T R A C T

High dietary salt intake is an important risk factor for cardiovascular and renal diseases. However, sexual
disparity exists in the response of target organs to high salt diet (HSD). To determine how sex affects cardiac and
renal functions’ response to HSD, 20 weanling Sprague-Dawley rats (10 males and 10 females) were divided into
4 groups of 5 rats each. The rats were fed a normal diet (0.3% NaCl) or HSD (8% NaCl) for 12 weeks. Fluid
balance (FB) was determined from 24 hrs water intake and voided urine. Blood pressure (BP) was measured via
arterial cannulation under anesthesia (25% w/v urethane and 1% w/v α-chloralose; 5 ml/kg, i.p). Serum levels of
troponin I, aminotransaminases, creatinine, urea, uric acid and electrolytes as well as urinary concentration of
albumin, creatinine, and electrolytes were measured using appropriate assay kits. Values are presented as mean �
S.E.M, compared by two-way ANOVA and Bonferroni post Hoc test. In the male rat, HSD significantly increased
BP, serum: Troponin I, LDH and sodium (p < 0.05), urinary: albumin, sodium, potassium and FB (p < 0.05). In the
female rat, HSD increased BP, serum: troponin I, LDH, sodium and creatinine clearance (p < 0.05), urinary: al-
bumin, sodium and potassium (p < 0.01). However, HSD increased more, the BP, serum: Troponin I, LDH, urinary
albumin and FB in male rats, while HSD increased urinary sodium more in female rats. Basal values in male vs.
female of serum LDH and urinary albumin were significantly different. Thus, sex plays an important role in the
response of the heart and kidney to salt stress.
1. Introduction

Hypertension is an important contributor to cardiovascular and renal
disease. However, hypertension can be influenced by a number of risk
factors such as genetic, environmental, lifestyle and sex. An excess of
dietary salt is the most common environmental factor that contributes to
the development of hypertension leading to cardiovascular and renal
pathologies [1, 2]. Salt-sensitive hypertension is associated with higher
morbidity and mortality from cardiovascular diseases than hypertension
caused by other factors [3, 4]. In fact, salt sensitivity increases the risk of
death independent of elevated blood pressure (BP) [3].

The mechanisms involved in BP elevating effect of a high salt diet are
not fully understood. However, experimental studies have suggested
impairment of cardiovascular and renal functions as well as dysregula-
tion of fluid volume and autonomic system [5, 6]. In addition to raising
BP, a high salt diet poses other threats to human health. For instance, a
high salt diet has been shown to increase the left ventricular mass,
thicken and stiffen the aorta while thickening and narrowing the
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resistance arteries such as mesenteric, coronary and renal arteries [5, 6,
7]. We have previously shown that high salt diet thickens and narrows
the mesenteric artery by promoting vascular smooth muscle cells hy-
perplasia and extracellular matrix proteins deposition [8] and that, high
salt diet also impairs both endothelium - dependent and independent
relaxation response to agonist [9, 10]. Other harmful effects of a high salt
diet aside BP elevation include, cardiac and vascular hypertrophy as well
as renal dysfunction which, may be independent of the arterial pressure
[6]. However, these harmful effects appear to be as important as the
arterial blood pressure elevating effect of a high salt diet.

Cardiovascular diseases and their risk factors exhibit sex differences.
Men are reported to be more prone to, and are more likely to die of, heart
diseases when compared with females of similar age [11]. Even at later
period of life, when age cancels out the sex disparity in the prevalence
and severity of CVDs and heart diseases between male and females, fe-
males still exhibit some peculiar specific traits in the dynamics and
pathophysiology of CVDs and heart diseases. For example, while the
prevalence of heart failure is comparable between men and women post
ay 2019
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Table 1
Effect of a high salt diet on the per cent weight change, heart and kidney weight
indices and fluid balance in male and female Sprague-Dawley rats.

Groups %weight
change

Heart Index Kidney
Index

Fluid Balance
(ml)

Male þ NS 152.9 � 4.4 0.26 � 0.03 0.51 � 0.04 4.34 � 0.7
Male þ HS 120.09 �

3.3***
0.37 �
0.01Ϯ

0.68 �
0.03ϯϯ

10.21 � 1.19ϮϮ

Female þ
NS

135.47 � 4.45 0.33 � 0.02 0.52 � 0.03 4.1 � 1.69

Female þ
HS

122.17 �
4.72**

0.44 �
0.04Ϯ

0.57 � 0.07 6.1 � 0.55#

Data presented as mean � S.E.M. Significant reduction (*p < 0.05; **p < 0.01;
***p < 0.001) when compared with corresponding normal salt diet groups.
Significant increase (Ϯp<0.05; ϮϮp<0.01) when compared with corresponding
control on a normal salt diet. Significant decrease (#p < 0.05) when compared
with male high salt group, N ¼ (5).
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75 years of age, women have a greater prevalence of heart failure with
preserved ejection fraction (HFpEF) compared to men [12]. In HFpEF,
the ejection fraction remains the same yet the ventricle is failing. The
higher prevalence of HFpEF in women is due to basic sex differences in
a

b

Fig. 1. (a). Effect of high salt diet on Mean Arterial Blood Pressure (MABP) of male an
when compared with corresponding controls. (b). Role of sex on the effect of high sa
compared with female high salt diet. N ¼ 5.
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the physiology of men and women cardiovascular system. For instance,
women possess a smaller left ventricular chamber, lower stroke volume,
yet a comparable cardiac output to male because they have a higher
resting heart rate when compared with men [12, 13]. Likewise, in
women, the effect of aging on cardiomyocytes decline is attenuated while
LV concentric remodeling and diastolic dysfunction are more pro-
nounced [12].

Like other cardiovascular diseases and its risk factors, sensitivity to
high dietary salt also exhibit sexual disparity as male rats show a greater
increase in BP when compared with female rats after a high salt diet [14,
15]. The reason for this sex differences in CVDs, its risk factors, as well as
BP sensitivity to dietary salt is multifactorial and not properly under-
stood. However, several hypotheses have been propounded for this sex-
ual disparity. Such include, the potential role of sex hormones (estrogen
and testosterone), the renin–angiotensin system (RAS), oxidative stress,
endothelin, and sympathetic system activation [16]. Specifically, high
androgen and lower estrogen levels are reported to be associated with
risk factors for heart diseases in post-menopausal women and high
testosterone to estrogen ratio is said to be associated with elevated risk
for incident CVDs, coronary heart diseases and heart failure [17].

The sex differences in the sensitivity of BP to a high salt diet is quite
d female Sprague – Dawley rats. Significant increase (**p < 0.01; ***p < 0.001)
lt diet on MABP in Sprague-Dawley rats. #Significant increase (p < 0.05) when
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Fig. 2. (a). Effect of high salt diet on Rate Pressure Product (RPP) of male and female Sprague – Dawley rats. Significant increase (***p < 0.001) when compared with
corresponding controls, (b). Role of sex on the effect of high salt diet on RPP in Sprague-Dawley rats. #Significant decrease when compared with male normal salt diet.
N ¼ 5.
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clear, however, not much has been done with regards to sex differences in
other harmful effects of high dietary salt that are independent of, or
additive to blood pressure elevation. Therefore, this study was designed
to investigate the sex differences in the cardiac and renal response to high
salt diet by measuring the biomarkers of the cardiac and renal functions
in Sprague-Dawley rats exposed to a long term high dietary salt.

2. Materials and methods

2.1. Animal groupings

All animal procedures in this study were performed in accordance
with the guidelines of the research and ethics committee of college of
medicine, university of Lagos for the use of laboratory animals.

Twenty (10 males; 10 females) 6 weeks old weanling Sprague-Dawley
rats weighing between 90-120 grams were acquired from Animal Care
Facility (ACF) of the College of Medicine, University of Lagos. They were
housed in ventilated cages on a 12:12 hour light-dark cycle and accli-
matized for a week. The rats were divided into 4 groups along sex and
diet lines: male plus normal Salt (MaleþNS); Male plus high salt (Maleþ
3

HS); Female plus normal salt (Female þ NS) and female plus high salt
(Female þ HS). Normal salt groups were fed a diet containing 0.3% and
high salt groups were fed diet containing 8% salt. The rats chow was in
pelleted form and purchased from an animal feed company (Ratsmattaz,
Lagos, Nigeria). The high salt diet contains 7.7% NaCl w/w in addition to
the normal 0.3% w/w NaCl that is originally present in the normal diet.
Food and water were provided ad libitum.
2.2. Body weight, food intake and fluid balance determination

Body weight and the amount of food intake were determined weekly
throughout the duration of the experiment using weighing balance
(Ed4000 Symmetry Cole-Parmer USA). Percent weight change was
calculated as the difference between the final and initial body weight
divided by initial body weight. Food consumption was evaluated daily, as
known amount of food was given to each animal in a cage. After 24 hrs,
the remaining food was taken from the cage and weighed. To determine
the quantity of feed consumed, the left-over was deducted from the total
amount initially provided. Food intake was calculated as g/day. During
the last week of the experimental period each rat was housed separately
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Fig. 3. (a). Effect of high salt diet on serum Troponin I concentration in male and female Sprague – Dawley rats. Significant increase (***p < 0.001) when compared
with corresponding controls, (b). Role of sex on the effect of high salt diet on serum Troponin I concentration in Sprague-Dawley. Significant increase #(p < 0.05)
when compared with female high salt diet. N ¼ 5.
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for 24 hours in a metabolic cage for collection of urine and measurement
of daily water intake. Fluid balance was determined as the difference
between 24-hour –urine volume and water intake. An aliquot of the
collected urine was kept in refrigerator for further analysis.
2.3. Blood pressure measurement

At the end of the 12-week experimental period, blood pressure of
animals was measured via arterial cannulation as previously described
[9]. Briefly, under 25% urethane and 1% α-chloralose anesthesia (5
ml/kg bodyweight i.p), an incision was made on the trachea and a tra-
chea tube PE250 was inserted for air passage. Two loops of thread were
then placed around the trachea to hold in place the trachea tube. The
carotid artery was carefully separated from the Vagus nerve, exteriorized
and cannulated using a PE50 cannula filled with 1% normal saline, and
the cannula was connected to a pressure transducer (model 7d, grass
instrument Massachusetts USA) by a 3-way tap which was in turn con-
nected to a grass polygraph via a preamplifier and a driver amplifier to an
ink writing stylus. The animal was allowed to rest for 10–15 minutes
before blood pressure readings were taken. Mean arterial pressure was
calculated as the sum of the diastolic pressure (DP) and a third of pulse
pressure (PP) (DPþ1/3PP). Pulse pressure is the difference between
systolic pressure (SP) and diastolic pressure in mmHg. Rate pressure
4

product (RPP) which is an indicator of myocardial oxygen demand
(MOD) was determined from the product of systolic pressure and heart
rate.
2.4. Biochemical assays

Blood was collected into plain bottles from the cannulated carotid
artery of anaesthetized rats immediately after blood pressure measure-
ment. Collected blood was centrifuged for 15 min at 3000 rev./min,
serum was used for the blood chemistry assay. After sacrifice, the heart
and kidneys of the animals were harvested and carefully cleared of
connective tissues, dried between filter paper and weighed on (Ohaus
scout pro balance 400� 0.01g). The organ weight index was taken as the
division of each organ by the body weight multiplied by 100.

Serum cardiac troponin I (cTn-I) values was determined using
enzyme-linked immunosorbent assay (ELISA) based commercially
available kit (Diagnostic Automation, Inc. Calabasas) according to the
manufacturer's instructions. Serum lactate dehydrogenase (LDH) levels
were measured by colorimetric-based commercially available kit (Cy-
press Diagnostics, Belgium) according to the manufacturer's instructions.

Serum aspartate aminotransaminase (AST) and alanine amino-
transaminase (ALT) levels were measured using colorimetric based
commercially available kits (Randox Laboratories Ltd, UK) according to



a

b

Fig. 4. (a). Effect of a high salt diet on serum LDH concentration in male and female Sprague-Dawley rats. Significant increase (***p < 0.001) when compared with
corresponding controls. (b). Role of sex on the effect of high salt diet on serum LDH concentration. No significant difference between male and female (p > 0.05) N
¼ 5.
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the manufacturer's instructions.
Urinary and serum creatinine; urinary albumin, serum uric acid and

serum urea concentrations were determined using commercially avail-
able kits (Biolabo Reagents, France), according to the manufacturer's
instruction. Creatinine clearance was determined from the effective uri-
nary and serum creatinine concentrations.
2.5. Urinary and serum electrolyte concentration

Urinary and serum concentrations of sodium and potassium were
determined using the gas flame method. Using compressed air, diluted
samples were sprayed as fine droplets into a luminous gas flame which
becomes colored by the characteristic emission of sodium or potas-
sium ions in the sample. Using a light filter, the light wavelength
corresponds to that of the metal concentrations being determined. The
amount of light emitted depends on the concentration of the ions
present in the sample. The flame photometer was first adjusted to
zero using deionised water. Thereafter a standard sample was pre-
pared. The samples were diluted with deionized water to 1 in
200 dilutions. The standard knob for potassium was adjusted to 5.0
mEq/L while that of sodium was set at 140 mEq/L. The various
sample dilutions were subjected to the flame and their concentration
recorded.
5

2.6. Statistical analysis

Data were presented as Mean � SEM and analyzed using two-way
analysis of variance (2- way ANOVA) and Bonferroni post hoc test. The
columns were defined by the treatment (normal and high salt diet) and
the rows were defined by the biological variable - sex (male and female).
Confidence interval was placed at 95%, so that in all cases probability
values less than 0.05 (p � 0.05) were considered significant. GraphPad
Prism version 5.0 for windows was used for these statistical analyses
(GraphPad software, San Diego California USA).

3. Results

3.1. Effect of high salt diet on body weight, organs weight indices and fluid
balance in male and female Sprague-Dawley rats

Table 1 shows the percent body weight gain, heart and kidney weight
indices and fluid balance of male and female Sprague-Dawley rats fed a
normal or high salt diet for 12 weeks. High salt diet reduced the
magnitude of the increase in percent weight gain of both male and fe-
male. However, the magnitude of percent weight gain in males fed a high
salt diet were significantly less (p < 0.05) when compared with that of
females fed a high salt diet. Neither the male nor female rats showed



a

b

Fig. 5. (a). Effect of a high salt diet on AST concentration in male and female Sprague-Dawley rats. Significant increase (***p < 0.001) when compared with cor-
responding controls. (b). Role of sex on the effect of high salt diet on serum AST concentration in Sprague-Dawley rats. #Significant increase (p < 0.05) when
compared with male on normal salt diet (control). N ¼ 5.
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apathy to the high salt diet as there was no difference in food con-
sumption between animals placed on normal or high salt diet (not
shown). A high salt diet increased the weight indices of both the heart
and kidney only in the male rats. However, female fed a high salt diet had
a significantly higher (p< 0.05) renal weight index when compared with
female fed a normal salt diet. Fluid retention was higher in male rats fed a
high salt diet when compared with the controls that are placed on normal
salt diet. Likewise, male rats fed a high salt diet retained more fluid when
compared with females fed a high salt diet.
3.2. Effect of high salt diet on mean arterial blood pressure and rate
pressure product (RPP) in male and female Sprague-Dawley rats

High salt diet increased blood pressure both in the male and female
rats when compared with their corresponding control which were fed
a normal salt diet (Fig. 1a). However, when fed a high salt diet, male
rats develop a higher arterial blood pressure compared to the females.
Likewise, the magnitude of BP elevating effect of high salt diet was
higher in the male compared to the female: p < 0.001 Male þ HS vs.
Male þ NS compared to p < 0.01 female þ HS vs. female þ NS
(Fig. 1b).

In the control rats that were fed a normal salt diet, RPP was signifi-
cantly higher in the male when compare with the female rat (Fig. 2b).
However, RPP in both male and female rat was elevated by a high salt
diet to a similar level (Fig. 2a), abolishing the sex difference that exists
between the RPP at the basal level in the rats (Fig. 2b).
6

3.3. Effect of high salt diet on biomarkers of cardiac function in male and
female Sprague-Dawley rats

Figs. 3a and b, 4a and b, 5a and b and 6a and b show the serum
concentrations of cardiac troponin I (cTn-I), lactate dehydrogenase
(LDH), aspartate amino transferase (AST) and alanine amino transferase
(ALT) of male and female rats fed normal (0.3%) or high (8%) salt diet
respectively.

There was a significant increase (p < 0.05) in cTn-I levels of male and
female rats fed a high salt diet when compared with those on normal diet
(Fig. 3a). However, the effect of a high salt diet on cTn-I exhibit sexual
disparity as cTn-I concentrations in male rat fed a high salt diet was
significantly higher (p < 0.05) than that of female fed a high salt diet but
there was no difference in the serum cTn-I concentrations of both male
and female rats fed a normal salt diet (Fig. 3b).

High salt diet significantly increased (p < 0.001) the serum concen-
trations of LDH in both the male and female rat when compared with
their corresponding control groups that were on normal salt diet
(Fig. 4a). But there was no significant difference in the serum concen-
tration of LDH between male and female on either normal or high salt
diet when compared with each other (Fig. 4b). This suggests that the
effect of a high salt diet on serum concentration of LDH in Sprague-
Dawley rat does not exhibit sexual dimorphism.

High salt diet significantly increased (p < 0.001) serum level of AST
in male but not in female rats (Fig. 5a). However, there was a significant
increase in the serum concentration of AST in female rat fed a normal salt
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Fig. 6. (a). Effect of a high salt diet on serum concentration of ALT in male and female Sprague-Dawley rats. Significant increase (**p < 0.01) when compared with
female on normal salt diet (control). (b). Role of sex on the effect of high salt diet on serum ALT concentration. Significantly higher (#p < 0.05) when compared with
corresponding female controls. N ¼ 5.
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diet when compared with male fed a normal salt diet, suggesting that the
normal basal serum level of AST exhibit sexual disparity in Sprague-
Dawley rats (Fig. 5b).

There was a significant increase (p< 0.01) in the serum concentration
of ALT in female rat that were fed a high salt diet when compared with
the control female rats that were fed a normal salt diet (Fig. 6a). How-
ever, there was no significant difference in the serum concentration of
ALT in male rat when compared with their control, but there was a sig-
nificant elevation in the serum ALT concentration of male rat fed a
normal salt diet when compared with that of female rat fed a normal salt
diet (Fig. 6b).

3.4. Effect of high salt diet on creatinine clearance, concentrations of serum
urea, serum uric acid and urinary albumin in male and female Sprague-
Dawley rats

Figs. 7a and b, 8a and b, 9a and b and 10a and b show the effect of a
high salt diet on creatinine clearance, serum concentrations of urea, uric
acid and urinary concentration of albumin in male and female Sprague-
Dawley rats respectively. The clearance of creatinine was significantly
higher (p < 0.05) in female rats fed a high salt diet when compared with
its control (Fig. 7a). There was no significant difference in the creatinine
clearance of male rats fed a high salt diet when compared with male fed a
normal salt diet (Fig. 7a). However, creatinine clearances were signifi-
cantly higher in females fed a normal or high salt diet when compared
with male rats fed a corresponding normal or high salt diet (Fig. 7b).

High salt diet significantly increased (p < 0.001) serum concentra-
tions of urea in both male and female rats when compared with their
corresponding control (Fig. 8a). Serum concentrations of urea were
7

similar in both male and female rats fed a high salt diet (Fig. 8b) sug-
gesting that there was no sex disparity in the effect of a high salt diet on
serum concentration of urea.

There was a significant increase in the serum concentration of uric
acid in male (p < 0.001) and female (p < 0.05) fed a high salt diet when
compared with their corresponding control (Fig. 9a). However, there was
a significant increase (p < 0.01) in the concentration of uric acid in the
serum of female rat on normal salt diet when compared with male rat on
a normal salt diet (Fig. 9b).

High salt diet significantly elevated urinary concentration of albumin
in both male (p < 0.001) and female (p < 0.05) when compared with
their corresponding controls (Fig. 10a). But the effect of a high salt diet
was greater in the male when compared with the female, as there was a
significant decrease in the urinary concentration of albumin in the female
fed a high salt diet when compared with male on the same diet (Fig. 10b).

3.5. Effect of high salt diet on urinary and serum electrolytes
concentrations

Table 2 shows the effect of a high salt diet on concentrations of serum
and urinary sodium and potassium in male and female rats. At the end of
the 12 weeks salt-loading, there was a significant elevation in both serum
and urinary concentrations of sodium in both male and female rats (p <

0.01). There was no significant difference in the concentrations of po-
tassium in the serum of both male and female rats on either normal or
high salt diet when compared with each other. However, a high salt diet
increased urinary excretion of potassium in both the male (p < 0.05) and
the female (p < 0.01) rat when compared with their corresponding
controls.
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Fig. 7. (a). Effect of a high salt diet on creatinine clearance in male and female Sprague-Dawley rats. Significant increase (*p < 0.05) when compared with female
control. (b). Role of sex on the effect of high salt diet on creatinine clearance in Sprague-Dawley rats. #Significant increase (##p < 0.01; ###p < 0.001) when
compared with corresponding male control on the same diets (normal or high salt diet). N ¼ 5.
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4. Discussion

The major findings of this study are that: 1) in both male and female
rats, a high salt diet increased BP, RPP, heart weight index, the serum
concentrations of troponin I, LDH, urea, uric acid and sodium ions as well
as urinary concentrations of sodium, potassium and albumin; 2) in only
the male rats, a high salt diet increased the kidney weight index, fluid
retention and serum concentration of AST; 3) in only the female rats, high
salt diet increased serum concentration of ALT and creatinine clearance;
4) The effect of a high salt diet on BP, fluid retention, serum concen-
tration of Troponin I, urinary concentration of albumin and creatinine
clearance exhibits sex disparity. With the exception of creatinine clear-
ance where the effect of high salt diet was more pronounced in female
rats, the magnitude of the effect of a high salt diet were higher on all the
aforementioned parameters in males; 5) in the control rats fed a normal
salt diet, RPP, serum concentrations of AST, ALT, uric acid and creatinine
clearance exhibit sexual dimorphism. Except RPP and serum concentra-
tion of ALT which were lower in female, serum concentrations of AST,
and uric acid and creatinine clearance were higher in the female rats.

The decrease in percent body weight gain observed in the salt loaded
group agrees with the previous study in which observations showed that
8

intake of high salt diet decreased the percentage body weight gain of rats
fed high salt diet [18]. Salt intake has been shown to stimulate appetite,
increase food intake and bodymetabolism, which then causes an increase
in energy expenditure and leads to a decrease in body weight [18]. This
observation of a reduction in the magnitude of gain in body weight of rats
fed a high salt diet may also be related to an increase in body water loss
through excessive urination observed during the experiment with the
intact plus high-salt diet groups.

Increased organ body weight index is an indication of swelling or
hypertrophy in the particular organ [19]. However, the decrease in the
magnitude of weight gain in the high salt fed rats ruled out the possibility
of swelling as being responsible for the increase in the organ weight
indices because, swelling would have concomitantly increased the total
animal's body weight as well as the organs' weight indices. The increase
in the heart weight index of the rats fed a high salt diet may be due to
hypertrophy of the heart. This is consistent with other findings which
shows that high salt intake is strongly implicated in cardiac hypertrophy
hence increase in heart weight index [6, 20, 21]. The increase in kidney
weight index of rat observed in this study may be as a result of renal
hypertrophy and/or hyperplasia as studies have shown that pronounced
changes in reabsorptive abilities and cytoarchitecture of kidney follows a
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Fig. 8. (a). Effect of high salt diet on Serum concentration of Urea in male and female Sprague Dawley rats. Significant increase (***p < 0.001) when compared with
corresponding controls. (b). Role of sex on the effect of high salt diet on serum urea concentration in Sprague-Dawley rats. No significant difference (p > 0.05) between
male and female N ¼ 5.
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high dietary salt intake in order to maintain sodium balance [22]. In
addition, dietary salt intake has been implicated in the progression of
renal injury, increases proteinuria and renal growth in rats [23].

The increase in blood pressure in rats fed a high salt diet in this study
is consistent with our previous findings [8, 9, 24] and that of others [25].
In this study, myocardial oxygen demand (MOD) was calculated as the
rate pressure product (RPP) from the product of the heart rate and the
systolic blood pressure. This is indicative of the work done by the cardiac
muscle. An increase in the RPP of the rats fed a high salt diet suggests an
increase in the work of the heart in these animals. And this finding is
consistent with the elevated BP that was observed in the same group of
rats fed a high salt diet, since an increase in the systemic BP increases the
work done by the heart in pumping blood out of the left ventricle up and
above the systemic BP. The increase in RPP and the BP is also consistent
with the observed increase in cardiac weight indices in rats fed a high salt
diet as an increase in the work of the heart will lead to cardiac hyper-
trophy. In addition to raising BP, a high salt diet has been shown to in-
crease the tissue demand for oxygen [26], a finding that supports our
result on the increase in RPP in the group of rats fed a high salt diet.
Abolition of sex disparity that exist in the RPP of control male and female
rats fed by a high salt diet suggests that female rats respond more to an
9

increase in tissue oxygen demand effect of a high salt diet.
Cardiac troponins are regulatory proteins within the myocardium

that are released into the circulation in the event of damage to the
myocyte. Therefore, serum troponin is an exquisitely sensitive marker of
myocardial injury and is necessary for establishing the diagnosis of
myocardial infarction (MI). Troponins are protein components of striated
muscle. There are three different troponins: troponin C, troponin T and
troponin I. Troponin-I exists in three isoforms; one in fast-twitch skeletal
muscle, one in slow-twitch skeletal muscle, and one in cardiac muscle.
Troponin I have been found to increase in acute myocardial infarction
after 3–6 hours of the onset of chest pain, peak in about 12 hours and
remain elevated for 3–10 days because of continuous release of myofil-
ament components from the injured cardiac muscle [27, 28].

The observation in this study that a high salt diet significantly
increased troponin I of male and female rats when compared with those
on normal salt diet may be due to leakage of troponin I (cTnI) from viable
cardiomyocytes of the rats. After muscle injury by trauma or ischemia,
troponin is released into the blood stream and its levels correlate well
with tissue injury [29]. Left ventricular hypertrophy [30] and inflam-
matory conditions such as myocarditis and pericarditis [31] has been
found to correlate with elevated troponin release in stable physical
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Fig. 9. (a). Effect of high salt diet on Serum concentrations of uric acid in male and female Sprague Dawley rats. Significant increase (*p < 0.05; ***p < 0.001) when
compared with corresponding controls. (b). Role of sex on the effect of high salt diet on serum uric acid concentration in Sprague-Dawley rats. Significant increase
(##p < 0.01) when compared with control male. N ¼ 5.
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conditions. The increase in the cTnI of rats fed a high salt diet is
consistent with the elevated MOD and BP of the same group of rats in this
study, as an increase in BP, MOD and cardiac hypertrophy could pre-
dispose the cardiac muscle to damage and hence the release of cardiac
troponin I into blood stream of the rats. The greater increase in troponin I
of male rats when compared with female rat in this study may be due to
the protective effects of estrogens in the cardiovascular system [16, 32].
Estrogen has been shown to attenuate the development of cardiac hy-
pertrophy and fibrosis through activation of steroid receptors located on
myocytes, fibroblasts, and the extracellular matrix [33] and delays the
progression of hypertension [34], development of cardiac hypertrophy
[35], reduces activation of the renin-angiotensin system [36] and
limits fibrosis, in salt-sensitive experimental models [17, 21] and in
humans [37].

Serum levels of LDH, AST and ALT provide an excellent tool for the
diagnosis of tissue damage. LDH has isoforms in the heart and other
organs such as the liver with the H-type isoenzyme predominating in the
heart [38]. Elevated levels of AST, ALT and LDH observed in rats fed a
high dietary salt when comparedwith those on normal diet may be due to
the disruption or damage of cell membrane that led to the leakage of
these enzymes from the heart tissue to the serum. In myocardial stress
such as infarction, LDH level in the serum was found to increase and the
enzyme level was found to be proportional to the level of the damage to
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the heart muscles and in serious cases the elevation can even be threefold
[38, 39]. Likewise, the determination of AST is used to diagnose acute
myocardial infarction, the serum level of AST has been shown to relates
directly to the number of cells affected by disease or injury [15]. Eleva-
tion of LDH, AST and ALT in the present study indicates an increased
insult to the myocardium consequent of salt stress as marked elevation of
serum AST is indicative of myocardial stress [40]. Our finding of sex
disparity in the serum concentrations of ALT in the control animals is
consistent with other studies which have reported a consistently higher
concentration of serum ALT in males when compared with females [41,
42]. This may account for the basis on which elevated ALT is considered a
more important predictor of cardiovascular risk in males [43].

The results of this study demonstrate that salt intake is an important
factor in the control of urinary volume and fluid intake. In both groups of
male and female animals, high dietary salt intake resulted in comparable
increases in urinary output with an increase in water intake and fluid
balance in the males. According to Rhoades and Bell [44], an increase in
serum sodium and serum osmolarity stimulate thirst and anti-diuretic
hormone which results in an increase in fluid intake, reduced serum
osmolarity and increased urine volume [44].

In this study, rats fed with high dietary salt had significantly increased
serum urea. Serum urea has been reported to increase in acute and
chronic intrinsic renal disease and also when there is decreased effective
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Fig. 10. (a). Effect of high salt diet on urinary concentration of albumin in male and female Sprague-Dawley rats. Significant increase (*p < 0.05; ***p < 0.001) when
compared with corresponding controls. (b). Role of sex on the effect of high salt diet on urinary albumin concentration in Sprague-Dawley rats. Significant increase
(#p < 0.05) when compared with control male. N ¼ 5.

Table 2
Effect of a high salt diet on Serum and urinary concentrations of sodium and
potassium in male and female Sprague – Dawley rats.

Groups Serum
Sodium
(mmol/l)

Serum
potassium
(mmol/l)

Urinary
Sodium
(mmol/l)

Urinary
Potassium
(mmol/l)

Male þ
NS

131.4 � 2.40 4.79 � 0.19 0.24 � 0.01 0.10 � 0.001

Male þ
HS

142.0 �
2.33**

4.78 � 0.14 1.12� 0.06** 0.24 � 0.06*

Female þ
NS

133.6 � 1.44 4.69 � 0.10 0.39 � 0.04 0.14 � 0.001

Female þ
HS

143.6 �
1.50**

4.98 � 0.25 2.4 � 0.18** 0.32 � 0.002**

Significant increase (*p < 0.05; **p < 0.01) when compared with corresponding
controls. There is no significant difference (p > 0.05) between male and female
rats' serum and urinary electrolyte concentration. N ¼ (5).

A.K. Oloyo et al. Heliyon 5 (2019) e01665
circulating blood volume with decreased renal perfusion [45]. A lower
rate of secretion of urea into urine resulting from renal insufficiency
would cause its concentration in serum to increase. However, in the
current study, rats fed a high dietary salt for 12 weeks were also found to
have increased urinary urea concentration. The result observed in this
study may be as a result of increased feed intake and increased metabolic
11
rate associated with high salt intake [18], hence increased urinary
excretion of metabolites such as urea.

Creatinine is formed in muscle from creatine phosphate by irrevers-
ible, non-enzymatic dehydration and loss of phosphate. The serum level
of creatinine as well as its renal clearance is indicative of renal function as
creatinine is excreted only via the kidney [46]. The result of this study
showed an increase in creatinine clearance in females in high salt group
when compared with the normal. These may be due to the renal pro-
tective role of estrogen in females [16].

Studies have found that proteinuria is a major risk factor for the
progression of renal disease [47]. The increase in the urinary albumin
concentration of high salt fed animals in this study may be a manifesta-
tion of renal dysfunction. It is possible that the high sodium diet is
harmful to the selective permeability of the glomerular basement mem-
brane and worsen the urinary excretion of albumin in high salt animals
[17, 48] as high sodium intake has been associated with high serum uric
acid and urinary albumin excretion levels in human [49].

Findings from this study show higher uric acid concentration in serum
of rats fed with high salt diet when compared with those fed with normal
diet. Elevated serum uric acid (SUA) levels can result from a number of
factors, including both acute and chronic causes. Hyperuricemia can
result from conditions that cause a reduction in the glomerular filtration
rate (GFR), a decrease in the excretion of uric acid, or an increase in
overall tubular absorption [50]. Hyperuricemia has been shown to be
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linked to a number of diseases and conditions, including gout, hyper-
tension, cardiovascular disease, myocardial infarction, stroke, and renal
disease [51, 52].

The increase in the serum concentration of sodium ion in the salt
loaded rats is consistent with increased fluid retention and elevated BP
that were observed in the same group of rats in this study. These findings
are also consistent with earlier reports that salt loading leads to elevated
serum levels of sodium ion [53], fluid retention [2] and elevated BP [24].
Salt is not readily excreted from the body when ingested. Rather, it
indirectly increases the extracellular fluid volume via two basic mecha-
nisms, it increases the osmolarity of the body fluids which stimulate the
thirst center causing increased water intake and also stimulates the hy-
pothalamic posterior pituitary gland secretion mechanism to secrete in-
crease quantities of anti-diuretic hormone [53]. In order to excrete the
excess sodium ions in the body, the systemic blood pressure is elevated
leading to an increase in BP via a mechanism referred to as pressure
natriuresis [54, 55]. It is already known that sodium ion and potassium
ion work and operate inversely as a result of the activity of sodium po-
tassium pump [56, 57]. Increased excretion of sodium ion would have
resulted in a concomitant reabsorption of potassium ion from the renal
tubules. However, in this study, there was no significant net change in
serum potassium concentration in rats fed on high salt diet when
compared with those on normal diet.

These observed sex differences in cardiac and renal functions in this
study may be due to differences in sex hormones in male and females. It
has been established that female sex hormones affect renal excretion.
Studies in rats have shown that whole kidney GFR and single nephron
GFR are higher in males than females due to a higher renal blood flow
and lower renal vascular resistance, that result in sustained hyper-
filtration in males [58]. Such effects of the different sex hormones could
be explained by the observed sex differences in renal pathology between
male and female, as studies have shown that while the number of
glomeruli is the same between males and females, renal vascular resis-
tance is much higher in females and thus the male kidney is vasodilated
relative to the female hence higher rate of metabolite excretion in males
than in females [58].

Thus, findings from this study suggest that effect of a high salt diet on
blood pressure and biomarkers of cardiac and renal functions exhibit sex
disparity which is greater in male when compared with female Sprague-
Dawley rats. A better understanding of potential sex-specific differences
in cardiac and renal functions and pathologies may provide and important
insight for the effective prevention and/or management of salt-sensitive
hypertension and its attending end organ or target organ damage.
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