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Abstract

Alzheimer’s disease (AD) belonging to the class of tauopathies, is a major cause of dementia globally. Observational
studies in the aging population have reported that excessive dietary salt consumption is one of the risk factors that
contribute to the pathological processes that underlie dementia and cognitive impairment. Regulation of the daily salt
intake and consumption of alternative nutritional salts, if proven, may serve as a cost-effective and feasible approach
in lowering the risk of dementia. With this background, the objective of the current study included assessment of the
putative benefits of Himalayan pink salt with regard to its effects on spatial memory in comparison with that of common
salt using rat as an experimental model. The results of the study showed that Himalayan pink salt, even at 5-10 fold
higher concentrations of the salt over the permissible daily intake limits, could exhibit a positive effect on learning and
memory in Barnes maze task and improved nitric oxide levels. Phosphorylated tau levels remained comparable to that
of control group whereas common salt inflicted greater insults leading to elevated levels of pathological form of tau and
compromised spatial memory. These findings suggest that Himalayan pink salt may serve as a healthier salt substitute
towards lowering the risk or severity of dietary salt induced form of AD.
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and multifactorial. It is associated with diet, hypertension,
metabolic syndrome, infections, mitochondrial dysfunction,
immune system, and vascular disease, allelic variations of
Apo E gene, traumatic brain injury, metal exposure and poor
quality of sleep [7].

Introduction

The salt consumption in many countries worldwide
exceeds the recommended daily intake levels. In Asia-Pacific
region the daily salt intake ranges between 9.1-11.0 g/day
in countries such as Japan, Australia, and China. The mean

population salt consumption in India spans 9.45-10.41 g/ As per the recommendation of WHO, salt reduction

day [1]. The current daily global salt consumption is almost
double the upper limit of < 5.0 g/day that is recommended
as per the World Health Organisation (WHO) guidelines [2].

Hypertension has long been associated with excessive
salt consumption [3]. Chronic hypertension is a vascular
risk factor for stroke, cerebrovascular diseases, Alzheimer’s
disease (AD) and other tauopathies [4]. As in case of
tauopathies and AD, accumulation of hyper phosphorylated
tau is also observed in cerebrovascular disorders associated
with endothelial dysfunction and cognitive impairment [5].
The pathology of AD is characterized by the presence of
extracellular amyloid beta plaques, neurofibrillary tangles
containing hyper phosphorylated tau, and neuronal cell
death [6]. Familial AD is a rare, early-onset form which
has been established to have strong links to mutations of
presenilin (PSEN 1 & 2) and amyloid precursor protein (APP)
genes. In contrast, the sporadic form of AD is late-onset

is one of the most feasible and cost-effective approaches
for the prevention of non-communicable diseases (NCDs)
[8] including AD. In this light, low sodium salts as well as
alternative salt varieties such as the Himalayan pink salt [9]
are being promoted as nutritionally superior substitutes to
common salt [10]. These salts have a number of minerals such

*Corresponding author: Sarada Subramanian, Department of
Neurochemistry, National Institute of Mental Health & Neuro-
sciences, Bangalore, 560029, India, Tel: 91-80-2699-5165, Fax:
91-80-2656-4830, E-mail: sarada@nimhans.ac.in

Accepted: November 18, 2021
Published online: November 20, 2021

Citation: Keerthana P, Subramanian S (2021) Himalayan Pink
Salt as a Healthier Substitute in Lowering the Risk of Dietary Salt
Induced Cognitive Insults in Experimental Rats. Alzheimers Dis
Dement 5(2):132-139

Copyright: © 2021 Keerthana P, et al. This is an open-access article distributed under the terms
of the Creative Commons Attribution License, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.

b SCHOLARS.DIRECT

Open Access | Page 132 |


http://crossmark.crossref.org/dialog/?doi=10.36959/734/384&domain=pdf

Citation: Keerthana P, Subramanian S (2021) Himalayan Pink Salt as a Healthier Substitute in Lowering the Risk of Dietary Salt Induced
Cognitive Insults in Experimental Rats. Alzheimers Dis Dement 5(2):132-139

as magnesium, potassium and calcium in addition to sodium
and chloride [11].

In the current study, the putative health benefits of the
acclaimed, nutritionally superior mineral salt i.e., Himalayan
pink salt on spatial learning and memory was investigated.
High concentration of common salt which is known to
contribute to endothelial and neuronal dysfunction was also
included in this study. Five to ten-fold higher concentrations
of the salt over the permissible daily intake limits were orally
administered per day to 4-month-old female SD rats for 3
months. Thereafter, the memory impairments were assessed
by Barnes maze task. The serum nitric oxide metabolites as
a measure of endothelial dysfunction were estimated. High
salt induced alterations in the kinases likely involved in tau
hyperphosphorylation were investigated. The results of these
assessments are in favour of Himalayan pink salt as a healthier
salt substitute towards lowering the risk or severity of AD.

Materials and Methods

Chemicals

Himalayan pink salt (Nutroactive brand) and common
table salt were sourced through e-commerce platform.
Nitrite/nitrate assay kit, phenylmethylsulfonyl fluoride (PMSF)
were purchased from Sigma Aldrich, Bengaluru. Rat Serine/
Threonine-Protein Kinase SIK1 (SIK1) ELISA Kit, Rat Phospho
Tau Protein ELISA Kit and Rat Tau Protein (TAU) Elisa kit were
procured from MyBioSource, Inc., USA. Other reagents used
were of analytical grade and obtained locally.

Animals

4-Month-old Sprague Dawley (SD) female rats weighing
200-300g (n = 20) were procured from Central Animal
Research Facility in the Institute. All the experiments involving
animal usage was approved by the Institute animal ethics
committee (IAEC number - AEC/71/464/NC). All the animals
were housed in the standard animal facility with controlled
environment of light-dark (12h:12h) schedule and had free
access to pellet food and water ad libitum.

Chronic treatment of rats with high salt

1 mL volumes of freshly prepared salt solutions at
two different supra-physiological concentrations were
administered to the experimental groups. The salt solution
was orally administered using an oral gavage tube. The
control rats did not receive any treatment (Control)) and the
experimental rats received salt concentrations of either 0.2 g/
Kg body weight per day of Himalayan pink salt (PS 0.2) or 1.0
g/ Kg body weight per day of Himalayan pink salt (PS 1.0) or
common salt (CS 0.2 or CS 1.0 respectively) for a duration of
12 weeks (n = 4 for each group).

Sample collection

The animals were anesthetized in a glass chamber using
0.5 mL of inhalant anaesthesia isoflurane, and then 1 mL
of blood was obtained by cardiac puncture. The serum was
separated by centrifugation at 4 °C for 15 min at 5000 rpm.
After dissection, hippocampal tissue was homogenized with

the buffer (25 mM Tris, pH 7.4 containing 20 uM EDTA, 3.25
mM NaCl, 100 uM PMSF). Clarified serum and hippocampal
homogenate were subjected to biochemical assays.

Biochemical assays

The levels of nitric oxide (NO) metabolites in serum were
measured using the Nitrite/Nitrate assay kit (sensitivity range:
10-100 uM) as per the manufacturer’s instructions. The level
of salt inducible kinase-1 (SIK-1) in the rat hippocampal
homogenate was measured using the quantitative sandwich
ELISA kit (detection range: 0.5 ng - 16 ng/mL). The levels of
phospho tau protein in the serum were measured using the
Rat Phospho Tau protein ELISA kit (detection range: 1.0 ng -
400 ng/ mL). Total tau protein in the rat serum was measured
using the Rat Tau protein ELISA kit (detection range: 1.0 ng —
25 ng/mL) as per the manufacturer’s instructions.

Spatial memory assessment

Hippocampal dependent spatial memory assessment
was performed by subjecting animals to Barnes maze task
as described by Joseph, et al. [12]. The maze consisted of
an elevated circular platform of 120 cm in diameter with
twelve equidistant holes along the circumference. Two 150W
lights were hung above the platform to create an aversive
environment which encourages the rats to escape from the
brightly lit open platform to the dark environment of the
escape box. The location of the escape box remained constant
for any individual rat across the test trials during acquisition
and retention. On day 1 of the behavioural assessment,
experimental animals were first habituated to Barnes maze
by placing them individually on the circular platform for
2 min. Day 2-4 included acquisition training consisting of a
total of 15 trials (3 trials/day) and learning was assessed on
every day. Post the completion of acquisition trials for 3 days,
testing was abated for 4 days after which retention of memory
was evaluated in three trials (1 day) and the mean average
performance of the three trials was calculated. Latency (time
taken by the rats to find the escape hole) and total errors
(nose pokes into non-escape holes as well as nose pokes into
escape hole) were recorded. In the case of experimental rat
being unable to locate the escape box within 2 mins, it was
gently guided to the target box. After 30 sec, the rat was
removed from the escape box and returned to its home cage.
After every trial, the platform and escape box were cleaned
with 70% ethanol to eliminate olfactory cues left behind by
the animal during the experiment.

Statistical analysis

All data were analysed with Graph Pad prism 8.0. Results
of each of the biochemical analyses i.e., assessment of nitric
oxide metabolites (NO) in serum, assessment of SIK1 levels in
hippocampal tissue, and assessment of phospho-Tau level in
serum between two groups were analysed by unpaired t test.
Results of acquisition and recall test trials of Barnes maze
task were analysed by one way ANOVA followed by Tukey’s
multiples comparison post hoc test. P values < 0.05 were
considered statistically significant.
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Table 1: Mineral profile of Himalayan pink salt and common salt.

Salt %Ca %K Mg, ppm Fe, ppm Na, ppm
Himalayan pink salt 0.16 0.28 1.06 x 10° 36.9 3.68 x 10°
Common salt 0.03 0.09 1.18 x 10* <1.00 3.9x10°
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Figure 1: Measurement of levels of nitrate/nitrite ratio in the serum of the various high salt-treated and control rats. Animals chronically
treated with the concentrations of 0.2 g or 1.0 g/Kg body weight per day of common salt showed significant decrease in nitrate/nitrite
ratio (CS0.2; p=0.0462 and CS 1.0; p = 0.0084). However, the results with chronic treatment of pink salt were statistically not significant
(PS0.2; p=0.918 and PS 1.0; p = 0.3386) in comparison to untreated control group.

Results

Mineral composition of Himalayan pink salt that has been
selected for the current study is presented in Table 1. It is
richer in calcium, potassium and iron contents with marginally
lesser sodium levels in comparison to common salt.

Assessment of nitric oxide (NO) metabolites in
the serum

In the current study, to evaluate the high salt mediated
endothelial dysfunction, serum NO metabolite levels were
measured, and the ratio of nitrate/nitrite levels were assessed
for each of the groups. Both 1.0 g/Kg body weight and 0.2 g/
Kg body weight treated common salt groups had significantly
lower serum nitrate/nitrite ratio compared to the control
group with a more pronounced reduction shown by the 1.0 g/
Kg body weight common salt group (Figure 1).

Assessment of spatial memory using Barnes
maze task

Barnes maze is a dry-land behavioural test developed
by Carol Barnes in 1979 to assess spatial memory in rats

[13]. In this procedure the hippocampal-dependent spatial
reference memory of the rats is assessed by their ability to
recall the relationship between distal cues in the surrounding
environment and the location of a fixed escape hole.

The different high salt experimental groups were evaluated
by the Barnes maze test for spatial memory acquisition
and retention at the end of 3 months of chronic high salt
administration. The performance of each experimental group
in the maze task was assessed using the number of errors
(nose pokes into the non-escape holes) and the latency (the
time taken to locate the escape box) during the acquisition
(learning) phase and retention (probe) test and compared
with the performance of the control group.

During the acquisition phase, from day 1 to day 3 of the
trials (Table 2), as the training progressed, all the animals
showed consistant and statistically significant improvement
in learning the task, as reflected by reduced latency by Day
3. It is noteworthy that, in spite of chronic consumption of
0.2 g/Kg body weight/day of Himalayan pink salt, these
animals were faster that untreated (no salt) control group
in quickly learning to find the escape box, as demonstrated
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Table 2: Latency exhibited by experimental rats during acquisition trials in Barnes maze.

Days of Acquisition Phase

Group Day 1 Day 2

(n=4)

Control 64.58 +27.843 23.25+6.119°

(p=0.0123)

CS0.2 31.83+12.153 20.83 +6.054
(p =0.0541) (p=0.322)

Cs1.0 69.92 + 19.550 32.67 £8.743
(p =0.8173) (p=0.4284)

PS0.2 26.08 + 13.614* 12.83 £4.904
(p =0.0304) (p=0.0117)

PS1.0 74.67 £ 21.557 32.92+£5.154
(p =0.606) (p=0.2268)

Day 3

14.42 +5.863°
(p =0.0213)
20.25 + 4.833
(p =0.5328)
16.42 + 6.555
(p = 0.8246)
7.83+3.905
(p = 0.4555)
21.08 +9.838
(p =0.4927)

Data presented as mean * standard error of mean (SEM). “p < 0.05 compared to performance of control rats on Day 1 of training; *p < 0.05
compared to Day 1 of control rats. Shown are the probability values in parentheses when compared to performance of control rats on that

experimental day.

Table 3: Number of errors committed by experimental rats during acquisition trials in Barnes maze.

Days of Acquisition Phase

Group Day 1
(n=4)
Control 3.67+0.624
CS0.2 2.17+£0.616
(p=0.1379)
CS1.0 2.83+£0.289
(p=0.2707)
PS0.2 1.83 +£0.215*%
(p =0.032)
PS 1.0 3.08 £ 0.644
(p =0.5393)

Day 2 Day 3

2.42 +£0.285 1.33+0.667"
(p=0.1181) (p =0.0431)
1.92£0.417 2.17 £0.441
(p=0.36) (p=0.3374)
2.83+0.727 2.08 £ 0.459
(p=0.6127) (p =0.3898)
1.17 £0.167 0.67 +0.561
(p=0.091) (p =0.1029)
1.92+0.159 1.5+0.397
(p=0.1762) (p=0.1372)

Data presented as mean * standard error of mean (SEM). “p < 0.05 compared to performance of control rats on Day 1 of training; *p < 0.05
compared to Day 1 of control rats. Shown are the probability values in parentheses when compared to performance of control rats on that

experimental day.

by significantly decreased latency as well as lesser number
of errors committed in locating the escape box on Day 1 of
acquisition trials (Table 3).

However, at the higher concentration of 1.0 g/Kg, the
Himalayan pink salt group had higher latencies coupled with
higher mean number of errors compared to the control group
on each trial day although there was improvement in their
respective learning parameters from day 1 to day 3. On the
day of the recall test (Figure 2A and Figure 2B), although
higher concentration of 1.0 g/Kg treated Himalayan pink salt
group showed greater latency and greater number of errors
similar to the common salt group, the results were statistically
not significant, when compared to untreated control group.

Importantly, during the recall phase, despite consuming

additional amount of Himalayan pink salt at a concentration
of 0.2 g/Kg body weight per day for a duration of 12 weeks,
this group had shown remarkable reduction in latency (p =
0.0173) (Figure 2A). It is noted that, although statistically not
significant, pink salt group (0.2 g/Kg body weight) committed
lesser number of errors (Figure 2B) compared to the control
group and other treatment groups. These findings strengthen
the case for considering pink salt as a superior alternative to
common salt for spatial memory functions.

Measurement of salt inducible kinase 1(SIK1)
levels in hippocampal tissue
When the levels of SIK1 in the hippocampal tissue of the

rats were assessed (Figure 3), a marginal increase in SIK1
levels was noted with 0.2 g/Kg treated Himalayan pink salt
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Figure 2: Effect of chronic administration of high concentration
of Himalayan pink salt or common salt to experimental rats
in Barnes maze task. A) Latency in locating the escape box
measured during the retention phase. Animals chronically
treated with the concentrations of 0.2 g/Kg body weight per day
of pink salt showed significant decrease in latency (p = 0.0173).
Results with the remaining three groups were statistically not
significant (p = 0.4859 for CS0.2; p =0.1976 for CS 1.0; p = 0.1394
for PS 1.0) in comparison to untreated control group; B) Number
of errors made during the retention phase were not significant
when compared to control group (p =0.348 for C50.2; p=0.1209
for CS 1.0; p = 0.2073 for PS 0.2; p = 0.1055 for PS 1.0). Data
presented as mean = SEM (n = 4).
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Figure 3: Measurement of the levels of SIK1 in the hippocampal
homogenate of the high salt-treated and control rats. The
Himalayan pink salt-treated (1.0 g/Kg body weight/day; PS 1.0)
group showed significant increase in SIK1 level compared to
control group (p = 0.0384). Results with the remaining three
groups were statistically not significant (p = 0.3867 for CS 0.2;
p = 0.5945 for CS 1.0; p = 0.104 for PS 0.2) in comparison to
untreated control group.
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Figure 4: Measurement of the levels of phosphorylated tau/
total tau ratio in the serum of the high salt-treated and control
rats. The 1.0 g/Kg body weight/day treated common salt group
(CS 1.0) showed significant increase in ratio of phosphorylated
tau/total tau ratio compared to control group (p = 0.0454) or
equivalent concentration of Himalayan pink salt treated group
(PS 1.0) animals (p = 0.0249). Data presented as mean + SEM
(n=4).
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group. Importantly, a very significant elevation in the levels
of SIK1 was noted with the 1.0 g/Kg pink salt group with
reference to the control group. The greater SIK1 levels in
the pink salt groups may be associated with a SIK1 mediated
PP2A activation that regulates excessive tau phosphorylation
and therefore prevents impairments in learning and memory
as PP2A has been implicated in the pathogenesis of AD [14].

Measurement of phospho-Tau levels in the serum

In the current study, the serum p-tau/total tau ratio was
found to be significantly highest in the 1.0 g/Kg common
salt treated group (Figure 4). Further, the results suggest
the apparent lack of influence in promoting pathologically
relevant hyper phosphorylation of tau by additional
consumption of these salts for 12 weeks at 0.2 g/Kg body
weight. It is very encouraging to note that, particularly,
Himalayan pink salt did not elicit this undesirable increase
in hyper phosphorylation even at 1.0 g/Kg body weight limit.
In the previously mentioned assessment of NO metabolite
levels in the serum, 1.0 g/kg common salt was found to
have the lowest nitrate/nitrite ratio indicating deficit in the
NO production by e NOS. A recent study has reported that
in mice fed on high salt diet, nitric oxide deficiency reduces
nitrosylation of calpain. This results in its activation which in
turn activates the enzyme cyclin-dependent kinase that leads
to tau hyperphosphorylation [5]. Thus, the higher p-tau/
tau ratio shown by the 1.0 g/kg common salt group maybe
explained to be as the result of tau phosphorylation occurring
as a downstream result of endothelial dysfunction caused by
excessive salt administration to the rats.

Discussion

Evidence from epidemiological studies support the
hypothesis that cognitive decline is associated with
modifiable lifestyle factors and its relation to diet is an area
under intense research as this could open up new avenues for
its prevention [15]. Existing results about the effect of dietary
salt on cognitive function in humans are mixed. Assessment of
the measures of pre-dementia or mild cognitive impairment
in hypertensive women aged 65-79 or on antihypertensive
medication showed a strong association of hypertension with
cognitive impairment suggesting the involvement of salt-
mediated vascular dysfunction as the underlying cause of
cognitive impairment [16]. Cross-sectional studies conducted
in @ community sample comprising of 925 adults aged 50-
96 reported that a lower dietary salt intake was associated
with impaired executive functioning as assessed by Trails-B
task and showed poorer performance on the Mini mental
state examination (MMSE) [17]. Two prospective studies in
aged adults conducted by assessment via food frequency
qguestionnaires and MMSE reported no association between
dietary salt intake and cognitive decline [18]. This calls for
further research on the effects of dietary salt on cognitive
decline under more tightly controlled conditions [4].

With respect to studies using animal models, mice
fed for 7-28 days with high salt chow (> 4% NaCl) resulted
in hypertension-independent blood brain barrier (BBB)
disruption by downregulation of the tight junction protein

Z0-1 and p38/MAPK-SGK1 dependent pathway [19]. A recent
study examining the effect of dietary salt on cerebrovascular
function and cognition showed that high-salt diet (4-8% NaCl
which is equivalent to about 8-16 times the salt content
of the normal mouse chow) for two to six months leads
to cerebral endothelial dysfunction in the mice without
causing hypertension and without affecting neurovascular
coupling [20]. Further, a decreased NO production with
decreased nitrosylation of calpain (regulator of Cdk5) and
subsequent activation of Cdk5 was noted. This resulted
in tau phosphorylation thus providing evidence that tau
accumulation mediates memory impairments occurring as a
result of high salt diet rather than cerebral hypoperfusion [5].

In the current study, the effect of chronic administration
of 5-10 fold higher concentrations above the recommended
daily intake of Himalayan pink salt with regard to its influence
on spatial memory in comparison with that of common
salt was evaluated using rat as an experimental model. The
Himalayan rock salt, mined from the sedimentary rocks in
the North-western Himalayan ranges, with its unique pinkish
colour has gained popularity in households as well as haute
cuisine. From examination of the chemical profile, this salt
has been found to be richer in minerals in comparison to
the common table salt [21]. In-vitro studies conducted with
Himalayan rock salt have revealed that it has significant
antioxidant potential, and this could be attributable to the
presence of minerals such as iron, magnesium, and calcium
[11].

High salt diet (HSD) induced endothelial dysfunction in
both cerebral and systemic vasculature has long been known
to be caused by a nitric oxide deficit [22]. Though most of
the research so far has elucidated the causal mechanisms
of salt-induced systemic hypertension, recent studies have
focussed on the cerebro-endothelial dysfunction that occurs
independent of changes in blood pressure. HSD has been
found to produce an increase in circulating levels of the
pro-inflammatory cytokine IL-17 due to the polarisation and
differentiation of the regulatory T lymphocytes TH17 in the
small intestine of HSD rodent models. Increased IL-17 levels
in turn leads to decrease in NO production by an inhibitory
phosphorylation of the endothelial nitric oxide synthase (e
NOS) enzyme [20]. The results presented in this study (Figure
1) are in support of the available literature that high salt
adversely affects endothelial homeostasis with implications
for cerebral perfusion and cognitive function [5]. It is of
interest to note that, chronic administration of very high
concentration of upto 1.0 g/Kg body weight of Himalayan pink
salt did not reduce the serum nitrate/nitrite ratio. Further, the
higher nitrate/nitrite ratio noted in this experimental group
in comparison to the control group (though not statistically
significant) is indicative of an enhancing effect of Himalayan
pink salt on NO production.

In Barnes maze task, significant reduction in latency and
number of errors made by 0.2 g/Kg pink salt treated group
(Figure 2) may be attributed to the reported antioxidant
potential of Himalayan pink salt [11] thereby preventing
hippocampal oxidative stress in the group. Further, the
nitrate/nitrite ratio of the group as observed previously, was
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comparable to that of the control group indicating that the
endothelial function was unaffected (normal NO production
levels) despite the supra physiologic salt concentration
that was administered. This has possible implications in
prevention of possible learning impairment owing to a salt-
induced cerebral hypoperfusion [5].

Salt-inducible kinases (SIK), are expressed as three
isoforms, viz., SIK1, SIK2, and SIK3.Among them, SIK2 and SIK3
exhibit ubiquitous, constitutive expression in human tissues.
In contrast, SIK1 mRNA expression is under the regulation of
multiple stimuli such as high salt diet, adrenocorticotropin
hormone, glucagon, circadian rhythms, and excitable cell
depolarization [23]. SIK1 is also present in rat brain and upon
depolarization, mRNA levels of SIK1 have been demonstrated
to increase several fold in the hippocampus and cortex
[24]. Increased SIK1 expression in rodent brain tissue upon
exposure to alcohol has been shown to regulate alcohol-
induced neuroinflammation [25]. Increase in intracellular
sodium concentration has been shown to activate SIK1 as
a part of the sodium-sensing network in Ca?*/Calmodulin
kinase dependent manner in mammalian cells [26]. SIK1 is
homologous to the SOS2 protein which is upregulated during
salt stress in plants acting via calcium responsive kinase
pathways [27]. SIK-1 is constitutively associated with the
Na*/K*-ATPase complex. It is activated by increase in calcium
via the Na*/Ca?* exchanger upon elevation in intracellular
sodium concentration. SIK-1 phosphorylates PME-1 of the
PP2A/PME-1 complex and causes its dissociation from it.
Thus, released active form of PP2A can dephosphorylate
downstream substrates including the hyperphosphorylated
AD-associated tau. The statistically significant increase in SIK1
levels in the pink salt treated experimental groups (Figure 3)
suggest that SIK1 may be involved in the sodium buffering as
part of SIK1-Na*/K*-ATPase complex in the brain. SIK1-Na*/K*-
ATPase complex has an important functional role as part of
the choroid plexus in maintaining sodium homeostasis in the
brain. The above results imply that the Himalayan pink salt
may have a protective role in maintaining the integrity of SIK1
network and sodium homeostasis in the rat brain. In addition,
SIK-1 phosphorylates PME-1 of the PP2A/PME-1 complex and
causes its dissociation from it. Thus, released active form of
PP2A can dephosphorylate downstream substrates including
the hyperphosphorylated AD-associated tau.

The elevationsin the levels of phosphorylated tau and total
tau in the cerebrospinal fluid are well established hallmarks
of AD [28]. Due to invasiveness and time consumption of
CSF sampling in humans, serum or plasma levels of tau have
been considered to be alternative reliable AD biomarkers
[29]. Further, backing the utility of serum p-tau and t-tau as
biomarkers for AD, association between tau levels in CSF and
plasma have been reported [30]. With the background of the
aforementioned study reports and an extrapolation from the
available literature that spinal cord injury (SCI) model rats
exhibit significant correlation of tau protein levels between
CSF and serum [31], in the present study, p-tau and total
tau protein levels were measured in rat serum and the ratio
of p-tau to total tau was considered (Figure 4). The serum
p-tau/tau levels in the 1.0 g/Kg Himalayan salt group was

comparable with that of the control group and the 0.2 g/Kg
concentration salt groups. The elevated SIK1 levels in the 1.0
g/Kg Himalayan pink salt group in the previously mentioned
result can be associated with the reduction in p-tau/t-tau
ratio in the group with possible interaction of SIK1 with PP2A
enzyme involved in dephosphorylation activity as in the
mechanism elucidated in the previous results.

Limitations of the study include the small sample
size, lack of total antioxidant status analyses in the
hippocampal homogenates and lack of the experimental
animals. Present study was limited to Barnes maze task
as a measure of hippocampus-driven spatial memory
function test. Additional behavioural studies such as active
place avoidance task with larger sample size are needed
to strengthen the current findings. Another caveat of the
present study is that lipid peroxidation/glutathione levels/
activity of antioxidant enzymes (superoxide dismutase,
catalase, glutathione peroxidise, glutathione reductase)
in hippocampal homogenates were not measured. It has
only been extrapolated from available literature regarding
the antioxidant properties of Himalayan pink salt. Further
research about the role of salt inducible kinases and their role
in brain with regard to inflammation, gene expression, and
neuronal plasticity alterations with respect to the changes
in various ion concentrations can bring new perspective to
the understanding of the effects of dietary salts on the brain.
Detailed studies about the role of SIK1 in sodium homeostasis
in the brain are warranted.

In summary, from the results of the above-described
assessments, we may infer that the Himalayan pink salt
is a superior dietary salt substitute in comparison to the
common salt as is evidenced by its notable enhancement
of performance of the animals in the learning and memory
assessment tasks as well as its effect in protecting against
endothelial dysfunction and regulation of phospho-tau
levels. These results can set the ground for further detailed
investigations into the properties and effects of pink salt with
respect to cerebrovascular alterations and their possible role
in mechanisms of tau pathology as well as cognitive deficits.
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