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Abstract:
Objective Salt loading induces renal damage independently of blood pressure (BP) elevation via reactive

oxygen species and sympathetic activity. Melatonin, a hormone that regulates the circadian rhythm, has mul-

tiple functions, including anti-oxidant effects and the inhibition of sympathetic activity. We have shown that

impaired melatonin secretion is associated with renal damage in chronic kidney disease (CKD) patients.

However, the associations between salt loading, melatonin secretion, and urinary albumin and protein have

not been clarified.

Methods We recruited 32 CKD patients, conducted 24-hour ambulatory BP monitoring and collected day-

time and nighttime urine while the patients were consuming a standard salt (10 g/day) or low salt (6 g/day)

diet. The excretion levels of albumin, protein and 6-sulfatoxymelatonin (aMT6s), a metabolite of melatonin,

in daytime and nighttime urine were investigated in patients consuming standard salt and low salt diets.

Results The urinary aMT6s levels in daytime and nighttime of the patients consuming standard salt and

low salt diets did not differ to a statistically significant extent. However, the urinary aMT6s levels in patients

consuming a standard salt diet-but not patients consuming a low salt diet-were significantly and negatively

correlated with the daytime and nighttime urinary albumin and protein levels. Contrarily, no significant corre-

lations were found between the urinary aMT6s levels and the BP levels, renal function, and plasma an-

giotensin II levels in patients consuming either a standard salt or low salt diet. A multiple regression analysis

adjusted for age, sex, and body mass index revealed that the urinary albumin and protein levels were signifi-

cantly and negatively associated with the urinary aMT6s levels in patients consuming a standard salt diet, but

not in patients consuming a low salt diet.

Conclusion Salt loading aggravates the relationship between melatonin secretion and albuminuria or prote-

inuria.
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Introduction

Chronic kidney disease (CKD) is a risk factor for cardio-

vascular disease (CVD) and end-stage renal failure (1, 2).

More than 13 million people suffer from CKD in Japan, and

this number is expected to increase in the future. Thus, there

is an urgent need to establish an effective therapy for this

disease. However, there are few strategies for suppressing

the occurrence and development of CKD.

Salt loading causes blood pressure (BP) elevation due to

an increase in body fluid, which is proportional to the

amount of sodium in the body, and BP levels were found to

decrease according to the degree of salt restriction (3).
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Moreover, salt restriction is known to reduce urinary protein

excretion and to suppress the progression of renal dam-

age (4, 5). Furthermore, recent studies have found that salt

loading induces renal damage independently of the increase

of body fluids (6-9).

Melatonin is a hormone produced by the pineal gland,

and plays a pivotal role in regulating the circadian rhythm

of several biological systems. It has been clarified that mela-

tonin not only regulates the biological circadian clock, but

also serves a variety of biological functions (10-12). How-

ever, the relationships among salt loading, melatonin secre-

tion, and the urinary albumin and protein levels remain to

be clarified. Thus, the present study was performed with the

aim of clarifying these associations in CKD patients.

Materials and Methods

Subjects

The present study was approved by the ethics committee

of Hamamatsu University School of Medicine and was con-

ducted in accordance with the principles of the Declaration

of Helsinki. Written informed consent was obtained from all

patients. We recruited 32 CKD patients who had been ad-

mitted to our hospital to undergo renal biopsy between Feb-

ruary 2013 and March 2016. Although patients on antihy-

pertensive medication were included in this study, no

changes to their antihypertensive regimen were permitted

during the study.

Study protocols

Blood samples were drawn at admission to evaluate the

patients’ basal characteristics (hemoglobin A1c, total choles-

terol, low-density lipoprotein cholesterol, and uric acid).

Either a standard salt diet (10 g/day of salt) or low salt diet

(6 g/day of salt) was provided after admission. Examinations

were performed as described below after the patient had

consumed the salt diet for a certain period. Subsequently,

some patients moved from the standard salt diet to the low

salt diet and some patients moved from the low salt diet to

the standard diet, and the examinations were repeated after

the patient had consumed the salt diet for a certain period.

This time (3.88±1.56 days for the standard salt diet and 4.44

±1.19 days for the low salt diet) was necessary to maintain

a stable body fluid balance. The patients were randomly al-

located to receive the standard or low salt diet. The patients’

vital signs, such as their height and body weight, were

measured and ambulatory BP monitoring (ABPM) was con-

ducted at 30-min intervals for 24 hours using an automatic

device (TM-2431; A and D, Tokyo, Japan). Daytime (6:00

AM to 9:00 PM) and nighttime (9:00 PM to 6:00 AM) urine

collection was conducted on the day of the experiment. The

daytime and nighttime for 24-hour ABPM were divided

based on the sleep and wake times that were recorded in pa-

tients’ behavior records. Blood samples were drawn at 9:00

PM and 6:00 AM on the following day, after patients rested

in the supine position for a minimum of 15 minutes. The

blood samples taken at 9:00 PM and 6:00 AM were consid-

ered to be the daytime and nighttime samples, respectively,

as previously described (13, 14).

Clinical data

The daytime BP was calculated as the average of the

readings taken during waking hours; the nighttime BP was

the average of the remaining values. The serum creatinine

(sCr), urinary creatinine, albumin, protein, sodium, and po-

tassium concentrations were measured in the hospital’s clini-

cal laboratory. The levels of urinary 6-sulfatoxymelatonin

(U-aMT6s), the main melatonin metabolite, were measured

using an enzyme-linked immunoassay (ELISA) (Bühlmann

Laboratories AG, Schönenbuch, Switzerland) (15). The U-

aMT6s excretion per hour (U-aMT6s/h) during daytime and

nighttime was calculated as a surrogate marker of the rate of

melatonin secretion, as previously described (13, 16, 17).

The plasma renin activity (PRA) and plasma angiotensin II

(Ang II) levels were assessed by a radioimmunoassay (SRL,

Tokyo, Japan). The estimated glomerular filtration rate

(eGFR) was calculated using the Japanese eGFR equa-

tion (18). The daytime and nighttime urinary albumin/cre-

atinine (U-Alb/Cr) and protein/creatinine (U-Pro/Cr) ratios

were calculated.

Statistical analyses

The results were expressed as the mean±standard devia-

tion. Because the PRA, U-aMT6s/h, U-Alb/Cr, and U-Pro/Cr

excretion levels were not normally distributed, these results

were reported as the median with the 25% and 75% quarti-

les using the Mann-Whitney test. In addition, they were

logarithmically transformed prior to the statistical analy-

sis (13, 14). The significance of the differences between

gender, as well as the standard and low salt diets in both

daytime and nighttime, was determined using Student’s t-test

for paired samples. The correlations between U-aMT6s/h

levels and other parameters [body weight, body mass index

(BMI), BP, sCr, eGFR, PRA, plasma Ang II, U-Alb/Cr, and

U-Pro/Cr] were evaluated using Pearson’s product-moment

correlation coefficient for both daytime and nighttime. Mul-

tivariate regression analyses were performed for daytime and

nighttime using independent predictors of the U-aMT6s/h. P

values of <0.05 were considered to indicate statistical sig-

nificance. All statistical analyses were performed using the

IBMⓇSPSSⓇ software program (version 23, IBM, Armonk,

USA).

Results

Patient characteristics

This study included 32 patients (male, n=12; female, n=

20; mean age, 50.3±15.8 years) who had undergone renal

biopsy to determine the patient’s definitive diagnosis, recog-

nize the degree of renal damage, and determine the treat-
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Table　1.　Patient Characteristics.

Total Male Female p value

Number of patients 32 12 20

Age, year 50.3±15.7 49.8±16.0 50.6±15.9 0.89

Causes of CKD 0.30

IgA nephropathy 19 6 13

Focal segmental glomerulosclerosis 3 1 2

Membranus nephropathy 2 0 2

Others 8 5 3

Comorbidity

Impaired glucose tolerance 1 1 0 0.19

Hypertension 4 3 1 0.098

Hyperlipidemia 7 3 4 0.74

Hyperuricemia 1 1 0 0.19

Height (cm) 161.7±9.9 172.3±6.2 155.4±5.1 <0.01

Body weight (kg) 57.9±10.2 67.3±6.7 52.3±7.4 <0.01

Body mass index (kg/m2) 22.1±2.9 22.8±3.1 21.6±2.7 0.28

Systolic BP (mmHg) 118.7±15.7 128.4±16.4 112.8±12.1 <0.01

Diastolic BP (mmHg) 72.1±10.3 77.8±12.4 68.8±7.1 0.014

HbA1c (%) 5.64±0.48 5.78±0.59 5.55±0.38 0.21

T-cho (mg/dL) 202.6±39.2 190.2±34.7 210.1±40.6 0.17

LDL-cho (mg/dL) 116.1±33.0 108.1±31.5 120.3±34.0 0.38

Uric acid  (mg/dL) 5.92±1.60 7.47±0.70 4.99±1.20 <0.01

CKD: chronic kidney disease, BP: blood pressure, HbA1C: hemoglobin A1C, T-cho: Total cholestreol, 

LDL-cho: low-density lipoprotein cholestreol

ment strategy. The histological diagnoses of CKD were as

follows: IgA nephropathy (n=19), focal segmental glomeru-

losclerosis (n=3), membranous nephropathy (n=2), and other

diagnoses (n=8). One patient had impaired glucose tolerance

treated with a dipeptidyl peptidase-4 inhibitor, 6 patients had

hyperlipidemia treated with statins or fibrates, and 2 patients

had hypertension treated with calcium channel blockers or

beta blockers. One patient had hypertension treated with a

calcium channel blocker and hyperuricemia treated with fe-

buxostat and one patient had hypertension treated with a

calcium channel blocker and hyperlipidemia treated with a

statin. Treatment was effective in all patients. No patient re-

ceived diuretics. Although the height and body weight of the

male patients was significantly higher and heavier in com-

parison to the female patients, the male and female patients

showed similar BMI values. The systolic and diastolic BP

values of the male patients were significantly higher in com-

parison to the female patients. In addition, the levels of uric

acid in male patients were significantly higher than those in

female patients. The patients’ baseline characteristics are

presented in Table 1.

Comparison of specific clinical parameters of the

patients consuming standard salt and low salt diets

The clinical parameters of patients consuming standard

and low salt diets were compared. The urinary daily sodium

excretion was 128.0±32.5 mEq/day in patients consuming

the standard salt diet and 89.7±22.8 mEq/day in patients

consuming the low salt diet; the difference was statistically

significant (p<0.01). The patients consuming standard salt

and low salt diets showed similar body weight and BMI val-

ues (body weight; standard salt diet; 57.9±10.3 kg, low salt

diet; 57.8±10.4 kg, p=0.35 and BMI; standard salt diet; 22.0

±2.95 kg/m2, low salt diet; 21.0±4.7 kg/m2, p=0.34, respec-

tively).

Comparison of the specific clinical parameters dur-

ing daytime and nighttime between patients con-

suming standard salt and low salt diets

As melatonin is mainly produced by the pineal gland dur-

ing nighttime (Log U-aMT6s/h; standard salt diet: daytime

4.39±0.28 ng/h, nighttime 5.20±0.42 ng/h, p<0.01, low salt

diet: daytime 4.46±0.35 ng/h, nighttime 5.24±0.40 ng/h, p<

0.01), we compared specific clinical parameters during day-

time and nighttime between patients consuming standard salt

and low salt diets (Table 2).

The levels of urinary sodium excretion in patients con-

suming the standard salt diet were significantly increased in

comparison to those in patients consuming the low salt diet

in both daytime and nighttime. However, no significant dif-

ferences in the urinary potassium excretion levels or urinary

volume were found between the standard and low salt diets

in either daytime or nighttime.

The daytime and nighttime Cr and PRA levels of patients

consuming the standard salt diet were significantly de-

creased in comparison to those in patients consuming the

low salt diet. Similar results were found for the plasma Ang

II levels. In addition, the nighttime eGFR of patients con-

suming the standard salt diet was significantly increased in

comparison to that of patients consuming the low salt diet
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Table　2.　Comparison of Some Clinical Parameters between the Standard and Low Salt Diets in Day-
time (A) or Nighttime (B).

A  Daytime

Standard salt diet Low salt diet p value

Systolic BP (mmHg) 120.9±15.7 119.9±15.1 0.30

Diastolic BP (mmHg) 73.1±8.7 73.1±8.7 0.96

sCr (mg/dL) 0.93±0.30 0.98±0.33 0.027

eGFR (mL/min/1.73 m2) 60.8±18.2 58.1±18.6 0.057

PRA (ng/mL/h) 0.80 [0.40-1.30] 1.05 [0.63-2.08] <0.01

Log PRA (ng/mL/h) -0.087±0.31 0.083±0.36 <0.01

Ang II (pg/mL) 8.9±3.1 11.0±3.8 <0.01

U-Alb/Cr (mg/gCr) 382.5 [220.3-800.8] 327.0 [150.8-828.8] 0.79

Log U-Alb/Cr (mg/gCr) 2.57±0.34 2.54±0.39 0.56

U-Pro/Cr (mg/gCr) 756.1 [445.9-1,425.8] 682.3 [344.5-1,301.7] 0.61

Log U-Pro/Cr (mg/gCr) 2.87±0.27 2.84±0.32 0.41

U-aMT6s/h (ng/h) 23,147.1 [18,464.4-36,015.0] 29,295.6 [22,098.4-53,048.2] 0.38

Log U-aMT6s/h (ng/h) 4.39±0.28 4.46±0.35 0.21

Urinary sodium excretion (mEq) 82.8±24.0 54.0±18.0 <0.01

Urinary pottasium excretion (mEq) 22.3±6.5 20.0±7.6 0.074

Urinary volume (mL) 1,008.9±372.1 1,005.0±490.2 0.96

B  Nighttime

Standard salt diet Low salt diet p value

Systolic BP (mmHg) 112.8±14.6 111.7±12.8 0.36

Diastolic BP (mmHg) 67.0±8.1 66.8±9.1 0.74

sCr (mg/dL) 0.90±0.30 0.94±0.32 <0.01

eGFR (mL/min/1.73 m2) 64.1±19.3 61.4±18.8 <0.01

PRA (ng/mL/h) 0.60 [0.40-1.08] 1.00 [0.70-1.78] <0.01

Log PRA (ng/mL/h) -0.22±0.33 0.0020±0.37 <0.01

Ang II (pg/mL) 8.9±3.4 10.1±3.8 0.082

U-Alb/Cr (mg/gCr) 230.0 [110.8-352.0] 197.5 [88.9-475.0] 0.78

Log U-Alb/Cr (mg/gCr) 2.35±0.34 2.35±0.43 0.87

U-Pro/Cr (mg/gCr) 522.9 [286.5-678.9] 484.8 [229.2-843.3] 0.74

Log U-Pro/Cr (mg/gCr) 2.65±0.27 2.64±0.32 0.69

U-aMT6s/h (ng/h) 14,0426.3 [90,295.6-33,9728.0] 155,539.8 [90,707.8-347,552.3] 0.39

Log U-aMT6s/h (ng/h) 5.20±0.42 5.24±0.40 0.34

Urinary sodium excretion (mEq) 45.2±17.2 35.7±20.6 0.021

Urinary pottasium excretion (mEq) 9.5±4.2 11.6±9.6 0.14

Urinary volume (mL) 562.1±271.5 596.8±339.4 0.48

PRA, U-aMT6s/h, U-Alb/Cr, and U-Pro/Cr excretion levels did not show a normal distribution, they were shown as median along 

with 25% and 75% quartiles in parenthesis. BP: blood pressure, sCr: serum creatinine, eGFR: estimated glomerular filtration rate, 

PRA: plasma renin activity, Ang II: angiotensin II, U-Alb: urinary albumin, U-Pro: urinary protein, U-aMT6s: urinary 6-sulfatoxy-

melatonin

and a similar tendency was found in daytime.

On the other hand, daytime and nighttime U-aMT6s/h

levels of patients consuming the standard salt diet tended to

decrease in comparison to those of patients consuming the

low salt diet. Contrarily, the daytime and nighttime BP, U-

Alb/Cr, and U-Pro/Cr levels of patients consuming the stan-

dard salt diet tended to increase in comparison to those of

patients consuming the low salt diet.

Relationships between U-aMT6s/h and specific day-

time and nighttime parameters of patients consum-

ing standard salt and low salt diets

We investigated the relationships between U-aMT6s/h and

specific daytime and nighttime parameters in patients con-

suming standard salt and low salt diets. The urinary aMT6s

excretion levels of patients consuming the standard salt diet

were significantly and negatively correlated with albumin

excretion levels during daytime and nighttime (Fig. 1A). On

the other hand, no significant association was detected be-

tween the urinary aMT6s excretion level and the urinary al-

bumin excretion level of patients consuming a low salt diet

(Fig. 1B). In addition, the urinary aMT6s excretion level of

patients consuming a standard salt diet was significantly and

negatively correlated with the urinary protein excretion level

during both daytime and nighttime. On the other hand, no

significant correlations were found between the urinary aMT

6s excretion levels and BP, renal function, PRA, or plasma

AngII levels during daytime or nighttime in patients con-
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Figure　1.　The relationship between daytime and nighttime urinary melatonin excretion (U-
aMT6s/h) and urinary albumin excretion (U-Alb/Cr) in patients consuming a standard salt diet (A) 
and those consuming a low salt diet (B). U-aMT6s/h levels in patients consuming a standard salt diet 
were significantly and negatively correlated with the U-Alb/Cr levels in daytime (r=-0.43, p=0.023) 
and nighttime (r=-0.38, p=0.045) (A). On the other hand, no significant associations were detected 
between the U-aMT6s/h levels and U-Alb/Cr levels in daytime (r=-0.19, p=0.33) or nighttime (r=-0.19, 
p=0.30) in patients consuming a low salt diet (B).

suming standard salt or low salt diets (Table 3).

Multiple regression analyses of the factors associ-

ated with the daytime and nighttime urinary aMT6s

excretion levels in patients consuming standard salt

and low salt diets

Multiple regression analyses were performed to investi-

gate the relationships between the U-aMT6s/h level and the

levels of urinary albumin and urinary protein. Analyses ad-

justed for age, gender and BMI revealed that the nighttime

urinary albumin level and the daytime protein level were

significantly and negatively associated with the urinary

aMT6s levels in patients consuming a standard diet. Similar

tendencies were found between U-aMT6s/h and the daytime

urinary albumin level and nighttime protein level. On the

other hand, no significant associations were observed be-

tween the urinary aMT6s level and other daytime and night-

time parameters in patients consuming a low salt diet (Ta-

ble 4).

Discussion

This study demonstrated that the level of urinary aMT6s,

a surrogate marker of melatonin secretion, was significantly

and negatively associated with the urinary albumin and pro-

tein levels in patients consuming a standard salt diet, but not

a low salt diet, and that the relationships in patients consum-

ing a standard salt diet were maintained after adjustment for

age, gender and BMI.

It is well-known that salt loading causes BP elevation ac-

cording to the increase in the amount of sodium in the body,

and that hypertension is a major risk factor for CVD, stroke,

and end-stage renal disease (3-5, 19, 20). However, volume-

independent mechanisms through which salt loading causes

BP elevation have recently been identified. Dornas et al. re-

ported that salt-dependent hypertension was accompanied by

a decrease in renal superoxide dismutase activity, and that

the metabolic changes and the hypertensive effects were re-

versed by a superoxide scavenger, Tempol, which potentially

reduced ROS production (6). These data indicate that salt
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Table　3.　Relationships between Urinary Melatonin Excretion Levels and Some Parameters in Daytime 
or Nighttime during the Standard or Low Salt Diet.

Standard salt diet Low salt diet

Daytime Nighttime Daytime Nighttime

r p r p r p r p

Body weight (kg) -0.038 0.85 -0.12 0.54 0.18 0.35 -0.067 0.72

Body mass index (kg/m2) -0.038 0.85 -0.18 0.33 0.19 0.33 0.25 0.18

Daytime systolic BP (mmHg) -0.006 0.98 0.11 0.57

Nighttime systolic BP (mmHg) -0.32 0.092 -0.14 0.44

Daytime diastolic BP (mmHg) 0.012 0.95 0.053 0.78

Nighttime diastolic BP (mmHg) -0.18 0.35 -0.050 0.79

Daytime sCr (mg/dL) -0.17 0.38 0.26 0.16

Nighttime sCr (mg/dL) -0.16 0.40 -0.081 0.66

Daytime eGFR (mL/min/1.73 m2) 0.26 0.18 0.057 0.76

Nighttime eGFR (mL/min/1.73 m2) 0.34 0.063 0.11 0.57

Daytime Log PRA (ng/mL/h) -0.21 0.30 0.14 0.45

Nighttime Log PRA (ng/mL/h) -0.12 0.53 0.037 0.84

Daytime Ang II (pg/mL) 0.31 0.11 0.26 0.16

Nighttime Ang II (pg/mL) 0.25 0.18 -0.11 0.56

Daytime Log U-Pro/Cr (mg/gCr) -0.47 0.012 -0.19 0.33

Nighttime Log U-Pro/Cr (mg/gCr) -0.37 0.044 -0.096 0.62

BP: blood pressure, sCr: serum creatinine, eGFR: estimated glomerular filtration rate, PRA: plasma renin activity, Ang II: angio-

tensin II, U-Pro: urinary protein

Table　4.　Multiple Regression Analyses for Urinary Melatonin Excretion Levels in Daytime or Nighttime during 
the Standard (A) or Low Salt Diet (B).

A: Standard salt diet

Daytime Nighttime

R=0.55, p=0.072 R=0.58, p=0.042 R=0.57, p=0.041 R=0.53, p=0.076

β p β p β p β p

Age year -0.37 0.069 -0.35 0.080 -0.41 0.035 -0.32 0.093

Gender 0.060 0.75 0.11 0.54 0.033 0.85 0.15 0.39

Body mass index (kg/m2) 0.088 0.67 0.038 0.85 -0.048 0.81 -0.046 0.81

Daytime Log U-Alb/Cr (mg/gCr) -0.44 0.020

Nighttime Log U-Alb/Cr (mg/gCr) -0.43 0.018

Daytime Log U-Pro/Cr (mg/gCr) -0.49 0.010

Nighttime Log U-Pro/Cr (mg/gCr) -0.36 0.045

B: Low salt diet

Daytime Nighttime

R=0.33, p=0.61 R=0.33, p=0.61 R=0.50, p=0.11 R=0.44, p=0.28

β p β p β p β p

Age year -0.096 0.65 -0.096 0.65 -0.30 0.11 -0.27 0.19

Gender -0.12 0.55 -0.10 0.61 0.25 0.16 0.24 0.22

Body mass index (kg/m2) 0.18 0.41 0.18 0.39 0.21 0.27 0.21 0.31

Daytime Log U-Alb/Cr (mg/gCr) -0.20 0.32

Nighttime Log U-Alb/Cr (mg/gCr) -0.22 0.23

Daytime Log U-Pro/Cr (mg/gCr) -0.21 0.31

Nighttime Log U-Pro/Cr (mg/gCr) -0.19 0.34

U-Alb: urinary albumin, U-Pro: urinary protein

causes renal damage due to ROS activation.

Moreover, Zhang et al. used Sprague-Dawley rats that re-

ceived a high-salt diet and bilateral hypothalamic paraven-

tricular nucleus (PVN) microinjection with an analog of en-

dogenous catalase (polyethylene glycol catalase), a catalase

inhibitor (aminotriazole), or vehicle. They showed that high

salt diet-fed rats had significantly increased renal sympa-

thetic nerve activity, plasma norepinephrine, and NOX-2 and
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Figure　2.　A schematic illustration of the hypothesized mech-
anism through which salt loading causes an increase in the al-
bumin and protein levels of chronic kidney disease patients. 
This schematic illustration shows our hypothesized mechanism 
underlying the increase in urinary albumin and protein levels 
by salt loading through the decreased secretion of melatonin in 
patients with chronic kidney disease.

NOX-4 (subunits of NADPH oxidase) levels, and that the

microinjection of polyethylene glycol catalase into the bilat-

eral PVN restored the balance of neurotransmitters, while

the microinjection of aminotriazole into the PVN augmented

these changes in hypertensive rats. According to their find-

ings, hydrogen peroxide component of ROS in the PVN

regulating renal sympathetic nerve activity are partly due to

modulate neurotransmitters within the PVN in salt-induced

hypertension (8). Similarly, Ando et al. clarified that the

overproduction of ROS in the brain increases the BP

through central sympathoexcitation in salt-induced hyperten-

sion (9).

Melatonin not only regulates the biological rhythm, but

also plays some pathophysiological roles (10-13, 21-23).

Muller et al. reported that mental stress increased skin sym-

pathetic nerve activity (SSNA) and that SSNA was attenu-

ated by melatonin ingestion in 12 healthy subjects (21). Ray

et al. examined orthostatic stress in 12 healthy subjects and

clarified that orthostatic stress augments muscle sympathetic

nerve activity and that melatonin attenuates the muscle sym-

pathetic nerve response to sympathoexcitatory stimuli (22).

These data show that melatonin inhibits sympathetic activity

induced by some stress.

The renal protective effect of anti-ROS activity is among

the most studied mechanisms of melatonin. We previously

made a 5/6 nephrectomized rat model of progressive CKD,

divided the nephrectomized rats into untreated and

melatonin-treated rats and compared them with control rats.

We found that the untreated nephrectomized rats exhibited

significantly higher oxidative stress activity, lower antioxi-

dant activity, and increased markers of interstitial fibrosis in

comparison to control rats, and that treatment with mela-

tonin significantly ameliorated the abnormalities (23). In ad-

dition, when we investigated the relationships between mela-

tonin secretion and some clinical parameters in 53 CKD pa-

tients, we found that the nocturnal melatonin concentrations

decreased according to the progression of the CKD stage,

and that impaired nighttime melatonin secretion was associ-

ated with nighttime urinary albumin excretion, a surrogate

marker of renal damage in CKD patients (13). These data

indicate that melatonin has renoprotective effects that are

mediated by anti-ROS activity.

As described above, it is possible that salt loading in-

creases the urinary albumin and protein levels by causing a

decrease in melatonin secretion due to the activation of sym-

pathetic activity and augmented ROS activity. Our schematic

illustration of our hypothesized mechanism is shown in

Fig. 2.

The present study was associated with some limitations.

First, the sample size of our single center cohort was rela-

tively small. However, the relationship between melatonin

secretion and urinary albumin and protein levels in a stan-

dard salt diet was consistent, even after adjustment for age,

gender and BMI. Second, no significant differences were

found in the daytime or nighttime urinary aMT6s, BP, uri-

nary albumin and protein excretion levels between the pa-

tients consuming standard salt diets and those consuming

low salt diets. In addition, no significant correlations were

found between the melatonin secretion levels and the renal

function in patients consuming a standard salt or low salt

diet. These findings may be related to the small differences

between the standard salt diet (10 g/day) and low salt diet (6

g/day). Moreover, when the salt intake was calculated using

urinary daily sodium excretion, the sodium intake was 7.53±

1.91 g/day in patients consuming the standard salt diet and

5.28±1.34 g/day in patients consuming the low salt diet. Al-

most all patients consumed the full standard salt or low salt

diet. However, pickled ume and Japanese pickle, which in-

cluded large amounts of salt, were served, and some patients

did not eat them. Moreover, the amount of daily salt was

calculated under the assumption that all seasoning, including

sauce, soy sauce, and dressing, was used. However, some

patients did not use all of the seasonings due to their indi-

vidual tastes. In addition, because some seasonings remained

in the containers, it was impossible for the patient to con-

sume all of the seasoning. This may be why the sodium in-

take levels, especially in the standard salt diet, were lower

than expected. Thus, the fact that the difference in the salt

intake of the standard salt and low salt diets was 2.25 g/day,

not 4 g/day, may have been why no significant differences

were found in some of the daytime and nighttime clinical

parameters, including the urinary aMT6s level, between the

patients consuming standard salt diets and those consuming

low salt diets, and why no significant correlations were

found between the melatonin secretion levels and the renal

function in patients consuming a standard salt or low salt

diet. Actually, our previous clinical study that recruited

chronic kidney disease patients with a various degrees of re-

nal function showed a significant positive relationship be-

tween melatonin secretion and the renal function (13). The

present study also showed a non-significant association be-
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tween the nighttime melatonin secretion and the nighttime

eGFR (r=0.34, p=0.063, Table 3). Heavier salt loading is

necessary to show the relationship between melatonin secre-

tion and salt intake more clearly. However, heavier salt load-

ing was not ethically permitted because of its association

with renal damage, and we therefore considered it difficult

to continue this study. However, even under these condi-

tions, we could identify significant and negative relation-

ships between the urinary aMT6s excretion level and the

urinary albumin and protein excretion levels in patients con-

suming a standard salt diet.

Conclusion

Although the levels of melatonin secretion and urinary al-

bumin and protein excretion were not significantly different

between the standard salt and low salt diets in the present

study, salt loading may increase urinary the albumin and

protein levels via a decrease in melatonin secretion.
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