o Sl gas e 9 5 od gasY Lactobacillus fermentum o gas Ablia couy 4o
ASIACUS ) (rapaedi T 3158 K32 ,5 (absascdigns 9 (Sa5 9l ilos slagadlid
O s 3 il G yiedl L 4gal g0y (leptodactylus

Toslidionn go Kb 5Tl e I GrnaME ol s g o sans s ) sula s e

Ol g > 2bys 098 r_,l.ﬁ o&shs (b, b dL’«a PRCEH PG W PPk 4
Ol 3l oKl (K5 el A ‘@\Qu‘.\.ﬁ S ¥
Ol Bl LWl (1 it oSS rr gyl Sl = 0y S ¥

Ol st (23 05 5 p ke o5 ¢ ST 5 o p sl oSl (s

Oty b

|

Vo OsSY) Ssniny (138 aSsLS sk VY ilile L
3 (Astacus leptodactylus) cpes o Hle Sig s oband
8905 Cadid 5o (i 5l w05 L) Sigoa aakd VY- o bie o
(S5 o 50 oSl g0 05 e ((JaSe (gas) S
b S «SSsnsBh S5 oles sgoS

ST a5 (132 0 S LS/ 5 e
i oo (G e p Sk oY) Sl G b 4l

Lol @islsles 5 o
YIS s glla (S slac laxd Hlofae (RAIS s G (S5m0 53 GBS L8 S uls Gl il s S
uﬁ- 5SSy S8 32553 S o 5o w0 S (YIS

= 13 e e b gl go Lol 5 5o S8 s 5 S5 sma5 03 <SS om0
s G815 cubls D18 e 3 sae 5o S (A5 S s | T 5 ety HY gl Saas
o b iis a8 wsninig 5 5 JaoielS GSHE e sall (S 0 950 Slaggine Gl 54!
3 5855 Gainan il K50 Jlos sugane 1) wsmenlis 3 5 S (nesall (IS (552
L Wl e S s <§L~u aalllae col la S50 Jlasd aa 1) JpiealS ol 50 S5 g 500 Lol cials RalS

SIS i 53 sllaa daciin a8
TS C e 58 IS I8
gk cosw Lgtealse 5l Gy

.J)_S)‘)iéd&h‘d)f@i)})@ts 3 '_)JLéA;i‘C.\A)Lw.EA.;J@Q‘Aw&‘ﬂ‘d&mtﬂf;y)&‘)&ﬂ‘)ﬁ

O s (il e gad (Slial O yew (S5 g0 S 5l Y Lactobacillus fermentum (o s T 5o Sin 3 suals alals

FPRYY
5 bl sl o SISl s sslasl o sl S5l S (Astacus leptodactylus) o o of 5y Ko >

Walts gy 53 88 Sl op i Ol Sliwpcoin GLd S o jeddatlis S w58 pl 508 e e bl O 8

Ol et g3 D53 5 e oS3 Ly b lie sKEIS (O 035 (S Gt 0 SADS dhts 1 gt o5

E-mail: seied1356@yahoo.com

© 2020 by the authors. Licensee SCU, Ahvaz, Iran. This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0
license) (http://creativecommons.org/licenses/by-nc/4.0/).

\



OIS ale gl sabasl i 5l Sl o pd e L Olnl alax 51l 5 L) ciliss Gblae glaazs s 5 aazl
(Banaee etal, 2019) a3 . 0L o pnme 5 b sladases 33 25 gl SVL Jenily 55505 (6ol Coeal o
omelil s e el o Gl b S e il T i St s il G S 2 S5 S) )
A Comer Gl s Sl (erles a8 L il 5w S Al o (Sl el oo s JlSas
(A o o 3 Kx 2 (sl sl ple wile L5 0T (5181 4 e LSl 5 s 5 05 S sl leptodactylus
Caenl s 4ol b Lagsls 5 e iS5l (K Sl3ls o 31 Jas slbaedu¥T 4 oo leptodactylus)
Sldllas 3 Je §55 Olsie 4 5 Ko 5b w0 Al leptodactylus « al&ilesl Ll s b s 85l 5 S dsST 5 (golal
Banaee et al, 2020; Banaee et al, 2025; Gholamhosseini et al, 2023; Zeidi et al, ) >33 s eslinl Jame wlilpw

(2023
S 0dld o reb SOl 5 laanl s dom 5l b ST & e 5 sl
Sl Gl gbdle 3 10l sdd &K Sl ez 51 Jas

St ST Cadl Ll 55 o 45 0 Ju ey glaacass oA )
Capparelli et al, 2024; Dai et al, 2012; Duan ) &S g5 |, laolil o>

Mol il

| o e

“ Jé” 2 55

1ot
(etal, 2021

BLCBISERE TR ELRIWIET I B yki&ﬂﬁé;:fj‘ﬁj‘mdbﬁ&wﬁé)b’) Dol S
S5 53 1 5 i STy o !,iw 5 Ol 2 S Sl 5 13 sl 5 Ikl 5 s
T P EN e g e Sl 53 e el e S e s 1S b o 1) ke
53 ke 4 Sl G515 S35 55 las Sas 5o I plunS]
slas Slae il 5 G e Sdple laanlp s fots cilsie Glan Bl e ol s 518
(Lietal, 2023) ,\M‘;"fu o |y Ol s 33 (855 5 5 ot s e s 55

5 SIS 4wl bl s eld (SSdan Glapteaw 03 oS Sl WIS e o nl el
G e Ll o o B me 53 Ol e (5015 (opl oy (Zhang etal, 2025) LS fwe |y ST (g5l 520 50
23 O3l 5 Jole 0,55 o Ll e e B me 3 el SLa S Curex alS 5 pd gl 5 S
il (Sl 53 o et e 351 Ll S e 0 5 e Kty 3 5 ek e ol s S
Ol dhax 31Ol )8 55 w2850 Sl 5 olde s 5o b 3ol VT ol Jlisl o Ll e Olies oo
(Zhang et al, 2023) 1S oS (S o 45 0341 Oy 5l 5l &S

St Cash (Ol CohS 3 g Jols SRl 0L S 53 e st VT e b ablie glas s, 5l S

.(Banaee et al, 2023) .l 3,1 (s 3 (PN URCIE SV P KW slagles b5l gl sam

Y



(S5 5 Ssman 3 o5 5) BSS st 5 LSS 5065 S s thor Sl 2108 Sla oS 5525 0l s
SU s, K L Ll 0 LSS 505 (Banaee et al, 2022) 5,5 leu o iS5l gdusl 3l K Olse 4 Ll g5 o
OLIr & 5l a5 oy D50 | (IS Codls 5 (dan slge om0l JalS 1) o o sl S o35 s
(2 Sapte Co sl e gD S AL a3 S Caslie e el 2l 5o B S SS
Wl S s b 53l faSa 63l (Ll a1 S o (55815 sk S| ST (glaples oy s
S 1y o35, ke Slags pSU s, ol ) s 4 50 5N 5 (FOS) Lty S L S 5575 55 o gl tiile WSS s
o Sl L5 o ST s gnl s esdle s (RAS ) 1S e 3 e i IS 0 S S
.(Bhowmik et al, 2025; Dai et al, 2023) 1S (5,8 i e san 4 053, 3 o I 1 5 03,8 o s |y (gless,y

o 3 S 53 15 T s 3 gl e S 50 4 15 oo (S sme) S50 2 M 3052 5 5 <0l

B T PG VS Pt sl B )

e 3 S S ST it 5 S Ssman R P A
)JWJ:"LQ\),}JBJ‘);LAWMQU) )\Jil.ih}‘v\j Ju‘)‘)\)w j‘):[._:‘ ub‘)bd‘)?:ﬁ

S s 3 SE 508 5 oS8 g S S Jonily )50 50 Mo | 25 L1500 2 2 Slandlas ol laasily
Las o 41yl (A leptodactylus) . . N ) 5 eI A s

L s, 5 ol 50

R

L deo ol Olial p pin LG 55 5l eslizl L (Astacus leptodactylus) - i ol 53 slale +
03l 58) ool 5a Ll 5 ol 4 M“@} Sl Ko ks iz olKbesT 4 0 bl L 4
© yos DA 3l e 5 0l (g5 6503 VE 5l e 3 S anlal azia ¥ e 4 b €500 3 S Jime (5500

FEYNIS Jsb 5 p SYVEVY 035 b S 5 anlad YAA s b o) A gl

ool L T gla gl b s r“J oSk 3 e s 050t 1S Ble a3 YYIA (gles (7.420.2
Banaee et al., 2019; Banaee et al., 2020; ) Wi o ba il Gl 5l e 5 oS o3l sl S Jam LG
S b lee 5 S J gl bl 2 s sl >l e 4JST (Gholamhosseini et al., 2023; Zeidi et al., 2023
A& oLl (IRKMSU.REC.1402.009) Ol ) ¢ jgis 5 2L s5 058 5 o 5ke ol B S

SR 5 S

@ Ol smes gla MK)UJQA O 5SS 58 0 51 K 59 2 Ol e & (PTCC:1744) Lactobacillus fermentum s sU
Lyl oy colu Y e a5 S ol a5 YV gles 13 MRS iS ae 55 (6,81 A (ol 5 o 5ukd s &y s
A A sl Oliag &S 8 &S L8 5l 5 e W esls CUS (g5l en

&‘J& o 6)'LwabLAT



Siom (Sl dis slasli b s g3 () Sl 5 (V) plt o3 (VYD ol o ((FD) ol 5 (S5l sle
MRS Lo 55 0ld 55515 Slacs Sk o« Kom 5 o, 53 Ssms Oy 4 L fermentum 05530 sl 48 s 1
CRUML b & b s osls e2S (6505n Jal i 3 518 5l am s ¥V (slos 53 sl YE B IA e 45 5 61,8
CLLE Ly O geiln soe PBS (OH 7.2) 55 5 ke oo 5 ooy s (6,50 5 pnis 5l b 2S5l Ly i 11078
.L:,a;;v.al{L;ﬂ|gjbfwaﬁ6”¢>\j;§io,y4{&;ﬁjﬁngﬂy.Ji;quuleﬁyCFU/glo’%
Sbedi3 (e 0555 b la S asled A (e s B b s s S mle s b gles s Sidia oo
0355 o b Jslomn cale o 53 S Olse 4 5905SY 035330 (51 3,5 Al CFUIG 1017 o s 15 (5551
02l Syt mhace )3 U oy St S 5 ol sk 4 Al eslinal STyt e S LS e s 58N e )

4 ol (gl,35 ,5 Lactobacillus fermentum 5 54 oSN S50 e oS 5 053580 S| WS el Bl O 2S5 L

035 Gl b 035 o2 b5 8Ll o @ (o3 &1, L. fermentum Y J N CEN s
\°~j\J,:‘.SLgln)sl{Jw:M\:ﬁﬂj)s\)oﬂaﬁbjl&:{o.k&g)kfu) L ')Sg;}\é“)rm.g
@y BB 53 ol S Sle am s ¥ gles )J)L!DLATLSL&AQ)M‘U. S g ” Sl ax s

bl b

Sogms 05,5 vk wlis oo Oy bl o § S 0% Jols i 05,5 W LAE w35 e sl sST

y+¥ Lactobacillus fermentum ¢ sl> ¢l L(II)

Av ssdm ailss, i S ) S ﬁ@‘él;\;pvmU}fjgﬁu;,ﬂ,;w;jmwuém
G S deo e a3 B 5 bl g0 5l sy YA CBI8 1 e LS e g s gl ST O s

_5».&)\ LS)‘JJ.’M)N ..L}J JJ}JJJUM:-J L;GJJM &JEJ‘UJJM b.)‘.})‘)_;

SIS Jlsy 03 b 55 a‘}‘ﬂ(;@\ A5 esle 3L 5 (6 sl) sl s 5 ,Ken 53 i sen (S5l 4 50
4i3s 53 55 P e b Ol Sledes (s 5 238 eslinad 3,50 (555 pilen Sladllas (g i gan I i A
e = et o ol 3 g 55 T OF 51 el lad sl 5 3 B s 55 SLPCF Glas s 423510 ke 4(rPM)
.(Gholamhosseini et al., 2023) 4ol sa & oS 5b 4 b Lud fazme L5k 055w o

L gor Soled 5 5P 5l Dl g

il gon 31 Cads e Ve B0 3 0m) S S gl S Ml o et O 51 K5 Slacam pon 1Ml 4 2 53
s A. leptodactylus asls Labes il sen (5! » (Alsevers Solution) s I skl stixl Ao J shoes) sdtislinil s
(¥ e V) Ol s s (Vg0 Joo Y9) 0 JS e« Q¥ 50 e ¥ ) IS 5 50m s 5 ¢ Q¥ s VY0 SIS
0303 D53 oY o S s (adier Bbie Cilsen L)) ol a5 035 VOV g PH L (Y e e Y) BT

f



e Sy b el oY slate cpl (6l s S g red dad 228 Ol ssa JENEIS RENS P TR 2
3NS5 slaY b ad s 2SSl a e S son 5 el 5 AS el 13 il san o)k (5o, s TO B Y
A3 S S le 55 8 5l ole e 3 s ST lsa 3 dlul O ) oy 3 alml bad sl

3 edd asey Wl (555 2 beeS SO caelsl 55 s 8 S0 4i33 0 e el Jgilie b s 0B SCES A
R s e s edkd St el (el S, Oloy SLL Gl e i (950l Ky 4B Y B Y Sole 4 & ge
Al esls Gl B se s X Ve WX e g5 oS S

ot Dl S (Slam gon ol a o £l A 5 (Ao 3) Sooled 5 pluli o3l 5 JSCo bl
Gl gon okt (gl L5 o el s J 51 S 5 an J 551 3 e s gl Jold Lol s 4 @

wu\.gg;?w)mﬁ>\M¢)l{):3r‘ﬁj|d.ol>‘}5;l.bjﬁdlua&)wl‘\iwwdu M)‘bu,wb
“..MT

AL s

e oo W) IS 5B LS sherdsn e el )l Chale
S S W) SIS (sl
) Ji;:—“*:KLSf’ s (egl

o Jendl, 2 SSE@HEL (O 21 (51 ,.5) Biorex-Fars

000 53 1St = 3ldnST J s 2dS S, L) ‘AS «
S0 bt s oS Sl eslial b (re sl 000 55 )

2385 e sl s S s il
1., 2020) L2 Ol (ML) ) o 3 S s

bl ol 5 a5
(A#ﬁ.Ji_;\;,\)s\p;puuu‘umm;ﬁdu;w,ﬁ,-lm
o) L eslial ba Sl alis sl (S35 oind 0505 5 43 LCANOVA
S il s oS o Ol b W S i 0155 Sa K £ 3 e e S b s d edalis

MW(VIIVIIIV“I&u°ﬁj§)®.ﬁ-’w“’)“§§j?’dﬁ c@ﬁjﬂdﬂcd&ﬁ‘b}‘}uﬂfﬂ)bu&ﬁ

Q}A)T_)‘ 'J‘i:;("“‘) lAJ‘J
.(MJJO

. Jﬁ.&)@h:\:ujﬁbjlbq,.:..,:_}m;l.bjj«;.ib&:]ééwq)l;\c@;)\ﬁgﬁyﬂ);l«iédﬁjﬁ



- d
g ~
g ded T
C 6004 be > be
U v
£, : h & ® g
g 4| 400+ a
: :
U Al
= F:
— » | 2004
g e
C
=
== T
[ o m v v viviovi I nmom v v VIV v
Experimental Treatments Experimental Treatments
1000+ 800 -
cd ? d
"
2 800 od oL '
0 be be = | 6004 - ed cq T
iy =
R A ab T 3, Lo
- \l \3\ a & T
- a o 00+
H —L BR a -
{ ) B
L. | 5 -
E 2004 » 200+
v
N
0 T T 0 | 1
I 1 m v v VI vilvil I m mw v VI vinvi
Expernimental Treatments Lxperimental ITrcatments

Y
in blood cells, including total hemocyte count, hyalinocytes, semi-

s, in the hemolymph of the freshwater crayfish. Different letters indicate
ences between groups (p < 0.05).

Figure 1: Shows the cha

(Group 1 (control, standard“@iet; Group Il (probiotic, 107 CFU/kg L. fermentum); Group 11l
(prebiotic, 10 cc/kg lactulose); Gr 1V (synbiotic); Groups V=VII1 (exposed to 0.1 mg/L lead (Pb),
and fed with standard, probiotic, prebiotic, and synbiotic diets, respectively).



1.57

-
~ 3
= £
:—l 5 1.0+
v 2
- =z
- 0.5
8 <
o 3
</ )
z - 0.0+
= I n m w v Vi v vil I n moawv Vo vVIE Vi vin
| Lxperimental Troatments ! Lxperimental lr-:utma:nlsJ
LR
- 3
g :
o =
g -t
: 3
2 2
Z 2
- O
I n m v v Vi Vi vin 1 L1 LLL BN A v Vi v vin

Lyxperimental Troatmcnty . .
g X Lxperimental Troatments

Triglyvenide cong/dl)y

1 I m v vV VI v v

|

Lxperimental Ircatments

mical paramm#,including total protein, albumin, glucose,
he olymph of the freshwater crayfish. Different letters
S en groups (p < 0.05).

Figure 2: Shows the c
cholesterol, and trigl

(Group 1 (control, standagdidiet); Group Il (probiotic, 107 CFU/kg L. fermentum); Group Ill
Group 1V (synbiotic); Groups V-VIII (exposed to 0.1 mg/L lead (Pb),
ic, prebiotic, and synbiotic diets, respectively).

)
o o3> QLI Y JSS *ML:J‘JM S eI S s e Sl et s e e ks
JS s n e ol ne U S s 5 35SV (L fermentum sla foSe G oS 3l 0LES Laasly ol
2 EASHE Wl (P> +/00) B et T (S 5 il pen 03 A relS (s 5 5 s adS SIS e s
(P /00) Ab et T el 2 52 008 S5 plendisn slo el ola l e G131 4 i (PD) e 2 e
D e 5> S il pan 53 S5 5 5 SIS sl S s s oS 0ls OLES S (ol 2 edle
S oo G pze praman (S 3L Il 3 sdome 4y K3 g e 5 35S (L fermentum sla JaSe b 4 das 51 ey
Ldas (el o T glacin 2 i gen 53 JilS o 2 1 o o DI il 5 S 5 550 55Y



4o g 4B S 15 e a3 50l S Ssmgn JaSe b aS SaSin 2 il san 53 s plS s I
(Y JS8) i3l e 63 sdoea

LS 5 ol (s 55 o o (Sl sba e 0S5 CLE L agrlse 45 0l 0L adlllas cpl e
Ll o b Sl 4 Jae sla o il 4 i S L i ls 0354 5 IS Slacan e Jls oxe 2alS s S
el LK 5 W S sl 5 5le0 s sl 4 el 31 50 ol Sas

A= B 1) e it STl 5 (S 56 ) 555N 5 (S5 ) L. fermentum S81ar Gz o8 5l 0L S

Qﬁdﬂ_}&éﬁ)ﬂw@‘ﬁ‘vﬁj‘omsduf‘u,:‘.LS&.;JJJJLAJJ LY

5 gl W5 L s e SL cal 5 Ams e

3 S an e A L
Lo osle oS 5920 4

DL &J}QJJJ‘LG‘

ol s ded e e 3 IV 5 633,85 el <5
p&,‘x AL sl Ll 3 3 S gmiem 5 3455Y dfermentum
S5 5 SAS el JS s n s 550 ssba b oS (pl Lo 5 me

Lls S5k
S GRIA S g et T S K il san 53 Js S e S 5l 0L b
ol aalllae il e ) 20 &_‘dw‘ 5 35S) ol W 6 o e 53 Il 5120 Yl

Jb i polie & il pan 53 1)

ERCH AN

Sl FalS ) e bagarlse 51 S0 g medS Sl580 (6 550 Hsbas S s 5 580 5SY e JoSe 5 g oS 5l 0L
&J&bjﬁduw):jo;bu,i,.ilj.'e\\)Lg.l.&.a.5\_,.‘:;.;.19.-‘owaﬁ\)o;))@msgjdw}|@ud&w\
Jjj:mlsch.wéjudbjj&U\)Sv.(.gﬁjﬁLgLaJa.{a‘&Lb);.m@&dd}ﬁﬁwﬁbmﬁi@@ﬁjn;
035 o308 oDl el S L. fermentum - s 45 das o LS 4l pl (ARSI 1) e 5 me 53 K 2 o
Jjw@ﬂgﬁw;lpwwd\ﬁyuéuw&guwlﬁuulcw@%\,&gﬁwsﬁw,

L
S 8L Camaxr 0l 03 S90S g 0l uT 5 K = 35, 3 Ll 5 o L. fermentum oS sls OLES -coman Laasl

L;Ladjﬁb 6‘j QYJ::‘)&Q‘)&MJ;‘}&)})ISV cw‘je_}w Jas JA[S\JJ\QALSLAUJJQ.?A)@J\: u,:,.l\fe( bJ\:.u



(AIVaNOU Wiz 5 gy oo ol Jaul 0 53 15 0355 S pars oo DS e 3 5 &S S o L OT Ay 5 035 oo ko
opl 31 etal, 2023; Dai et al., 2023; Duan et al., 2023; Liu et al., 2020; Valipour et al., 2019; Wang et al., 2024)
S5 GG S (Jshr 03153 S (68 sl il e s 4 e Dl 115 e len s e (S USG5 )
Gk 5l PB2 glal s oS ol ((NH2 «OH «COOH) _Jole slaos S L oLaolKdS sony 5 Ly Sl b sl
oshe s o A IF =Y 1, OF (gloss, wode 5 antlnl ols 4 035y 53 Jslomal gla ShaS |5 5 oo
5038 whi 1y 5S35, 0y5bsS 5 (SOD)SL semys Ao s g Ao vﬁuwﬂ L. fermentum (slaa 5o = » copl 2
5 (B0 Oamdli 9 S 2alS) Loy a4 g5lheSt ol 5l ol pl &S S o i |5 (ROS) 5eST b gl 58
o 5D Sl Glaitsn i o o Db GRS sl S1AS e S sl (i eelinS1y (2a1S) e

(poen Al N Cilsen IS S w5 4Bl spe W SOUsLa s (Ul BlacS s s bl

ﬁj\g;lé_l.'o oo 3 b Kis 2 (Sl 5 a8 sl ol axdlas oyl ok
;T\‘\Jd;u Ll o 07 51 a8 e Seatoros (K silte YD
S5 5 o adS SIS sl (S s Aile) il sen ol s sla el o

5 G sSY) S « (Lactobacillus fermentum) K5 s, sla oo 3 52

Sl lled e TGRS (IS S S s sy B 2 G S s
o 02 K 3 ) plardan 5 So3sles Glaarls Cudls (S Sl ey Leus 5 Sls] s
ool 355 F5e JgpadS e 01 S50 0 olese L fermentum s s Ll S50 b & oo gl 4
55 Obpl et Sy e 3 1) S g 058l el Laadl cnl 58 Ol 1) 3508 ol 59585V L OF Sl
LA Geb 3l s Sarer Cudla b sl e ) 5 33l e e Ko DIl 63 T (ladaea

Aas e dll Ll oo



@‘JJJ.;‘Q ’su\d:"
“ r@.w.az' JS-L;{L:)J Q}J)f}l& emb Lg)_gw_}u:&j}: Q;)L;u)\ b J}?’- &L”}ﬂ.ﬁj g_J\]a Jlae U’l| Ong
WL;GM}«:)@JJ:)AJ G Kan sl g3 a8 (6ol bl aen 5l omes Aled o r‘)&cléwjgbc,.il,v)}ﬁ;ﬁ

Abdel-Megeed, R.M. 2021. Probiotics: a promising
generation of heavy metal detoxification.
Biological trace element research 199(6), 2406-
2413.

Alvanou, M.V., Feidantsis, K., Staikou, A.,
Apostolidis, A.P., Michaelidis, B. and Giantsis,
I.LA. 2023. Probiotics, prebiotics, and synbiotics
utilization in crayfish aquaculture and factors
affecting gut microbiota. Microorganisms 11(5),
1232.

Banaee, M., Akhlaghi, M., Soltanian, ;
Gholamhosseini, A., Heidarieh, and
Fereidouni, M.S. 2019. Acute exposure to

chlorpyrifos and glyphosate induces changes in
hemolymph biochemical parameters in th
crayfish, Astacus leptodactylus (Eschscholtz,
1823).  Comparative  Biochemistry  and
Physiology Part C: Toxicology & Pharmacology
222, 145-155.

Banaee, M., Akhlaghi
Gholamhosseini, A.

leptodactylus. Ecotoxicolo

Banaee, M.,
Sureda, A, one, G. and Faggio,
C. 2023. Eval in extract as a potent
antioxidant supplement in &lnon -exposed
rainbow trout: oxidative stress an‘uochemlcal
parameter analysis. Toxics 11(9), 737.

Banaee, M., Sureda, A. and Faggio, C. 2022.
Protective effect of protexin concentrate in
reducing the toxicity of chlorpyrifos in common
carp  (Cyprinus  carpio).  Environmental
Toxicology and Pharmacology 94, 103918.

Banaee, M., Zeidi, A., Gholamhosseini, A., Shakeri,
R., Faggio, C. and Multisanti, C.R.  2025.
Potential synergistic effects of microplastics and
zinc oxide nanoparticles: biochemical and
physiological analysis on Astacus leptodactylus.
Ecotoxicology, 1-10.

.:;ﬁ@@b),\;@).\.wéwmjg)%;-

@l;.a
Bhowmik, B., Hossain, M.N., Afrin, S., Jui, A.H.
and Naumovski, N. _2025. Heavy metal

detoxification of gut ironment: potential
application of prabioti ementation and
challenges. Journal of Food and
Agr

Capparell‘.v., D Ro ez- -Cab,
E.M., Borges=Ra -von
Osten, J., F’ICh Casa .
Ramirez-O Var bundez JA

and Thurman,
microplastic and

2024. Synergistic effects of
trigger physiological and
t in a mangrove crab.
try and Physiology Part
cology 276, 109809.

. Yuan, Y., Yuan,J., Gu, Z.
and Wang, J 2023 .Effect of dietary Bacﬂlus
ubtilis supplement on Cd toxicokinetics and Cd-
duced immune and antioxidant impairment of
cambarus clarkii. Environmental Science and
lution Research 30(15), 43914-43926.

Dai, W., Liu, S., Fu, L., Du, H. and Xu, Z. 20 .Y
Lead (Pb) accumulation, oxidative stress and
DNA damage induced by dietary Pb in tilapia
(Oreochromis niloticus). Aquaculture Research
43(2), 208-214.

Duan, H., Zuo, J., Pan, N., Cui, X., Guo, J. and Sui,
L. 2023. 3-Hydroxybutyrate helps crayfish
resistant to Vibrio parahaemolyticus infection in
versatile ways. Fish & Shellfish Immunology
132, 108444,

Duan, Y., Wang, Y., Huang, J., Li, H., Dong, H. and
Zhang, J. 2021. Toxic effects of cadmium and
lead exposure on intestinal histology, oxidative
stress response, and microbial community of
Pacific white shrimp Litopenaeus vannamei.
Marine Pollution Bulletin 167, 112220.

Gholamhosseini, A., Banaee, M., Sureda, A., Timar,
N., Zeidi, A. and Faggio, C. 2023. Physiological

response of freshwater crayfish, Astacus
leptodactylus  exposed to  polyethylene
microplastics  at  different  temperature.

Comparative Biochemistry and Physiology Part
C: Toxicology & Pharmacology 267, 109581.



Giulianini, P.G., Bierti, M., Lorenzon, S., Battistella,
S. and Ferrero, E.A .Y:.V  Ultrastructural and
functional  characterization of circulating
hemocytes from the freshwater crayfish Astacus
leptodactylus: cell types and their role after in
vivo artificial non-self challenge. Micron 38(1),
49-57.

Hernandez-Hernandez, O., Muthaiyan, A., Moreno,
F. J.,, Montilla, A., Sanz, M. L., & Ricke, S. C.
(2012). Effect of prebiotic carbohydrates on the
growth and tolerance of Lactobacillus. Food
microbiology, 30(2), 355-361.

Kakade, A., Salama, E.-S., Usman, M., Arif, M.,
Feng, P. and Li, X. 2022. Dietary application of
Lactococcus lactis alleviates toxicity and
regulates gut microbiota in Cyprinus carpio on
exposure to heavy metals mixture. Fish &
shellfish immunology 120, 190-201.

Kakade, S. 2021 .Probiotics and Oral Health: A
Review.

Li, F., Chang, X., Xu, L. and Yang, F
Different roles of crayfish hemocytes in
uptake of foreign particles. Fish & shellfish
immunology 77, 112-119.

Li, Y., Zhou, X., Guo, W., Fu, Y., Ruan, G., Fan
L. and Wang, Q. 2023. Effects of lea
contamination on histology, antioxidant and
intestinal microbiota responses in freshwater
crayfish, Procambarus  clarkii.  Aquatic
Toxicology 265

Luo, W., Du, Z., Zho
Rice- shrlmp culture.
microbiota,

Sichuan Province. Applie
Biotechnology 104(21), 94

Madreseh, S. Hosseinzadeh, S.
(2019). ized, encapsulated

Lactobacillus f actulose feeding on
growth performance, heavy s, and trace
element residues in rainbow trout orhynchus

mykiss) tissues. Probiotics and antimicrobial
proteins, 11(4), 1257-1263.

icrobiology and
420.

|

Valipour, A., Nedaei, S., Noori, A., Khanipour, A.A.
and Hoseinifar, S.H. 2019. Dietary Lactobacillus
plantarum affected on some immune parameters,
air-exposure  stress  response, intestinal
microbiota, digestive enzyme activity and
performance of narrow clawed crayfish (Astacus
leptodactylus, Eschscholtz). Aquaculture 504,
121-130.

Wang, Q., Lin, Y., Zhang, H., Fan, W., Li, S., Ruan,
G. and Fang, L. 2024. Positive impacts of dietary
prebiotic inulin on growth performance,
antioxidant capacity, immunity, and intestinal
microbiota of red swamp crayfish (Procambarus
clarkii). Aquaculture Igternational 32(1), 775-
794.

Cra

chlori

leptoda
autometallogral
Microscopy and

Zeidi, A., Sayal
Gholamhosseini,

ish,  Astacus
euctural
yses

., Rezaei, ., Banaee, M.,
Pastorino, P., Multisanti,
23. Single and combined
lyethylene microplastics
ints and physiological
arrow-clawed  crayfish
ylus. Chemosphere 345,

140478.

g, L., Song, Z.,Qin, Q., He, L., Tian, J., Yu, Y ..
, Y., Zhong, L., Cui, Z. and Gan, J. 2025.
Iti-system toxicity of lead (Pb) in Procambarus
rkii: Integrated analysis of tissue damage,
immune dysfunction, oxidative stress, and
microbial dysbiosis via multi-omics approaches.
Comparative Biochemistry and Physiology Part
C: Toxicology & Pharmacology, 110331.

Zhang, L., Song, Z., Zhou, Y., Zhong, S., Yu, Y.,
Liu, T., Gao, X., Li, L., Kong, C. and Wang, X.
2023. The accumulation of toxic elements (Pb,
Hg, Cd, As, and Cu) in red swamp crayfish
(Procambarus clarkii) in Qianjiang and the
associated risks to human health. Toxics 11(7),
635.



Evaluation of the Protective Effects of Lactobacillus fermentum,
Lactulose, and Synbiotic on Hematological and Biochemical
Parameters of the Freshwater Crayfish (Astacus leptodactylus)
Under Lead-Induced Stress

Seyed Hossein Sajadit, Seyed Mohammad Mousavi®", Amin Gholamhosseini?,
Mahdi Banaee® and Babak Doustshenas*

! Department of Fisheries, Faculty of Marine Natural Resources, ramshahr Un i rine Science
and Technology, Khorramsha r‘

2 Department of Clinical Sciences, School of Veterinary Medrc hiraz

3 Department of Aquaculture, Faculty of Natural Resources, Behbahan KRata

Technology, Behbahan Iran
4 Department of Marine Biology, Faculty of i amsh niversity of
Marine Science an

Received: ‘

Abstract

cells/kg feed), prebiotic (Iactulose at 10 mL/kg feed), and\8ynbiotic on the hematological and biochemical
parameters of fres d to lead acetate (0.1 mg/L). For this purpose,

240 crayfish (with e istri ivided i i xperimental groups with three replicates each
(totaling 24 aquaria) as i upplement), three groups receiving probiotic,
prebiatic, or synbiotic alo i osed group (basal diet without supplement), and

and hematological and biochemical changes were assessed.
t decrease in total hemocyte count (including hyaline,
administration of probiotic, prebiotic, and synbiotic led to a
significant increase in hemo ounts. Furthermore, supplementation with probiotic, prebiotic, and synbiotic
under lead ex sure conditi erted considerable protective effects on total hemocyte count as well as hyaline,
ocyte populations, significantly elevating these parameters compared to the lead-
%ﬂ. Feeding with all three supplements following lead exposure restored total

three combined treatment gro i ebrglc or synbiotic together with lead exposure). The experiment

protein, albumin, glucase, rides to normal levels. Moreover, lactulose and the symbiotic reduced the
toxic effect of lead on cholesterol, ‘as the probiotic was unable to return cholesterol to the normal range. This
study indicates that symbiotic supplementation can serve as an effective strategy to mitigate the toxic effects of
heavy metals and maintain immune health in cultured crayfish.

Key words: Freshwater crayfish, Lactobacillus fermentum, Lactulose, Symbiotic, Lead acetate, Hemocyte,
Invertebrate immunity
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