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Introduction

Population growth and limited production inputs have forced farmers to use pesticides (Zand et al., 2002),
and aquatic ecosystems are consistently exposed to these pollutants (Mansingh and Wilson, 1995).
Pesticide contamination in aquatic ecosystems poses a serious threat to the foundation of the food chain
(Aydin and Kopriicii, 2005; De Prado ez al., 2012). Pesticides at the chronic level led to destructive effects
in various physiological functions (Varo et al., 2002; Koprucu and Koprucu, 2006). Additionally,
organophosphorus pesticides have been shown to induce oxidative stress, alter growth rates, and disrupt
reproductive indices in the larvae of the shrimp Streptocephalus dichotomus (Arun Kumar and Javahar,
2014). Diazinon is one of the most important organophosphorus pesticides. As a persistent pesticide, it is
highly toxic to fish and aquatic invertebrates (Coupe ef al., 2000; Samadi et al., 2019). This chemical is
casily washed away after use, entering aquatic environments in significant quantities (Aydin & Kopriicii,
2005). Many species of large branchiopods occur in temporary habitats surrounding agricultural areas and
farmlands, which serve as locations where Phallocryptus spinosa can be found (Atashbar et al., 2014).
Phallocryptus spinosa inhabits temporary freshwater to brackish water bodies, the hydroregime patterns of
which are highly unpredictable. These habitats typically fill in early spring and dry out by summer
(Atashbar et al., 2014). Environmental pollution from diazinon-one of the most widely used agricultural
pesticides-affects the life cycle of zooplankton, such as fairy shrimp, and threatens their populations. Thus,
understanding the impact of such substances on the environment, particularly aquatic ecosystems, is
essential. Therefore, this study aimed to investigate the effects of diazinon insecticide toxicity on the

growth, survival, and activity of antioxidant and digestive enzymes in P. spinosa larvae.
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Methodology

This study was conducted at the Artemia and Aquaculture Research Institute of Urmia University. P.
spinosa shrimp cyst hatching was performed following the method recommended by Atashbar et al.
(2012). To determine the 24-hour LCs of diazinon, a preliminary range-finding test was first conducted
using 30 shrimp larvae (in triplicate) (Lan and Lin, 2005). Based on these results, three experimental
treatments (Table 1) were selected to investigate the effects of sublethal diazinon concentrations on shrimp
rearing conditions. Survival and growth rates were assessed on days 1, 3, 5, and 7 using the methods of
Rahimi and Nejatkhah Manavi (2011) and Agh et al. (2008). The activities of SOD, CAT and GPx
enzymes were measured according to Yazdanparast ez al. (2008). Malondialdehyde (MDA) activity was
determined based on thiobarbituric acid inhibition by MDA in the crude enzyme extract (Ledwozyw et al.,
1986). Digestive enzyme activities were measured as follows: Alkaline protease: Garcia-Carreno and
Haard (1993), Lipase: lijima et al. (1998), Alpha-amylase: Bernfeld (1955). Data were analyzed using
one-way ANOVA in SPSS (version 21), with a significance level (Type I error) set at a = 0.05.
Results

The comparison of mean survival percentages (Table 3) revealed a significant decrease due to diazinon
exposure (p <0.05 Day 3: a significant difference (p<0.05) was observed between treatment 1 (control)
and treatment 4 (100% diazinon). Day 5: significant differences (p<0.05) were detected between treatment
1 and treatments 2 (25% diazinon), 3 (50% diazinon), and 4. Also, treatments 2 and 3 vs. treatment 4. Day
7: significant differences (p<0.05) occurred between treatment 1 and treatments 2, 3, and 4 and between
the treatment 2 and treatments 3 and 4. The highest survival rate was recorded in treatment 1, while the
lowest was in treatment 4 (100% diazinon) (p<0.05). Comparison of mean growth indices (Table 4)
revealed a significant decrease due to diazinon exposure (p<0.05). The significant differences were
observed as follows: day 3: treatment 1 (control) vs. treatments 3 (50% diazinon) and 4 (100% diazinon),
day 5: treatment 1 vs. treatments 3 and 4; treatment 2 (25% diazinon) vs. treatment 4; day 7: treatment 1
vs. treatments 2, 3, and 4; treatment 2 vs. treatments 3 and 4; treatment 3 vs. treatment 4. The highest
growth rate was observed in treatment 1 (control), while the lowest occurred in treatment 4 (100%
diazinon) (p< 0.05). The results for whole-body antioxidant enzyme activity and malondialdehyde (MDA)
levels (Figure 1) showed significant increases due to diazinon exposure (p<0.05). Significant differences
were observed in: SOD activity: treatment 1 (control) vs. treatments 2 (25% diazinon), 3 (50% diazinon),
and 4 (100% diazinon); CAT activity: treatment 1 vs. treatments 3 and 4; GPx activity: treatment 1 vs.
treatments 2, 3, and 4; treatment 3 vs. treatments 2 and 4; MDA content: treatment 1 vs. treatments 2, 3,
and 4; treatment 4 vs. treatments 2 and 3. The results of whole-body digestive enzyme activity (Figure 2)
showed significant increases due to diazinon exposure (p<0.05). Alkaline protease, lipase, and a-amylase
in treatment 1 (control) showed significant differences compared to treatments 2 (25% diazinon), 3 (50%
diazinon), and 4 (100% diazinon) (p<0.05). The a-Amylase in treatment 4 differed significantly from

treatments 2 and 3 (p<0.05). The lowest and highest levels of alkaline protease activity were observed in
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treatments 1 and 4, respectively, and the lowest and highest activity of lipase and alpha-amylase enzymes
were observed in treatments 1 and 3, respectively (p<0.05).

Discussion and conclusion

The results of this study demonstrated that shrimp larval survival decreased with increasing diazinon
concentration. This aligns with findings by Taylor et al. (1998), where pollutant exposure affected vital
functions in zooplankton, leading to population density reduction, decreased oxygen consumption, and
nutritional limitations that ultimately impact survival rates. Additionally, shrimp larval growth declined at
higher diazinon concentrations. Asadpour ef al. (2012) attributed such growth reduction to disturbances in
feeding behavior and alterations in biochemical and physiological responses to pollutants.

Toxins reduce growth through absorption and organ damage (Cong et al., 2009; Rudnicki et al., 2009;
Aggarwal et al., 2013). Our results demonstrated elevated levels of SOD, CAT, GPx, and MDA following
diazinon exposure. The increased SOD and CAT enzyme levels reflect stimulated free radical elimination
(Rumley and Paterson, 1998), while elevated GPx activity indicates an enhanced antioxidant defense
capacity against radical chain reactions in P. spinosa (Schneider et al., 2005). The rise in MDA content
suggests diazinon-induced lipid peroxidation (Jafari et al., 2012). We also observed increased digestive
enzyme activity at various diazinon concentrations. This may result from toxin-induced stress altering
feeding behavior and subsequent digestive enzyme secretion (Suzer et al., 2006). In summary, diazinon
exposure at different concentrations: (1) reduced survival and growth rates, (2) disrupted vital
physiological functions in P. spinosa larvae.

Contflict of interest

The authors declare no conflict of interests.

Acknowledgment

We extend our heartfelt thanks to the Office of Vice Chancellor for Research and Artemia and

Aquaculture Research Institute of Urmia University for enabling this research.



(DOI): 10.22092/1SFJ.2025.134509 YE (£) Ya-£Y Ol oM gale dlas

S 9 3 — (ools o
S PT Cadlad ¢ Sloowd § (i y 33 09gn JUO S0 pid> BNLS TRT oo

540 Ol 3 195 9 S| ST
(Phallocryptus spinosa Milne-Edwards, 1840)

T el Ll "l Al e T 5 S LT S e
*b.atashbar@urmia.ac.ir

Olonl o gl tn gl 8IS (55505 5 Laai LT euSitia 53y o] A3 cusaae 5 5351580 858 -
U‘J:." 4._.34\\9)‘ “L}.o\s‘ﬂ b@‘d cu;._._s:\]a csts.o I R ‘L’)QJ:tT 9 C_\)l.:sﬁa 63; -Y

Vet oLl iols mul VE-E 55 0 ol VEY wdial bl o sl

a2 SBOE slup s sy b s «sislsS Gl 5o laiSTe pt l eslinal 51 s Gy slaee 35T
A 3 g ) (Ol gy sy ) o5 Ol sl LS 5 6l S 3 L;-’CU' 4 o Bl p S 55k o
23 S s ST 5T Gl 3T Elb ¢ Slhotss sy O3 5ks 5570 i S 31 bl aalllan s g0l 51 a3
sk s U d 0 )y (LCso) Sl j.\...{ cbl.cs S s o 252 (Phallocryptus spinosa ) Ken oL
Gclle 51 s skt 4 58 e Caa obT bsa s 5l eslial L A5 5 VY FA XF clacels s
to s YO aals 05 S Jals Sl £ I s b LU 5 as eslinal aela 45 LCso cacdile . Kle gL saniS o
Eel O g0 by Calima clacbals ols Olis @L“.S Bddesls g 59,V e LCsp sy Vv 9 LCsp as 5 0 (LCsp
6@4(,{)5 s (p</00) AS G Vo9 0 X s, s (P spinosa) }g.:ﬁ Ob s Ay g Sleds) doys ol
o Sleie gaclile > wiATies Ol (slsme 5 (eSOl 5 SYBI G o> weST s gu) STl 5T
ilisa sl i 5 55 (GOeT WT 55k s ) 2018 e 5T CIl mhaw pizman (P> /00) 5L o531 055
SRS i 05k S Te ke S 58 Ol Ol 2l S et ol s (30 0) Sl Bl O3k -
Br Oy 3 1S lam 5T 5 54T 65 Ol (el yiomn ¢ S | 5T (o 5T Cllib Sflod 43 s 5 5 5 Slasds
S g5 (kS by & 33T ol 85 0> o Gé;f;— L bl s sl (ol ol s (P. spinosa)

Sl &5

Phallocryptus spinosa « s,)sS w3l « 1Sl il lags 51 slooss; ebdy gl S Gl s

J ghnnn 6y 93°

MCopyright: © 2025 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed

under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

Y4


https://creativecommons.org/license

yu&J[ﬂAJSeJJAbMASCAA:\W

5 =y Sl «s5,leS el ooliul 5,90
FESUCTIOTIOF S FOU VR RC B ) ISP
5035053 8gilS )| poons 095 il (oS 5 (B)I55 (sl
o] mas W 5o )‘).H.u‘ u..J55 pa)j OA.J.LS)LQA
=Sty by o 398 el g Ll b yensls
301, 00i5e g okig> K] 3 g b 2LS slacdl
.(Mohiseni et al., 2008) oS’ o Jyu8 so5a Skl
Slade 4y g oud ated gl colaiul Gl e o ol
Aydin and ) sgi 0 ol slolae o)l 455 LB
Slsgrge p oges 3G b oo sbs (Koprucu, 2005
oowldp é&mw) s.:‘).‘a} ‘(ulf).e{ob_:) RV ),.c
.(Koprucu and Koprucu, 2006) s,ls Jlssas b}
S obn i) sl Olhslidg i gyt
4 Snnsil 20 3l p el o sl 5 bogayss
LT habls 5,Y 525 el (glolaes ;5 0 liE lgic
533 &5l oy JUEK) 3 (o (B 9 00,5 Bpan |,
Atesetal.,2013a,b; ) oS o slal bl o 5 o olie
@ olwpisuw i, owl (Gambardella ef al., 2014
D95t s > 5SS aiz obsS jae Jobo Jolo
Slr sl Soszss i pee ) el Sis sl
slacsre 5l Koo (S ol so Loty cwlidspus Sladllas
P9> s & gy «Dlog2 90 (nl p (plidpon Slalllas
2 o Sl Blgiee g Cl Gl Gl e,
Novakova ef al., ) sges cwyp 3 Gon o fus
b by (Bree oiimee oS obp (2007
dLﬁbd.?:t,éy sL{b)Lﬁ? 2 Lej A g_sj sl
Uob} J....S‘f ‘;Ju) Lbuyl.: 9 l.b;?b..w‘ ‘ngl.mo].&d
Sy anwgi ;o 1) cwlol 18 oleendsSo 58
Angelibert ef al., ) oS o ) Ll aoly> 5 cge
Olgre 4508 xS jsb s (P. spinosa) s ;b » (2004
mb'; u;‘ D9l oo solawl 6)5)13.6}-.’—‘ 9O 0dd) sl
Gl zylae 3 o iSesl b ol wle Sogl asls
56 58,5 s 48 w0l 5l (Atashbar et al., 2014)
oo sbwn ANOSTraca awl) wgo 4565 (! o 150 i
Sl 6l sasogs o S o i b ol abie (Sosll ool
2 ke bl o plsie 4 gl 5 ol bl g

EVRVTY

e Dbl 58 gl 5,0leS 50 o il o5yl
loosled (1392 39aome g pdo WD) dig) Comex g o
calizee slaaSedl 0 p)5 51 38U 1, olj)0les wdg
il Jole S5 55 Jyame ialS Sl 5,55k sl
3k 4 oluS 5 ol .(Zand et al., 2002) el o ,S
odiy Slogzge gl a5 Wed oo Dbl Slend Slge
Elglconl oanias e w250 Ll Hlas 5l as ol
2 S esiz pyams 5 S do S e dn iS5
.(De Prado et al., 2012) wo 5 o iy y25 058 o
solitul ol 2Scdl (65,0laS slac s o ax 3]
5 ooty ol 5o il Sl 1o il el Bl o5 ig o
«(Pimentel, 2005) asb s SB a sl Gds cobls
loa¥T ol lgil il oo lgen T slog, 8 5Lupgs Lol
L ol plie Sogll laoly 51 (Ko om0l 5o ot
Mansingh) cool 65,9leS slo o (iSa; do iS sl
Slogrge ol slalase Sogll (and Wilson, 1995
Slge Ll cowl 05,5 oz DSie S0 1) ol
ST e ol )0 (6518 5 (aio «(65,5LaS ooty
Sodl cwl oal pl Sloszge p oax P
Slr or gnsg Lpsedl b gl slaplSiles
39 50 Dgmma (Oly9ldis3) (213 0o (ol laaly
Aydin and Koépriicii, 2005; De Prado et al., )
1) 0,imdgils )| slo Sl oo b oliime (2012
sols lis ldllae ol bs ilos,S addllas o5l 4o
oy T4 e aje mhaw o o 2SSyl aS Col
Varo et al., 2002;) sgis o S35 5 528 slas Slas jo
0l yasuie yizres (Koprucu and Koprucu, 2006
oyl 4 e 0hdgls)] gla iScdl a5 ol
Ciasls S 5 wd, o Ol egulagns]
Streptocephalus ) Ko by o Lieads
Arun Kumar and Javahar, ) ss& o (dichotomus
0 yindglS )| (Sla 1Sl (et 31 (S g jbo (2014
5 okale lp @aba Hlaly 1SS Glsie 4 500y,
Coupe et al., 2000; ) ceol o sl 5 0o

Y.



winlejl gloog 5 ) Jouxr
Table 2: Experimental groups

Diazinon toxin
Treatment Nomenclature

concentration
1 Control Without Diazinon
0,
2 25% Diazinon 25% LCs0 96 hours
Diazinon
0,
3 50% Diazinon  ~07° LCs 96 hours
Diazinon
0,
4 100% Diazinon 100% LCso 96

hours Diazinon

39 090360 e (LCs0) (Slo ouiles clidd punns
oy e ol o

bl gl e LCso cdale (ol comsay sl
VE Soe s (LS5 dw 50) 650 obip sae Yo iulos]
Lan and Lin, ) o plxl 5l eogame <l gl el
Al esFen sl Ve s LY slaws jslaie 30y 2005
18) e 5 sl 5 b sl e Ve e b o
oals 518 (i yo p,S o A U yao oogaome jo clale
Gl celu A7 g VY FA YYE o Slaly slowd e g 00
s (Hadjispyrou et al., 2001) o o SO ,»
Orls iSepie LCso s sl Cangn 50U
Mohiseni ef) o plosl asels 47 6,90 S, (Y Jgo)
«(al., 2008

2 0Pl pw ki e el Pl (o) 2

ey sl le
J9o) (L al> e zulis 5l eslaiwl b cpons frans sl
Sacdile ssy il adliae gz iules] las ¥ (Y
s Oln Ghuon Laeme 53 (523l p 000iS o
sloss,s 5l o s 0 288 18 esliiul )90
A ool S5 aw jo el A7 o LULCso el
@ oo g, ojb Ll sae Voo JEl b iolesl ol
595 B 5 £900 sk pe 00,5 48Lal 5 90 Larme
b ol Laeas (Lan and Lin, 2005) <3l aslsl piin
s 3l s g 0l plxil O 5 Y lags, o Ghygp 0)90
st @l Ol bl 2 O53ls o sloclale G
500 2l Jled Ho 50 e caiSCow clale g oud
Scenedesmus sp. Sd> L beXo b Sow cpl Jsb

Y

2l g5,5LaS slacled gl la iS5 sl ol 5l ool
Com 3550 53 ¢ ) 39> L (Angelibert et al., 2004)
Sz Sledlbl P. spinosa p b i1Sesl ese g ol>
L G jlame Q_ﬁfoB.l—l aSepl 4 axgr Loyl 0g2g
(i 0 Bpany pyems I Su plsie 4 shle
56 o5 | g ol asile Glglids) (S5 45 2
IS FVIPRVS SRRV DR T-V'E7S S B EA SR E X S -
» eyada Cewmjlime o olge (nl (g8,
Ol @S 5 s S 69,0 2 Sl ilups
P35 s jlass 5l cbblas sl g5 jael p jo wilgs o
alllae (onlpli 05 )8 oolaial 550 (598l Glyslidis
S0yt 0uitS oot ol Sl sy Ban by ol
STl law 3T ollad ¢ Gloosis ady 1 53k

3,5 bl (P spinosa) $Sos by o5)lsS 9

25 gy g 8lge
Y392 9 (o2 LS o

oKiils (5)9)46)41 9 L..o.:)] OMB)J B axJlao LJ"‘
P 550 Ol gotnns jslate (o 28,5 ploxil e |
olwl dad sl KT 5l sl (5,9lae> (spinosa
2 V) los b il 550,50 55h Ol L ooyl 3]
Sl y3ld 93 0l ot 4y Cowlie 20lga AJY pH o5 Gl
a4 Bg,b o cele YT Gos 4y cenlie (20152 5 ayi
;o (Atashbar et al., 2012) wuis SlaS o35 g e
O sl walizes i b oo )b s S anlal
Gyl Bgybs 4y g o0l hleds oul g o3l LU soe
ool g LSS Y ,0) was i of il L Ve e
#3950 3o LCso slatalesl sl & (655 0l
Gl (i asess BB LS g el Ll 5l oobs
Sy Sy S5 4 by Fe 45 By b 5l aolse
Jeb ;o .(V Jgo=) (Ates et al., 2013a) o solazul
5 Scenedesmus sp. Sd> L lsSe by (5,9 S



yu&J[ﬂAJSeJJAbMASCAA:\W

O 0,195 sl 3T callad oo

Clad Grominw Slp s Bl B Lo las angs jslaie 4
ool S 3el5n 528 Sad gl 31 ey (55,155 sl 31
51 o= .(Rungraungsak-Torrissen, 2007) o
clld o Glr 29, mbe 5l bojges Sei yule
Carica-Carreno g, wlsl » 559, )55 slaes 51
o Ijima 3, wlol » ;L) «V44A) and Haard
Bernfeld 5, (bl o Dl W15 (V29A) o], Ken
A eolawl (Y440)

osls (g ylol Julxigas x5 (b9

58 S 0ge)l 5l esliinl b e jbo e LCso clale
590 45, Sy il g 5JUT 51 eolianl Ly Jol> (slaeols
0092 Jloy GlUl ool 1 g il aizd 5515
sheolaiul b iy 4 b ly SS9 ools
plod (izran 2855 S50 (g § Shigg el lagyses]
5 3y alool V) e SPSS 1381 o5 Lo ;o LT
s bl [+ 0 lagygesl 5o Jsl £s cslla pelans aipii
Lk )58 Mean£SD & jg0 4 gl

Oyized Sl Cawdds V) aseas SPSS 158 6 5 lae

093 po LCso il

o LCs0 slacdale s 5l o] Cawsdy gl Lulool 5
dplee loy Gae iall b aS al adie ek
28l Gl el e 4 g Ol Cuslie
b aslio 0o LUV Jouz) gbs cnl olol 2 (eizeen
LIS G531 e (6 7S Sunglie (sl

o ol yo el A% (49505 pw LCso cile Y Jguor
(P. spinosa)

Table 1: 96-hour LCso of Diazinon in P. spinosa

Stage 24 h 48 h 72 h 96 h
B (g  (mgh  (mg)  (mgh)
Nauplii 2.449 0.732 0.327 0.075
Adult 7.084 1.899 0.450 0.057

a5 gSae slaws wlwl g VAXY <7 cell/ml clale b
(Coutteu, 1996; Atashbar et al., 2012) wos

oy SaS 4 o e a5 By s 51 molge (6l (pioren
(Ates et al., 2013a) o solaznl Sowdl

9y 9 (Floody wo S (o

2 eKe by olasi (Ghyn Vg O Y glagg) 5o
olasi @ azgi b g wuo 8 o)kl alflas & jgoa s
Jol 395 5 1ol JS 4 Conns oails 035 slagSs b
Sl pargns (b9 0598 Jb y0 o s (Sleodi wuo s
Sige ool g3l e Sbale o)ligs 5 aid S plox]
w>es (Rahimi and Nejatkhah Manavi, 2011)
Jotoee b logSon by S 5l g davig; ol )0 0 (e
S Fag See & e 9wy S jloslitul b g 7Y Jo5'd)
055 0 S B sl e Jsb 6 xSl bizpe oY
Gy ooy o 5l ooldinl Cudgaote Cijgo (0 A S
5 asy Gl Jole 5o lasfes oy Jsb oSl
Dyl oliwd 5 i 9Ss Soag il olSiws
(Atashbar et al., 2016) o solazwl

Slgme 9 Sl ST e 3T culled Gioxw
o 95wl 6o elle

skl o oile 8L el by den 3l jelaie pay
5o A eolawl kSNfT ‘915 o)La.c anps 6‘)‘.’ ‘u**-’L"j 0,99
by Syl oy L 0 oS bp a> e ()l
o Quetal.,2014) $50s Ko U500 5l ool
Codlad o Sy Jol> Sl g Lo ga 5aui 2l
LEL‘Z’[V")’T u.JL:S WE STRIR W oolawl ‘lew “S.j 6&;@.:);1
ool 2 Sl Ty (555LlST 5 YL b gannd SnnST 50
L85 sl (Yo+A) ol Sen 3 Yazdanparast g,
e e bl 2 58 9500163 elle colad e romins
o )las ;0 39290 w560 (glle Aoy donsl S 93 bges
sBiws b ladiges anlsl jo .85 g0 il s
Nad 88 yegil OYD zae Job o g yiegidy iSu!
(Ledwozyw et al., 1986)

Yy



39 509 A )LQa.’ Ls Y 9 Y )LQa.’ 9 ¥ 9 (50% DiaZinon)
P<0) Qvg 5,10 gime WS 10 F oY (sl Lo
e 30 ol i yeS gV jlesd 5o (Gleosis auoys o s

<1+ 0) o sunline B

Sloows)
J992) Gleeaiy ao jo ezl slaSilee (g5l anlia
8 Osishs e il Cos sl cpl a5 sl olas (F
Y osey y0 &G sba (<H/0) Cél s g oo 8
;0 «100% Diazinon) ¥ ,les b (aals) V jles ¢ 5,95
Y «25% Diazinon) ¥ sle les b)) [les (5,5 0 59,

(Mm=Y Lo Bl il £ (1 Sileo) ()9 9 Ao g jlous g W39, 5l (P $Pin0sa) 65w (b y GSloodiy vy Y Jouo
Table 4: The survival rate of P. spinosa for different days and treatments (Mean = SD, n=3)

Treatment Nomenclature Day 1 Day 3 Day 5 Day 7
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Table 4: The growth performance (mm) of P. spinosa for different days and treatments (Mean + SD, n=3).

Treatment Nomenclature Day 1 Day 3 Day 5 Day 7
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