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Melatonin in chronic kidney disease: a promising chronotherapy
targeting the intrarenal renin-angiotensin system
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The renin—angiotensin system (RAS) plays a crucial role in
the conservation of extracellular volume homeostasis and
blood pressure through complex molecular mechanisms [1].
The augmented activity of circulating levels of RAS com-
ponents significantly affects the pathogenesis of chronic
kidney disease (CKD) and subsequently end-stage renal
disease (ESRD). Apart from this well-known systemic
RAS, existence of a local RAS has been reported in dif-
ferent tissues, including the kidneys [2]. Inappropriate
activation of intrarenal RAS has been observed in a variety
of animal models of renal disease as an initial response to
hypoperfusion and is considered as an important enhancer
of the progression of CKD [1]. The upregulation of multiple
RAS components is usually detected in the absence of
increased plasma renin activity or plasma angiotensin (Ang)
II. Emerging evidence has suggested that enhanced activa-
tion of intrarenal RAS triggers increased reactive oxygen
species (ROS) production, imbalanced sodium homeostasis,
glomerular sclerosis, and tubulointerstitial fibrosis [3, 4].
Furthermore, elevation of the blood pressure (BP) is also
evident in subjects with CKD. Disruption of the circadian
rhythm of BP, particularly attenuation of the night-time
drop in BP (<10% decline; referred as non-dipper), has also
been associated with the aggravated intrarenal RAS in
CKD, and it is an important predictor of further progression
of CKD to ESRD [5]. Additionally, sleep disorders are
highly prevalent in CKD patients with additional morbidity
and mortality burdens. Sleep disorders, especially obstruc-
tive sleep apnea, can contribute to CKD through a direct
effect of intrarenal hypoxia on the kidney and activation of
the intrarenal RAS (Fig. 1) [6].
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Melatonin (N-acetyl-5-methoxytryptamine) is primarily
secreted from the pineal gland under the influence of light/
dark cycle in vertebrates [7]. Light stimulus is sensed by the
ocular photoreceptors in the retina and then is transmitted to
the suprachiasmatic nucleus (SCN) in the hypothalamus and
finally to the pineal gland. Melatonin production is sup-
pressed by light, while it is secreted predominantly at night.
It influences circadian rhythmicity by interacting with the
master clock in the SCN, as well as with peripheral clocks
in different organs, including the kidneys, thereby regulat-
ing numerous biological functions [5]. Furthermore, mela-
tonin exerts pluripotent protective effects in the kidneys by
receptor-mediated or receptor-independent  biological
actions [8]. It modulates mitochondrial metabolism,
increases ATP production and protects mitochondria against
nitrative damage. Melatonin limits oxidative stress directly
by inactivation of free radicals through the donation of one
or more electrons. Additionally, pineal indoleamine, a
melatonin metabolite, exhibits indirect antioxidant action by
stimulating the expression of major antioxidant enzymes,
for instance, superoxide dismutase and catalases. In chronic
injury, melatonin played an important role by suppressing
pro-inflammatory mediators and initiating a protective
effect against inflammatory damage [8]. Moreover, mela-
tonin plays a critical role in maintaining the bioavailability
of nitric oxide (believe to decrease in hypertension) by
acting on melatonin receptor MT2, thus promoting
endothelium-dependent vasorelaxation in the mesenteric
arteries (MAs) of spontaneously hypertensive rats (SHRs)
[9]. Long-term treatment with melatonin increased the
expression of markers associated with vasoprotection and
decreased oxidative stress and inflammation in mice [10].
Other than these pleotropic effects, melatonin is an impor-
tant regulator of the circadian sleep—wake cycle since levels
of melatonin peak at night and gradually decrease during
the daytime in healthy subjects. In contrast, circulating
melatonin levels are decreased in elderly subjects; addi-
tionally, the acrophase of melatonin is altered in different
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Fig. 1 In subjects with chronic
kidney disease (CKD), night-
time secretion of melatonin is
significantly impaired. The
alerted melatonin acrophase is
then associated with the
aggravated intrarenal
renin—angiotensin system
(RAS), subsequently causing
increased reactive oxygen
species (ROS) production,
sodium retention, inflammation,
and fibrosis. These pathological
changes in the kidneys trigger an
increase in blood pressure (BP),
as well as altering the dipping
pattern of BP from dipper to
non-dipper type. Disrupted
melatonin acrophase and
activated intrarenal RAS are also
associated with sleep disorders.
All of these pathologies enhance
the progression of CKD to end-
stage renal disease (ESRD).
However, exogenous melatonin
reverses all of these pathological
changes in the kidneys;
subsequently, a slower
progression of CKD with better
quality of life would be attained
by not only reducing BP but also
normalizing the dipping pattern
and improving sleep conditions
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pathological conditions, such as the non-dipper type of
hypertension in CKD [7].

In CKD, renal function progressively declines due to a
reduction in the number of functional nephrons. Irrespective
of the initial cause of injury, CKD involves persistent
inflammation, necrosis, and apoptosis, leading to the tubular
atrophy, glomerulosclerosis, and tubulointerstitial fibrosis
[7, 8]. Consequently, these renal pathologies are associated
with proteinuria, which is not only an indicator of renal
damage but also represents a risk factor for the progression
of CKD to ESRD. Therefore, therapeutic strategies for CKD
should be designed to suppress the aforementioned
pathologies. Moreover, KDIGO clinical practice guidelines
include the close monitoring and appropriate treatment of
high BP in subjects with CKD [11]. Since the systemic and
intrarenal RAS are highly activated in subjects with CKD,
agents interfering with the RAS are considered a corner-
stone of CKD treatment. Our group demonstrated that
intervention with an angiotensin II type 1 receptor blocker,
with or without hydrochlorothiazide, improved nocturnal
hypertension and slowed the progression of renal injury in

patients with CKD to ESRD with cardiovascular compli-
cations [5]. However, owing to the partial benefits or lim-
itations of the current and available therapeutics, novel
agents would be explored in terms of reducing the burden or
progression of CKD, as well as improving the quality of
life.

In the current issue of Hypertension Research, Ohashi
et al. [12] have summarized their works and the previously
reported investigations regarding the contribution of mela-
tonin to attenuating the CKD. The renoprotective effects of
melatonin in a variety of renal injury animal models,
including 5/6 nephrectomy, unilateral ureteral obstruction,
spontaneously hypertensive rats and adriamycin induced-
nephropathy, have been shown by suppressing oxidative
stress, renal inflammation, and renal damage. It has also
been revealed that impaired night-time melatonin secretion
correlates negatively with that of urinary angiotensinogen
(AGT), a surrogate marker for the intrarenal RAS [2]. Most
strikingly Ishigaki and Ohashi et al. [13] demonstrated that
melatonin administration in 5/6 nephrectomized rats caused
a significant reduction in the levels of urinary AGT.
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Moreover, melatonin treatment attenuated the expression of
AGT protein in the kidney, compared with that in untreated
nephrectomized rats. Consistently, the expression of ATI
receptor and Ang II in the kidney was attenuated in
melatonin-treated nephrectomized rats, suggesting a critical
role of melatonin in suppressing the intrarenal RAS. Since
the RAS is interconnected with ROS, inflammation, and
fibrosis, melatonin treatment is believed to suppress all of
these pathological changes in the kidneys and result in
slower progression of CKD.

The protective effects of melatonin have also been
demonstrated in several models of hypertension-mediated
nephropathy. Specifically, in the two-kidney one-clip
(2K1C) renovascular hypertension model (in which the
intrarenal RAS is highly aggravated), melatonin treatment
reduced BP, as well as prevented the elevation of the levels
of malondialdehyde (MDA) and myeloperoxidase (MPO),
which are markers for oxidative stress [14]. Similarly, the
intrarenal RAS is also known to be activated in a high salt
diet-induced hypertension model in Dahl salt-sensitive rats,
in which melatonin significantly reduced BP and kidney
injury via a direct antioxidant effect [15]. These observa-
tions are consistent with the findings of Simko et al., [16]
who showed that melatonin exerts antihypertensive action
in N(G)-nitro-L-arginine-methyl ester (L-NAME)-induced
hypertension in rats without affecting the systemic RAS. In
clinical settings, Ishigaki et al. [17] demonstrated that
impaired night-time melatonin secretion was associated
with night-time intrarenal RAS activation, which might be
involved in the underlying pathogenesis of progressive
CKD. Conversely, bedtime intake of melatonin or the
addition of melatonin to antihypertensive therapy is effec-
tive in ameliorating the non-dipping type of hypertension, a
frequently observed phenomenon in CKD [5].

Melatonin is known to play an important role in initiating
and maintaining sleep. Accumulating evidence has sug-
gested that subjects with CKD or on dialysis exhibit altered
circadian rhythms of melatonin levels in the blood, and the
production of melatonin is decreased with the progression
of CKD to ESRD [6]. It has been shown that both slow
wave sleep and rapid eye movement sleep were sig-
nificantly increased during dark periods in rats with subtotal
nephrectomy, compared with the sleep patterns of control
rats [5]. The EMSCAP study demonstrated that melatonin
intervention improved objective sleep onset latency, sleep
time and efficiency, reduced sleep fragmentation and
improved subjective sleep parameters, along with the nor-
malization of nocturnal melatonin surges in dialysis patients
[8]. In fact, obstructive sleep apnea has been shown to be
triggered by activation of the intrarenal RAS; [6] therefore,
it might be stated that melatonin can improve obstructive
sleep apnea by attenuating the intrarenal RAS and could
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assist in providing better quality of life for CKD patients
undergoing hemodialysis.

In numerous experimental animal models of CKD and
clinical settings, the effects of melatonin have been obvious
on the improvement of renal function and lowering of BP,
accompanied by the normalization of circadian rhythms,
i.e., non-dipper to dipper type of BP variation and
improvement of sleep disorders. These pleiotropic and
protective effects of melatonin are the consequences of
numerous complementary interconnecting mechanisms,
including the reduction of oxidative stress, inflammation
and fibrosis. Additionally, Ohashi and colleagues [12]
showed the crucial role of melatonin in the suppression of
the intrarenal RAS, which is believed to be involved in the
slower progression of kidney injury, accompanied by
increased sodium excretion, reduced BP and restoration of
nocturnal BP dipping in subjects with CKD (Fig. 1). Con-
sidering the numerous benefits of melatonin, large clinical
trials in phases 2 and 3 have been under way regarding
the improvement of quality of life in patients with
CKD and ESRD who have sleep disorders and are
undergoing dialysis (ClinicalTrials.gov; NCT01922999,
NCT00698360, NCT00388661). The outstanding renopro-
tective findings in clinical settings with melatonin might
open a new window into therapeutic strategies for subjects
with CKD.
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