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[ Abstract] Objective: To establish blood stasis models in zebrafish using three inducers and select the
optimal model for evaluating the activity of Notoginseng Radix et Rhizoma in promoting blood circulation.

Method: Arachidonic acid (AA), ponatinib, and isoprenaline (ISO) were used to induce blood stasis models
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in zebrafish. A normal group, a model group, a positive drug group, and Notoginseng Radix et Rhizoma water
extract freeze-dried powder groups at different concentrations were set up. The staining intensity of cardiac
erythrocytes and the fluorescence intensity of cardiac apoptotic cells were calculated, the anti-thrombotic effect
and anti-myocardial hypoxia activity of Notoginseng Radix et Rhizoma were evaluated. The activities of water
extract and 70% methanol extract of Notoginseng Radix et Rhizoma were compared based on the preferred AA-
and ISO-induced blood stasis models in zebrafish and the difference in the chemical composition was analyzed by
UHPLC LTQ-Orbitrap MS/MS. Result: After induction by AA and ponatinib, the staining intensity of cardiac
erythrocytes was reduced (P<0.01), and the fluorescence intensity of cardiac apoptotic cells increased after the
induction by ISO (P<0.01). The freeze-dried powder of the water extract of Notoginseng Radix et Rhizoma
could antagonize the thrombosis in the AA-induced model (P<0.01) and the myocardial apoptosis in the ISO-
induced model (P<0.05), while no significant improvement in the thrombosis was observed in the ponatinib-
induced model. The freeze-dried powder of 70% methanol extract of Notoginseng Radix et Rhizoma could inhibit
myocardial apoptosis in the ISO-induced blood stasis model (P<0.01), and the effect was stronger than that of
the freeze-dried powder of Notoginseng Radix et Rhizoma water extract. The difference in chemical composition
lay in some saponins (such as ginsenoside Re) , amino acids, and acetylenic alcohols. Conclusion: AA,
ponatinib, and ISO all can serve as inducers for the blood stasis model in zebrafish. AA- and ISO-induced
models can be used to evaluate the activity of freeze-dried powder of Notoginseng Radix et Rhizoma water
extract in promoting blood circulation. The chemical compositions of the freeze-dried powders of Notoginseng
Radix et Rhizoma extracted with water and 70% methanol are quite different. For the ISO-induced blood stasis
model, the freeze-dried powder of Notoginseng Radix et Rhizoma extracted with 70% methanol has a stronger
ability against myocardial hypoxia. Saponins and acetylenic alcohols may be closely related to the effects of
promoting blood circulation and resolving blood stasis.
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Table 1 Establishment of a zebrafish blood stasis model induced
by AA and intervention effect of Notoginseng Radix et Rhizoma
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Table 3 Establishment of a zebrafish blood stasis model induced by ISO and intervention effect of Notoginseng Radix et Rhizoma (x+s,7=10)
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El1 ISOESHIEOARIEIUE =LHFHRER
Fig. 1 Iso-induced myocardial hypoxia model of zebrafish and

intervention effect of Notoginseng Radix et Rhizoma

@r~ S

A, IEH B, BRI C. BRI VEAKZ ;D. =4
B 2 PonatinibiFEMIEMBRERK =LKW FHRIER

Fig. 2 Ponatinib-induced thrombus model in zebrafish and

intervention effect of Notoginseng Radix et Rhizoma

3.2 =k 70% W BESE LY R TR X ISO 15 K 3
B 0 AR 5 IE R 4L A, ISO LAY
ZH 0 8 T 6 5 R i (P<0.01) , 48 s
R SRR H# L 125.0 mg- L' NAC T 15 fig i
2 R AR 0 E R T 98 S 8 BE (P<0.05) , o0 JUL I T 410 1l

A IEF B, BRI C. BT R DCARE ;D =Ll
B3 AAFSHRDEmMBRENE =L THRIER

Fig. 3 AA-induced thrombus model in zebrafish and

intervention effect of Notoginseng Radix et Rhizoma

F ik 17.17%. i A 31.25, 62.50, 125.00, 250.00,
500.00 mg- L") =& 70% H B 42 By o+ ok T
Je O E R T 9 ' v B A AN [ AR 2 3 I, o 125~
500 mg- L5 4 21 /9 1 2 3 (P<0.01) , 45 57 i 41
O WLJE T 30 6 23 50 51 4 13.87%, 15.75%, 31.15%,
51.97%,75.37% , & — & M B AR RN . L3R 4.
F4 =£70% PERRYETH IS0 F LD & MR
B (X+s,n=10)

Table 4 Effect of freeze-dried powder of 70% methanol extract of

Notoginseng Radix et Rhizoma on ISO zebrafish blood stasis

model (x+s,1n=10)

am  OEE owmmwmemy  CVEPY
EH 157 088.50+8 783.79 -
LR 325358.16+13 588.59 " -
NAC 125 248 963.54+20 184.06% 23.48+6.20%
=t 31.25 280 240.29+24 419.00 13.87+7.50
62.5 274 117.22420 340.42 15.75+6.25
125 224 005.49+13 471.12% 31.15+4.14Y
250 156 283.92+23 008.35% 51.97+7.07%
500 80 137.62+9 771.817 75.37+3.00%

W 5IEH 4 eV P<0.01; S5 40 i 2 P<0.01,

KR Y N [ 7 | N i/ el e < A R 0

% H] UHPLC LTQ-Orbitrap MS/MS & A& % A [] #
LG I /N W MR = 2 s ol A 2/ TR
o v 43 B T M GBS i R B A S
M 45 H 2, 45 6 SCHR I — 25 Lo 0o 200 ke o 15 5]
60 MG, Horh B AF R A4 20 41>, A LR 2K Ny
200 N FAALIR K 48 5 A 28 (R 3 A,
W BRI LIRS 3 A L 6 1 . FEREA
X 7 €8, 35 W 7 O BRI ) 3 2 - D B R AN A
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[F] 8155 490 T, 0 i g g T FR AR Ak T DAz i A ] 1 B
VAR = R TR 6T AR A A 1 % 25 5L B Fold
Change (PNM: PNW)>1.2 A] A H 1E =& 70% H %
REY R T BT & KT KEYH T 8, Fold
Change (PNM: PNW ) <0.8 7] A & 7E =& 70% H fiF

Sz 45 5 %, PNM AT PNW 77 76 B S 4k 5 149 22
St JTEEE 1Y 60 K3 T, 34 N HE PNM P & iR
TPNW, EEAHE 124 ER LN, 7Bk
BLAY 2 A RIS TR A 45 o A 11 A4S 53 AE PNM
HEE/NTPNW., =L 70% H 252 BURY R 7 T

REYET P SENTRERE TR, RS, =ZLARERIEER.
#5 PNMAIPNWHLZERS LR
Table 5 Comparison of chemical composition of PNM and PNW
" S A R = 5t
Qgizjiljggg BT MS/MS HE 9 A ﬁ;
1+ 086 133.0966 C,H,N,O, - B E R 47 892 52973 0.90
2+ 086 147.1124 CH N,O, - o R 1167562 665715 1.75
3 4+ 097 175.1184 CH N,0,  158.092",157.108,140.081,130.097, K 1R 80398 435 61128026 1.32
130.097,112.087,70.064,60.055
4 + 100 106.0492 C,H,NO, - 2254 1R 192227 123147 1.56
5 + 1.0  120.0651 C,H/NO, - Pt 1022077 791579 1.29
6 + 101  133.0603 C,H,N,O, - KA B 2536765 2294926 1.11
7 + 1.0l  134.0443 C,HNO, - KA R 960 699 780201 123
8 + 1.0  148.0599 C,H,NO, - WA 222105 176601 126
9 + 101  132.0651 C,H,NO, - K2 Il = R 44 426 54558 0.81
10 + 1.03 147.0759 C,H N,O, - DL-75 % Tt M 5924661 369227 16.05
11+ 106 156.0762 CH,NN,0, 138.055,110.023,84.044",73.028 HAE R 1227850 799256 1.54
12+ 107 176.1024 CH,,N,0, - TN R 159 281 64599 2.47
13+ 111 116.070 3 C,H)NO, - it 2 R 10220551 9367324 1.09
14+ 111 124.0390 CH,NO, 106.028",80.049,78.033 2 6791213 4098379 1.66
15 + 135  118.0859 CHNO, - y-2IET R 3764220 5276173 0.71
16 + 135 118.0860 C,H,NO, - kN 3764220 5276173 0.71
17 + 1.63  150.057 8 C,H,O,NS - L = 1R 690 744 742435 0.93
18 + 1.88  193.0338 C,H,O, - SRR 1939916 1886924 1.03
19 + 232 1321015 CH,,NO, 86.096,69.069 St m IR 4982838 3890561 1.28
20 + 248  132.101 5 CH,,NO, 86.096",69.069 SERR 13192295 11204188 1.18
21+ 248  123.0436 C,H,0, 106.028,96.044,80.049" 4 iR 405789 368508 1.10
22+ 248  182.0806 C,H,NO, 165.054°,147.044,136.075,123.044,119.049 & iR 4523680 3584639 1.26
23+ 259 113.0340 C,H,N,0, - DR e W 758 116 760 676 1.00
24+ 283 268.1040 C,H,N,0, 269.107,250.093,137.065,136.062",119.035  Ji#7¥ 20410280 15379884 1.33
25 +  3.02  284.0984 C,H,N,O, 252.107,225.085,193.058,169.097, 5 IS A A 3327660 2333903 1.43
152.057",141.102,135.030
26+ 3.04 153.0402 C,HN,O, - B 164636 110177 1.49
27 +  3.62  166.0857 C,H,NO, 149.059,131.049,120.081",107.049,103.054 414 & 2 12849597 9952555 1.29
28+ 453 205.0966 C,H,N,O, - AN 2561657 1678569 1.53
29+ 462  143.106 1 C,H,,0, - EANSE Y ol 208 235 44734 4.65
30+  6.84  287.0550 CH,,0, 287.055",269.044,258.052,241.049, 1L 2= 1045 763 46152 22.66
231.065,213.055,197.059,165.018,
153.018 ,147.044,133.028,121.028
31 - 955 1007.5340 C,H,,0,) 986.496,961.536",799.478,655.449 noto ginsenoside R, 649714 1113845 0.58
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523 5 =3
No. Ei f’/“n‘:n ;ﬂ;g AFR MS/MS HEW 1L A PR f,;;
32— 10.00 977.5273 C,H, O,  931.523",811.826,765.070,629.486, notoginsenoside R 10231983 11692731 0.88
530.629,460.422
33 — 10 931.519 0 C,,H,0,, 932.546",787.495,423.235 quinquenoside L, 1315620 1770396 0.74
34 + 113 123.0802 C,H O - i 3 1] 7 ik 81518 65398 1.25
35 + 113 143.0850 C,H,, - naphthalene, 1-methyl 857134 354206 2.42
36 — 11.03  991.543 6 C,,H,0,, - ginsenoside Re 5837359 296234 19.71
37+ 113 135.116 3 C, H,, - 408 55 P A RO 1927311 715361 2.69
38+ 113 149.1320 C,H,, benzene, 1-ethyl-2, 2688727 1103021 2.44
- 4,5-trimethyl-
39+ 113 245.1895 C,,H,,0 - NS e 553191 245453 2.25
40 + 113 209.1320 C,H,, - 1,3- R BT 305970 130386 2.35
41 — 1097 845.4853 C4,H,,0,, 800.491",637.434,619.422,475.380,391.285 ginsenoside Rf 31362033 42386437 0.74
42— 1111 8454830 C,H,0, 799.482",637.430,475.377,391.283 ginsenoside Rg, 31362033 89816766 0.35
43— 12.11 1123.5800 CH,0,, - ginsenoside Rc 865 14269 0.06
44 — 12,16 885.4804 C,H,0, 841.493",781.473,722.409,679.440 (malonyl-PPT)- 22286122 326773 68.20
(Gle-Gle)*
45 + 20.53  145.0490 CH,0O, - HUBCT 4 —F — Wl 3319414 975901 3.40
46 — 202 1107.5890 C,,H,,0,, - ginsenoside Rb, 774258 2843642 0.27
47 — 18.89  829.4923 C,H, 0,  815.494,784.491",769.484,599.311, 20(S) ginsenoside Rg, 6 608 217 10027315  0.66
576.804,553.797
48 — 1891 783.4839 C,H,0,, 621.435",537.340,459.383,375.288 ginsenoside F, 837694 2332194 036
49  — 19.04 6834343 C,H,0, 637.433",475.379,329.236 20(R) ginsenoside Rh, 14 183 792 54 364 525 0.26
50 — 23.6 1123.5830 C.H,0,, - ginsenoside Rb, 6683 153060 0.04
51 — 2478 9934595 C,H, 0, 947.544",785.403,638.437,475.383 (O+PPT)-Gle-Xyl-Gle 16 282 7806 2.09
52 — 26 991.543 6 C,,H,0,, 945.535",700.430,683.447,637.433,475.380 ginsenoside Rd 8253815 6882358 1.20
53— 27.11 991.5449 C,H,0,, 945.537",637.441,475.378 ginsenoside Re 8253815 7026725 1.17
54  — 26.64 1031.5370 C,H,0, 987.553",945.538,927.530,825.496 malonyl-ginsenoside Rd 362 930 39197 9.26
55 — 11.03  991.5436 C,,H,,0,, 945.536",781.469,357.062 notoginsenoside K 1969223 883522 2.3
56 — 26.64 1033.5500 C,H,O,  1012.514,989.558",945.534,828.440, PPD-(Gle-Gle)-Gle- 135 352 28894 4.68
725.431,648.849,543.595 acetyl
57 + 30.63 261.1844 C_H,0, 243.174,159.080,145.065,131.085, NS H Ak EE 2689185 769596 3.49
117.070,105.033",77.038
58 — 18.89  829.4923 C,H,0,, 830.512,783.487",621.446,459.389,375.273 ginsenoside Rg, 1645745 9912520 0.17
59 + 3175 279.1955 C H,0, - NS =H 141 648 148767 0.95
60 + 3198 277.2157 C H, 0,  259.205",241.195,221.153,207.138, S AN i 3234259 85693 37.74

161.132,149.132,135.117,121.101,107.085,

93.069

Wit

o ML 5095 ML TIE 42 9 AL ) 22 45 21 ol A L
IVt S T2 T A 5 ) O B IR I A R I A R
o A B 2R T IR IR TS W L 1 2 80% 11
Hh XU {91 2 Pl LA RS B A P O R R AR
FE T RGP 1 g 32 B RCER L WL a4 D) SR 48 4%

1 F R MS/MS Sy S

LIS B o N 1= NS G TP [ R

A A 7 W T R e B i ORI 2
I UE B EL S Y o e PR AT R T, B/ AR 25 )
R EA C JUL R 2R 2 R 4 0 ML R LA I 1Y
AR I, I8 TR AL 25 4 0 BT i
Ha BE 1 AT JIL R S RE 7 2 0 I 5 I TR A
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KW A T B

AA , Ponatinib, ISO fig % 5 & Il #1755 .0 Lk
S IMFUE Y RAF TR . AA GRS 2 3 FP E Y
M/ G R R 2 — 7 AA AT LLAE 3K A ALl
B AL T A B R B AL (TXA,) FIUR B RE 1Y AT 51 iR
2 G, fEHE I/ B Y TSR AR R LA A L 5 S D
M UKL B 42 BE T — W R IR (ADP) , 51 & 1L/ e 35
27 IR AA B AT & i /0 d SR AR R O A
Pt a NN (R iR | I ER G20 i 1 N
DS i TXA, FHT 5 25 R 0 A, BE 1k 1 /A 3R 4
B T B AA BIAE Y Ponatinib 2 BT — 1 1%
AR T A SR I R B R i &I AR
FH2 . B 5T 3B, Ponatinib % A& 1ML # 5 H 6E M 55 N
B A0 A= A PR 32 R o R A 6, AT R S 2
il N B A0 B B TR R I T R, 35 & sl bk a4
PeAg Il Fe A s AR AR 23 5 S il A5 R 45 M i
P AT SR G A% B BT R DT bR R R VD BE A 2
YIVE R BHYEZY . 1SO J& —F ik g 52 Ik i sh 371, mT LA
filE 0 AP 0 WL 47 7 38 5, 0 WLFE S i 3 0
o, DT 5 R O LB it g AR e 25 B0 LA L YA
T-IRBE o 1SO 5 50 JUL B I A5 78U R 45 fi il A5 41 £ 1k
O JILSH I 7 5 B AR FHUIR O L B DT B S AT, R T
I AR TR (1 28 5 3 Bk ) I 0 I A 9 s 4 3
BITFFEY B AL R NAC AT L SE 113 B 1l 3L i
P FH A 30 E 6k 5% 1SO 5 & 1.0 JIL B8k 1L 3K 3E , &
1SO (Lo UL e SR 0 7y 55 FH PR 250 3 i st 455 55 97
A 1) BRE T e gl 5 AR R 7 i ASAIL s 5 TR A AE DX 50
G35 AA ISR I Y R A0 A KR R
D 0% DR O, DR I 3k B 10 BH A 25 A T AN R, =
L A A5 R RE 0 — B RN =B AR
MLl o AA,Ponatinib 755 B9 I #2 # AY GE S LM 259
TR IT IR P 0 5 L5 E B 1R L 1SO 5 5 1 0
JUL e 40 ASE 780 D) 412 7 245 ) A 3 I L Y 4R R SR L
i 240 JE 08 T A T VR o AR AR R ) gk R O
B 6 68 0% 4 h AR U L PE AL T 24 0 T M R R
T S BN i R O R AE IR AR O R AT 0 2 W) O
e e AR AR W 2 — 2 IR AR S A Ak R
AA , Ponatinib, ISO 75 5 # 37 B I 101 1fil 545 7Y, 43 531
e BT A VE AR, NAC AR BRAEZS 0 T =L iy
B I A4 B8 1 Ao WL U RE T .

W5t R W, =& R H A R 53 XF ISO 15 5 1 .0
WL AR R B B 2 IR ITE R . = B A R aR
% Y 4% TSO FIr A R B0 AL B3k 1t 2R 403 005 72 L =
b 25 0 R A R A8 R 1K 32 4500 WL A B L, o R R

- 106 -

I35 RO JILZH 280 v i A 4y B Ak 6 3 L BRI
P, DT R X 1SO 75 5 1 K R 2 o L st ot
Bivi Gy AR Y . B an, i 1SO 5 5 4l 57 i i
5 3l W i AR AR AT ) i RS R R £, 6
T 1SO B T fh 1l AL A (1 W 58 45 /0 AR 58 1 Ok
FHAZ BRI 36 AL 25 =&, 25 R R L 1SO 153
Jei B £ (O W O T A0 B A R T 8 B 25 Bt
A AL NAC T3, 98 T2 26 ] 5 B AT, [m] B = f oK 4
VIR T8 A 70% B ) R T K 2 R W X i
1SO i 5 1Y B 25 £a .00 JIE 40t 0 17, HL B AT 79 12 4K e
BN o ARG SCHRHE , =B IR T RN R £ 4 £
B SRR 5B A T UL 3-8 /2 1 L B/ Bz AR
— A A A B (PI3K/AKt/eNOS) 15 5 18 %, # 1k 7k
K A ¥ -B, /B 1% 1L 15 5 1% 5 & 1 3(TGF-B,/Smad3)
T, B0 S T -kB(NF-xB )l %, 48015 5 4 1--
lo/Jif 95 7 E1B 19 kDa 4 4 3 (HIF-1a/BNIP3) [ I
T 5%, B2 9k L9 -2/B 41 MO I B R -2 G BE XA
(Bel-2/Bax) B 55 #4947 JCHE 200,

] i, A5 L3 T =K 4R % TR =&
70% H 45 B R B X 1SO 175 5 19 B0 25 2 i i 5
BRI sz 5 a5 R o L A 500,2 000 mg- LAY
R o 7L 7/ RV i R U1 s UL | 9 1 1 < |
H-2.16%, 12.75%, T f# J] 500 mg-L"' () =t 70%
P AR A R T R T B, 0 UL T R AT gk
75.37% , =& 70% H Tt 4 W) R -+ # it JL R 46 1Y)
AW S T = LKW T H . R H UHPLC
LTQ-Orbitrap MS/MS £ AR it — 2L il 58 — & 1y 4k
By, kB =R 70% FEE SR IO Ak A ) B S N
PR T K8, SR 3R USR5, 70% HY 2 L)
HER > A FE IR IS R IS R 2 Y Ak 2 A Y
B, NS EREE NS B Re 55 10 B LA 19 %
HESIEIMU L S L2 S0 fe 51k
2 I B 25 SR AR G, A = 70% FP AR ) o
THPASRBE Re M &8 Z = LKEDHETHY
I 20 4%, M N2 AT Re 1EJ& = -E P00 WL L L B4
440 1) B L 4y L BB % 1Y TGF-B,/Smad3 i [ i
A% T B, M E T 2(Nrf2) A S8 @ R -1 I & R
i 4 A AL KL (GCLC) A 2 I -2 e 2 IR 3% ¢
it 4 95 W % (GCLM) B i L 8 AL S RE T

2 bR iR, AA, Ponatinib, ISO B T £ IfiL 5% 55 Y
Y RT D O A 24 9 0 3 I AR RS BE 1 L X e 2
M=, =LK T AA BE D £ i 55 A
HIISO HE Lh £ 1l AR TR 35 A7 33 97 RO, e ol 48 9=
5 IR 9T VE AR HE 2 8 300, T e 5 AA R &
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P2 W VR T3 T 70% RS HUY) R Tk X ISO 5 5 1Y
B 0 10 AR Y ST AL 25 5, 70% HH BRI LA 47 b
PRI = A R PR SR ROy, B0 LR AR
fiE J1 Ak . SCUR B 20 57 L 1SO 1 N6 S 70 57 BE
I e AR A DL 70% PP A Ay i B 300 1) b 24 4
=R AR ) TR T L O =R R RO
W A2 3500 o LA i ) BH R IR ELS S5
[(FIFEHR] ALRAEAEAH BT E,
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