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Renal Protective Effect of Bupi Yishen Decoction on Diabetic Kidney Disease Rats Based on

Tubuloglomerular Feedback
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[Abstract] Objective: To observe the influence of Bupi Yishen decoction on the curative effect of
diabetic kidney disease rats and the tubuloglomerular feedback. Method: Among the 100 SD male rats, 25 were
randomly selected as the normal group, and the remaining 75 were treated with high-fat and high-sugar diet
combined with intraperitoneal injection of low-dose streptozotocin (STZ) to establish diabetic rat model. The

model rats were randomly divided into model group, Bupi Yishen group and losartan group. Bupi Yishen group
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and Losartan group were given Bupi Yishen decoction (23.4 g-kg') and losartan tablet (9 mg-kg') ,
respectively by gavage, and normal group and model group received equal volume of distilled water via
intragastric administration. The treatment lasted for 11 consecutive weeks. Random blood glucose was measured
once every two weeks. Rats in each group were put into metabolic cage and 24-hour urine volume was recorded.
At the end of week 11, the rats were sacrificed for index detection. Enzyme linked immunosorbent assay
(ELISA) was used to determine the quantification of 24-hour urinary microalbumin excretion rate (24 h
UAER) , renal tubular injury-related proteins and urine creatinine. Blood was collected for creatinine and urea
nitrogen detection. Hematoxylin-eosin (HE) staining, periodic acid-schiff (PAS) staining and Masson staining
were performed to observe the pathological changes of the kidney of rats. The expression of sodium-glucose
cotransporter 1 (SGLT1), sodium-glucose cotransporter 2 (SGLT2), sodium-potassium-chloride cotransporter 2
(NKCC2) and connexin 40 (CX40) was detected by immunohistochemistry. The location of adenosine type |
receptor (A1AR) in kidney was observed by immunofluorescence. In addition, the expression of SGLTI,
SGLT2, NKCC2, CX40 and A1AR in renal tissues was determined by Western blot and real-time fluorescence
quantitative polymerase chain reaction(Real-time PCR). Result: Compared with normal group, renal pathology
in model group showed increased glomerular volume, thickened basement membrane, and shed renal tubule
epithelial cells. Compared with the model group, the renal pathology of bupiyishen group was improved.
Compared with normal group, random blood glucose at different time points, 24 h UAER and renal tubule-
injury-related proteins were increased in model group (P<0.01), and the expressions of SGLT1 and SGLT2 in
renal tissue were increased (P<0.01), and the expression of NKCC2, CX40 and A1AR decreased (P<0.01).
Compared with the model group, the random blood glucose, 24 h UAER and renal tubular injury-related
proteins in Bupi Yishen group decreased (P<0.01), the expressions of SGLT1 and SGLT2 were down-regulated,
and the expressions of NKCC2, CX40 and AIAR were increased (P<0.05). Conclusion: Bupi Yishen
decoction can improve glomerular and renal tubular injury and alleviate early hyperfiltration in diabetic kidney
disease rats. The intervention effect of Bupi Yishen decoction on diabetic kidney disease is related to the
regulation of tubuloglomerular feedback.

[Keywords] diabetic kidney disease; Bupi Yishen decoction; early hyperfiltration; tubuloglomerular

feedback; adenosine type I receptor
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A &SP (Masson) B 848 7 & (3 £ A P F
AR AR LA 250 G1120.G1281.G1340) ;%
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A L 4% 2 R W E S R RBOK A
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Masson e {6, Ye B8 T W48 B 4 200 B JE 5 2F A%
2.4 PG I TGF MG 8 M 7 B E 2 17 15
o B BEASA IS 4 pm A, 63 °CHEE T
PEFAPIME 2 h, B RS =K 10% & il KB R 4T
Ji, 3% H,0, 1 BR N R M3 S AL Dl , 5% BSA 4],
—PU % F (SGLT1 1:50,SGLT2 1: 100, NKCC2 I:
500,CX40 1:50) ,4 °Cil &, — 41 1gG E iR T
(1:300) ,DAB & {0, R AR K EZ Y,
2.5 IEEROGEKEI AIAR EEEMFR L B E
HAVHIAVEVK IRV G V) 4 wm , MK IR 2% vh 1B 2,
5% BSA H M, —Hi (A1AR 1:200)4 °Cid 1% , % 2%
4 1gG(1:500) = R BF H , DAPI & YL 4i ff 4% ,
A, FHO6 B AU T WA I RAE G
2.6 MR TE (Western blot) £ I ' Ik 28 21
SGLT1, SGLT2. NKCC2, A1AR . CX40 & [1 & ik
B 4140 50 mg, RIPA 24 figt $2 BB 25 1, BCA 7%
W7 2 e B, R 4 BT AR U7k, 10% SDS-
PAGE ¥ Ji Ha 7k 73 B, W 5% 25 PVDF I, 5% M i 05 5%
FETEIREMA 1 b WEF — P SGLT1(1:300) .
SGLT2(1:800) \NKCC2(1:1000).CX40(1:300) .
a-tubulin(1:1 000) ,4 °Cid &, Y5 — 91 IgG(1:
1 000) % 1 h, PE 5 I ECL &L i 5%, Bt &
8, Image J 81 X8 457 34T A 0T 5 2 23 17 o
2.7 ELISA KK BV 26 ke i A 57
HBE R RO 2k R, iR TE 450 nm
B AL G A0 Hoh A LS BR 8 (Cer) BLIR &
FOAK w9547 1E , Cer=R WLEF x JK 7 (mL - min™)/
I LT > 44 5 i (kg) o
2.8 Real-time PCR ] TGF #H ¢ #§ #% mRNA 3%
ik BUEBEALZY 15 mg, FH RNA 32 B 71 & 32 HCR

RNA. >k H SweScript RT [ First Strand ¢cDNA
Synthesis Kit 1% 5% 5t & cDNA, 3% # 2xSYBR Green
qPCR Master Mix #F 1T Real-time PCR Sz b/ 1) #:1F ,
2% & A 2y 95 °C i 48 #£ 10 min, 95 °C A5 £ 15 s,
60 °CiE K 1 min (40 ™1 ¥4 ) , DL g- L 8h & A
(B-actin) N N, 18 i 2“8k 115 4% 4 mRNA A X}
Fik . MR GenBank £2 {1k i 1 K 77 41 % 1 4 5
PESIY, R4 R A BB A BRA R A L, 51
WP LR,

x1 s5lMF7
Table 1 Primer sequences
519 LR (57-37) K /bp
B-actin TGCTATGTTGCCCTAGACTTCG 240
GTTGGCATAGAGGTCTTTACGG
SGLT1 CCGCCCTTTACACCATCACAG 111
CTCGGAAAGCAAACCCAGTCA
SGLT2 TGATTTATACTGTGACAGGAGGGC 155
CACTGCTCCCAGGTATTTGTCG
NKCC2 CCAACCAATGACATCCGAATAA 197
TGGTAGTTGAAGAAGCCTCTGGAT
CX40 GAAAGAGGTGAACGGGAAGATTG 190
CGAGACATAACAGTTGACGGGG
ATAR CTTATCAACATTGGGCCACAGAC 163

GCTGGGTCACCACTGTCTTGTA

2.9 it B FH GraphPad Prism 9.0 %k 1
Bod R x £ s o8, 4118 LR B O 2 4
Bt , 7 22 5%, AT e/ o 3 1 25 S ik (LSD) K 5, U7
2% A 5% 3£ 47 Dunnett's T3 ¥ % , P<0.05 /22 7 H
EENES -9
3 &R
3.0 GPREDRRE K BB 2 5 IEH 4l b, B
T 2 4 A T[] 77 A5 0B 1 2 3 T (P<0.01) 3 5
BERIZH LA, 2 4 B R I 25 B A RN SR VD 3 4 22 5
B G245 X, 6.8 R, AN 25 B 2 R I R
R (P<0.05), 10 11 B, &b 9 5 1B 20 Al Vb 30 2 1
Wi R & (P<0.05,P<0.01), W2,
3.2 XHBERHE K EBUBUN.Cer.24 h UAER K KB
FREFE 5 IR 4 R B4 Cer 24 h UAER
KOV 52 T (P<0.01) , ' R B E T (P<
0.01); HHEIRIZH P, %M 43 ' 20 BUN KV B 8
(P<0.05) , #3120 S @ VD3R Cer K- 2R
% (P<0.01),24 h UAER /K V-3 i 3 T % (P<0.01)
HIMI 25 B 4B RO B R (P<0.05) . WLFE 3.
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F2 A EBEEFHKRAERET SMEGHIN (Xts,n=12)
Table 2 Effect of Bupi Yishen decoction on blood glucose at different time points in rats (x+s,n=12) mmol-L"'
45 /g kg 2 4 6 Ji 8 Ji 10 118
EH A 6.60+0.78 6.74+0.72 6.67£0.65 6.67+0.86 6.79+0.64 6.69+0.79
Rk 32.42+1.25% 29.18+3.01% 32.47+2.12% 29.31%1.20” 28.95+2.20% 29.96+2.18
R 25 B 20 23.4 31.86+2.35 29.55+3.5 27.24+3.92% 25.38+3.32% 22.38+2.5" 21.7743.15%
AV 0.09 31.68+2.08 30.66+0.04 31.3242.60 29.1+1.63 25.78+2.54% 26.59+2.45
T IR 41 VP<0.05,7 P<0.01; 5 AL K Y P<0.05,YP<0.01(F 3-% 6[)
£3 #MEESHNKRBUN.Cer.24 h UAER RIS ZHBI I (F£s5,2=9)
Table 3 Effect of Bupi Yishen decoction on BUN, Ccr,24 h UAER and renal coefficient in rats (x+s,7=9)
21 5 il /g kg BUN/mmol-L"! Cer/mL-kg! - min™! 24 h UAER/pg 5 ZH/mg- g
EH A 33.82+15.73 0.49+0.86 227.79+73.71 2.76£0.31
REAL 19.08+4.29 86.65+19.627 4529.70+529.02” 5.76£0.61>
HIMI 25 B 2 23.4 38.46+10.08" 6.92+4.38" 2097.78+430.89% 5.00+0.33"
NSRS 0.09 26.93+5.39 59.45+9 45" 2 944.53+726.77" 5.18+1.18

3.3 X BE PR s K BB /N A 8 AR DG 8 B 09 5 )
B /N8 5 5 AR OC BR A BLFE IR @l-MG L B2-MG .
RBP MINAG., 5 I1E# 4 &, A4 o«1-MG . B2-

MG .RBP 1 NAG ¥ i & F+ 5 (P<0.01) ; 5 455 50 24
Fb#, #2541 AV I 4] «1-MG . 82-MG .RBP
FMINAG ) B #E T(P<0.01), W4,

F4 WEEEHH KRR a1-MG.2-MG . RBP Fl NAG 0 (X+s5,7=9)
Table 4 Effect of Bupi Yishen decoction on urinary a1-MG,B2-MG,RBP and NAG in rats (x£s,n=9)

253 Fl /g ke al-MG/ng-L"! B2-MG/pg-L" RBP/mg-L"! NAG/ug-L"
EH 4 30.77+5.33 65.03+1.25 49.10+0.83 129.50+3.27
[ 174.30+8.20% 241.70+13.66> 182.00+13.24% 590.90+35.82%
MG 3 A 23.4 39.19+1.44% 77.19+7.54% 61.39+2.24% 161.00+£19.48%
ERUS R 0.09 48.66+3.91" 85.91+29.43% 68.38+3.65" 247.90£19.49%

3.4 XPHEDRE K BV SV B AR RS2 HE e
25 R R E R K BB ANER BN S5 R T
REBOEF  BORVALE /NBR R BRSO B /NG b R i
i A A AL B WL 1, PAS Je (45 R R L IR
20 TC s B AR AR S A A 5 R TR O, TR 1
PE R LY o £ R 40 A G A, AT 2 B B L D
[l 2;Masson Je B 45 B R, 1E 7 4 TG R 41 4R i AR
LA 4% AL ¥ 5 P A DR A DB, H P i R ] e
6, SRR LR, AR 2 AN s UL 3,

3.5 X BE IR % K B SGLT1. SGLT2, NKCC2,
CX40, A1AR £ ik 52 m K BE JE SGLT1 Al
SGLT2 3k ik & i 16 i i /N 45 Ak, 0L & 4. & 5
NKCC2 3 2 3R 35 T 805 B K v B /N, WA 65
CX40 FZ LIRS KA, WIE 7; ATAR FE KX
7E 5 E A Bk 3h ik, WL IE 8 .

3.6 X BE IR % K B SGLTI. SGLT2. NKCC2,
AIAR .CX40 IR B MM 51E# 4 i, &
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B1 #EEEANAREHEFEMSHERNZE (HE,x400)
Fig. 1 Effect of Bupi Yishen decoction on pathological

morphological changes of kidney in rats (HE, x400)
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E2 #EBEEANAREERERSEEZNIZM (PAS,x400)
Fig. 2 Effect of Bupi Yishen decoction on pathological

morphological changes of kidney in rats (PAS, x400)

B3 #EsSEEANKREEFERSEENZE (D, x400)
Fig. 3 Effect of Bupi Yishen decoction on pathological

morphological changes of kidney in rats (Masson, x400)

BE5 # RIS HX AR SGLT2 RARI M (gL, x400)
Fig. 5 Effect of Bupi Yishen decoction on SGLT2 expression in
rat kidney (IHC, x400)
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Bo #pEzmEAMARENKCC2RIEMIM (AL, x400)
Fig. 6 Effect of Bupi Yishen decoction on NKCC2 expression in
rat kidney (IHC, x400)

B4 #EEFEEANKRE SGLT1RERHIM (THC, x400)
Fig. 4 Effect of Bupi Yishen decoction on SGLT1 expression in
rat kidney (IHC, x400)

U4 SGLT1,SGLT2 & H % ik i 3 14 fin (P<0.01) ,
NKCC2 ZF G it2ra L SRR i, #M T 25

B7 #HEFEEANARE CX40RIEMFIM (R, x400)
Fig. 7 Effect of Bupi Yishen decoction on CX40 expression in rat
kidney (THC, x400)

¥ 40 SGLT1,SGLT2 %K (1 % ik I # T B ,NKCC2,
AlAR, CX40 #H 1 £ & 8 # I # (P<0.01) .
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C D
B8 #EmEAIMARE AIARRIER I (FEEok, x200)
Fig. 8 Effect of Bupi Yishen decoction on A1AR expression in rat
kidney (IF,x200)

WE 9. %S,

3.7 xF ¥ SR % K Bl SGLT1. SGLT2., NKCC2,
A1AR.CX40 mRNA REMZ N 5IFE &AL, 5
#IZ4 SGLT1.SGLT2 NKCC2 mRNA % ik 8] B I+ &
(P<0.05, P<0.01) ; 5 5 A 41 H 45, #b 19 25 ' 41
SGLT2 .NKCC2 mRNA % ik ] 5 F& % (P<0.05, P<

SGLT1 ---- 72 kDa
a-wbulin S s 0

A - ———

- s D

CXA0 s — N — /0 D2
A B C D
9 KXRBHELSGLT1.SGLT2,NKCC2.A1AR.CX40 EA K&
ik
Fig. 9 Electrophoresis of SGLT1, SGLT2, NKCC2, A1AR and

a-tubulin

CX40 proteins expression in rat Kidney tissue

0.01) , ATAR mRNA % ik B & F+ & (P<0.05) , A 1P
3 20 SGLT1.NKCC2 mRNA % ik ] & % % (P<
0.05) , CX40 mRNA % ik 8] & Ft & (P<0.05) .
e

*5 HEFBEFKRE SGLT1.SGLT2.NKCC2.A1AR.CX40 B { R IEM M (3T+s5,n=3)
Table 5 Effect of Bupi Yishen decoction on SGLT1,SGLT2,NKCC2,A1AR,CX40 protein expression in rat kidney (x+s,n=3)

21 5 F /g kg SGLTI SGLT2 NKCC2 CX40 A1AR
EHA 0.83+0.07 0.78+0.08 0.66+0.05 0.64+0.03 0.65+0.02
LR 4] 1.16+0.05” 1.31+0.05% 0.66+0.01 0.93+0.05% 0.93+0.01%
25 A 23.4 0.84+0.02% 0.66+0.04" 1.01+0.03% 1.26+0.029 1.17£0.029
AV A 0.09 0.94+0.05% 1.04+0.07" 1.06+0.09" 1.13+0.04" 1.15+0.06"

F6 #HEIFEHANKARBEALSGLTI.SGLT2.NKCC2.A1AR.CX40 mRNA Rk B F M (¥+s,n=3))
Table 6 Effect of Bupi Yishen decoction on SGLT1,SGLT2,NKCC2,A1AR,CX40 mRNA expression in rat kidney (x+s,n=3)

2H 5 /g kg SGLT1 SGLT2 NKCC2 CX40 AlAR
AR 4] 2.55+0.47" 2.74+0.427 2.55+0.47% 0.93+0.03 2.92+0.33
HMIG 25 AL 23.4 1.83+0.48 1.92+0.12% 1.83+0.48" 2.07+0.24 8.65+2.13%
SV 0.09 1.37+0.18% 2.57+0.36 1.37+0.18> 2.12+0.22% 6.75+3.45

R IE R A4 mRNA FIL 0 1

4 iTig

DKD % Jii SR % 4 Tt 5, 30%~40% Y B JK 95 5
B3 RN DKD, AR BRI E 2R A . HAp
VG BE R 7 5 1 32 R o0 A 0 O 5, B AR I L R
FH i A8 5 ke 229 Ak I ) R0/ am R Tk 3R A2 AR A Bt
M Ko SGLT2 il 37 45 , 97 &% w6 vl ARAP A — 5 19
24y FR 1 R0 IR Y 6 R DKD B A A R 4

22 DKD # JBiEYE AN FE /& . DKD7E P E 2 o4 —
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2 HORIT R IRIAL S E 4% . =R ET RS Kb
B S A LN B R R RIS 22 RS
SN SEORS L A5 LA b TR A T L E 2%, B ST R I 25
To P RH R R E AN S E AR AN 2R, 5
22 A BRI B UK RO R 2 T BORT LB A
FEA IR N8 AL ) ANl w1 2 0 N ]
EL,AREZy . SRR, S R 28 S H R £
f5 B R . E A ISR DR T Ak i,
N NN NP S 7/ UE2T I o e e | L
SOANEHORE OB KR 2 ) B 2 B AR I 5
R NS YR8 B o0 R AR 2 IR
DKD K BB /N 442, =& i e B A O i
VRO AR 2 A FH O HORS B ol 18 o K
B IV h 2 AR T RR Y 1l 25 B R LR
JIg B O i o PR T A, A S AT R M R i
S TR B FRARPT WO A Dy HL A RS 1 sh ) A
BIVE T, BT DATCE B /N Bk s e S g ad .

Il R A 52 % BL7E 1) DKD (33 o, B /BRI it
& (GFR) M & v BE 5 A GFR F [, fe 2 GFR
SR HE R 5 A B o T B . DKD L
e 8 kM AR T R B OE A OG Y g R T
L AT B ENER bR AN S A, & AN A
oAb BE T W G AL BN ERIIE R, A S BUE D
BRAE AL, B0 L DK D B /N ER = 98 ) 28 22 95 1F
JRAEEBERNL, ARG RE R T RS
/NG R B Cer B9 AE T, 3X 3R W HLW] 2l DKD K
BB DE R K /> GFR. B BRI 15 5 GFR & R %
I, 3 258 5 A5 A /N B ik 9 BE ) R 52 GFR,
B BR R0 & A AE T i B /NVE (SGLT1.SGLT2) , it
Ui B /N B Y BE AR T SO/ B (MD) |, A BRI 3l ik
(ATAR)3AERAL AR 5E Na' () 1 & 28 Ak B AR 1, B
AR MR, i Na® ¥ B2 A2 4 5 45 A/ 3l ik i 7k 07 AR 45
G o A S UE W b R 25 B 5 T AR 98 SGLTL.
SGLT2, 2 #F NKCC2.CX40 Fil ATAR 3% ik 3K i 45 4%
BRI, 98 DKD = U8 2k, 2 10 & O 3 B U A AR
Mo SGLT1.SGLT2 3k ik 3 /i 35 i /)N 45 5 W Wi
U R T R 2 5 AT N A X ek 20, %1 15 MDAk 1) Na*®
W, 8 5 MD AR Y NKCC2 HE AT Esh#is , i
2 v 7 LN AR B BRI ATP, ATP 38 i 17 ¥ #: R
T T T IR A R, K A S A R R AT
R B /INERIE A /NS S ATAR 454, fil % 40 i 2%
N Ca> 81, Ca® 18 1 CX40 P 8L 2 4B 3 (1 F 1 L 44
JiL2 51 AL A /N sh kol 4 B A /N Bk i g
FE A1, T BEAR GFR,

A% 255 25 5 0 A O 5 T AR R 2 A B o A
2~11 A ¥4 30 mmol- L' F ik sh, — HA T &
K $ER STZ WA g I TRk B 7 ik T 5, A
L e 1\ LUl N O N SR N <
FaosE , JCW WUk sh . U IE A R AR RN
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JEE SR 7 8 R R R Ak {7 5 3 I B A T DA
U A R I 25 B O BT — o 1 B A AR L 11
Jei I % 25 20 mmol - L 247, A o 1T LU SE 4 52 56 J#
0, L L e 4 W M 8RS TE PR AR 1 O T, B AU A R
fl 24 h UAER & S8 IEH A m 20152 2 . B4~
BRI AL TS 2 W T B GR35 B AL &
WA ), RUAME 25 O B RIFWBEIRR A& A
YEH s DKD B JIE 45 405 AN AR T B /Nl 42, B /g
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DEATRAS BRIV Y U R B B £, i E ATP
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INEE A AR S Y. R «1-MG .B2-MG \NAG &
RBP & ] B B /NG 00 40 1) SC B bR 0 4 o AR S 50 45
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MR HEME R 22 L T AR I 2R B O RT  E U X 4 B
TR A B A VR YT I DR, HE R AR A R
HAUCE T /NEB O ER R84 J5m, th 3
B /INER R BB KB INGS R Bk /N BR R T
F B 5K A 2R B 4 AR 1 5 45 DKD R AR . 9058
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i o
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