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ABSTRACT
Background: Social isolation (SI) is a source of chronic stress in adults. Loneliness is, therefore,
a function of the relationship quality and not quantity. This study evaluated the effect of social
isolation on serum electrolytes and cortisol levels in Wistar rats. Methods: Twenty-four Wistar rats
of both sexes (12male and 12 females) were randomly divided into four groups: Group 1 andGroup
2 (as control), and Group 3 and Group 4 (experiment) with six individually caged Wistar rats each.
The animals had access to food andwater ad libitum ,were weighedweekly and observed the level
of physical activity. After six weeks of isolation, blood was collected from the animals via ocular
puncture for serum cortisol, sodium, and potassium ion analysis. All data were analyzed using SPSS
software version 25.0. Values were considered significant at P ≤ 0.05. Results: Results showed a
significant decrease in mean serum sodium ion (137.78± 2.9, 113.88± 2.9, P = 0.004) and increase
in mean calcium ion (2.74 ± 0.24, 4.49 ± 0.24, P = 0.003) and increase in mean serum potassium
(4.92 ± 0.29, 7.43 ± 0.29, P = 0.003) a decrease in isolated males mean serum chloride (100.13 ±
0.79, 93.50 ± 0.79, P = 0.003) levels. Conclusion: Our findings showed the social isolation for six
weeks induced electrolyte imbalance in rats (below and above the physiological range).
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INTRODUCTION
Social Isolation (SI) is a term that describes the ab-
sence or lack of social interactions in an individual’s
life. Thus, loneliness is therefore better described as
a state of poor relationship quality 1. According to
Hawkley and Capitanio2, sociality is dependent on
behaviors that either enable or impede the initiation
and maintenance of a social relationship. The deficits
that occur in these relationships allow researchers to
evaluate or investigate how significant social inter-
action(s) are to the health and fitness of humans2.
Also, understanding the relevance of social interac-
tions to healthy or normal human functioning also
begs the question; what happens in the absence of
these interactions or relationships3. Social isolation
(SI) and loneliness are known sources of chronic stress
in adults4. The brain, a vital organ, is vulnerable and
susceptible to alterations under genetic and environ-
mental influences. SI is a stressor that results in mod-
ifications in reactivity to social behavior function of
neuroendocrine (increases serotonin and neuropep-
tide Y), neurosteroids levels5, neurochemical system
(decreases dopamine and noradrenaline levels), and
anatomical, physiological, and behavioral changes in
both animals and humans6. Research indicates that

psychosocial stress is a strong independent risk fac-
tor for cardiovascular disease (CVD)7,8. Social iso-
lation and loneliness are risk factors for poor mental
and physical health9.
Stress is defined as any condition/situation that dis-
turbs the balance between an animal or organism
and its environment. There are many stressful situa-
tions in day-to-day life, such as work pressure, exam-
inations, psychosocial stress, and physical stress due
to trauma, surgery, and various medical disorders10.
The hyothalomic-pituitary-adrenal axis activation is a
prominent neuroendocrine response to stress that re-
sults in the secretion of corticotrophin-releasing fac-
tor (CRF)10,11. CRF stimulates adrenocorticotrophic
hormone (ACTH), secreting cells to release ACTH
into the bloodstream. ACTH acts on the adrenal cor-
tex promoting the release of cortisol into the blood-
stream Plasma levels of these hormones can increase
two- to fivefold during stress11.
Electrolytes are crucial or vital minerals like sodium
(Na), Chloride (Cl), and potassium (K); they are sub-
stances that become ions and conduct electricity in a
solution12. Electrolytes are essential factors in several
physiological processes, including fluid body volume
and osmotic regulation (Na+, K+, and Cl−), myocar-
dial rhythm and contractility, and neuromuscular ex-
citability 13, as well as acid-base balance (K+, Cl−)
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that are vital to many key functions in the body 13.
These electrolytes can have an imbalance, leading to
either high or low levels. High or low levels of elec-
trolytes disrupt normal bodily functions and can lead
to even life-threatening complications13. However,
there have been little or no reports on how social iso-
lation affects electrolytes.

METHODS
Location of the Study
This study was carried out in the Department of Phys-
iology, College of Health Sciences, Nnamdi Azikiwe
University, Nnewi Campus.

Experimental Animals
A total of twenty-four Wistar rats of both sexes (12
males and 12 females) were obtained from the an-
imal house of the Department of Human Physiol-
ogy Nnamdi Azikiwe University, weighing 120 —
150g was used for this study. They were housed in
well-aerated laboratory cages, under room tempera-
ture and 12 hr light and 12hr dark cycle in the ani-
mal house of the Department of Human physiology
Nnamdi Azikiwe University. They were fed with stan-
dard rat feed and distilled water ad libitum.

Ethical Approval
Ethical approval was obtained for the progress of this
study from the Faculty of Basic Medical Sciences,
College of Health Sciences, Nnamdi Azikiwe Univer-
sity, Nnewi Campus. Rats handling and treatments
conform to the Nnamdi Azikiwe University Animal
Research Ethics Committee (NAU-AREC) guidelines
for laboratory animal care and use.

Determination of Sample Size
The sample size was determined using the resource
equation method14.

Experimental Design
This study spanned for 6weeks. Animals were
grouped into four groups (1, 2, 3 & 4) as follows:

• Group 1: social male group (SMG) consisted of
6 male Wistar rats in a cage and served as con-
trol.

• Group 2: social female group (SFG) consisted
of 6 female Wistar rats in a cage and served as
control.

• Group 3: isolated male group (IMG) consisted
of 6 male Wistar rats individually caged.

• Group 4: isolated female group (ISG) consisted
of 6 female Wistar rats individually caged.

Experimental Protocol
The animals were weighed once every week through-
out the study. The average weight of each group
was calculated, and their level of physical activity was
observed. At the end of 6 weeks of isolation, the
animals were sedated with chloroform, and five mL
of blood was collected from the animals via ocular
puncture. Afterward, serum Sodium, Potassium, Cal-
cium, and Chloride ions were analyzed using the Ion-
Selective Electrode (ISE) machine by Biobase Bioin-
dustry Co.ltd. Model: BKE-C. Serum cortisol was as-
sayed using the ELISA reader and ELISA cortisol kit.

LaboratoryProcedure forNa+, K+, Ca2+and
Cl− Determination
Blood samples were centrifuged at 3000 rpm for 10
mins to separate serum from plasma. Serum from
centrifuged blood samples was pipetted into plain
bottles.
The Probe of the already powered Ion-Selective Elec-
trode (ISE) Machine was introduced into the serum,
and then the readings for Na+, k+, Ca2+, and Cl−

were taken.

Laboratory Procedure for Cortisol Determi-
nation
The coated wells were secured in a holder. Then 25 uL
of standard, serum, and control were dispensed into
the appropriate wells and thoroughlymixed gently for
10 seconds. Next, 100 uL of conjugate reagentwas dis-
pensed into each well and mixed properly; the mix-
ture was allowed to incubate for 60 minutes at room
temperature. The incubated mixture was poured out,
and the microplates were rinsed five times with the
buffer solution. Next, 100 uL of TMB substrate was
added into each well and allowed to incubate in a dark
room at room temperature for 20 minutes. Finally,
100 uL of stop solution was added to each well and
gently mixed until the blue color became yellow. Op-
tical density was read with the ELISA reader at 450
nm.

Statistical analysis
Data collected were analyzed using SPSS version 25,
and the results were expressed as mean ± SEM. The
statistical significance between the means was ana-
lyzed using two-way analysis of variance (ANOVA)
with Turkeymultiple comparison post hoc tests to de-
termine the levels of significance between control and
experimental groups. Pearson correlation was used to
determine the relationship amongst variables. P-value
≤ 0.05 and r- value ≤ 0.01 were considered statisti-
cally significant.
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Figure 1: Line chart showing all groups’ mean body weight changes from week 1 – 6. Figure 1 shows the
changes in weight among the experimental groups across the six weeks duration of the experiment.

Figure 2: Figure showing the mean body weight of all groups for weeks 1, 3, and 6. Data are presented as
mean± standard error of the mean, and P-value≤ 0.05 is considered statistically significant.
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Figure 3: The figure showed a scattered plot of correlation betweenmean serum cortisol and sodium level.

Figure 4: Thefigure showeda scatteredplot of correlationbetweenmean serumcortisol and chloride level.
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Table 1: Table showing a comparison betweenmean serum
electrolytes level of social males and isolatedmales

VARIABLE Mean± SEM
(mmol/L)

t-value p-value

Sodium (Na) 137.78± 2.9
113.88± 2.9*

4.46 0.004

Calcium (Ca) 4.49± 0.24* - 4.87 0.003

Potassium (K) 4.92± 0.29
7.43± 0.29*

- 4.79 0.003

Chloride (Cl) 100.13± 0.79
93.50± 0.79*

4.36 0.005

*: Significant at p≤ 0.05; Data is presented as mean± standard error of mean and
P-value≤ 0.05 is considered statistically significant

Table 2: Table showing the comparison betweenmean serum
electrolytes level of social and isolated females

VARIABLE Mean± SEM (mmol/L) t-value p-value

Sodium (Na) 136.65± 2.9
125.40± 2.9*

4.93 0.003

Calcium (Ca) 3.21± 0.24
4.69± 0.24*

- 4.67 0.003

Potassium (K) 5.77± 0.29
3.56± 0.29

0.44 0.674

Chloride (Cl) 98.50± 0.79
100.33± 0.79

- 4.22 0.006

*: Significant at p ≤ 0.05. Data are presented as mean ± standard error of the
mean, and P-value≤ 0.05 is considered statistically significant.

Table 3: Showing the comparisons betweenmean serum cortisol level of
social and isolatedmales and between social and isolated females

Parameter Group Mean± SEM
(ng/ml)

t-value p-value

Cortisol Social Male 32.25± 0.81 - 1.08 0.321

Isolated Male 33.82± 0.81

Social female 28.69± 0.81 - 3.13 0.200

Isolated Female 30.96± 0.81

*:Significant at p ≤ 0.05; Data are presented as mean ± standard error of mean and P-value ≤
0.05 is considered statistically significant

Table 4: Table showing a correlation betweenmean
bodyweight andmean serum electrolyte (Na, Ca, K, Cl)
levels andmean serum cortisol level

W/ CORT W/ Ca W/ K W/Na W/ Cl

r- value 0.148 0.786 0.014 0.438 0.005

P –value 0.779 0.064 0.979 0.385 0.993

*Correlation is significant at the 0.05 level (2-tailed); ** Correlation is sig-
nificant at the 0.01 level (2-tailed). Abbreaviations: W:Weight, CORT: Cor-
tisol, Ca: Calcium, Na:Sodium, Cl: Chloride, K: Potassium.
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Table 5: Showing correlation between
mean serum Calcium level and serum
Sodium, Potassium, and Chloride levels

Ca/K Ca/Na Ca/Cl

r- value 0.372 -0.699** -
0.280

P –value 0.078 0.001 0.147

* Correlation is significant at the 0.05 level (2-
tailed); ** Correlation is significant at the 0.01 level
(2-tailed), -: negative correlation; Ca/Na = nega-
tive correlation

Table 6: Showing correlation between
mean serum Sodium level and serum
Calcium, Potassium, and Chloride levels

Na/Ca Na/K Na/Cl

r- value -0.699** -0.628** 0.727**

P –value 0.001 0.005 0.001

* Correlation is significant at the 0.05 level (2-tailed);
** Correlation is significant at the 0.01 level (2-tailed);
-: negative correlation; Abbreviations: Na/Ca = nega-
tive correlation, Na/K = negative correlation, Na/Cl=
negative correlation

Table 7: Showing correlation between
mean serum Potassium level and serum
Calcium, Sodium, and Chloride levels

K/Ca K/Na K/Cl

r- value 0.372 -0.628** -0.794**

P –value 0.078 0.005 0.000

* Correlation is significant at the 0.05 level (2-
tailed); ** Correlation is significant at the 0.01 level
(2-tailed); -: negative correlation; Abbreviations:
K/NA = negative correlation, K/CL = negative cor-
relation

Table 8: Showing correlation between
mean serum Chloride level and serum
Calcium, Sodium, and Potassium levels

Cl/Ca Cl/Na Cl/K

r- value -
0.280

0.727** -0.794**

P –value 0.147 0.001 0.000

* Correlation is significant at the 0.05 level (2-
tailed); ** Correlation is significant at the 0.01 level
(2-tailed); -: negative correlation; Abbreviations:
Cl/Na = positive correlation, Cl/K = negative corre-
lation
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Table 9: Showing correlation betweenmean serum
cortisol level and serum chloride, calcium, sodium, and
potassium levels

COR/Cl COR/Ca Na/COR

r- value r = -0.451* r = 0.1S81 -0.431* 0.331

P –value p = 0.040 p = 0.251 0.048 0.105

* Correlation is significant at the 0.05 level (2-tailed); ** Correlationis
significant at the 0.01 level (2-tailed); -: negative correlation; Abbreavi-
ations: COR/Na= negative correlation, COR/Cl = negative correlation

RESULTS
Figure 1 shows the changes in weight among the ex-
perimental groups across the six weeks duration of
the experiment. Figure 2 showed a significant in-
crease in body weight (p≤ 0.05) of the isolated males
from week one (172.50 ± 7.56 g) to week six (245.00
± 11.15 g). Figure six also showed significant in-
crease in body weight of isolated females from week
one (157.50± 7.56 g) to week six (220.00± 11.15 g).
There was a significant difference in serum sodium
level in isolated males (113.88 ± 2.9 mmol/L) when
compared to social males (137.78± 2.9 mmol/L) and
a significant difference in serum calcium level in iso-
lated males (4.49 ± 0.24 mmol/L) when compared
to social males (2.73 ± 0.24 mmol/L) at P-value ≤
0.05 (Tables 1, 2, 3 and 4). There was also a sig-
nificant difference in serum chloride level in isolated
males (93.50 ± 0.79 mmol/L) when compared to so-
cial males (100.13 ± 0.79 mmol/L) and a significant
difference in serum potassium level in isolated males
(7.43± 0.29mmol/L) when compared to social males
(4.92± 0.29 mmol/L) at P-value≤ 0.05.
There was a significant difference in serum sodium
level in isolated females (125.40± 2.9 mmol/L) when
compared to social females (136.65 ± 2.9 mmol/L)
and a significant difference in serum calcium level in
isolated females (4.69 ± 0.24 mmol/L) when com-
pared to social females (3.21 ± 0.24 mmol/L) at P-
value≤ 0.05 (Tables 5 and 6).
There was no significant difference in serum cortisol
level in the isolated male’s group (33.82± 0.81 ng/ml)
when compared to the social male’s group (32.25±
0.81 ng/ml) and isolated females group (30.96± 0.81
ng/ml) when compared to the social female’s group
(28.69± 0.81 ng/ml) at P-value≤ 0.05.
There was no significant correlation between body
weight and either serum electrolytes or cortisol levels
(Table 4). Table 5 shows a significant negative correla-
tion between serum calcium and sodium with r-value
-0.699. Table 6shows a significant negative correla-
tion between sodium and calcium (-0.699), sodium

and potassium (-0.628), and sodium and chloride
(0.727).
Tables 7, 8 and 9show a significant negative correla-
tion between potassium and sodium (-0.628), potas-
sium and chloride (-0.628), and sodium and chloride
(-0.794).

DISCUSSION
Social isolation, a source of chronic stress, has been
linked to neuroendocrine, cardiovascular, and psy-
chological disorders5,7,8, with little or no literature
to show how social isolation affects electrolytes. Al-
though this present study investigated the impact of
social isolation on serum electrolytes and cortisol,
there was no baseline measurement of serum elec-
trolyte or cortisol level for any group. Thus, the com-
parison is limited to control and test groups.
The caging/housing of the animals individually was
associated with an increase in aggression and agita-
tion ofWistar rats15; this aggressive display was more
in isolatedmales than the isolated females and was in-
tense during the first three weeks of isolation. Also
observed was an increase in the time spent attempt-
ing to escape isolation16 and a decrease in food intake
compared to the socially housed groups (females and
males), which also agrees with the findings15. The
attempt to escape isolation was more among the fe-
male rats, while decreased food intake was more in
the males during the first two weeks of isolation.
Increased feeding, accompanied by weight gain as
shown in the result, was observed during the last two
weeks of isolation (4th — 6th week)15. The increased
food intake by the isolated rats could result from the
rise in cortisol level, as earlier reported by previous
studies17,18. There was no correlation between the
mean body weight of animals and any of the other
variables (Na, K, Ca, Cl and Cortisol).
Stress can be chronic or acute depending on the du-
ration and frequency, and chronic stress often results
in depression9. Cortisol, commonly referred to as
the stress hormone, is usually released into the blood-
stream in response to stress; the increased production
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and circulatory concentration of cortisol have been
implicated in depressive and anxiety disorders11. The
reduction in physical activity and consequent depres-
sive state of the isolated rats can be attributed to
the increased cortisol level as shown in the results
and agrees with earlier findings19,20. The increase in
mean serum cortisol levels of the isolated rats was not
significant. Pearson correlation revealed a negative
correlation between Na and Cortisol21 and between
Cortisol and Cl.
Previous studies have reported Hyponatraemia as the
most common electrolyte disorder recorded by clin-
ical biochemists, and diagnosis is when the serum
sodium level is below 135 mmol/L13,20,21. Hyperna-
tremia has also been reported as a risk factor for mor-
tality 21. Results obtained from this study show a sig-
nificant decrease in mean serum sodium level below
normal physiologic range in the isolated males female
(113 ± 2.9 mmol/L) and isolated female (125 ± 2.9
mmol/L), which indicates possible hyponatremia22

and likely hypotension. The decrease in sodium level
might be the reason for the increased agitation, and
aggression observed in the isolated rats, as earlier re-
ported by Ana et al.15. Pearson correlation revealed
a negative correlation between mean serum sodium
and calcium level, mean serum sodium and potas-
sium level, and a positive correlation between mean
serum sodium and chloride level.
Potassium is mainly found inside the body cells, with
a concentration in the blood between 3.5 mmo/L to
5 mmol/L23. The balance between potassium and
sodium level is essential for the maintenance of nor-
mal blood pressure. Thus an imbalance in potas-
sium concentration can result in either hypertension
(decrease in potassium) or hypotension (increase in
potassium). Physiologically as potassium level in-
creases, sodium level decreases and vice versa; this
is necessary for homeostasis. Results from this study
showed that mean serum potassium level increased
significantly in isolated males (7.43 ± 0.29 mmol/L)
compared to the control (4.92 ± 0.29 mmol/L) and
suggest possible Hyperkalaemia since the increase in
mean serum potassium level was above the normal
physiologic range (3.5 mmol/L to 5 mmol/L). This
increase in serum potassium level in isolated males
could result from the decrease in serum sodium level,
as shown in the results. Hyperkalaemia is commonly
associated with life-threatening arrhythmias24; this
imbalance in potassium serum concentration could
contribute to the cardiovascular disturbances induced
by social isolation, as earlier reported by Xia and Li8.
Calcium is the most abundant electrolyte in the body,
with a normal blood concentration range of calcium

between 2.20 – 2.67 mmol/l23, a large percentage of
calcium is used in bone formation23. This study re-
vealed a significant increase in mean serum calcium
level in both isolatedmales and females above the nor-
mal physiological range; this finding suggests thatHy-
percalcemia was induced by social isolation22. The
increase inmean serumcalcium levelmight have been
due to the reduction in the isolated animals’ physical
activities, which led to the resorption of calcium from
the bones. Hypercalcemia has also been closely linked
to cardiac arrhythmias and cardiac arrest24,25. This
study shows that the imbalance in calcium and potas-
sium could contribute to the mechanisms underly-
ing social isolation-induced cardiovascular diseases,
as reported by Xia and Li8. There was also a negative
correlation between serum calcium and sodium level.
Chloride is the second most abundant electrolyte in
the blood and has a normal physiologic range of 96
– 106 mmol/L26. This study showed a significant
decrease in mean serum chloride level in isolated
males, suggesting a possible Hypochloremia27 and
an increase in isolated females’ serum chloride level,
which was not significant. This study shows that this
discrepancy in chloride imbalance between the iso-
lated males and females is unknown. Results also
showed a positive correlation between sodium and
chloride, negative correlations between chloride and
potassium, and chloride and cortisol levels.
The mechanism via which social isolation induces
these changes in serum electrolytes and cortisol lev-
els is unknown. And this is still a preliminary study,
but the present findings re-emphasize the health ben-
efits and importance of a healthy social relationship
among humans.

CONCLUSIONS
The results from this study have shown that social
isolation is a source of chronic stress, which results
in depression. The present findings also suggest that
social isolation is a risk factor for electrolyte imbal-
ance. The precise mechanism via which social iso-
lation induces electrolyte imbalance is unclear. Still,
from our recent findings, we can infer the following:
social isolation causes stress which activates the HPA
axis response and cortisol release; as the plasma con-
centration of cortisol increases, the plasma concen-
tration of sodium decreases along with plasma chlo-
ride concentration. The decrease in plasma sodium
level causes plasma potassium levels to rise. Further-
more, the reduction in the isolated rats’ physical ac-
tivities results in calcium resorption from less active
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bones and a consequent rise in plasma calcium con-
centration. This imbalance in electrolytes could be the
reason for the cardiovascular malfunctions attributed
to social isolation.

RECOMMENDATION
• Further studies should be done to investigate
why serum K+ levels decreased in females but
increased in males following six weeks of social
isolation.

• Further studies should also be carried out to find
out why serum Cl- level increased in females
and decreased in males following six weeks of
social isolation.

• Further studies should also be carried out to find
out the impact of social isolation serum levels of
other electrolytes.

• Further studies should also be carried out to find
out if the impact of social isolation on serum
levels of these electrolytes is responsible for the
deregulation of reproductive functions.

ABBREVIATIONS
Ca: Calcium
Cl: Chloride
COR: Cortisol
CVD: Cardiovascular Disease
HPA: Hypothalamic-Pituitary-Adrenal Axis
ISE: Ion Selctive Electrode
K: Potassium
Na: Sodium
SI: Social Isolation
W: weight (g)

ACKNOWLEDGMENTS
We acknowledge the support of the members of staff
of the Department of Human Physiology, Nnamdi
Azikiwe University Nnewi campus, Nnewi, Nigeria.

AUTHOR’S CONTRIBUTIONS
The study arose from an original idea of RIU, CSU
and NNN. CSU, RIU and NNN contributed to the
study’s design. RIU wrote the first draft. RIU, CSU
and NNN participated in experimentation and data
collection; RIU, DCI and KEN carried out data anal-
ysis. Authors were involved in the preparation of the
manuscript and gave their approval for the Final draft
before submission. CSU andNNN supervised the en-
tire process.

FUNDING
The study received no funding.

AVAILABILITY OF DATA AND
MATERIALS
Data that supports the findings of this study are avail-
able.

ETHICS APPROVAL AND CONSENT
TO PARTICIPATE
Ethical approval was obtained for the progress of this
study from the Faculty of BasicMedical Sciences, Col-
lege of Health Sciences, Nnamdi Azikiwe University,
Nnewi Campus (NAU/CHS/NC/FBMS/402). Rats
handling and treatments conform to guidelines of the
Nnamdi Azikiwe University Animal Research Ethics
Committee (NAU-AREC) for laboratory animal care
and use.

CONSENT FOR PUBLICATION
All authors approved the final draft of the manuscript
and consented to its publication.

COMPETING INTERESTS
Authors declare no competing interest.

REFERENCES
1. Holt-Lunstad J, Smith TB. Loneliness and social isolation

as risk factors for CVD: implications for evidence-based pa-
tient care and scientific inquiry. Heart (British Cardiac Soci-
ety). 2016;102(13):987–9. PMID: 27091845. Available from:
10.1136/heartjnl-2015-309242.

2. Hawkley LC, Capitanio JP. Perceived social isolation, evo-
lutionary fitness and health outcomes: a lifespan approach.
Philosophical Transactions of the Royal Society B: Biological
Sciences. 2015;370(1669):20140114.

3. Donovan NJ, Okereke OI, Vannini P, Amariglio RE, Rentz DM,
Marshall GA. Association of higher cortical amyloid burden
with loneliness in cognitively Normal Older Adults. JAMA Psy-
chiatry. 2016;73(12):1230–7. PMID: 27806159. Available from:
10.1001/jamapsychiatry.2016.2657.

4. Steptoe A, Kivimäki M. Stress and cardiovascular disease:
an update on current knowledge. Annual Review of Public
Health. 2013;34(1):337–54. PMID: 23297662. Available from:
10.1146/annurev-publhealth-031912-114452.

5. Serra M, Pisu MG, Littera M, Papi G, Sanna E, Tuveri F. So-
cial isolation-induced decreases in both the abundance of
neuroactive steroids and GABA(A) receptor function in rat
brain. Journal of Neurochemistry. 2000;75(2):732–40. PMID:
10899949. Available from: 10.1046/j.1471-4159.2000.0750732.
x.

6. Mumtaz F. Khanc M1, Zubaire M, Dehpour AR. Neurobiology
andconsequencesof social isolation stress in animalmodel—
a comprehensive review. Biomedicine and Pharmacotherapy.
2018;105:1205–22. PMID: 30021357. Available from: 10.1016/
j.biopha.2018.05.086.

7. O’Keefe EL, O’Keefe JH, Lavie CJ. Exercise counteractss the
cardiotoxicity of psychosocial stress. Mayo Clinic Proceed-
ings. 2019;94(9):1852–64. PMID: 31451292. Available from:
10.1016/j.mayocp.2019.02.022.

9

https://www.ncbi.nlm.nih.gov/pubmed/27091845
10.1136/heartjnl-2015-309242
https://www.ncbi.nlm.nih.gov/pubmed/27806159
10.1001/jamapsychiatry.2016.2657
https://www.ncbi.nlm.nih.gov/pubmed/23297662
10.1146/annurev-publhealth-031912-114452
https://www.ncbi.nlm.nih.gov/pubmed/10899949
10.1046/j.1471-4159.2000.0750732.x
10.1046/j.1471-4159.2000.0750732.x
https://www.ncbi.nlm.nih.gov/pubmed/30021357
10.1016/j.biopha.2018.05.086
10.1016/j.biopha.2018.05.086
https://www.ncbi.nlm.nih.gov/pubmed/31451292
10.1016/j.mayocp.2019.02.022


Asian Journal of Health Sciences, 2021; 7(2):24

8. Xia N, Li H. Loneliness, social isolation and cardiovas-
cular health. Antioxidants {&amp;}amp; Redox Signaling.
2018;28(9):837–51. PMID: 28903579. Available from: 10.1089/
ars.2017.7312.

9. Santini ZI, Jose PE, Cornwell EY, Koyanagi A, Nielsen L, Hin-
richsen C. Social disconnectedness, perceived isolation, and
symptoms of depression and anxiety among older Americans
(NSHAP): a longitudinal mediation analysis. The Lancet Pub-
lic Health. 2020;5(1):e62–70. PMID: 31910981. Available from:
10.1016/S2468-2667(19)30230-0.

10. Ranabir S, Reetu K. Stress and hormones. Indian Journal
of Endocrinology and Metabolism. 2011;15(1):18–22. PMID:
21584161. Available from: 10.4103/2230-8210.77573.

11. Souza DND, Almeida CLD, Assunção L, Menezes AD, Castro
OD, Teixeira L. Relation between Depression and Hormonal
Dysregulation. Journal of Depression {&amp;}amp; Anxiety.
2017;6:69–78.

12. Woyesa SB, Gebisa WC, Anshebo DL. Assessment of se-
lected serum electrolyte and associated risk factors in dia-
betic patients. Diabetes, Metabolic Syndrome and Obesity.
2019;12:2811–7. PMID: 32021344. Available from: 10.2147/
DMSO.S233053.

13. Shrimanker I, Bhattarai S. Electrolytes [Updated 2020 sep]. In:
StatPearls [Internet]. Treasure Island (FL): StatPearls Publish-
ing; 2021 Jan. Available from: https://www.ncbi.nlm.nih.gov/
books/NBK541123/; 2021.

14. Festing MF, Altman DG. Guidelines for the design and statis-
tical analysis of experiments using laboratory animals. ILAR
Journal. 2002;43(4):244–58. PMID: 12391400. Available from:
10.1093/ilar.43.4.244.

15. Esquifino AI, Chacón F, Jimenez V, Toso CFR, Cardinali DP.
d24-hour changes in circulating prolactin, follicle-stimulating
hormone, luteinizing hormone and testosterone in male rats
subjected to social isolation. Journal of Circadian Rhythms.
2004;2(1):1. PMID: 14977425. Available from: 10.1186/1740-
3391-2-1.

16. Hurst JL, Barnard CJ, Tolladay U, Nevision CM, West CD. Hous-
ing and welfare in laboratory rats: effects of cage stocking
density and behavioural predictors of welfare. Animal Be-
haviour. 1999;58(3):563–86. PMID: 10479372. Available from:

10.1006/anbe.1999.1165.
17. Herhaus B, Ullmann E, Chrousos G, Petrowski K. High/low

cortisol reactivity and food intake in people with obesity and
healthy weight. Translational Psychiatry. 2020;10(1):40. PMID:
32066711. Available from: 10.1038/s41398-020-0729-6.

18. George SA, Khan S, Briggs H, Abelson JL. CRH-stimulated
cortisol release and food intake in healthy, non-obese
adults. Psychoneuroendocrinology. 2010;35(4):607–12. PMID:
19828258. Available from: 10.1016/j.psyneuen.2009.09.017.

19. Mohale DS, Chandewar AV. Effect of Social Isolation onOxida-
tive Stress and Transaminase Level. Asian Journal of Biomed-
ical and Pharmaceutical Sciences. 2012;2(15):41–4.

20. Shams S, Seguin D, Facciol A, Chatterjee D, Gerlai R. Effect
of social isolation on anxiety-related behaviors, cortisol, and
monoamines in adult zebrafish. Behavioral Neuroscience.
2017;131(6):492–504. PMID: 29189020. Available from: 10.
1037/bne0000220.

21. McLaughlan E, Barth JH. An analysis of the relationship be-
tween serum cortisol and serum sodium in routine clinical
patients. Practical Laboratory Medicine. 2017;8:30–3. PMID:
28856224. Available from: 10.1016/j.plabm.2017.04.003.

22. Walls RM, Hockberger RS, Gausche-Hill M. Rosen’s emergency
medicine: concepts and clinical practice. 9th ed. Philadelphia,
Elsevier; 2018. 1516–1532.p.

23. Tintinalli JE, Stapczynski JS, Ma OJ, Yealy DM, Meckler GD,
Cline DM. Tintinalli’s emergency medicine: a comprehensive
study guide.; 2016.

24. Fhadil S, Wright P. Electrolytes in cardiology. The Pharmaceu-
tical Journal. 2015;294(7849):181–4.

25. Minisola S, Pepe J, Piemonte S, Cipriani C. The diagnosis and
management of hypercalcaemia. Bmj. 2015;350:h2723. Avail-
able from: 10.1136/bmj.h2723.

26. Nagami GT. Hyperchloremia–Why and how. Nefrología
[Internet]. 2016 July; 36 (4): 347–353.Available from: http://w
ww.sciencedirect.com/science/article/pii/S02116995163002
5X; 2016.

27. Berend K, van Hulsteijn LH, Gans RO, Rijk OB. Chloride: the
queen of electrolytes? European Journal of InternalMedicine.
2012;23(3):203–11. PMID: 22385875. Available from: 10.1016/
j.ejim.2011.11.013.

10

https://www.ncbi.nlm.nih.gov/pubmed/28903579
10.1089/ars.2017.7312
10.1089/ars.2017.7312
https://www.ncbi.nlm.nih.gov/pubmed/31910981
10.1016/S2468-2667(19)30230-0
https://www.ncbi.nlm.nih.gov/pubmed/21584161
10.4103/2230-8210.77573
https://www.ncbi.nlm.nih.gov/pubmed/32021344
10.2147/DMSO.S233053
10.2147/DMSO.S233053
https://www.ncbi.nlm.nih.gov/pubmed/12391400
10.1093/ilar.43.4.244
https://www.ncbi.nlm.nih.gov/pubmed/14977425
10.1186/1740-3391-2-1
10.1186/1740-3391-2-1
https://www.ncbi.nlm.nih.gov/pubmed/10479372
10.1006/anbe.1999.1165
https://www.ncbi.nlm.nih.gov/pubmed/32066711
10.1038/s41398-020-0729-6
https://www.ncbi.nlm.nih.gov/pubmed/19828258
10.1016/j.psyneuen.2009.09.017
https://www.ncbi.nlm.nih.gov/pubmed/29189020
10.1037/bne0000220
10.1037/bne0000220
https://www.ncbi.nlm.nih.gov/pubmed/28856224
10.1016/j.plabm.2017.04.003
10.1136/bmj.h2723
https://www.ncbi.nlm.nih.gov/pubmed/22385875
10.1016/j.ejim.2011.11.013
10.1016/j.ejim.2011.11.013


Ready to submit your manuscript? Choose Biomedpress and benefit from: 

- Fast, convenient online submission 

- Through peer-review by experienced researchers 

- Rapid publication on acceptance 

- Free of charge (without publication fees) 

Learn more http://www.biomedpress.org/journals/ 

Biomedical Research and Therapy 

Indexed: Web of Science (ESCI), Embase, Google 
Scholar 
Journal Citation Indicator (2020): 0.16 
Acceptance Rate (2020): 54.32% 
Article Publishing Charge: Free 
Submission to first editorial decision: 27 days 

Progress in Stem Cell 

Indexed: Embase, Google Scholar 
Acceptance Rate (2020): 78.19% 
Article Publishing Charge: Free 
Submission to first editorial decision: 19 days 

Asian Journal of Health Sciences 

Indexed: Google Scholar 
Acceptance Rate (2020): 72.89% 
Article Publishing Charge: Free 
Submission to first editorial decision: 16.5 days 

Open Access Journals without publication fees 

Biotechnological Research

Indexed: Google Scholar 
Acceptance Rate (2020): 67.02% 
Article Publishing Charge: Free 
Submission to first editorial decision: 28.5 days 

ISSN: 2198-4093

ISSN: 2199-4633

ISSN: 2347-5218

ISSN: 2395-6763

http://www.biomedpress.org/journals/
http://www.bmrat.org/index.php/BMRAT
http://www.cellstemcell.org/index.php/PSC
http://ajhs.biomedpress.org/index.php/ajhs
http://br.biomedpress.org/index.php/br

	Effect of Social Isolation on Serum Electrolytes and Cortisol Level in Wistar Rats
	Introduction
	Methods
	Location of the Study
	Experimental Animals
	Ethical Approval
	Determination of Sample Size 
	Experimental Design 
	Experimental Protocol
	Laboratory Procedure for Na+, K+, Ca2+and Cl- Determination
	Laboratory Procedure for Cortisol Determination
	Statistical analysis

	Results
	Discussion
	Conclusions
	Recommendation
	Abbreviations
	Acknowledgments 
	Author's contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References




