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Relaxation of Danhong Injection in vascular smooth muscle cells in co-culture
system and study on its mechanism
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Abstract: Objective In this study, we examined whether Danhong Injection (DHI) exerted a relaxation effect in vascular smooth
muscle cells (A7r5) in co-culture system by human umbilical vein endothelial cells (Ea.Hy926) and studied its mechanisms. Methods
First of all, Western blotting assay was carried out to quantify the protein expression of MLC and P-MLC in A7r5 cells. Secondly,
calcium assay kit was used to detect the changes in intracellular calcium while the changes of CaM mRNA expression were
subsequently detected by RT-PCR. MTT assay was used to detect the effect of DHI in proliferation of A7r5 cell, which is induced by
PDGF-BB. Finally, the co-culture system of EA.Hy926 and A7r5 cells was constructed by a Transwell. After the treatment of Hy926
cells with DHI for co-culture system, the protein expression of MLC and P-MLC in A7r5 cells in co-culture system was also quantified
by Western blotting. Cell-based ELISA was used to observe the cAMP generation in A7r5 cells. Results DHI (10 uL/mL) contributed
to the decrease of the ratio of P-MLC/MLC (P < 0.05) and CaM mRNA expression (P < 0.01) in A7r5 cells, which are cultured
individually, but had no significant effect in intracellular calcium concentration and the expression of MLC proteins. In co-culture
system, DHI (10 pL/mL) could still decrease the ratio of P-MLC/MLC (P < 0.05) and increase the secretion of cAMP (P < 0.01) in
AT7r5 cells. In addition, DHI contributed to suppress the proliferation of A7r5 cells which were induced by the PDGF-BB (P < 0.01).

Conclusion DHI can directly relax vascular smooth muscle cells by reducing the ratio of P-MLC/MLC and the expression of CaM
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mRNA, meanwhile indirectly relaxing the vascular smooth muscle cells in co-culture system by promoting the secretion of cAMP

which is increased by vasodilatory factors in endothelial cells.

Key words: Danhong Injection; MLC; co-culture system; human umbilical vein endothelial cells; Transwell

S DA GUR RN (ARG ) P
RO LA P 2 R AT ER N RBET (1) 3 %2
PSP IINE S S oo NN 8 W (1K= 8, S P RS
)Y SN A ES = 1D 5 < S i AV L S i 2
Frakst ETH MR P R Sh RS R A S Sk o R
WAL oS DIADG,  HE 5 |k i s 5 1Y)
WUz P e Py g 40 St R A S P o IR 7
—H AR (NO). HidIiEEE (PGL M PGEy) LA
W AT AT AN 1 (EDHF) 234575k FH L.
BRAR I/ B5OK R L AERFINE A B2 S g Y.

P21 7 5 b T 2 R0 20 46 (0 7K s Tk o 41
e, HA R AL Bk ET S ER . IRIR L2 H
T S I TS RIS I 4o IR [ e
PR AT H AT CAT TR P A g
g o4 A P R e, RPIKOC U Eah ™,
oA A PGL/COX i 42 1M A 2
NO/eNOS IR A2 A ez et i 5 dp k. (8
ST F1 LTV SRR A 6T LA ST L B AT 5K ) 5
M L K% e 388 3k N R 40 i v I 47 T i UL 40 B T
WFFA D, AR S 32 B I K Sl B = 3 kT LA
Mo CA7e5) HRERFRUL S AT7eS RGP Rz 41
Jfl (Ea.Hy926) JL[RIE5IRAMFTIH LT SHBON H 5%
Wi S AR AL, R LA PR 1 F SR8 Atk
1wl
1.1 4AAf

A7r5 4, ATCC® Number: CRL-1444™;
EaHy926 4i ffi ( Hy926 ), ATCC"® Number :
CRL-2922™; ¥k [ R P IR 25 K24 5T 0 S 3
YN
1.2 ZAm5ilH

FHIESHE CIUKS 10 mL/32) i Bb Kbz
HARSRME, #S 220026866; M|k E A
Sigma 4] ; DMEM, fifi /| 1fii (FBS) I H Hyclone
ANl ROGTALBEGAITE (HI-FBS). XUt B
i) H Biological Industries 24 A ; #570AA & H
Molecular Devices 24 s $EHAN A & 1357 &8
B A A TR IR A s B R A A
#E H Thermo 22 #]; Western blotting iR 714 H K
AR B R A LR REEREARA

Al; Elisa AR BERIR T (cAMP) X7 &8 B
IR RE A IR A F] s IR RNA R
&5 cDNA £ 8k 71 & RT-PCR iR 711 £ W [ Roche
vl Transwell /N FEFRIML A0 MORE TR0 557 i
Jt)H Corning 2wl HEZH A LM ME A K X 1-BB
(PDGF-BB) Il 55 [H Sigma 7.
1.3 435

Nikon TE300 {88 A 2 Bi%E, HA Nikon 2
#]; FORMA3111 CO, fHif¥5 754, £E Thermo
Fisher A w); FHIKIC. # /B, GE Healthcare Life
Sciences A H; Gene genius SRR 3T, TEH
Syngene A 7]; Flex Station 3 ZIJAERFFRIL, EH
Molecula Device A 7); 7500 E& PCR X, [
Applied Biosystems 2 ]
2 FHiE
2.1 YHREEESE
2.1.1 RS A IR 5 1SR T Coming
T25 59500, ATrS 4iid 7R DMEM+10% FBS+
1% M HT, Hy926 4 i 55 773 &y DMEM + 10%
HI-FBS+1%% 4, R T3 IR0 48 h 5 i1
Figedk, 72 h Ja R AGALAR. 4% 2~3 AR
TR B o B5 9255 5% COun 95% 55 37 Coo
2,12 SERFRARRIEST  EE ATrS 40 R LN
5X10°4/mL, ¥ Transwell /N3 (12 FLAAZR) 3
BFRFRI, WL 100 L A7rS 40 i 238 20 i
PRAE/NE ) PET B L, BRSO WAR h 5595 5 h
JERNEREORET 12 LR, T E=ED R
AT 0.5.1.5 mL, & THAE P97 24 he
24 h G AR NS | R E W i, JF
W Hy926 40 2X10° AN/mL, WFE/heEs b
W g, T BN Hy926 40 il B 0.5 mL,
kL5 24 he
2.2 Western blotting ;E#& A7r5 Zff MLC 0
P-MLC EBFRIE

L 1.5X10° AN/ LIS K ATrs 4 ffh 3] 6
LR TR, 4REERE TR 48 h RN 2.5. 5.0, 10.0
uL/mL PO, Al 4k 857 5. 104 20,
30, 40 min. IEFIEFRANMARI, IR NG,
FEREFR, MR AR SRR s, ik



23

Chinese Traditional and Herbal Drugs 28 473 35 78 20164E 4 A

* 1171 ¢

T Western blotting 555 . 5 4 uL 8z AN 1 ul
SDS-PAGE #HH EFZMIR S, WK 5 min,
AR . B 40 png FESL ERESE 12%01)
SDS-PAGE #EficHivk, b5 HAIEZE PVDF CR1R
WO B, T Western B HEANE 2 h )5, 4>
I MLC. p-MLC. P-actin 374 CH{E 24 h,
THERSEEIRGWE 1.5 h, 205G H Gene
Genins B BAG o Hr G AT 0 RE, FFH Image J 2X
AT 8 BT o
2.3 $ERIRFIERN A7rs AREAEE T IRE

L ATrs 4S5 2 2 X 1004 /4L, 80T 96
LA EIEFER, REEEETE 24 ho 23l 50 pL
B 5% FBS [f) DMEM £57%3, 2945041 g xR 4]
QEFEFR RIS 2.5+ 5.05 10.0 pL/mL 4.
o HRES R 0 0 A 40 M P 45 2 IR P
2.4 RT-PCR:EHN A7r5 AP 4EEEH(CaM)
B mRNA Fi%

¥ ATrS AR AR EE RS 1.5X10° AN/mL, 4
T 6 fLB, 4L 1.5mL, BT 37 C. 5% CO,
R FRAR R 5 9% 24 h J5, WRSTEREIRI X AN 2.5
5.0, 10.0 pL/mL WP, M9 H 24 h JEHKIE
Roche R & 8 7 iEHEHUS RNA, FFH Roche
S AR B RO RNA S8 ) cDNA L HG I PCR
IRFIX CaM. GAPDH HHATH #. 51975 CaM: |
% 5>-CTAAGCCCTTCTGCACATCTACAC-3’, R
5" AACTCCACACTTCAACAGCAACAT-3’, GAPDH:
% 5°-ATGATTCTACCCACGGCAAG-3’, Fiif 5°-
CTGGAAGATGGTGATGGGTT-3",
2.5 MTT AN FHLIEST XS PDGF-BB i5S/)
A7r5 YA RIS TE AN BN

# ATrS i R T DMEM B3R (10%
FBS) ™, ¥4I E N 2X10° AS/mL, W
100 pL 40 P fl -1 96 FLART . 595 24 h J5 3%
IR, BEHL N 8 4l XA CIER BT,
PDGF-BB (20 ng/mL) 4. FHEHH (10.0.
5.0, 2.5 uL/mL) 4. PHES W (10.01 5.05 2.5
uL/mL) +PDGF-BB (20 ng/mL) 41, %4l
HEATINZy (100 uL/fL). Iy 24 h LUjsE, W&k L
W, BALINA 100 pL 5% MTT, 4k4:0 & 4h. 4h
ERAYIVY & o PN R E N4 e R
FEFLIAA 150 uL DMSO %% 5 min, T 490 nm 4b
MWW (4D {8, THEHMIGT A OfE %=
N2 A /6 2 4 1)

2.6 Western blotting ;A4 FH41F 51 i *T H1EF
1K Z R A7r5 4R MLC #1 P-MLC £ B RiZ8I 520

@ 6 fLAR Transwell L5774 R )G, WH L
FERIRWGL ARG (COX) 0 7105 W S o 7
AEFRICREFE 2400 30 min, [A LR 5E B 20N
A 2.5, 5.0. 10.0 pL/mL [OFH RS . R85 5%
24 h JE A PBS BARMUE T = G D IR
PBS, H/hEEE, KREEIE R RN =
FEARENA )G, 31T Western blotting 5% .
2.7 ELISA JE#N HEFRA R B A7rS B8 cAMP
i E

AL 12 FIBSHE R RS, T EEEIRI
TIRG S = AL BE LR 7% BJZ40 0 30 min J5 )
FEIMAC10.0 uL/mL PHLERE, WE 24 h 5
BULR 7% M= L, MR ELISA IR & B0 ik
Rl B35 cAMP IR EE, TREFRIY 450 nm
WAL BRI A L, KIEA T cAMP (10T ik 5
(pg/mL).

cAMP [P &2 = (4—0.096 3)/0.003 2
2.8 RS

BT AT S AR OB T ST AT, BT R 3
o FTIEHEILLY £5 %75, H SPSS 11.5 HAFHEAT
B AR, 2R P RR SR R 3R ZE 40 H
3 #£R
3.1 X A7r5 4RI MLC 1 P-MLC EHFRiAH)
=AU
3.1 PHELVESPBAE AR IS [0S A7e5 40 i
MLC #1 P-MLC HRHEKIER 20 UL etk
A P-MLC 5Kzh M, 24 MLC Bk I L
Wk, EBERAGNFEUUE K. Btk P-MLC/MLC
@R b 7 i Ui s o, 4Tt
ISP AR, RSP ILE 5K o T8I AN [ I )
RUSER A, FHAFSE (10.0 uL/mL) 7EH 20
min I 1) P-MLC & 1% 1A UL &% P-MLC/MLC [P){E 5
fiK, BEXTRAM RS 2% 5% (P>0.05); TifE
AR TR] RIS PHEL: SRS P-MLC/MLC R34,
IS, SRR 227 B3 (P<0.05.
0.01), ZRWE 1,
3.1.2  AFEER B P SO ATeS ek
MLC 1 P-MLC & [IIA 1% s “3.1.17 I
g, BERAFRR B LSRN ATeS 4
(RIAE IR 20 min A Ay B8] £ 0 S0 R P40
S 10.0 pL/mL A FEFEC P-MLC/MLC i (P<



<1172 ¢ $3%

Chinese Traditional and Herbal Drugs 28 473 5 78 20164E 4 §

0.05), TMiFFLIVFES 5.00 2.5 uL/mL 20 X1 g3 hn
P-MLC [{) 4 125 M P-MLC/MLC 1, 5%f B41AH
tb, Z2REE (P<0.01). 50K 2. £WHF4
S BARAARTR 2 Floy R4~ Ei WL PE R s st
AR B PO SR R A R P UER, R
AR AEH] .

.—:—_— --—-_d- P-MLC
. c— D G . = MLC
— e — am— [-0CtID

Xt S min 10 min 20 min 30 min 40 min
PHIFESHE 10.0 uL-mL™!

x2S TP<<0.05

3.2 X A7rS RSB TR E RS20

B AT UL ke T,
BRI PR A5 2 R P e e AP LAY ok, TS dt S
6 25 R AN AR FA 3 B P SO ATes 4
JL e B (R B AT R, S R LG
TGl (P>0.05). 48R WK 3.

0.8
0.6

0.4}

P-MLC/MLC

02}

0.0
Xt 5 min 10 min 20 min 30 min 40 min
FPHIFESHE 10.0 uL-mL™!

"p<0.01, A

"P<0.05 “P<0.01 vs control group, same as below

1 PALIESHRERREREX A7rs At MLC 1 P-MLC EA RGN (Xx+s5,n=3)
Fig.1 Effect of Danhong Injection treated for different time on protein expression of MLC and P-MLC in A7r5 cells (x £ 5, n=3)

P-MLC

- -— = - -
— D Wy —
e — — — MLC
—— — — — }-2cI

XTI 2.5 5.0 10.0
FHLESHB/(WL-mL )

20[

1.0F

P-MLC/MLC

0.5F

0.0

Xt e 2.5 5.0 10.0
PHFESHE/(UL-mL ™)

2 REARD BB FFLLESHRXS A7r5 4RAEH MLC Al P-MLC EAFRIZHIFEM (X+s5,n=3)
Fig. 2 Effect of Danhong Injection at different concentration on protein expression of MLC and P-MLC in A7r5 cells (x £s,n=3)

180 [
X
= ] I
= o120} i T
# ;
y - o - FHIANHE 10.0 pLmL ™
60 | —a- JHIAESHE 5.0 pLmL !
4 —o— FYLTFENE 2.5 pLmL
28s Nz

0s 20s 40s 60 s 80s 100s 120s

3 FLFESERM ATrS HEPEBETFIRENSMN
(X+s,n=6)

Fig. 3 Effect of Danhong Injection on Ca* concentration
inA7rScells(x+s,n=6)

3.3 X A7r5 iREH CaM mRNA Fix B2
W5 CaM 455 a7 CaM IS, Ml
HE MLCK 2545715, 3% MLCK FH{2t MLC
FRAL, AP U AR, WA B IR AR RO T
CaM WA KRR P ILE ok, R i
W4, RT-PCR SESG R B PFLLERNE 2,50 10.0
uL/mL fERE 235 FHIK A7eS 41 CaM mRNA [1)5R
15, SXHR4AUAHLE, EREE (P<0.0D), WA 4.
3.4 % PDGF-BB iS5/ A7r5 4 AE1E7E A 5200
PDGF-BB (20 ng/mL) figfi& 55T A7r5 434
B, SRR, EREEE (P<0.05). PSS
WA IE R ATeS AN A B, SR
ML, ZRAEE (P>0.05), HESHIES 10.0



¢ %% Chinese Traditional and Herbal Drugs 25 473 25 78] 20165 4 A * 1173 «
15T on ) )
3 10} 1 ;?: i %
® " =
é ek §
g 05 90f
F
=
0.0 -
Am 2: s g L7 V] 71 1 % /

P S$/(uL-mL )
4 FELESEN ATr5 42 CaM mRNA RiZRIENE
(X+s5,n=3)
Fig. 4 Effect of Danhong Injection on expression of CaM
mRNAinA7r5cells(x+s,n=3)

uL/mL HIGEHH PDGF-BB 75 S 11 A7rS 41 5,
5 PDGF-BB 41#ltt, %57 W% (P<<0.01), WK 5.
3.5 PFEESRIET Hy926 4HBEXT A7rs Hfath
MLC # P-MLC EBRIZHF N

L PHUE ST E T ATeS 4 AR,
213 SR 10.0 pL/mLAF T Hy926 J5 5 fig Bk At 8%
FARZR T AT7r5 41 P-MLC/MLC {8, #F5K T4

EixRAiAth, 2R EE (P<0.05). WML

| — T———— D — — MLC
— B-actin
ﬂél«fﬂsz/(uLmL ) — 10.0 25 5.0 10.0
MBS (umol L) — 10.0 - — —

XHE 10.0 2.5 PDGF-BB _10.0 2.5
ﬂQIE-_;]JI{ﬁ/(uL mL™) PO (WL mL )+PDGF-BB

15 PDGE-BB #1Lif: #P<0.01
#p <0.01 vs PDGF-BB group

El5 FHIESHET PDGF-BB i SH) A7rS ZRRIE5E AT
(x+ts,n=06)

Fig. 5 Effect of Danhong Injection on proliferation of A7r5
cells induced by PDGF-BB (x +5,n =6)

¥ (COX BEHMEIFRD 5 FH S L R 1E FH I 2 68
TFE P-MLC & (15 f P-MLC/MLC 18, 7T
LSRR AT IRAE T, S PO S 10.0 pL/mL AH
b, ZREE (P<0.01), #HENPHESHRE KT

WLK/E AT coX igts, W 6.
1.6 -
o 12t
—
=
S o8t I
| ﬂ ’
(=% o
0.4 H ﬂ
0.0
ﬂél«fﬂsz/(uLmL ) — 10.0 5 5.0 10.0
MBS (umol L) — 10.0 — — _

5P SHK 10.0 pbmL ! 41 L4 24P<<0.01, A
AAP < 0.01 vs Danhong Injection 10.0 pL-mL 'group, same as below

6 FHIEsRMEIEFARERE D A7r5 ZHH MLC #1 P-MLC E BRI E

Alln| (x+ts,n=3)

Fig. 6 Effect of Danhong Injection on protein expression of ML.C and P-MLC in A7r5 cells of co-culture system (x +s,n =3)
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