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AT BHRA RRIES B

HE BH HiTBARRE T ERRE R RKRT AR AT BT FIR AR ZEER, Fik 8
100 R A SD KA P RALI 25 RAEA £ 40, A& 75 ZRA 38 SRR ike 7 B4 iE R £ ME
EHE IR IRR RAER, FRER R 5 AR BAKAF R, F4 25 R, BB RN
TB% KA EAR 54 gkg #EF, RBATR RN R 9Imglkg #F, EHARELATFRME
WAREE, B8 1M A, B2 AN KEMNRE, $ 6. 11 B RGEM, KA &I R 2 kb
24 h imEa&a., B IERMumaXxEafRkE R, D RIE; fTHRE -FafE. BREE. g
EMER R ENERIL LA S B A ENER TN - BB EHEEG 1 (SGLT1), 44 - A EHEL4
E% 82 (SGLT2), 4 -47 - AR ##E%& 8 2 (NKCC2) &k, %y ®AWERF 1 224k (A1AR)
e B RE AT BB IR PP I kA B 8 R 8 B R A B XORL AR B 48 4% SGLT1. SGLT2., NKCC2.,
A1AR #g %k, R LHEwarks, BAAXFEREREE, B0E LR mBapE, BB RagEra
K&, HiEmai, BAAKXRKMALE, 24 h kzsa®xa., Bl ETHmaiEa. FREEFA
A NUEFE R E (P<0.05), SR Mk, B&K. AV Lk IR (P<0.05), 5EF
arkkr, 6. 11 B AR 40 SGLT1, SGLT2 % & % mRNA kik37+3 (P<0.05), HAA ki, B%
#k#8 SGLT1, SGLT2 & & % mRNA %3k T (P<0.01), L5 iEF4ikss, B4 6 ik NKCC2 &8 &
ik FH& (P<0.01), 11 A AMAR & & &k T (P<0.01), HAEMZA A, 11 AL RAER A E
21 NKCC2 & & % mRNA £ix 4% (P<0.01), ATAR & & 2543 (P<0.01), £t BUHKAAKE
DKD K R B/ skfe BB, MAET2 B I Z e e E A, FEAUE Tab 5 AT B3R A X,
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Effect of Keluoxin Capsule on Early Hyperfiltration in Diabetic Kidney Disease Rats Based on
Tubuloglomerular Feedback Mechanism ZANG Chun-xue', GAO Tian-shu®?, ZHANG Feng-nuan’,
and LAl Yi-wen® 1 Graduate School of Liaoning University of Traditional Chinese Medicine,Shenyang ( 110847 );
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ABSTRACT Objective To investigate the therapeutic effect of Keluoxin Capsule on diabetic kidney
disease ( DKD ) in rats and explore whether it exerts its effects through the tubuloglomerular feedback mechanism.
Methods Out of 100 male SD rats, 25 rats were randomly selected as the normal group, while the remaining 75
rats were fed a high-fat and high-sugar diet combined with low-dose streptozotocin ( STZ ) intraperitoneal injection to
establish diabetic rat model. The rat models were randomly and equally divided into model group, Keluoxin group and
losartan group, 25 rats in each group. The rats in the Keluoxin group were treated with Keluoxin Capsules (5.4 g-kg™-d™")
by gavage, those in the losartan group were treated with losartan tablets (9 mg - kg™ - d” ) by gavage, and
those in the normal group and the model group were both treated with an equivalent volume of distilled water by
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gavage for 11 weeks. Random blood glucose was measured every 2 weeks. Samples were collected at the end
of weeks 6 and 11. Enzyme-linked immunosorbent assay was used to measure 24-hour urinary microalbumin,
renal tubular injury-related proteins, blood urea nitrogen, blood and urine creatinine. Hematoxylin-eosin staining,
glycogen staining, and Masson staining were performed to observe the pathological changes in the rat kidneys.
Immunohistochemistry was utilized to assess the expression of sodium-glucose cotransporter 1 ( SGLT1 ), sodium-
glucose cotransporter 2 ( SGLT2 ), and sodium-potassium-chloride cotransporter 2 (NKCC2 ) in the rat kidneys.
Additionally, immunofluorescence was utilized to observe the localization of A1 adenosine receptor (A1AR ) in the
SGLT2, NKCC2 and A1AR in rat kidney tissue were detected by Western
Blot and Real-time fluorescent quantitative polymerase chain reaction. Results Compared with the normal

rat kidneys. The expressions of SGLT1,

group, the model group rats had thickened basement membranes and detached renal tubular epithelial cells,
which were improved in the Keluoxin group compared with the model group. Compared with the normal group, the
model group rats had increased random blood glucose, 24-hour urinary microalbumin,
proteins, kidney index, and endogenous creatinine clearance rate ( P<0.05 )
the above indicators were improved in the Keluoxin and losartan groups ( P<0.05) . Compared with the normal

renal tubular injury-related
. Compared with the model group,

group, the expression of SGLT1 and SGLT2 proteins and mRNA in the model group rats was increased at 6th
and 11th week ( P<0.05 ), which was significantly decreased in the Keluoxin group compared with the model group
(P<0.01) . Compared with the normal group, the NKCC2 protein in the model group rats was increased at the
6th week ( P<0.01), and the A1AR protein was down-regulated at the 11th week ( P<0.01 ) . Compared with the
model group, the NKCC2 protein and mRNA were significantly increased in the Keluoxin group and losartan group
at the 11th week ( P<0.01 ), and A1AR protein was significantly increased ( P<0.01) . Conclusion Keluoxin
has the effect of alleviating glomerular and tubular injury in DKD rats, alleviating early renal hyperfiltration, and its
mechanism may be related to the regulation of tubuloglomerular feedback

KEYWORDS diabetic kidney disease; Keluoxin Capsule; early hyperfiltration; tubuloglomerular feedback;
Chinese herbal medicine

W R 9% ' 9% ( diabetic kidney disease, DKD)  Cotransporter1, SGLT1), 44 - i % 4 45 iz 5
JERE R ECH W UM I REZ —, W EL 2 (sodium-glucose cotransporter1, SGLT2) 7& B
B, BOCHEEFK  BERWAOCHE S IR R PRI i v /NS S3. ST Beim Rk, B E

R 27.1%~83.6%, i 1 E B IR A BEEAE A /Y
5 2% 2, WIRE R, [ 2011 45 DKD &R AE

W,

[ bif il 3] & MD &b i Na® ¥k B2 T R, M
Ji 3 TGF, {d B /INskuk i 1m0 IR T RSz ik

BF, CaBIBrEE NRE R, SO EEE Y
EBRI Y R E AR A
DKD & Ll BRI G 260 . A0 B F-34m
FIBE A B /N ER AR AL 55 R R A1, B IO Bl ) 2 el AR
FIVE ZINER Fe J7 3G 2 & i SR 22 AL . DKD A
WS e R R, R SO B AL T
IERAS . BN ERE IR H HJ?}iﬂjﬂmﬁﬁ‘%ﬂﬁh
;5 DKD #t /B MR E AR N E 2z — > %, Hikik
DKD R4 i i b A B TR 2 e (i Jee, By 1k 3
J B LR B, HETSZ N DKD 4 & i iy ALl
A ST A I, B S5 ERE (tubuloglomerular
feedback, /TGF ) #4157 ¢, TGEJ& —Fh fi K 5t i
7, EEK AR (macula densa, MD ), &
B I 2 A /N ERUE A 3R B I T i AL 8
RSB, BN - AR 2 8 M 1 (sodium-glucose

(adenosine type [ receptor, A1AR) &£ 5 TGF
DB Pz —, M AMAR, TGF JLiTH%, H
S5 DKD Mg ad KB e O ke, s
P& TGF 1751 DKD U sk sl R 7 1) B 224 A
Z—s

TRZE IR RA 252 IR0 L WS AN, K
il 58 2 BA H3A 77 DKD Sk i) > ™. 3
N, TERE PG L5IR T A DS TR S, W]
W% DKD & H RBERR AT, BRI H & R
TR TE R " Y, W KIGTT DKD fl s, H
TS e BT 45 TRA] [ AIK HJ0) DKD g, H B4k
HL i A A " ARSI LB 4 K e
JINER S U S }“Rﬂ‘/ﬁ\(nf DKD 785 J J 75 i it
P57 TGF K AE/EH], i B 25 P16 DKD 4 it 925
IS/



i E T P R4S A Zas 2023 4F 7 A4 43 45 7 18] CJITWM, July 2023, Vol. 43, No. 7 - 824 -

MRS

1 Shi Redakl SPF gtk SD KL 100 H,
8 JAl%, fAH (180+20) g, MWHIILTKAELEYE
HIRM A BR W) [ 5L 3h P i 54435 . No. SCXK
( i€ ) 2020-0001, No0.211002300062198], 1" 3% T
WP BE 25 K% SPF Ry bs, SCoai iRiL 7 s
R EF T B PEZE 51 23 B ) S AR B R T A% A
T (N0.21000042020018 )., = i e A il ek i 2 BH iy
BRI YR St (5 202009 ).

2 24 EUI (BUMBRYD A2, 100 mg/
#it 5. T022591), ¥ FWZEK, W E 1 mg/mL,
TR RE [ (HB: K. KRS, Mifd, L
T KR K MUEREEDATI 2, 0.5 gf ki, #it:
2001002], ¥ FXEEK, WEHR 0.1 g/mL,

3 WM LA #E MR TE R (streptozotocin,
STz, %I Sigma /A H] ) ; JRIE A& AR &, R
ZA (blood urea nitrogen, BUN ) i & ,N- 2.t B -D-
G4 L 7 %5 B 1Y 8 (N-acetyl- B -D-glucosaminidase,
NAG) X # &, M # B %45 & & 1 (retinol
conjugated protein, RBP) i #| &, B2k E A
( B 2-microglobulin, B2-MG) i®X#l&, o1 fHEkEN
( a 1-microglobulin, «1-MG) {5 & ( FisFREGEE A=
YR BRA R, #5KUCH mI025063 . mI076479
ml028428 . ml003388. ml028477. ml003337 ) ;
it bR LB 00 6 (ma ot e 2R TR RS B, it
5 CO1M-2-1) 5 IR A FK - e g a3l & (HE).
BRG] & (PAS), Bindetitsfl & (Masson )
(REFEEYRHHARA A, #5550 G120,
G1281, G1340); % ¥ SGLT2 £ 7 f& Hi k. %
Bram - 8 - S P A §% i2 5 11 2 ( sodium-potassium-
chloride cotransporter 2, NKCC2) £ ik (rh
R I, Proteintech, 4t 5 73 il iy 24654-1-AP,
18970-1-AP ), #iudii SGLT1 L ikl (1EAEA:W,
861119), ¥t A1AR £ v £ Hit /& ( 3¢ [E Abcam,
ab82477 ), /NEBL « -tubulin BTEREHA (FAEY),
PTM-5001) ; RIPA 24k, BCA I B2 i 151
&, BT EA YR IC YU —hT, Alexa Fluor®
488 Fric i1 P 19G, ECL 35 {27 & G5,
2 x SYBR Green qPCR Master Mix( Low ROX),
SweScript/RT | First Strand cDNA’Synthesis Kit ( &
I FELEIR A YR A BR 2 7L Gt 54K S G2002
G2026. G1213. GB25303., G2014., G3321-01%
G3330-50 ) ; Animal Total RNA Isolation Kit ( ¢l fE

FrA9, b5 RE-03014 ), Dt b e Ae] B 2 ot ik
f5E (Nikon, HAS), MtRiY (Epoch, £H ), fk
22 RICARAL (Tanon, [ ), SERFGRE & PCR
{% ( Thermo Fisher, £ ),

4 B2y 25 )7 100 H SD ok RLE I
MEFE ARG, SRHBEYLE T Rk R 25 Hih IE
WA, T KRR, 75 KT s
BRIEA S, 2RE ARk 12h Ll B, ¥ STZ &
it T 0.1 mol/L #7145 R 2% vh v, e il il 1% ¥ W
(pH 4.4), ¥z 42 mg/kg Flm—RPERE RS, [FRIE
WA VAR BIR v ST, 72 h R R R R I
WA FEHLIBE , FEHLIME >16.7 mmol/L Sl s i i
BT L K REL IS >16.7 mmol/L K BN AETT 4
2, SRHRHIE F R AR | ISR . E
M, el 25 2 FEVLINME <16.7 mmol/L (1)K BUK
P MUBHS 50 FEUONE s 3 5 STZ, 47 72 h 5 BEAIL I AR
{158k <16.7 mmol/L, TLIHERR . ARG SCHRIEF T 5355
ST, LI 70 kg AR 6.3 f/E A h &5 2,
IS0 TS 56 45 IR BN, V8 45 R R B (2.7 glkg ).
il (5.4 glkg ). Ml (10.8 g/kg) iRJT DKD
KE, e i A el R e 1 AR R B SR T
R, HmEila 2 dRZES TG AE L, i)
AR5k R 5.4 glkg 1R AN, LU
B IRAEH 5.4 glkg . AVPIHA A H 9 mglkg #H ,
IEH A AR T AR FRZE IR HE B o B RFRER 11K,
FR AR TE AL FE A 257, L4 28 11 ],
H1WK. fEJaaE S fEd, SRR RFET-3 1,
BERAET 2 H, AUPHEAT 1 H, R R
Wit e, I EB R, EAE R R SR AT,
Y5255 6 AR AEE 11 R B LR S — - K
B, TR bR

5 FrAUSE it wie EA 11 EE,
BRI 24 h R, ic®REE, BILS5 mL
PRI FR AL, 3 000 r/min B0 J5 i & -80 C vk 44
H T 24 h R & H & 1 (urinary microalbumin
excretion rate, UAER ), RBP., B2-MG, «1-MG,
NAG. J&kH 10% 7K & &l 0.35 mL/100g Jfk ¥ 4b
yeahy, M8 ESPKEUMN, #E 1 h, 3000 r/min &0
B e -80 CrkAH, HTIMIREFEA . MULEI
FE AR GER R AVE, A2 B e R T, B
4% ZRHPESR P EE . A'EFRER, BT .80 T
vKAETh A AR % (mglg = B EE (mg A% (g ).

6 FuillFe sk ik

6.1 B ZUNHEFME HHNS 4% 2R
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SR S E 5, s RBK . A, IfEEgY) A
JEZ) 4 wm, 17 HE \PAS .Masson 4&{f,, S5 FgE .,

6.2 9 4H L K I (immunohistochemistry,
IHC ) 'B4H41 SGLT1/2 NKCC2 & il 2K,
10% % H M KIERZ SR, 3%H,0, 7H bk IR YE T 4
PG, 5%BSA £, —HiFE 4 Ttk (SGLT1
WeE N 1:50, SGLT2 ¥ E N 1: 100, NKCC2 ¥k J&
9 1:500), M 41 1gG E M E (1:300), LU
PBS U —HifE M BAPEXT IR, DAB 5, JRARRE Gy,

6.3 & ¢t ¥ (immunoflourescence, IF)
R 2 AMAR SEN,  FAZURIEIKER, MR
B, B, —Pi4 Tt (AMMARWKEN 1:200),
WMz P IRIFE (1:500), DAPI & Y4t
R, TUOLRME T AT RERIL,

6.4 s Ep b ik (Western Blot) £ il
SGLT1/2. NKCC2. A1AR £ ik /K 41 50 mg
B EZH 2, RIPA 2L 2 U 2R 1, BCA 2l & &
FIVREE, SRAAERTE A, JH 10% SDS-PAGE
BERSHL VKA, B & PVDF R, =i FRERE A
1h, B¥F—¥L SGLT1 (1:500), SGLT2 (1:1 000 ),
NKCC2 (1:1 000), «-tubulin (1:1000), 4 Cit
o VElRJE —$11gG (1:1000) #¥F 1 h, ECL A5t
WS, BEGE%. M Image J #4:%F Western Blot
T AT AR 22 AT o

6.5  MEIK oy WL BRI SE 2 (ELISA) A5
fEM 24 h UAER  inte . npidsiadsn) . dE . BEs.
WA Zab N, FETE 450 nm A5 LIOG
BEAE. WNANLEFG %3 (creatinine clearance rate,
Cer) DIRIEAUAEHFTRIE, Cor= JRALEF x IR
(mL/min) / M ALEF x &5 (kg ).

6.6 SEHFUOE R A M Y (Real-time
PCR) £l TGF #H X485 mRNA &35 HU 15 mg
BFELH L, HEEUE RNA, JFI6IE RNA I 4l
HEAT3 5%} Real time PCR B 9#EE, SO S444
MR 95 € 1 min, A8 95 T 15s, i€k 60 C
1 min (40 MER ). ghdUmE 27 kAl
FPMXT Rk, DGR R AE YR T IS AR
19, P 1.

7 Sits# ik N H GraphPad Prism 9.0 %k
F, TR X +s Foom o BRI TIES MR
ZFEERE, AW, SN BRI E T £ 50
Br, ZELIE)WG  LL 55k ) LSD-t K363 #i AN 2, I3k
FAESEGE . P<0.05 NS HA G H % L,

# X

1 BARKMBEHLMA KA (£R2) 5
IEH P, AR 4 4% A s TR] A5 OB (5 24 S T
(P<0.01). SHRIZHE, 2. 4 JFN4G25 2 A H
it EiE X (P>0.05), 6. 8 JHIH B4 Ik AH I T [
(P<0.05), 10, 11 A}, SEIRAE, 42524
AR R (P<0.05, P<0.01),

2 BUAUKRUBAHEEE: (£3) HIEFAE,
6. 11 JABILLE IS W E TR (P<0.01), S5
AR, 2424 2 I FRAZER TG EE X (P>0.05),

#3 KUAKEEIEEILE (mglg, X+s)

20 51 n 6 J& 11 A
EH 9 2.95+0.28 2.76 +0.31
(e 9 5.65+0.47" 5.76+0.61"
AL T 9 5.86 = 0.69 5.06 + 0.69
S 9 5.65+0.55 5.18+1.18

e SIEW A, "P<0.01

&1 51975

ElE L3S 319 LR (5-3) SRR (5-3) KJE (bp)
B -actin TGCTATGTTGCCCTAGACTTCG GTTGGCATAGAGGTCTTTACGG 240
SGLT1 CCGCCCTTTACACCATCACAG CTCGGAAAGCAAACCCAGTCA 111
SGLT2 TGATTTATACTGTGACAGGAGGGC CACTGCTCCCAGGTATTTGTCG 155
NKCC2 CCAACCAATGACATCCGAATAA TGGTAGTTGAAGAAGCCTCTGGAT 197
A1AR CTTATCAACATTGGGCCACAGAC GCTGGGTCACCACTGTCTTGTA 163

F 2 HAKRBBEVIMBATELE (mmolll, X+s)
215 n 2 4 6 i 8 &l 10 J# 11 J
T 12 6.60+0.78 6.74 £0.72 6.67 + 0.65 6.67 +0.86 6.79 +0.64 6.69 +0.79
[l 12 32.42 +1.25" 29184 3.01* 3247 +2.12% 29.31+1.20" 28,95% 2.20* 29.96 + 218"
VIR 12 30.33+£3.40 29.56 + 0.30 26.52 + 463" 23.85+5.74% 22,03 +3.4144 21.464413 %4
2Rk 12 31.68 +2.08 30.66 + 0.04 31.32+2.60 29.10 £ 1.63 25.78 £ 2.54 % 26.59+2.45"

H: SIERALE, "P<0.01; SHEIL AL, ©P<0.05, ““P<0.01
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3 &4 KK BUN, Ccr, 24hUAER. JR a1- 5 4% 40 Kk Bl ¥ SGLT1. SGLT2. NKCC2,
MG. B2-MG. RBP fINAG t# (% 4) HiEW#4  AMAR EZ LN (K 3~6) WK 3K 4, B IF
Fedz, BiRIZH 6. 11 J&F BUN KF R, Cer. 24h SGLT1 Fl SGLT2 kP i fei i/ Mg hb . & 5,
UAER. «1-MG, B2-MG. RBP 1 NAG /K #  NKCC2 F£ikEN T MD A sm/ MEAL, Wik 6,
Fher (#P<0.01), H5EAI4IES, B4 kdl. /1P A1AR EZLEE ARSI IKEA .
HH 6. 11 «1-MG, B2-MG. RBP #il NAG BRI KN R ¢

( vk e

ASFH R R (4 P<0.01), 11 JERHE 4 kdl . &7
JHZH Ceor, 24hUAER /KEFF%E (P<0.01),

4 FARREFHLUREALE (F1, 2) HE
Yoty IER AR /NER . B/ IME S HTEW, KEOE
o BIRIALENERIRBUE OR, B/NVE B MK, i

e ;@? G L B2 e ()

ez, ik 1, PAS 4eft . 1E R HICHE ek AE, H P A IR AL B R ; C B4 KL D bl ; 1 H 6 Jd,
R TR IR, B /INE L A i
Wby, BRI IR, iRl 2. 5 6 JART AR,
1 S IR AR 2 g A e e Ry e, VDI V4%

I 31 6 A,
20 1A RO 0 NG E R, AL ; 2L EET
SR g R R SR 5 151 2 6]

B 1 SARBEIREEESE (HE, x400)

~1
<
Sk N A 2% S P Y

(IHC, x400)

) By

5 H4IRRE NKCC2 #£ik

6 UK TGF MCHE IR IAK - (3£ 5,
K7) SIERAE, BA4 6. 11 88 SGLT1,
SGLT2 % M1 % i5 ¥ I % 3 fin (P<0.05, P<0.01),
6 Jil Bf NKCC2 & 11 & 5 7+ /5 (P<0.01), 11 J& )
A1AR % ik K - T % (P<0.01), 5 #5584 1t %%,

F4 KHKE BUN, Cor. 24hUAER. JK «1-MG., B2-MG. RBP #INAG t# (Xx+s)
150 n BfE] BUN (mmollL) Cerfml/(kg-min )] 24hUAER (ug/24 h) « 1-MG (pg/mL) B 2-MG (ng/mL) RBP ( mg/mL) NAG (ng/mL)
FH# 9 68 3819:648  0.92+1.15 149.81+23.35 36.40 + 8.41 74.34 +7.60 50.53+6.35 153.60 « 19.71
11 )4 33.82+15.73 0.49+0.86 227.79+73.71 30.77 +5.33 65.03 + 1.25 4910+0.83  129.50 + 3.27
Bl 9 68 27.12+£5.32° 21.31+10.03* 4089.15+852.76* 129.30+12.36* 154.10+10.12* 122.10+9.15* 405.70 + 36.68*
115 19.08+4.29" 86.65+19.62° 4529.70 +529.02* 174.30+8.20* 241.70+13.66* 182.00 +13.24* 590.90 = 35.82*
TBZRK 9 6 JE27.50£1.09  19.40 £ 16.6%7'2911.31+489.88  66.60%:4.88° 104.30+10.04° 456.79+0.70° 213.40 +17.44"
1105 2977+939 943:649” 227870+62263° 4502+178°  9245+4125%.7 64.44:+8.68" 200.10+1048°
A9 76 i 21.63+2.54  18.46+411.90 2802.46+610.32 £ 86.23+10.13% 117.60+ 860"  53.96+7.07° 301.00426.45"
11)8 26.93+539 5945+:945° 20445372677 4866+3.91°  8591+2943° 68.38+3.65° 247.90+19.49°
T SIERARYIHE, *P<0.01; SHEMARY A, ©P<0.01
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ol o ®

B6 &KAKEEAIARFEILE (IF, x200)

A1 B1 C1 D1 A2 B2 C2 D2

NKCC2 “wewwww . 5 135 kD
SGLT1 - e YW )
o -fUDUIIN W S - - - 55 kD

A1AR e X D . EY)

S D

—— — — 55 kD

SGLT2 - e A

a -tubulin  w— - —-— -

H: A RIEH AL B ABIAIL]; C AR IPIHAL; D AEAIKAL; 1 4
6 /5; 28111
B 7 HUKRE TGF MHCE A #E

6. 11 JA 4525 2 41 SGLT1, SGLT2 & 1 £ ik ¥ A
] 72 B Y 0 2> (P<0.05), NKCC2 % 14 3 ik 3 i
(P<0.05, P<0.01); 11 F BB 4k 4, & IbHA

7 % 4K BUE TGF A ¢ 35 5% mRNA % ik
K (£6) SIEF A e, 11 8 A
2H SGT1 mRNA £ i& 4 & (P<0.05), 6. 11 J& if
SGLT2 mRNA % ikt (P<0.05, P<0.01), S
BRI H A, 11 8 IS8 70 41 SGT1 mRNA 33k
%, 89 k21 SGLT2 mRNA 5 F& (% (P<0.05) ;
11 JE B 98 ok 2 K A vb 3. 4H NKCC2 mRNA #6357
5 (P<0.01). 441 A1AR mRNA #ik s 74k
i X (P>0.05),

it #

DKD J&—Fp & ZeMEiatE o, AR FEF L
Th, RLORIAER M REIR A, Bl EER7 5k
FLFERRAR IS . I . BRAIRPREE 5%, SRR
HARE E, (BXF T T HH DKD 59 A R, fEg8p
g E RS AN TR . H AT DKD & 9w 32224 b
H AL K 7# ¥ (advanced glycation end-products,
AGEs ) 34 AR FHIsE C i i BOE 5 2 5 bk s
FRGEZEEL, NADPH I PR 895 | 28 ki 4 I AE [ p &
S EREE EAR EE MR SRBE IR L A
R-6 G RIEFTHZ . AMETIRE R E1E T 0 2
AT P BRLAEALEIAN, B IR Bh S 2k R &
. J2& 5 5 DKD & %5 1) FE 22 J5 K, DKD & s 7 1

A1AR Zik3gn (¥ P<0.01),

S/ S U

R mIET)

®5 HURM TGF HXEARBKFILE (Xzs)

"R A B9 LR B

2H ) n s ] SGLT1 SGLT2 NKCC2 A1AR
1B 6 J# 0.82+0.42 0.81+0.06 0.62 +0.03 0.94 +0.08
11 & 0.83+0.07 0.78+0.08 0.66 + 0.05 0.91+0.07
FEET 3 6 J4 0.90 + 0.02* 1.13£0.06™* 0.79 +0.03** 0.79+0.08
11 )8 1.16 +0.05"* 1.31+0.05"* 0.66 + 0.01 0.61+0.06**
TBLTK 3 6 4 0.89+0.03 0.89+0.05%% 0.91+0.02% 0.96+0.13
11 J& 0.82+0.06 %% 0.75+0.06 % 1.04 £0.03°4 1.32+£0.04°°
ERUSEN 3 6 J4 0.96 +0.03 0.97 £0.05" 0.94+0.06"" 0.85+0.09
11 J& 0.94 +0.05%% 1.04 £0.07 44 1.06 £ 0.0944 1.27 £0.07 44
T SIEW AR L, "P<0.05, **P<0.01; SHMAIFIYI LR, ©P<0.05, “*P<0.01
Fz 6 FAKRE TGF HXHEF mRNA FikKF (Xxs)
2151 sy ] SGLT1 SGLT2 NKCC2 A1AR
1IEH 6 J& 1.00 £ 0.00 1.00 £ 0.00 1.00 £ 0.00 1.00 £ 0.00
1 )8 1.00 £ 0.00 1.00 £ 0.00 1.00 £ 0.00 1.00 £ 0.00
(il 3 6 JH 1.48+0.37 2.09+0.12* 1.23+0.11 3.12+0.56
11 & 2.55+ 047" 2.74 £0.42%F 1.09 £ 0.10 2.92+0.33
MGEITe 3 6 4 1.67 £1.14 2.18+0.26 1.55+0.15 5.83+3.73
11 J& 1.81+0.36 2.0340.19° 1.67+005°" 7.05+1.37
Exvl:il 3 6 J& 0.96 +0.20 241+0.25 1.48+0.59 3.91£0.22
1 4 1.37+0.18° 2.57 +0.36 1.75+0.034% 675+ 3.45

F: SIER AR, "P<0.05, **P<0.01; SHERARIM R, “P<0.05, “*P<0.01
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JIF Ay AR B A BB S A BN S 8 kA
5% 22, H i DKD 5 g i =22 18] 56 2 1t R 58 4 B,
— 77 Th 5 IUBES S AGEs S8, 2k ifi Bl A 1 kA
Fi, WETSIRER E2 . —RALA . BB RAERKFETE,
flEABRNSIRKY 5K, B/ NERuEd R % B —T5
5 TGF HLI R MA X, B/NkiEd w25 MD, &
BT AER/ N bRl o 4 sl iRk 2. WFs R TGF
AT NG, S B INE O RERE T SO, A
BR/NBIIK = AR, AR Na© B9k AR Ak AR IR Y
HARSZW, fi Na+ ¥ B ARk 518 A /NSl ik Wi 48
4h4 2*, DKD /Mg SGLT1 Fil SGLT2 ik,
e F W S A0 2> T Na®™ B8 716 £, 33k MD Ak
) Na* J8i7b, Bl Na'-Ca® Ag 43 [m 5555, 40 il N
Ca2" B, % P38mapk/Cox2 55l ig, ik
FRL P, R B ER/N S PR g R . Y
SGLT1 i1 SGLT2 #ik F 5, Fik MD % Na* i,
NKCC2 fE 5 MD % i Na* iz 2%, F5h#% iz Na*
THFE ATP, ATP B&fE MR, 5 ABRNEIIK L A1AR
ghdy, G AR/ BRI AR GFR® 27 TR
R gt . BF5T 2 HH VB 4% Jik ] icat 1) DKD
TEIE TR B, (RJR TSl AT TGF &RV i
ﬂ%%ﬁﬁ 17, 181D

DKD J& TrBE2: “JH'E” “B357 /K" &
W, EZFHESFERURIIGERE , KSR HMA
REGn Az Ak, DA 52 e 1L 55 452 Uk RS A= 2H 03 6 1T &
DKD /Y7 KHEAE TSP B B B, I HE SR
PR — & Ry SR Y Hoe L RS A
A, BRIMFHES s, BAEIREZIE, a3
B3 AR R A SR, TR A TR A Sy —
Pl 2h, BARSIE, WEIMALRER, H i
AR FUKIER, KFSbaa i, < Ex,
THAMIL, sk R IEAZ ), e E Y, L i FAb
JFEE, ML TS, SR E. —&EGH, o)
W RIS, o2y, R BUH I s 2
Oy, kg ey, e, mEptmsg, Al
2, jHEE R R I A )8 DKD JRE . B
B RO R AR 2E R NE B ROPE R 2P K
2 ELAT PR AN AL 10 198 05 A0 i 2 R4 20 g
o 77T ok 3 W DR /N BUBR IR B 4t sz 4t %0 %Y, mp
WA R 7 I W A5 I A R ™, et A
K IEBI @A PR . TR R PDKD /N BRI
13 % S AT s B R SR A SR Bl 2
FECHEIN S 28 TR e A RS DR R Y, o I
S IEEERT, AT ekcE BN S S g

AR S B0 1 AR FH 15 B AR IR B /N i STZ ik
PRI, RN R E, B RRAZ T,
2 1 R AR R 20 R BRI 2~11 JE3597E 30 mmol/L -
T, —EATERAKT, HRMEAEATE6
WA TH s, SRR 4 25 5 0L b, 454 B e B
A A E 6 FA R R B 2 oE JE o R DD, R
STZ B4 g AR R TR A T 5, SR A A il A
IKF-E, IEASTRALIMBE IR T %, B R aita,
b L R ) P NS RN 1R RSN N N 1 E I (E V3
AR S N T DTN 11, 31, 25 1 N7 U A = AN S S
AT, NEE IR T DA BB 4 ik A —
FE MBI IMUBEAE T, 11 JRLS A% 22 21 mmol/L 247,
T LUSE A S0 FE ], s R R R, 7
6 Jil Bt T LA B A+ A e A, 11 s R
i, PR /NRRFIG R . B/ NVE R K . BNk
R M ZR Y 5K A FR AN i 3 5E 55 DKD L A
S5 R ITE L IO U 4 ] e R B 5 . A
WFFT 45 3 BTE 48 T MR B AR LR 1 . DB
INERIT, ARG AR F A R PR, TR
P, DKD ' BER O AAER T B /NER A2, /NS
it & DKD B Ri A8 () B 25 . DKD FA 40 B
FIEITRE, BLEAE/MEMEA R Z, InE ATP
WA B /N By, R U S R A T8/
WO SE Y, R «1-MG. B2-MG. NAG
J RBP J&FIWT 5 /INE 45 1) A AR IC ) . AR SE 45
RERRRIA KR 4 FPEAHRH RN Z, AR
K, HEIGERZ . e 45 KT X 4 R e
Az, BEEIRYTETERG M, HEH AR BB R
B NEBAVER

W98 & B 40 DKD i, GFR #Enlfigs|
B LY GFR TR, 4 GFR &K ** %, DKD
T AR e R ARG, Mkt R T
e, AT /K R MR SRS, AR IELH MR 20
MM B R A B NERIR K, B T EUE /NER
ffifl, Wos /B /NeR g Xt AE 2% DKD HF JE A H 2 5
P AR 4 R v 2% ok ELAG U B T KR
Cer UfER, HAL T, X £ H A% DKD
I BB IR K Bk /> GFR, W% mugat . ML Al
fie 5 W8 2% ik AT T 8 SGLT1. SGLT2 /K, 12k
NKEC2 il ATAR EiE /A L. SGLT1. SGLT2
IR, v NV EE A U T R A A RPN a+
AR D, F]1k MDAL Na* ¥ B8 n, i g MD 4b
NKCC2 #t 17 F alik iz, 14 #E g &2 B JICATP, ATP
KGR, YR B NERTE AN kS
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A1AR S5 4, fill & A% N Ca2 35 im ", S A
RN WCAE, BRI /NER BY R =R S, T
W7 GFR,

ZE LRk, V4% KBRS MOS8, I/ DKD
B/NERFNE NG, R B A SUR B, s
B ERE R, V8 45 Gl il SGLT1. SGLT2, i
NKCC2. A1AR J%5 TGF, Mifigk & B/ Nk ek,
A fig 2 H3ATY DKD A9fE FBLE 2 —. & T84t
TGF (a5 o B ARE B i — 20 R

TR SR ARSCAFAEARATAI 5 5
& % x #
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