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Table 1. Composition of experimental diets (DM basis)*
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Table 2. The primer sequences used in relative real-time PCR
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Table 3. Effect of experimental treatments and heat stress conditions on broiler chickens performance during

different experimental period
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Figure 3. Expression of CYP2C18 on d 21, d 42 under normal conditions and d 42 under heat stress conditions
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Figure 4. Expression of CYP2C23b on d 21, d 42 under normal conditions and d 42 under heat stress conditions

o5 ol ol & cwl sl flo (VYY) cwl asl
redlio (b )3 (6 Siliicunj Hlsiea; PAS0 pg)S st
Ao sbadsle )3 (29, dlge pudplie 5 SSgng) dge
O (YOXVA) 2950 48)S Jla5 ) (135 slacrg>
B ubsS srdargr oS dius ol JS0ly (650> Cliios
36 1 PAS0 g S g ol Gl pgens (oyme > )5
YY) sl

syt CYP2CAS p g5l o8 il S5 5 cpuioon
o6 s NCBI cgles SleMb] ool sl alio ;5 o5
5 33,5 o alolis CYP2C18 pb L Ly ool 5l 5 ool
Ol (ewpiod ojlod 9 LSy Jg5 s pidg il 932
Vs 4 29390 CYP2CAS p gl cpl ol sl o 5
(3) ol o pdiio o cpl (3 pU L

ol @R Gis )l esel cund 4 pls ulely
CYP2C o3lgils PAS0 py S st 0355 codlgils oolos
09,5 (nimke OEed 9 Ole lMe YL b
B lesd Dlge 5 Signg; dlge L euusablie
B I B TS T N P
)85 slaagr o Jsho MRNA ;3 &5 olap 5]
CYP2CI8 gl wid)S (oo ol PASO py St
Gl aps8g5l plo b duslie ;5 ol Jlade op 5 i sl
Ao sy f1 > eus Jld pydgnl gl cpl 2 egdle
Slopyionl ;X b anlie )3 (21 olend 9 Ssngi;
ol Lil58l eizan (FF) Casls ko 1> CYP2C olgls
N3 slaazg ) PASO gy St gohaw I (aey 8
Oszzen (V) Cusl 0ad ()15 Jlio)bgid (o yme ) 485
O &S cowl 0ai uﬁ)‘)‘f 0 fl.?dl OiRgs by
3 pdoil 95 sl e g LS ooy 3)90 (BN (olo
, CYP2C23b Jsls 45 o CYP2C23 5
S Alin 1558 o 05 sgm ) L3b e CYP2C23a
339 lp Sl lgeas CYP2C odlgls slays sl
ge 2 d93e odlitel So sl she g > (S5l
s oy > (2B alewd Slge § Ssng; dlge s &5
boawlioy CYP2CI8 pponl plo gaw Ails
Ll CYP2C23a 5 CYP2C23b  slapjigsl
5 Signgi) e gokaw (A5 b g cunl anily (55 sz
ole 3 Gobire GBI o > ()6 olesd dlge

Spae p 2leyS G5 J 050 > Slgls sl )l
2 loyS G5 )1 3529 Sy s o s 5 Shgs
otz g 3Ses p S SE Jalse (pyinre
oS b cdeay olo)S (i llpd )3 il e (365
O 3 5eS slo)S B odly Jials ] Shgs Bpae jelb
O Y 2leyS i b ablie Ul e 53 9 33,5 Ay
s oS LD 45 cusl kb ) b Lkl
Cord ORIl 5 o s il S Gpan ials
o (hygn 090 ¥V jgy )3 (b sladrgr > s
» @lal Jbes (pnre 2138 i copl (M)
Cul (1365 oy (hyon Al 5ghse )
)
b Jl b Sogll g oyl 4 Shgrse Sijglsn sl
Ol i pzlye ploj Gl b g o 5ol (JgSge
dagi dg2ge g oS (L (Joho (olondsn o )
sla, Sl plyiedr Glgie Sl cnl 5l gy ol 5l bk
SAVY) 2905 oalisl b Sogll 3929 (g sglatods (gl
FB Sl oyl plgisa Jise Clpss o5 sl
Al Cldgzge 0 15 55 dlae il I L alayly o (6545010
PA50 pg S5 (goril piupm solile s 350
P S pas g deeh Gl e oyl Glyiea
L sbo g Ledly ) (Sogll Siliscun; glyicds o o sk
9 29800 Ole B A5 g bulyd 0> (g cnl
e St Slilh dansl Gl o _S2g] Loy
Slgige ol St ol & wleice et ol 05 ol
et dlaxi (VA) 24 Cgumone (Sl ;,u?,g Ol
2 Jby gladsbe 3 PAS0 py)Ssie (o5l phu
Sloj e ol Camal ) cdld Sl 5 Cogu il
5 Sl pgows (om0 > 4BS 15 (ela s &5
F sVl gshw (bl (Rjdaid 5 e sbis b
sy ol e Ll sius P4A50 ps S s
o 5291 b o1 slogl (sla i Ll 5 PABO posS siaw
J|9a Myb'lf 5 LmoT g Caon| 0S4l ..\.3|9Su,o
5 08) 2L sk b il ) 35250 sla Sogll L i
588 lale 4 ol oyl oaims it lalllas (Y5 4 YT
P95 o 0 Ol gobaw )5 )13 pgredls LIS 45 5me
GRIPEL S > oS S SOL s lgieas PASO



http://dx.doi.org/10.52547/rap.12.31.109
https://dor.isc.ac/dor/20.1001.1.22518622.1400.12.31.15.6
https://rap.sanru.ac.ir/article-1-1123-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-07-03 ]

[ DOR: 20.1001.1.22518622.1400.12.31.15.6 ]

[ DOI: 10.52547/rap.12.31.109 ]

VO

Vool 1YY oyladds /p203led Jlo oy il slouimgsy

9 Celgbingil” JoSo (inggy cpl jl ol @l ol
oiad il 58l CulalinailS oddd 0ald yidey 0,8 l)dgil
pigkl 93 > PASD ey Seiw of ol ol
—as pydgnl 93 s g Ll e CYP2C23b 4 CYP2CI8
gaw » SSsmg dlge g (Sl Sl lye
o Jleel b bapdonl ool gl @slis g cunla ol
P9k OEomen D odalie (BsS (Sladagx ) (olo)S
o33 Wl 5 ox3 ol prég3) (i olyied CYP2CIS
03 S)dgil g Clobingils ol g (dsS slaange )
9 SSsmg) Ao plyiedr Culolingil pord o3l s
gl g odds (AU b 0 o L b sleewd g0l
5 Cul ol cage |) PA50 py St el s
» J9ge ghaw 3 (SS9l Hpax Sl ey Wl oo
Gk opl 8 Jlo 3 pl 2,5 )15 e g5 )90 oo plio
sanlio oy, JI sl g 4 LiAJlS)L\.quI s
L] 055

CYP2C23a cloylog | duslio , CYP2C23b 535!
(YY) 15 olie CYP2CIS
Cowl o,{l odad s ol dl.?buig.lﬂ)'] PSR RRY
5 CYP2C18 55 L PA50 py S 5 ol s o
CskingtdlS s b gy o5 Y sy > CYP2C23b
e > 2loyS (i85 Jlesl (g 9 092 ¥V 595 5 (Z)
ol JoSo CdolinainlS ol 0dld iubgy 0,85 <lyd 4L
slars 5> glasle 5 (NSOA) S5l faul L
il g)b bz Ll sals oy b dwlie o beS
s yiolidl slasles > (SMB! 5 (P<e/+0) cenl
395 2 o 9 p Aol 93 )3 PASO gy Sgiw 5 ol
5 odmlie L;:Lo)f o Jlo.d 3939 0)92 0)9d ¥y 9 Yy
09 Uh9n 093 YV 9 TV gy 3 &5 Sjge plea 4 g
15 CYP2C18 pdaus syl igliil amlis ploS i Jles!
prissl ol gaw Ll aledy NSOA 5 Z jlos
P as Jby il edg Hled g3 (ol jd 35 CYP2C23b

9 SiyiS pole ol imgh Cigle ()

liiod okl (Yohuo omized 9 (S (b plio
elmelSislo]] (Y gtus ool pole 2151 A5lul 5 oo
oo ol caa piY lulps &8 alS A g el pole

9.

05 345 b ol GBI oS 5 Jlasl b FY s
» ookl oy Lide 0, ldgl ks ,» CYP2C18
L awolio )3 (2355 sladrgr > 55 (NS) culgbiysinls
2 b gxe OB Lol (p<+/+0) ui salis ald oy
2 ehalojl slayles > CYP2C23D pjdg3l ol zolaw

25 edablie dald Hles b duslie

‘3‘5).-\5 9 ’S-AMJ:’“

ol |y S WS g SI0,u8 widges palyd 1y
&b

Adil, S., A. Banday, G. Ahmad Bhat, M. Salahuddin and S. Shanaz. 2011. Response of broiler
chicken to dietary supplementation of organic acids. Journal of Central European Agriculture, 12:
498-508.
Baader, M., C. Gnerre, J.J. Stegeman and U.A. Meyer. 2002. Transcriptional activation of cytochrome
P450 CYP2C45 by drugs is mediated by the chicken xenobiotic receptor (CXR) interacting with a
phenobarbital response enhancer unit. Journal of Biological Chemistry, 277: 15647-15653.
Bhatt, A.N., R. Mathur, A. Farooque, A. Verma and B.S. Dwarakanath. 2010. Cancer biomarkers-
Current perspectives. Indian Journal of Medical Research, 132: 129-149.
Boschetto, D.L., L. Lerin, R. Cansian, S.B.C. Pergher and M.D. Luccio. 2012. Preparation and
antimicrobial activity of polyethylene composite films with silver exchanged zeolite-Y. Chemical
Engineering Journal, 204: 210-216.
Cajaraville, M.P., M.J. Bebianno, J. Blasco, C. Porte, C. Sarasquete and A. Viarengo. 2000. The use
of biomarkers to assess the impact of pollution in coastal environment of the lberian Peninsula: A
practical approach. Science and the Total Environment, 427: 295-311.
Cramer, S., S. Tacke, J. Bornhorst, G. Klingauf, T. Schwerdtle and H.J. Galla. 2014. The influence of
silver nanoparticles on the blood-brain and the blood-cerebrospinal fluid barrier in vitro. Journal
Nanomedicine and Nanotechnology, 5: 1-12.
Guo, M., Y. Sun, Y. Zhang, S. Bughio, X. Dai, W. Ren and L. Wang. 2014. E. coli infection
modulates the pharmacokinetics of oral enrofloxacin by targeting p-glycoprotein in small intestine and
CYP450 3A in liver and kidney of broilers. PLoS One, 31: e87781.
Head, J.A., J. O’Brien and S.W. Kennedy. 2006. Exposure to 3, 30, 4, 40, 5- pentachlorobiphenyl
during embryonic development has a minimal effect on the cytochrome P4501A response to 2, 3, 7, 8-
tetrachlorodibenzo-p-dioxin in cultured chicken embryo hepatocytes. Environmental Toxicology
Chemistry, 25: 2981-2989.
https://www.ncbi.nlm.nih.gov/nuccore/NM _00 1 001752.1.

10. Hyuck, S.J., J. Hojh, J.D. Park, J. Ukyoon, D.S. Kim and K. Soonjean. 2009. Subchronic inhalation

toxicity of silver nanoparticles. Fundamental and Applied Toxicology, 108: 452-461.

11. Hu, S.X. 2013. Effect of age on hepatic cytochrome P450 of Ross 708 broiler chickens. Poultry

Science, 92: 1283-1291.

12. Jacob, S.J.P., V.L.S. Prasad, S. Sivasankar and P. Muralidharan. 2017. Biosynthesis of silver

nanoparticles using dried fruit extract of Ficus carica- Screening for its anticancer activity and
toxicity in animal models. Food and Chemical Toxicology, 109: 951-956.


http://dx.doi.org/10.52547/rap.12.31.109
https://dor.isc.ac/dor/20.1001.1.22518622.1400.12.31.15.6
https://rap.sanru.ac.ir/article-1-1123-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-07-03 ]

[ DOR: 20.1001.1.22518622.1400.12.31.15.6 ]

[ DOI: 10.52547/rap.12.31.109 ]

VVE reeeees s ssenaesssenns ol 031> yides 0,85 l)d gib b odbn i ubeS (sladsgs Ko ;0 PAB0 pg)Ssiuw (slapyds ] duslio 53 Slas o)y

13. Kim, J.H., S. Raisuddin, J.S. Ki, J.S. Lee and K.N. Han. 2008. Molecular cloning and
bnaphthoflavone- induced expression of a cytochrome P450 1A (CYP1A) gene from an anadromous
river Pufferfish (Takifugu obscures). Marine Pollution Bulletin, 57: 433-440.

14. Li, Y., Q. Zheng, C. Bao, S. Li, W. Guo, J. Zhao, D. Chen, J. Gu, X. He and S. Huang. 2015. Circular
RNA is enriched and stable in exosomes: a promising biomarker for cancer diagnosis. Cell Research,
25:981-984.

15. Livak, KJ. and T.D. Schmittgen. 2001. Analysis of relative gene expression data using real-time
quantitative PCR and the 2**“'. Method, 25: 402-408.

16. Livingstone, D.R. 1993. Biotechnology and pollution monitoring: use of molecular biomarker in the
aquatic environment. Journal of Chemical Technology and Biotechnology, 57: 195-211.

17. Maity, D.M., M.R. Mollick, D. Mondal, B. Bhowmick, M.K. Bain, K. Bankura, J. Sarkar, K. Acharya
and D. Chattopadhyay. 2012. Synthesis of methylcellulose-silver nanocomposite and investigation of
mechanical and antimicrobial properties. Carbohydrate Polymers, 90: 1818-1825.

18. Monteiro-Riviere, N.A. and C.L. Tran. 2007. Nanotoxicology: Characterization, dosing and health
effects. Taylor and Francis.

19. Nelson, D.R. 2011. Progress in tracing the evolutionary paths of cytochrome P450. Biochimica et
Biophysica Acta (BBA)-Proteins and Proteomics, 1814: 14-18.

20. Nikolakakis, 1., V. Dotas, A. Kargopoulos, L. Hatzizisi, D. Dotas and Z. Ampas. 2013. Effect of
natural zeolite (clinoptilolite) on the performance and litter quality of broiler chickens. Turkish
Journal of Veterinary and Animal Sciences, 37: 682-686.

21. Quinteiro-Filho, W.M., A.V.S. Gomes, M.L. Pinheiro, A. Ribeiro, V. Ferraz-de-Paula, C.S. Astolfi-
Ferreira, A.J.P. Ferreira and J. Palermo-Neto. 2012. Heat stress impairs performance and induces
intestinal inflammation in broiler chickens infected with Salmonella enteritidis. Avian Pathology, 41:
421-427.

22. Ribeiro, C.V., L. Belger, E. Pelletier and C. Rouleau. 2002. Histopathological evidence of inorganic
mercury and methy lemercury toxicity in Arcitic charr (Salvelinus aipines). Environmental Research,
90: 217-225.

23. Safaeikatouli, M., Y. Jafariahangari and A. Baharlouei. 2011. An evaluation on the effects of dietary
kaolin and zeolite on broilers blood parameters, T4, TSH and growth hormones. Pakistan Journal of
Nutrition, 10: 233-237.

24. Safari, R., H. Kolangi Miandareh and A. Jafer Nodeh. 2014. Investigating P450 gene expression in
liver and gill of Persian sturgeon (Acipenser persicus Borodin, 1897) in exposure to CdCI2 bstract.
Journal of Applied Ichthyological Research, 2: 43-58.

25. Sambrook, J. and D.W. Russel. 2001. Molecular cloning: a laboratory manual. New York, California,
Academic Press, 94-98.

26. Sepulveda, M.S. 2005. Biomarkers of exposure and effects. Molecular biomarkers. Perdue University.

27. Shun, Y.M., Y.H. Wen, C.Y. Yong and G.S. Jian. 2003. Two benzyl dihydroflavones from phellinus
igniarius. Chinese Chemical Letters, 14: 810-813.

28. Siroka, Z. and J. Drastichova. 2004. Biochemical markers of aquatic environment contamination
cytochrome P450 in fish. Journal of Acta Veterinaria Brno, 73: 123-132.

29. Softeland, L., E. Holen and P.A. Olsvik. 2010. Toxicological application of primary hepatocyte
cellcultures of Atlantic cod (Gadus morhua), effects of BNF, PCDD and Cd. Comparative
Biochemistry and Physiology, 151: 401-411.

30. Sohail, M.U., M.E. Hume, J.A. Byrd, D.J. Nisbet, A. ljaz, A. Sohail, M.Z. Shabbir and H. Rehman.
2012. Effect of supplementation of prebiotic mannan-oligosaccharides and probiotic mixture on
growth performance of broilers subjected to chronic heat stress. Poultry Science, 91: 2235-2240.

31. Tabrez, S. and M. Ahmad. 2012. Cytochrome P450 system as potential biomarkers of certain
toxicants: comparison between plant and animal models. Environmental Monitoring and Assessment,
185: 2977-2987.

32. Temesvari, M., L. Kaobori, J. Paulik, E. Sarvary, A. Belic and K. Monostory. 2012. Estimation of
Drug-Metabolizing capacity by cytochrome P450 genotyping and expression. Journal of
Pharmacology and Experimental Therapeutics, 341: 294-305.

33. Uno, T., M. Ishizuka and T. Itakura. 2012. Cytochrome P450 (CYP) in fish. Environmental
Toxicology and Pharmacology, 34: 1-13.

34. Watanabe, K.P., Y.K. Kawali, Y. Ikenaka, M. Kawata, S. Ikushiro, T. Sakaki and M. Ishizuka. 2013.
Avian cytochrome P450 (CYP) 1-3 family genes: isoforms, evolutionary relationships, and mRNA
expression in chicken liver. PLoS ONE, 8: e756809.

35. Zanger, U.M., M. Turpeinen, K. Klein and M. Schwab. 2008. Functional pharmacogenetics/ genomics
of human cytochromes P450 involved in drug biotransformation. Analytical and Bioanalytical
Chemistry, 392: 1093-1108.

36. Zhang, L.L., J.R. Zhang, Z.G. Yu, J. Zhao, F. Mo and S.X. Jiang. 2010. Effects of ionophores on liver
CYP1A and 3A in male broilers. Veterinary Pharmacology and Therapeutics, 33: 551-557.


http://dx.doi.org/10.52547/rap.12.31.109
https://dor.isc.ac/dor/20.1001.1.22518622.1400.12.31.15.6
https://rap.sanru.ac.ir/article-1-1123-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-07-03 ]

[ DOR: 20.1001.1.22518622.1400.12.31.15.6 ]

[ DOI: 10.52547/rap.12.31.109 ]

Research on Animal Production, Vol. 12, NO. 31, Spring 2021 ........cuuiuiuiiitii e et e s 117

Investigation of Performance and Comparison of Cytochrome P450 Isoforms in
Broiler Chickens Liver Fed Silver Nanoparticles Coated on Clinoptilolite

Elnaz Arabiyan', Seyed Reza Hashemi?, Ahad Yamchi®, Homa Davoodi*
and Sharif Rostami®

1- Graduated M.Sc. Student, Department of Animal Physiology, Faculty of Animal Science, Gorgan University of
Agricultural Sciences and Natural Resources, Gorgan, Iran
2- Assistant Professor, Department of Animal Physiology, Faculty of Animal Science, Gorgan University of
Agricultural Sciences and Natural Resources, Gorgan, Iran, (Corresponding author: hashemi711@yahoo.co.uk)
3- Assistant Professor, Department of Plant Breeding and Biotechnology, Faculty of Plant Production, Gorgan
University of Agricultural Sciences and Natural Resources, Gorgan, Iran
4- Assistant Professor, Department of Immunology, Faculty of Medical Science, Golestan University of Medical
Science, Gorgan, Iran
5- Graduated PhD Student, Department of Animal Physiology, Faculty of Animal Science, Gorgan University of
Agricultural Sciences and Natural Resources, Gorgan, Iran
Received: July 12, 2020 Accepted: December 31, 2020

Abstract

In order to evaluate the effect of silver nanoparticles coated by clinoptilolite on cytochrome
P450 gene expression in broiler chicken’s liver an experiment consisting of (1) control diet, (2)
clinoptilolite, (3) clinoptilolite coated with silver nanoparticles, (4) organic acids and (5)
clinoptilolite coated with silver nanoparticles and organic acids in normal and heat stress
conditions was designed. Liver biopsy was obtained on 21 and 42 days of experiment. Results
of this study demonstrated there were no interaction between experimental treatments and heat
stress conditions in chickens. As well as the expression levels of both isoforms of CYP450
gene in clinoptilolite treatment on day 21 and silver nanoparticles coated on clinoptilolite with
organic acid treatment on day 42 of experiment in normal conditions, were significantly
increased in comparison with control treatment (C) in chicken liver tissue (P<0.05). Level of
CYP2C18 on day 42 of experiment in heat stress condition in silver nanoparticles coated on
clinoptilolite treatment was significantly increased in comparison with control (C) treatment
(P<0.05). Whereas, the level of CYP2C23b gene expression on day 42 of experiment was not
significantly different with control treatments (P>0.05) in heat stress conditions. In conclusion,
results showed that the expression level of CYP2C18 isoform in liver tissue of broiler chickens
was higher in comparison with CYP2C23b isoform. The liver, as a metabolism organism in the
body, identified clinoptilolite and silver nanoparticles as inorganic, chemical and exogenous
substances and increased the expression level of cytochrome P450 gene acts as a biomarker for
the existence of exogenous and inorganic substances in the body.
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