’f'f&k.gb”_raJu_/,&j%an.: Ubb/dﬂio
DOI: 10.22055/ivj.2025.524054.2795

53 3 Si] s s Salan g Lo ) oudd Fieu o 5 &l 3 930 5518
(Cyprinus carpio) Jsass 915 cale Siasl slagaild

Trbiae wl) 4o 5 M B gl e

Ol ol Ol (abos pake 5 53,5l o (s pabe eaSls (S 0p 8 L0 |
O o doged o813 ole B Olale (5la s ko 5 Cadlibgs kil g g O pl 3lal 3lgal Ol o g olKikis ¢ (Kb susls 04KEils 0L T 5 5 g pla Cudlags 0y £ sl Y

RSN

YRR 1y e VEOPNTE il

oS>

52 GRS cablB g g gais (2 oBais (o Saenis Galpd s 4 sadl sladla 5o ol o9 o8 S RL 8K
Sl 3 5l soliil Jals & (G y BB b swd S @53 56 oS ol ad e ol 48,8 5158 Glolo8 a5 3550 GLieT (el pie
o sala (hask 5l Guaa ol s GLnT s 0T Ol calis Ll sugs cuw) buae oo e dagl S ju b
s 5l SlannaS) o pradiS Hlatsl Ll iy g 5ul ellad dlas 51 Sasl slagedla ol s dallls | glite 4 Sl 3T 4 olals
Vo ol s s Sala Bl oud s 5,8 @390 cble aw (a5me 50 595 VP Sue 0 a e Calp sl sial 5 IS (a8 55w
sud S @ly3 80wk ala3IVF SV slad g, Lo sola e g 4318, 1,8 LCs0 wmyu 0+ 5 LCs0 w50 Y0 LCs0 s 0
J@)JJMJ‘%OPB%‘\}A:ML&&J;hLﬁ&)dﬁé‘dum&lm _\.;_:\94)3.«\9.;\_;\‘\‘/"\ bl.ull..\,g;ﬁdﬂ.&gbb
OEalS ad aasslen 555 o9 Sl o (el el s GlalieS cullad (RAIS 5 w555 callad GBI Sl (ol e sk 4 Y
L dwlio o a,8 ol ol slacdale daa o wic slad s slaas ik saaliie ¥ ol 5o 5gs Gaad 58 5ab and il cullad Hls Jas
slaslas 5y, 5o ol 38l 5 caalS ollag ssa s b s Gl sl sial 5 JS Gaign ol golaine il ) aald Hlas
slagaala a8 ol,i el LCh ws o YO clale g3 oy ol el atals sals 65 R L dwlis Hu (gl sme ol il
AﬁubMLﬁmQj@lﬁM@ﬁaJ‘)ﬁmbu:uéa.é(AJJ)SJth‘ww)ﬁﬂucﬁlcxM3aJy)|K)§|g&m)J§u.mf‘

Hsare 5 ol slagaa b (Suif [ st Sila 0,8 31,3506 suls alals

4o dle
»» (Maliketal, 2023) S oo 6Ll Cxs 5 $55L0S S Ul 4 AL QA gladle s
Jo o8 Dl edd e D13l kel Ol ol 035 5 5b plaze Slids aia) 5 Lk 65008
(2bSb gl gl dms s obsbas ol (S5 slees g 5 1 g las S 5l las sams

Oal ol Gl oLy r}l&; $3,5b 5 &Sl (2l f}l& Ay (M 0 8 HLisls (b Cl,-a 1 gt 0Ly 55 *
E-mail: serajbita@yahoo.com

[oNolel

© 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/).

I ) VP Hlicwls oY aJLui(gsz\jcﬂaﬁona‘olJ:\léuﬁﬁnlad.}:@




L;QLA 2 w‘) U;j) l.) ol o n]i; C)\)J}:L C)bj\
B Llaqat LY 6))19 “ Sl 0 (l;u\ ;;)w )}:;5
ol i 0,8 3P0 anslas L YY) Jle s O
L3S0 cpl e Sl bt 5 s sl R
LS Gl sslast el W B LG
Ol YooYy Jl s O)s 5 Krishnasamy - pooces
BEIS | LYEC VIR Je LI VY I v LS P PV LR VR
9 ol 0)gy L LS’LU slaosl s v")" L;Lau.a;'-u
sy 5l S Slas] s gl glac s i3l
JLAAJ BE] Q‘)KAA 9 Kakakhel Ry Qb}};b w\ O
23 e o, 3 El a8 Wsges 5518 58 VoYY
C“‘?'JJE).‘}°‘>ﬁWL5ALA w\é‘f‘ybducﬁh}&
@?Jﬁjiﬁc&M&ﬁT)}mﬂ))}))EM
S bl Ol oad 4 e O3 50l aS Bl s
5 A4S sbdshe 3kl sy sbag oo B e
Llods Jgame 558 ale s il glaais O genl 55
LY g;.éji A dbsgfd ol Cbu‘ Sldles “ 42-‘3: L:
Olge aax Sl s b Sledd e o 8 Sl 5L
Gob [CHS g JB Cann s el WIS
Gl Cmes 53 O35k e 1S 38 s a0 plply
W LBk s 4 Jsene 558 b &S ol 5 (5550
j'f‘]'.’)b Coglas fSau L ‘C)":"JE’Z’“'E{‘I‘;’L
Gl sES 53 s n S e 3 K boles
6[.&5)}‘.5 J>J" BE }:.a 9 é\,& B Q‘J;‘ o}ij “ cL;_:.L:.wT
Jbe S Olge @ Llge 5 2550 sled 4 bl
)‘J’g oslaiul EBEY ‘;.»Luwv.w CJL’JLE.» BE) wLﬁ L;"M'»!)
Javanshir Khoei, 2021; Jha et al, 2022; Akool ) 5 .8
L.f.bb-ﬁujl.hao.kﬁ::e)u\b)bﬂ4.342—;3[4&6'13.',2025
k_{:-le- J‘ AJ\.\::JL..«: aJ,EJ Q\)J)JL h:)b:\ s hla
258 Pl el Glparls Kl L st

gl e s b gl

esle SLO5SL Lossle Slnesis 4 smsns 5 OB
& Sosnsnl Cao 3 1 o3l s S ST«
oorsl.Qha et al, 2022) ol es S L s
RAR O S Uss 4 pelanl g s
o oS Wil 0, i Sl pL Sl 3L e sla 1SS
Gl 4 e 058! Jld sbaw S A5 s
o (s 0 (550500 2 S o ASle (345 b
(Chenetal, 2021) 535 o sl 3 s i 5 S35
s Jald o8 Sl EL e sl ol ssesS
o3 o 3303 392 e b e 5 plend ( (SS 5
by hae bS5 ladul 3 Jols o135t
Lo SL Ol wle S5 5m Slo gz s 5l eolined
Sl Sl 6 s opl ol S 5 g,
Al e (o s gl b sl e
S paria s 2l b SIS0 S il
Ly genn SA(El-Sayed etal, 2024) sl o A 55
Sl & Gl s Kb sl K Koty
solie gl slendgnd b 5l Al e anlulS L
(s n Kb 4l 5yl glaedpte 51 L
S Labie b 5 bl 5 dady pul hda g S
Lyls O3 b g 5 sl 53 ege LB LS 5 oyl
st 3,8 528 s axw s (El-Sayed etal, 2024)
o sk pl e DV sae 555 Cse SU
Sl ol o 5 ol (ale il lae)
M 4 58 2 sladle ;s (Koohkan et al, 2024)
Baossm ol 55 slpesl 5 eslimad Os3l5s, il
slpe b G3lalay 5 S boalaily 3 (3L sl SIS
o orl oo s s OLnl s of mbe
Slp 0l 3 4 jamia ol s 4 S350 ol )
QLJJ Codl 5 wdss oyl aibe i las )8
(bl cpl a5 L .(Jhaetal, 2022) W55 e esliza
o 5l o8 D350 Sl J bl 5 G L3
Sl OLpl s e 51 eld s 0,8 3L

\\’~\°Ot’u.u..\t\(\’OJM‘eSfjuaﬁgana‘dlxlé‘ii‘};ulagJﬁﬁ #




e P Sl L st Sl g Slo ) ek e 05 O3 56 50

S el Y s O s a5 static renewal) oS
4% Sde 4 5 Gl 5y e gz hle i 25K
5 05356 ol Sl (SaeiS chle 5 us el sl
e 5 e A 3 08 e VB0 Jgene 5 S ale
RV PR Lduwjljsu 3kl Oy so 4 Olale
Lo oiolesl b aw s fﬁ)mﬁ 55 ole ankss YO
Loy YO () L) LCso doys Ve slee placlale
0,3 356 (1 5les) LCso dsy3 0 5 (Y L) LCso
Slasd SO Lol an O/ [ st Sl Sl 0l 5
gl 2,50 5 VY Do 4 QLY LS 2) sl
Az S 8
Olale 51 6,8057 ol Sbagarls Jimw 5
-4 ya <=L<;A 22 bl VE VT ey,
b Ll s il (50 055 5,05 L Obale 513
sl a4 bgse Olale 5 el deo (mud 555 akews
Gl o 215 55 61 (Glas o 5l b sue #)
A e S ke T ol ol s ) Sty
Shobabe csgm 5l o LS gpn e S 3
A bl s Bl ab Sl S0 5 b O
5 88h00 Lug odd &LI sy boessnd ol
VO ke pl a5, Sesll Y0 Jl s O Ken
0353 VI S (slail 47 oy wep e 205 S
SASL Dol S N0 e S
A s el 4 (L&) L sKiCag i) s9 655 Koo
Y Olse & 0 s PH 5 Ve /0 s O
Padsl s el s S Gl 2l e 3 e S5 e
Sl Sk S oKais by gl OF e Jb
o A (g Sesll LT 4i8 cx Ll Bio Tek S L
So o Iadme (GBI slos 53 (e el S
o ld oplo g £ e 05 el 55 S (g Seslul
oslinal 3,0kl e S ke 4 8 (LK)
bl S OledaS b (6 Sl Cgr s S
bl SIS cpl sl s esliad 55,81 J5 3 5 sen
O gl (PH=V/Y) Sliws 3L s doys VO 55 8T

S Fas sl

S5 Sk ojlas 3l o O3l e gl
LBl 5 b S5 G Ul 4 (S s s
Sk Sb sk opl slp s esliial sy Lo
Slelr Jobo e 5 5 o adlate SIS Ae L g
bom sl Sl slhens s s sl
) WS ga s ol Gl (gl ol iz oK 5T
3 ek s e ST o el ahial 5,45 ST
S L ad bl ki OF L oculg o
o LS @l o owis S e 4 03 SSUS
o ld S o g 5l SN0 weslas ag sk 4 LS
Colu )y Sl bl Jslie ) Joo 0 L S
A el I plie IS Sl esliad b 058 Ll 3 s
53 s B e L a3 YO ke Jsbous s
A Y bt ey Lo AL sk Sl ad3s
L S dlsy s eslinad O3 b Jool> o jlae
Vo oo, O3 el s ¢l s (Singaravelu et al, 2007)
Sl Jsbme o 80 Sl Sbe oo (o o
VAONY SIBIS uS L oWl S e b Ve o Voo
Wy ol Obwbl 5 b Sy s Gl A w6l
s gt Sl 5 Slo o 5lae 51 ol jmin 0,8 Sl43 50
dhe (UV-ViS) 5 et il slasans
Slyd el jmew Al cge) Perkin-Elmer, Lambda 12
0311 5 K3 pans (1) LEO 906E Joe TEM 5 (o,
o) sl (Bibi et al, 2025) 1 sslisal (S350
D b e s o Sl el L a1 o sl
G 50 e 3 Bl Skt (golezl 05 5 i
A LT eas Ko

A e b Jene )5S e o aaid Yo sl
Sl ) (‘; VAAQ APE/FO S5 pnle 5 o3, A
g Ol g 25 g 0l5e 5V (S 31055 E Sl
Masle 3T Jasl 5l e L iz oK lo3T w5 4
A LCs0 s Jziuj Wi 93 Ode 4 6y ke
Oy 4 VA8A Jle 3 O.E.C.D s 1kl iy ol

A% VP ¥ Hlcasls Y oJM‘éejm%ong(olxléﬁklA@fﬁ




sl sl clle 5 VaVE JLe s Bradford s, L
V4V Jl s 0K s McEwan oA e ol
el 6oy O p b w508 B, 5l eslinal
Yoow sl s 4 s @Sl gl s
Foowpa o sl edd 335 S oslas i)y S
P AT WAL CRFIIP P PE APy
oS 313 olKais 1 el b s (A L) | 2
Fesb 080 5o Jsb o3 badised Sl ()5
TO (S sl Sl i i el
o VO s S JFI 3 g A S
“ e Y S DWW s S VY e b e 58
ool bglses s S a3lol of w0 /A ol pH 5 Y e
35 G Cole ¥l e s el O o @
—ods s 4 ol Jgloee 5l s Sa Ve e (3L sl
Gos odr 5 s Jame dpY¥ ISe clals 48 cla
13 olSaws L e gl 080 e Jgb 3 Ladsel
A (Sl 5,8 ol edS

6k 53 Wby BT Gk 51 ol o 5 45
0351 513 snn 5 25 8 Sy 0 V) 453 SPSS il )
W Olabl w53 (S5 s 05050 L LSl
W (ab.;,l BW-RY

53> Jseme 555 LCo0 pslie oy Oge3l ol
Sy Sl Sl edd i o8 D30 L agrlse
o 5 el 48 S VY FA XY b (Slo/ /e st
(Table 1) i 5,50 5 4/80 5 YANO O/ F VV/Y+

azss 4 q,,;.lfj-\.\,{gbsj;u&;e-&ﬁ@ué?b
LI leld el $oF7 mse db 2 STy O
.(Figure 1)

gl e s b gl

ok oodS LIS Jse s VO 5 e LIS Jse e
ol atd o3 JedS VNN e e s S
o Sland BL LS sl am YV gles 5o S 2
5wy s s byl ) A el 55,
s Sen T ok sl saSale 3 O el 1 e
sbos j3 cele YA Sl 4 i, A A 5 4 s p
ot S S b e B 5 1S (Sl 455 YO
LobasSaly SLbl plsen ad l3 05l sSO) S
xVerr b5l 5 43 S 6 xS el o pasin (Sl
e a8 /(i ;Se) sdd (IS L sed o)
A=l sdses R3S Gl AUMML=C (G s)
5 )=l (Mohammadian et al, 2016) A% oslix!
ssb e S Gl el S el s w
25,5 o 5l edd w055 51l S Ve bl
Lo NBT dsss /Y s s Seo Vov L ala
31,8 Bl a5 YO (gles 53 aids Yo e 4 5 3 S
3 A Sl 00 0l SO OLL Sl ey A 4 SO
NN-- e 510 e Vw858 by
b ais O Sl & g 5 0 L1 dsla 3 Lz il s
ol 5 3 S Sk ol By 3 e Teer S
A S o3l e gBOF e o ge Jsb 5o s mbe 65
3Lzl 5141, ol (Alishahi and Abdy, 2013)
sl S 5 ses Gk g ey S8 0 s eS
ot 555 4 A LIS SIS S led sl
) Sl a4 05 00,5 335 L Glss Y sl eslaad L)
W8S Dose Sl aliS 35 oloe L Yo
Y el 53, el JEl Gl e 5 LSl 6l
ol Sop e 8 s deie Gad S slias e stnlen
2 A G lS IS Sl s 5 3 S s ke
el 5 e el L0 e i
JS 55 i (Alishahi and Abdy, 2013) .5 S

\\’~\°Ot’u.u..\t\(\’OJM‘eSfjuaﬁgana‘dlxlé‘ii‘};ulagJﬁﬁ A




R S L Sl g S Gl 0k o 6 356 50

Table 1: Time-dependent L.Cio—s of Cystoseira indica—synthesized
AgNPs in Cyprinus carpio (24-96 h)

Lethal Concentration
mg/L (LCio-99) 24 48 72 96
LCyo 33.05 13.66 | 0.106 | 0.048
LCso 77.20 50.14 | 28.75 9.65
LCqo 120.34 85.95 | 57.65 | 22.62
LCo 127.12 94.83 | 70.97 | 35.99
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Figure 1: UV-Vis spectrum of AgNPs synthesized using Cystoseira indica
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Figure 2: TEM images of AgNPs synthesized
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using Cystoseira indica

Table 2: Lysozyme activity (U/mL/min) in common carp during exposure to biosynthesized AgNPs

Sampling Days Control AgNPs Concentration (mg/L)
0.965 2.413 4.825
3.48 £ 24.04 2.15+25.41 10.25+26.00 | 6.32 +26.93
5.40 £27.03 2,93 +30.11 7.45+29.05 | 2.98+31.14
7 9.00 + 27.95 6.15 + 29.94 6.32+35.10 | 9.90 +36.49
14 3.48 +29.55 1.95 + 30.24 4.16*+68.03 | 3.09°+16.50

In all tables Latin letters indicate significant differences (P<0.05).

AP ¥ Hlawsls ¥ o jlas @S3 9 Caeuts 099 O g3l (Sl jala da puis




- oo (Pe/0) Sl (5l s Sl el ak b

BLESEY “-:)H*JJLR' S5 5 0 Ol 50 ;ﬁjpsj R
(Table 3) w5 S odalin ¥ 5 dals slales

Table 3: Complement activity (AU/mL) in common carp during exposure to biosynthesized AgNPs
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Sampling Days Control AgNPs Concentration (mg/L)
0.965 2.413 4.825
1 4,61 +43.32 3.89+39.77 4,35+ 40.39 3.49 + 42.43
3 4.84 +40.22 6.94 + 41.26 2.56 + 33.67 5.26 + 37.97
7 4.25 + 39.87 7.67+41.17 1.72 +£30.03 6.41 +37.22
14 4.90 + 45.46 4.35+4154 5.042 + 22.98 5.98 + 36.78
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Table 4: Respiratory burst activity (ODss0) in common carp during exposure to biosynthesized AgNPs
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Sampling Days Control AgNPs Concentration (mg/L)
0.965 2.413 4.825
1 0.01+0.54 0.05+0.52 0.08 £0.52 0.11+0.51
3 0.02 +0.54 0.11+0.52 0.07 +£0.52 0.13+0.51
7 0.01+£0.55 0.02+0.54 0.05+0.50 0.04 £0.49
14 0.12 £0.57 0.06 = 0.57 0.05%+ 0.38 0.11+0.49
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Table 5: Changes in serum peroxidase (U/mL) in common carp during exposure to biosynthesized AgNPs

. AgNPs Concentration (mg/L)
Sampling Days Control
0.965 2.413 4.825
1 1.50 +81.05 2.26 +83.44 5.89 +78.45 1.35+80.13
3 3.03+83.12 5.08 +82.93 4.25% +55.20 3.19 +79.60
7 3.25+82.95 1.77 £81.99 2.15%+53.85 3.20 £ 79.55
14 0.90 +93.16 3.50 + 82.66 2.712+50.00 2.66 £79.10
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Table 6: Changes in white blood cells count (x10° cell mIt) in common carp during exposure to

biosynthesized AgNPs
Sampling Days Control AgNPs Concentration (mg/L)
0.965 2.413 4.825
1 0.45%+2.98 0.11+3.00 0.23+£3.10 0.27 + 3.08
3 0.262+2.80 0.15+3.93 0.23+£4.78 0.45 £ 4.06
7 0.392+2.77 0.19+3.88 0.16 £ 3.83 0.12+4.18
14 0.142+£2.95 0.17 £ 4.00 0.28 +4.96 0.15%2+ 4,73
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Table 7: Changes in total protein (mg/mL) in common carp during exposure to biosynthesized AgNPs
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Sampling Days Control AgNPs Concentration (mg/L)
0.965 2.413 4.825
1 10.07 + 40.22 5.48 + 42.00 8.35+38.93 1.15+39.39
3 2.24 +39.20 2.85+40.18 8.02 + 38.52 7.85+36.58
7 1.85 + 36.36 2.15 +38.00 3.85+40.10 3.54 £42.16
14 2.15+31.98 8.02 +38.40 6.71+37.24 5.00 +46.10
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Table 8: Changes in total immunoglobulin (mg/mL) in common carp during exposure to biosynthesized

AgNPs
Sampling Days Control AgNPs Concentration (mg/L)
0.965 2.413 4.825
1 2.10+£9.79 1.65+8.06 0.85+9.90 1.67 £10.10
3 0.98+11.18 4.65+9.23 2.12+10.31 1.33+11.02
7 2.17+11.00 1.90 + 11.55 1.70+8.93 0.55+8.52
14 1.68+11.45 2.36 +£9.73 2.59 +12.00 0.48 +8.86
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Abstract

The application of silver nanoparticles (AgNPs) in aquaculture has received considerable attention in the recent
years due to their antimicrobial, antifungal, and antiviral properties, as well as their potential to modulate the
immune system of aquatic organisms. Although biologically synthesized nanoparticles are considered
environmentally friendly due to the use of natural compounds in their production, it is essential to evaluate their
potential effects on aquatic organisms. This study aimed to investigate the impact of silver nanoparticles (AgNPs)
biosynthesized by the macroalga Cystoseira indica on the immune parameters of common carp (Cyprinus carpio).
The fish were exposed in the laboratory for 14 days to three sublethal concentrations of AgNPs corresponding to
10%, 25%, and 50% of the LCso. Immune indices including lysozyme activity, complement activity, respiratory
burst, peroxidase activity, white blood cell count, total protein, and immunoglobulin levels were assessed on days
1, 3, 7, and 14. Transmission electron microscopy revealed that the synthesized nanoparticles were spherical with
an average size of 42.31 nm. The results indicated that, compared to the control group, exposure to 25% LCso
significantly increased lysozyme activity but decreased complement, respiratory burst, and peroxidase activities
on day 14. Additionally, the lysozyme activity significantly reduced in the fish exposed to 50% LCso on day 14.
White blood cell counts increased significantly at all exposure concentrations relative to. Although total protein
and immunoglobulin levels exhibited some fluctuations, no significant differences were observed compared to the
control group. The findings indicated that only 25% LCso concentration of silver nanoparticles had a measurable
effect on the immune indices of common carp, whereas other concentrations produced no significant alterations,
and therefore no clear concentration-dependent trend was detected.
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