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 E BB AR ARs 4 (SF) 3T A BE A R o) AR FEAF A A BE R 40 1 (CEC) 45 69 B Bk E U] . ik A iear i 2 oo
3t A F LA 4% (BAK) 204 BAK+SF 20, 406 R, FRATIRZASL , A VAAT B2 4T BAK 3 5 K&k A % T AR BAK+SF
28T RS K B ML R4+ SF % 200 mg/kg, B XK 20K, 54 14 d, WAL R A L% IR B Ao R KA L (RAT ARG 5 1.7.14
) AMEAREE(REFI4FR)PRARRES I~14R); TREE 4R IHMELABRA LA NG X TG RE
AR IR R B iR G 1(Z0-1) 4h47 ATP B Ki67]189 R X H L, TARB 14 dREBAK LA BRMALR, 5 B 355 RK %R CEC, ¥
E ok E G WA R E R ERIESF AL, R F 35 Ak i 1) T &40 40 B 69 7% H F= Ras B R A B K% A(RhoA) B MR E & %K 1A
(BMPR1A) .BMRP2 & & #9 ikt ol %58 5 BAK 200045, BAK+SF 28 % /4 15 R B Ao B K M DLa2 i i3k, LA IS 2
N (P<0.05); 3 CECAUS M E B X, BRI A EF 65075 W R tn i 2E 435 3 A B W 2122 F R ZRAK . ZO-1 447 ATP 5
Ki67 % & % %3k 3 B 591 5 (P<0.05), % SF /R %% % <200 mg/L B, 234 % CEC 4938 75 A — & g 42 b A5 0 | B S B AR S b
(P<<0.05) = B [a] 4R A A2 %+, B.50,100,200 mg/L #9 SF T 3% J% 4% 81t 3 L 38 4m #& F RhoA .BMPRIA .BMPR2 % & @) & ik (P<
0.05) . Z5if SF 7T BU& K0 A BEom AR S 40 A L 9 B0 i W R B K, s LR B, St f B R 4 M T R
AR A R P R Th A AL 5 2R 3R T AL 2, CEC %9 38 54, 2bAF A 7T 42 55 3% 7 RhoA-Rho 3855 % & @ 13 5B 3% A % .

KR FTALER 45 A A B dm e s RO ME A JR R K s Ras FlR A B % 7% A-Rho #8876 sk G 15 5 18 %

Effect and potential mechanism of sodium ferulate on corneal endothelial dysfunction and CEC injury
SONG Hui, YAO Weihua, YU Chenxi, SHU Baiquan, LIU Yi, WEI Kang(Dept. of Ophthalmology, Huanggang
Central Hospital, Hubei Huanggang 438000, China)

ABSTRACT OBJECTIVE To investigate the effect and potential mechanism of sodium ferulate (SF) on corneal endothelial
dysfunction and corneal endothelial cell (CEC) injury. METHODS The male New Zealand rabbits were divided into control group,
benzalkonium chloride (BAK) group and BAK+SF group, with 6 rabbits in each group. Except for control group, the other groups
were given BAK into the anterior chamber to induce bullous keratopathy model, and BAK+SF group then given SF solution 200
mg/kg intraperitoneally the next day after surgery, twice a day, for consecutive 14 d. The transparency of corneal and edema of
corneal stroma in each group of rabbits (before and on the 1st, 7th, and 14th day after surgery) were observed, and the corneal
thickness (14th day after surgery) and intraocular pressure (1st to 14th day after surgery) were measured. On the 14th day after
operation, the corneal endothelial structure was evaluated and the expressions of functionally related proteins [phalloidin, zonula
occludens-1 (ZO-1), Na'/K'-ATPase, Ki67] were detected. On the 14th day after surgery, the corneal tissue was collected in BAK
group, the primary rabbit CECs were isolated and cultured, and they were divided into blank group and SF groups with different
mass concentrations. The cell viabilities after being cultured for different time, and the protein expressions of Ras homologous gene
family A (RhoA), bone morphogenetic protein receptor 1A (BMPR1A) and BMRP2 were determined in each group. RESULTS
Compared with BAK group, the transparency of corneal and edema of corneal stroma were gradually improved, and the corneal
thickness was significantly decreased in BAK+SF group (P<<0.05). The rabbit CECs in BAK+SF group were only damaged to zone
B and showed a normal hexagonal endothelial cells structure. The protein expressions of phalloidin, ZO-1, Na'/K'-ATPase and Ki67
in BAK+SF group were significantly increased (P<<0.05). When SF concentration was lower than and equal to 200 mg/L, it could
promote the proliferation of rabbit CEC, in concentration manner (P<<0.05) and time-dependent trend. SF at concentrations of 50,
100, and 200 mg/L could up-regulate the protein expressions of RhoA, BMPRIA and BMPR2 in concentration-dependent manner
(P<<0.05). CONCLUSIONS SF can improve the transparency of corneal and edema of corneal stroma in bullous keratopathy
model rabbits, reduce corneal thickness, maintain the integrity of corneal endothelium structure, and promote the recovery of
corneal endothelial function; this compound can promote the proliferation of CEC, the mechanism of which may be related to the
activation of RhoA-ROCK-BMP pathway.

AEETE WA TR H (No.WJ2020F087)
Sk E—EE EVRENT . BFSE T BB A0 IR . E-mail ; KEYWORDS sodium ferulate; corneal endothelial cells;
songhui8264@163.com bullous keratopathy; RhoA-ROCK-BMP pathway
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A Y N2 875 108 19 A8 I Y B2 41 )i (corneal en-
dothelial cell, CEC) 7 55 , CEC 7 ff IR SE U 5 /K 22 [l
BB PP B, TR B K MBS R AT BRI
A IR 12 1 B ZE R e 45 4 B R AR
ZEGAE T HRAE \Fuchs f IR P B2 8 358 B 45 JRy i IR e
I, LA T R 75 FLAR AR O AftR A 2 D) R A5 AR
FARHA T BERE N CEC £4% , — H N I i FE (en-
dothelial cell density, ECD)f Il Ft o5, 25 i {2 H4 BY
KL 2 S 22k, T CEC e N Y3451 AE
AR, 5 H T TC T A P B2 B ECD A 4L
FBto I HAWESE SR, W I R 5 0 Bl B R £ (so-
dium ferulate , SF) 7] 2435 ) 225 PRRR 175 5 (14 485 1 £
N B2 45005 A A8 S, S J2 BT BR R (1 Al £ , ] i i 35
Io3% 6 P4 S AR 8 4 L R 47 2R 0 T 1 R B i A Y
JN JE T — s g A Ak s e Ak, SFRT il Rho #
fiff (Rho-associated protein kinase , ROCK ) 4 [ifi 11t {80 7% F1/
a2k A WHFSEIESE , ROCK 1 i 7 ripasudil 7] 7615
ECD & 1 (P B TR o R S5 0 10 £ P B A A
FHCL, T ARSI N SF AT e B TE IR FA
IR R A B2 o ARBIFTE P40 A5 #4835 SF XA
T A TR AR R TR A A R PN R 40 1) A 1 B
CEC Y45 e EVE H , - #8 58 HBsAE ML, LAYk CEC
B E RS,
1w
1.1 FEMNF

AMFFE T £ B A AR IX 71 B0 756 56 e g ( H AR
Olympus 23 7 ) . Tanon 5200 I k2% % S AR AL (35
PerkinElmer /3 7] ) . SRBM-17 B AH 22 i f#5% ( H 4% Nikon
3 H] ) (ST-2201 R ZLBUAT (T3P R $ B2 97 e A A FR 2
F]) . SLM-6H(B) BUHR A 15 FEAH R G0 (LI ST A
AR  AccuPen B FRFHR F X (35 E ACCTOME 28
F) ) .SYNERGY-H1 %I Z Tj fig il #5 {¥ ( 35 [& BioTek /A
] ) . ArcScan Insight"” 100 U HR /i 15 #8745 BAR Rt (M
FEIk YT 45 PR F) ) L LRHS-300- I % hn9E 35 55 46
(S HIPER LA BR A 7D 55
1.2 FEHHESIF

T 5 SE[HIE 5 0911207, HL4% 0.1 g (L CoHoNaO,*
2H0 7)1 H L ZR 2 ik 240l B A L0007 BN 7] s R LA
# (benzalkonium chloride, BAK) % W [HiL5 190509G05,
FA% 150 mL:0.15 g(0.10% )1 F |~ 4 34 3 F5 i1 25 A KR
N 2B B IR I (S V2112, 4% 5 mL: 24.4
mg (#% CisHxFN,O. 1) 104 F 2 Kl 25 (R D A B ]
DMEM 5 B 55 F2 W00 [ E 738 SR A MR A BR A w5
Opti-MEM 55 F# 7% 4 [ 55 [ Invitrogen 23 ) ; 76 2% 21 JL I
I F 5% E MilliporeSigma 23 7 5 % Ki67 .50 B o4 (it
5 H300) SR FR 2O R (FITC) bRid 9 11 25T %R 1eG
THI(IES SA1064) 4", 6- Pk F-2- A L5 (DAPT) 4t
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W3 [ 5% [ Santa Cruz A ) 5 HUR o A AL P (HRP)
FRICHIILZEST/N R 1gG 4T (5745 ab9882) I FH B LIk
TAE RN A BR AR s bt N I8 B 1132 4K 1A (bone
morphogenetic protein receptor 1A, BMPR1A) . BMPR2
Z BT EPUAR (58520 5] IN119 \BY-K 1012R) #J0 [ It
5 H BB AT R B 5 bt A\ R ZE P IR S PR
G245 abs47047480) W [ 1165 2 M5 A MR A IR A

Al ST SR ATP il 5 v BT (185 BI-K6092) 11 F
S A BRA E] s RPT A R R EREE  1
(zonula occludens-1, ZO-1) B 57, [ H1 4K ( 5% 5 IMG-
31199) /) il Ras [A] 5L [H 2% A (Ras homologous gene
family A, RhoA ) HL i BEPLIAR (525 ARHO5) /NERBLAH
T -3- W R W A (GAPDH) 8 v [ Fi ik (5% 5
H00002597-Q01) .MTT iz 71| (£% %5 10009591-1) ¥l A
B EFERME A R ) 5 T-PER K57 14 H 3% [H Pierce
/v F) s FNC W RHE G- 9 1 22 5 Biologicals 24 ] 5 HAx
BRI R A 4l el S 56 % 5 TR , KR Z8 1K
1.3 S8zh¥

SPF G At S i 43T 7 2 42 (2.0~2.5 kg) AL T BE>%
T AEA AT PR FIFR AL, S VAT IR S SYXK
(311)2020-0054, JFr A7 shPy ¥l 35 T sl K 2E Bl B2 2
Be st [ 8 (22 + 2)°C , AR R 60% + 5%,
12 h RS 28] SRR IR AT 5 CARVO G TIRBHR
T 5E Th sl At AT B ) R ATy 58 f s UK 2 2
Bt 2= 22 BE sy oA UA s 4 R 23 03 St O
5 DL2019-028)
2 Ak
2.1 {KRELE
2.1.1 SRR ST

T 1 W A% S 58Ik VA RO S R AT R I, B R
0.05%BAK %% 0.1 mL 7 A AT HR AT, FIZIE R P ve
I 55 30 min, FiF 0.9% SAALERIA A ZE A 0D B T IR
Wk 90 s, FEK LK, shi e IRANHEAT AL/ 5t BE
AJEAH LB KT ULSE , B R Ay 1R, 5 0 0 A Rk
FAIEK I | A G JEL 6 o 1 JEERE 1 3 A% (i s AL HR
TRy T OCHR B A I AR AR, 3R B R A R AR
G A i T
2.1.2 Zmd %2

P12 S 6 B ZH  BAK £ F BAK+SF 4,
2H6 H ., BAK 41 M BAK+SF 2H % 4% “2.1.17 Wi F 5k &
U £ TP A5 ) BAK+SF 2H TV H 5 e i3 5 SF
H 200 mg/kg (L DMEM miMER: SR BOMAE R, 7l 5%
99256485 5 R Tsai 25 Chen Z59BF 55 5 B ) , K 21K,
HESE 14 d; % FRA S AN TAR T b 2
2.1.3  RABCRESITAL

A3 T AT 5 0 K) BARJFH 1.7, 14 KA R AT
7 HRRH 2 G0 RN LB RS 25 2H S 1) Ff G35 B R i ol
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IR 3 T AT 55 14 Il FHHR =79 A5 i AR el £
HARERE; TARGE 1 R, A KA TR IR R 30m) &
HIRA . ElRR A SRR S i2E17

2.1.4 RSN K 4R B K I REAH SR 1 b A

FARJGH 14 K, Lhob P 5 ik 2 5 L b 244 (85
mg/kg) K FE 45 A1 G, 57 BIVECT e Af 4] ST R A7 T &
Opti-MEM 15353 50 mL A . JUAs 20— 3 o0 £
JESZH R, PN Rz T i, DA 1% 75 R 4T LW 4 €5 3 min,
it P A 22 S (0B WS AR RN B2 254 o 3 BIUBAK 41 il
BAK-+SF 4 G 42 A I N Bz 21 20, R g2 9 e e ek
R V2 2B FRJIK L ZO-1 4 AR ATP iy \Ki67 25 (1 A0 355
- FA IR PN Fz ZH 40 A — 10 °CTIV i F B 8 ) L 7E 5 1R
T 1% G 4 10035 A LB 1 b, RS A 2B PR
ZO-1 ANEF ATP i \Ki67 — 3T (B BE L 514351 24 1: 500
1:400,1:500,1:1000), 57 60 min; PEHRS5 , FERDE =
T2 R A FITC BRic 1 1gG 30 (i BE L6 A 1
200) , 7 45 min; YEX)E , ] 1.5 mg/mL () DAPI YL 2
e 10 min, i HZEE WA THOZ I K 450~520 nm
TG, IT 8 Image T 1.48 BPFRIM 58 6o BE , FH LA
TR REIK . ZO-1 51 EF ATP ilf \Ki67 & H 1) £ ik
2.2 fRHpRLE
2.2.1 R CECH: I el 542

ARIGH 14 K, BUBAK A 09 ff i IR ZH 4, B T
Optisol Vi 1 F 4 °C FURAF o UM R P K2 5 FH e SR it
AL, B DY EE S CEC REWY, DL CEC 55 37 (%
10% Ji 4 L3 10 ng/mL AP 2T 2 4 g A= 4 7 .25
pg/mL KR % 1.25 pg/mL Mtk % £ B 9 Opti-MEM
B3R ) HAR IR B IRA FNC 1Y 24 fLH P, 76 37 °C
5%CO. 5 N EFE, FElRAC S CECIGEE 24 h )5 , K40 g
I3 MZS AR SF 4, SF 41 e CEC AN ] o & 94 & 119 SF
VW (25,50, 100,200, 400 , 800 mg/L , J&i ¥ if & %
Jiang ZFVHF 57 15 B ) AL B, 25 P AN A SRR e
CEC }5 771
2.2.2 Y CEC & J1#6:

K MTT 32 247 40 o B 504 K 301 A9 J5AR S
CEC, AFFfL 1 X 10"~ 42 Fh 2 96 FLANAE AR , 442 42.2.17
WUR Ik el A2 K59 a6 N R FL. THiR48
h B, T MTT 358 37 WL % 5 4 hs A — H JE X
100 wL, fifi FHZ DO fEREFRY T 590 nm P K F A 4%-FL 1Y
% 5 (optical density, OD)H , FHLAF/RAHMEIG /1. i
PARIEAERR 43R 23 2RI [ ik JBE SF4H.(50.,100
200 mg/L) , FA1% 6 NEFL. B TR 7 12.24.48.72,
96 hitf, [Fl¥EAG ALY OD A, JHLAZ /R 0TS 7 .

2.2.3 % CEC " RhoA.BMPRIA . BMPR2 % [ % ik
Kim

K F Western blot 75 FEA 7RG o HOR 50 A= R 300 1)

R4 CEC, LLAFFL 1 X 10"~ 51 2 96 LN A , 3%

-+ 1842 - China Pharmacy 2023 Vol. 34 No. 15

“Q2.17WUN R A K FE A6 N E L, T
BEFE T2 W R A AR ) 550 R kA i )
RAYH T-PERIKH 78 0 IR &, VKA 15 min J5 B0,
B EIEW . LA BCA e H e BT Je (A A8 M. JiX
ASPE TR FURE S i, 28 10% S8 N I g e L Tk 438 0
MR 2 R R O 5% AR IR BT 1 h, i
A RhoA .BMPR1A .BMPR2 ,GAPDH —#i (Fi B Lb. 151 34
J31:1000),4 °CHERE #F # ; YEBLS , LA HRP 451 (9
1gG —Hi (R B 1:5 000) , R 1 h; BERE S,
DIz i) i o, i PR A2 2 6 UG AOR 8 31
Quantity One F A 43Hr 8 145 9K EEARL, L H 92 1
5WZHE M (GAPDH) K BEAE LLEAE 0 H W F1 R
KK
2.3 FiItFEFHIE

K HI SPSS 25.0 A X B S T 503t 430 o Kl L
x+ s R, IR LR 7 220 B flEE )5 Duncan’ s 2 1
K. K6k a=0.05,
3 HR
3.1 HHALWLER
3.1.1  SF X s R A Ay

S H (8], XoF FE 2 B A o 5 66 o A s IV ek B K
Jib, HR N R B, FA OIS R4 (RIS ) . BAK 4141 A
I 375 B 32 0 T A AN, 66 I /K I R 3 T N, ) OB
BN (P<0.05) , $& 7 R I6L 1 A R 722 55 780 o1 25 ol
1. 5 BAKZ #E , BAK+SF 2H e ) £ 5075 B 3 A 5 o
IR LA BT (LA R 1B, LA L 250
/N(P<0.05, 3 1) ;3 4 S R P R LA 4ER:57E 10~20
mmHg(1 mmHg=0.133 kPa) i 1E5 i Bl 4, 41 a] s 22
SHTG AR L (P>0.05, K 1C),
3.1.2 SFXJ 1 M5 PN B 4549 ] Dy B AH SC B 1 3R iK1
Al

PER LT Y (0 S IG 25 0 R BAK 4 fe A 55 DY iz Bl
2 ,CEC & B35 2 C X -2 B A 00U B 28 R TR 265 5 4
S ,BAK+SF 44 CEC ALl 45 2 B X IFR N IEH HY7S
YN Bz 4S5 (1 2A) o e me e e o S0 45 1
75,5 BAK 2H 5, BAK+SF 2H 5 ff I PN Bz gl 4 b L 28
FIK . ZO-1 G450 ATP il Ki67 5 14 I Rk B E T
(P<<0.05, 2B.&12C)
32 {KIPEIRLER
3.2.1 SF X} CEC I 1 A5

1597 48 h H. 24 SF Jii i ¥k £ <200 mg/L i}, SF X4
CEC My 78 A — & i A i /E H , SF 200 mg/L 20 4 At 1)
ODH & T2 40 (P<<0.05, K 3A) . #E— b5t 2
IR, 525 4L H#L, SF 200 me/L 4 4111 OD {7 (4%
3£ 48.72.96 h i) F1 SF 100 mg/L 41 40 it 1) OD {8 (1% 3%
72.96 hih) ¥ T, H AWK (P<<0.05) 1
i Rl R 3 (B 3B ) o
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BAK 41

BAK+SF 41

BAK 41

BAK+SF 41

A SRR (4RSI R )

Py

B. LK CRPRETILEE R

e I

==y »s BAK+SF4

3 AK 2]

IRFTa]/d

C.ARJFHRAE(x £5,n=6)
E1 SFXRARERE ERKBFAR A ER 0

F1 SFHRRAREEMNZME(x+ts,n=06)

4151 AK BK CK DK
bl 3657445 3653999 3593425 3513440
BAK# - - - 60224468
BAK+SF4 - - 855.0£972 3884 76.0°
— AT s a: SRTIEL R, P<<0.05;b: SBAKZH HAL, P<0.05,

T2 2023 AR5 34 45 15 1]

3.2.2  SFX{% CEC 1 RhoA .BMPR1A .BMPR2 # [ %
e iip- Al

Ha A B, & 2 4 %R CEC P RhoA,
BMPRIA .BMPR2 4 [ ()RR /K- 3 2 ey, HEA
WREEMRI M (P<<0.05, &1 4) .
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o HEZR

BAK 41

BAK+SF 41

AlX BIX CIX DIX

A LSS S S5 R (B R )

=
(4
<
m
=
s
7]
+
v
<
m
HE ATP il
B. 2 R AN K T REAR R I 23R 1 T G &] (o (k)
40X 107 40X 107 R 5.0X107 2.0X107
3.0% 107 3.0% 107 4010 15X 107
i i " . v ]
= = = 3.0X10 = )
520X 10° 5 2.0X10° 3 5 L0X10
R = =, . o
BN E ® 2.0X10 Y
1.0X10° 1.0X 107 LOX 107 0.5X10°
0 0 0 0
BAK#l BAK+SF4l BAK#l BAK+SF4l BAK#l BAK+SF4l BAK#]l BAK+SF4
VEESEININ Z0-1 FET ATP i Ki67

C. A5G B DREA R L R B IHIE B (X + 5,n=6)
a: SBAK4L K, P<0.05,

B2 SFX®RMAENEEHRINGERXEBRENZIN
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T T T
HHA 25 50 100 200 400 800

SFZH/(mg/L)
A ORI B IR )
1.00
- 254l
= SF 50 mg/L 41 N
0954  SF100mgLAl abe i
‘ ~ SF 200 mg/L 41 . ]/J_J
al
| ab

12Ih 24I h 46'3 h 7; h 9(; h
B. 414k [ OR [l 85 70 B RS [l 72 ) )
a: 525 (4H L #, P<<0.05;b: 5 SF 50 mg/L#H LbAL, P<<0.05;¢: 5
SF 100 mg/L41 b4, P<<0.05,

B3 SFX% CECiENRIFM(x+s,n=6)

- . - -

BMPRZ 100 kDa

APDH
G 50 kDa

ISk 100 200
SF#H/(mg/L)

A EHRE ALK

| EEEE
abc

20 4 abe abe 'I I sk 50 mg/L 4l
. . 'I' ab ] b B sF 100 me/L 2
2 144 R a SF 200 mg/L 41
B
I

1.0 4
el

0.5

(0«
RhoA BMPRIA BMPR2

B. ARSI E (X +5,n=6)
a: 525 414, P<<0.05;b: 5 SF 50 mg/L41 H 4%, P<<0.05;¢: 5
SF 100 mg/L41 lL#%, P<<0.05,

4 SF3X}% CEC #1 RhoA .BMPRIA .BMPR2 & H &
BRI
4 e
IRA T AR AR Py AR AT S8 CEC 2%, g fiff
R ECD FRE™, B IER A Al 1 ECD 41, ROCK # ]
T FUR AR 2RI A BV R 5 0 1 LA A ST B
Z U B Al e A B R AR AT AR R 11 48 K
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JiE ] 2 i MR R AT A KO, ek AT e A AR AR
TP O A5, SF(3-H A -4- 5L - P EE R
B 2 PRI AR A AN R | = — o AU IR BRI B 3R A2 AR
P2l , HAT BT AR IR S A0 A A B A AR A v ]
HTFIGRRA 5™ ImRAFFE B, SF Al R s b &
RO TR PUEEE Y 3G — A AL A A R 1R R A
%WCEB PRAR TG 5 2 i BAT — 2 P E ALy
M, T2 5 A0 N B BOM IR 1 3R 7 HRi 4
ffr““ﬁESQ ,0.025% F110.1% (1) SF 35 0] B Gk 17 1) £ 4=
A8, IO 5 AR F5E L Rz 56 I 4 e i 45 T8 B TR 73R8 T
A, DT AT 0 o AR RS A il A i AR 5 D A R I S5
5T K B, 28 SF T H , 4752 0 I 5 72 (oxygen in-
duced retlnopathy,OIR)/J ~ s P D) I 2 2 i A5 1S A= L PAD
FE NPT A B ks, HLRE S S R T
o S R SRR -, 22 P SF R 36 e sk 20 40 I O Tk i
OTR /) R 4408 o BB 11 768 A o, 2 T sl R T A o 3
SR TEGIESE T SFAEIR P IAYT Hh 2R SR 2
TXT AR BN B AT A R E A e — 2D R3]
ECD T B & B0 B K D g e J5 i g 22 1
FEFHZ —, WL, 5 ECDALT 500 4>/mm’ [,
FAREE A BB AL, DT 5| 2 e A R 728 0 7 JEE PN 12
jJA B0 5 2 1 B PN B i — 2D 45k, B 2 o 7
JEC AL T, B 2 i R RS, AR 45 R BoR , SF AT
PR A I A R A A5 AR B £ R a5 P N B 7K b
DL | ITAT AR R B B 2B )N X — 45 2R 5 Jiang A
M TR 45 R EEA —3 . AL R4 B/ , BAK+SF 41
4t CEC M1 2% X 45 (D [X) i Wik &2 28 0 KA (B X))
HZ R0, F8 SF X e ffi I CEC iy A= K HA e it
YEH. BWFsEHe i AR AT 255 I Fa e SR 4R L 3h
L, AT LA AT Y R 40 B ARG 22 1 A8 A B
ZO-1 W] BB K i B i, IR 5 A 5 PN Rz 1y B
SEAEME R UIAHOC s FETE T A B PN i 3RS A MBS L A B
ATP P AT 38 120 25 550 2 R IR ARSI T L 0T, 7E 44
JEE PN R a5 B R v 5 AT A Y K67 Rk ny it S
CEC 47 Az 21l A ™, L, iR A 5 MmN
KEIIREBE VNG . SPEDOYL A LB 45 R /R, BAK+
SF 2H G ffi I N B ZH ZUh BLZE R Ik ZO-1 M8 ATP il |
Ki67 25 11 #5355 BAK 4 B T, 48R SFA B F
PR AN B DI BEAOVRAE o Bl 1 MTT SEEe 45 2R 4l
UESE, 4 SF 19 iy B <200 mg/L B, i il 53X} e CEC
HIXEEE A — s AR UEVE T, LA TR B AR P RN ] 4K
FUp e
TE P AR R 280, ROCK #1471 vl i i Stk A e
YA SR A, HX CEC B4 E - E 9k SE i B
S50 E I HE | 1G5 2 B A O T2 A ", RhoA
J& F Rho 51 = B2 M W 505 , 76 AR P53 323k , 7]
P LB B 2R A A R A i B R D R, 148 T 3 o S
ROCK 175 M 4 i {755 S R B 2R ™ BIERR
7% H % 11 (bone morphogenetic protein, BMP) J& % 1k /=

China Pharmacy 2023 Vol. 34 No. 15 -+ 1845 -



KT BRI L A A P e e B AR S e
A EEAEN . Hob, BMP4 J 1 57 & BMPRIA,
BMPR2 7i CEC R ik, T i b -] FE BRI K-

[F1) 76 [ e A AR S2E A PN B 1 25 75 IR B, DTS TS

JUAR L RNET 2R K | S 2 o A RS I 14 8 52 R

WA AUEEIR R, 2 R BT vk B 1Y SF AR HR

J&i , %t CEC ' RhoA £ I 187K 8 3 T, 3R W SF

A4S RhoA 55, {2 i/F RhoA-ROCK {5 575 5, iX J&: /i

R AT 22 53 2L BEL S 0 0 PN B 40 S % 38 B BT A

B[Rl AT 45 RE R 7E SFAEHTT , fit CEC Hp

BMPRIA .BMPR2 i F R K IR 3 EA, fen g

Y1) BMP 3 % #5%0 L W1 AP IESE T RhoA-ROCK-BMP

o T A N B e P A B
25 BPINA , SF n] i U0 A I AR B 2 451 £y

FEEA 375 W R, - PTc BE K J, le/ D £ FEJEE A4 £

I PN B AR S8 B R I 2 A IR N B RIS s TR, 1%
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