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Abstract: Objective To study the cardiac developmental toxicity and mechanism of aqueous extracts of Sangjisheng (7axilli Herba)
from different hosts in zebrafish embryo, and provide theoretical basis for drug safety of Taxilli Herba. Methods The normally
developed zebrafish embryos at 6 h post fertilization (6 hpf) was used as the animal model. Zebrafish embryos were treated with low-,
medium-, high-concentrations of aqueous extracts of Taxilli Herba from Morus alba (mulberry, THM), Salix babylonica (willow,
THW), Camellia oleifera (THC), Nerium indicum (oleander, THO), Melia azedarach (neem, THN) and Toxicodendron trichocarpum
(hoggum, THH). Then, heart morphology, heart rate, pericardial area, and sinus venosus-bulbus arteriosus (SV-BA) spacing length,
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activities of superoxide dismutase (SOD) and catalase (CAT), and cardiomyocytes apoptosis of zebrafish at 72 hpf were observed and
measured. The expression levels of oxidative stress-related genes [SODI, CAT, glutathione S-transferase 2 (GSTP2)], cardiac
development-related genes [GATA binding protein 5(GATAS5), NK2 homeobox 5(NKX2.5), myosin heavy chain 6 (MYH6)] and
cardiomyocyte apoptosis-related genes [B-cell lymphoma-2 (Bcl-2), Bcl-2-related X protein (Bax)] were detected. Results Compared
with control group, except for the zebrafish of THM, the other five groups all presented pericardial edema, decreased heart rate,
increased SV-BA in varying degrees (P <0.05, 0.01), activities of SOD and CAT were all reduced (P <0.05,0.01), SOD1, CAT, GSTP?2,
GATAS and NKX2.5 expression levels were significantly up- or down-regulated (P < 0.05, 0.01). Cardiomyocytes appeared apoptosis
in the groups of THO, THN and THH, Bcl-2 expression and Bcl-2/Bax were also significantly decreased (P < 0.05, 0.01). Conclusion
Cardiac developmental toxicity of Taxilli Herba to zebrafish embryos is obviously host-dependent. Except for THM, the others all

show varying degrees of cardiac developmental toxicity. The toxicity mechanism is also dependent on the host plants.
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Table 1 Sample information of ZTaxilli Herba from different

hosts

iR FEKRIE R SRR
ZMEEFRFE FP FE M AR T 2019-10
T 25 2 S5 %5 A Gi/p) NG X 2019-05
MR ERFE A By EBE 2020-05
JerrhhAy AL K ETHRSX 2019-12
WA ERHAE TR By EBE 2020-07
W ESHAE R FE M A& T 2019-05

Eastep® Super =t RNA $#2 5 (L5 0000394772)
Go Taq® qPCR Master Mix (k"5 0000480098 4 H
BEKEMEARGR A A A A
(superoxide dismutase, SOD) il (L5 20200804)+
WAL A (catalase, CAT) itjll& (Hit5 20200928
20200927 W H B A RHE R AR

14 {425

Z-A-D5x BBE 35 R g ( Ligig R R
RS AIRATD: EP64C Y 1/10 J3 LT/ Hr K1
M4 h-FC R 2 A F]D; SZX2-ILLT BUAARE B 1ss
(H 4 Olympus A ); M165FC B 5 Y 37 A% 5 s
(f# % Leica /A #]); SpecteaMax M5e ! % I e Fig b
{% (ZE[E Molecular Devices); ST16R HUAKIG &k &
O HLs NanoDrop 2000 Y5 &5 LA T (EHE
Thermo Fisher Scientific /A7 ); Alpha 1-4LDplus %
AR RIS MR AARARD; Light
Cycler 96 ¢ 5t 5E 7 PCR 1% (Roche A 7] ).

2 7k

2.1 HEEHE

211 FHTFAEKEDMRBEG S RIS
BES MRS V. TRk AR 6 FhEF R
R 75g, RN 10, 8. 6 1B AR K AT E AR
WOHRAS 45 min, A9 3 WIETR, RFERANRE,
AU 2RI B A MR, 5
PRAN AT B 77 £ S A K SED R T8 K 11.80
13.31. 12.60. 14.81. 16.65. 14.85 g.

Pa IR (Y N T I~ o I TSN 17 N
FRATHE 6 Fhey 387 A KIWE TR 0.164
0.18. 0.17. 0.20. 0.22. 0.20 g (¥ T4 25 1.00g),
SRR, A EE, #2100 mL &)
i, ER, BAZREIREN 10 mg/mL [F7K$EY)
WS EER, rde, VRAE, #H.

2.1.2 PR AEAG/KVE L] R BE S A [E PR R
Yy (Zebrafish International Resource Center) 37
B L SR W0 BE L fa IR G K, B B R A 4N 0.25

mol/L. 4k 0.14 mol/L. S ALEF 540 mol/L. ¢
IKEAES 1.30 mol/L R — &4 0.44 mol/L. oK
IREREE 1.00 mol/L. FFERZ 4N 4.20 mol/L HI7/KIE R »
22 ARIFERFEKEDNHRD IR OEL
BEHEMTIEMR
221 FRF KRV BE L ARG K E BRI
THSLES AR SR FIEHCZRE 5 6 h (6 h post
fertilization, 6 hpf) & & IEH MBS LG, HHEH%
T AR IR S A AR KRR IR K ) 12 4L
e, BRAL 10 #OiRfiG, WE 3 ANE AL, B 28 ClE
B MR IE, B 240 B 1 IS MM RHE
MR EIRE AR, E 2 72 hpf, S
o EREFAENRE D AR AR S E T, 15
6 Mpar S A A KIR Y BB G B/ A BT
WRE (LCio0) ARSI (LCo)-
222 FRFAEIKIEYIN BE D IR G K E BRI
i RIETELIRLE IR, AR A E ST A KR
I LCioo 5 LCo VEFEI N BEE 6 AMHE 254 i ik
JEH, HhSar EREFE 6 N AREREA N
9.00. 8.00. 7.00. 6.00. 5.00. 4.00 mg/mL, i} 2F
FRWETA 6 N EIREH N 6.00.5.20.4.40,
3.60+ 2.80 2.00 mg/mL, JHAZF ERZETA 6 MW
JREIREH N 5.00. 4.12. 3.24. 2.36. 1.48. 0.60
mg/mL, FATHhEF T FEFE 6 MR EIREE AN
2.00. 1.70. 1.40. 1.10. 0.80. 0.50 mg/mL, 7%
FRTFA 6 MR EWRELH N 2.00. 1.70. 1.40,
1.10, 0.80. 0.50 mg/mL, &M ZFEF%4E 6 N
FUEREALN 0.60. 0.52. 0.44. 0.36. 0.28. 0.20
mg/mL, & HHANEFHEMFR T LAY BIRAGK .
AL 10 M, WE 3 AEAL, AN 4 mL, &
K& 24 h SE4 1 S A AR 25 ot S 2 BRI 7K
72 h Givh & BRI B R AL SR T 3R
i8jd Graphpad prism 8.0 ezt &-sdh 4k, 1HH
6 FhEF 3= F A AR KR T 1 1 IR 10%3 50K
J& (LCio)o MRHE LI S2IG1S HF) LCo A1 LCyos» HfiE
TFREBE 5 o iR fif 0K & J YRR F AN R 27 A8
RAFELYHE.
23 ARIFERFEKEPNHRTEOHREFHEN
Al

WA R E ST AR 737 LA 1/2LC1ov LCo
FLCro WEANZR A AEKEWC, . &3 AN TEK
FE4H, DS EFIEH ORISR, UAEIE
FIRTFAEGMIEIG AT B H . ERE R
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Y fEE 28 CHMHIRISFRFERT TR, FkE 24 h ik
1 & R Z5 ot 8k B2 B IR IR 7K, 1597 22 72 hpf
INFEERZGU, FMIGKIEDE 3 I8, A 0.05%H]
U SEVR G RIS, F 3% H A4 RPIE e
A, AFAME, EARNLRAE T SN,
FEFAZIE T 1 min N BE S AT OBk, A Image-
J A AT O AL TR A ER RS2 (sinus venosus,
SV) FZfkER (bulbus arteriosus, BA) [H] .,
24 TREIFERFEKEYIRDEAFA SOD
CAT FEMRIF N

YPITIEIE “237 TR, BEFRE 72hpf, B
W, FIRRE/KIEDE 3 Ik, FAFfaEEAN 1.5 mL BO0E
i, B 80 B, 7E-80 CFINAF. NI
AN, BECLE RGBT B A I %
ZiPp AT k) SOD Al CAT it
25 TRIFERFEKEPNRIEFEOHH
REUE T RS20

KHIWiERE (acridine orange, AO) GGtk
DA [F) 2450 o A 5 R AT #a o LA 0 T4 O
BUJTIER “2.37 U, FiFRZE 72 hpf, BERZGW,
FIMERR7KIESE 3 R, WERMIG KGRI 2 mL
AO Gt il (2.5 ng/mL), WG, JE R 7756 g

H 30 min, FIRRAG/KIEYE 3 K, A 0.05%[K) %
SETRI, WA BRI, e 20 3% R4 4E R
KR AIEEFRIL, FE5OG RS NS I .
26 AEIFERFEKEVNHDELHLES
MR X E R RIAR SN

YRPGITIRIE “2.37 TR, BEFRE 72hpf, B
W, HIRRRKIEBE 3 W Refr e N 1.5 mL Joll
EP &, ANAYHE R D fufff, £-80 C
T AF. i Eastep® Super RNA 2R G HEH
frfa s RNA, JH% RNA WKE G, (R
FIE AN FH 5 25 RNA A% 5% cDNA.
Wt AHRER I E &5, 51PN 2, B-actin
E NN Z, H Go Taq® qPCR Master Mix iE4T SEH
JE 5 PCR 75 WAl R R () Rk 18 O, P28 PCR 4
WP 95 'Cy 2min, 95 C. 15s, 60 C. 30s,
95 C. 155, 45 MEH, Z55RA 27283 A
AU R B SE R [SOD 1. CAT. B K S-##
M 2 (glutathione S-transferase 2, GSTP2) ]. ‘{0JIE
REMKHERF [GATA 45iGHEH 5 (GATA binding
protein 5, GATAS5). NK2 [R]JFHE 5 (NK2 homeobox
5, NKX2.5). LEkKE I #E 5% 6 (Myosin, heavy chain
6, MYH6) 1 ColLARMLH T-AH G ] [B ik T2 4 i
J8i-2 (B-cell lymphoma-2, Bcl-2). Bel-2 fk X &
FH (Bcl-2 associated X protein, Bax) JIFKIEKF.
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Table 2 Primer sequences

FE A EHFY (5°-3) XIAEIH (5°-3)
B-actin GAGCAGGAGATGGGAACCG CAGGAAGGAAGGCTGGAG
CAT TCCGGACATGGTTTGGGAT CGATCCGCTTCTTCAACAGG
SOD1 ATGGTGAACAAGGCCGTTTG AAAGCATGGACGTGGAAACC
GSTP2 GGACTGGATGAAGGGTGACA ACGCTTCTTTACCGGTCTCA
GATAS CCACAGACTGGCACCGATAA GCGTACGGGCTGGAATAAGA
NKX2.5 ACCCGGGTGAAGATCTGAAG TGGCTAGGTGGTCTCTCTCT
MYHG6 AAGCCACTACCGCCTCTCTA TGAGGCAAGGTCGTCCAA
Bel-2 TGGACAATCAGATGCGTTAC TGTTCCAAACTGCCCACTA
Bax GACAGGGATGCTGAAGTGA TGAGTCGGCTGAAGATTAGA

2.7 HURALIE FEYIN) LCroo S5A TSI R, 1321, A

i GraphPad Prism 8.0 #4417 & -5 it 254U
o M SPSS 19.0 BATHEAT R T5 Z 3 Hr %
PR AR R 2 5, 45 X £ R
3 H#R
30 TEIFERFEKEVMNHD &R OREL
BEEMTEMHESER

MR PR B VE SLI0 TP R 2 AR BT R B S A1 fa
AL AR AR T SE 1t 45 2, H GraphPad Prism 8.0 %
ezl sE-aiMi gk, WK1, FEAFRZ FEREHFEK

M. AR BRI A 32 S A A KSR
LCio0~ LCio M LCoo MFE 3 FTLAE H, K LCioo
HMILCro HIWT, 6 Fhdy T F 3 4 HIE M R AMR IO EE
PES TR IRk TASS AR RN Sb AT R ) S P
Ao IRPEANR) B 32 S B A K IR) LCo AT LCoos 53
FMPLHE 1/2LCrov LCov LC1o H W E NS FF EHREFE
KPR . =R, DORES IR O
JEEEVENG DL AFEF EREFAKRDIE. . &
JREWR W 4 frs.
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Fig.1 Volume-toxicity curve of aqueous extracts of Taxilli Herba from different host trees to development of zebrafish embryo

#3 TEFERFEKRYIIBED &R 72 hpf B9 LCioos
LCi0 1 LCo

Table 3 LCi00, LC10 and LCo of aqueous extracts of Taxilli
Herba from different host trees to zebrafish at 72 hpf

e LCioo/ LCio/ LCo/
Al . . 4
(mgmL™") (mgmL") (mgmL")
EWEFERTAE 9.00 477 4.00
MR 27 32 S A2k 6.00 2.76 2.00
WA ERTAE 5.00 1.16 0.60
JeTikEr R RFHE 2.00 0.67 0.50
TR B R 2.00 0.62 0.50
WA L 0.60 0.25 0.20

x4 TRIFERFEKED I NAYRERE
Table 4 Three concentrations of aqueous extracts of Taxilli

Herba from different host trees

J5 IR /(mg-mL )

A5

& H 5]
W EFEREE 2.39 4.00 4.77
Mbe a7 32 S 25 R 1.38 2.00 2.76
MZF ERHFE 0.58 0.60 1.16
ST EFR A 0.34 0.50 0.67
TMRE E A 0.31 0.50 0.62
B 5%k 0.13 0.20 0.25
32 TRIFERFEAEYIHIEFELERD
=AU

O B R ML BE S O R D AR R 7 I
HERAR, S aEIERREE FOLELHN 120
K/min'e Wk 5 PR, AR B A0RR
(125.20£9.27) K/min, 5 CERRIEMEEAR—FL.

A d b, FMa ERTFAKEDK. . &
J R P LAY 0 Ze 3 A B R AR MR A
A T A KB R LAY 0 F 38 B L
& (P<<0.01), fi&. HREIRE M HEORNEH
B AR L TR, TRk AT RS F KRR =
JR R FE AT O ZR I B B RFE (P<0.01), i)
IR AT AR A R B ERETA
IKIEYMG s TR L B AT 0 2R IS B
B (P<0.01). 53K, BRE|MFERHFE
Ab, WIB. A JeTB. SRR A S
IKIEI) BA B AR DE S fa ATt OB IPE D, JER I
BRI A DG
33 TRFERFEKEMNHRD EFEOIER
SE BN

WK 2 Fk 6 fiw, = AL AOIERE IER,
O RGN, R OEKM. 52A41EHE,
S P SR F KR . IR AT
WEAR B LKL S, CrVELTHIARAT SV-BA [A]FE
A IHEA b AR AT R A 32 S A A K. &
JRERA AT IO KL R, O ELTH AR SV-
BA [AJEEB] B8 K (P<<0.05. 0.01), {REEWREH
e ETAR R SV-BA [AIEE AT B IR, AT
FRAAKEY . E T EIR AT IO ALK
B G, CoELTHIARAT SV-BA [A]FE B 18k (P<<0.05.
0.01), {1 SV-BA [aIfEIH B8k (P<
0.01), {H.CELHAREA R WA AN 27 3
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®5 TEFERFEKRYINBEDEORMTME (X+s,n=10)

Table 5 Effects of aqueous extracts of Zaxilli Herba from different hosts trees on heart rate of zebrafish embryos (X £ s, n=10)

A5 FREWE/(mgmL™")  HE/(K min ) 5 FUERE/(mgmL™)  LF/(K-min™")
=H — 125.20+9.27 FATR T ERATE 0.34 103.20£8.50
WA ERFE 2.39 129.70+12.18 0.50 116.90114.89*
4.00 125.30+5.87 0.67 108.80+12.05"
477 126.80+7.22 A ERHFE 0.31 123.70+14.20

T 25 8 3 5 A 1.38 123.40+15.35 0.50 101.00£10.36™
2.00 106.90+13.16 0.62 106.50+£11.22*
2.76 73.07140.84™ | HWAFERAGE 0.13 105.80+12.04"

MR ERFE 0.58 120.80+14.06 0.20 96.80+15.70*
0.60 94.10429.85 0.25 95.00+53.40*
1.16 94.00+14.77*

5 aditess: "P<0.05 “P<0.01, FEMA
*P<0.05 *P<0.01 vs blank group, same as below tables

FM AT EFTAE

MW 25 £ S A

R R

ATk LR AL

SRStk

B ERTL

(0 &30 R R VR
El2 FARFERFEKEUNHED &R SHFE

Fig. 2 Effects of aqueous extracts of Taxilli Herba from different hosts trees on heart shape of zebrafish
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* 6 TRFERFEKEVNRI & OEEMAM SV-BA
[BIEEAOEZME (X £s,n=10)
Table 6 Effects of aqueous extracts of Taxilli Herba from
different hosts trees on pericardial area and SV-BA spacing
of zebrafish (X £ s, n =10)

R7 TREFERFLEKRERVXNBEDE SOD 7 CAT SEHEHY
M (X+s,n=3)

Table 7 Effects of aqueous extracts of Taxilli Herba from
different hosts trees on activities of SOD and CAT of
zebrafish (Xt s,n=3)

R R D AT
) ’ﬁiﬁfg LAERE  SVBAuM oL g§i§5§ay§§m2fu(uﬁépéfu
ZH —  25653.00£9197.98  162.07£29.98 = — 6.15+0.13  0.49+0.01
E i 239 21437.72+481458  159.13£20.27 ST B 239 5894059 0.49+0.01
400 20328.0914670.22  148.88419.99 400  6.04+058 0.47+0.04
477 20182.284+2858.28  148.54427.43 477 4904042 0.49+0.10
W2 3 S A 138 26429.63+£9259.00  274.05%121.04 IR 25 32 5 25 AR 138  4.50%+0.35 0.37+0.07
2.00 3770720413 203.53" 298.77+140.62" 200  43040.63" 0.2240.02*
276 4069159418 864.69" 320.144152.98™ 276 3224049 0.16+0.01°"
WA ERFE 0.58 20838.091782820  176.89148.95 MARF EFRFE 0.58  5.17+0.51 0.38%0.03
0.60 2444144£6583.65  175.69£43.92 0.60  3.9240.42" 0.2440.01*
1.16  297533145396.38"  208.14460.89" 1.16  4.5440.62" 0.2240.05*
FHHFTREE 034 26749.9518940.73  199.74£61.68 kA EZREE 034 5131054 0.2440.01°
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Fig. 3 Effects of aqueous extracts of Taxilli Herba from different hosts trees on cardiomyocyte apoptosis of zebrafish
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Fig. 6 Expressions of genes related to cardiomyocyte apoptosis in zebrafish treated with Taxilli Herba from different hosts
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