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The consumption of dietary salt has significantly increased globally, especially in the developed countries. High
dietary salt intake has been linked to onset and complications in hypertension with a dimorphism tendency. There is
scanty information about the influence of high salt diet on the immune cell population and androgen level in
circulation. Male Sprague–Dawley rats of 8 weeks old were used for this study. They were divided into control (fed
0.1% salted feed) and salt-loaded groups (fed 8% salted feed) for 8 weeks. All experimental rats were allowed access
to clean drinking water; daily feed consumption was measured in addition to weekly weight. On confirmation of
hypertension using PowerLab® data acquisitions system, the rats were sacrificed and blood samples were collected
into EDTA and sterile sample bottles. EDTA-blood samples were used for white blood cell and CD4 counts while the
serum was used for hormonal assays. All salt-loaded rats became hypertensive, with a significant increase in total
white blood cell, lymphocyte, neutrophil, monocyte, and CD4 cell counts. However, the eosinophil count was
significantly decreased in salt-loaded rats. This study showed no change in the serum testosterone in salt-loaded male
rats compared with control. In summary, dietary salt loading while precipitating hypertension also activated increased
production of white blood cells and CD4 cells without any change in the serum testosterone level.
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Introduction

Dietary salt contains sodium and chloride ions and its consumption has been increased
across the globe along with numerous reported cardiovascular-related detrimental experi-
ences (3, 6, 18). The reported global increase in dietary salt consumption is a result of
increased consumption of processed food treated with relatively high quantities of salts for
preservation and taste enhancement (6, 7, 11). Thus, the projected detrimental effects of
high salt consumption, such as cardiovascular and renal diseases, are prevalent in the cities
(4, 10). The role of chronic dietary salt consumption in the pathogenesis of cardiovascular-
related diseases is well documented (5, 19). However, there are scanty reports on the
influence of high dietary salt consumption on the immune system. Okuda and Grollman
(14) reported that hypertension can be induced in normotensive rats by transferring
lymphocytes from hypertensive rats. This suggested that hypertension at some point
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precipitates vascular immune reaction, which can further worsen the hypertensive state by
inducing cytokine-mediated vasoconstriction and aggravating the development of athero-
sclerosis (8, 12). The autonomic nervous system innervates the bone marrow, spleen, and
peripheral lymphatic system with the parasympathetic branch dampening the cardiovascu-
lar (12), and with the sympathetic branch precipitating the pro-inflammatory effects (16).
This claim about sympathetic effect on these tissues was buttressed by the observation that
high-ambient sodium ion concentration around immune cells both in vivo and in vitro
induced their proliferation and their cytokine production (10, 20). Thus, this observation
suggests that the vascular immune reactions that follow hypertension may have been
induced independently by chronic hypernatremia and not by pathophysiological responses
to elevated blood pressure. This study was designed to investigate the effect of dietary salt
loading on the proliferation of some specific immune cells, such as neutrophils, eosinophils,
monocytes, lymphocytes, and CD4 cells, and its possible link to a change in serum
testosterone level using laboratory rats.

Materials and Methods

Animals
A total of 18 male Sprague–Dawley (SD) rats of 8 weeks old weighing 100 g each were
used for this study. They were housed in plastic cages at a population of six rats per cage at
a room (daylight) temperature of about 29–32 °C. All procedures including feeding,
housing, sample collections, and humane euthanasia were in accordance with the Helzinki
guidelines (16) for care and use of experimental animals as approved by the Institutional
Health Research and Ethics Committee, College of Medicine, University of Lagos, Nigeria
(CM/HREC/010/16/064).

Group and treatment of rats
They were divided into a control group, which was fed with a normal diet of 0.1% dietary salt
(17) content and the salt-loaded group that was placed on a special rat feed containing 8%
dietary salt. Both groups were fed with the corresponding diet for 8 weeks, throughout which
their average weekly weight was monitored as a criterion for accessing feeding patterns. At
the end of 8 weeks, three rats each from the two groups were anesthetized and their blood
pressure parameters were determined using blood pressure transducer connected to the
PowerLab® (ADInstruments, USA) data acquisition instrument. Blood pressure was mea-
sured by direct cannulation of the rat’s left carotid artery after the injection of urethane–
chloralose. Further procedure was only continued after the animals had been confirmed
hypertensive. Thereafter, the remaining animals were sacrificed and blood samples were
collected into 5-ml EDTA tubes and sterile sample bottles. Blood samples in sterile sample
bottles were centrifuged at 3,000 rpm for 5 min to obtain serum for hormonal assay.

Determination of CD4 count, differential white blood cell count, and estradiol and
testosterone assay
CD4 cell count was estimated using CD4 easy count kit (Sysmex Partec GmbH, Germany).
Differential white blood cell count was estimated using automated blood cell analyzer. Serum
testosterone and estradiol levels were assayed using ELISA kits (Rapid Labs, UK), according
to the manufacturer’s protocol.
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Statistical analysis
All data were analyzed with Graphpad prism-5 using two-way ANOVA, followed by
Tukey–Kramer test as post-hoc test. The results were displayed as mean ± SEM and the
level of significance was placed at p ≤ 0.05. Results were presented in tables and bar charts
were also used for graphical representation.

Results

Feed consumption and weight gain during the period of salt loading
The salt-loaded rat recorded a decrease in body weight gain from the first to the third week of
salt loading (control= 14.10± 0.10 and salt-loaded= 3.45± 0.40 g; Fig. 1A). Weight gain in
salt-loaded group was, however, not different from that of control thereafter from third week
of salt loading till the expiration of the experimental period. The weekly feed consumption
was significantly reduced at the second week of salt loading (control= 9.83± 0.51 and salt-
loaded= 5.81± 0.51 g), while it was relatively the same thereafter when compared to the
feed consumption of control rats. There was a significant increase in feed consumption in the
salt-loaded rats at the sixth week of salt loading (Fig. 1B).

Blood pressure in salt-loaded rats
There was a significant increase in the values of all the blood pressure parameters that were
measured, especially systolic (SBP), diastolic (DBP), pulse (PP), and mean arterial blood
pressure (MABP) values were higher in all the rats after the 8 weeks of salt loading compared
with those in control rats (Table I). SBP (control= 99.55± 0.21 and salt-loaded = 169.80 ±
4.30), DBP (control = 86.16± 0.10 and salt-loaded= 142.90± 3.40), MABP (control=
90.74 ± 11.73 and salt-loaded = 151.87± 3.70), and PP (control= 13.24± 0.10 and salt-
loaded= 29.40± 0.12).

Lymphocytes concentration in salt-loaded rats
There was a significant increase in total white blood cell count in the circulation of salt-loaded
rats (Fig. 2A; control= 7.37± 0.17 and salt-loaded= 10.60± 0.52). There was also a signifi-
cant increase in lymphocyte count (Fig. 2B). The CD4 count was significantly increased in all
salt-loaded rats (Fig. 2C; control= 7.50± 0.72 and salt-loaded= 9.50± 0.51). The neutrophil

Fig. 1. Body weight gain (A) and average weekly feed consumption (B) in salt-loaded and control male rats.
*Significance level, p≤ 0.05. Result presented as mean± SEM (n= 9 rats/group)
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concentration was significantly increased compared with control rats (Fig. 2D; control= 1.43±
0.38 and salt-loaded= 2.46± 0.50). Monocyte concentration in the blood was significantly
increased (Fig. 2E; control= 4.48± 0.57 and salt-loaded= 7.05± 0.12). However, the
eosinophil concentration was significantly reduced (Fig. 2F; control= 0.29± 0.04 and salt-
loaded= 0.23± 0.02) in all salt-loaded rats compared with control rats.

Serum testosterone level
The serum testosterone level was not different in the salt-loaded rats compared with the
control rats (Table I; control = 0.96± 0.03 and salt-loaded= 0.93± 0.02).

Discussion

In this study, all the salt-loaded rats became hypertensive within 8 weeks. The recorded
increased blood pressure in the salt-loaded rats in this study conformed to previously reported

Table I. Blood pressure parameters and serum testosterone level in control and salt-loaded male rats (n= 9 rats/group)

Parameter Control Salt-loaded rat

Systolic blood pressure (mmHg) 99.55± 10.76 169.80± 4.30*

Diastolic blood pressure (mmHg) 86.16± 12.28 142.90± 3.40*

Mean arterial blood pressure (mmHg) 90.74± 11.73 151.87± 3.70*

Pulse pressure (mmHg) 13.24± 3.53 29.40± 1.60*

Serum testosterone level (ng/ml) 0.96± 0.03 0.92± 0.02

*Significant increase compared to control (p≤ 0.05)
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Fig. 2. Total white blood cell count (A), and the differential white blood cell concentration for lymphocytes (B), CD4
count (C), neutrophil (D), monocyte (E), and eosinophil (F) in blood samples from salt-loaded and control male rats.

*Significance level, p≤ 0.05 (n= 9 rats/group)
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results in SD rats (17). There was a significant decrease in weight and thus, due to the initial
reduced feed acceptance, we observed a decrease in weight gain in salt-loaded male rats
between the first 2 weeks of the experiment (Fig. 1). All the salt-loaded rats gained adequate
weight after the initial 2 weeks of feed rejection as the feed intake significantly improved
(Fig. 1). Analysis of the blood samples revealed a significant increase in total white blood
cell count in the salt-loaded rats compared with the control rats. The observed increase was
the result of the significant increase in the circulating concentration of the neutrophils and
monocytes (Fig. 2). The concentration of circulating monocytes, CD4 cells, and the
granulocytes, especially the neutrophils, were significantly increased in the salt-loaded
group, suggesting positive feedback stimulation of leucopoiesis. Other authors have also
reported similar increase in the total white blood cell, monocyte, and interleukin-17-
producing CD4+ helper T-cell counts in salt-loaded rats and humans (1, 10, 16, 20). There
are reports supporting that dietary salt loading is associated with dysfunction of the immune
system, chronic systemic inflammation, and autoimmunity (13). These adverse effects have
been postulated to be the real threat to the integrity of the various organs and tissues during
hypertension (13). Neutrophils are important in immune reactions to bacterial infection and
constitute about 60% of total white blood cells in circulation. Neutrophils, just like other
granulocytes, are involved in innate immunity as opposed to adaptive immunity (15).
A selective stimulation of the proliferation of the different white blood cells by dietary
salt-loading was established in this experiment. However, the eosinophil count was signifi-
cantly reduced as compared with all the other forms of white blood cells that were measured.
This selective stimulation or inhibition of the proliferation of some of the white blood cell
types may be the result of an interference with the differentiator inducers responsible for the
differentiation of the uncommitted stem cells. The increase in the T-lymphocyte that include
the helper inducer T-cell that serve as activator of the immune system may also have
contributed to the increase in the leucocyte count as recorded in this study (2). Although
several researchers have suggested the role of androgens in the modulation of immune
functions (9), this study, however, recorded no significant change in serum testosterone level
in salt-loaded rats (Table I).

Conclusion

The result of this study showed that high dietary salt loading in SD rats selectively stimulates
the production of some immune cells while inhibiting others without any concomitant
increase in plasma testosterone level.
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