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Sodium and Depression: Hypothetical Associations
Osman Ozdemir1

ÖZET:

Sodyum ve depresyon: hipotetik ilişkiler

ABSTRACT:

Sodium and depression: hypothetical
associations

Sodyum hücre dışı beden sıvısında bulunan önemli bir
katyon ve sinir iletimi için gerekli olan bir elektrolittir.
Serum sodyum konsantrasyonu vasopressin tarafından
kontrol edilir. Vasopressin depresyon patofizyolojisinde
de önemli rol oynamaktadır. Depresyonunun artmış
rezidüel sodyum (hücre içi ve az miktarda kemikte
bulunan sodyum) miktarıyla ilişkili olduğu, tedavi sonrası normal seviyelere döndüğüne ilişkin bazı bulgular
mevcuttur. Bu yazıda sodyum ve depresyon arasındaki
hipotetik ilişkiler ele alınmıştır.

Sodium is the major extracellular cation in body fluids
and an essential electrolyte for the transmission of nerve
impulses. Serum sodium concentration is controlled by
vasopressin (AVP). AVP may play an important role in
the pathophysiology of depression. There is also some
evidence suggesting that depression is associated with a
considerable increase in residual sodium, which returns
to normal after recovery. This paper aims to present the
relationship between sodium and depression.
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INTRODUCTION
Sodium is the major extracellular cation in body
fluids and therefore has an important role in
maintaining water balance within cells (1). Sodium
is an essential electrolyte for the transmission of
nerve impulses (2). Serum sodium concentration
(Na+) has very narrow limits of 138-142 mmol/L
despite great variation in water intake (3). Any extra
sodium is excreted by the kidneys (2).

Control of serum sodium
Serum sodium concentration and thus serum
osmolality are closely controlled by water
homeostasis, which is mediated by thirst, arginine
vasopressin (AVP, also known as vasopressin or
antidiuretic hormone (ADH)), and the kidneys.
Thirst and ADH act in parallel to control plasma
osmolality and sodium concentration. The
physiology of thirst is a highly complex process that

vasopressin,
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must be controlled by a variety of somatomotor,
autonomic, and endocrine responses. Increases in
plasma osmolality and decreases in plasma volume
are the most important stimuli to increase thirst and
vasopressin release (4).

Vasopressin
Vasopressin is a hormone produced by the
paraventricular nucleus (PVN) and the supraoptic
nucleus (SON) of the hypothalamus, producing an
antidiuresis by enhancing water reabsorption in the
collecting ducts of the kidney. One of the most
important roles of AVP is to regulate the retention of
water, thus concentrating the urine and reducing
urine volume (4,5).
Arginine vasopressin (AVP) is released into the
peripheral circulation from the posterior pituitary
and is responsible for antidiuresis (5,6). The
physiologic stimuli for release of vasopressin can be
divided into osmotic and non-osmotic factors.
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Volume depletion is probably the most powerful
non-osmotic stimulus; however, other factors such
as temperature, emotion, and pain have been
shown to produce an effect. Acetylcholine,
norepinephrine, dopamine, the neuroactive
peptides, and opiates are neurotransmitters that are
known to mediate this effect, although the role of
each has not been fully elucidated (6).

Vasopressin and Depression
In the central nervous system (CNS), AVP acts as
a neuromodulator in a group of CNS-mediated
functions such as learning and memory, social
behaviors, circadian rhythmicity, thermoregulation,
and autonomic functions. AVP is also known to
directly modulate corticotropin-releasing hormone
(CRF) leading to adrenocorticotropic hormone
(ACTH) release and activation of the hypothalamic–
pituitary–adrenal (HPA) axis (5,6).
Dysregulation of the HPA axis is believed to play
a crucial role in the pathophysiology of depression
(7,8). Studies of HPA function in depression reveal
numerous abnormalities. These abnormalities
include cortisol escape from dexamethasone
suppression and increased cortisol responses to the
dexamethasone corticotropin releasing hormone
(DEX-CRH) test (8,9). The activation of the HPA axis
is essential for an appropriate biological response to
a stressful event. AVP and CRH are the major
hormones of the HPA axis and both peptides are
required for maximal pituitary–adrenal stimulation.
AVP has ACTH- releasing properties, a response
which may be dependent on the ambient
endogenous CRH level. Following the combination
of AVP and CRH, a much greater synergistic ACTH
response is seen. Monoamine neurotransmitters
that play a role in depression pathophysiology also
have an important effect on HPA activity (8,10).
Moreover, selective serotonin re-uptake inhibitors
(SSRIs) have an effect on the regulation of the HPA
system (decreased DEX-CRH test response). It has
been found that plasma levels of the HPA axis
hormones, corticosterone and ACTH, decreased
after 15 days treatment with citalopram (9).
Some evidence suggests that the hypothalamo100

hypophyseal neuropeptide, AVP, is involved in
mood disorders (5,11). Central AVP-mediated
functions such as attention, memory, nociception,
and circadian rhythms are frequently disturbed in
affective disorders. The suprachiasmatic nuclei
(SCN) are thought to be involved in the regulation of
circadian rhythms and contain AVP-synthesizing
neurons. These neurons project exclusively inside
the CNS and do not contribute directly to changes
in plasma concentrations of AVP. However, AVPcontaining neurons of the SCN do project to the
paraventricular region of the hypothalamus and
can therefore indirectly influence the resulting
plasma levels of AVP. AVP and AVP-mediated
functions may be a factor in the clinical picture of
depression, possibly by influencing the activity of
the HPA axis (5,11).
Increased vasopressinergic activity has been
reported in patients with depression. Many studies
have shown higher mean plasma AVP concentrations
in depressed patients than in controls. Furthermore,
increased plasma AVP levels were related to
psychomotor retardation and have a significant
inverse relationship with neuroticism (5,11). It has
been suggested that high levels of AVP and subsequent
down-regulation of AVP receptors may be the key
biological abnormality in major depressive disorder.
The data supports the hypothesis that AVP causes
release of ACTH and subsequent release of cortisol
from stimulated adrenal glands (10).
The mechanism of increased AVP plasma
concentration in major depression is not well
understood (11). Some authors suggest that higher
levels of plasma AVP in depressive patients were
caused by increased plasma osmolality. Another
possibility that may play a role in the mechanism of
increased plasma AVP levels in major depression is
a lower serum prolyl endopeptidase (PEP), a serine
proteinase that degrades substrates such as AVP.
Thus, lower PEP activity may lead to increased
concentrations of AVP. It could be possible that
under the influence of (repeated) stress, increased
synthesis of AVP and CRH is evoked, and that this
production of central AVP is paralleled by a release
of AVP in the general circulation (11).
In response to stress, the activation of the HPA
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axis serves to restore homeostasis. Hypothalamic
CRF/AVP release and pituitary ACTH secretion play
a central role in regulating the stress response.
Repeated stress is known to increase AVP expression
in paraventricular CRF. There is evidence to support
this association in depressed subjects. On the other
hand, CRH and AVP stimulate ACTH synthesis and
the principle function of ACTH is to stimulate
cortisol release. AVP-stimulated ACTH secretion
may be refractory to glucocorticoid feedback. It has
been suggested that AVP is the primary regulator of
the HPA axis in chronic stress. This condition may
explain hypercortisolemia in depression (10).
The central vasopressinergic system has been
examined for psychiatric drug development,
including depression. This has led to the hypothesis
of the utility of central vasopressinergic receptor
antagonism as a potentially novel antidepressant
strategy (6).

Disorders of Sodium Metabolism in
Depression
Some authors have suggested that abnormalities
in electrolyte metabolism may cause mood changes
and studies of the metabolism of electrolytes in
affective disorders have demonstrated some
relationships between the metabolism of electrolytes
and affective disorders (12,13). These studies have
shown that both depression and mania are related to
changes in the plasma sodium concentration. In
some cases rapid mood changes are also related to
changes of sodium and water metabolism. The first
studies in depressive patients derived from the old
observation that urinary output tended to be low in
depression and high in mania. More detailed study of
the rate of urine flow during the changeover from
depression to mania showed that an abrupt increase
in urine flow actually preceded the mood change (12).
It is well known that lithium salts are effective in
the treatment of mania and depression. The effects
of lithium treatment on the distribution of
electrolytes suggests that changes of sodium may be
of great importance in the etiology of affective
disorders. Lithium carbonate alters sodium
transport and distribution (14).

There is some evidence that depression is
associated with a considerable increase in residual
sodium (intracellular and a small amount of bone
sodium), which returns to normal after recovery
(10,11). The rise of the residual sodium in depressive
patients is illustrated by the ratio of sodium in the
extracellular water to residual sodium (14).
Decreased excretion of sodium in individuals during
periods of depression has also been reported (13). If
sodium retention is a feature of the early stages of
depression, and if such retention persists during the
illness, diuresis of sodium would be expected to
accompany recovery (12).
The researchers have been able to demonstrate
significant relationships between measures of the
degree of verbal retardation in depressed patients
and both the sodium/potassium ratio in the urine
and specified frequencies in the EEG. In a later study
researchers have found that certain EEG frequencies
were also related to changes in both sodium balance
and the concentration of sodium in the plasma in
patients with depression (13). Similiar changes have
also been reported in patients with periodic
catatonia. Moreover, it was found that
electroconvulsive therapy (ECT) caused a slight and
quite transient retention of water and sodium (12).
Changes in water and electrolytes in depressive
patients are not the result of vegetative symptoms
of depression. Depression can decrease the appetite
and can cause a considerable amount of weight
loss. In a study in patients given a mixed diet, with a
constant fluid intake, 12-hour urine collections
were made over a period of several months. The
result of the study showed that patients retained
sodium and water during the depressive phases
(12). Another study found a transient retention of
water and sodium in patients with depression, but
over the course of the whole illness there appeared
to be no overall gains or losses (13). These studies
suggest that the changes of serum sodium level can
cause depression (12,13).
These results support the hypothesis that
depression is accompanied by retention of sodium,
which is excreted during recovery. The investigations
reviewed above provide suggestive but equivocal
evidence of some abnormalities of water and
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sodium metabolism in depressive illness. If further
work establishes that such abnormalities frequently
occur, there remains the question of the relationship
between the change in mood and the metabolic
changes (12,13).

Relationship Between The Sodium and
Dopaminergic Systems
Dopamine (DA), released from the neurons of
the substantia nigra pars compacta into the
striatum, plays an important role in regulating
normal and abnormal behaviors (15). Moreover,
dysfunctions of dopaminergic neurotransmission
are involved in the pathophysiology of various
neuropsychiatric disorders including Parkinson’s
disease, schizophrenia, attention deficit
hyperactivity disorder, drug abuse and depression
(15,16).
Multiple sources of evidence support a role for
diminished dopaminergic neurotransmission in
major depression. Data from animal studies, human
biological and postmortem studies and the action
of antidepressant medications have shown the role
of DA in depression (17). The mesocorticolimbic
dopamine system is involved in motivation,
psychomotor speed, concentration and the ability
to experience pleasure, and impairments of these
functions are prominent features of depression
(17). Furthermore, reward is mediated by
dopaminergic projections to the nucleus
accumbens, suggesting that this neurocircuitry
plays a crucial role in the pathogenesis of depression
(18). Animal models of depression demonstrate
altered mesolimbic DA system function, and
moreover, many antidepressants enhance DA
transmission (17). DA antagonists also reduce
motivation and mood and induce states of
depression (19). Investigations of cerebrospinal
fluid metabolites, such as the DA metabolite
homovanillic acid, reveal low levels in patients with
major depressive disorder (20).
Dopamine is a biogenic monoamine and an
important catecholamine neurotransmitter in the
area of the thirst center in the lateral hypothalamus.
In animals, a hyperdopaminergic state is associated
102

with increased fluid intake, which can be reversed
by dopamine antagonists (21).
Dopamine of renal origin plays a crucial role in
the regulation of renal sodium. Dopamine exerts
natriuretic and diuretic effects by activating
dopamine receptors located at various regions in
the nephron. The major consequence of the
activation of dopamine receptors is the decrease of
sodium reabsorption by the inhibition of proximal
tubular luminal sodium transport. The Na-KATPase and the Na/H exchanger are the two major
proximal tubule Na transport systems (22).
The renal dopaminergic system appears to be
highly dynamic with many factors involved in its
regulation. Dopamine modulates various renal
functions including renal blood flow, glomerular
filtration rate, tubuloglomerular feedback, renin
release and renal reabsorption of sodium (23). A
positive correlation has been reported between
sodium intake and renal dopamine production.
Urinary dopamine level, which may reflect the renal
production of dopamine, is increased in response to
high salt (sodium chloride) intake. Enhanced
dopamine synthesis and release contribute to the
natriuretic response. Dopamine receptors reduce
tubular sodium reabsorption by inhibition of two
main transport systems (22).
In the kidney, dopamine is synthesized by renal
proximal tubule cells. The DA precursor L-DOPA
enters into the cells by a sodium coupled transporter
and is converted to DA by aromatic amino acid
decarboxylase (AAAD). Once dopamine is
synthesized, it is transported out of the cells where
it can interact with dopamine receptors. Dopamine
secretion depends in part on the activity of
monoamine oxidase (MAO) and catechol-Omethyltransferase (COMT), the enzymes
responsible for degradation of catecholamines.
Inhibition of these enzymes, which are abundant in
tubule cells, is increased by renal dopamine (22).

Thyroid Hormones and Kidney
Functions
Abnormalities of the hypothalamic-pituitarythyroid (HPT) axis have been linked to depressive
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disorders. Various authors have reported decreased
serum thyrotrophin (TSH), a blunted TSH response
to thyrotrophin releasing hormone (TRH) and
increased serum free thyroxine (FT4) (24). They also
provide evidence of a significant relationship
between thyroid insufficiency and depression.
Hypothyroidism is highly prevalence among
depressed patients. Subclinical thyroid deficiency,
which has few or no symptoms, is defined as
abnormally high TSH with normal thyroid hormone
levels and has been found in depressive patients at
frequencies four times that of normal populations.
Furthermore, thyroid hormones have been used in
the treatment of depression (25).
There is a well-known interaction between the
thyroid gland and kidney functions. Thyroid
hormones (TH) are essential for the growth and
development of the kidney and play an important
role in regulation of water and electrolyte balance.
Thyroid dysfunction causes remarkable changes in
glomerular and tubular functions and electrolyte
and water homeostasis. Hypothyroidism is
accompanied by a decrease in glomerular filtration,
hyponatremia, and an alteration of the ability to
excrete water. The kidneys are also involved in the
metabolism and elimination of TH. The decline of
kidney function is accompanied by changes in the
synthesis, secretion, metabolism, and elimination
of TH (26).
Thyroid hormones also influence the levels of
water and electrolytes in different body
compartments. A decrease in TH activity results in a
significant decrease in fluid loss. This effect is not
due to inadequate suppression of vasopressin
release, or decrease in the reabsorptive ability in the
kidney tubule, but rather to a reduction in the
glomerular filtration rate (GFR) (27).
Thyroid hormones play an important role in the
modulation of tubular transport of sodium. They
have an effect on the sodium retention via the
sodium–potassium ATP pump (Na/K ATPase). It
has been showed that tubular reabsorption of Na is
lower in thyroidectomized rats than in controls and

that Na absorption increased in euthyroid rats
treated with triiodothyronine (T3) (28).

Antidepressant Drug-Induced
Hyponatremia
Hyponatremia is defined as a Na serum level of
less than 135 mEq/L and is the most common
electrolyte disorder (29). Psychotropic agents have
often been implicated in the causation of
hyponatremia, including both antidepressants
(tricyclics, selective serotonin reuptake inhibitors
[SSRIs], and monoamine oxidase inhibitors) and
antipsychotic drugs (phenothiazines and
butyrophenones) (30). The prevalence of
hyponatremia associated with SSRI and SNRI use
varies from 0.5–32% (29). This discrepancy in the
prevalence rates might be related to underdiagnosis,
as low plasma sodium can be clinically asymptomatic
(31).
The mechanism by which these drugs cause
hyponatremia is believed to be the development of
syndrome of inappropriate antidiuretic hormone
secretion (SIADH) (30). However, the mechanism of
action responsible for antidepressant-induced
SIADH is not known. One of the possible mechanisms
is the serotonin stimulatory effect of antidiuretic
hormone secreted from the posterior pituitary
gland, which is mediated by the 5HT2 and 5HT1
receptors (31). This syndrome consists of faulty
urine dilution in the presence of plasma
hyposmolality (32).

CONCLUSION
There is no direct evidence for a link between
sodium and depression, but indirect evidence
suggests that sodium and depression might be
closely associated with each other and these results
may help further understanding of the issue. This
paper presents baseline study findings, including a
summary of major documents needed for
reference.
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