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Abstract: Objective To explore the regulatory effect and mechanism of Danhong Huayu Oral Liquid (F+£L46 5% 1 iRk, DHOL) on
key targets of central retinal vein occlusion (CRVO) by G protein coupled receptor (GPCR) and enzyme activity assay. Methods
Phosphodiesterase 3A (PDE3A), thrombin, endothelin converting enzyme 1 (ECE1), vascular endothelial growth factor receptor 2
(VEGFR2) and alA adrenergic receptor (ADRA1A) were selected as research vectors. Intracellular calcium fluorescence detection
and enzyme inhibitor detection techniques were used to evaluate the inhibitory effects of DHOL and 14 main compounds on
ADRAI1A,VEGFR?2 tyrosine kinase, PDE3A, thrombin and ECE1. Results DHOL significantly inhibited the above five targets (P <
0.001); Salvianolic acid D, salvianolic acid B, danshensu, rosmarinic acid and naringin significantly inhibited PDE3A (P <0.05, 0.001);
All the 14 compounds had significant inhibitory effects on thrombin (P < 0.05, 0.01, 0.001); Salvianolic acid D, salvianolic acid B,
danshensu, rosmarinic acid, ferulic acid and hydroxysafflor yellow A had inhibitory activities on ECE1 (P < 0.05, 0.01, 0.001);
Salvianolic acid D, salvianolic acid B, danshensu, rosmarinic acid and limonin had inhibitory effects on VEGFR2 tyrosine kinase (P <
0.01, 0.001); Saikosaponin a had significant antagonize on ADRA1A (P < 0.001). Conclusion ADRAI1A, VEGFR2, PDE3A,
thrombin and ECE1 may be the key targets of DHOL in the treatment of CRVO. The pharmacodynamic material basis may be
tanshinone Ila, salvianolic acid B, salvianolic acid D, danshensu, rosmarinic acid, protocatechualdehyde, ferulic acid, ligustrazine,
senkyunolide I, hydroxysaftlor yellow A, amygdalin, saikosaponin a, naringin and limonin.

Key words: Danhong Huayu Oral Liquid; central retinal vein occlusion; phosphodiesterase 3A; thrombin; endothelin converting
enzyme 1; vascular endothelial growth factor receptor 2; alA adrenergic receptor; tanshinone I14; salvianolic acid B; salvianolic acid
D; danshensu; rosmarinic acid; protocatechualdehyde; ferulic acid; ligustrazine; senkyunolide I; hydroxysafflor yellow A; amygdalin;
saikosaponin a; naringin; limonin
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vein occlusion, CRVO) WA L IR R & 1,
TTHFEZ. MIEHNEY), GG FRIMIEE .
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PDE3A ({it'5 110802HEGE) 4 BPS A #l;
BEED G E bR L IR IR (cyclic adenosine
cAMP ) ( FAM-cAMP , it &
2873747). IMAP FP IPP Explorer Kit (#t5 3171238).
FLIPR® assay kit ( fit =
GPCRC4AK20180917XJ-a) 14 H Molecular Devices 2~
A MMy (LS 1B235609). JBERE Ak (HLS
20130301 ¥ R SEKY) Poly(Glu, Tyr)sy (it
SLCB3414). B JlRg (it 107K0710) FfE#T (it
5 GPCR027720180917X1). =ffRM##F (adenosine

monophosphate ,

Calcium 4
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triphosphate, ATP, L5 SLBR1590V). — LK,
(methyl sulfoxide, DMSO #lt5 RNBJ6295) M H 3%
Sigma AF]; HEIMEE (5 20140228). Z-GPR-
AMC (k%5 20131129 mUilE (5 20131129)

W6 H Enzo A#]; W = HAGEE(HES MLD0414021).
Mca-RPPGFSAFK (Dnp) (#lk'5 FCH0716101) & H
R&D A#]; FEEERMEE VEGFR2 (L5 WAB0366-
E) J§H Burofins A #]; PUlRILIS Z R e k2t
& PY99 (fit'5 122200 & Santa Cruz A F]; HRP
FRICHEDLR [gG Pk (5 140193) 19 H Jackson
ImmunoResearch Laboratories ; — fii 7» P &
(dithiothreitol, DTT, fit5 SLCG9541) 484 % (1,2-

diaminobenzene, OPD, #t’5 E410BA1007) & H -
BAETAYMTRERGARAR: §FE8E SU11248
({l'5 D0909A) T H KL AEVEARFIR A
WB4101 (iit5 7) WgH Tocris A7) ; 14 AN HARLA
YIVEAIE B 1 PRI ORI (10 mL/30) W
B M E s Ane s 2 H R A A

Envision £ IAERFFRIX (PerkinElmer 23] );
Echo550 B4 AN FH AL BE R4 (Labeyte &
H]); PHERA Star Plus %8R (BMG Labtech 2
7] ); Spectra Max Plus 384 ] 3 < X FL AR
Fi4% « FLIPR Tetra SZi 5 ¢ % 50 2 4t (Molecular
Devices A H] ).

x1 WANBFUEMER

Table 1 Information of 14 compounds

T SRR D%y 2 e JRE S KR

1 FFZEZE P S 1A CioHisOs iR 2 Wi IR A IR /A 5/MUST-18101510  =98% J1&

2 PRI FHRER D C20HisO10 Sl AR 2 W VIR A IR A 8]/MUST-18121703  =96% F15

3 PR B C36H30016 i AR 2 Wi MR A PR /A 5]/MUST-17040503  =98% J1&

4 HHREMSER CoH100s R 2 Wikr R A IR A F/MUST-18060920  =98% 15

5 JE) LA CHeOs BB 2R EMRH A IR A R/MUST-18071608  =98% 12

6 HIEFR CisHi160s  Jl#0 2 Mk =R A R A F/MUST-18053110  =98% 1

7 R 20 R CioH100s  J&E S A MR A PR A 5)/MUST-18032928  =98% I, 414, L&
8  EWmIK)IE CsHioN> AR 2 Wk A MR HE A IR A 7)/MUST-17052403  =98% JI|& ., 2414

9 AR ENENERI Ci2H160s  AHER 2 WA M RHE A PR A #)/MUST-18083105  =98% JI|& . %414

10 FHIF EAH

12 BHEHHE SEHET A

13 AR mhBCH

C20H27NO 1 H [ 8 i 24 S & 2 F 4 B5e/110820-201607
11 EHEZRBRFEAREOER A CoHn06 1 E & 5 25 5 i 78 Bi/111637-201609
CaxHesO13 iR 2 Wik MR A TR A 7/MUST-18042105
CorH32014 R 2 Wik MR A TR A 7/MUST-18050808

99.28% #Hki=
=>95% 44t
=98% L&
>98% HHFE

14 ik IR Ca6H300s AR 2 M IR B A IR /A 8/MUST-17120113  =98% 5%
1.2 753 PEXFIEINN 10 uL RMNZEMR, 1000 r/min B0 1

1.2.1 PDE3A VG MESLE RN EMIRE 2
mmol/L Tris-HC1 (pH 7.2). 2 mmol/L MgCl>. 0.01%
NaNs. 0.002%% 11 %4f§-20. 1 mmol/L DTT 415,
SN2 1B 0.85 fi% IMAP progressive binding A ¥
7+ 0.15 fi5 IMAP progressive binding B ¥+ 1/600
£ IMAP progressive binding bead & 215, BHPEHD
il 7 2 (Trequinsin) 25 259N 0.1 pmol/L,
FHAGHE R 4G 25 BN E MR 50 F5 A1 500
W, 14 MUEAMLZREES 100, 10 pmol/L.
¥tk &Y DMSO 7E Echo384 fLAR _F-Fike 5]
P& B, F Echo550 {X#% M Echo384 LR+
% 200 nL #5558 Echo384 K iRy, [FPEXTIE
ChnBg2ED> FPHMEXTHR CRINEgZ) %% 200 nL
DMSO. XfFPHIAIREA LA, 5 5 HL 0.8 uL 1)
2 FEIEWURT 20 A5 R SRR b, B XS HECRT B 4
XTHR IS 0.8 uL 7K. SR M) 384 JBiAR AN 10
ul [ 2 £ PDE BEVE (29K %5 0.53 nmol/L), FH

min, EIE FFE 15 min JFEFLINA 10 pL 79 2 £
FAM-cAMP JE)¥W, 1000 r/min 250> 1 min, 25 C
30 mine 5 JE, FEFLIIA 60 pL R 210,
FiE NEEIR 600 r/min % HFHE 60 min. K H
Envision £ DI REREAR LS, S8 E Ex=480 nm
(s). Em=535 nm (p), Ex fAFM AN, Em K
R, svp AT E B MK J7 7B R,
THE ISR

2 =1— (B A — s/ ME)/ (R AE — B /MA)
KA Cn DMSO niig4e.) & DMSO MRS S8, &b
8 Chn DMSO ANInfg4) 8 Tolg G ot B 15 518
1.2.2  Thrombin. ECE1 &M #IH| 525 BL 50
mmol/L Tris. 100 mmol/L NaCl. 1% PEG6000. pH
6.5 9 1M Thrombin [ S22 K, LA 0.1 MES.
0.1 mol/L NaCl.pH 6.0.0.05% Brij-35 & [/ ECE-
1 H S G2 R C 1) BH PE 1 55 A FE .- Thrombin
P2 4 1) 7510 10 DL 1 e v 94k A 20 umol/L, ECE-1 FH
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PEFRR B9 — K= B2 10 pmol/L, 14 MK
EYN IR EE N 100 umol/L AT 10 umol/L, FHIAL
i T AR 2 24 TR P55 R JEL M R 50 £5 0 500 £ o

43 WILLE F RS Thrombin 155 FAEE ECE-1 HIX
N MR ECHI A EWRENEAMBR (EO
Thrombin f 285 &K %4 0.04 pg/mL, £ (1§ ECE-
1 AFEWE N 0.1 pg/mL), [f] Echo384 FLEH
BN 3wl R ARSI A: (it K BH P Xt L, B o) B2
TAN 3 uL S22 i, % 5% & 20 min, H TopSeal-
A384 BHIFEEr . 43l LA B Thrombin A1 E i
ECE-1 (1) N &l B il & & W FE MR IR (B
& Thrombin fJJEY) Z-GPR-AMC # ZA6 K &
N 4 ymol/L , #H H B§ ECE-1 K4 Mca-
RPPGFSAFK (Dnp) %A N 10 umol/L), #4H
BmA 3 ul EEMKMEY, FiuxM. H
PHERAstarPLUS (BMG) HI3) Ji2#ih (8 A
Thrombin ¥ MR Ex=360 nm, Em=460 nm, &
I/ ECE-1 I Ex=320 nm, Em=405 nm)
R 10 mine THEFESHINH]Z
1.2.3 VEGFR2 BSZ RGN HIGEESLES i B
J&Y) Poly(Glu, Tyr)s.: FIJGHH 2 F¥) PBS IETRFHRE
% 20 g/mL, BHRERR, 37 C/AM 12~16h, FF
FALRAR, T-PBS Ptk 3 Wk, T 37 CHFEHT
BRBEARAR ,  E 0045 1 B FR AR L A n N BH A 0 1) 751
(SU11248 W FEEN 1 umol/L) K32l BE: P4k %
1 RRIR 2R FE N SRR B 100 AT 1000 5, 14 ™Mb
AR E N 100 umol/L A1 10 umol/L) .« R 5 INA
FH 2 87 2 i A PR 1) ATP 5V (229K 5 umol/L),
5 N FH SR G R R 1Y) 2 i B R B,
A R AR 100 L, [RS8z B P % PR LA
ATP XTHRFL, BHMEXTHRFLANEEIN ATP,  [R]RE X HE 0
NFEARF DMSO. # [ Bk R E TR &N, 37 CH
IR 1 h, RMEH G T-PBS Btk 3 K.
FLIMA 100 uLPY9 #i4k 9,37 ‘CHEIR XM 30 min,
T-PBS %tk 3 ko BEFLIMA 100 uL HRP #ric (3£
PUiR IgG Pufk, 37 CHEIKIR 30 min, T-PBS ¥t
B3 . FFLINA 100 uL OPD B, =iREE
M 1~10 min. A1 50 uL 2 mol/L H,SO4 H 11
I, PR i LR AR A Aaoo fH, THEAE
LRI P
1.2.4 ADRAIA SZARFEHIIETESLE AR S50 5 5
V'S FHRZ (Epinephrine) #1 WB4101 JyBHME#EN
WEVRBHERECED), i E N 10 pmol/L,

5ERRE. 8 MIRIE AL 14 ML-EWHFH DMSO %
i il % 50 mmol/L fifi ¥, Aarill iy Ff HBSS-20 mmol/L
HEPES Sl AT #ike, S KA 100 pmol/L Al
10 pmol/Lo PHETARIE 17 AR £ 28465 25948 P58 S S
FE 50,500 i o A 78 DMSO ¥ 14 AR 1T 0.2%.

FERIE ADRATA 244K CHO-K1 40 &
10% 525 MiE ) Ham’s F12 8538875 T 10 cm 55
FEMLAF, 7F 37 C. 5%CO, MR R 7R, 2440
Ml A B IR 3] 80%~85%Mf, HEATHALALEE, Kl
LR IR, DL 1.5X 104 N/FLEEFI ] Echo384
TRFURR, TN 55 37 6 v 4k B30 0 15 97 Je B g B
ISP A X FREL 2L B o R 2 R AR A e 2350 N 20 ul
ek, FHA6 M2 R AR A i 253 N 10 pL fd
il B SH A BRIV S AR R S, 4
BUREREFRAEREE 1h, BT =R FH 15 mine &
I, KA ARAR . BH PRI AR RO Sk SO S 5%
KGR RGN, S TIHFR AR, A
PRI [B] 4 120's, 7258 21 FPHF EH 36 12.5 pL FH
PEBSFIIN B S HA P -

BT ScreenWorks (version 3.1) 3KE R IAETE
DL FMD SCHERIFAETHENLING Rgirh . Hdi R4
A3 #r4d FH Excel A GraphPad Prism 6 B4R .
T REAGILIT S, L 1~20 s T35 650
EAENIELL, 21~120s [ R 2 0 BEAR I 25 R 2K
BB AAIXT 9 OERE (ARFUD, IR ZEHE 1A
b SR N

%fﬂ%lJ%:l—(ARFU wen— ARFU 43)/(ARFU  mipesnn —
ARFU i35)
1.3 SeitESHh

{ ] GraphPad Prism 5 b7 83k 48 it, it
BRI X £s Rom, SR BCRH R R R T 25
B (One-way ANOVA).
2 R
2.1 PDE3A JI#HISLIG4ER

WE 1-A Fion, PHIARIR O BREAERRE 50 f5
(DHHY-H) 1 500 1% (DHHY-L) K FE T % PDE3A
BRI 5 80.3%F1 94.5%, S FMENTELL L
BEA B ERNHENENE (P<<0.001). 14 ME&)se
WAERIE 2, 14 MUEED T HRIETE 247 S 206
HIPFIY BRI PHER R D FHBER B, B HLRZE K
DB ER. RIEFER, RIFETRFEAM SRR
Oy Al AE TR EE X PDE3A MM H] R 5 B R
89.2%. 102.8%. 61.6%- 98.0%-. 48.0%, SBAME:
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seskok ekok
Hkok Hkok Hkk olologioniu 100 Hokok
90 120 i |
< i s - o X80 < 80 o %
B § B o 5 601
g% E % E E E 407
g & T 40 g 40 = L5
30 40
04
0 0 0 0 T -20+— T T r
[ 44 #H DHOL-H DHOL-L B4 i U1 DHOL-H DHOL-L FAtE Bt DHOL-H DHOL-L PitE SU11248 DHOL DHOL [t WB4101 DHOL DHOL
X XTHE g SR ik I Ho-L I H L
W EILE: *P<0.05 “P<0.01 ™P<0.001, FEHE
P<0.05 "P< 001 *P< 0.001 vsnegative control, same as below figures

1 PR ORRKEYT PDE3A (A) Thrombin (B). ECE1 (C). VEGFR2 (D) 1 ADRAIA (E) BIIIEIER (X +s,n=2)
Fig. 1 TInhibitory effect of Danhong Huayu Oral Liquid on PDE3A (A), Thrombin (B), ECE1 (C), VEGFR2 (D) and ADRA1A

(E)(Xts,n=2)

120
100 . 0.1 umol-L!
< 80 3 100 pmol-L!
i S -L!
ﬁ 60 £33 10 umol-L
T
£ 40
20
0
-20 T T T T T T T T T T T T T T
By oS 0 R ok @ g % o @ § < 25 o %
Z¢ g E & ¢ % w p 2 g O % B = @
HE H B OE = =2 K = E wu g I g2 I
= 5 = B R r wo® B s
b

%

E2 14 MLAIXT PDE3A BIHNEIER (X+s,n=2)
Fig. 2 Inhibitory effect of 14 compounds on PDE3A (X s,n=2)

L]

AN

XL LA B B A HIER (P<<0.001), FHEH
i B FIRRE A R 7RI FE XS PDE3A A5 555 (140
HIEME (P<<0.05),
2.2 Thrombin. ECE1 $#SLi64E 5
FHAAGHS O IR VE M B 50 % (IR BE R XF
Thrombin (& 1-B). ECE1 (& 1-C) K3 Z K
T 100%, TEMRE 500 fiF U BE R 4112 KT 85%,
5B M REAH b e 3s B A S I E . (P<
0.001), B/~ HEGRMINHIZA, HEIAEAX
. 14 MEEYXT Thrombin, ECEL $ vG M 5256

120
90
RN
= 60
\r:h I
n *
30 : : =
= = -3 5
0 & A || H
EFE S 2 A & # 0o
EE oz E OB & ¥ w
8 o E B = =2 ¥
= 2 R R 2]

SR LK 3.4, 14 MUAYITE SR FE T X Thrombin
Y BEIHIEY: (P<0.05. 0.01. 0.001), &
. HRERER. AR, BREIAHEOER AL 4
B a FEARIR EE XL TC W3 g 1, Hodth 9
A PIEARK B B & MAHIER (P<0.05.

0.0, 535, PS4 D FHHIR B.

PR RGBT NN ECEL A 3 14
EPE (P<0.05. 0.01), HIEFRR. FBLER. REL
et g A HIE SR EE N LA B2 i In s vs v
(P<0.01. 0.001).

. 20 pmol-L!

3 100 pmol-L™
10 pmol-L!

*

.
i I | I rE
F ¥ m o< = o\
E o8 U o B oy om
E =2 &g g ¥ 8 =
T £ o= Z s
B
5“):

3 14 MLAYIXT Thrombin BUINEIER (X+s,n=2)
Fig. 3 Inhibitory effect of 14 compounds on Thrombin (X £ s, n=2)
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120

/%

S 10 pmol L'
£33 100 pmol-L™!
E33 10 umol-L!

Ex 5 o = P
ﬁﬂ%\%%é?‘-\):
BE 5 =R R <]

4 14 MeEYx ECEL BIHIFHER (X

PEIE AR T 1

@ ow < = wm
g2 U o ¥ o o
E g @ ¥ OE &
Boow = iz

PR

&

e

i

+s,n=2)

Fig. 4 TInhibitory effect of 14 compounds on ECE1 (X £s,n=2)

2.3 VEGFR2 Bt SR EGHIHI L1045 5R
S R P, FHIAGHE D ARRAERFE 100
H1 1000 15119 B S 4 VEGFR2 BS R BRI A4 B
FHIETE (P<<0.001), FIHIZREIE 100%, FAIHH
ReiE I 1 E TR AR TR (B 1-D). il 5 B
R 14 MEBEHRIET B A PS4 NP ERE
R FHBER D FHRER B LAWIRIEED IS ER . %
PR BRAE E IR R0 VEGFR2 R E BRI B 2243
HIEFE] 82.50%. 80.60%- 77.75%7F1 90.90%, E~iH
T RCR (P<<0.001), FERHREE R4 R 1Ak

120 7
EE T dokk
< 807
i 3
z #
= 0] :
0 Z -]
= A . -
2 =2 ¥ B Q % W
Hs » &8 82 = =2 #® =
=] [

SR (P<0.01. 0.001). KIFETHLTE25H A Sk
ST R R R N 74.65%,  [RIFE XS
VEGFR2 B 2 BRUSIEA 52 AH & (P<0.01).
2.4 ADRAIA ¥Eiscif st

FHAE O RBRRE 50 154524 J5 % ADRALA
SZARANH LR 77.27% (B 1-B), X HA B2 14
PUER (P<0.001). 1 6 iz, 14 MEEYIH R
AL B RN SRR a X ADRAIA &
ZHFESHUER (P<<0.001), 1 HABAL AW 24 5 %F
B THEEUEA

. 1 pmol L'
3 100 pmol-L™!
B33 10 pmol-L™!

L E &g @ ¥ = m
r mowm =

A

Pkt

E5 14 MLEYF VEGFR2 B SEGHEEROHIGIER (X£s,n=2)
Fig. 5 Inhibitory effect of 14 compounds on VEGFR2 tyrosine kinase (X + s, n =2)

stk

120 9

80 1

40 A

/%

=

Ml 10 pmol-L!
3 100 pmol-L!
10 pmol-L™!

|
N
(=]

23 g B B O % v 0
#e K O & = = ¥ =
=% L R R =% K

N I 1

E - < - & &
# U oy
E & Bog %

i = £

BRIEALEHOR AT e
1k
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