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Protective Mechanism of Icariin on Nephrotic Syndrome Rats Based on
RhoA/ROCK Pathway
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[ Abstract] Objective: To study the effect of icariin on renin homologous protein A (RhoA )/Rho-
related kinase (ROCK) pathway in rats with nephrotic syndrome (NS) and its protective mechanism. Method :
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Totally 54 clean-grade male SD rats were tested and randomly divided into normal group, model group, RhoA
inhibitor group (Rhosin, 40 mg-kg'-d') and three doses of icariin groups (low, medium and high
corresponding dose, 30, 60, 120 mg-kg'+d"'). Adriamycin hydrochloride 6. 5 mg-kg"' was given in tail vein of
rats to induce NS model in rats. After the model was established, peritoneal administration was carried out. The
normal group and the model group were given saline 2. 5 mL-d", and the inhibitor group and all of dose groups
were given corresponding doses of Rhosin and icariin for intervention. Total urinary protein (Alb) , creatinine
(Cre) , total urinary protein/creatinine ratio (A/C) kit were detected in rats, ultrastructure of kidney was
identified by transmission electron microscopy (TEM ), and Real-time fluorescent quantitative polymerase chain
reaction (Real-time PCR) and Western blot were used to detect the mRNA and proteins expressions of RhoA,
ROCKI1, ROCK2. Result: TEM showed that the basement membrane was intact and the foot process was
regular in the normal group, in model group, basement membrane was damaged seriously, foot process
disappeared, and fusion was serious, in the low-dose group, the basement membrane injury was alleviated, the
number and density of foot process were improved, and the fusion was obvious, in the middle-dose group and
the inhibitor group, the basement membrane thickening was alleviated, and the foot process was slightly fused,
in the high-dose group, the basement membrane structure was more complete, and podocytes were longer and
arranged tightly. Compared with the normal group, the levels of Alb, Cre and A/C in urine, and RhoA, ROCK1
and ROCK2 mRNA and protein expressions in kidney tissue of rats of the model group were significantly higher
(P<0.05). Compared with model group, the levels of Alb, A/C in urine and RhoA, ROCK1, ROCK2 mRNA
and protein expressions in kidney tissue in the inhibitor group and low, medium and high-dose groups, and Cre
in urine in inhibitor group and high-dose group decreased significantly (P<0.05). Compared with the inhibitor
group, the levels of Alb, Cre in urine and RhoA protein in kidney tissue in the high-dose group were
significantly decreased (P<0.05), the levels of Alb, Cre, A/C in urine and RhoA, ROCK1, ROCK2 mRNA
and protein expressions in kidney tissue of the low-dose group, and the levels of RhoA, ROCK1 and ROCK2
mRNA expressions in kidney tissue of the middle-dose group were significantly increased (P<0.05). Compared
with the low-dose group, the levels of Alb, A/C in urine, and RhoA, ROCK1, ROCK2 mRNA and protein
expressions in kidney tissue in the middle and high-dose groups, Cre in urine of the high-dose group were
significantly decreased (P<0.05). Compared with the middle-dose group, the levels of Alb, Cre in urine, and
RhoA, ROCKI1, ROCK2 mRNA and protein expressions, ROCK2 mRNA expression in kidney tissue in the
high-dose group were significantly decreased (P<0.05). Conclusion: Icariin may protect glomerular
endothelium and podocyte by affecting RhoA/ROCK pathway in the treatment of NS rats.

[Key words] icariin; nephrotic syndrome; rats; renin homologous protein A (RhoA) ; Rho-related
kinase 1 (ROCK1); ROCK2
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Wi 470 A5 T PR B AL
1 ##
1.1 ¥ HEPEWS IS SD R 54 H,2 AW KR
1 (280+20) g, W F H A BE 25 K2 SEI B A
483 5 SCXK (1) 2015-0002, ffi [ 4 7] 3F 5
SYXK ( H)2015-0005. B b5 &1 ot Bl 5 1% &8 &
(12 W/12 h) , & BE (22+4) °C , #H XF 18 B (42+4)% .
F UK, W SOk S R 2 A . A
W58 2 B 3h W) 6 B & B4 it (Ht S
L2015012403)
1.2 259 Kolkon] PR A (g oat ) T AR W A
A RS 45 >98% , 57 5 GRO80S) ; £h ik bl 75 %
( bl By TR R R A IR AR, RS
D107159) ; Rhosin ( 3 [E MCE /A & , %% 5 HY-
12646A) ; 75 K Z - 40 (HE) Y (43Xl & ( i =
KAEYHARAGRA T L85 C0105) ;trizol (b 5 & 3K
FR A RN A, %5 15596026) ; K BUR & H
(Alb) , IR WLEF (Cre) il 5K 5 72 W B 5 (ELISA) ik
Ma( bty TRARAA /S50 R
JLC1363,JLC1357) ; Ace™ SZ I ¢ ) i 7t B 4 il i
7 JZ I (Real-time PCR) SYBR Green Master Mix
(FE RUIH A A R A B A | L1845 Q121-03)
Pt RhoA Z 5L FEPLIK , ST ROCK1 £ e EHL A,
Pt ROCK2 FL sz P i, BCA & H il & ik 7 & , St
B-WLah & 11 (B-actin) £ 5o BE TR , HUR o & 1k 4 il
(HRP) bR ic (9 - B fe — Hi (Fe B Abcam 28 v, 58 %
43 9 A ab86297, ab45171, ab45171, ab207002,
ab8227,ab7090) .
1.3 fU4F  Y-3103 B K BRAC M2 ( Ll £ oF R 2
I 2845 BR /N 7 ) ; JEM-1400F lash %1 375 5 #1753 14
( HAH 7tk X & 4k) ; DYCZ-20H & H Jk Y,
DYCZ-40K A Hi B A% (b 30N — A= 9 Bk £ A BR 2
A]); AE31 EF-INV #8858 56 W Sl B8 ( 11 2= 1R
a7 ) EM UCT B U0 7 ML (P Pk R A ) ) 5
PHOMO #3352 Mz AL (K5 M1 242 &1 A= 9 T8 B 3 5 BR 2
) ; LightCycler 480 %! Real-time PCR 1% ( Fii + % [C
UNEIDE
2 FHik
2.1 ZHYERE TR E BT 12 o R RS 240
W T EATIE N PR 3R . HERE S5 ZAN
i [ SD K BRIk — W PE T G R R B A R
(6.5 mg-kg")Z il NSHA, LA 24 h JRFE 1>100 mg
R RS ARE , FE ) 1 A NS KL 45 H .
2.2 S B 45 NS K EUBEHL > R
. 80 .

ZH , RhoA #ll # #) 4H 40mg-kg'-d", i F 2K . P .
4 30,60, 120 mg-kg'-d!, B4 9 K, 44 255
BEEX A SR . AT 9 R K EIE R 5
2.5 mL A BEER K AE b IE 4 o EEARE A ) S 6 KRR
HEATHE B 45 2, 1E % A RIS B0 A R 457 2. 5 mLAE
HEEL K, 30 ) 2 AR K 45 T Rhosin 3 W W N
40 mg-kg'-d")'" KA H BTG H IR, ESL
B4l

2.3 FEACRAE RBURWE o2& K 73 5 AR I
BLLRWAER ARG S 1 K24 h IR, W 57
%E B HF B FEBE RS, A 0. 01% & R b4l 4 °C {4
A2 TR AR S . W 58 KRR S L 45 20 BE Bl
3 KRR TR MOR B % . B#rkE S 3%
B B AN (25 mg- kg™ )RR R Bl o K R BT A
U R b A BT [ A DO R, B e RO 0 PR B
H 0 I B AT LA ZE 0 3 TR B BT S A 0 B Ak
JEE K, AT TR AL, e R HE A 0. 9% A= JER UK,
B0 By FF AR 3 35 W) 0 R VRS S T 1S N UK
WAL 0 2. 5% I B R 200 mL. 3 8 BUR #E K
B U A7 5%, BBORE TR bR N R O Sl HTHR
PSP 4 R o B R B, R AN A TR T R
JEHEDI T mm® 4 2L A 3% 18 % b 4 °CHij [#]
ETh T IR2Lsesn ., HAay 6 HORRUKHEALFE , H
3785 5% RCO A, — 0B T HE 4 00 %%, 55—l
B JUE 3 AT AR 5 0, 80 °C R A7 H] T 2 F1 Ao 5 BN 3lb
% (Western blot) Fil Real-time PCR 4l ,

2.4 KEBEBREN  IRWEAEA R & = iR-F
7 20 min, Alb Fl Cre 7 5 W 5 It 72 A AH AL, 4% IR
Ui BB S A PR YRR AR FBR o S TR TAE W,
LA IR 35 2 1R 50, 4 B AE 37 °CF1 60 °C T i &
1 h, 43 7€ 562 nm F1 570 nm I T 2 WO 4.
A 1 A A T R R A 2 bR v il R AR 3 5 B
e 28 R HERE AR R . i Alb/Cre f3 1 Alb 5 Cre L
{B (A/C) R W] 5 S K B 24 h R 3K FH7KF-

2.5 HE ki R B IEAH 2 A2k T
HE %t 2 (1) K BB HE7E 4% 22 38 WY ¥ 0 78 40 ]
FEJT,0. 1 mol- L R L 2% vl (PBS) 78 43 vh ik , 56
JG G R BB EE Sl WO ATIROK SR A AL
AT AP A (4 pm) . AU THIR BT
K WEAKAR )G AT HE e, 2 B 5, Je7E 75 K
R, A L gt R R B . R
U 116 B S 4 BR U HE 47995 #4047 o

2.6 KEBEMALHEBBEIEEE HHLENKZ
BEFF O L2201 mol- L PBS VLS , A 1% #k 12
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H14 °CJF[EE 3 ho 4 CHEET 30% L EE,50% £ %
H1 15 min, 70% £, B - R ol 0 2 G €5, 80% £ B,
90% £ FE-TN B (1: 1) BE7K 15 min; Z & T 4 51 7E 4
PRI, 7R - B (12 1) , A B A I TR 3R 3% 3 he
B W A5 4 2 U B A RS 2 2 il 4 1 AR I 1 e G G
FERLEL BT R B K 2 2 P A i A L 2 g o7
H,60°CTN2y2dfE Mk, BT R JEE 70 nm, &
5 H BT A IR 55t I TR AE R AR R A BR A F
Pt

2.7 Real-time PCR # il X Bl ¥ 41 4! RhoA,
ROCK1,ROCK2 mRNAK¥ HUKRBE41410.5¢
SJHM A trizol #E4T H2 B, #2737 J5 15 000 r- min™ &0
30 min B B, 4 AW bE 7 N BE L S BEAR Al
260 nm/280 nm & M 5 RNA F2 5, 2 B8 436 B 5 {1
cDNA S5 554 il cDNA. Real-time PCR 5 i {4 £
5 2xMix 10 pL, IE & 5] % 4 0.4 pnL, ROX
reference Dye 11 0. 4 wL, G /K 8. 8 wL. f§#H i #
495 °C 10 min, 55 1 A& 95 °C 2 min, Ji7 40 K1
R 95°C 555,60 °C 20 s, LA H I -3- 5 /R i &0 iy
(GAPDH) Jy 2 Fb L H | 229 3k 73 Hf mRNA 5 & .
Sl A TAY TR ER) B A BRA R A .
W1,

2.8 Western blot £ Wl K B 5 41 2! " RhoA,
ROCKI1,ROCK2HE KL 2. 6 R R LHL 5K
HLO.5 g a2k e & T ok B##E 1 h, 4°C
12 000xg &§.0> 5 min, b %5 H BCA Ll & 1 % it
afi i, A8 v S B (140 g AT L RE, 10% SDS-
PAGE ¥ 5 HL UK i 247 L UK B S . A FH 40 1l s 1 2R
H (BSA)#H M 1 h &5, Jim A RhoA — $T (1:200) ,
ROCK1—#1(1:100),ROCK2 —4$1(1:100),B-actin
—$(1:200),4 °CRE R, VRS M A ZH0(1:100) 5%

K2 EEXEEHEXNSKRAIb,Cre, A/CHIENN(X £ 5,n=9)

Vol. 26, No. 11
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#1 PCR3I#FF
Table 1 Primer sequence of PCR
51 FeAl(5-3") K 1% fbp

RhOA | 3 TGATGGCTATTATGGACG 231

Fi# GGAAGGCACAAATGAGAT
ROCKI | ji AGATATGGCAAACAGGATT 269

T CTTCACAAGATGAGGCAC
ROCKZ | 3} TGGTTTCTATGGGCGAGAATGT 275

Fi# CAAGTCGTACCTCCCTATCTGTT
GAPDH | e GGAGCGAGATCCCTCCAAAAT 323

Fi# GGCTGTTGTCATACTTCTCATGG

B 1 h, ECL W B AL A0 )5 , f H Image J
L8 1S EARKAR.

2.9 Giit2Eab B SO0 K4 R FH SPSS 21, 0 3K 4 i
TGt o3, R x + s 7 s Bl , 41 ) 43 #7 R
FH R R Ty 2245 B, PR EE 3R FH SNK-g K5 56 9
PhP<0. 05022 A Geit 5 L.

3 &R

3.1 R — M MWE T AR R BIE % K
BVROK R DB R RO R LR Tk
A BT A 1 RV S = < o N SN o e
5300 00 2R BRODR B DR KNG 0 38 W e 3 | 3 B3
B, £ 4R R IE R FE

3.2 XINSKEREEEmMEN S5E®4AL
B, K4 R W P Alb, Cre, A/C B & T+ & (P<
0.05) . 5572 Lb A, 1 4fi 500 2H F g 59 ik 2 DR
1 Alb, Cre, A/C, J% 78 H AL . th 7] i 41 Alb, A/C W]
B RN (P<0. 05) o 5400 5 20 LA, 8 7] ek 4 R TR
H1 Alb, Cre W &} B I (P<0. 05) ; 2 F 2 FF AR5 R 4
PR H Alb, Cre, A/C B B T 55 (P<0.05), MWL 2.

Table 2 Effect of icariin on Alb,Cre and A/C in rats with nephrotic syndrome (x + s5,7=9)

21 5 i /mg-kg! Alb/mg-dL"! Cre/mg-dL"! A/C
EH# - 0.60+0.18 12.54+0.43 0.048+0.014
AR - 2.85+0.13" 13.57+£0.54" 0.211£0.015"
i) 40 1.82+0.242 12.91£0.41» 0.141£0.020?
BT 30 2.50+0.14%9 13.72+0.47 0.182+0.012%
60 1.93+0.19? 13.41+0.17 0.144+0.014>
120 1.514£0.2129 10.78+0.712 0.140+0.018>

5 E 4L LA VP<0.05 5 5 A6 B 24 L4 DP<0.05 5 5 410 ) 30 21 L A% 9 P<0.05(F 3,4 ) .

3.3 X NSAKRBEHALNE/NERSHENRE IEW
AR HLVE/NVETE IR B 41K U 2 41

P /N HE B ™ Y A R R 9 R 4R R
B AR A L B0 0 B B R B R R AR PR
. 81 .
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PN TR e SR IR RS CLa R S R i
o R T DR B . WA 1

ATER AL BAIAL s C AN FI 4 s D. AR IR 4 . i A
PSR 2 S FL R A R e (18 2,3 )

Bl 1 RFEEX NS KRS AL RFEZE MM (HE, x200)

Fig. 1 Effect of icariin on enal histopathology in rats with ne-

phrotic syndrome (HE, x200)

3.4 XF NS K RUE /N ER i 4 3 R B & R A0 i 0 10
FISEIR IE 4B NER LI IR 52 2, R R 4K HLHE
B R 5 A5 2 /N BR RS R R T 8 A
B O, O ELR S 5 00 ) 4 RS R 4 A5 1)
M R AR B A O AR e 4 A LA
TR ZH 5 G BB AL 40 D B, % B0 RN RE M A Bl
il I 5 B ) S R S R a2 R o ) 2 45
S, B R B R B o R R R LA
AR S FE T = 7t 4 VN A R AT O SR L R
MR HES R R . WLE 2,

3.5 Xf NS K Bl ' 41 41 RhoA, ROCK1, ROCK2
mRNA ZKF R0 5 15 4 e, MR 21 Y 4 40
' RhoA, ROCK1, ROCK2 mRNA 7K F #] &% F+ &5
(P<0.05). SBIRILL LA, 01 4L % 2F 28 TR
s a4l 4l 20 f RhoA, ROCKI1, ROCK2
mRNA 7K B & [ A (P<0. 05) . Sl 4l o4z,
T E K L PR & 4L 4140 P RhoA, ROCK,
ROCK2 mRNA 7K B i F+ 5 (P<0. 05) . W3 3.
3.6 4F NS K BUH 4141 RhoA,ROCK1,ROCK2 &
FRRM N 5IEH 4 b, ALY A8
RhoA, ROCK1,ROCK?2 # [ % ik & W & 7t % (P<
0.05). SHIAIAL L, Ml R EET D =

.82 -

B2 ZFEEHFXNINSKRENKTRHERBIFN (BB R, <
15 000)
Fig. 2 Effect of icariin on glomerular submicrostructure in rats

with nephrotic syndrome (SEM, x15 000)

F3 EFEFHFNNSKREHLH RhoA, ROCK1, ROCK2
mRNA K FH M (X + 5,n=6)
Table 3 Effect of icariin on levels of RhoA, ROCKI1 and ROCK2

mRNA in renal tissues of rats with nephrotic syndrome(x + s,7=6)

4151 i RhoA ROCKI1 ROCK2
mg-kg!
EH - 0.92+0.09  0.74+0.13  0.54+0.12
LA - 2.13+0.12"  1.48+0.07"  1.53+0.13"
i 55 40 1.36+0.102  1.01+0.08”  0.76+0.092
R 30 1.95+0.1123)  1.31£0.15*9  1.13£0.122%
60 1.73£0.13%9  1.12£0.092  0.92+0.06>
120 1.2240.132  0.97+0.14>  0.68+0.08>

] 20 B 40 41 % RhoA , ROCK1,ROCK2 & 14 % i
iR BEAR(P<0.05) . Sl 4l b, i F AT
7o 79 21 1 2H 4 b RhoA 2R (1 K 1k I B BRI (P<
0. 05) ; 2 £ 22 11 %50 42 41 & 4121 rf RhoA ,ROCK,
ROCK2 i H &Ik W] i JH & (P<0.05) . WK 3,3 4,
4 Tt

NS B AL 2 B /N ok 8 5 B 25 6L, He o 4
J 7 B e R G AL TR O s R A4S Sy
SR 9% PN A A UL BN AR A N 2Ok
M 4y F iR M B 25 o B 9% I, 2 40 iR 5 4t
5 B /N BR B A A A A O W R B IOR A5 T LA
X e #Y, Rho RIGHR & /Ny T GTP i, £ %2
B % A RhoA , Racl HI4H i 53 %4 & 1 & 1 42. Rho
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RhoA s (D SN G S S 2 Da
ROCK] s SEENS swssus S S s 150 kDa

ROCK? W D wsmmms S S sm—10 kDa

P - — -0
A B C D E E

B 3 KRREHEZL RhoA,ROCKI,ROCK2 EHFRILEk
Fig. 3  Electrophoresis of RhoA, Rockl and Rock2 protein

expression in rat kidney

R4 EEEHFIINSKRESHAL+ RhoA,ROCKI,ROCK2 EH
RIEMFM(E £ 5,n=6)

Table 4 Effect of icariin on expression of RhoA, ROCKI1 and
ROCK2 protein in kidney of rats with nephrotic syndrome (x + s,
n=6)

a1 i/ RhoA/ ROCK1/ ROCK2/

mg-kg! f-actin p-actin f-actin

IEH - 0.41+0.10 0.32+0.04 0.310.02
fEE Al - 1.25£0.12Y  0.79+0.09"  0.68+0.07"
R 40 0.89+0.082  0.56+0.04>  0.46+0.05?
R 30 1.13£0.04>  0.71+0.03)  0.62+0.02
60 0.92+0.052  0.64+0.04  0.48+0.042
120 0.75+0.06>  0.48+0.05)  0.42+0.05%

fiE 1 7F Rho-GTP Hl Rho-GDP ¥ Fh 4% & #4) 4 [6] #H H.
WA AZ ML AE V8 45 0 A R S R 240 RS B b e 5
FAE R, v RhoA 78 20 it { J|& Fn 2 28 97 i v i e
R, B 5HE R R Ea X", ZHU
O E 5T W, R R OR RhoA 24l K B ALb 39
AT T 2B N BR A AL, 5 O A B SR B
Wb . ROCK K B It #P J2 22 52 R /95 2 IR 4 1 il
T, 5540 R 4 R R B g A0 i R RR B AR e,
A ROCK1 Fl ROCK2 ¥ 1 I Y , & RhoA Mi4M5E 5
TR ST, ROCK AE#0E IR A B 5 Rho 45 5 N
R i A % TE B BHL JE 45 #4 , Rho A 5 Rho 25 #y 45 & I
ROCK BH JE &5 ¥4 #% #7 JF , ROCK HE A 3 1% IR 25 .
ROCK i iz % LIM 3 B LEK & B 42 55 LR E B
0 O T S PR 1 A Tl TR VA Y LBl B AR i
45 711 B 9E R BT ROCK BE 98 18 4% NS /N Fl iR
FIPR 3k, o3 N B2 4l i oy T BB 111 . Ak
RhoA/ROCK i i 55 Ifil 4 P4 K2 Wic 46 F iy B2 T fig 25
LA P B M RhoA/ROCK 38 6 5 F T & /)
BR b Rz 4 R 2 A0 B PR . NS 7E H B R UE 3R B
oK BE AR EB R IR RR R TR A
RS IE ANEEOHE BE 98 Y S ) B DAL IR 1R

M TRIT HER M A%, WHZGHRE G
% f#% NS IHIE

ABE T B, B A K BUAH LE OE 4 IR W
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