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Effect of Yishen Huoxue Prescription on Endothelial Structure and Function in

Mice with Renal Interstitial Fibrosis
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[Abstract] Objective: To explore the mechanism of Yishen Huoxue prescription in renal interstitial
fibrosis (RIF) from the perspective of endothelial cell and cell energy metabolism. Method: The model was
successfully established by unilateral ureteral obstruction (UUO). Seventy-five SPF C57BL/6 mice were
randomly divided into a model group, a resveratrol group (50 mg-kg'+d"'), three Yishen Huoxue prescription

low, medium, and high-dose groups (7.1, 14.2, 28.4 g-kg'-d"'), with 15 mice in each group. In addition,
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another 15 mice were used to prepare sham operation model. Mice in the sham operation group and the model
group were gavaged with equal volume of normal saline. All mice were sacrificed on 7, 14, and 21 d after
modeling. The protein expression of platelet endothelial cell adhesion molecule 31 (CD31) was detected by
immunohistochemical S-P method. The expression of a-smooth muscle actin (e-SMA ), collagen IV (Col-1V ),
angiopoietin 1 (Ang-1) and tyrosine kinase receptors 2 (Tie-2) , vascular endothelial growth factor (VEGF) ,
vascular endothelial cadherin ( VE-cadherin), and occludin in renal tissues was detected by Western blotting. The
mRNA expressions of Ang-1/Tie-2, VEGF, VE-cadherin, and occludin in renal tissues were detected by Real-
time fluorescence quantitative polymerase chain reaction (Real-time PCR) , and the levels of reactive oxygen
species (ROS) in mice were detected by enzyme linked immunosorbent assay (ELISA). Result: As compared
with the sham operation group, the expression of CD31 in renal tissues of the model group was significantly
decreased and worsened with the extension of modeling time (P<0.05), @-SAM and Col-1IV protein expression
levels were significantly increased (P<0.01), but the expression of CD31 was stable in 14-21 d. ROS levels were
significantly increased (P<0.01), and the protein and mRNA expressions of Ang-1/Tie-2, VEGF, VE-cadherin,
and occludin were significantly down-regulated (P<0.01). As compared with the model group, the expression of
CD31 was increased (P<0.05), and a-SAM and Col-1V in the resveratrol group and the medium and high-dose
Yishen Huoxue prescription groups were significantly decreased (P<0.01). The ROS content was significantly
decreased (P<0.01) , and the protein and mRNA expressions of Ang-1/Tie-2, VEGF, VE-cadherin, and
occludin were up-regulated (P<0.01), As compared with the resveratrol group, the protein expressions of Ang-1/
Tie-2, VEGF, VE-cadherin, and occludin in the medium and low-dose Yishen Huoxue prescription groups were
significantly different (P<0.01). There was no significant difference in the mRNA expressions of CD31 and Ang-
1/Tie-2 in the high-dose Yishen Huoxue prescription group, and no significant difference in the ROS level in the
medium-dose Yishen Huoxue prescription group. Conclusion: The anti-RIF effect of Yishen Huoxue
prescription may be related to promoting vascular endothelial repair, regulating mitochondrial ROS to reduce
oxidative stress, protecting the integrity of renal endothelial structure, delaying cell apoptosis, and maintaining
cell energy metabolism.

[Keywords] Yishen Huoxue prescription; unilateral ureteral obstruction (UUQO) mice; renal interstitial

fibrosis; endothelial cells
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91 Fo(5-3) RIEDD 92 Rk (LSD) K , 2 41 1] e F L IR 207 22 43 1
Ang-1 -1 ACGCTGAACGGTTACACAGA 145 95 2 A 58 i Tamhane 's T2 K5, L P<0.05 K 22 5
N ACTAGCCATTTGTTAGCTTTGTTCT ﬁﬁ%i—l»%‘»%“:)‘( R
Tie-2 | iif GTAAGCTCAGGTGCCACTGT 106 3 gﬁ%
T iif GGCCTGCCTTCTTTCTCACA 3.1 X UUO/NEL CD31 B M FE LM CD31 Y
VEGF i TTGCCTGGTCAAACAGCTCA 111 _[ﬂ]. {%’f. V‘] EZ éEH H@ E"J 1:/]} ‘:'IL:\ % , ﬁ‘ﬁ éﬂ 'ﬂf; |:F| % }m j] ﬁ @ E‘a
Filf AGGAGTGTGCCAGCCTACTA B (. 55 A AL H B R 4L 414 CD31
VE-cadherin [ Jif AATTTGCCCAGCCCTACGAA 96 %‘%i Eua E‘aﬁ //I\ , Fﬁiﬁ*ﬁ H;J— I‘ETJ )7@ _l:/( m‘]‘j]l] E ( P<0.05 ) , ,fa
Tl CTGGCACCACATCCTTGTCT CD31 3%k 5 M\ d14~d21 1) B3 T g ; S5 S R 4 1L
Occludin i CCTGGTGTGAGCTGTGATGT 105 ﬁ é_% E[ % )%‘ @& ﬁ I% (E I[Il j:_f ﬂ;& ':P —'%— ?ﬂj % q: })ﬁ
T ¥ GAGGGCTGCTGCAAAGATTG T .CD31 ik BHE I (P<0.05); 5 1105 BEAL Lo
B-actin ¥iF CAGCCTTCCTTCTTGGGTAT 100 EAI Ig {ﬁ Jﬂl 75‘ —"%— %qj E 2ﬂ CD31 %:‘é ﬁ % jE_'L_ jl_:j gﬁ 'H‘ %l» —‘\éﬁ\
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d7------
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A B C D E F

Mo WK 1FE2,

A BT ARY B R C IR DL 25 BN I KR S AL B 28 B I PR A B 25 B v R e 4L (IR 2 AN R 3 0D
B 1 #BEMA UUO/MER d7.d14.d21 AR CD31 FE A RIZH M (L4114, <400)
Fig. 1 Effect of Yishen Huoxue prescription on CD31 protein expression in d7, d14 and d21 renal tissues of UUO mice (IHC, *x400)
®2 BEFMHMUUONRBEARACDII BEREFHRSWRENEM (xts,n=5)

Table 2 Effect of Yishen Huoxue prescription on integral absorbance of CD31 protein expression in renal tissue of UUO mice (x£s,n=5)

215 Fl /g ke d14 d21
EE ¥ 0.033+0.008 0.031+0.009 0.033+0.008
AL 0.004+0.001" 0.002+0.001" 0.002+0.001"
A2 2 0.05 0.022+0.008>’ 0.025+0.009>’ 0.023+0.004>
Bl = RO I 11 B 7.1 0.005+0.001> 0.009:0.003*> 0.009+0.001°*%
25 B I 1l 7 PR e 14.2 0.009+0.002*% 0.017+0.005" 0.016+0.005
o B T I e A A 28.4 0.022+0.005" 0.022+0.004” 0.020+0.004°

0 ST ARL LS Y P<0.05,2P<0.01; 5HIEIZH 155 Y P<0.05,Y P<0.01; 5 (A2 = B2 1L 4% ¥ P<0.05,P<0.01(F3-%6[d)

3.2 X UUO /N BUEF 4k 1L #5 b a-SAM , Col-1V 5%
AR F AR HAEA R B A a-SAM ( Col-1V 2 1 %
KK 2R LG43 ST R g, f Al

H a-SAM , Col-IV #E 1 1A K P24 8 3% T, B

B4 -SAM 7E d7.d14 .d21 & 4 32 1k K OF 3% W 7 &5

(P<0.01) , Ui B & 5 )5 B 2F 4 AL 6 b 2R 1 3234 I 2%
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FENRE(P<0.01); 5 FHZE M B4 LU, 75 B35 I 5 &
FIH 4] d14.,d21 a-SAM ., Col-IV & [ & 1k K - 22 7
TCGE T2 B S0, AT DL A A A T T )
WA WA ES RN R4 ik, WK 2
M3,

d7  Col-IV s gl s S B & % 161 kDa
=-SMA S S . 5
[-aCHN s — e e 1) kDa

d14 Col-IV # ™ iy ooy gy gy w8 161 kDa

G-SMA e —— - 55 kD2
[-actin S wS SEES s - g 12 kDa

d21  Col-IV + ™= g ww Sls = Ww 161 kDa

a-SMAb —— -‘ 58 kDa
[B-actin g W ) (D2

A B C D E F
2 FHHAMNRdT.d14.d21 BHH o-SAM.Col-IV E B R E R IK
Fig. 2 Electrophoresis of «-SAM and Col- IV protein expression

in d7, d14 and d21 renal tissues of each group mice

3.3 X UUO /b RIS 1Y % fig ik ROS K - 14 3 1

{18 A 21 /) U JUE 1 A P9 B AT L/ B ROS %
UUO /) R i 82 /5 1T & 3 ROS K F ik 3 F i (P<
0.01); 5 MR ZH L #5 , 28 P 2E P B2 2 5 0 i 7

F4 HEFMLAXN UVO/NREALAROSKFRFEM (x£s5,n=5)

®3 #HEBEMANUUONMREHR «-SAM.Col-lV EARIZEM
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Table 3 Effect of Yishen Huoxue prescription on a-SAM and Col-

IV protein expression in kidney of UUO mice (X+s5,n=5)

3 il Iﬂi:l I [] a-SAM CO]-]Y
/g kg /d /B-actin /B-actin
i FAR 4 7 0.42+0.07  0.40+0.06
14 0.42+0.10  0.42+0.07
21 0.71+0.10  0.62+0.08
LR 4] 7 1.38+0.24”  1.90+0.23%
14 1.74+0.22”  1.66=0.20
21 1.96+021%  1.84+0.19”
A2 AL 0.05 7 0.47£0.11Y  0.56=0.08"

14 0.49+0.08"  0.50+0.10"

21 0.70£0.09"  0.66+0.10"

gt B 0 a0 7 AR 2 7.1 7 1.34£0.29%  1.72+0.23%
14 1.81+0.32%  1.63+0.229
21 1.93+021°  1.82+0.18"
8IS PR 14.2 7 0.82£0.20%% 0.92+0.13*

14 0.73+0.12*% 0.810.12*¢
21 0.93+0.12*% 0.83+0.09*
IS S A 28.4 7 0.58+0.12"  0.78+0.11%%
14 0.52+0.12"  0.66+0.18"

21 0.70+0.08"  0.63+0.07"

fi& L R IR 9T ROS & &I 3 D (P<
0.01) ;5 H 27 B 41 L&, 45 B 0% 1 07 o 7% 4 4
ROS K225 G it =2 L. Wk 4.

Table 4 Effect of Yishen Huoxue prescription on ROS level in kidney of UUO mice (x+s,n=5) U-mL"
20 51 Fl 4 /g kg d14 d21

BFARH 28.18+2.94 25.86+10.21 36.25+1.56

F TR 20 143.18+8.64% 132.27+3.16% 148.98+3.27%

R R A 0.05 57.18+4.00% 49.2242.55Y 66.98+4.13"

i ' % a5 KR 4 7.1 100.37+5.444% 78.16+4.3249 102.98+2.674%

i B % a5 e R A 14.2 56.42+4.28% 49.35+5.30" 68.80+1.29

BB A v A R 28.4 27.39+2.33%¢ 30.50+16.914% 34.50+3.16"¢

3.4 X} UUO /) il Ang-1/Tie-2 . VEGF , VE-cadherin
Occludin Ay HE RN i T AR 4 7E A [A] I B
Ang-1/Tie-2 . VEGF . VE-cadherin . Occludin % [ 3%
KEFEGEITFEL; 5SRTFARALK, EHRF
Ang-1/Tie-2 \VEGF 4 11 % ik B T U [A] SE4< | H &
kBl Z TR (P<0.01) ; BEAY 4 VE-cadherin ,Occludin

HH AT R R T AR A A R A B
. 74 .
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A B C D E F
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Fig. 3  Electrophoresis of Ang-1/Tie-2, VEGF, VE-cadherin and

Occludin in d7,d14 and d21 expression renal tissues
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VE-cadherin.Occludin mRNA £ixW#m HFEAR
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AR, BRI 4] Ang-1/Tie-2 . VEGF . VE-cadherin .,
Occludin mRNA % ik & 7% d7 B & W, d14 £k &
WS AR PR R N, d21 P8R R RS d7 K R FE—
o SRR AL, AR A g5 S I
7 & 20 Ang-1/Tie-2, VEGF , VE-cadherin ., Occludin
mRNA £ ik i ¥ i % T+ & (P<0.01) 5 5 (132 P il
Fo A, 25 B 0% 00 5 7 5 i 41 Ang-1/Tie-2 mRNA 33k
22 SIS A S, AR B I T s ) A 4 d 14
VEGF . VE-cadherin 2 d7.d21 Occludin mRNA ik
0 B 9 (P<0.05,P<0.01), W6,
4 itit

I PN R 4 2 PR 2 e o b R A B 2 R,
AV LA 8 A Ve S 5K T I AR B SE R
B RN B T DN R A AR A Ak 2 e A o
B MG, S B0 A R R A B K
M B %R . CD31 2y N B 48 i A5 7S 9, AHMADI

PER T, 28 8 R IR YT 5 0 T I 4 2 B, B Lk A R
PO 40 M8 T N . Ang-1 5 Tie-2 45 & BE 4 £F 10
B ReE e R Rk A B AR VEGF J& i & A= iy
I L R I G A W OB S i AN 1K =8| 0
it 7, VEGF 5 Ang-1 B 53R Y7 2 M0 WURESE | W] Bl
0 WL B85 S 0 4R 14 ' . VE-cadherin
S N R A0 RS BR % B Y OGBS 4y, X AR
VE-cadherin 3 ik I /D 23 i IR 1 5 BE 58 3% K LA Y
A, ZHANG % HFSEHIE 32 Occludin £ S I 7
LT N e el S O %7 N1

B A 2 i R A P R AN i ) RE R
i N L RE A S CKD R B
USRS B R AR v G I R SR i -
51 N H 4 i B I Ty BE 3 2k A B AR AR
CHIANG %521 5% HI Rl Ang-1 Flash 3¢ 1k W08 B i 1
B 45 17 10 L 24 Ang-1 3 1K 38 5 mA P R 40 AT
Al Wl 5 B 45 05, Ang-1 B R IR B /N PR AR D . B
PRI /I R A A A B K P02 3% T Occludin 22 35 H.
Pk R T RS A B NER R A R A AR
FE R BN UUO 8 B AR 5 e 414k h w58 & 31
B 20 A 148 N R 40 LR S ) CD3 1 3% 35 W S i >
i R (i) SiE < T N, {H 7 d14 & d21 88 CD31 3%k
BRI U 3 I IR A 2N R A MR S s — o R
JEH T ROR S . ALY -SAM , Col-IV &
# ik K F W & E F+, Ang-1/Tie-2. VEGF,
VE-cadherin . Occludin & [ %35 & mRNA £ ik 51
FARH A B E FIM, F R uuo /s Bk & B
ROS /K F & 2 FF &, vl 2 78 UUO /) B Bk o R
S I PR R A i 235 ) A R A A Ak N B A fifE
AP T- PG

HEE 1IN CKD 1 EZRAL N AIRAL "5
RS BEL 1 R] R 4T 4L PTC F 5 56 R V) .
Sk FH A% B T R R S H S B LA
16 VR AL, HL A 2% A0 I3 2% D R4, A W AR
I8 P B A58 405, B Lk O T R S AR Il YR AT
7R S el AN S RN R = 1| = =
UUO /DB I 2147 4 o-SAM  Col-IV & 1 # k5
ROS & & B Wk /b, CD31 % 35 & . Ang-1/Tie-2.
VEGF . VE-cadherin . Occludin & 4 % ik & mRNA #
ik B S TR R D 5 I O T R S i P R A0
Ji 06 52 Rl 3k 3 1 2k kR RO'S Vi % 48 Ak 7 8, %iE 2%
2 ML YR T, AR 20 I AR G, A R A% UUO /) B
F By RIF, 5 T RIF AR H LA )2 1 & &2 2
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x5 HEFEMA UUO MRS EL Ang-1/Tie-2 . VEGF . VE-cadherin,Occludin T 5 R X B M (f+s,n=5)

Table 5 Effect of Yishen Huoxue prescription on expression of Ang-1/Tie-2, VEGF, VE-cadherin and Occludin in renal tissues of UUO mice

(x+s,n=5)
2 5 /g ke t/d Ang-1/B-actin Tie-2/B-actin VEGF/B-actin  VE-cadherin/B-actin Occludin/B-actin

BF A4l 7 2.17+0.21 2.18+0.22 2.28+0.26 2.29+0.24 2.16+0.24
14 2.19+0.29 2.22+0.22 2.18+0.23 2.26+0.22 2.2540.25
21 2.05+0.24 2.03+0.20 2.07+0.21 2.02+0.21 2.04+0.21

H A0 24 7 0.80+0.11% 0.71=0.09” 0.78+0.09 0.73+0.08 0.69+0.07>
14 0.70+0.07> 0.69+0.08> 0.69+0.08% 0.73+0.08% 0.63+0.07%
21 0.66+0.08 0.64+0.08% 0.63+0.07> 0.71+0.07> 0.61+0.06%

2 R 0.05 7 1.63+0.18" 1.63+0.19" 1.65+0.17" 1.68+0.18%% 1.66+0.18"
14 1.71£0.17% 1.63+0.17¥ 1.72+0.18" 1.70+0.18" 1.70+0.17"
21 1.60+0.19" 1.70+0.19¥ 1.62+0.18" 1.63+0.18" 1.62+0.18"

2 I a5 A R 2 7.1 7 0.77+0.08% 0.76+0.08% 0.83+0.099 0.80+0.08° 0.74+0.08%
14 0.77+0.09% 0.71+0.099 0.75+0.10% 0.72+0.08° 0.62+0.10%
21 0.63+0.08° 0.65+0.08° 0.71+0.08% 0.73+0.08° 0.620.08%

Ero = RO e b K ¢ 14.2 7 1.2740.15%° 1.22+0.15"° 1.25+0.16"° 1.22+0.19%° 1.23+0.179
14 1.2540.134° 1.31+0.174° 1.35+0.14%° 1.26+0.16%° 1.30+0.13%%
21 1.23+0.14° 1.2240.11*% 1.22+0.12%° 1.23+0.13%° 1.21+0.14%%

i P 99 I 77 s ) e 4 28.4 7 1.63+0.16" 1.68+0.16" 1.67+0.19" 1.63+0.17" 1.68+0.17%
14 1.71£0.17" 1.65+0.18" 1.75+0.20" 1.68+0.17" 1.73+0.18"
21 1.64+0.17" 1.69+0.17" 1.64+0.17" 1.65+0.17" 1.62+0.20"

*®6 #HBFMAX UUONRE AR Ang-1/Tie-2. VEGF . Notch3.VE-cadherin,Occludin mRNA &%

Y800 (x+s,n=5)

Table 6 Effect of Yishen Huoxue prescription on mRNA expressions of Ang-1/Tie-2, VEGF, Notch3, VE-cadherin and Occludin in renal

tissues of UUO mice (x+s,n=5)

251 /g kg t/d Ang-1 Tie-2 VEGF VE-cadherin Occludin
iR T AR 20 7 1.01£0.15 1.01£0.17 1.01£0.16 1.01£0.14 1.01£0.16
14 1.01+0.11 1.01+£0.12 1.01+0.17 1.01+0.14 1.0120.17
21 1.01£0.15 1.01£0.13 1.01£0.17 1.01£0.15 1.0120.14
LR 4] 7 0.34+0.05> 0.36+0.06 0.35+0.04” 0.35+0.05” 0.35+0.06%
14 0.47+0.06> 0.44+0.06> 0.46+0.05> 0.38+0.05” 0.39+0.06%
21 0.34+0.05> 0.37+0.04 0.34+0.03” 0.33+0.04” 0.31+0.04%
[EE- 5] | 0.05 7 0.71+0.08" 0.71£0.09" 0.70+0.07" 0.72+0.07" 0.65+0.07"
14 0.80+0.07" 0.74+0.07Y 0.71+0.06" 0.76£0.07% 0.73+0.08"
21 0.84+0.09" 0.78+0.08" 0.84+0.08" 0.78+0.09" 0.71+0.07"
i B A ) 4 7.1 7 0.330.04% 0.35+0.05" 0.330.05% 0.40+0.04% 0.34+0.04
14 0.42+0.05% 0.34+0.04° 0.47+0.06" 0.40+0.05 0.40+0.05%
21 0.40+0.05% 0.36+0.04° 0.38+0.04% 0.35+0.059 0.36+0.04%
ik P 0% iy Hp R 4 14.2 7 0.54+0.05%% 0.55+0.09* 0.53+0.06%% 0.52+0.07*% 0.46+0.06*%
14 0.61+0.06*° 0.62+0.08* 0.62+0.06*° 0.56+0.06*% 0.65+0.06*
21 0.60+0.08*° 0.58+0.08* 0.65+0.07*% 0.51+0.07*% 0.63+0.07*%
2 I I g A 2 28.4 7 0.65+0.05" 0.68+0.09" 0.66+0.08" 0.73+0.07" 0.51+0.06*%
14 0.72+0.06" 0.71+0.08" 0.88+0.07*% 0.65+0.06%% 0.70+0.06*
21 0.78+0.06" 0.77+0.08" 0.80+0.07" 0.75+0.07" 0.080.05*%
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