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Toxicity effects and mechanism of ethonal extract from
Euphorbia pekinensis on Pomacea canaliculata
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Abstract: [ Aim] The invasion of the golden apple snail ( Pomacea canaliculata) poses a severe threat to China’s wetland and
agricultural ecosystems. To ensure national biosecurity, ecological safety, and food security, developing green biological mollusci-
cides is essential for control of this pest. [ Method] Herein, we obtained an extract of the botanical agent Euphorbia pekinensis using
a cold soaking ultrasonic exiraction procedure and assessed the toxic effects of this extract on P. canaliculata. In addition, we com-
prehensively analyzed the mode of action of the extract based on dynamic observations. [ Result] We found that the ethanol extract of
E. pekinensis has notable molluscicidal activity, with snail mortality being observed within 12 h of treatment, and positive correla-
tions being detected among the rate of mortality, extract concentration, and exposure duration. By performing regression analysis
based on the probit unit method, we determined the 72-h median lethal concentration (LCs,) values of 0.639 and 0.926 g - L™ for
juvenile and adult snails, respectively, thereby indicating the higher sensitivity of juveniles. Treatment using the LCs, of the extract
over a 72-h period revealed an initial increase and subsequent decline in the levels of pedal acetylcholinesterase and nitric oxide syn-
thase in snails. After treatment, we detected a significant increase in malondialdehyde content in the snail’s liver (P<0.05) , along
with notable reductions in glutamic-pyruvic transaminase and glutamic-oxaloacetic transaminase, compared with the control group.
These findings indicate that E. pekinensis extracts can significantly disrupt snail liver function and antioxidant mechanisms. [ Conclu-
sion ] The findings of this study reveal that an extract of E. pekinensis has significant molluscicidal bioactivity against P. canalicula-
ta, thereby indicating its potential for development as a biological molluscicide.
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Fig.1 Mortality of juvenile (A) and adult (B) snail following treatment with ethanol extract from E. pekinensis
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Different capital letters indicate significant differences within the same treatment concentration but various treatment durations ( P<0.05) ;

Different lowercase letters indicate significant differences among treatment concentrations at the same treatment duration (P<0.05).
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Table 1 Toxicity of ethanol extract from E. pekinensis against various age snails

JLpL] Ab B[R] HHTR Pearson K77 HHIC R AL F O
Treatment Treatment time/h Toxicity equation Pearson’s chi-squared Correlation coefficient LCs/(g- L")
AL 24 Y=6.585X-0.955 1.480 0.972 1.397 (1.286~1.584)
Juvenile snail 48 Y=4.624X+0.337 0.850 0.980 0.845 (0.774~0.916)

72 Y=6.436X+1.254 0.957 0.890 0.639 (0.576~0.688)
S 24 Y=6.339X-1.217 1.455 0.977 1.556 (1.400~1.881)
Adult snail 48 Y=6.620X-0.528 0.724 0.987 1.201 (1.124~1.307)
72 Y=4.429X+0.148 0.523 0.979 0.926 (0.850~1.010)

2.2 FEARBZERBYIXESFEMIE RS BIRE
E TR R

LR ORI AL PR S | 46 7 SR 2 i 28
ZYHFR G AChE F1 NOS %5 254k WLIE 2. &
2A TR, 25N PR AR 77 IR ME /2 AChE Ji5 P 2 B
(0~ 12 h) ZeFteE, il (12~72 h) B R,
JE#A(72~96 h) BaTFRUE R EE Hri 12 h {518
8 /& AChE JiPE N 2.40 U - mg ™', BEEH T2 AN}
TRZH (P<0.0001) , J&25 FIXT IEZH A9 1.67 £i5;96 h

2 EX R Control group -

A

[%)
S}
i

N
IS
1
*
3

AChE 1t
ACHhE activity/(U'mg™")
S, Lo
2L o
—

AEFERS A] Time/h
B2 FAHZERIYWITEHIE AChE (A) NOS (B) EiEtERIZ N
Effect of ethanol extract from E. pekinensis on the enzyme activities of AChE (A) and NOS (B) in P. canaliculata
L P<0.0001 5 *** . P<0.001; ™ :P<0.01; * :P<0.05;ns: 23 AR E3E,
. P<0.0001; 7, P<0.001; ™ . P<0.01; *: P<0.05; ns: No significant difference.

Fig.2

J& ,AChE JEPEAR B FRE, B 1.55 U - mg™', 55 H
X REZH 7K FAH 2 (P>0.05)

A7 2 NOS 305 e B Ak B sf [ 1) 2 285 A2 1k
WNE 2B Frzn, B (0~ 12 h) NOS & P& 7t
12hJ5,NOS iGN 3.52 U - mg™' , BEHTEA
XFHEZH (P<0.0001) 344117 91.3% , 2 J5 2 T B,
9 hJF, NOS it Bl Bk T = 1 X 4
(P<0.001) ,F#{KT 29.8%,

ZiAbEE4 Treatment group

4+ B -

NOS JiF 1%
NOS activity/(U'mg™)
|38

(=]
I

0 6 12 24 48 72 96
AbFEFF [A] Time/h



Journal of Biosafety H33E

. 412 - AW A AR (S0
23 FEARZERIWNEFEREN RSN

At A R 28 3 KR 2 T A HU ) A B U o
MDA F &t i [ BSR R B e, 5 T I #
THREME (I 3), 6 h i, 255 Ab B4 45 75 12
JEREH MDA % & A X T 25 [ B4 b A 2
(P<0.0001) ,J&45 FAXTRRZH ) 2.89 %, LI 257 Ab
FEZH MDA &4 0.35 nmol - mL™' ;12 h J& , 253k ik
B4l MDA & &= M X B AR T 257%, N
0.26 nmol - mL™", Z i MDA & EIEAYEF A H
A1 525 7 28 AR IR 4 (P<0.05)

24 WA ZEREBRYWIEEFEFERS
sbA

Hi P& 4A AT, 22 25 A B8 ), AR 75 05 R Dk
ALT/GPT & PEREBCEATH(0~6 h) S5 BT, Tl (6
~48 h) B T B, J5 1 (48 ~96 h) 4 T4 E iy 4
oo H 6 h 25 AL BR4H ALT/GPT 3% 1 N

it

214U -mg', 525 ([ X 184 A b b T W
(P<0.001), FTFT 17.5%;24 h J5, 25 AL FH 40
ALT/GPT {G I RIS T X AR, HEX FRZH % 16.5%
2 X AL Control group
~37A
gs et
85 =
<3
5
<
0 6 12 24 48 72 96
ALERI ] Time/h

(P>0.05) ;48 h J&,ALT/GPT i1t R 1.13 U - mg™,
%t HRZH AH bR % 34.3% (P <0.01) , Z )5 ALT/
GPT iGEM aTHae . thanl&l 4B v J0, 245 W Ak B0
FEFFIRIFAE AST/GOT FEPERAN S, 7E 0~ 12 h Pk
TR IR AR o 12 b B 24 Ak PR 2
AST/GOT #&MEH 7.31 U - mg™", 523 X BRLHAH L
TR (P<0.0001) 1G5 TEFFET 51.1%.,

2 EXT R4 Control group

—— B 7 FEZH Treatment group

0.

g

B 0-45_ Hokkk - -
i £ *k - *k
41
= 5 0.30 r
= §

< 0.157 T T o

3 B

=

0.00— .
0 6 12 24 48 72 96

AEFERF[A] Time/h
RABRZEREMXEHFE MDA &8I0

Fig.3 Effect of ethanol extract from E. pekinensis

#3

on MDA content in P. canaliculata
. P<0.0001; ** . P<0.01.

VAL B2 Treatment group

~ 257 B

‘o
” Szo— ,,,,,,,,
=
0~ 2 4T - = T -
e £ -
8 ?, 10
B e
<8

= 5+

[_4

175}

<

0_

(=2}

Ab BRI ] Time/h

4 FAHZEREBYIIEEE ALT/GPT (A) AST/GOT (B) BaiF R 20
Fig.4 Effect of ethanol extract from E. pekinensis on the activities of ALT/GPT (A) and AST/GOT (B) in liver of P. canaliculata
L P<0.0001 5 ** ; P<0.001; ** ;P<0.01;ns: 23 AN B E .

. P<0.0001; 7. P<0.001;

3 igFLie

A7 SR E A A R b o AMRIK A 2B,
AW ) T 32 1 7 A% i 3R BE ( Matsukura et al.
2016) ERJE (Qin et al.,2020) . T 5 ( Yoshida et al.,
2014) 75 44 /KK ( Kruatrachue et al.,2011) S5 31355
T BE AR AF, 32 B2 i T AR A IR R 1) AR AR &
oy, AR P WA 88 AT i, B AT A I fE T,
Hb A A A ) BRI AR oA Y JE LR B AR
AT, 2 o IC B Fl X P 852 s 45 7 =0 5 3
BEi5 et T I 4 TR SR AGE 2 o I R PE R B
KRR A B2 (T a5 ,2000) , ABFSE T, 5t

H

N

. P<0.01; ns; No significant difference.

R SRR 2 AL BT | A 77 W8 4 W8 R B AR 1Y
I S RE BT AN R R BE B s . WF ST R, ftidde
YA A SR B B ) IR AR IS I S T
RIVAToF MR AR B A3, B Ak R R[] S < A1
LYW G N, AR A MR IE T R WAL AW Ty, X AT
REE A O e A AR MR A T 32 B (L 2 )i, A A7 IR AL A
Ji 2 40 AR, SE T KBS A i, Yang et al.
(2017 ) FERFF 55 MR £ U ) 48 75 SR ) A ) KA 1%
PErp A B T RIRE AR AH RIS E] T A 75 2R i IR
4 LCyo i T4 MR, U6 B IR B A S i (R KT 259 1Y
AETT  AEBTRARAE (2012) PRI A B R ARL T
W AR AR A= R RS2 R E 5 v R i B b 22 5%



5 4 1

S TR s AU ERAR U6 A A7 SR 75 0 00 B A TR <413 -

ZBERHBHG  ( AChE ) J2& H BT R 25 80F & b i
BLELEREG 2 —, 24 AChE 5% PEgE 4], 2wt IH 5%
TR, e R RS, S BB BE A 24 T
b BE XSRS LA 2R A ML b 2 A SE IR
T s DR IR R JRR I 1T B (ARSHIRE 45, 2016) , ARHIFSE
KIL,72 h BHEGCHKR AP , AChE 1% M 7E 1 41
T Ja R 200 H 7K 6B 5t R ik 2 FEER B -
ANLL T AR5 B oAy S0 | S 300 P v T g 2 1A
Shy A 7 W B IR B A 248 T B AR E , DTS T
JEBE BEPT 4 30 [ ( 28 W IR 45, 2022 ) , ML 2o 2 55
AChE 6, 980/ LAl AR 58 R F R, 325 2040 i) 2% i
FEE, XS5IMNEZY BRSSPI 42 i AChE
TEPEZS AL AR ( Dai et al.,2011) .

— LA A (NOS) J2& 5 B i 28368 T v i —
Tt FEA5 AL B R 4G AR ( B i %,
2003) . 4 NOS ¥ ¥ 52 2 30 ], LK (5 5 1%
i LRI sh A2 £ T B R AR - I S DI RE S B2
ZEIIH] 2y i HLARBE T AN 25 i
NOS 76 BT, [F i 5 NOS i fi ik LA =R ™
AR NO, X I T8 B = A R e EE i (2 B
45.2022) . ARWFFE KB, NOS i M 78 32 56 5 0 Tt
1,12 h JE 2R R, 72 h 5 RS T IR KF 3
B Rk 2 W B L) XF NOS A — 5 Y # [ /F
FH LT NOS 3T, v] BB 2 ISR kb 2y
WAE A (R 0 2R N, 72 h SR, NOS i 1 1 A8
52445 (2006 ) 3856 R T 85 28 S it e Ak P
JE AP NOS 5 AR fb AR —F

P (MDA ) J2& AP 25 1 s AT B 90 0 A A4
P IE AR B AR R 5 R S T R AR i AR
AR RS 1 21, 2 O AL 42U AL
PR B 0 R bR 2 — (XIBT 46 1985) o FEAR IR
g, 5 KRR £ B A Y Ab BT AR A7 R I
MDA & FIHRE (P<0.05) , BEHH 24 1 i o 231k
It A IR BT AL 3 A 9 K P A
FH 3L 0 o R sty B, 51 R o A AR i SRR
AT = A2 K i MDA, 2 2 20 S Ak 4 497 7™ B 1
HEPRE, X5 B ARG TR N MDA & 7 7A8
AL ( Zp % ,2021)

ALT/GPT il AST/GOT 2P 2 Fidse s UL
R, e S5 N R R, R )
PRI AR IR R (A A 9%, FLE M AR Ak
AIFEAE & I T 95 o 2 AE ) B 1R B (AR W 5,

2018) , AFFFEH, Lt Kk QBRI AL S |
FFIRIFIE T ALT/GPT 36 M SR R 58 LA R R
BT AST/GOT 7 M WX 5T K sl £ B By o
R, — BLAL T AR K- 3 10 BTG v B85 R e Bt
[EJ AL, 1] e fe AR HLIA B A B S B L A AR
N7 B4 7 38 I, 30 3 R 4 B T T o AT
B, S ARRAR T B2 th TR 7 R I A0 i AE T, 5
Tit 58 5 IR I 20 R GEdt A SN R IE I8 R 58, 25 WAk
P2 P 2 il 5 P b 2 IR T 2 1 0 R AT R R AR
UEHF I T RE S 0 (R A, SR/ 2 AR A IR AT T 1 2
A, A SC A (2000) KAETIR AW 58 h & B, AR
VR T 2 I K 2 YAk L 5 5 T R O 2 e T 2 2
TR (YR B T 2.5% I, BE G B YT B
TR A BRSPS A R S AR A A AR

ZE LT AR A5 SR R, KRR R U 2
Xof i A A PR T AL A0 L R T U 28 2 ) 8 3 i )
BRI TP Am AR UAR M 2 RGN RE ; 5 K
A A WA LI BRI MR HA LA B S I IR AR W e
B R R R KRN0 T, W58 R ot Kk
(R R RN A Dy B T e 7 SR T B A mT gk

S 3Lk

ETHUE, MR, TR, T, 2014, FE R KR A
PR AL /N U A B HL R BT, P B 3
@R, 30(2): 295-296.

ANR, ZEFh G, 2023, 4 FORER =0 AR 75 R IE RSk 2
BTGS2, 05 Rk K 3 3R, 45(2) : 413-421.
MRig e, 200, 20k, Wk, KRR, PR, M,
2023. =P LbAE 2 ) KO T I R0 N [ 4 7 B 1 AL

BT, R¥A ) 21(1) ; 86-92.

PR, BRI, 1 SO, B IRIEAE, 2014, BOREE T
I YN TR T N R X (D N L & e
53(14) : 3300-3302, 3309.

BOER, 2B, TAHR, XHL, S, L, 2016, HAIEE
FEARL PR R IR N R T. Wl 3h4, 35(4) ; 503-510.
BFH A, PNSEIL, HKARAR, 2015, Tt X 5T R s ik 7
ERRsEm. PR ERZSF 4 E, 35(5): 380-385.

ik, B, KW, BAAR, BIERE, 2019. AFEER
s B AR B ( Pomacea canaliculata ) SRR A BRI . &
L&, 38(5); 1426-1432.

WISCU, %, BRaeht, TO%, D970, 2000. #4525
IKERATATIRIF DI RER 2 0. H1 AL K & SR (A KA+ %
B, 22(1): 77-79.



- 414 - AW EE AR (hE0)

Journal of Biosafety $33 5

2t Qo SR, TRW, AKM, KR, 2006, &
T A0 B ek P TR G T S i 1) R L UM SR o B R
kB G A&, 18(6) : 427-430.

XUmFep ) MofSE, B8, 1985, LI NS B AL 7 ) ——
W EEMERILE . T AEHFRFR, 1(1). 18-22.

XMW, SESE, SRR, Bk, KIAIK, BKiE, 2019, =K
Ak 2% B4 A0 24 FAE B ST AR, P B AL P 2,
21(1): 129-38.

Pk, DEYL, VSR, XB, 2022, KRR E I A
2 3 Wl A T N e T — S AL R A S L
ZRPEHALEIIE. PERLES £ &, 37(10) .
1301-1305.

ZHIA, R T, IR, 2022, o7 MHOEAE 2 BERE 582 R TR
JIFBGR BB 308 65 v 14 1 FRMIL ) B i R, o ) A 4 4k
5 5T &R, 38(10) ; 1304-1310.

WH, ATFEE, B, RIEZE, 2023, 788 EEAR
Fift ( Pomacea canaliculata F1 Pomacea maculate ) W 5% ¥4 H
k. B IR R IR A RHFIR), 46(1); 88-99.

TR RO, B, I8, WKL, 2021, BRRAF
ORBOGE #7478 B % 5OR B AR AL K 4 A 4 3R,
45(2) : 284-291.

FWRLE, FNE, AR, 2003, Hkshny— R S H:
GEFITTTE . S F 2 &, 38(6): 97-103.

ME, m223E, WEE, ke, kFW, 2007. HEB
AT B/ S B AN MR R . P B AR A
23(5) : 597-599.

BHIRAE, SUIEM, shfd, oM, 2012, R EXTRF L B Y B
TRABARAGEN. &7 R S4R, 43(8): 1129-1134.

REVE, BB, NS, MR, FEHUR, 2018, KIRZGYME
FATF RIZERE AT . PE AR XmBERE, 30(2):
237-240, 243.

TRA, WS, 2015, FURHMIRG B Al B PENLHIBESE. P B
R KA G E, 27(1): 104-107.

WeI5, akHER, WRRIEE, SKIEE, 2019. BT EE A AT S X B
DRI B E . PR S E, 4 (6).
1179-1185.

GifE, L, 2518, R, Fn, kIR, X, 2021. B
YL SHALAT IR AR AE KT EAL I R G . RS
FAERFE 19 (1): 10-14,

FRR, UM, Fita, 737, 2000. 18 IR0 A Y408
8. HEITERF B RFFFIR, 23(2): 76-82.

HRB, W, BAR, £4h, 2019. BHEBAET LA
iR R R WE S AR, A58 4%, 38(12):
3831-3838.

ARWARE, WA, IR, &4, PMVEA, 2016. ARAEY
TR U T 4 7 R VLT P A 0% e 1) S 33 Ak R A

%, 55(6); 1451-1454.

DAIL P, WANG W X, DONG X J, HU R Y, NAN X Y,
2011. Molluscicidal activity of cardiac glycosides from Neri-
um indicum against Pomacea canaliculata and its implica-
tions for the mechanisms of toxicity. Environmental Toxicolo-
gy and Pharmacology, 32(2) : 226-232.

JAMWAL K, BHATTACHARYA S, PURI S, 2018. Plant
growth regulator mediated consequences of secondary metabo-
lites in medicinal plants. Journal of Applied Research on Me-
dicinal and Aromatic Plants, 9. 26-38.

KHURSHEED A, RATHER M A, JAIN V, WANI A, RA-
SOOL S, NAZIR R, MALIK N A, MAJID S A, 2022. Plant
based natural products as potential ecofriendly and safer bio-
pesticides: a comprehensive overview of their advantages o-
ver conventional pesticides, limitations and regulatory as-
pects. Microbial Pathogenesis, 173 105854.

KRUATRACHUE M, SUMRITDEE C, POKETHITIYOOK P,
SINGHAKAEW S, 2011. Histopathological effects of con-
taminated sediments on golden apple snail ( Pomacea canal-
iculata , Lamarck 1822). Bulletin of Environmental Contami-
nation and Toxicology, 86 (6): 610-614.

MATSUKURA K, IZUMI Y, YOSHIDA K, WADA T, 2016.
Cold tolerance of invasive freshwater snails, Pomacea canal-
iculata, P. maculata, and their hybrids helps explain their
different distributions. Freshwater Biology, 61(1) . 80-87.

QIN Z, YANG M Y, ZHANG J E, DENG Z X, 2020. Effects
of salinity on survival, growth and reproduction of the inva-
sive aquatic snail Pomacea canaliculata ( Gastropoda; Aamp-
ullariidae ) . Hydrobiologia, 847(14) ;. 3103-3114.

SCHNASE J L, SMITH J A, STOHLGREN T J, GRAVES S,
TREES C, 2002. Biological invasions; a challenge in ecologi-
cal forecasting // IEEE. International geoscience and remote
sensing symposium. Toronto, Canada: IEEE Xplore: 122-124.

YANG C P, ZHANG M, LEI B, GONG G S, YUE G Z,
CHANG X L, SUN X F, TIAN Y, CHEN H B, 2017. Active
saponins from root of Pueraria peduncularis ( Grah. ex
Benth.) Benth. and their molluscicidal effects on Pomacea
canaliculata. Pest Management Science, 73(6) ; 1143-1147.

YOSHIDA K, MATSUKURA K, CAZZANIGA N J, WADA T,
2014. Tolerance to low temperature and desiccation in two
invasive apple snails, Pomacea canaliculata and P. macula-
ta ( Caenogastropoda; Ampullariidae) , collected in their o-
riginal distribution area ( northern and central Argentina).

Journal of Molluscan Studies, 80: 62-66.

(FALBH AR E)



