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Motherwort Injection Promotes Angiogenesis Via
Alkaloid-Induced Upregulation of Tie-2,

VEGFR2 and VEGF in Zebrafish Modle
LI Yuzhi', SONG Xiaominting' , WANG Wenwen',ZHOU Xinyu',
LI Yalin®,REN Jixia®,CAO Zhixing'

(1. Pharmacy College, Chengdu Univeity of Traditional Chinese Medicin, State Key Laboratory of Southwestern Chinese
Medicine Resources,Chengdu 611137 ,China 2 School of Life Sciences, Liaocheng University, Liaocheng 252059, China)

Abstract Objective: To study the angiogenic effects of motherwort injection in a zebrafish vascular injury
model,and to clarify the potential material basis and molecular mechanism. Methods: Using HPLC-PAD
and TLC techniques to detect the main components of motherwort injection. Using sunitinib induced trans-
genic Tg(flk1:eGFP) zebrafish vascular injury model, after intervention with motherwort injection, the
length of intersegmental blood vessels (ISVs) of zebrafish was measured.and the expression level of angio-
genesis-related genes was detected by QT-PCR. Results: It was found that the main components of Leonu-

rus heterophyllus injection were stachydrine, choline and trigonelline. Among them, motherwort injection,
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trigonelline and choline can alleviate chemically induced zebrafish vascular damage, and its mechanism in-
volves that motherwort injection upregulates the expressions of Tie-2, VEGF and VEGFR2, and its main
component trigonelline up-regulates the expressions of Tie-2 and VEGF,and choline up-regulates the ex-
pressions of VEGF and VEGFR2. Conclusion: Motherwort injection and its main alkaloid components can
promote angiogenesis by up-regulating Tie-2, VEGFR2 and VEGF.

Key words motherwort injection; angiogenesis; trigonelline; choline; Tie-2; VEGF; VEGFR2
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1.1 BARHRTA )

Fi BRI SR SRR S — T 245 23 ) 5 7K e LG0T = U B (4l =98 00) ) 1 LR MUST A= 14
RT3 BALE W e DMSO(Sigma-Aldrich, St, Louis, MO) (] 25 mg/mL HIERRHESEE SR 5 A F)
11 7K H AARAS T 5 We B s TRIzol 374 H Invitrogen (3 E A f JE W AH R /R T LA 5 iScript cDNA A A
F & iQ SYBR Green Supermix Il H Bio-Rad(Hercules, CA,USA),

1.2 A AEs E%E

LR PE R SRR SRR 4 %5 ERERK IR (4. 73 me) IE THRBA/K (4 mL) , EAAILAHAL (6. 26 mg) % T
4fi7K (4 mL) , # EAH(5. 81 me) W THAIK (4 mL) i EA + 95404 + H,O(1:18:24,v/v) 1)
RAY., 0B AN BAE S REEAR I, 15 min J5 4k MR DA (5 3 v B s P XL T4, I
H Y% T F Dragendorffs i3] -+ i 7 gE 47 W 42X,

1.3 HPLC-PAD J3¥r

HPLC-PAD 7 #1#E#%#: 8 SSI Serise 1500 Y6 HL AR M &% (PAD) [ SSI Series 1500 43 B 5 I i
1743 Ultimate © AQ-C18 #:(4. 6 mm X 250 mm, 5 pm) 43 B AL AT (10 pL) . A 48y . i s A
0. 1 mol/L MR — Z NI (0. 1 mol/L BERR A 875 pH = 5.5, Jit# 1. 0 mL/min, & 30 C.PAD
ARG 210~400 nm, TESHET FrARES AR 0. 22 pm FALIREE I 2R #E AT 10 8
1.4 BEY 050

MAEPRCER O T IE R BE T R Te(f1R1:eGFPYG T Rl Hh 8 25 K24 B 0 £ 556 F 5 10 S0 45 4R
WA RIGFBE D M0, RAEBE ek F (pH 7. 2~7. 55 B 5% 500 ~550 ps/cm) 4EFF7E 28,5 ‘CH)
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B [ 57 P ARG B S 56 s A4 BRER R ) » e AR e B 24 KA sh W S R AR B B S
1.5 BESGRIGE R S Pty i R

it 3~4 XY 4~8 A~ H K Tg(fIr1: eGFP) BE i1 (1) [ SR IEC X IR A3 BE Sh IR i . e BR MR 20
hpl GG 20 T JIRHE 4 HAMCE 24 LA (B 15 MR L 3F T 1 pg/mL #7885 R b3, 4 h J5 Bk
BRI =R IFE K P RER T 0. 25.0. 5.1.2. 4 pL/mL 25 BERIVE S AL 1. 612 5.3. 125.6. 25.12. 5,25 pg/
ml = F AR G A RO K TR0, DA K 1 pg/mL §F e e ., 7E 48 hpf 8% 72 hpf B}, {f ] Leica
M165-FC %7 R i s AR A5 Bt 1 35 Al L4 ISV IOE R . A T k28 b #a A, (i Tmage J 4
Mg ISVs B BE, 45 RF R A = A7 250 B P 3598 + AR 22,

1.6  RNA PRI Hh 3% 6 5% 58 O Wi B 58 i i %1 QIPCRE|#%E
PEPE 20 hpf 1RG4 pl/mL 5 Table 1 QT—PCR Primer Table
BEROESHR 12, 5 png/ml # LAk Primer name Primer sequence
12.5 pg/mL HH Eﬂﬁiﬁ 24 h E , %ﬁﬁ Forward 5-GATGTGATTCCCTTCATGGATGTGT-3
- VEGF

“p . ~ Reverse 5-GGATACTCCTGGATGATGTCTACCA-3
TRIzol i 5] (Invitrogen, Carlsbad, everse
Forward 5-TGGAGTTCCAGCACCCTTTA-3

CA) NBEE fa I ifs v 43 25 5 RNA,L SR VEGFR2

E*E jﬁj ﬂi‘u i'ﬂ:l—: ﬁ:bf:[‘ E]/‘J _LE\E Eya JEH i Scrip ¢ iﬁ §§ Reverse 5-CGTCCTTCTTCACCCTTTCA-3

FZRL fﬁt %IJ ﬁ ;‘Li i’lz: 2:(,_ FZ: /EE <DNA. FH iQ Tier Forward 5-AGTACCGCCGCGGCCCCAGAA-3

SYBR Green Supermix iﬁ?ﬁﬁiﬁ";@ﬁ# Reverse 5-CCACGCCGCAGCTGCTCCTCACT-3

PCR(QT’PCR) ) [/J —F ?Eﬂ:%’ftl:ﬁﬁ ﬂ:‘ MMP-2 Forward 5-GCTGGTGATGAGATGTGGGTAT-3

9(—»[3?]. PCR ﬁ*ﬁ .55 °C 20 min.95 °C 1 Reverse 5-TCTTGGTCTTGTGGAAGGAGTAA-3

min. fy_j& E 95 °C 10 s %n 60 °C 30 s E /\J MMP-9 Forward 5-CATATTTGTCCGTCAGCTTTACC-3

40 /I\ﬂﬁ% . %% 1 ,'é\élj:(:TFHﬂ: QT*PCR Reverse 5-GGGCTTTGCCTCGTTTTCTAC-3

E /‘J E} I % . B sctin Forward 5-CGTGACATCAAGGAGAAGCT-3
Reverse 5-TCGTGGATACCGCAAGATTC-3

1.7 Bl

BT AT S0 ST T A =R AL 15 ARG L BT AT B 24 7R SRy = AN ST S5 Y S A B v 22 .
PR 5 22908 (ANOVA) Fl Dunnett 2 8 H ARG I8 i s 9 g0 i e 3 1, p<<0. 05 A M B A 4
P2 X, i GraphPad 5. 0 Prism #{f(GraphPad, San Diego, CA, USA) #4743 H7 3 Al ¥4k 54 .

2 AP R

2.1 HPLC/TLC Kl i3 Bl 507 5 9 52 Bk 5

He 88 N3 RALB G /£ / Sephadex LH-20/F 45 M 1. 6 L #5 B R RS P 4lifk 7 15 ks,
$E 20 g KI5 g IR 2 g i LR, @4 HPLC-PAD H1 TLC 43T oA 19E 52 T 7K J5 0 . IR0
LB A B S R E R Sy . HPLC-PAD 455 8 7R L £ 242 nm YUK R ARSI I RE 5 o9 9 A4 1
GRBRK IR AT 29. 420 B 0L 5. 1200 BN TH ITELR B I E] (RO ZY 2 4 min (WEREH . HAh. 7E4E |
A3 BREE A 30, 1Y) FE 210 nm K T .4, 1 min 2247 B, TLC B R SR, #5 BF 5 SR AR A 3
BT
2.2 fut BESTESHBOR BE D £ 0LAE 53 (¥ 55 )

i FHEF e e dEor {1kl 3 2T eGFP ¥ BE D 3R Te(f1k1: eGFP) MAS 45 AR AY , 538 i 2 0 1 1k
N 2 e DR BRE 01 (R LA (IS V) B BE  DARIFSR g B 3 SR 0 A1 il 45 A P . 25 SRl 2 o
1 pg/mL &P ST AT BE R E i, R 4550 T Tg(flk1:eGFP) BE SRR Y ISVs, SR, HI%F
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JeRrJe flgs BEREGR (0. 5.1.2.4 pL/mL) BEG VA YT BE 5 10 IR fIG il 0 i 24 7 S i s i 5. [ 2B
BIRT 22K I5 48 h 1 72 h(hpD AR PRS2 B ISVs BB, 28 FIW IR ISVs KIESHh 2 602
=+ 431(48 h)um Fl 4 037 £ 623(72 hum, &FJEFJEIRITAR ISVs KJEH 926 £ 517 pm (48 h) Fl 1 768 £
583 um(72 h) , JNHIFRIM 5K 65, 41% (48 W F57. 21%(72 h), 1.2.4 pL/mL 25 BF R SR AL FS Y 1SVs
KRR 1539 4 534(48 hopm Fl 2 825 + 583(72 h)pm.2 263 4= 458(48 houm 1 3 687 & 684(72 h)
um,2 473 £ 42448 W1 3 915 £ 637(72 h)pm, IWHIF53 512 41. 85 %6 (48 W) Fl 26. 0726 (72 h),14. 03%
(48 WA 9.67%(72 h),5.96(48 h)F1 4. 02(72 h)
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() 28 BFERETESTR (242nm) 1) HPLC 3185 (b) /K J5 0% (2420m) (9 HPLC 3% 5 (o) # 7 U (242nm) 1) HPLC 3%
Pl (d) 25 BEREESHR (210nm) Y HPLC (4 ;5 (o) 2RI (210nm) i HPLC (iglal; (D W2 @G A 8GRI 1 #
FEELER 2 ERFRK RO 3 LU AT 4 25 BERT IS

Note: (a) HPLC chromatogram of Matherwort injection injection samples(242nm); (b) HPLC chromatogram of Stachydrine
hydrochloride(242nm) ; (¢c) HPLC chromatogram of Trigonelline(242nm); (d) HPLC chromatogram of Matherwort injection sam-
ples(210nm) ; (e) HPLC chromatogram of Choline hydroxide(210nm) ; (f) Thin layer chromatogram. from left to right, showing
1) Trigonelline 2) Stachydrine hydrochloride 3) Choline hydroxide 4) Leonurns japonieus injection samples.

Vel 1 SRR S 98 A 52 R gy

Fig. 1 The main components in Matherwort injection
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>
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TE: () IRGIURLE s (b) 1SVs MK BERLE (n=15), SEF R BRI, * p<0. 05, * * p=<0. 01,
Note: (a) Lateral view of embryos; (b) Quantification of total length of ISVs (7#=15), Compared with the sunitinib group,

% p<C0.05, * * p<<0.01.
Vel 2 G B STE S 300 JHE 5 £ ML A% 2 B 454 005 1 535 i
Fig. 2 Effects of Matherworth injection on Angiogenesis Damage in Zebrafish

2.3 gl BRSSOV G i P32 Pyt BE T A0 4S5 05 1 5 )

T 2 Y 2 Bk T SR A S %) B TR B B A0 A P TS Vs B BE, BF 9T T 4 BR RO SR M 2R W)
B L A SRV FH . SR 3 s S 7% LRl R IR T AR &7 e 5 2 75 S O B 0 £ 160 P 48 443 (R /K S Xt B
T WA AR A A A . MR EERT 6. 25 pg/mL B, &7 7 EUB AT 25 45 4843, 6. 25,12, 5.25 pg/
mL B R ISVs T A6 24351 8 35. 106,22, 32%.13. 80 % , Y4 B KT 1. 5 pg/mL i, AHFE AT
BRI A G . 6. 25,12, 5,25 pg/mL RHBEXF ISVs T B A4 1 25051k 23. 10%,18. 05%.16. 89% .
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(a) Stachydrine Trigonelline Choline 7 (®) B Vehicle

I Sunitinib

I Stachydrine

I Trigonelline
Choline

w

N
s

6.25 pg/mL

Total length of ISVs (x1000 uM)

3.125 pg/mL

The concentration of each component
Left to right: 1.55, 3.1, 6.2, 12.5, 25 pg/mL
T (a) FERGMIALIE ; (b) ISVs BB AbIEl, SEFR B AL, * p << 0.05, * % p < 0.01,

Note: (a) Lateral view of embryos; (b) Quantification of total length of ISVs (n=15), Compared with the sunitinib group.

* p<<0.05, * * p<C0.01.
Pl 3 i E L NG R SR P~ 8 S 0 T4 74 454 033 ¥ S35 0
Fig. 3 Effects of Stachydrine, Trigonelline or Choline on chemically induced angiogenesis damage
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