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Extended Abstract

Introduction: Oxidative stress is one of the major growth-limiting factors that occurs due to the
excessive production of reactive oxygen species (ROS) and can lead to tissue damage in vital
organs such as the liver and intestine. Due to their antibacterial and antioxidant properties, silver
nanoparticles have been proposed as a novel solution for improving animal health and
performance. Nanosilver toxicity is closely related to its biotransformation in biological
systems, which includes surface oxidation of nanoparticles, release of silver ions, and
interaction with biological macromolecules. The use of organic acids as feed additives in
poultry nutrition can reduce the need for antibiotics. These effects are mainly due to the
antibacterial properties and improved digestive function of these compounds. By reducing the
growth of pathogenic bacteria and improving general health, the use of organic acid
supplements can be a suitable alternative to antibiotics in poultry nutrition. On the other hand,
silver nanoparticles coated on zeolite have high potential in various biological and
environmental applications due to the combination of the unique properties of silver
nanoparticles and the porous structure of zeolite. Recently, it has been proposed that silver
nanoparticles could act as one of the factors inducing oxidative stress and affect the expression
of oxidative genes. This research was conducted to investigate the effect of silver nanoparticles
coated on zeolite and organic acid on the expression of superoxide dismutase, glutathione
peroxidase, and catalase genes in the liver and intestine of broiler chickens.

Methods: A total of 450 one-day-old Cobb chicks were divided into five groups subdivided
into six replicates, each with 15 chicks, and were kept for 42 days in the same rearing conditions
in the form of a completely random design. Experimental diets were 1) a control or basal diet, 2)
a basal diet supplemented by 1% clinoptilolite, 3) a basal diet supplemented by 1% clinoptilolite
coated with 0.5% nanosilver, a 4) basal diet supplemented by 0.15% organic acid, and 5) a basal
diet supplemented by 1% clinoptilolite coated with 0.5% nanosilver and 0.15% organic acid.
Silver nanoparticles coated on clinoptilolite were investigated using XRF and FTIR techniques.
On day 42, liver and intestine samples were obtained to examine gene expression levels of
superoxide dismutase (SOD), glutathione peroxidase (GPX), and catalase (CAT). For the start
(1-21 days of age) and growth (22-42 days of age), diets were adjusted using UFFDA software,
and nutritional requirements were prepared according to the recommendations of the Cobb 500
strain maintenance guide. Three biological replicates and three technical replicates were
randomly selected on the 42" day of the breeding period, and samples were taken from the liver
and small intestine (duodenum) to investigate the expression of SOD, GPX, and CAT genes.
Data were analyzed using SAS software in a completely randomized design, and means were
compared using the Tukey-Kramer test at a probability level of 0.05.

Results: In general, the data of this research on the 42" day indicated a decreasing effect of
experimental treatments, especially nanoparticles, on the relative expression of the tested genes
in the liver tissue. A decreasing effect of the experimental treatments was observed on the SOD
gene expression, and no significant difference was observed between Z and OA treatments and
the control treatment. Moreover, the relative expression of the GPX gene in all experimental
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treatments was lower than in the control treatment. OA and NSOA treatments showed a
significant difference from the control treatment. NS and NSOA treatments showed a significant
difference in the relative expression of the CAT gene with the control treatment (P < 0.05), with
the lowest relative expression level belonging to the NS treatment. On the 42" day of the
breeding period, silver nanoparticle treatment increased the relative expression of SOD and
GPX genes in the intestinal tissue, and the zeolite treatment and organic acid had a decreasing
effect on the expression of all three studied genes (P < 0.05). The relative expression level of the
SOD gene in the intestinal tissue showed that all experimental treatments were significantly
different from the control treatment (P < 0.05). NSOA and NS treatments showed higher
expression, and lower expression occurred in Z and OA treatments than in the control treatment,
and the lowest expression level belonged to the Z treatment. There was a significant difference
between NS, OA, and Z treatments with the control treatment in the relative expression of the
GPX gene in the intestinal tissue (P < 0.05). The NS treatment showed higher expression, and
OA and Z treatments showed lower expression than the control treatment. In accordance with
the relative expression of the CAT gene, Z and OA treatments showed a significant difference
from the control treatment. Treatment Z presented the lowest relative expression of the CAT
gene among all treatments. No significant difference was observed between NSOA and NS
treatments and the control treatment.

Conclusion: The treatments containing silver nanoparticles and zeolite showed the greatest
effect on the expression of SOD, GPX, and CAT genes, while the organic acid treatment
decreased the relative expression of the mentioned genes. On the other hand, the genes involved
in oxidative stress were more affected by experimental treatments with increasing the breeding
period. The effect of silver nanoparticles on the genes of the oxidative system is highly
dependent on the conditions of use. The appropriate concentration of these nanoparticles can
serve as an effective strategy in strengthening the body's antioxidant system, but their improper
use may have adverse effects. For the safe and effective use of these compounds, further studies
are needed to determine the optimal dosage and their long-term effects.
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Table 1. The composition of experimental diets (DM basis)*
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1-Diet was prepared based on the recommendation of the maintenance guide for the Cobb 500 strain. L o

2- Each kg of feed contains vitamin A: 1500 IU, cholecalciferol: 200 I1U, vitamin E: 10 1U, riboflavin: 3.5 mg, pantothenic acid: 10 mg, niacin: 30 mg:
choline chloride: 1000 mg, biotin: 0.15 mg, folic acid: 0.5 mg, pyridoxine: 3mg, Iron: 80 mg, Zinc: 40 mg, Manganese: 60 mg, lodine: 0.18 mg,
Copper: 8 mg, Selenium: 0.15 mg, Cobalamin: 15 pg.

Table 2- Primers used in the RT-PCR reaction
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(Primers ame)  (PIMErS P) o e Sequence o 3) (Melting point) €9 o Accession No,
practn Roveres GO TCTTCCARTCCARCTOGTA 59 NM_001101
s0D e ACTAGTANTGABATTARGIGAT 5 NMOLT050.1
GPx Roverse S arcorarctoatiome’ 60 NM030826.2
cAT Raveree BT CCARTCCAACTBCTA 50 NM012520.2
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Figure 1. Relative expression of the SOD gene in the liver tissue on day 42 of the experiment
abcdy/alues with different superscripts for each figure are significantly different (P < 0.05)
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C: control; Z: basal diet supplemented by zeolite; OA: basal diet supplemented by organic acid; NS: basal diet

supplemented by zeolite coated with nanosilver; NSOA: basal diet supplemented by zeolite coated with nanosilver
and organic acid.
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Figure 2. Relative expression of the GPX gene in the liver tissue on day 42 of the experiment
abedv/alues with different superscripts for each figure are significantly different (P < 0.05)
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C: control; Z: basal diet supplemented by zeolite; OA: basal diet supplemented by organic acid; NS: basal diet

supplemented by zeolite coated with nanosilver; NSOA: basal diet supplemented by zeolite coated with nanosilver
and organic acid.
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Figure 3. Relative expression of the CAT gene in the liver tissue on day 42 of the experiment
abcdy/alues with different superscripts for each figure are significantly different (P < 0.05)
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C: control; Z: basal diet supplemented by zeolite; OA: basal diet supplemented by organic acid; NS: basal diet supplemented by

zeolite coated with nanosilver; NSOA: basal diet supplemented by zeolite coated with nanosilver and organic acid.
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Figure 4. Relative expression of the SOD gene in the intestinal tissue on day 42 of the experiment
abcdv/alues with different superscripts for each figure are significantly different (P < 0.05)
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C: control; Z: basal diet supplemented by zeolite; OA: basal diet supplemented by organic acid; NS: basal diet supplemented by

zeolite coated with nanosilver; NSOA: basal diet supplemented by zeolite coated with nanosilver and organic acid.
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Figure 5. Relative expression of the GPX gene in the intestinal tissue on day 42 of the experiment
abedv/alues with different superscripts for each figure are significantly different (P < 0.05)
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C: control; Z: basal diet supplemented by zeolite; OA: basal diet supplemented by organic acid; NS: basal diet supplemented by

zeolite coated with nanosilver; NSOA: basal diet supplemented by zeolite coated with nanosilver and organic acid.
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Figure 6. Relative expression of the CAT gene in the intestinal tissue on day 42 of the experiment
abcdy/alues with different superscripts for each figure are significantly different (P < 0.05)
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zeolite coated with nanosilver; NSOA: basal diet supplemented by zeolite coated with nanosilver and organic acid.

o oig ol g Shed Bpae Sl a2 ST S
2l slaw 5l oo cpl g ogMe 95 boliae ()Ll s
b oles cod (B o 5 jhamil gl (¥ 5 jBland
S8l el gblixe jobdy cudelinsilS—e,d cl)dgil
b obignged 9 05 JB L oSoned ehpedSicy
ohod Yo JS2 b 8 Gl 9 o s JS
» Mbwy o)m ul))yl) daazsl L)”I u»Lw] BYRRLY
el ad) (SMS gl 4B p ogMe Clglingils
S )1 55 1y (g 0093 5l (AU 1S lacaul lals
Culld fals g eand Bl @mbaS sk Sl el ol
(Smaeili et al., 2016) cwl 4 g JB S (slags ]
2 el Jolo > ROS g Lol Joxs (5)aS sine

0288 8L )d b 3T glannST (ygmdlygind Jobo
Debse Jodd Ol JoSge 4 (b 025 > ()9S
5 WS 8 09 pSIl Jsl oy 5l g iUl By
JBly St oS g oo aibpdy fenS| JoSge bawy
Sgdie Jd5 Ofgre deSly 4 (g8l denSTygu ]l
by 598 Lol ol 4 JolS' jgboay a0 95 (s 4 &S
Boonstra ) wuS’ wg JeuSg)n la ool (3505 U
Gk 90 il b SSangi; 9 (ew ©luS 5 (& Post, 2004
i3 oo il ) (2b)S gie (g8l deuS|pgw Mg £
» 0o JBl o3S390me b SLS 5 ol ) (S
alSy 5 5 Mdwe B esliST i il
5 s Job Sy 51 Sl K 2l b S
S| JSI5 S0 25 g eS| JoSUg0 40 o JUisl
WS oo Wl 1) 23 (I (i &2 Hlee o o]
S 03555 Jlae &S 3gy o ,lasl (Turrens, 2003)
2 oy Gldgl xezd web ATP g ials cely
Sy weySll Jsl opo) 5 IMB] L oy st

cél ;5 CAT 4 GPX SOD (slayj oms o polds
.J.J‘OJ..\:: 03)9] F b \L ‘_SLQO)& ).} \LY )’9) ).) 5.39)

2 SOD (5 (o uL’ g B9 0393 ¥Y jg) p
Jals Hlos b dolejl (olajlos als™ a8 oly Lis 034, bl
9 NSOA (sla )l (P <+/+0) aily jb gme oS
o 5l S Sy OA 3 Z slajles g yud Slo NS
P Z e & baye Glo ol o yieS o aily wals
sl 039y il 3 GPX (5 o oyl ;b &S0 0,5
22l Hled LZ g OA NS (slaylos oo 4o e a3
Jlow 50 ol sals s 4 cons S S Z 4 OA
sl GPX OF e ol g d)bu;“ 5l NSOA
9 Z Lg[m)lo.,} & o)lii 5 CAT 05 e uLu L &Ua.a
ofe0) Wby i gyb gme M) ol Hls L OA
bl o 3 CAT (7 o o pieS J1 Z Yo (P <
P> +/+0) 15 sanlie sali jles L NS s NSOA

D039 0393 ¥ 59y 50 adlee (pl (slaodly (IS joboay
gl oy a4 ainlejl olajlows a8 By jlis S @l s
239 pialejl 3)90 slb () (s Ol g RS ST D
2 Geid cpl oy b o S okais] jobay [
—ibgr 0,8 Ll (sols Hlows a5 Wdly lis Sl
WS el d\,,slf)l.\tfl L ol JoSo Clgby ol odly
g s igyen dSly (RIEIL Mg mitee
Dl & ol Jlse 5 GPX o5 gl I8 b ko
yae ol il dsaoy o sl 5l ptae ibe,
.(Valko etal., 2007) Cl o.\J)_g dg>g0 H,0,

» sl ide o Cldgl ol do iy adlas
Slargr oo g (3)Skes S adld p clshigls
w2y S ol 5 e LB glS D )y GBS
5SS 0g)S 4 s alE S caps bline den


http://dx.doi.org/10.61882/rap.2024.1388
https://rap.sanru.ac.ir/article-1-1388-fa.html
http://dx.doi.org/10.61882/rap.2024.1388
http://rap.sanru.ac.ir/article-1-1388-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-02-18 ]

[ DOI: 10.61882/rap.2024.1388 ]

AR

sy b g (S e ¢ cobld LSy S 15 yrol dabold

VEFIY ojlouis [pmd 3l Jlo (ools Slides sla yingss

Cad b g 2l cuwl aslslS ) Ly aST 8l
sl plo g 45 5 HaO2 55 sl 556515 e
j5iy yee 5l 0,55 NADPH-H* 500 GPX collid 4
59y S oles &S b (K GSH sl 5 land
P 635 bl abslS s 4S5 el Sglite
Glisee el )3 sl jsbay YL 5yl H0p Chis
(Ishida et al., 1995) &S o lo (6 i

gl bl car culgs sl Sl )
o S G Shy 4 dagi bl odlitl ol o)l
ol (P B Ge8 gshaw il 5 (o S
Lo opdlal phay syl 5l cldg; &5 cusly 2g Jlais
all pials g ol ela J0l, u’)gu'-'-’i
S ol ol b il Ll 55 adls e ccsslas]
lril 0F ol ke 5 ol ales g
oade Clgy JedllpSe cpl e )y Shas] ol
g Ol » Sl Sl 2y90 ) (i g ) Cuns
sl 05 plocl 350 siiliguS]

Sl e FY gy 50 a8 o plis b Liales] mls
45 GPX 5 SOD (] (s ol ial38l w50 (NS) 0,85
90 0 aw p olo il 31 L OA 5 Z e
goods 42538 Sllllas b gl ol (P <+/+0) 391 adllas
Asgharnezhad et al., <Bohlool et al., 2024) viwa
Sl ole 3l e 5l e U] ol (2023
H*s RCOO™ i 365 oljls clogys 4 dace sl
Uil o H (cla s (Livak, 1997) Ssss o 455
b PH s ca (6581 o5 Wgd o (Jsho 90 PH
bimo 4 g5yl Spo L) H cute Glapys (Jbo J51
@YU 55l Spo siojls PH s e300 JUi gy
Iy oo Oloes 5 25, Uy Jobo 85 ol b ol
bogs! goS onimen Sg)e om g e Cud
Culos 9 DNA (006 32k I Jobo (19,3 > (RCOO")
Livak, ) g3 g0 bois Sl iS5 ) glo ooy 3 |
355 b Sl sl o il (i ol > (1997
olyear (COOH el 09,5 a2 51 (36) 05900 o9
5 ol o JISualy b S 5 oy ) wlsy oaiS Lol
2l & wn Ll 1) et @l ol oilo s
S5 sl St 5l @l sl Lilel 5 Jobs
cnl e bl 38 il 5 aST 1) JI g3l 6 lsieas
Cage LsSa oy Oyl b S dl a5 aS
el paseiali b st g3 J (S ol G

pan (She e e Joe sl 03g) & bl
Odsl Qs 03g) b la sl cusl (e el 0
Conad (8 yiading ‘):";.:515 il el ooty ply > (A5 s
Al et Glags gle GRIE Gk I aS
Slagy by ol s 5l st Ll ol s
oirlesl > s Jibd ST w gy
5 GPX SOD (j 4w » olo il 5 s 5 pols
A5 edalive 039y C8ly y CAT

M55 & i Sl 5 5 w5 e |y Jsbo (grb 3Skos
Casl 1l ooy8 33,5 ATP cils e ialS s ROS
3 So (AG-NP) 0,8 @lydgl g HaO2 (o il oS
S e ok bause 0 AQT dbo) el oS conl lolge
0,5 slb e Cuew (Schreurs & Rosenberg, 1982)
035 yobody (n9)See SbaJobe b g (Ll
Sly e GlpulSe g Cunl 485 )15 adllas 550
oy L Wlodds slpiiy iS00y 0 AQY 0 Slas
P Olid g g ol e b ooyl slagm o5 A5
el o I Lyl 3 Jobo J31 land b (3B Lasce
(Schreurs & ) w5 oad awlil clawd zoyp
Jos a0y e Jlasl (pimen (ROsenberg, 1982
3 Sles jo J’M’;’&I oS 053505 5 dgg0 (s 1oy
@ Jlail b Yl 0)d slaiyg sl olped (a8 gie
I logFen cudd col gaSge olie (laodyy
Logion S S hed cale » s Wis )b
2ol Jusl oyt So eSheS g o0
o gly YU Qo )8 b e (g9 (Ll )
(Bragg & Rainnie, 1974; Friedrich, 1998) <.l
cel o8 ot §5°).‘.-'>.'-;)' dl.aaﬂ,.;.)’j ol 4 Ag Jlasl
W5 g 2l JupeS] 0 o5emST 4 oSl el L
(Silver et al., 2006) i awlgs ROS (oL polao
gohaw &5 31 (L SOD (5 9> &9 pi8gil 505l
05 ol p hlS Sl s salatwl 0,85 il dgil Caliseo
Coccini et ) wash jobo Jgipw o Jshe > SOD-2
ooy oyl umli@.lpﬂ asllas S 3 copizmen (@l 2014
PRI sbcble cdon 5 SOD-1 %)) uL’ FLERW
Sy s shw ;3 w0y Gldgl adee ;5 Ciond VYO
—ojlul ,> (Hassanpour et al., 2015) cél  yials jguls
¥ Jl o je) cés GPX 5 SOD o by x5
5 AS <l g oy SOD a8 wi odnlive 0,8 cl)dgil
Bl o by GPX Lol e by (0L ()lsaeds (hgo dudy
92 253 03 93 Ol GuF 3l o YA 9y 3 9 08 Qo ade
(Coccini et al., 2014) s ol cél

Ol 5 93 b jlisly 55lslS 5 YLK M}J‘,
P PYESIp G PRV W v LRt SR PSR WS WL £
do i olise 43 wa GPX gl o2 9 CAT 4l
1y of Gls Culstus GPX sdas ysboty H20 a5 Jloy
b Giali8l HoOp cdale oS Jyaw 53 055 0 odge p
cdale gy WS 598 0 Yare H2O2 Gis (gly YL
$ odes ysbdy YL .casl GPX 5 CAT 5l YL
29 GPX S5l 0o)3 Ve g 9 3,0 1,3 bapgs sy
dSpdse b )Mo pSuple 5 Joigiew 5> odes
w56 CAT 5 o oo Lials (Lewin et al., 2001)
Oial3dl Jlisds g, <l ,5 NSOA o NS (elalay
S)lo &8 38 ol 455 al Gl 1) GPX (5 ol
a5 iS5 pkd aeSTy ioli8l 5 s B jeShe
5 5 H20z 5 jials &y BB GPX s sl Lialsdl
5 o0 Jsho 30 CAT ows by il & (g5l


http://dx.doi.org/10.61882/rap.2024.1388
https://rap.sanru.ac.ir/article-1-1388-fa.html
http://dx.doi.org/10.61882/rap.2024.1388
http://rap.sanru.ac.ir/article-1-1388-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-02-18 ]

[ DOI: 10.61882/rap.2024.1388 ]

Y- Sy ok oy Lbey 05 gl g Sl | sl oSt 5 05 i )

e Cogli 0 e Plel SO plgisa Mg
OSeso ol 5l Cawydb eslatol bl ciS” Joe o (Sl ol
Koo 9 el 308 gl sl asly ellael @l il cosl
Sl il g aige 93 o lp i Oldllhae (LS 5 )l

(85 doma
SIS B it Cd g g 0,8 gl (ool (sl los
ol L5 365 | CAT 3 SOD, GPX slasj ol 5

sl s lo il coge OA Hlod &5 5)g0)d

e 5 3,50 gl St Ly (laeys eyan 0099 GHIFI b b 3,5 55k

&b o, B iolejl slajles 15U cov i LsM,L.As\ Ol 3

sl 05 58 gilia )3 oylS BNy o by alionST piuw glayi w0y Glydgl Sl a8 S
R Sl ol calio cdale il oalitwl bl 4 ataly

References

Adil, S., Banday, T., Bhat, G. A., Mir, M. S., & Rehman, M. (2010). Effect of dietary supplementation of
organic acids on performance, intestinal histomorphology, and serum biochemistry of broiler chicken.
Veterinary Medicine International, (1), 479485. https://doi.org/10.4061/2010/479485.

Asgharnezhad, F., Hashemi, S. R., Hassani, S., & Rostami, S. (2023). Effect of Environmental Heat
Stress on Oxidative Stress Genes in Liver and Intestine of Broilers Fed with Silver Nanoparticles
Coated on Zeolite and Organic Acids. Journal of Alternative Veterinary Medicine Atummn, 6(18).

AshaRani, P., Low Kah Mun, G., Hande, M. P., & Valiyaveettil, S. (2009). Cytotoxicity and genotoxicity
of silver nanoparticles in human cells. ACS Nano, 3(2), 279-290. https://doi.org/10.1021/nn800596w.

Azizi-Lalabadi, M., Alizadeh-Sani, M., Khezerlou, A., Mirzanajafi-Zanjani, M., Zolfaghari, H., Bagheri,
V., Divband, B., & Ehsani, A. (2019). Nanoparticles and zeolites: Antibacterial effects and their
mechanism against pathogens. Current Pharmaceutical Biotechnology, 20(13), 1074-1086.
https://doi.org/10.2174/1573397115666190708120040.

Biosystems, A. (1997). Relative quantification of gene expression: ABI PRISM 7700 sequence detection
system. User Bulletin, (2).

Bohlool, Z., Hashemi, S. R., Sadeghi, A., Heidari, M., Seifdavati, J., & Jafari, S. M. (2024). Loading Levi
Lactobacillus brevis into chitosan-coated alginate microcapsules and their effect on the testicular
tissue redox system in roosters of hen's broiler breeders. Carbohydrate Polymer Technologies and
Applications, 7, 100494, https://doi.org/10.1016/j.carpta.2024.100494.

Bolandi, N., Hashemi, S. R., Davoodi, D., Dastar, B., Hassani, S., & Ashayerizadeh, A. (2021).
Performance, intestinal microbial population, immune and physiological responses of broiler chickens
to diet with different levels of silver nanoparticles coated on zeolite. Italian Journal of Animal
Science, 20(1), 497-504. https://doi.org/10.1080/1828051X.2021.1892546.

Boonstra, J., & Post, J. A. (2004). Molecular events associated with reactive oxygen species and cell
cycle progression in mammalian cells. Gene, 337, 1-13. https://doi.org/10.1016/j.gene.2004.04.032.
Bragg, P. and D. Rainnie. 1974. The effect of silver ions on the respiratory chain of Escherichia coli.

Canadian Journal of Microbiology, 20(6), 883-889. https://doi.org/10.1139/m74-135.

Coccini, T., Gornati, R., Rossi, F., Signoretto, E., Vanetti, I., Bernardini, G., & Manzo, L. (2014). Gene
expression changes in rat liver and testes after lung instillation of a low dose of silver nanoparticles.
Journal of Nanomedicine & Nanotechnology, 5(5), 1-12. https://dx.doi.org/10.4172/2157-
7439.1000227.

Edition, T. (2010). Base SAS® 9.2 Procedures Guide.

Ferket, P., Van Heugten, E., Van Kempen, T., & Angel, R. (2002). Nutritional strategies to reduce
environmental emissions from nonruminants. Journal of Animal Science, 80(E-suppl_2), E168-E182.
https://doi.org/10.2527/animalsci2002.80E-Suppl_2E168x.

Friedrich, T. (1998). The NADH: ubiquinone oxidoreductase (complex 1) from Escherichia coli.
Biochimica et Biophysica Acta (BBA)-Bioenergetics, 1364(2), 134-146.
https://doi.org/10.1016/S0005-2728(98)00024-3.

Hassanpour, H., Mirshokraei, P., Sadrabad, E. K., Dehkordi, A. E., Layeghi, S., Afzali, A., & Mohebbi,
A. (2015). In vitro effect of nanosilver on gene expression of superoxide dismutases and nitric oxide
synthases in chicken Sertoli cells. Animal, 9(2), 295-300.
https://doi.org/10.1017/S1751731114002262.

Ishida, A., Kameshita, 1., Okuno, S., Kitani, T., & Fujisawa, H. (1995). A novel highly specific and potent
inhibitor of calmodulin-dependent protein kinase IlI. Biochemical and Biophysical Research
Communications, 212(3), 806-812. https://doi.org/10.1006/bbrc.1995.2040.

Khan, S. H., & Igbal, J. (2016). Recent advances in the role of organic acids in poultry nutrition. Journal
of Applied Animal Research, 44(1), 359-369. https://doi.org/10.1080/09712119.2015.1079527.

Kulak, E., Ognik, K., Stepniowska, A., & Sembratowicz, I. (2018). The effect of administration of silver
nanoparticles on silver accumulation in tissues and immune and antioxidant status of chickens. 44-54.

Lewin, M., Hume, R., Howie, A., Richard, K., Arthur, J., Nicol, F., Walker, S., & Beckett, G. (2001).
Thioredoxin reductase and cytoplasmic glutathione peroxidase activity in human foetal and neonatal


http://dx.doi.org/10.61882/rap.2024.1388
https://rap.sanru.ac.ir/article-1-1388-fa.html
http://dx.doi.org/10.61882/rap.2024.1388
http://rap.sanru.ac.ir/article-1-1388-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-02-18 ]

[ DOI: 10.61882/rap.2024.1388 ]

ey iy b 5 > Sumaw ¢ aibla LSy i I3 pruol debold

vy VEFIY ojlouis [pmd 3l Jlo (ools Slides sla yingss

liver. Biochimica et Biophysica Acta (BBA)-General Subjects, 1526(3), 237-241.
https://doi.org/10.1016/S0304-4165(01)00133-7.

Livak, K. (1997). Relative quantification of gene expression: ABI Prism 7700 sequence detection system.
Applied Biosystems User Bulletin, 2.

Ricke, S. (2003). Perspectives on the use of organic acids and short chain fatty acids as antimicrobials.
Poultry Science, 82(4), 632-639. https://doi.org/10.1093/ps/82.4.632.

Schreurs, W., & Rosenberg, H. (1982). Effect of silver ions on transport and retention of phosphate by
Escherichia coli. Journal of Bacteriology, 152(1), 7-13. https://doi.org/10.1128/jb.152.1.7-13.1982.
Sies, H. (2020). Oxidative stress: Concept and some practical aspects. Antioxidants, 9(9), 852.

https://doi.org/10.3390/antiox9090852.

Silver, S., Phung, L. T., & Silver, G. (2006). Silver as biocides in burn and wound dressings and bacterial
resistance to silver compounds. Journal of Industrial Microbiology and Biotechnology, 33(7), 627-
634. https://doi.org/10.1007/s10295-006-0139-7.

Smaeili, M., Hashemi, S. R., Davoodi, D., Jafari Ahangari, Y., Hassani, S., Bolandi, N., & Shabani, A.
(2016). The effect of silver nanoparticles coated on clinoptilolite on performance, liver enzymes and
blood lipid concentrations of broiler chickens. Journal of Animal Production, 18(1), 161-171.

https://doi.org/10.22059/jap.2016.54849.

Smaili, M., Hashemi, S. R., Davoodi, D., Ahangari, Y. J., Hassani, S., & Shabani, A. (2017). Effect of
supplementing diet with zeolite coated with silver nanoparticles on performance, intestinal
morphology characteristics and ilium microbial population of broiler chickens. Iranian Journal of
Animal Science, 47(4), 579-588. 10.22059/ijas.2017.130905.653345.

Surai, P.F. (2020). Antioxidants in poultry nutrition and reproduction: An update. Antioxidants, 25;9(2),
105. https://doi.org/10.3390/antiox9020105.

Turrens, J.F. (2003). Mitochondrial formation of reactive oxygen species. The Journal of physiology,
552(2), 335-344. https://doi.org/10.1111/j.1469-7793.2003.00335.x.

Valko, M., Leibfritz, D., Moncol, J., Cronin, M. T., Mazur, M., & Telser, J. (2007). Free radicals and
antioxidants in normal physiological functions and human disease. The International Journal of
Biochemistry & Cell Biology, 39(1), 44-84. https://doi.org/10.1016/j.biocel.2006.07.001.


http://dx.doi.org/10.61882/rap.2024.1388
https://rap.sanru.ac.ir/article-1-1388-fa.html
http://www.tcpdf.org
http://dx.doi.org/10.61882/rap.2024.1388
http://rap.sanru.ac.ir/article-1-1388-fa.html
http://www.tcpdf.org

