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ABSTRACT
Background: Serum electrolyte monitoring is essential in the health assessment of captive elephants. The major elements of calcium,
sodium, potassium, chloride and bicarbonate are playing a major role in regulation of nerve and muscle functions and in maintaining
acid base and water balance. Excess levels or loss of particular electrolytes may occur as secondary changes caused by certain
diseases or changes in physiological regulations. The aim of this study was to evolve the baseline reference values for serum
electrolyte levels in captive Asian elephants raised in Tamil Nadu state of India.
Methods: As part of the periodical health assessment blood samples were collected from auricular vein for 42 apparently healthy
captive Asian elephants in Tamil Nadu, India. Serum electrolyte levels such as sodium (Na+), potassium (K+), chloride (Cl-), ionized
calcium (iCa), non-ionized calcium and total calcium (tCa) were determined by using an automated electrolyte analyzer.
Result: Most of the ranges of electrolyte values observed in this study were similar to that of previous reports. As not much studies
on ionized calcium are available on captive Asian elephants the value of ionized calcium found this study 1.16±0.13 mmol/L could
serve as reference. There was no much variation observed in various age groups. This electrolyte profile values will serve as baseline
values to evaluate the health and clinical conditions of captive elephant populations.
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INTRODUCTION
India has a long fascinating history of domesticating wild
elephants. Captive Asian elephants have been very closely
associated and deeply entwined with the religion, myths and
cultural heritage of India for centuries (Kumar et al., 2019).
Elephants have adapted to a wide variety of environments
in captive conditions. Maintaining of psychological and
physiological wellbeing of elephants is one of the most
important objectives in captive conditions. The health status
of captive elephants depends on various factors including
husbandry management, nutrition and infectious and non-
infectious diseases (Mikota et al., 1994; Sadler, 2001; Clauss
and Kiefer, 2003; Schmitt, 2003). Changes in environmental,
social, physical, physiological and psychological factors in
captive conditions can modify the homeostasis of individual
elephants and lead to a range of health issues that could
contribute to significant morbidity and mortality in elephants.
Elephants are prone to a variety of infectious and non-
infectious diseases; but recognizing that they are even sick
may be difficult and challenging (Miller and Fowler, 2015).
Elephants often do not manifest clinical signs of illness until
disease is well advanced. Such masking of clinical signs
makes identifying and treating diseases in elephants as very
challenging for veterinarians and zoo managers. Clinical
pathological examination including haematology, serum
biochemistry and electrolyte values are most often the ell
valuable diagnostic tools for elephants, especially when
clinical signs were nonspecific and other diagnostic
techniques may not be available for immediate applications
(Fowler and Mikota, 2006).
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Serum electrolyte concentrations provides important
information especially in relation to the respiratory, renal,
digestive and endocrine systems and are helpful to
differentiate the diseased animals from healthy individuals
(Bouda et al., 2000). The major elements of calcium, sodium,
potassium, chloride and bicarbonate are playing a major
role in regulation of nerve and muscle functions and in
maintaining acid base and water balance. Excess levels
or loss of particular electrolytes may occur as secondary
changes caused by certain diseases or changes in
physiological regulations. Marked disturbances in
electrolyte concentrations were often associated with death
in critically ill patients due to the impacting consequences
in acid-base status, regulation of membrane potential,
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nerve and muscle contraction and function of enzyme
systems (Goggs et al., 2017).

The serum sodium concentration is an indication of the
amount of water in the extracellular fluid (DiBartola, 2012).
Animals with hyponatremia or hypernatremia may have
decreased or increased total body sodium content. The
changes of sodium concentration reflect the abnormalities
in water balance (Goggs, 2017). While severe alterations
in sodium concentration were associated with considerable
morbidity and mortality even mild hyponatreamia was also
found to be associated with worse outcomes especially when
it complicates conditions such as heart failure (Reynolds
et al., 2006). Acid-base balance and osmolality were
maintained by regulation of serum chloride concentration.
Disturbances in chloride level causes metabolic acidosis or
alkalosis in animals (Ha et al., 2013). Potassium being the
most abundant intracellular cation (>98%) of the body,
kidney plays a major role in the maintenance of potassium
homeostasis. Disorders of potassium levels were associated
with a risk of death in animals, particularly hyperkalemia
cause death in veterinary patients with renal injury, urinary
tract obstruction and hypoadrenocorticism (Goggs et al.,
2017a). Calcium being an extracellular cation, is distributed
in free and ionized form and has important roles in neural
function, blood coagulation, muscle contractility and also
as cofactor in numerous enzymatic reactions (Fowler and
Mikota, 2016). Low calcium was found to be associated with
dystocia in captive Asian elephants, by causing failure in
initiation of second stage of labour (Aroch et al., 2016).

In elephant medical practices the evaluation of serum
electrolytes is considered useful for early diagnosis of
diseases, treatment and reproductive stage and detect
general welfare of elephants (Wijesekera et al., 2008; Pandit
et al., 2015). Although several studies have been extensively
studied on serum biochemical and mineral status in Asian
elephants (Dagolla et al., 2004) only a few studies have
addressed on electrolyte levels in Asian elephants
(Wijesekera et al., 2008). The aim of this study was to
evaluate and document the baseline reference ranges for
serum electrolyte levels in captive Asian elephants in Tamil
Nadu, India.

MATERIALS AND METHODS
Periodical veterinary assessment of captive elephants is
routinely done by the author’s team. Clinical examination of
elephants was done as per the standard protocols

(Ramanathan and Mallapur, 2008; Fowler and Mikota, 2016;
Jayaprakash, 2018). A total of 42 Asian elephant serum
samples were utilized for assessment of electrolytes in this
study. The age of elephants in this study ranged from 15
years to 62 years and all the elephants were apparently
healthy during the study period from August 2020 to April
2021. During sampling, the animals were made into lateral
recumbency with the help of its care takers and blood was
collected from auricular vein into plain tubes. The blood was
allowed to clot at room temperature and serum was
separated within 2 hours of collection by centrifugation at
2000 rpm for 2 minutes. The serum was stored at -20C
until the electrolytes were determined. Serum electrolytes -
sodium, potassium, chloride, ionized calcium, non-ionized
calcium levels were determined by using an automated
electrolyte analyzer (Allcare 9000 series electrolyte analyzer)
using the manufacturer recommended kits as per standard
protocols used for veterinary studies (Yogeshpriya et al.,
2017) at Veterinary College and Research Institute,
Orathanadu. Collected data were subjected to descriptive
statistics by Student’s t-test (Snedecor and Cochran,
1967) and reference intervals with 95% confidence
interval and 99% confidence interval for each parameter
were also calculated.

RESULTS AND DISCUSSION
The results of mean value, standard deviation, lower and upper
value and 95% confidence interval for serum electrolytes
were shown in Table 1. The observed sodium values were
128±0.79 mmol/L, chloride 89.81±12 mmol/L, Potassium
5.28±0.79 mmol/L. The observed ionized calcium was
1.16±0.13 mmol/L and total calcium was 2.38±0.20 mmol/
L. Analysis of results showed not much variation observed
among various age groups of captive Asian elephants.

Health management of captive elephants is always
challenging task. Many a time sickness is not even deducted,
as elephant don’t manifest unless very advanced disease
status is present. Periodical haemato-biochemical testing
is generally helping in some ways. Electrolyte monitoring
helps in identification of many diseases. Electrolytes are
very much essential for normal biochemical and
physiological functions of the body (Kaneko et al., 2008),
including on maintaining hydration status, acid- base
balance, generating and conducting action potentials in the
nerves and muscles, maintenance of proper blood pH

Table 1: The mean value, standard deviation, lower and upper value and 95% confidence interval for serum electrolytes in 42 captive elephants.

Parameters Mean Standard Maximum Minimum 95% confidence 99% confidence
deviation value value interval interval

Sodium (mmol/L) 128.00 0.79 138.9 120.6 126.66-129.34 126.24-129.76
Chloride (mmol/L) 89.81 12.00 105.5 61.60 86.13-93.43 85.04-94.57
Potassium (mmol/L) 5.28 0.79 7.71 3.89 5.04-5.51 4.96-5.94
Ionized calcium (mmol/L) 1.16 0.13 1.47 0.88 1.12-1.19 1.10-1.21
Non-ionized calcium (mmol/L) 1.20 0.11 1.42 0.93 1.16-1.23 1.15-1.24
Total calcium (mmol/L) 2.38 0.20 2.7 1.86 2.31-2.44 2.30-2.45
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(Bradbury, 1973; Goggs et al., 2017). Serum electrolyte
concentrations are responsible for maintaining the balance
of fluids between the intracellular and extracellular
environments. Hence, it is important to detect the changes
in electrolyte concentrations and monitor them very
frequently for the animals especially those with a dynamic
illness, so that these alterations can be treated prior to the
situation becoming more severe or life threatening. In this
present study these levels are indicative of the health status
of the studied elephants.

Mean levels of Na+ in this study was 128.0±0.79 mmol/
Land it was within the reference values reported earlier by
Fowler and Mikota (2006) in elephants (120-140 mEq/L),
however the observed values were slightly higher than the
values reported by Brown et al. (1994) in African elephants
(103±1.8 mmol/L). The variations in Serum Na+ levels
between the individual elephants could possibly be related
to their drinking habit, water quality, feeding behaviour,
exercise and social interaction in captive conditions. Brown
et al. (1994) reported that the variations in sodium
concentrations were attributed to variations in water intake
and forage availability. Chamaille-Jammes et al. (2007)
opined that elephant distribution was having strong
relationship with sodium rich water holes, forage availability
around waterholes as well as their daily ranging behavior
and social interactions. The observed sodium levels in this
study indicated that all the captive elephant are healthy, in
terms of sodium status.

Serum chloride (Cl-) anion is essential to the normal
function of all cells and has a crucial role for the maintenance
of osmolality and for acid-bas balance (Goggs et al., 2017).
Chloride levels reported in this study (89.81±12 mmol/L)
was found to be comparatively lower than the values reported
in elephants (100-115 mEq/L) by Fowler and Mikota (2006).
Lower values were considered to be associated with the
age of elephants as well as differences in feeding pattern
under captive conditions. Allen et al. (1985) observed of
age-related differences in chloride levels in African
elephants.  These levels in this study could possibly be due
to the variations in water intake, water quality as well as
gastrointestinal health of these elephants. Even a mild
secretory diarrhea can change chloride levels. However,
these levels were not so low to call them as hypochloreamic.

Serum potassium (K+) is the major intracellular cation,
essential to the normal function of all cells and it has critical
role in neuromuscular and cardiac excitability. Mean serum
potassium levels observed in this study was 5.28±12 mmol/L
and it was similar to the mean value of 3.0 - 6.0 mEq/L
reported by Fowler and Mikota (2006). However, the values
found in this study was higher than the values reported by
Brown et al. (1994) in African elephants and lower than the
values reported by Silva and Kuruwita (1993) in Asian
elephants in Sri Lanka. These variations of the levels in these
studies could possibly be due to the diet compositions in
captive conditions and also possibly be due to the
physiological differences on species and as subspecies
levels (Wijesekera et al., 2008).

The overall mean values of ionized calcium, non-ionized
calcium, total calcium in this study were 1.16±0.13 mmol/L,
1.20±0.11 mmol/L and 2.38±0.20 mmol/L respectively.  The
total calcium levels were lower than the values reported by
Brown et al. (1994) in African elephants and those reported
by Wijesekra et al. (2008) in captive Asian elephants in Sri
Lanka. These differences may be related to the amount of
calcium in their diet as well as their metabolism in elephants.
Sonsbeek et al. (2013) observed that the dietary calcium
levels played a superior role in plasma calcium concentration
and found that the oral calcium and cholecalciferol
supplementations resulted in a significant increase in plasma
total calcium concentration. Brown and White (1977) opined
that the variety of diet and seasonal variations affected the
intestinal absorption and serum levels of calcium in elephant.

The ionized calcium concentration observed in this
study was similar to those reported by Aroch et al. (2016),
who had reported the value of 1.16±0.20 mmol/L as the mean
concentration of serum ionized calcium values in four captive
Asian elephant cows. Fowler and Mikota (2006) observed
that ionized calcium generally remained normal even when
total calcium was altered by changes in protein levels. In
another study, Kolk et al. (2008) reported a lower value
(0.93±0.11 mmol/L) in four Asian elephants. Such variations
found in these elephants could possibly be due to the food
quality and stable food availability in captive conditions in
different areas. These 42 elephants in this study were found
to be healthy and hence the comparatively larger sample
size associated results for electrolytes could well serve as
a reference range for assessing the health and disease of
captive Asian elephants.

CONCLUSION
The serum electrolytes values were evaluated in 42
apparently healthy captive Asian elephants. Most of the
ranges of electrolyte values were similar to that of previous
reports. All the values of ionized calcium as well as serum
electrolyte profile in this study was found to be within the
normal ranges and indicated the overall healthiness of 42
captive elephants. This information from larger sample size
of 42 captive elephants presents a more authentic value
and may be used as reference range to evaluate the health
and clinical conditions of captive elephant populations.
Variations in some values might occur due to the prevailing
nutritional and environmental factors as well as daily ranging
behavior and social interaction of elephants.  Ionized calcium
of these 42 elephants indicated that there was overall good
musculoskeletal health. In addition, maintenance of the
health of these 42 captive elephants was good as was
represented by these electrolyte profiles.
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