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50.3+£15.7 5%, REEFEEL (BMI) @ 22.1£2.9 kg/m?, sCr:
0.93+0.30 mg/dl, eGFR: 63.7+21.1 ml/min/1.73m?, (CKD
stage: 1; 4 4, 2; 12 4, 3a; 8 44, 3b; 8 £4), CKD DJFIA
PR TgA BUIE; 19 4 (59.3%) , BRIy EifE K ER IR EAL
fiE; 3 44 (9.4%), TEVEBHE; 2 44 (6.3%), ZDfil; 8 4
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UL, BIRDOHRIA T 25— BB EE IR 72 K
IRFENT2 T2 (M 10 g B FERIME B H
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72<, 16 441322 CKD stage 3 Tho7z, FITIRFED B
REIR & & &35 CKD stage 3b Afifild 8 4 208 C, &



Table 1. 557 10 g BLHES) 6 g BROKFH T A—H—D [Lifk

10g 6g pfiE

BEUFERAME (mmHg) 120.9+15.7 119.9415.1  0.30
R HEHAME (mmHg) 112.8+14.6  111.7£12.8  0.36
BEHEEEAME (mmHg) 73.1+8.7 73.1+8.7 0.96
REPRARHAME (mmHg) 67.0+8.1 66.8+9.1 0.74
B-[#]sCr (mg/dl) 0.93+0.30  0.98+0.33 = 0.027

K [sCr (mg/dl) 0.90+0.30 = 0.94+0.32 = <0.01
JB-#1eGFR (ml/min/1.73m’) 60.8£18.2  58.1x18.6  0.057
7 eGFR (ml/min/1.73m’) 64.1£193 = 61.4+18.8 = <0.01
/B[] Angll (pg/mL) 8.9+3.1 11.0+3.8 <0.01
£ [t Angll (pg/mL) 8.9+3.4 10.1+3.8  0.082

B LoghR # Alb/Cr (mg/gCr) 2.5740.34  2.54+0.39 0.56
& Bl LoghR H Alb/Cr (mg/gCr) 2.35+0.34 235043  0.87
BRLogRA>78D/Cr (mg/gCr)  2.87+0.27  2.84+0.32 0.41
W LogR#>789/Cr (mg/eCr)  2.65£027  2.64£0.32  0.69
R LoghR 1 AGT/Cr (ng/gCr) 1.9740.43  1.96+0.51 0.88
R LoghR F AGT/Cr (ng/gCr) 1.69+0.42  1.70+0.47 = 0.82
B ELoghK #aMT6s (ng/hr) 4394028  4.46+0.35  0.21
R B Loghk B aMT6s (ng/hr) 5204042  5.24+0.40  0.34

Bl 3b ThoTe, LoT, FERICH X DBHREDFEA~D
FERZ SRR AT T2 U VRS, eGFR60 ml/min/1.73 m2 oK
WOBEIRETHE, BEORT aMT6s HEii=gi3H
53 6 g BT 4.45+0.31 ng/hr, H57 10 g £ 4.30+0.21 ng/hr
& Hir 10 g BTy 6 ¢ BRICHKLAEICKETH
572 (p=0.023) , FIAKMTH, JRH aMTés HEMEHRIZ, M
53 6g 8C 5.16+0.33 ng/hr, 43 10 g 7C 5.06+0.34 ng/hr
&, M43 10 g B CIR T35 m A58 7, (p=0.082)
<RH aMTé6s HEittREDFHER> (Table 2)

RIT, K2 OBEFIZBITHRT aMTes et LA
Bzt L7,

%y 10 g BT, B ORH aMTes PElERIL, R
TIVT I B R R R G B A OB Z RO 1273,
PRHY AGT HEME=R, ME, BFEERE, Angll EOMICA ER
HHBAZ DI ->T,

%53 10 g BORMNE, B EFRERE2RDT,

FDO—FT, #4y 6 g BTIE, JRH aMTé6s HEHERIE,

PRH AGT PRI, MF, BHEEE, Angll (220 T2<, JKR
o Alb- Z o IR E A A B RR O 7R o T,
<R aMTe6s HEitt R D BEIFE, K &R HT>
(Table 3)

#5310 g BT, HEURSHTIZIBWT, R aMTés Hk
HRITBEM SR DR G T N T I« 2o RIS EA
B AOMBZRDT-, Zhud, Fn, YR, BMI THiE
L72tb, WEORS 717 I PR B /o R th &
YR YRMRE DM OF B A O BT LT, — 7,
HEifn, MERI, BMI CTHIEL7-1%, JRH aMT6s HE=RD R
FORFT VT I PR ROE M DIRS R 7 Ptk b
OMOHBERBEBITHEALCLESTZbO D, ADHE
AT FEF9EL 7= (Table 3A) ,

JRH aMTé6s HRtE=RIE, Hr 6 ¢ BT, Bb &S
PRI IVNT I B T PR SRE O I HLENR 04T, K&
OV, PEB], BMI CHfi iE L= B[R o T A B e
BAZ58 727> 7- (Table 3B) ,



Table 2. JRH aMT6s PRt 3 L &Fl/ T A—4—LDFHBEY
Br10gR g
BE 3] BE ®hE
r p r p r p r p
1XE (ko) -0.038 0.85 -0.12 054 0.18 035 -0.067 0.72
BMI (kg/m’) -0.038 0.85 -0.18  0.33 0.19 0.33 0.25 0.18
BB ME (mmHg) -0.006  0.98 0.11  0.57
HEUEEA ME (mmHg) -0.32  0.092 -0.14 044
BRI M E (mmHg) 0.012  0.95 0.053  0.78
YRR ME (mmHg) -0.18  0.35 -0.050 0.79
JEfsCr (mg/dl) -0.17 038 026  0.16
& MsCr (mg/dl) -0.16 0.4 -0.081  0.66
JB-feGFR (ml/min/1.73m’) 0.26  0.18 0.057 0.76
% [#]eGFR (ml/min/1.73m’) 0.34  0.063 0.11 057
JEL ) Angll (pg/mL) 0.31  0.11 026  0.16
&[] Angll (pg/mL) 0.25 0.18 -0.11 0.56
BRELoglRHBAIb/Cr (mg/gCr)  -0.43  0.023 -0.19 033
R LoghR 1 Alb/Cr (mg/gCr) -0.38  0.045 -0.19  0.30
BREILogRA>7%/Cr (mg/gCr)  -0.47  0.012 -0.19 033
R LoghR 22 73%/Cr (mg/gCr) -0.37 = 0.044 -0.096 0.62
BEILoglRPAGT/Cr (ng/eCr) -0.22  0.27 -0.21  0.26
R LoghR P AGT/Cr (ug/gCr) -0.17 040 -0.20  0.30

Table 3A. %3 10 g B TORRH aMT6s HEEROD K/ T A—Z —D R

Hor10g8
B & [H B |
R=0.43, p=0.023 R=0.55, p=0.072 R=0.38, p=0.045 R=0.57, p=0.041 R=0.47=,p=0.012 R=0.58, p=0.042 R=0.37, p=0.044 R=0.53, p=0.076
B p B p B p B p B p B p B p B p
B LoghRFAIb/Cr (mg/gCr)  -0.43  0.023 -0.44 0.020
K ElLoghK R Alb/Cr (mg/gCr) -0.38 0.045 -0.43 0.018
B LoghR %> 73%/Cr (mg/gCr) -0.47 0.012 -0.49 0.010
K Loghk %> 739/Cr (mg/eCr) -0.37 0.044 -0.36 0.045
B LoghKFAGT/Cr (ng/gCr)
REILogR F AGT/Cr (ng/gCr)
Flp () -0.37 0.069 -0.41 0.035 -0.35 0.080 -0.32 0.093
TR 0.060 0.75 0.033 0.85 0.11 0.54 0.15  0.39
BMI 0.088 0.67 -0.048 0.81 0.038 0.85 -0.05 0.81
Table 3B. 154y 6 g & CTORH aMT6s HEitE RO K/ 35 A— 2 — D BEE
Haoregts
=] K[ =] i
R=0.19, p=0.33 R=0.33,p=0.61 R=0.19,p=0.30 R=0.50,p=0.11 R=0.19, p=0.33 R=33,p=0.61 R=0.096, p=0.62 R=0.44, p=0.28
B p B p B p B p B p B p B p B p
BRELoghRHAIb/Cr (mg/gCr) -0.19 033 -0.20 0.32
TR LoghK #1 Alb/Cr (mg/gCr) -0.19 030 -0.22 0.23
R LoghR%>73/Cr (mg/gCr) -0.19 033 -0.21 0.31
K LoghR 2> 7 89/Cr (mg/gCr) -0.096 0.62 -0.19 0.34
BR#lLogR FAGT/Cr (ng/gCr)
R EILogR  AGT/Cr (ug/gCr)
35009 -0.096 0.65 -0.30  0.11 -0.096 0.65 -0.27 0.19
3] -0.12  0.55 0.25 0.16 -0.10 0.61 0.24 0.22
BMI 0.18 0.41 0.21 0.27 0.18 0.39 0.21 0.31




5. fEmEER

ARIOKETCH, (1) ¥ 6 g BRICHELE Y 10 g £
TIRHFAT =AU CDZE, (2) #5710 g2
TIIRF AT = PR B I E O Y ey —h~— 0 —
THOHIRFT N7 ISR 2 3 it B OFHBI A
IRLTE, #5536 g B TIFZENLOHEBEEREO 7R -T2
&, (3) IRFATr =R LR AGT HEiitEDMIZITAE
BRI T Z LN ELT,

AZh=U T A NE B E BT 2408 EL TR
DT, ZV—=FVNINDRREREICIDHERILRE, —
P b 22 85 BRI 0 MR ) 2 38 U 7o N R B D & 1E
IR BAR I RA A L CTRY, AT =D
X, mIE, OMAERE, MRS CKD 7Z2E Ol
BRI REIE E 2 S DOFRIE, ERICBHET 5, £D—
5T, A= W B Bl S OEATIC I A B ISR
LUK ZELESN TS, Lo T, A RIOKRFTHS
NI BRI LD AT b= B LB I O BAFR A3,
EBLONFRETE LR R THLHNT-EZO L2, L)y
L, ¥i55 10 g &% 3 AREHERL =24 T H O %
1T, Z01%, Y5y 6 g BICEFL 3 H#% CTHIHMET 5
WHEWEIFE TORZETHY, ORI B IR %L 1
ERAECTETIEBZIKW, T 10 g BLE Y 6 g &
TIRPT VT IR RS D 2 B OAE
FEINTRNTEY, B FIZLD AT =0 W b Lz
LITFEMAINCE 212\, FI2AT— 1 235 5 £TOE
TRV igfEE 2 7R 5 CKD B % -3k % DA THF
ZeC, WHDRF aMTés LR 7 L7 PEtO I A
OFRE TR, D AT =2 WD TUHE DS B g %
HIHIL CODZEERB LAY, S EOME RA2 R —R
LHDThD, W AREAT = OBIRICER{E AR 2
DBEE-LTRY, Ha AR Lo BIEREE 2 INRPED AZ
h=2 BV EEL 7= DA (Leibowitz A, et al. J
Pineal Res. 60: 48-54, 2016) 2350, Fkx DOF 2 &34
BHHDTH D,

ZDO—JT, FexIno7T, AR R HIZ 2 [BoOft
Jia R i 3 2 4% 59 H LIS K AE U DI MEEI T HE B K
T THLIPRMIEE R A AR T8 T, B
PR EN LI T DA R TE, HITIIZOE
FRE 23 RAS #IHISE CIIdeE 3 223 A YRRl

L2 ZEJ0, RAS (P THHZEL R LT, F-Fx
% CKD B DOEFRMFZET, IR aMTés 23 RH7T /L7
HEED B 7259, R AGT HEtE A DRI Z R+ 28
HIAGNELTETZ, TNHLOFEIL, BRIEARDS, BN
RAS TEMEAGIC LD B MRRE T I LV AT b= WD b %
7T RREMEARIZL TNV,

LL, A RIOMFZETIIE S 10 g B TOENEAN RAS
TEMELITIESY 6 @ R COZ U LA B ZEEEO T,
FEIZIRH aMT6s HEit LS BIS 2l B ZRRO 720~ T2 72
D, B ARIC LD BN S 2T L7 BBy RAS TEMELC
LDAT = WD EE AN WE b s, S T
JeLDFEBNALTFREL T, 4 BIOHFIED B ik
LTI RAS TEHEDERE CTho7-72b b L
AN

WAL, A= Db a1, BN RAS TEME
SIS L TR IRBE E 2 B S5 AR S D Lk
1572,

6. SERDFE

HERMERNH DAL TODIRH aMT6s HEERE
BEHID IR AT VT I PR I D RS o3 I PR
BAMR=C, JRH aMT6s HEIEAHE /3 10 g BIC B LI /7 6 ¢
A TEINT DS, AT R BB D)
EOMMERGINET DT, 5D HERDIER OEREDFF
Toib,

F7 M7 10 g BOEBEOE /3B RUED 7.52 g/day Th
0, #5556 g RO FEEROIE /3R 5.28 g/day LD IZER
IRBI72 72584 B UICUIRBE Th D, £ D728, TEIZ
¥y 10 g/ H 2B CTTHIF AL R 2Rl T,

ERIRBFZE TIXZ AU LL EOFEMZR R FH I AR D> 7070~ IR 2
ThHLHRENELDY, IEHS R, @SR, MOBHEET
THELIZCKDET VAT, HEIDATR=20 1
RERE, bLUTEM - KMo TERLEZR T
aMTé6s DREZATV, BN, ATh=1 73 WhE B g
EORIR, TITITTNOL~DEL AN A0 BFREZ S
WL TUFETND,

RIS ES ERBRE OB REEL AL, BhskEE
DL, BEN RAS IHME, & UOATR= RO BIfR%
BRFTL T TETVA,
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Both Low Salt Diet and Renin-Angiotensin System Blockeres Increase Melatonin

Secretion

Naro Ohashi, Hideo Yasuda, Shinsuke Isobe, Sayaka Ishigaki
Hamamatsu University School of Medicine

Summary

(Background) Activation of the intrarenal renin-angiotensin system (RAS) plays a critical role in the
pathophysiology of chronic kidney disease (CKD) and hypertension. The circadian rhythm of intrarenal
RAS activation leads to renal damage and hypertension, which are associated with diurnal blood pressure
(BP) variation. In addition, salt loading develops renal damage due to activation of intrarenal RAS,
independent of BP elevation.

Melatonin is a hormone regulating the circadian rhythm, and has multiple functions such as anti-oxidant and
anti-adrenergic effects and enhancement of nitric oxide bioavailability. We have clarified that nocturnal
melatonin concentrations are lower in CKD patients, and that impaired nighttime melatonin secretion may be
associated with nighttime intrarenal RAS activation and renal damage in CKD patients.

However, the associations among salt loading, melatonin secretion and renal damage have not been clear.
Therefore, this study was performed to clarify whether salt restriction ameliorates melatonin secretion and salt
loading suppresses it melatonin secretion more significantly.

(Methods) We recruited 32 CKD patients without RAS blockers [12 men and 20 women, age: 50.3+15.7 years and
estimated glomerular filtration rate (eGFR) 63.7+21.1 ml/min/1.73m?]. After CKD patients consumed a
standard diet (10 g/day of salt), the data were collected. Then, low salt diet (6 g/day of salt) was fed and the
data were collected again. Daytime (6:00 am to 9:00 pm) and nighttime (9:00 pm to 6:00 am) urine
collection were conducted to evaluate urinary excretion of 6-sulfatoxymelatonin (aMT6s), a main metabolite
of melatonin, albumin and protein, and angiotensinogen (AGT), a surrogate marker of intrarenal RAS
activation, respectively. We divided the daytime and nighttime for 24-h ambulatory BP monitoring using
sleep and waking times. Blood samples were drawn at 9:00 pm and 6:00 am on the following day.

(Results)Although no significant differences of urinary aMT6s excretion levels were found between standard and
low salt diets, urinary aMT6s excretion levels during low salt diet tended to be increased compared with those
during a standard diet. When only the patients whose eGFR was less than 60ml/min/1.73m? were analyzed,
urinary aMT6s excretion levels during a low salt diet was significantly higher than those during a standard
diet in daytime (p=0.023) and tended to be increased in nighttime (p=0.082).

Urinary aMT6s excretion levels during a standard diet was significantly and negatively correlated with
urinary albumin or protein excretion levels in both daytime and nighttime. No significant correlations were
found between urinary aMT6s excretion levels and the levels of urinary AGT excretion, blood pressure, renal

function, and plasma Angll during a standard diet. On the other hand, there were no significant associations



between urinary aMT6s excretion levels and other parameters during a low salt diet.
Multiple regression analyses revealed that the levels of urinary albumin in nighttime or protein in daytime
were significantly and negatively associated with urinary aMT6s levels during a standard diet, when age,
gender and BMI were adjusted. On the other hand, no significant associations were observed between
urinary aMT6s levels and other parameters in daytime and nighttime during a low salt diet by multiple
regression analyses.

(Conclusions) It is possible that salt loading induces renal damage via decrease of melatonin secretion
independent of intrarenal RAS activation.

(Perspectives) We will continue to recruit the patients with careful attention to the amount of salt intake. In
addition, we will perform the animal study by using CKD model animals that were fed with normal, high or

low salt diet and caused by various degrees of renal damage.



