B AIANTIMNENANERFYINT TN 30 (21TUT 3) Tuenan — SuaAN W.A. 2568

BURAPHA SCIENCE JOURNAL

1SSN 2985-0983 (¢ BURAPHA SCIENCE JOURNAL Volume 30 (No.3) September — December 2025 UNANNIAY

ANsluimasansiandrNgngIndiun wanladas
Tufi'aﬁ"mns'm (Macrbrachium rosenbergii)
Toxicity of Glufosinate-Ammonium Herbicide

in Giant Freshwater Prawn (Macrbrachium rosenbergii)

] & e o Y

yueand WATE, Aadhinn Snuda’, dunnisal AuR°, wedine \Reshivlssiady’,

&
o o

Aneyny AR UAT IANT DUANAVE

a

Butsayamat Wongcharﬂ Kaltima Rakkaew’, Nantakarn Jandee’, Pongpat Kiatprasert *,

Sugunya Kumla®and Chutima Thanomsit™
'wangmamaluladfoniw dnindrumalulaginisnees smangaewaluladgaus Ussmalng
* @3z anuzinsmsmaniuasmalulad umangnatmalulagsgnadans ngnaegiuns Uscmalng
T @wdmdmaans ansinsmsaansiazmalulad sudnenauwmaluladisvaeeadai ngungiuns sznalne
" arwdmanenaansuazadinmans Anzineasamaniuaswaluladl sangiaemalulagngaenadas menaegauns Uszmalne
° @19929115509 AmMenIenasssnTd waneaamalulagisTavaadas meneanauas Uszindlng
"School of Biotechnology, Institute of Agricultural Technology, Suranaree University of Technology, Thailand

2Departmenz of Fisheries, Faculty of Agriculture and Technology,

Rajamangala University of Technology Isan Surin Campus, Thailand

3Department of Animal science, Faculty of Agriculture and Technology,

Rajamangala University of Technology Isan Surin Campus, Thailand

4Depar[ment of science and mathematics, Faculty of Agriculture and Technology,
Rajamangala University of Technology Isan Surin Campus, Thailand
5Department of Fisheries, Faculty of Natural Resources,
Rajamangala University of Technology Isan Sakon Nakhon Campus, Thailand
Received : 19 June 2025, Received in revised form : 21 August 2025, Accepted : 21 August 2025
Available online : 9 September 2025
UNAAsa

a = o

TpguszasAuasia : ludaqiuinisra1859209n194990NAUAIMIAIUNITNEAT ATTUNHAINIANN

a o o

A , PN a v 9y = o D v a >
LV]ﬁIuTm—‘.IWN l"| N'Vﬁ')ﬂLWNN@N@W'Vn\‘iﬂqu@qﬂqi‘iﬂLWﬂ\?W@ﬂUﬂquﬁ]@\'iﬂr]iﬂ.l@\'ia‘]_l‘ﬂ:ﬂﬂ Iﬂﬂslﬂ]@qﬁ‘l,ﬂllﬂqqm

+ IS

o A A a a o o o d o & Y a o 9
VMNTENBILNNNANARNNINNITLIN AT LL@zﬂq?ﬂﬂQﬂuﬂqqﬂﬁEﬂgW‘H ﬂqquﬁuiﬂ@qﬂﬂ?quﬂq?uqL‘IJ"I‘]JEL@NLL@:?@"I?

]

[ '
v A A a 0 o A o

Hasiuiidndananinnzusdeiias agrslsfinin nsldarsndandanalunnivunnednduanvndrdnynvinldiie

o

'
a %

Tryniniednudauandan nasldatsniidndangnlsimannnisaaunnetnegnisiaonuidasanisunsnszans
a

1 3
= S v a

ge9a13n19ndrnTdAuinaan wanannidyuinisldannainnenisinemsnuininuauadudeyinliinanig

al

ANANNID94717AR TUAN 81N A Lazuuasun Tnanistluilauuasanssananodenansenulnansasiadnduinas

o § ¥ a Py o &0 o & ° o o A ' o o ~
V]']lul,ﬂﬁﬂq?QZNNQW?WHIHﬂMQHW LLNﬂ’]i‘ﬂuLﬂ@uﬂlﬂQ@qﬁ‘ﬂqqﬂﬂmgW“ﬁﬂqﬂﬂglu?SQUWﬂ@@ﬁﬂﬂmﬂﬂqﬁ“]_lﬁ‘i:ﬂﬂ

795



B AIANTIMNENANERFYINT TN 30 (21TUT 3) Tuenan — SuaAN W.A. 2568

BURAPHA SCIENCE JOURNAL

ISSN 2905-0963 BURAPHA SCIENCE JOURNAL Volume 30 (No.3) September — December 2025 UNANNIAY

[ '
o & 0O

paanyeel wAszAunIslwdeunnulunnasinsssuanfeainasedndun Tnaanwizaddamniianisduien

a o o

Tudndurnuyedlduiinafiazdinansenulnansasaguainsasuysed Aeiu uldaiddngilsasmnadnm

'
o o A A

=< = o © o o A a = = ° ' A a
DIHANTENULLLIRUNAUTIRIA TN adaNaNg IWTwe wanlullay dauduaisiiaadanandenasadssanan

a

v

A unsIn (Macrbrachium rosenbergii) igeldipaisnanuldlulszinalng TnavinAnuntanisiaauuilasnes
iaaieile nsAnegluuullsfusaniunisldinatianaiisuuaan (Western blot) N1AIAAALINITLAAIBANTD
e o 4 v Xe o ve v e o e e X - “ y ¥
azdnaladuiednairadadusiddannedanintesnislasududaansniandane uazeldndniulunnsdneasedl
Tamnisdsmifiuienisiasuutlasresinnenuazianssuaeseulodazifaladuiesinasanae ialdmaua
4 Yy 4 A . . . & 4 e v aem
HansznurednIflasuulamisdugnad nsasuudadlussdumaduaslussduiiaitia lusyAuiesdifnis
feaziudsslaniluzeiniadisydimistuteusesansdinanludadfiuardundauniaun uaviialindiudeys
o 1 1 Adl Y oa Aﬂl = o Y v a
namazdiaanANdeNtedLinaluzesguaimmininisidaiiunsuniuiing
aa o a a o =S :’/ d’j v a K a a = o
AaaluN1539e - lunsAnmafdlalssiduisannuduiraeing Wdun wenluillanaindnsnisnioazas
aa a a cw A X A [y X a
nsuansaanlavazinaladuieamalsa (AChE) uazninilaaundasrassasidaiaan Waiiandauiila uazn1amu
dl Yo o/ o/ dl o v $ % o 1 v 1
2119 e liududaansiszaumanndnduluszausing - 1éun 0, 250, 300, 350, 400 uay 450 pL/L luszazioan 24,
o o o X o = = a o o a Ao
48, 72 uay 96 99Tue mananAy uanantdsdnuntegluuullsfiudaniunisldmaiianaiisuuasy (Western blot)
NMIIAAALNNTUAAIRANLR9RLTRA AR We A aITaTaTuf T AN e TannaeIn s lASLANaa I pdT
NANTSIAE | AMNNITANHINLIERINIANEaranaesainunaunasan iudndaansnndandana s aunuse iy
AN uTRIaTuATITETIIA N IR FUNNIdNdA aEfialrAuieameasannmageyla lwEluauivminluana

71 dlasasiu (kDa) Inain1suaniaanaadesdnalaauiedmelsd s lnaniazanaaie 1o sUdN @419 010 A WuTL

A K

WaAnmnnasuulasdugiuinenresaadidniaen wudn aaTin LGH, SGH wag H-type H18112ma08

D

ol ,ﬁ . ,ﬁ 4 ¥ o4 . X -
nldadnanauaclalnnanadugninans lunisdnsnisulaauutlasasaiaiiandnuiilanudn ian1suanees
v & . a v & . A A ° ' a
nauLile (swelling of muscle) wazinaainisnanuiiianda (degeneration of muscle) Tuiileitieand wudnaziia
1097971979987 LEN31974 (dilation of lumen) wazn133aNfwaadlulasiala (fusion of micro vill) InenTsLlasuLlagay

n‘ -4?/ dl Y v Yo o/
qumwum@qammmnﬂ,m‘uﬁumL‘ﬂmzmmmmu

Y v

agulnan1siae : avsindndanang W@ wenludand ponuiduiesadeinunsulsaneliiindnsnismaazas

q

TIANANMIUTUATNTL AL AN NI BAZ LB LA T T UANER WATN1ILAAIDDNTIBIDZTNA LARULDALNDLIAALANA

Yo o o o o

dl 0O o o A a = ! v [ o Yo
ANszazIand lasududaansndandantng iniun wenluton danalinanssuenlodanasudsann nsladuduia

= o o =

arenandanansAuANItNTugIuaTNszariaa wIuaL andeyanisAnun s ldiiiudiaisindndaie
Y v %’/

a P a , o o = X A a e aa =
ﬂ@JIV\IEﬁLum LL@NINL'LLEWJNN@ﬂﬁ‘z'ﬂ']_lm@ﬂ\‘lﬂqﬂﬂﬁ‘qﬂqulu?:’,ﬂﬂ_l“ﬁ’llﬁﬂ LAZLURLER Imﬂﬂ@ﬂﬁ‘i‘ﬂ“ﬂ@\iL@ui”ﬁﬂﬂzsﬂmﬂiﬂ@ul@@

q

= | & a4 ° o o o = A 2 a
NBLTAR ﬂqﬁ‘Lﬂ@ﬂuLLﬂ@\?mﬂQLsﬁ@@LNmL@@@ WAZLUBLER @ﬂuﬁimu’luﬂﬂL‘ﬂumqjqmwwmﬂﬂwwuﬂ?:mwﬁﬂﬁwslumﬁ?

Anpunisuiavasnidadang luszuuinals

Y v

AdAl - eiNnaN ; @a1siAnda ; ngndius weniew ; azdialrdueamelsa

796



B AIANTIMNENANERFYINT TN 30 (21TUT 3) Tuenan — SuaAN W.A. 2568

BURAPHA SCIENCE JOURNAL

ISSN 2905-0963 BURAPHA SCIENCE JOURNAL Volume 30 (No.3) September — December 2025 UNANNIAY

Abstract

Background and Objectives : Nowadays, the Thailand export agricultural product was intensively expanded.
Therefore, Thailand agricultural sector expels the promotion in chemical using trends in agricultural system. By
these economic forces, farmers have encountered large- scale farming production sufficiently for increase
consumer demands such agrochemicals using such as chemical fertilizers and herbicides is an important factor
for farmers relying on. Herbicides are widely used not only to increase crop yields but also to control weed growth
and dissipation that hinders nutrient needs for crop. So far, high volume of herbicide imports value is an evidence
reflecting the remains agrochemicals farming system in contribution to the environmental pollution and crisis via
inappropriate and excessive usage. Thereby the improper chemicals practice and usage arising from overuse or
runoff into nearby ecosystems leads to the herbicide accumulation in environments such as soil, water, and even
the air that causes the long-term contamination. Aquatic animals Inevitably affects to this risk by exposure to
herbicide—contaminated environments. Aquatic animal health is damaged by herbicide effect in either immediate
toxicity or long-term accumulation in animal tissue. Although the concentration of herbicides detected in aquatic
animals remains in safety range for consuming, the long- period exposure of such chemicals bring into health risk,
especially the human diet made from these aquatic animals. Glufosinate ammonium is herbicide disrupting cell
structure and function of plants, but has no effect in aquatic invertebrates. This study aimed to investigate the short-
term toxicological effects of glufosinate ammonium on the giant freshwater prawn (Macrobrachium rosenbergii),
a commercially and ecologically important species in Thailand. However, limited data about the response to its
glufosinate ammonium exposure in this species was little studied. Therefore, the objective of this research is to
examine the physiological and biochemical effects of this herbicide on M. rosenbergii. The changes in tissues and
blood cells were observed including characterizing the acetylcholinesterase (AChE) expression using the Western
blot technique in the nervous system. This key enzyme acts as a valuable biomarker for neurotoxicity in aquatic
organisms. Thereby determining the alteration in both cellular and molecular responses, this study provides better
understanding pathophysiological effect on post- exposure herbicides of aquatic animals in contribution to
threatening human health risk via the contaminated food consuming.

Methodology : Glufosinate ammonium toxicity was assessed in this study for determining its effect on cumulative
mortality rate in relation to acetylcholinesterase (AChE) expression as well as the physiological response after
glufosinate ammonium exposure was investigated by measuring the total hemocytes and histopathological
alteration in muscular and intestinal tissue. After glufosinate ammonium exposure to healthy giant freshwater prawns

at effective concentrations from 0 (control), 250, 300, 350, 400, and 450 uL/L, respectively. For simulating possible
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duration time and exposure levels in nature this experimented duration time were performed at 24, 48, 72, and 96
hours. Moreover, the responsive biochemical function in protein expression profile and AChE expression by using
western blot analysis was determined for neurotoxic damage AChE acting as a biomarker.
Main Results : The study for glufosinate ammonium toxicity revealed an increased mortality of post-exposure of M.
rosenbergii in time and concentration dependent manner that evidenced on the increased cumulative
mortality. Western blot analysis demonstrated the significantly decrease in AChE expression while increased
exposure time. AChE was detected at molecular weight of approximately 71 kilodaltons (kDa) in hemolymph. The
awkwardly decreased in AChE expression in glufosinate ammonium- exposed prawns revealed its neuronal
disruptive effect on neuromuscular function. For histopathological examination, the exposed prawns displayed the
structural damage of hemocytes in multiple cell types, including large granular hemocytes (LGH), small granular
hemocytes (SGH), and hyaline-type cells (H-type). Evidence on irregular cell boundaries, disrupted cell membranes
and cytoplasmic disintegration suggested the herbicide effect on to the immunity compromises. For histological
study, swelling and degeneration of muscular tissue was shown, thereby its direct effect on muscle structure and
function. Similarly, after exposure pathological changes was shown in prawn intestinal tissues such as lumen dilation
and fusion of microvilli, thereby reducing nutrient absorption and hindering digestion efficiency. Therefore, much
longer exposure time with an effective concentration of glufosinate-ammonium, the growth and health was retarded
by the persistent changes at vital structure of the exposed prawns.
Conclusions : The health burden of giant freshwater prawns (Macrobrachium rosenbergii) is caused by the toxic
effect of glufosinate ammonium exposure, leading to a high morbidity rate in a concentration- and time exposure-
dependent manner. At a high dose and with increased time of exposure, glufosinate ammonium exerted its effect
by causing a decline in AChE activity in relation to decreased acetylcholinesterase (AChE) expression. At the
biochemical and histological levels in glufosinate ammonium-exposed prawns, hemocyte morphological
abnormalities and tissue structural damage caused by disturbed AChE activity were observed. From these results,
AChE is determined as a sensitive biomarker for effectively patrolling herbicide contamination in aquatic
ecosystems.

Keywords : Macrbrachium rosenbergii ; herbicide ; Glufosiante-ammonium ; acetylcholinesterase
*Corresponding author. E-mail : chutima.tn@rmuti.ac.th
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138413 Nfsunms 200 L nugueanlidiussldngungiveadunan 5w dlldnsiganauuasiaanenanay
595 nm unnANIRANALLAITEIANTATANY BSA NiAdtuidudusing o dhunafransuinsgiuseudnasFunn BSA
o g A o U A o 1 a o a o
UANIIAANAULAY waztinAINITAANAULAsTRRIRE N Ta L uAUTUsua NN uimsg Il (Aaudasann
Cantawon et al., 2024) N33iAszAada lunsAnEUTunulsAusnlua 14 ndrsiile uazidenazgninunnset
anAuuy ttest 1lisunsn SAS® OnDemand for Academics Tunnsaassiilnadnldrediadaesgadayansyiu
PNLTRIT 95%

n12iananssey laiasdia lnd e dinassa

saumNFRet N AN TINEALN I ueenlmfardialadueamaisa Tnatlszgnsldnnuaanis
984 Ellman et al. (1961) f9andananlun1sinemnsinisnananstnlalandu (thiocholine) A1NN138ANEF U482 TNA
Inlala@u (acetylthiocholine) TevinfAzenesaiiieiuansialelulnsiuulsiau (dithiobisnitrobenzoate) azle
2-1ulne-5-iafudAninuulaien (2-nitro-5-mercaptobenzoate) uazifina1s@awass Inain1svndiasenluluiag

) ) a4 a4 da X o o = Py =

Ininainan 96 uqu (96 well microtiter plate) a1s&LnanAnTWaz lTnA1AANRULAITIANLNIARLLEAS 412 Nm
'y dl' ' X ° | 2 ~ ° o o s
soepsasaululasinan (microplate reader) wazinArganauLasn 8 lATuI N sz AUNT YN U RsLa W L0y
avdavialaauedineisaludietneisaanisans luansusely Jmdaiululasluazedinlalndudeuideiaansy
Tisfiu dounnsdinasimBunnldshunazarueg luansaraelneld Bradford Reagent mu3Enn3uas Bradford
(1976) Atiunislulasininainan 96 wau WwALA W UATIAAINIIAANAUUAITNIANINENIAAUUAY 595 LN TULNAT

(Nittayachit et al., 2009)
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maAnsgluyaeelilsduiiny luisiawnswlae linaia tniuuladniatams s Swmalnsiwida (Sodium

Dodecyl Sulfate Polyacrylamide Gel Electrophoresis; SDS-PAGE)

BT NAIUNANTBIATara1aarA3an lus 1 separating gel HAa 1t uduw 10% (H,0 4.85 ml, 30%
acrylamide mix 3.35 ml,1.5 M Tris (pH 8.8)1.65 ml, 10% SDS 100 ul, 10% APS 50 ul, TEMED 3.5 pl) itn@1sasant
azmsan lusaslutasd sz uduunIvanaasasLan s Wsda Tiluasdauaes stacking gel Milszunns 1 1wumiums

- y . o ame o o I o

wntnauuwaaiestiesiunisfializen Inawe lsadu udaneldliiaaudesintlszunn 30 uan ilemsunan
9'; ol/ v Y v v 9; al/ = 3 £ o o %’ a

WMUNNAUATULUEAN LA NA2EINALEAN 3-4 ASS IdnTea i szdutndawiuean

LATEINAIUH AN stacking gel 4% (H,O 3.05 ml, 30% acrylamide mix 670 ul,1.5 M Tris (pH 6.8)1.25 ml, 10%
SDS 50 pl, 10% APS 60 pL, TEMED 5 pl) an9@udaaludesnszan wive liiiadudesinmaadng indaunanaea
stacking gel a91u separating gel A ldlHlaaudssnilszauins 15 uail udadsznauaaaslugadianinsinsia
Wrdnrazangaaninsinmes TWviandeafinsaesng AsvRean iRNFlee9NNaniL sample buffer wazanunlfnan
5 uriudo wnldludewAndetiqusazdes Usnan 10 pl (U3uamuldsfiuindu 40 pg) segiunsnianelu
fanszua Wiy 120 Taasl aunsziadsinadn@ues bromophenol blue LARBUNTINAIUAIITBIAR AangANTEUA WA
ADt | WiaaeananuEunIzanudatinundanfae® Coomassie Brilliant Blue R-250 Wiwdnuau aintiudnsdaandae
destaining solution aunseiaiuuaUdesllsiudaiauisiiiamarnandnala (Khanchanasal et al., 2022)

N12ANMINITUAANEBNTBIR A IA AW ANALIA Ins ITinATAaIFULIABY (Western blot)

i lsfuiianaldandluanfinesfefunsuusdazganimmaaesuiuanlu 10% SDS-PAGE aniwinms
dhellsfiuanuduaagnszanmlulnsitaglaa winliinly PAb-ACE (1:50) 4auAu 819698 0.5% blotto Linlu GAM-
HRP 3 9alue 4198981 0.5% blotto kaztailuansazane 0.03% DAB, 0.006% H,0,, 0.05% CoCl, 5 w1l dradaen
waNe ] A% mfmqLmu‘ﬁﬂiﬁumﬁmmﬂﬁuLL@uﬁuaﬁTmﬂﬂmﬂnguaﬁﬁm@oﬁ’ﬁ (Thanomsit et al., 2017)

msAnmIaNHI89dIT 1IN TAIAEA

NMI3LATITHAN BTN 1dUTIUINE1 198 TNANT FfiunnIpdunauiiAaulagann Deyashi &
Chakraborty (2022) tnainnsailaaluanasuudlas uaatlass liuialuenia ANl riedasumiueailuna
5 U7 wazdenmaga1azane Wright-Giemsa fAeand 1:2 lurharmafagis (pH 7.2) uaan 15 w1
udsannstianaladazgnénedaeinduuaznmaneunieldndesanssmMrdsens 100 wi

=S nl’ J dl’ Y v
mmnmmmjaE/uuﬂmzums/@mm;mmm

nsAne N slasuwlaadatiadeiiunsusnulasainisnisues Kumla et al. (2025) tnevian1sguLiy

o o

o 1 Y v dl Yo o dl [ v a o Yo o o
fmmm\mmm’mmnﬂ;mm‘uqumeﬂmwmm‘wvl,m‘umuN@mﬂmmuﬂmﬂummmimwmmn VL@ﬁ“].IZQ’Wﬁ‘ﬂWWﬁ

'
a

aNtng W@ e wantuilan AussazinatoainIuuai 0, 24, 48, 72, uaz 96 Galus tnenfusdastinanguas 3 6o

e

v 1% [ '

anuuasuisasuds udaiiaitiean 1€ uazndnsiilaliinuaninsag 10% phosphate buffer formalin Liune

FBENY 4 aIATATEE VAR NTIFALFIFRa819 (tim) TiRau AN zan nasanntiinfqasingllenudunaunig
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=< H o 1 ¥ o° v o :I/ o <3 | Y@ o o ' <3 o ' v
mﬂu’]@'ﬂﬂ@’mm'mil’]\‘iLL@Quqiﬂﬁ\iWJﬂW’]ﬁ"]W@’mm INUUUILARA (block) VL‘]J beT B LeI 14 NNIFALFNLAANFIRENS TN

guaneniuIuIndlaswarkiulnalas andusnlddnnqapzaalulansian il 5 luasen unllasslu
WgunguunR 45-50 asaaaiios Tuiualastaudaatne udoun lleungmuund 45 evAnaamaa e lisnating

q q a

a '

fanAuLLAlanlan nasaniuinglas & aninanaseanuadfaNmItdaN1nandauLasa ity

N9AUATIXTRYANINADS
° v dl v a [ U o U a I a
idayanldudmnziaidnsnisaoazan ABunullshu uazAffuininisuansaanaesiansss
anlgferdnalrauiedamalsd ANNLEIUNNIAAILLL4NAREA (Completely Randomized Design, CRD) WasdiAsnei
ARNLANGINSTBIALIRAE TENINNgNN1INAaas Taeld35 Duncan’s New Multiple Range Test (DMRT) #iszAuA1%

a3l 95 soaTilsunsunisamsnsiana SAS® OnDemand for Academics

Results

Y

HANSANERAIINIA AL ANUAZNIANIANNTUREBIA 31 9AdTWTNg IWBIe wes Tuiideis Turerinansiu

T

Y v k4 1 o

P Yo o o o o o o A a = A o > 2
Lll'ﬂﬂ\?ﬂqllﬂﬁ‘qllllﬂﬁ'll@uNmﬂu@q?ﬂqqﬁqsﬂwmﬂ@ltwsﬁLum LL@NINLuﬂNW?szﬂQ’mLﬂwﬂum’Nﬂu Aa 0

Q

(ARILIAN), 500, 550, 600, 650 WAz 700 pL/L A 24, 48, 72, waz 96 FaluanudndnsnIsnnaaranazina

1 1
v v o Y v =

pnszaznauazAdndunliFudnda AsiaunsnnszAuandndy 0 pUL (@aacuaw) liianisane wudnen
nsmeintunssusnidlefafnansaldfudndaasindadaiangdiun wenluion Saanauansreiuedned
HadATY9ala (p<0.05) Lﬁ@m@m’hzj 24 da%u4 Tiszduannuidudu 0, 500, 550, 600, 650 way 700 uLL Trefiens
NIgANEdz@NLYinfL 0.00+0.00, 5.00+0.00, 8.33+2.89, 13.33+2.89, 18.33+2.89, LA 23.33+2.89% ‘17‘;L'J@’1 48 %/'JISN
Aeman1smsgzanwinty 0.00£0.00, 8.33+2.89, 15.00+0.00, 20.00+0.00, 26.00£2.89 LAy 30.00+0.00% ‘17‘;1,'3@’1 72
%/’JIJN FMIN1AN8aTANWINAY 0.00£0.00, 15.00+0.00, 20.00+0.00, 28.33+2.89, 33.33+2.89 llay 43.33+2.89%
flaan 96 4l AEMIIN1IANEAZANTNTL 0.00£0.00, 16.67+2.89, 26.67+2.89, 33.33+2.89, 41.67+2.89% UAY
48.33+2.89% mNANAL (Figure 1)

=S = a s aa = Y v d’ Yo o
naAneFuaslL A uuazn17uandennaevnans eyl 1ipsdia fmmmmmmYuf]qmmmmmZmiuﬁ”mmw

o o o A

mdpdanTng Waiue uax T

devnmsAneinadlsfiusesaiuneui s daamsidndaiong s wentuiloufiszfunana
Wi 0, 250, 300, 350, 400, wWaz 450 uL/L Liluiaan 24, 48, 72 uas 96 Falus wuduun MmeFunnlsiuay
ammLﬁﬂﬁ%ﬂﬁuﬁamaﬁszﬁumwLﬁu%’uqﬁuimnmzﬁummL*ﬂ’uiu‘ﬁﬁﬁmiﬁﬂqul,l,mmﬂ'w‘mﬂn@jumuaumm
Aad1Atyn19ana (p<0.05) 78N 24 Falia szduannududu 0, 250, 300, 350, 400, LAz 450 pL/L HufFunoultlsfiv
WU 19.1040.16, 18.82+0.22, 18.01+0.01, 17.88+0.16, 17.75+0.04 L&z 17.11+0.13 mg/ml #1281 48 Falus &
unnulisfuwindu 19.07+0.08, 18.18+0.08, 18.03+0.04, 17.83+0.08, 17.66+0.06 LAz 17.00£0.01 mg/ml finan 72

dqlue JFunmuldsAumngy 18.98+0.04, 18.10+£0.02, 17.96+0.04, 17.45+0.15, 17.11+0.13 uaz 16.83+0.08 mg/ml
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waziodnguian 96 4aTug H1SuNulsAuminGL 18.8140.12, 17.90+0.16, 17.60£0.08, 17.17+0.22, 16.78+0.01 Uaz
16.42+0.11 mg/ml AANAAL (Figure 2A)

r—': o =< a L aa a = a g Y v dl Yo o o ° o
LN@V]’m’]?ﬂmﬂ”]ﬂ"@ﬂﬁ‘ﬁ‘NﬂJ@QLﬂu1‘ﬁN@$sﬂW@Iﬂ@uL@@LWﬂL?@iuﬂiN@Nwsﬂ@\?Q\m’]Nﬂi’]NLN@iﬂﬁ‘U@NN@@’]?ﬂ’WQ@

o o

Janang@ne wanlutlon NlAfududaanndunan 24, 48, 72 uaz 96 F9lne wudfanssnaevienlaaesezdia

]
v o o a

Traueamaisa Juwliuazansuiledudanuansiszaunnududugeauiaglunguadupuazuansisainnguilasy

v o o o

&udalunnaszaumnududuatinaiidadAtynieata (p<0.05) Walafududanadunan 24 49l NezAumudndu

(7

Control
50 9

Control
50 9%

500 pL/L 700 pL/L n 500 puL/L

550 pL/L 650 pL/L 00:£0.60¢ 550 pL/L

600 uL/L 600 pL/L
24 hour 48 hour
Control
500 Sgtzntrol

41.672.89)
650 pL/L

600 uL/L 600 pL/L
72 hour 96 hour
Figure 1 The Cumulative mortality percentage of giant freshwater prawns exposed to concentration of glufosinate
ammonium herbicide (0, 500, 550, 600, 650, and 700 pL/L) for 24, 48, 72, and 96 hours)

Note: Superscript letters differ significantly from the control group (p < 0.05)

0, 250, 300, 350, 400 Waz 450 pL/L HAN1sudnsaantesasdnaladuiadinalsaiindy 18.39+0.56,
18.1840.23, 17.82+0.24, 17.01£0.02, 16.67+0.15 LAz 16.29+0.08 nmols/min/mg protein ‘17%[,“2@’1 48 %I'JCI:EN qAng
LAANBANTRIDTNALAAULDALNDLIRLNNTL 18.17+0.08, 17.91+0.11, 17.39+£0.23, 16.79+0.32, 16.29+0.39 LAY
15.84+0.08 nmols/min/mg protein filaan 72 929 HANTsuaRsRenTetesEiala A& 18.01+0.01,

17.56+0.15, 17.02+0.01, 16.29+0.39, 15.50+0.40 uaz 15.02+0.01 nmols/min/mg protein tlatdngszeiziaan 96 dalus
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HAINIILEAID2NTRIDETNATARULD AN ALIALTINTL 18.00£0.01, 17.16+0.07, 16.73+0.08, 16.04+0.40, 15.05+0.08

WA 14.82+0.08 nmols/min/mg protein AMNAIAL (Figure 2B)

25 1

]
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Figure 2 (A) Protein concentration (B) acetylcholinesterase (AChE) activity in giant freshwater prawns exposed to
glufosinate ammonium herbicide at concentrations of 0, 250, 300, 350, 400, and 450 uL/L for 24, 48, 72,
and 96 hours

Note : Superscript letters indicate significant differences compared to the control group (p < 0.05)

uanisAnsgiunyllsdunnwy ludsiunsulaeldinadalnasulndniadams 1aa 8iwalnsinsda (SDS-PAGE)

nnsAnegluuullsiulufsiiunaunlafududatuasnndndananglndiun wanluifiay Nezduaan
windu 0, 250, 300, 350, 400, ua¥ 450 pL/L azldinAfia 10% SDS-PAGE taavinnisdnuigduuuldsfuiinuann
Fluanil aannisAnsnudiladngseazioan 24 49Tug 24, 48, 72 uay 96 dalus ardialaduieamasanuanls

Havmiwinluanatlszanns 71 kDa Tnaduuwr iduazranasnuszazinalasududaanstindndaie (Figure 3)
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kDa MW Control 250 300 350 400 450 pL/L
250

KkDa MW Control 250 300 350 400 450 pL/L

250—
150— 150—
100— 100—
75— 75—
Sy WM .
50— o]
37— 37—
25— g5 |
10— 10——
24 hour 48 hour
kDa MW Control 250 300 350 400 450 pL/L kDa MW Control 250 300 350 400 450 pL/L
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50— 50—
37— 37—
25— 25—
10—— 10—
72 hour 96 hour

Figure 3 The protein profiles in the hemolymph of giant freshwater prawns exposed to glufosinate ammonium

herbicide at 0, 250, 300, 350, 400, and 450 pL/L for 24, 48, 72, and 96 hours. Using the 10% SDS-PAGE

technique

=2 a Y v py Yo o o 0o o o A 2 = =2
uamaAnmgunyyeelilsiuluiaiun e lasududaaisiandanang Wus wesluiles uazn19dnsinig

wasNaanUaNasaNalnauaamassalas 19inaila Western blot

wasanIInsaiallsfuuazdndunnllsiulugluauiaesdainunsu deatreainnisainazgniinn

= A A 9 = = aa = [y a
ﬂﬂﬁqgﬂLLUUTﬂ?muWLLﬂﬂ‘l@ LL@xﬂﬂE’]ﬂﬂﬂ’]ﬁ‘LL@ﬂ\?@ﬂﬂ”ll@\‘]ﬂxsﬁV]@Tﬂ@uL@@LW@LT@I@EW@@@UWQELWﬂuﬂ Western blot

a =

d9annisAnsnuecinaladuedinasaiaunn 71 kDa lwdluauvesdeiiunsu lnafuuiiduazanasniu

sraza N lasudndagnsinsndaneg (Figure 4)
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Figure 4 AChE expression by western blot technique in hemolymph of giant freshwater prawns exposed to
glufosinate ammonium herbicide at 0, 250, 300, 350, 400, and 450 pL/L for 24, 48, 72, and 96 hours

Y v

= ) o a py 2o o o o o o a ~
N@ﬂ’Wﬁﬂﬂ’!”?ﬂ’7T“_/@ﬂut@ﬂ@ﬂ?f@ﬂﬂfﬂ@ﬂﬂlﬂ@ﬂﬂﬂ'7.7Jf7§v7.7\llzmTﬂﬁ/ﬂﬁ\lﬂﬂﬂﬂqTﬂ’?@ﬁm‘]f‘l/v"ﬂﬂ@z\wﬁﬁiuﬁ] LL@J\IZ‘JJLHE’JJ

&

=

TunsAnsninddsuulaessadifaidentastefunmuiildfududatuasindasafang Waue
wonTudanluszauariadudu 0 (ganauAN), 250, 300, 350, 400, way 450 pL/L ldn19¢fand Wright-Giemsa
[eugnsdnunzseuTadifiniden Tanumadidaden 3 98 U Large Granule Hemocytes (LGH), Small Granule
Hemocytes (SGH) uaz Hyalinocytes (H) wudniaadidaidanasganauaudasiiglireanysnl lunzilaad
wInLaen Hyalinocytes (H)-type 1 mmmﬁuﬁiﬁ’%m“uﬁm@wsﬁﬁmﬁmﬁﬂm:ﬁumwLﬁmﬁuﬁ 250, 300, 350, 400, LAz
450 piiL finvsulasuutlas seuanreamadRllataue uazaelindniumadidaden Large Granule Hemocytes

o

(LGH), Small Granule Hemocytes (SGH) Waz Hyalinocytes (H)-type 2-4 ‘]Jmﬂ'z\jmmﬁﬁ"‘i_lﬁmN@@W?ﬁﬁﬁﬂf‘ﬂﬁ‘ﬂ AN

wWasuulasrauansaamasi liasdiane uararni@annaveslalinnanai Inan gnasdui(u ae lalnwanais

a A &4 a = .
ANATALNADY AR UILAREIA (Figure 5)
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Figure 5 The example characteristics of hemocytes in giant freshwater prawns exposed to glufosinate ammonium
herbicide at concentrations of 0, 250, 300, 350, 400, and 450 uL/L for 24, 48, 72, and 96 hours
compared to the control group
Note: Blue arrows indicate cytoplasm; yellow arrows indicate nucleus.
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lunisAnenindasuulasieidievesiaiunaunldsududaiuarsnidndannng Wa s wanluiia g
luszaumanuidudy 0, 250, 300, 350, 400, was 450 pL/L 1uiaan 24,48, 72 uaz 96 42 Tne Tagdseiiunng
o R N : o E I dyvs o o d
wWasuulasanidaigienduilauazanld wudnisuasuudasmeaiieitieasavegfussaznanilasududa Geann
naAnenudn lullaendutenisnlaauwlasazifsauaiusnidafainunsnlafududaduansdunan 24 dalua

Tnennaunlasunlasinsaasulipe adngszazioan 24 48, 72 waz 96 Galus Nezdumanududu 250, 300, 350,
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[

400, uaz 450 uL/L nsidasuutlasreaileiteMinaluae nen1snaNilauan (swelling of muscle) WazanIg

nanniiletle (degeneration of muscle) aneLFians (Figure 6)

24 hour —;

48 hour —,

72 hour —

96 hour —

Figure 6 Histological alterations in the muscle tissue of giant freshwater prawns (exposed to glufosinate

ammonium herbicide at concentrations of 0, 250, 300, 350, 400, and 450 uL/L for 24, 48, 72, and 96

hours compared to the control group

Note: SM: swelling of muscle; DM: degeneration of muscle)
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d o 4 X4 . oA e ve v v o o e a o -

WansAnsnisiasulaseilaitieoa ldwudn Wadsiunsnldsuduianuansindndaiang e
wanTuan Wananeduly 24 dqlue Aszauaudud 300, 350, 400 waz 450 pL/L nniddsuilasnngaageyls
An adasdngaesanldndneliu (dilation of lumen) uazidateiunsulasududaansiunan 48 uay 72 daluq

RrzAumanudndis 250, 300, 350, 400, WA 450 pl/L wudiATe9319129a1 14031971 (dilation of lumen) wazn13

o o

souruaeslulasiala (fusion of micro vill) uaziinangaidafeinunsnladsududaansidusyezioan 96 dalus Nz
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Figure 7 Histological alteration in the intestinal tissue of giant freshwater prawns exposed to glufosinate

ammonium herbicide at concentrations of 0, 250, 300, 350, 400, and 450 pL/L for 24, 48, 72, and 96

hours compared to the control group

Note: DL: dilation of lumen; FM: fusion of microvilli
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