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[ Abstract] Objective: To study the effect of Fushengong prescreption on the regulation-antagonism

effect of angiotensin converting enzyme-angiotensin Il -angiotensin II 1 receptor (ACE-Ang Il -AT1R) axis and
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angiotensin converting enzyme 2-angiotensin (1-7) -Mas receptor [ ACE2-Ang (1-7) -MASR] axis of rats with
chronic renal failure(CRF), and to explore its mechanism of delaying the development of CRF. Method: The
65 male SD rats were randomly divided into normal group (n=10) and modeling group (n=55). The normal
group was routinely reared, while the modeling group were administered by gavage with 0.25 g-kg'd"' adenine
suspension for 28 days. After the model was successfully established, the survival model rats were randomly
divided into model group, benazepril group (0.01 g-kg'-d"') and low, medium and high dose of Fushengong
prescreption groups (4,8,16 g-kg'+d"). The normal group and model group were administered the same volume
of normal saline by gavage, lasted for 28 days. After the experiment, systolic blood pressure (SBP) and
diastolic blood pressure (DBP) of caudal artery were measured, and 24-hour urine was collected to determine
24-hour urine protein (24 h U-pro). The content of serum creatinine( SCr) and blood urea nitrogen (BUN) in the
serum were measured, the histological morphology was observed by hematoxylin eosin (HE) staining, and the
degree of renal interstitial fibrosis was observed by Masson staining. Enzyme linked immunosorbent assay
(ELISA) was used to determine the contents of Ang I , Ang (1-7) and Cystatin C (CysC) in serum and renal
homogenate. The protein level of ACE, ACE2, ATIR and MASR were detected by Western blot. The expression
of ACE and ACE2 protein in renal tissues were detected by immunohistochemistry. Result: Compared with
normal group, the expression levels of SCr, BUN and CysC in model group were significantly increased
(P<0.05) , the content of Ang Il in serum and kidney tissues were significantly increased, the content of Ang
(1-7) were significantly decreased (P<0.05) , the expression of ACE and ATIR protein in renal tissues were
significantly increased (P<0.05), and the expression of ACE2 and MASR protein were significantly decreased
(P<0.05). Compared with model group and benazepril group, after the intervention with Fushengong
prescreption, the serum SCr, BUN and CysC decreased (P<0.05) , the content of Ang Il in serum and kidney
tissues decreased significantly, Ang (1-7) increased significantly (P<0.05) , the expression of ACE and AT1R
protein in renal tissues decreased significantly (P<0.05) , ACE2 and MASR protein increased significantly
(P<0.05). The high-dose Fushengong prescreption has the best effect. The high, medium and low-dose effects of
Fushengong prescreption were dose-dependent. Conclusion: Fushengong prescreption improved renal function
and pathological change of kidney in adenine-induced rats with chronic renal failure. The mechanism may be
related to the inhibition of ACE-Ang I -ATIR axis and promotion of ACE2-Ang(1-7)-MASR axis , which leads
to the delaying of the progression of chronic renal failure.

[Key words] Fushengong prescreption; chronic renal failure; angiotensin converting enzyme (ACE) -
angiotensin II (Ang I ) -angiotensin Il 1 receptor (ATIR) axis; angiotensin converting enzyme 2 (ACE2) -
angiotensin (1-7)[ Ang-(1-7) ]-Mas receptor (MASR) axis; regulation-antagonism effect
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e A 52 5 N ACE-Ang II -ATIR % 5 ACE2-Ang(1-
7)-MASR il i “ P8 45 -F5 50 VR SRR E B 2 G
7 CRF 1R FHAL I
1 ##
1.1 Zh%¥)  SPF W MEPE{EFE SD K EL 65 H, K it &
(180+20) g, & ¥ UES SCXK(i1)2018-0003, Zh ¥ i
FF AT IE S SYXK (¥1)2018-0003 , Hy 3 P BE Bl K2
S e B 7/ SRR S B 7/ R 23 N N Y By N 3
5 218 P2 By o3 At (diE S CMU2018-016) &
1.2 ilH EE YA RS0 g, KiEgE 10 g,k
HiH 15 g, 112520 g, INZEBE 15 g 4L PP 15 g K%
20 g, ERIF 15 g, M 15 g, BEAR 15 g, 4B 15 g, #
i 15 g 411k, A5 204 W 15 i DA A el I 0y A PR 5%
TR W), I i DR B B R 2 B 2 9 R S e Ol OE
o B RS KR U 30 min, B T RIS RVE Y, 1% Kk
Ak JE SC KR 30 min AL R 3, AT 3R T W S
EEEG R 1 g-mL B K BIH], 4 °C UK A6 5
o MIER (L REERFEARAA, S
5131055) ; £ 2 DL 4 3% A F (b s vm A2 25 A R 2
], [ 24 i 7 H20030514) ; K BUBESN E C(CysC),
Ang Il , Ang(1-7) i ¢ 4t 32 W B 52 (ELISA ) ik 5
&L E AR A RA FL A5 50 51 2 JIM-
01845R1,JIM-01618R1, JIM-02020R1) ; % it ACE,
ATIR, H il % -3- W W2 i & i (GAPDH) (s = [
W R A RS AL L5 24743-1-AP, 25343-1-AP,
10494-1-AP) ; % 4L ACE2 ( ¥ [ Abcam 2 A , it 5
ab108252) ; it T MASR ( 3 [® Novus A #l , it 5
NBP1-78444) ; LI *£-31 % —- BT (35 [H Earthox 24 7 , it
‘3 E030120-01) ; SDS-PAGE ,BCA X H| & ( FiFEH =
KA Y+ R A RN A S 4 5 S PO012A,
P0010S) ; #8 B Ak 2 G IE W (b 5t 1Y TE A7 A= W Bk 4
£ BR AL S 4AW011-100) ;5 1fit L EF (SCr) i 7
& RZER(BUN)B &, R 8 H o 0] & (e o
oA Y TR AR L IS 4 Bl 20191224,
20191225,20191224) ; Jh R R Yo it , PHET ek, A0
(Masson) e i (R I 28 4 R A W B A R A A 41t
S35 G1005-1, G1005-2, G1006) ; % 0 % Bk &
Hg)G(HM E@mAy TRAEMRAR, IS
SA1020).
1.3 X4  BP-2000 & K B JC A i H 3t (35 B
Visitech Systems 2% 7] ) ; iCEN-24R & = 3 ¥4 % 55 .0
HL (BN B8 A28 A R 28 ) ; BBX24B I 2 21 i 3%
1%, Odyssey FC #I X {4 21 41 5% Y6 i 4% & 4t , Synergy
HTX ® Z Ty g f br AL (h B F s 2 A BR A A ) 5
. 64 .
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2 FHik

2.1 EhWEERE R 42 65 H SPF RMEE{EE SD K
B, A 9% PR Ok 25 °CHE IR, AH X IR (40£10) %, IE
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0.25 g-kg'-d"E H PR IERS TR R (LD ) , 7 4E 28 d.
T AR 2 T I B AL A R 5 OB R BRI S HUIE R R
HEAT I PR AR AR A8 BRI . 5 0E R R B A, A R
FlIf SCr,BUN, 24 h JR & (24 h U-pro) & & J+ & ,
JE AL A0 I 2 H O R R, Ak S8 I B B BE 2 AT 9
AR Z -2 (HE) 4t 4 5 Masson 44 {0, 0 2 H 4H 24112
PO = S i R A L A N - 0 )
AL 4 JH RS B ) S BOR AL T2 3 1, 1 B AR
i) CRF K BRI 50 H, e 187 B0 Bl HL A AR 15 43 A A
ARVZH DUIRE R 20, 52 B 2 5 AR b o Rl s 4, A A
10 Ho # N5 REMAERmBLERFG 8 g-kg'-d!
5B T Oy v R AL A LG ) 3 s A R R
i m R A g 250 & 5 4,16 g-kg'-d' B H
A b R a5 ) o N AR RGR R 0.5, 1,
245 A H A B AR R ) R KRR AT
TE 20 RO 20 2 T SRR B A R K, DUAIR 8 ) 26 LA
0.01 g-kg'-d" DUIREFITE B B, Fr2k 28 d.

22 KRB ERW  #E 28 dJF, # H BP-2000 K
BTGB i e I O B R K M . R R R B A
e R, et AT A 3 d AR L PR RS N I ARG
A g R BRI 20 YR, BU 10 YR 25 RT3 31ME .
2.3 ARACREE WIS RS HEATAR AR A T K
RS K AEEA 12 h, LA 20% 5 $i3H 5 mL - kg JBR % ,
O JJE R il 3~5 mL, # & 1~2 h, 4 000 r-min” & .0
10 min( B0 2142 8 em) , 43 B ML L B BV, 4 °C
PRAF DL R A o S00HE 5 A Ah B8 R B, T 9 I s TR
W 2 AU, X e 5 A AU RO T 2 B 15 R
R A T ) B 2 4, 10% W R £ 2% v (PBS) nif
VB E T 4% Z R P PO, HaEHH
B NRAEAE BT -80 °Cok A F -

2.4 FEbrAka I

2.41 K SCr,BUN,24 h U-pro K CysC 7 =il
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B 28 d)E, AR B KRR 24 h IR, iC
SR PR3 500 remin” B0 10 min, B3 #,
fifi FH SCr, BUN, JR £ 113 70 65 43 500 A ) i 34 v 79
SCr, BUN &% &t M R IR & 1 & i, JF it 24 h
U-pro. H ELISA 271 & & I 1f 35 CysC ) % & .
2.42 ELISA WU % K B & B HEH Ang 1T,
Ang(1-7)& & B -80 °CHRAF B 4L 4L B, U1 %) 5
FREUE 201 g, m AZEFEER K 9 mL, BRBF/N T P
YRR 41, 2) 3% 4% 15 000 remin’ B 0> 20 min, J5
2 000 r-min” .0 15 min, B B35 W . 12 ] ELISA i
I I e R BT A L2 Ang T, Ang(1-7) 9 &
S A R UL B AT
2.4.3 ALK OR BRUE IE ACE, ACE2 (1 3K ik
T B A SR D) T B AL, 4% 2 B R
A B Y) 7, BB B £ B IR A & K A R T A Bk
12 2% pP K 20~30 min, ¥ H E =R, 5%BSA Ef 141 1)K 57
A 30 min, i il —HL 37 °CI L 1 h, bk, L E R
~ 30 min, # ¥, i it SABC 37 °CH#¥ & 30 min,
Uk, DAB YLt )5 B Yy, KB B 5 BB WL, B #E
o b FHPE G fo
2.4.4 AR BN (Western blot) & ) & BB
Il ACE,ATIR,ACE2, MASR & 5 441 57 HL
B 2 21 25 30 mg HIl A RIPA 40 ifd 22 i % 1 mL pE47 %L
fit o 12 000 r-min” B .0 10 min, Y04 FiE g, 6
BCA ¥ 47 B8 H € & , BiC B 10%SDS-PAG BE i,
70 V100 V HL VK , 300 mA BB, 5% it g 05k -
TBST &z i i A7 B6 04 = A AL 3L, — 30 4 °CIiE & i
& (ACE 1:1 000, ATIR 1:1 000, ACE2 1:1 000,
MASR 1:1 000, GAPDH 1:5 000) ; PBST ¥ Jlii 3 ¥k,
IMAW AP R P11 7)), ERWFE 2he AL
WD B R VR B 10 min 0 1k, FEPE%R 3K
i FRE Ak 22 RO IR Y B 5%, R H Image J 841047

JiE R At 4 A i E 5 B R K BE {5 GAPDH R
FEAE Y LB B 9 2 AR ik i

2.5 GiitsRab P SR FH SPSS 20.0 #E AT 4T,
SIS DA Xbs RN 6K 50 KON E A A A STy %
FEPEM A, 2 41 B A AR O 22 57 BT L 4%
4 4[] 2% 5 LB de /D B M 25 59k (LSD) -t K
5. P<0.05RREREAGI¥FE L.

3 &R

3.1 Xf CRF R E# I E M 5IiEw 4
A BRI A KRR B ik Wi 46 i (SBP) L, &F 5K [ (DBP)
Yy i T (P<0.05) s SRS AL, & 45 2 24H SBP
W AR (P<0.05) , DRSS i 20 12 52V oy e b ) 4
20 DBP B g [ ik (P<0.05). BB EmmlEds
DUAREFI A L3, 2 5 RG24 E X W&k 1,

F1 EBYAICRFARESHSBP,DBP RN (x+s5,7=10)

Table 1 Effect of Fushengong prescreption on SBP and DBP of

caudal artery of CRF rats (x+s,n=10) mmHg
41 51 F /g ke SBP DBP
EH 131.47+11.47 53.48+8.08
A 198.43+11.97" 97.61+16.04"
DR 3K ) 0.01 150.52+11.702 70.23+10.712
A eib 4 182.92+12.739 82.23+14.50
8 170.51+8.7329 75.23+10.862
16 162.62+£9.19245) 72.46+7.99?

1 1 mmHg~0.133 kPa; 5 1F & 41 L 4 VP<0.05; 5 15 7 4 b
B DP<0.05; 5 ULJIR % F) 4 H % YP<0.05;5 5 4 15 I 5 KR B4
B HP<0.05; 55 B Uiy th Rl AL H A 9P<0.05(F£ 2~5[F]) o

3.2 XFCRF X SCr,BUN,24 h U-pro } CysC 7K
Fsgm 5IER 4 A4 K B SCr, BUN,
24 h U-pro J& CysC 7K - B & F} & (P<0.05) ; 5 £5 Y
b, BT A 4 25 4 K B SCr, BUN, 24 h U-pro &
CysC 7K - W i [ AR (P<0.05) s & ' Dy il i 41 5
DUBRE A 20 H 22 RG22,

*2 EBIHAX CRFARSCr,BUN,24 h U-pro & CysC & BRI (F+s,n=10)
Table 2 Effect of Fushengong prescreption on content of SCr,BUN,24 h U-pro, CysC of CRF rats (x+s,n=10)

21 5 il it /g kg SCr/pmol-L! BUN/mmol-L"! 24 h U-pro/mg CysC/pg-L"!
151 58.38+6.46 5.22+0.46 6.14+1.20 134.77+34.73
F 371.42+41.88Y 25.41+3.73D 14.53+2.67" 537.66+81.38"
DR 3K ] 0.01 121.45+25.082 15.53+1.35? 8.54+1.45% 230.06+32.84%
HEIT 4 197.00+16.24%9 17.10+2.202 12.17£1.1929 324.88+28.19%9
8 185.64+43.9323 16.06+3.18? 9.57+1.10%% 321.18+48.5229
16 120.54+44.36249 11.08+3.02249 8.29+1.3324 273.26+40.72?

3.3 X CRF KRG M 'B 44 % Ang Il , Ang(1-7)
KOFE RS 5 0E H A b A, R R A K R LR

HA LTI Ang [T KF- BRI, Ang(1-7) K F- B
8 (P<0.05) ; SE T AL L #5, DUIIR 5 A 40 ) 52
. 65 .
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Dy e 75 i A1 R RS B Ang T 7K P B I8 sk 2>
2 H KBS IEH Ang T BH 0 /> (P<0.05) ; 5
BERY AR, 45 45 25 0 KBRS Ang (1-7) 7K ~F- Uik

AN, Ang (1-7) 1Y 7K F BH I 34 0 (P<0.05) , &
B o s Rl 5 DU R A i, Z R RS E
X, W3,

RK3 EBYAMCRFARME, SEHEAD Angll ,Ang(1-7)SEWHIE (Fs5,n=10)

Table 3 Effect of Fushengong prescreption on content of Ang Il , Ang(1-7) of CRF rats (x+s,n=10)

21 51 Fil it /g-kg! 1% Ang Il /ng-L! 1% Ang(1-7)/ng-L"! B4 Ang Il /ng- ¢! B4 Ang(1-7)/ng- g
N 130.14+31.95 250.91+41.19 1.10£0.31 1.2140.10
] 307.79+23.42" 167.51+38.46" 3.15+0.39" 0.38+0.10"
LR E #) 0.01 228.90+12.522 228.73+58.712 1.35+0.342 0.61+0.12%
HE T 4 281.53+23.64% 185.44£39.77 2.44+0.122) 0.88+0.0523
8 253.06+£22.72% 200.40+47.112 2.19£0.36>3) 0.85+0.0823
16 230.47+£56.47%9 230.98+50.60% 1.63£0.27249 0.71£0.07245)

3.4 X} CRFARBUEHLUL A=W HE J s
RN IEF LR BUE /NER VNS BB HES B S
S5 K IE R, B IA) 5T LL B OE R, R E 40 IR I JLAS AT
U5 A7 20 R RV /N TC R Bk (R A ) o T
DR H A RE 20 M 230, b R 4 B AR P IR BE IR T
[T £F 4 34 A B /N K TR) T AE AR R S IR RE S A
fb s 25T UG L 45 40 24 AR BRAR i 40 i 3 T ik 2
BN U TR R IR S A b, DL D
75 1 ) 4 R DL R ) 4 i o o B B, LR 1,
Masson 4 {0, 45 g 7R, 1 5 21 K SR ol i TR I0L
PR 8 A 20 R R R I B 0 AR T (R T 5 4% 45 24
21 I BRI T U0 L i A AR ] 2 b b LR
Iy J7 e ) B AR DUIR 3% R A ek 3 T W] W
UL 2,
3.5 Xf CRF KR ¥ 414! ACE, ACE2 £ ik iy ¥ i

G PE AL EE J Won | 1E 4K BB INER R E NS
b B AN A 5 B ACE (1) 55 PHME 3235, ACE2 5 K T 1
R G VN iV By N O = 0 N E A 1
ACE 5 PHYE SR8, ACE2 59 FHAE 22 3k ; A AL 4 [b
LA A KBS NS LR A ACE FH % 2635 08
59, ACE2 FHME Rk 19k . DLIKI 3,4,
3.6 X} CRF K ' 4141 ACE,ACE2,ATIR,MASR
FHFRWE W 5 IERFH R, SRR B 4
41 ACE,ATIR % H &35 W B 7 /5 (P<0.05) ; 5 A5 Al
R, B A2 KU 4140 ACE, ATIR % 1 £ ik
W] FEAK (P<0.05) . 5 IE 2 A, B R R
B 241 41 ACE2, MASR £ [1 3% i5 B & [ 1% (P<0.05) ;
SRR L, 45 4 2 4K BRUE 4141 ACE2, MASR
R A YA B TFE (P<0.05) , DU % A1) 28 Fn &2
Dy R i e o o 3, B A 2 E) bR, 22
Rty E L. WES, %4,

. 66 .

ACEH AL BRI C VRS A4 ;D2 S A IR0 &4 E. 2 i
Ty g7 o2 AP T O v R 2 (18] 2~5 1))

E1 £5175% CRFARBA[AMSFEHFI(HE, x400)

Fig. 1 Effect of Fushengong prescreption on morphology of renal
tissues in CRF rats (HE, x400)

4 itit

CRF 2 2% i 18 1 55 JUE o 328 ¥ 0 Joe 1) 495 2R | 4 2%
i I A R D BE AT R E ORI H 1Y IR IR
W8 22 B vh B2 25 46 CRF W3R Y7 i 2 N L 97 304
KB HEE . CRFJE P E R "KM ki
957 DA g AW E T E R BE X CRF Y
BEUE 43 B T — e, 2GR B AR
ST AR R KR AR b 2y Il 2B 4
FHE ARZE AT T BN AR AR R RS2 A
o A b B 2 Il A B RN I ORS L nA
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B2 EBWHMCRFAREALAESE
Fig. 2 Effect of Fushengong prescreption on morphology of renal
tissues in CRF rats (Masson, x400)

Y 8 15 (Masson , x400)
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renal tissues in CRF rats (IHC, x400)
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Fig 4 Effect of Fushengong prescreption on ACE2 protein of
renal tissues in CRF rats (IHC, x400)

ACE 170 kDa
ACE2 120 kDa
ATIR . 50kDa

o R

A B c D E F
Bs5s ®AKREELHACE,ACE2,ATIR,MASR E A RIAB X

Fig. 5 [Electrophoresis of protein expression of ACE, ACE2,

AT1R,MASR in renal tissues of each group rats
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x4 EBENAMNBARARBALACE,ACE2,ATIR, MASRE R RIEMEIE (3+s5,n=3)
Table 4 Effect of Fushengong prescreption on ACE,ACE2,AT1R,MASR protein of renal tissues in CRF rats (x+s,n=3)
21 5 /g kg! ACE/GAPDH ACE2/GAPDH ATIR/GAPDH MASR/GAPDH
I 0.55+0.023 0.73+0.066 0.43+0.029 0.82+0.088
BERY 0.83+0.078" 0.20+0.019" 1.19+ 0.019" 0.32+0.169"
DUIR 3K ) 0.01 0.62+0.197? 0.71£0.071? 0.49+0.071? 0.51+0.148?
Rl 4 0.72+0.029% 0.36+0.0542 0.80+0.0542 0.38+0.1352
8 0.70£0.0732 0.52+0.056234 0.69+0.056234 0.49+0.1392%
16 0.65+0.072249 0.64+0.11524 0.49+0.115245) 0.54+0.127249

FHUT 5 7K 0 i 5 7K 8 3% 3 5 9 1 48 A AR 98 S
1/2(ERK1/2) i 22 30 ] Ang 1 75 5 19 0> JUL I £F 4k 40
PLET A6 5 B RIT B /N BE B RE 0 ) Ang TT 5 5 1)
17 1 WL (VSMC) BG4 45 . 2, 207
BEXT 12 PR B 0B £ Ry B R I B A T 2 B A AL
ELA RN B i Rk 2 2, 36 BT CRF L A IR YT .

A S5 B 7 CRF 3 488 K BRI R 2 3 T s, i 45
25 T W FL i A B R AR $ROR 25 T B TR
I W% 75 5 ) CRF X RAS R 40 7= £ 5% i . ACE-
Ang IT -AT IR il DA A 3 20 S0 1M 45 UR 46 L R AE L 2F
Ak AL A AR K FGE RS SE LT 325 T RAS RS
T, AT X 5 8 o 7= A B e T i A K k3R
BB R R AR LM A K R T (Ang ), IF 8 ACE
Ak Ang I, Ang 1T fie 28 7= £ W b A7 f& , B ATIR
AT 2432 4K (AT2R ) , AT TR A 8 45 N 5P 55 4k A= K
K ¥ -B(TGF-B) , 12 #k TGF-B 4 F i 40 g b i 5
(ECM) B 821 [l B 3 fiE L /7 22412 4 66 I an i
B8R FE D F - o (TNF-)™, 40 i 8] 25 B 53 -1
(ICAM-1), F1 41 LA 2 -6 (1L-6 ) 1 2 4% 40 Jfd & 1k &
F1-1(MCP-1)% il JTG Z M55 R4, 146
¥ % 53 A F -k B (NF-kB) , 12 7 24 J5 1% Ak 25 1 38 i
(MAPK) 2k, Rho & [ Fl & b 8 ik 48, i 8 T 3
CRF ) &t Lk J& . i ACE2 n] 4] %]+ Jik Ang [ 77
A T TE MK Ang1-9, FF 3 2 ACE gl HAth ik il 4% 1k
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. 68 .
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¥ AT RE4F AL . A 525G ELISA, Western blot, 0 1%
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