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[ ZE] B&Y: RS 5 E Qow-glutelin, LG KK MRFEXE 14 B k53 (chronic kidney disease, CKD) /I B Dhg B 520, Ay
CKD B3 H W K& RS 78T L 400 0 F BB 4R . F75%: fFFT & 25 5 19 CKD /I BRUSEZL R 15y B v i ok 6 6 BE R
W B 5 S IR B PR 93 ¥ i (diabetic kidney disease, DKD) /)N BRUBERL, &AM /N B AR 43 IR SR LG AR (3 4 H11 2.43 ¢/100 -

FEVEHE 1 4.47 /100 g R 11 8.15 ¢/100 @) FIE #7325 [ (normal-glutelin, NG) Ik (54555 11 4.85 /100 g FEVEH 1 1.78 ¢/100 g-

A T.79 ¢/100 2)5 57 N LG-CKD 21 .NG-CKD 41, DA% LG-DKD 2. NG-DKD 21, [A] i 45 1E /N B LG KB NG JCKAE AN
X 5 A5 2N BROE SRS 16 A R IR DI & & L 7R 55 L 24 h JR 2R (1 (24-hour urinary protein, 24 h UPro) PA K JR 1 & (1 & A/ JR WL
Jif LLAE Curinary albumin-to-creatinine ratio, mAlb/Cr) « %% I IfiL§ (fasting blood glucose, FBG) « & I B (total cholesterol, TC) « H

1§ Griglyceride, TG) LA JZ IfiL i R 2 % (blood urea nitrogen, BUND \ JILEF (serum creatinine, sCr) BA K JE41 2R C (cystatin C, Cys C)

(RZAZ Al 5 B /INER G T SO AN ) SR AR AR . S5 5R: R 16 )8 J5 , T8 18 2 LG-CKD 415 NG-CKD 41 Lt %, i /2 LG-DKD
2H 5 NG-DKD ZH LA, /N BB 38 B i AR ARG 22 e B B 401 24 3 3 TR 16 JE I, 5 NG-CKD ZH AR L, LG-CKD 1/ Bl 1)
BUN.sCr. Cys C/KF & B NI, 2 50 Goit 5 5 L (P43 %1 4 0.004.0.030 £10.010) ; M5 8 Ji I, LG-CKD 41 5 NG-CKD 41
L%, PR IR mAlb/Cr 124 h UPro 2 Y TS24 5 35 M 7E 16 JART, LG-CKD 21 mAlb/Cr A1 24 h UPro #H . 8 JE IR B & FA (P
543 51 0.040 F10.001) , JR 5 8 Fi B 38 22 (P=0.043) , NG-CKD 41 JR %% LG-CKD 41 W3 12 B ( P=0.002) ; "7 16 A I}, 5 NG
-DKD ZH At LG-DKD /N R I FBG F [, 2 545 8t 275 3L (P=0.002) ; ' J 40 2L 240 U 3278, TE 18 /& CKD 62 DKD /MR, LG
WL /0N BRI 9 A 09 B L MR R TR NG MR /N RV, 2 ST B0 (P < 0.05) 5 /I BV AT 3G S 4 s o i R I,

JAK-STAT I8 #% 2 5 i % CKD B 4745 B R R HLE] . 8518 : LG ROK AT #5 DKD /N BB 3l 4 4% CKD HTDKD /) BRI D e
A AT LR
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Low gluten rice delayed renal function progression in mice with chronic kidney disease
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[Abstract] Objective: To evaluate the effects of low-glutelin (LG) rice feeding on renal function in a chronic kidney disease (CKD)
mouse model, and to provide a new dietary and nutritional intervention approach for CKD patients. Methods: The CKD mouse model
induced by doxorubicin and diabetic nephropathy (DKD) mouse model induced by high fat and high sugar diet combined with
streptozotocin were studied. Mice in each model were fed either LG rice (glutelin 2.43 g/100 g, non-absorbed albumin 4.47 ¢/100 g,
total protein 8.15 ¢/100 g) or normal-glutelin (NG) rice (glutelin 4.85 ¢/100 g, albumin 1.78 /100 g, total protein 7.79 ¢/100 g) , and
were divided into LG-CKD group, NG-CKD group, LG-DKD group, and NG-DKD group. Normal mice were fed with LG rice or NG rice

as controls. The mice in each group were continuously fed for 16 weeks, and parameters including food intake, body weight, 24-hour
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urinary protein (24 h UPro) , urinary albumin - to - creatinine ratio (mAlb/Cr) , fasting blood glucose (FBG) , total cholesterol (TC) ,
triglyceride (TG) , blood urea nitrogen (BUN) , serum creatinine (sCr) , and cystatin C (Cys C) were regularly monitored. Renal
histopathological changes and degree of renal interstitial fibrosis were examined. Results: At week 16, there was no statistically
significant difference in food intake and weight changes between LG-CKD and NG-CKD groups, and between LG-DKD and NG-DKD
groups. At 16 weeks, the levels of BUN, sCr, and Cys C were significantly lower in LG-CKD than in NG-CKD (P=0.004, 0.030 and
0.010, respectively) ; the quantity of mAlb/Cr and 24 h UPro in LG-CKD group was significantly decreased (£=0.040 and 0.001,
respectively) , but the urine volume was significantly increased (P=0.043) , compared with those indexes at 8 weeks. The urine volume
in NG-CKD group was significantly decreased, compared with the LG-CKD group at 16 weeks (P=0.002). FBG was significantly lower
in LG-DKD than in NG-DKD at 16 weeks (P=0.002). Renal histological study indicated that the kidney pathological injury degree of
LG feeding mice was less than that of NG feeding mice, in both CKD and DKD mice, with statistical significance (P <0.05). The
transcriptome analysis revealed the JAK-STAT pathway was involved in regulating CKD related kidney injury. Conclusion: LG rice

feeding may control blood glucose fluctuations in DKD, delay the progression of renal dysfunction and fibrosis in CKD and DKD mouse

models.
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AT A o, BRI 14.3%I0 N & 1E
4 '8 JIE 9 (chronic kidney disease, CKD)'™, 2022 £ il
PMBEE CKD /2 B ik 4.343 42, 3 CKD B
EELRIE 1.598 445 o 4x [ AT 10.8% , LA 4]
LA A5 55 /N ER 8 I 6 (estimated glomerular filtra-
tion rate, eGFR) <30 mL/(min- 1.73 m®) Frf | 2 H %
B2 640 J317, 2040 £F CKD 5K AT 5 758
T2 22—, CKD 3 & 22 2 K ' i (end stage
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i, 45 JBE R BE A 2 R YT S 4H . AR5
CKD & F7 697 i PR 52 B i F9 (2021 0O, CKD 1~2
B K 93 '8 93 (diabetic kidney disease, DKD) £ 35 ikt
T EABAL>1.3 o/ (kg-d ], BE A FBAE
H0.8 gf(kg-d), HEN CKD 3~5 MR R R E A
0.6 g/(kgd) JBURAR 8 X B 0.3 o/ (kg-dD 1,
K 5 kb 7 TR R ) 7)o R OR S B SRR AR A
E BREAREEL SRR T PR 8%~10%,
Horh 2 ZON AN H A (B R 60%0~75%) » CUl L
KDOQI(Kidney Disease Outcome Quality Intiative) ¥§
A OS TE E R 4% n A VEEE LT RN R
SRET, PRI S & F IR 4 8 OK 2 I CKD &
HIE IR, B 5 R AE ESRD . R, AW AT B TE
iF FUAR A 55 Qow-glutelin, LG) KK IEZE CKD /) R
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4 (10 mmol/L Tris-HCI, pH 7.5) « K & 4 (1 mol/L
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BN 55% 1) 1E A EE, 10 mmol/L Tris-HCI, pH7.5) Al
B H R &4 H0N 0.24% 1) CuSO, - 5H,0, 1.68%f1]
KOH, 0.5% 1798 5 B AN A4 AR 4 BH 50% 11 57 14
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Table 1 Rice protein content of the two groups

(g/100 &)

Variety (strain) Albumin Globulin Alcohol-soluble protein Glutelin Total protein
Low glutelin rice 0.53 +0.02 0.72 £ 0.04 4.47 £0.03 243 +0.05 8.15+0.14
Normal glutelin rice 0.51+0.13 0.65 +0.05 1.78 £ 0.03 4.85+0.12 7.79 £0.16
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121 KB IAHH

6~8 J& % Jo 4 78 73 I A (specific pathogen free,
SPE)HEE BALB/c /)y U H R A B2 AR 22 5 50 2h )
Hly, R HE 23~25 g, 796 H . RHBENLEL T4 N
CKD.CKD-Control 41, LA 5 DKD. DKD-Control £H.,
5 LG RAMETRAL (93938 LG-CKD LG-CKD-
Control F1 LG-DKD- LG-DKD-Control) F1 NG K K I
7% 41 (NG-CKD NG-CKD-Control #1 NG-DKD. NG-
DKD-Control), #4112 W /NEUAFR T SPF B,
TE NP TR 1R CREFIEIR 25 °C, AHX R E 70% 1)
L, 12 hJGMEIEIA, H A TOKRFIK . ASHE T
e 3R RN, 2l B R ER RS B R
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20 (CKD-ControD) Fl CKD 2H.  CKD 28 /) i 2 #t ik 5
VRIE ST BT 25 28 (10 mg/kg) , CKD-Control 20 /)N iR & &
JOK B R S RIS RR AR B R K . AR 8 AR £ 24 h IR
5 [ (24-hour urinary protein, 24 h UPro) %€ &, CKD 2
L5 CKD-Control HA &3 2 57, H 2 5=50 mg™ ik
AL ) o
1.2.3  DKD s JAEAL 69 4 2

3 e i e R R SR N R 4 ] FRELE S d
JIG M 3 53 55 mg/kg B IR 77 B 2 4 57/ B DKD A%
W 524 H/NERAE X B ZH (DKD-Control) , DA 2
Tt A Ak B %, [] BT I 3 SR RH S 7 ) A A TR A
Gz Mo VESTEE A1 S D ) B BEATL LB AT 24 h
UPro, LAILAE=16.7 mmol/L, H.24 h UPro=30 mg/dL. A
DKD /I B ST R D AR v
124 foif 5748 X 45 4R 69 40

FEIER ), 73 I PRFR LG KK MING KoK,
JE I /N B AR L 5 16 A s HREEHIL, 3 000 r/min.
4 CE 0 10 min (0 AFEAR 10 em) , 70 B 1ILIE , T
—18 CUKFADRAERF I o i3 R s 0 A5 FH 4= 1 50 I 2
W3 BT AR o 25 B0 v B 8 A, R0 L PR 3R 2
(blood urea nitrogen, BUN) \ JJL fif (serum creatinine,
sCr)  JEH1 2% Ceystatin C, Cys C) 75 J§ L # (fasting
blood glucose, FBG) « & IH[E BE (total cholesterol, TC)
H i =8 (riglyceride, TG « #8 3% BE 45 A &5 [ (retinol
binding protein, RBP) %545
1.2.5 iz & & A/ WLEF LA (urinary albumin-
to-creatinine ratio, mAlb/Cr) .24 h UPro & = #& ]

FEIE RS D) G 5 70 5l R IR LG ROKAMING KoK,

FRUHIE , 25 G ANEEK, WUER 24 h RIS W 5E PR & TR
S1JEHLT mL, 2 000 t/min<4 °CE5 L (50247 10 em)
10 min, 2 BRUTH J5 B B IS T 20 “CUKAETRAF
Z B G U W 5 R AR Ui AR , U 5E mAIb/Cry 24 h
UPro %5545
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6000 ¥ & _LiE47 150 bp Xl J7> , BEASFEA = A 24
40 million LB JFERHHE 4 FastQC J5i 2 H1 Trimmo-
matic I8 J5 , 8 F STAR KI5 it 132 B EE A B/ B 2
3R 2H (GRCm39) o K A FeatureCount 1247 3 [4]
RILER . ZRRLHEH DESeq2 #E4T, i E.
b #E A llog.FoldChangel = 1 H i ¥ J5 P { (FDR) <
0.05. ¥ [ clusterProfiler #47 KEGG & &7 #1. X
ZRPFIBFEFFEAT GO EH T, 0 Dy REREAT Atk
(455 GOTFRS A . R4 GO A R &)
RN HE R T RS EER . A KEGG #d
JE T 22 e i [ G A L Rl 3E AT Pathway 73 #7
1.3 %tk

15 FH SPSS 22.0 AR AT e it 2 0 A, A IR
I3 AT FH I B bR HE 22 (2 = O IR, A 70 A 4
35 0 LA eb Az 0 CVY 93 A2 280 LM (Pas,y Psd 1305, PR
SEREAR LR K256, P < 0.05 N2 A it
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T LG RKBLNG KK ) R R IR 52 m 7 B
(R IE R o M I 2 /) B B R B, B o R TR B
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Figuer 1 Food intake of mice in each group(n=12)
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Figuer 2 The change trend of body weight of mice in each
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group after dietary intervention(n=12)
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B 16 J8, HA LG ROKMEFRALRI NG ROKMEFRAL,
2H /N BB A2 40 it (red blood cell, RBC) « F 4 it (white
blood cell, WBC) . IfiL £I. £ 5 (hemoglobin, Hb) . IfiL />
R (platelet, PLT) & IfiL 5 FLAE 5 , 2 7 LG22 = L
(& 3), I3 &2 55 [ (total protein, TP) « [ 2% [ (albu-
min, ALB) « T§ & FR & & ¥ # ¥ (alanine aminotrans-
ferase, ALT) < K T4 % IR & It 7 # i (aspartate ami-
notransferase, AST) « M4 (K™ . M4N (Na™) Z5E 8 hn 2
S TG 2 L (-4, T LG KRR IR
HARIE R E A MESE R R R
2.3 LG T CKD ) 8K 2 6 69 %7

AN R KM 9% 16 J& , LG-CKD 4% NG-CKD 41
/IER 1) BUNLsCrs Cys C 7KV FRAK, 2 5388 Giit 2
B (P E Sy B2 0.004.0.030.0.010) , SRR Curic ac-
id, UA) B 22 3 A it 5 e 3, R FR LG KoK
A ZEZE CKD /N BV E DhREBAL [ e (B 5D .
2.4 LG T #H CKD ) R ik 69 %o

K H LG B NG KK ME % CKD & CKD-Conrtol /)N
5> 8 JAI I} LG-CKD 5 NG-CKD 21 JR & mAlb/Cr.24 h
UPro ZRF G2 L. 55168 LG-CKD 4L mAlb/Cr
F124 h UPro & 545 8 Ji i BH 5 B AR (P 4E 73 J31] 0.040
F10.001), pRE:H 8 JH Iy 34 i (P=0.043) , T NG-CKD
4 JR I LG-CKD 4 B & F# K (P=0.002, Bl 6), 45 %
T LG & T IAT BRI /N R 24 h UPro, % I
BA—E R ER
2.5 LG -F#t DKD /) R b | fo fi§ % v

ANFE KK ME % 16 8, LG-DKD 208 NG-DKD 41
M FBG T P&, 2 7A g1t 2 L (P=0.002), TC. TG
RBP /K V2R [A] 22 5 4u it 245 3, RUR A LG KK
MEFR 0] 35 DKD /) BRI B0 (B 7D
2.6 LG CKD A= DKD > R 5 A 5 32 4 % o)

5% 16 4 )5, 5 LG-CKD-Control ZH FL#E, LG-CKD
S /INBR TR 5 A L 22 RS A i 48 A, B 400 I 75 R TG 35
Bz, B /N L I A JE AN B, R L NV, R
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A: WBC among different groups. B: RBC among different groups. C: Hb among different groups. D: PLT among different groups (n=4).
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Figuer 3 Effects of different dietary interventions on blood routine indexes of mice in each group for 16 weeks
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A: TP levels among different groups. B: ALB levels among different groups. C: ALT levels among different groups. D: AST levels among different

groups. E: K* concentration among different groups. F: Na™ concentration among different groups (n=4).
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Figuer 4 Effects of different dietary interventions on serum nutritional indexes for 16 weeks
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A: BUN levels among different groups. B: sCr levels among different groups. C: Cys C levels among different groups. D: UA levels among different

eroups(n=5). P <0.05, P <0.01.
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Figuer 5 Effects of different dietary interventions on renal function indexes in CKD mice for 16 weeks
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A: Urine volume among different groups. B: Urinary mAIb/Cr levels among different groups. C: 24 h UPro levels among different groups (n=3). P <
0.05 and P < 0.01.
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Figuer 6 Effects of different dietary interventions on urine of mice in CKD group for 8 weeks and 16 weeks
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A: FBG levels among different groups. B: TC levels among different groups. C: TG levels among different groups. D: RBP levels among different
groups(n=5). "P < 0.01.

E7 A ERETF16 E X DKD /G MIHE. MASHE R0

Figuer 7 Effects of different dietary interventions on blood glucose and lipid indexes in DKD mice for 16 weeks
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Figure 8 Pathological changes of the kidney in CKD and DKD mice fed with LG rice( HE staining)
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Figure 10 Pathological changes of the kidney in CKD and DKD mice fed with NG rice (HE staining)
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Figure 11 Pathological changes of the kidney in CKD and DKD mice fed with NG rice(Masson staining )
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