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B AR ed B (TB-T) e aERp4E A, 4R TR ag4E AAUE . 7 ik AR FEK A = & 288, 4 22 100,200
#2400 pg/mL TB- Il 359 245 )5 24 h(24 hpf) 49 % B2 I & RS 48 h )5 xF 2 F 4Bk fn 4 (SIVs) 69 %k, SRR B 2 BRI B 47 ) )
PTK787(0.06 pg/mL)# 58 5 & 1 T o & 545 82 504 0.1% = W IK AR, < An PTK787 = & *F B, Am PTK787 7 Am 25 4y g LAY
2418, # #2100,200,400 pg/mL TB- 1T #5 /8 48 h & e % 45 B2 5 By & SIVs b % vh, - K A S0 80 2 F- B 6844 X B k4
W BE Dy & 4K P fam A B RBRSEE 1 (Flt-1) 2 #8545 N X 24k (Kdr) 878848 N X 24k 1(Kdr-1) o A % & K BT A(VEGF-A)
VA B 75 305 B -F a(TNF-0) . & 28 /% 6 (IL-6) mRNA 6948t &k & 4R :100 pg/mL TB- IR T 253 B 52 1y &
9 SIVs i 3 % (P<<0.05),200 pg/mL TB- Il 4 A J& 7T 2338 A JE 3 38 & & 69 SIVs 2 (P<<0.05) . 5= § *f k&, PTK787T4E A )&
st & SIVs 4 % %k ¥ (P<0.01), Flt-1,Kdr,Kdr-1, VEGF-A , TNF-a#= IL-6 mRNA #J 48 %+ & ik ¥ 39 2 % BAK (P<0.05 &% P<
0.01);mZRRE R ZREGTB-M4E A G, o345 B R 52 1 & 69 SIVs #0391 R A2 % #.38 Jm  Flt-1 Kdr . Kdr-1, VEGF-A . TNF-aF=
IL-6 mRNA A8 5} % ik &34 R R A2 A &, 72 100 pg/mL TB- 11 4 B J& 5t 4 & STVs 4 4e Flt-1, TNF-a mRNA # i& & A& 400 pg/mL
TB- Il ¥ A J& 2 3 % TNF-o mRNA £k 33 e R 2590, A A 47 £ F B A % &L (P<0.053% P<<0.01), %#:TB-N LA
— A BT A A B B a9 AR AU T AR S LR R A KB T AR AR K e B T e R A AR K
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Study on Vascular Protection Effect and Mechanism of Timosaponin B Il Based on Zebrafish Model

DU Mengjiao', CHEN Jianping®, YU Jiaxian’, MEI Wenjie', YU Chuqin', WANG Yandong' (1.Guangdong
Pharmaceutical University/Guangdong Provincial Key Laboratory of Advanced Drug Delivery Systems/
Guangdong Provincial Molecular Probe and Biomedical Imaging Engineering Center/Guangdong Provincial
Engineering Center of Topical Precise Drug Delivery System, Guangzhou 510006, China;2.Dept. of Pharmacy,
the First Hospital Affiliated to Sun Yat-sen University, Guangzhou 510080, China; 3.School of Stomatology,
Jinan University, Guangzhou 510632, China; 4.Zhongshan Ophthalmic Center, Sun Yat-sen University,
Guangzhou 510060, China)

ABSTRACT OBJECTIVE: To study the protective effect of timosaponin B Il (TB-1I ) on blood vessels and explore its possible
mechanism. METHODS: Using aquaculture water as blank control, the effects of 100, 200 and 400 pg/mL TB-1I treatment for 48
h on the situation of subintestinal veins (SIVs) in normal zebrafish embryos 24 h after fertilization (24 hpf) were investigated.
PTK787 (0.06 ug/mL), a tyrosine kinase inhibitor, was used to induce the model of zebrafish intestinal vascular injury; using
combing with 0.1% dimethyl sulfoxide but no PTK787 as blank control, combing with PTK787 but no drug as model control, the
effects treatment of 100, 200 and 400 pg/mL TB-1I for 48 h on the SIVs of zebrafish model with vascular injury were investigated.
Relative expressions of fam-like tyrosine kinase 1 (Flt-1), kinase insert domain containing receptor (Kdr), kinase insert domain
containing receptor 1 (Kdr-1), vascular endothelial growth factor A (VEGF-A), tumor necrosis factor a (TNF-0) and interleukin 6
(IL-6) mRNA were detected by RT-PCR. RESULTS: 100 pg/mL TB- I could significantly increase the sprouting vessel of normal
zebrafish SIVs sprouting vessel number (P<<0.05), and 200 pg/mL TB- Il could significantly increase SIVs number of normal
zebrafish (P<<0.05). Compared with blank control, SIVs
number of zebrafish decreased significantly after PTK787

AFEETH T RARERARIT TR B 2GR B e & BHE
5 F (No.2016A020226038 )

ST . B BT Z5 R 6, E-mail: 15225955073 treatment (P<<0.01) , and the relative expressions of FIt-I,

@163.com Kdr, Kdr-I, VEGF-A, TNF-o and IL-6 mRNA were alse
SV TR A S BTy 1 B decreased significantly (P<<0.05 or P<C0.01). After treated
fb. E-mail:pn333@163.com with different concentrations of TB- Il , SIVs number of
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vascular injury model zebrafish increased to different extents; relative expressions of Flt-1, Kdr, Kdr-1, VEGF-A, TNF-a and IL-6

mRNA were increased to different extents. There was no significant difference in SIVs number and the expression of Flt-I, TNF-a
mRNA in zebrafish treated with 100 pg/mL TB- 1l and the expression of TNF-o. mRNA in zebrafish treated with 400 pg/mL TB-1I ,
but there was statistical significance in other indexes (P<C0.05 or P<<0.01). CONCLUSIONS: TB- Il has a certain function of

promoting angiogenesis and repairing damaged blood vessels, and its mechanism is related to the up-regulation of vascular

endothelial growth factor receptor and pro-inflammatory cytokine expression.

KEYWORDS Timosaponin B Il ; Vascular protection; Zebrafish; Subintestinal veins; Mechanism

HHE b E A R Y HIEE (Anemarrhena asphodeloi-
des Bge.) [MRZEN IR TR AR B L), PEIE IRy,
A 15 BB | 1k VB R J0T A5 24 BRAE T 2 b I PR R )
fege 2iiy™ . T BT (TB- 1)/ A AR 5 2
PR, A PLRY P s PG 2R 2 BT
Guo CR Z57E 42 1 AR 5T & B, TB- T HAT B 114
PR O A8 FE ARE 9T 7, AT RE LA O ILAE PR VE T o
{ASCTF TB- I A4S CRA 1 L 1A PN Sh A 22 i IR
BAESE, 3 FLAEE 218, TB- I A IS AV AL
AN . EET, A PRI 25 1 T e AR TR 22 SRy AR ARt
5, Hob B B AR P B AL B IR . B £ —
PP R 0 HE Sh ST A By ELA PR 32 | el it A
55N 35 A5 AR B E 1 S5 00 A5 1 2 i DR B 5 i Sfe A o
TR AR B Tz e, W HAERE D k
BHaid R, 2 K (STVs) KU — i i
DRI S8, K B R AT UL, TSR AT, 2
BV I A A 9 ) EE AR R, ARAF 5T A 2 i
KBS Tg(flil : EGFP) MR MRS, 4558 TB- 11 1Y
ML R, IR 32 0 96 ' 18 - 38 A it =X S 1
(PCR) 7E A A [R] J5 2 ¥R B TB- T X BE S AR N fam B
ik ZA RV 1 (Fle-1) % O A X 32 1A (Kdr) 55 G
AR AZ AR 1(Kdr-1) 08 N B2 A K ] F A(VEGF-A) |
Ji9Eg SR AL A F- o (TNF-a) | 141 14 25 6 (IL-6) 1Y) mRNA
Feik , IWHR ST TB- T AR i 48 () mT REMILE, >4 TB- 1T 1fiL
BRTYE R B E—2TF W5 55 it

1 7
1.1 =8

Z-A-S5 TUBE 4 FEAE PG (IR S A ) S 00 15 £
BRRA ) 5 SZT80 Tl i S AR A5 AR B i % (S LA
AL BT BR N F] ) s CEX96 B 52 I 9¢ 5% 78 i -PCR A (1A
SRR AT A PR F]) s ZXSD-A 1090 KU A b 55 524
(R o0 BT A i 2 A PR ) s DMIS AU %' it g
55 (15 [E Leica 2N #] ) ; CP225D B+ F 43 2 —HL F R
(Jb s FE 2RI AR R G A PR A 5 1424R BRI A R
AL (R P 1D e 2 AN A BR 2 F] ) 5 K2800 U f it 3
FEEETH (A HURRHE A RA R .

1.2 #AR5RF

TB- 10X BE iy (PO 2D AR A R A B )L i 5

18041004, 4 i : =98% ) ; it %2 R 4 g 10 i) 771) PTK787
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(#t 5 : A0625AS, 4 J&F . >98% ) ; [ & 111 i (it 5 .
19030710, 4l i : =99% ) B Ki%E £ YH ARG R
5l RNA $il1 #2305 Trizol (2 [E Invitrogen 23 ], #iL5
15596026 ) ; PCR Sz I il 5 | 398 5% 5% 1) 465 ( H S Taka-
ra 2> A, #5230 518 RR420AA L 2641A-1) ; — H L7
(DMSO) . 5 N i = 5% F L2 B B (Tris) ) i ()M 4k
2R 4 R34l ) s PCR 5 19 B IR A= 04
AA BRI B K A HilFRFEK
1.3 zh#

ARG FE N BE Th 48 T (flil : EGFP) , MM AT ,
W R B A B P R o BE T A fE R T IR K 3R
ARG, KR FEHIAE(28.5+1.0) °C . pH N 6.9~7.5,
JERE(14 h)/ZE/E (10 h) IR, f R M 3 RER /KR .
2 FHik
2.1 WMOERRIEFSKE

FEEHH T — R b R AR i IR 1 1A L
BTN B b, A B AR A R 1) B4 36 5 £ B o o
W H G R B Z A AR IR, 64T 5 (6 IR 54~324
lux) 251F T 30 min (N, 3 i 5§ AR ACBE, A SR 7= A Bt
fafiflh . WER S MR, FHKERZ K, AT 5
EEFE LA, RIARAS T SE56 BT i BE- 1) £ iR
2.2 TB-TXIEEHED & i & H 4 #2002 22

V432K J5 24 h(24 hpf) A9 EE S 6 10 it FH R AR 1 ik
AT MRS AN S, FE AR R T LR L2 55 T 24 FLAR
W RRAL 16 A RAG o SR B TB- 1T A [W) o o R 41
(100,200,400 pg/mL, LK A 50 il £5 ) F2s (1% B4
K, BEFLIN AR 1 mL. JnZh5ese)a % 24 LA
FGAGEE, & Tl 28.5 °C OGIE (14 h) /&R (10 h)
RIS T 535, 9548 hm , 1EYEOL WA F wigE
LB T f0 STV BRI STV H 2E%
2.3 TB-I X PTK787FSHMER GRS & M E#HE
FoEA e

4 24 hpf 1 BE D fa R i P R 2R 1 IR A 7 8 S A 2
J&  FEARALE fU5E T BEAL R R T 24 fLAR D, BEAL 16 MR
6o SRS R BRI 77 PTK 787 7 S5 & g I I
BRI S2B0 B E TB- 1T AS [6) o 2 16 8 46 (100,
200,400 pg/mL TB- Il % # +0.06 pg/mL PTK787 I# ik ,
DMSO 2 ¥ £ h 0.1% ) | 155 714 Xf B8 41 (0.06 pg/mL
PTK787 i i , DMSO ¥k i 24 0.1% ) 125 [ 4 HE 41
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(0.19%DMSO) , B 4% | mL/ALII AR B . 2y
SRR B 24 FLAR R B 4R, B TR 28.5 C G
(14 h)/2BHE (10 h) B IREE PR 5. KifR48 hJa 78
DI N INER A BE T fa SIVs £
24 TB-I3fPTK787 FSHMMERGHD EENEX
B F mRNA K% B 8200 2 52

K FH S 96 78 HE PCR L HEA T4 . % 24 hpf i
BT e PG FH R AR 1 B A T I AL B S ZE AR Sl
TREPLREE T 24 LAk, BEAL 16 M IRAG . SEIR A 4G
2 R FRIEBLIR “2.37 50, K5 F% 48 h)im , FEFLBENLAMEL 3
ST T, 42 B Trizol 2 7] 150 B 45 458 1 $2 BB = 4
RNA, P42 39 e 53 1500 G 100 BH A3 T 92 386 7 5% & B D-
NA, 3Lk cDNA SR A5 3 647 PCR Y3,
154 .95 CTASH: 5 min, 95 CASPE 10 s, 60 CiB Kl
FEA 34 s, 39 MG ; I AA F : cDNA (R B 5 4% )5 uL,
SYBR Premix Ex Taq (Tli RNaseH Plus) 10 pL, |- T jif
519745 0.5 uL,ddH.O 4 pL, 20 uL. VA H R -3-HE R
JIit & (GAPDH) S N S [, >R FH 277k 545 Hn
SEHR R MIRT RS R, 51T I R K R L 1,

xR1 SIMFEIRFYKE

Tab 1 Primer sequence and product length

HEAL R 5IHIFHI(5 -3 K bp

GAPDH Fii: GATACACGGAGCACCAGGTT 80
FifE: AATACCAGCACCAGCGTCAA

Flt-1 Fift: GAGTCACGTCCACCCACAAT 100
Fii: GCTTCGCCAACTGTCAGAAC

Kdr [-1l#: GGTGCATCTCCATATCCGGG 140
Fif: AMAGGTCGATCAAGCCAGCA

Kdr-l FifE: GATGCCCGGCGAAACAAAAT 99
FifE: TACGACCAGCACACCAAGTC

VEGF-A Fit: CAACGCGTATCGCAGCATAA 113
Fii: CATCTTGGCTTTTCACATCTTTCT

TNF-0. Fift: GGAGAGTTGCCTTTACCGCT 145
TiiE: CCTGGGTCTTATGGAGCGTG

16 F{i£: TOCTCAAACCTTCAGACCGC 78

T TCAGGACGCTGTAGATTCGC

25 ZItFEFHE

K H GraphPad Prism 6 #1148 11500 . THEDE
B x £ s R, ZA 0 BRI R T 2200, %
FE I it 2 1A W5 P H 55 R FH Dunnett 4656, 05 25 A8 55 s
21 ) PR 9 1L 8% F Dunnett’ s T3 8556, P<<0.05 Fon 2=
SHEAGIFE L,
3 H#HR
3.1 TB-IXEEHERNMDEMEFRENZM

Hos [xf B s, TB- 11 100 pg/mL 2H 5 1 4
SIVs i ZF 8 . & 3 i (P<<0.05) , TB- 1T 200 pg/mL £ KE
hfa SIVs 5 i 3538 (P<<0.01) , 375 TB- 1T H A7 {2 ik
Bt 0 A HT A A E L A5 R DL 1 R 2,
3.2 TB-I X MEHR GBS & I &4 K #20

o5 6 BRI Hodss , AU XoF BRZH 35 T £ STV i i 2
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A IV AL

C.TB-1I 200 pg/mL 41
1 TB-IXEFEHD&EMEHR
(x100)
Fig 1 Fluorescence micrograph of the effects of TB-

D. TB-1I 400 pg/mL 4

MR 5 S B E

Il on vascular angiogenesis of normal zebrafish

(x100)
R2 TB-TXIEEBD & SIVs 70 SIVs H FH892
MH(rn=16)

Tab 2 Effects of TB- I on SIVs number and SIVs

sprouting vessel number of normal zebrafish

(n=16)
i SIvVsi, % SIvs H3FAL &
SR 8.176:+0.300 0.125£0.125
TB-11 100 pg/mL 41 925040393 1.063£0382°
TB-11 200 pg/mL 41 970040325 0.188£0.136

TB-11 400 p.g/mL41 0.56310.223

T 528 VIR R, * P<<0.05, ** P<<0.01

Note: vs. blank control group, *P<<0.05,**P<<0.01
I/ (P<<0.01) , R W i 48 403 19 B 5 £ 455 7Y 305 458 1 1) o
R X BE4H A, TB- 1T 200,400 pg/mL 2H BE & £
SIVs F i 14 (P<<0.01) , 2 B TB- I X5 5 £21 1 45745
1 BAT W B Bk E R (P<<0.01) , 85 SRR LR 2 .36 3,
3.3 TB-1 3t &E #1535 &4 K Fit-1. Kdr . Kdr-1,
VEGF-A mRNA FRi% B0

Ejas (0t B2 H g, 4R 6k BE 2H BT D fa (A PN Fle-1

Kdr Kdr-1, VEGF-A mRNA [ AN} 2635 5 B F R (P<
0.058 P<<0.01). SR HRL L, TB- 11 100 pg/mL
ZHBE A R P Kdr Kdr-1, VEGF-A mRNA B XS 55
BEFE (P<0.05 5 P<<0.01) ,{H Flt-1 mRNA fAH X} 3
2 RIS L(P>0.05); TB- 1 200,400 pg/mL
ZH BE T 44 A N Flt-1, Kdr . Kdr-1, VEGF-A mRNA [ 4 %
Fk Y BETIE (P<0.01) 4510554,

9.250£0.335
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BRI 2

D. TB-1I 200 pg/mL 41

E. TB-1I 400 pg/mLZH
2 TB-IxmMEHRGHDEMEHERLMAPE LR
% (x100)
Fig 2 Fluorescence micrograph of the effects of TB-

Il on vascular angiogenesis of vascular injury
model zebrafish (x100)
#®3 TB-I X MERGBID & SIVs BRI (n=16)
Tab 3 Effects of TB-II on SIVs number of vascular
injury model zebrafish(n=16)

A5 SIVs L, &

7 AR 80630281
AR 49384032
TB-11 100 pg/mLA 5.938£0.347
TB-11 200 p.g/mL41 6.875+0.340%
TB-IT 400 po/mLA 7.250£0.487"

T 575 PO HRGLEEER, ** P<<0.01 5 SRR N RA LAz, P <<0.01
Note: vs. blank control group, “*P<<0.001; vs. model control group,
"P<<0.01

34 TB-IxMEHRGHSEAEHN TNF-0.IL-6 mRNA
FRIEHRMm

523 [0k BT b A, R X R A B R
TNF-a..IL-6 mRNA [ AH X} 2815 7 B 3 K (P<0.01) .
RTINS B 2H 4, TB- 11 100,400 pg/mL 2H B A {4
N TNF-o. mRNA AHXT Rk 22 7 LGt #a X (P>
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F4 TB-IXMEHRG S &N Fit-1. Kdr  Kdr-1,
VEGF-A mRNA 183} & X £ 5500 (n=3)

Tab 4 Effects of TB-1II on relative expressions of Flt-

1, Kdr, Kdr-1 and VEGF-A mRNA in vascular

injury model zebrafish (n=3)

A5 Ftl Kdr Kdrl VEGE-A
BEN 1.057+0.043 1.023+0.079 1.033+0.060 1.047£0.068
R4 050720141 0.673£0.0467° 054710087 0.643£0.097°
TB-1 100 pg/mL%  0.787£0.116 0.943£0.033° 1203400597 1.080+0.046
TB-11200 pg/mL4l 12630053 1590+0058%  1503£0052%  1.540£0.052%
TB-1400 pg/mL 4l 10800046 1260300707 1053£0062°  1.083+0.079*

B 525 FO BRGTHL A, *P<<0.05, ™" P<<0.01; SR X HRAT LL 4K
*P<0.05,*P<0.05
Note: vs. blank control group, * P<<0.05, * * P<<0.01; vs. model
control group,”P<<0.05,%P<<0.05
0.05) , IL-6 mRNA R4 AH XS 35 f 2. 3% T (P<<0.05 5
P<<0.01) ;1 TB- II 200 pg/mL 4 5 & £ 44 ) TNF-a .
IL-6 mRNA [ ik i 1 18 25 T (P<<0.01) , &5
FEILAR S,
&5 TB-IxtMEMGHE S & K TNF-o ., IL-6
mRNA 13} Rz EH#M (n=3)
Tab 5 Effects of TB-1I on relative expressions of TNF-
o and IL-6 mRNA in vascular injury model ze-
brafish(n=3)

43 TNF-a 1.6
2 IR 1,003 +0.003 1.057+0.025
FA AL 0.800£0.035° 0.707£0.023°
TB-11 100 pg/mL 4 1.507+0.087 1.183£0.003
TB-11 200 pg/mL#A 1.483 +0.005 1.500£0.031
TB-11 400 pg/mL 41 1.053+0.137 0.897+0.079°

1 525 IR R A, ** P<<0.01; SRR IR A, "P<<0.05,

#P<<0.01
Note: vs. blank control group, **P<<0.01; vs. model control group,

“P<<0.05,"P<<0.01
4 itig

FERTIRFE o BB RIS SE S R R R R
BE O fa iR A BRI (OECD, 2013) #4717 B 0 fa IR i
() vk AR PE PN 1, 45 5L SR L E 96 hpf i, 100,200,
400,600 pg/mL TB- 1T 1 FJ5 56 2 £ it 1) 47 17 25 5l
}100% .94.8% .98.2% .100% ; 7% 72 hpf i, 100,200,
400,600 pg/mL TB- I 11 1 J5 B f IR )i 43R4 (£ 1%
o0 100% ), {H2 600 pg/mL TB- I /5 J5 BE 2 42 1R i
BT WY DKM B, ARHE ST 100,200,
400 pg/mL X 3 4™ 5t f Wk FE AR Sy AR F 5 0 S 06 vk
PTK787 & — Filr % 22 1 I8 it 410 1) 741 , I g 8 \nb =& 4100 1
Kdr, AT 5 B i A 5451 PR, A B 58 1) PTK 787
DR A I A5 A AR, AL ke i X35k 4y i A6 PN R 8445

I A5 A 2 DA 1) X 45 A v A B 17 I 7
P T PN B A M G AN R | TG R R i L I S T
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G — RN IR A )2 B2, VEGF & VEGF Z {&
(VEGFR) J& ML A5 B G885 5 o 1, B 45 & )5 Be
5175 5 P K 20 fL— 4816 R0 il (eNOS) RS, I T 5|
A I AT A ol A 3 A o, 5 B i AR AR AR
FHU", VEGF J& — /%)% , f136 T VEGF-A . VEGF-B,
VEGF-C,VEGF-D flfiy £/ 4 A+ (PIGF) . VEGFR &
B 325, 43 K Flt-1 . Kdr #1 VEGFR-3, Hr, Flt-1 &=
Loy A T INAE PN R 20 0 3 I 20 T 2 M S, Kdr
A3 I PN B 4N R b S PN 2 41, VEGFR -3 24
AT RN N Rz R TE ", oA, Fle-1 A1 Kdr AT 98 2
VEGF/VEGFR #%¢ , fe dF 1484 o 534h VEGF-A JZIfil
B R R R, LT S5 A IR U 2 AR s R
fif 7 1A Flt-1 FD Kdr'™ o 30 AR5 4 B, Kdr-1 7R AL A5 BT
AR ORERM, R, A F 5 % A Fle-1, Kdr, Kdr-1 F
VEGF-A 455 TB- [ %f VEGFR I RE 1. teab, &
A HGE , e RS AE IS A Rt AT B MEH,
1248 41 B Pl (4 IL-6 . TNF-a2% ) & g el B {2 3k i
A RRAE R, R, A 2 W% TB- 11 X 2
461 A P TL-6 F1l TNF-o mRNA &35 520 , A AE 028
5 ) A TB- 11 4 PR 4 A L], AT TB- 11 B iR L
A BRI RS IR

AT G R ] J, FE IR R R B St rh, —
e JBE 1) TB- 11 1J & 25 386 0 SIVs 200 SIVs H 25 %5,
TB- 1 X% 1E 5 5 a2 1 A7 A= s /e o i fE PTK787
B MBI BE T4 7R, 100,200,400 pg/mL TB-
I 349 7T AS [) 2 2 s 300 o) PTK787 X 1ML 4 A4 454475 , 43 Jn
SIVs £, iX F B TB- Il X228t i 45 78 A WeEEH . 78
LN 2T |, 100,200,400 pg/mL i) TB- 1T ¥ RE % A [
TR B M0 5 PTK 787 1753 (U BE Sy A/ 14 Flt-1 . Kdr \Kdr-1,
VEGF-A . TNF-afl IL-6 mRNA 35 1T B, i
MAE , RIS SCEVEN . L, 2 & HEW TB- 11 /]
it F R VEGFR FVE 48 240 J R, & 44 A 1 4570 2F
DI A S 2 5 i A8 A
SE 3k
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