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Extended Abstract

Introduction and Objective: Alpha-lipoic acid (a-LA) synthesized enzymatically in the mitochondrion from octanoic
acid. Endogenous levels of a- lipoic acid have been reported in the micro molar range. Alpha-lipoic acid can easily
pass through biological membranes due to its high lipophilicity and is converted into dihydro lipoic acid (DHLA) in
cells. Alpha-lipoic acid and DHLA have been described as an ideal antioxidant couple, due to their very high protection
ability against oxidative stress through multiple pathways. Alpha-lipoic acid and DHLA have metal chelating activity,
acts as a coenzyme in glucose metabolism, and can produce other antioxidants such as ascorbate, vitamin E, and
glutathione (GST). Alpha-lipoic acid has anti-inflammatory properties and its supplementation to broiler diets improves
the expression of inflammation-related genes in the spleen. On the other hand, trivalent chromium has been recognized
as an essential trace element for humans and other animals, which is part of the glucose tolerance factor (GTF).
Chromium is essential for the metabolism of carbohydrates, proteins and lipids. Chromium may be present in the diet
in the form of inorganic compounds or organic complexes. After absorption, chromium circulates in a free state and
binds to transferrin or other plasma proteins (protein B-globulin). Trivalent chromium seems to play a role in the
structure and expression of genetic information in animals. Chromium binding to nucleic acids is stronger than other
metal ions. Chromium protects RNA against thermal denaturation. It is also clear that chromium is concentrated in the
cell nucleus. By binding to chromatin, chromium participates in gene expression and increases the start sites and thus
increases RNA synthesis. This increase is due to the induction of protein bound to the nucleus and the activation of
nuclear chromatin, as a result, chromium effects gene function. Chromium supplementation has shown a positive effect
on immune response of broiler chickens. The aim of this research was to investigate the simultaneous effect of dietary
chromium propionate and alpha-lipoic acid supplementation on the expression of cytokines interleukin 1, 2, 4, and 10,
as well as IFN-y, TNF, and TGF (34 genes in the spleen tissue of broiler chickens.

Material and Methods: For this purpose, an experiment was performed with 144 Ross 308 broiler chicks in complete
randomized design (CRD) with a 3x2 factorial arrangement of treatments including six treatments, 3 replicates and 8
chickens in each replicate. There were 6 dietary treatments: three doses of chromium propionate (0, 750 and 1500 ug /
kg) combined with two levels of alpha-lipoic acid (0 and 300 mg/kg) supplemented to the basal diets. At the end of the
experimental period (42 days old), two chickens from each pen were randomly selected and killed. The sample was
taken from the spleen and immediately frozen in liquid nitrogen and then stored at -80°C. The quantity and purity of
the extracted RNA was checked using a Nanodrop device. In order to confirm the specific amplification of the desired
genes in this study using primers, the PCR reaction was first performed. The expression of cytokine profile genes were
quantified by quantitative real time PCR. In this way, 28S was used as a house-keeping gene to normalize the gene
expression data. To analyze the obtained data, the method of difference in threshold degree changes (AACT) was used.
The method of investigating gene expression changes in this research was the 2-22¢T method (comparative threshold)
and the ratio of gene expression (28s).

Results: The results of electrophoresis confirmed the expression of genes in the spleen cells of broiler chickens and
they appeared as one band on 2% agarose gel. Electrophoresis of polymerase chain reaction products showed fragments
of 86, 51, 82, and 88bp for interleukin 1, 2, 4, and 10, respectively. No bands were formed on agarose gel for IFN-y,
TNF and TGF B4 genes. The results showed that alpha-lipoic acid at the level of 300 mg/kg significantly decreased
interleukin 1 gene expression than the control group (0 mg/kg). Also, supplementing the basal diet with the chromium
propionate at the level of 1500 pg/kg significantly increased interleukin 1 and 4 genes expression compared to the
control group and the chromium propionate at the level of 750 ng/kg. While the addition of alpha lipoic acid and
chromium propionate had no effect on the expression of interleukin 2 and 10 genes.

Conclusion: Adding 300 mg/kg alpha lipoic acid to the diet can improve the immune response by reducing the
expression of IL 1 gene in broilers. In addition, the addition of high amounts of chromium propionate (1500 pg) leads
to a decrease in immunity (by increasing the expression of IL 1 and 4 genes). While the addition of chromium
propionate up to the level of 750 pg/kg does not affect safety. Considering the results, it is recommended to add alpha
lipoic acid at the level of 300 mg to the broiler diet. Addition of chromium propionate up to the level of 750 pg is fine
if it has beneficial effects on yield and production characteristics.
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1- Vitamin premix bugphed the following per kilogram of diet: retinyl acetate, 10000 IU; cholecalciferol, 4500 TU; a-tocopheryl acetate, 37.5 IU; thiamine, 1.25 mg; niacin,

39.25 mg; folic acid

5 mg; pantothenic acid, 10 mg; vitamin K, 5 mg; Nlcotmamlde 463 mg; choline, 37.5 mg; cobalamin, 0.025 m:

2- mineral premix supplled the following per kllogram of diet: choline chloride 150 mg; Mn, 112.5 mg; Zn 62.5 mg; Cu, 12. 5 mg; Se, %31 mg; lodine, 1.4 mg; and Fe mg.
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Table 3. The effect of different levels of alpha-lipoic acid and chromium propionate on the expression of immune-

related genes in the spleen of broiler chickens.

(L10)Y- oSl (LA ¥ oSdyl  (IL2)Y oS gmal  (ILD)) o ol
Main ) Lol gl

(effects (5 skee) Sumsl S3gellal]
0.88 1.74 0.90 2170 0 Alpha-lipoic acid (mg)

0.95 1.61 1.23 1.34° 300
1Sk 3 st (gllas
0.10 0.13 0.18 0.22 Standard error (;?Eé m)ean (SﬁM)
1.03 0.79° 1.01 0.85° 0 955 ligszs:
0.92 123 1.16 1.44° 750 (p S5kl p S 5y5w0)
0.80 3.012 1.03 2.97% 1500 Chromium propionate (ug /kg)
S Sike 5kl glos
0.12 0.17 0.22 0.28 Standard error ouf‘f;e m)ean (SEM)
(Interaction effects) Jliwo ol 3l
1.00 1.00 1.00 1.00 0 0 (Treatment 1) V ,los
1.06 1.10 1.01 1.55 750 0 (Treatment 2) v Lo
0.93 3.12 1.00 3.95 1500 0 (Treatment 3) ¥ ,los
0.71 0.59 0.72 0.71 0 300 (Treatment 4) ¥ ,los
0.91 1.36 1.33 1.34 750 300 (Treatment 5) & ,los
0.88 2.89 1.35 1.98 1500 300 (Treatment 6) # ,los
o Sols 3 )5kl gl
0.7 0-24 032 039 Standard error ﬁe mean (SEM)
Probability Jlems! zdaw
EWAERIH]]
0.63 0.53 0.23 0.02 Alpha_”poicfjc .
0.44 0.0001 0.88 0.0005 P9 gy
Chromium propionate
p9)S Sligngy X dpul Sgllal]
0.80 0.39 0.63 0.08 Alpha-lipoic acid Chromium x

propionate

oA 435 09)5 )3V (S oyl (0 (oo Ol Ao 5> S
SS9l Al pS5LS" o p)S (o Yoo b lojonr yoboas
glis aalb 09,5 Ly pg)S Sligmgyn p)59ySee V01 2y
P95 We e (9381 F (S olpl 0f ol )90
g ol oS 0F cul Olo (I3 4 ke ) Cligmg
o Sl ol 2 SOLS s pS Lo Yoo 3g3
ol a0 A8 (oS el iuli8l cpl ol alwiles
oduh 4w (T6) Hlows 0 ¥ oSyl o5 ol 40 )by me
2 Ske Yoo s oS Slismss p)S5,S0e 100+ L
VO b oss 435 (T3) lawi b sl sl o SokS
A5 oaalde pg)S Slgngy p)59,See
A.A_ml.m LSLQ’L)"\“'“S]@‘ d9>9 FLERHIN UL"‘"' L&au_w)).g
aad hlial |y pesl Gl Ules o Lad g oy 3
Olyed Jlods sl adllas > (Kurutas et al., 2015)
oy o 1y i Clsel aggili golad) lil Sy
.(Olah & Vervelde., 2008) cwl dulas g 515 ol
b oobj dog ol Gl s 3 (2lie (gdie dlge i
Sine dlge s il 038 s dgday Jlges cliasd p
sl 3 Sdee dlge g L peling Wiile (oliE 0y Calisee

PSe1+0) m5yls (5yls gie d)loi Sglds caliseo By (gl sl Sibe ¢ygius b 4> 7D
a-b: Means with different alphabet in columns differ significantly (p<0.05).

SLof s Ole Ao i gl &S jghilen
ATARXS é‘a_w oS 0.4_9[._)).} °9)§ PN ¥ 9 ) Uﬁf?“)‘”‘
09,5 Caud (T3) pg)S Cligngy pS oS 2 59,5
S 3PS 9ySen VB 0aiS Cdlyd 09,5 5 (T1) aalod
Sl aBly Gl gyl ine yobas (T2) po)S Cligngy
PV Y oSl G e Ol golaws (PS/4Y)
Jals os)f A.gLALLo 95)5 QU%.Q),: odiS C;él.g.).) dl.b:o»f
..}9{
2955 Slignigy 9 daw! Sgud W Jsliie 1,31
3 blize 31 s el osel ¥ Jgas 3 a5 jghailen
o) Sl g el o3 b gne N Syl o)
Ol Gt Sl oas o gne Ve 5 ¥ 5 ¥ S5yl
e e Lodd i 09,5 ) ) (nSel il o ol
Ve e (938 oS oaml e pg)S Cligngn p)59,See
0F Ol il an paie pgyS Slgng e p)T9)See
1) oS 9il 55 e 5 gl el 215 ) S 5l
2 s aliie Aals b pg S lgmgp £S5 9,Swe YO+ rdaws
Sl udlgis pg)S Clgngy p)So e YO+ (13953 doxs
Olojer (12933 23 )15 ki e ]y V Syl of ol
£33 5550 N0+ o b Sglldll sl p55LS 52 05 Juo Yo e
1) pgyS Gl el ai il ope @ pg)S Slgngy


http://dx.doi.org/10.61186/rap.15.43.57
http://rap.sanru.ac.ir/article-1-1345-fa.html

[ Downloaded from rap.sanru.ac.ir on 2024-05-20 ]

[ DOI: 10.61186/rap.15.43.57 ]

sy

o5 33020 9 (S5 Pl (BT e (i o>
VEY e /FY o)l w23l Jlo (ob clides (sleating

Sl dsl 2930 (355 sladrgr > e
Sll ehyls b S st by g g5 0,8 d9dme b Wilg5 oo
Guo et al., 2014; Li et al., 2014; ) 1_sb okl s
sl slaops By as «yixen (Ma et al., 2015
ks BB bt Sl asl 9 B palizg € opneling
21y TNF-0 5 IFN-y L6 JL-1B (o ol ol
22l 09,5 b dulde j3 059, VY (oS sladngy b
oyl posde (El-Senousey et al., 2018) sl uals
Sl 20 S 8l e 095 cygilieal Sy 55 5l
9 25 bl o] Geoly g1y 8 ity S
1, TNF-0. 5 IFN-y L6 JL-1B oy sl o5 b3
obly Jsay Yl by [ials bayley pla b aglie >
ooyl b e g (lacuSgn 8155k > Sgnlll s
(Luetal., 2017) adb o)l clagesl o

LD Jol el iy slagnS gl (n yioks ]
G LS sl ol i b 0pé 9 TNF-0 4 IL-4
9 645 J..a.m Bia J9Lm G‘a.w JYR LS u..o—L.a.o‘ t—slib.b)j
ol a3 on & (Jobw 019)3 (J9Sge JLtl S ol Jlooa,
Rl b g piSS ccllsd I calon b 505 b bnppS gl
2l b ool ol g bt b g ciliseo cloJgls
S o 5 ol Slagily lej 5 Sy oS sl
Seisden el ¥ 4S8l il (Opal & DePalo., 2000)
Tl o oblg e S5 Olodl dnwgs jd wolwl
ooyl Su ¥ pSounl o) TH2 wTHO g5 (SaS
s oS sule plw geotaxin le & cowl Skl Lin
S el s el (S a5 w23 o il 1 lgl
slapyg iyl Luals .(Steinke & Larry, 2001) a8
SrSsla e 42 3o ol 3 (IL4 5 IL-L) el
S50 il laygs8 i) ol ials b wl Gl
g b (Rl L as dalys JSits o (Jolow (9950
el ol oty 6y ol> (gim 51

IL- 10 & ylsiie blis g sulo dos
ol Gl 3 ledlias S sl (p yiage 453,80,
Jlesl 1y 355 S ThL ela sl g5y JsSgo gl -l
Wy bJobu cpl g o5 sl guli Mg jl g 15 o
O3 5 o S5l L2 5 LIS (9,8,551 45l 3395
2 039y bl slagylen Glopd sl s Sy
Opal & DePalo., ) ¢l s osliwl (Jb clisles]
09380 a5 0oy L5 Y Joda g3 a5 el Lo (2000
sl €315 1L-10 5 1L-2 g 1 Sty o

Slgngn JoSo (39381 T Jgdor )3 00 &) lis 3.
S ole ol cuw p)S 9,500 Vv e a3 pg S
o958l &S el Jb yo cpl g el oa 5 IL-4 4 IL-1
IL-10 5 IL-2 (slag; ol » 68U poyS sloJuse
JoSo 938 cily o jd ol audl .ol a sl
ot 2 685 S35 VO g U g cligmsy
Gk 3 p9yS | Soliste Il aaigS L g 55 «Sg>
ol 255w p e el e ol ) ]

S3- so patedio S gl ooy 8T Bosb 5l e
[(Kidd., 2004)
LS (98l logyj a8 als Gl 5989 58] gl
TGF o (TNF-0) W 055 005 059,55 15515 (IFN —y)
ot Gialosl opl y edlatwl (i igS e Job o B4
Ll 5 5 (poyS Slsmgy 9 3wl SS9ll) (o158 o)
Job <8l 3 baj ol jemde g Sg-des Gl (—bi9 0
Nobakht & Muhaghegh Dolatabadi, ) s)ls Slgen
@ by 3505 a8l plSin 4y 03405 Ly (idieo (2018
ST TS 9y 2 IFN =y glp (oails (o365 a2 0>
LS (19,8 il s 3285 LS (93 50] (0 9 At JeSits
S plp el g B el Glp & ol S gl
So9r—o MBSl S5 5 (b Sh g py slaisgic |
IXVLY WA.L:.J (w99 Juo ua|9> ‘_SU.) L& L)?)s)“"l !
09,8yl (Schroder et al., 2004) ol j5055 15 g i)
D oo izl S0l 5 b yjaie SOy donis jo LI
098] Fimw ly &S Sloj U (b (sl ol cnlplu
5 w3 e plool 1 8 ol Vgams il oa i Sl LS
Loyg bl Mg (658 Joge jl (So (wgny slocisie
25U Cou argy Giagh opl 0 &S pl a4 do g b i ws

o) (islo] (slalas g 23l )5 el Al
bl sl (Figine OS5 6yl 5 (peyS Cligmg g Al

0F Ole SaS eely 2l dlge pl 4T a0 aias
TNF- (o) & plyice 1) 990 cnl 259 LS (49850
Sag—a> oloj 3 )j cpl 2 presi o2 TGF-B 5 0
o9 L TNF-a U‘S?‘JL‘“’ Ng i o UL.) 15 sylow S yo
Cely g 01 )55 dasy S bd Jto (5,Sen Sl
waighe Jome 53 B9ye JLligad] laslw 39—i e
Ol S ol 1) oSl wile lue (o J5Ss5e
@ Wl oo Brlwgige g b didg g diile (olace—wgS]
el g )ly Cogie Jome 4y g odener 39)e (nl paw
S grdgn o lnginly o TNt Lol (i
0 yuti A 595 1 (Pleffer., 2003) wil o g Koo
sbaanl wdal ) whe (1S9 Jl (S 38 (TGF-B) Lo
5 iliseo glgil 3 TGF-B dsblone il el L
TGF-B ol Sili8l .l sduwy il 4 09-d5 0 15,0
e El )3 pai g gl s Sl (il ot b U
(Moses et al., 2016) >)ls bls,| TGF-B & Jso 1,
Sl Jao 9381 ¥ g 3 00 o)) ol b
05 Ol RIS s 5 o Y a3 Sse
JaSo ol 38l & sl Jbo 3 ol 5 Eol 005 IL-1
ol &I IL-10 9 IL-4 (L2 el o5 ol g2 sy
Soes) W sl 48" 0l Lt ppiies gl ol b aollas
fly Jgo sl 5 o 5 035 il |, s e
Guo et)ﬁ@gﬁdwywuapwb)bd@|
S5l 2l 139381 45 o3l Lt llllas (al., 2016
fl 555 5 a1 gl b 0 Slas 25180


http://dx.doi.org/10.61186/rap.15.43.57
http://rap.sanru.ac.ir/article-1-1345-fa.html

[ Downloaded from rap.sanru.ac.ir on 2024-05-20 ]

[ DOI: 10.61186/rap.15.43.57 ]

o dgame g s PRI (BT e (Sl ee i

2l 25 EB) o Ol S W sl 5 298 Sliggy sloJoSo 13l

Syl posS 0aiiS oS 1w 3l (Jain et al., 2007)
u»)x‘:J G o 13,5 Jled e b Cal (S0 ool i

Bartlett & ) 35— Jup—ws 45 13 pdg—awil 4 Canglio
.(Eperjesi, 2008

oial38l Lo 5158 —ae (Khangarot et al., 1999)
pg)S 3l pas b i)li8 —as o (Uyanik et al., 2002)
(Van de Ligt et al., 2002) caol sus &1l o0 ou] p
IS5 0 cglas oy wlgs oo caliseo (gla i)l55 j0 cogles
P95 4 oAb asuie ML (los> 95 9 Bpas 93 ipg)S
2lials G35 sladag o el eaiSplal 15

IS (55 doeiS . .
R c c T 59y 4 JwlSes Hlow STy ply 3 IFN-y o5 ol
a SSadlall ay ol p Sl 5 p)S o Yoo 3938 P * )l_’@ .‘fé)}ﬁ) . u..)u‘
939° 2 P9y JoSo )5 o 3U yio 5 593 4 Ay

S| PR LA PR { KON [P P o Mlg3 00
G) O B0 L (2P (el Tl I o PP 0> Sl ] el .
0938 ogMeds 33,5 565 sladngy 3 ) Sy ] QTMS9 2Py 5)%9).’ : uSW' T e
G pria (pSySen V0] S gy VU polie 5 2 IPNT Ol RIS G0 S Sl s
.;;)f;ﬁ (F3) [)1591)11" o5 ol w)l)sl L) @N‘] u*‘”‘-f sy p <SS .(Bhagat et al., 2008) a_ib ar il Jolw
N e s S o i 3 1 A 1 e i
Sl 2938l ol 58,5 Jas 5 Loylad geul g Sl Apiiso dgu0 |y IL-1 9 LDLR ‘GLU,T_l ‘PPAR-E/
Lty oy 4 oS e T s )5 SigulLi] VEGF ;5 TGF-B TNF-0 dL-8 (slagj ol 2 435]
;50' glafb ).'.-?; uE i ot )M i 5 ;> .(Amiri Siavashani et al., 2018) ¢ sl 6,5l
P9 92952 0939 33,5 o duogs D ek, i Y sy gl posf o g5

Sluogas §5,8las y (sdato il il &S g 3,5 9,50 N ] )
7 el Sty e ; e 2L TNF-) (el iy ool o t0lS
b by olpus sla gbge 43 ol il o (CRP

&b

Amiri Siavashani, M., Zadeh Modarres, S. Mirhosseini, N. Aghadavod, E. Salehpour, S. & Asemi, Z. (2018). The
effects of chromium supplementation on gene expression of insulin, lipid, and inflammatory markers in infertile
women with polycystic ovary syndrome candidate for in vitro fertilization: a randomized, double-blinded, placebo-
controlled trial. Frontiers in Endocrinology, 9, 726.

Bartlett, H. E. & Eperjesi, F. (2008). Nutritional supplementation for type 2 diabetes: a systematic review. Ophthalmic
and Physiological Optics, 28(6), 503-523.

Bhagat, J., Ahmed, K. A. Tyagi, P. Saxena, M. & Saxena, V.K. (2008). Effects of supplemental chromium on
interferon-gamma (IFN-y) mRNA expression in response to Newcastle disease vaccine in broiler chicken. Research
in veterinary science, 85(1), 46-51.

Chenani, H., Nazari, M. Beigi Nassiri, M. T. & Roshanfekr, H. (2021). Exonic SNP in MHC-DMB?2 is associated with
gene expression and humoral immunity in Japanese quails. Veterinary Immunology and Immunopathology, 239,
Article 110302.

Dinarello, C. A. (2007). Historical insights into cytokines. Eur. Journal of Immunology, 37, S34-45.

Downing, T., Lloyd, A. T. O’Farrelly, C. & Bradley, D.G. (2010). The differential evolutionary dynamics of avian
cytokine and TLR gene classes. The Journal of Immunology, 184(12), 6993-7000.

El-Senousey, H. K., Chen, B. Wang, J. Y. Atta, A. M. Mohamed, F. R. & Nie, Q. H. (2018). Effects of dietary vitamin
C, vitamin E, and alpha-lipoic acid supplementation on the antioxidant defense system and immune-related gene
expression in broilers exposed to oxidative stress by dexamethasone. Poultry science, 97(1), 30-38.

Fietta, P. & Delsante, G. (2009). The effector T helper cell triade. In Biology Forum/Rivista di Biologia, 102, 1.

Frisard, M. & Ravussin, E. (2006). Energy metabolism and oxidative stress. Endocrine, 29(1), 27-32.

Granchi, D., Verri, E. Ciapetti, G. Savarino, L. Cenni, E. Gori, A. & Pizzoferrato, A. (1998). Effects of chromium
extract on cytokine release by mononuclear cells. Biomaterials, 19(1-3), 283-291.

Guo, J.,, Gao, S. Liu, Z. Zhao, R. & Yang, X. (2016). Alpha-lipoic acid alleviates acute inflammation and promotes
lipid mobilization during the inflammatory response in white adipose tissue of mice. Lipids, 51(10), 1145-1152.

Guo, Z. Y., Li, J. Zhang, L. Jiang, Y. Gao, F. & Zhou, G. H. (2014). Effects of alpha-lipoic acid supplementation in
different stages on growth performance, antioxidant capacity and meat quality in broiler chickens. British poultry
science, 55(5), 635-643.

Jain, S. K., Rains, J. L. & Croad, J. L. (2007). Effect of chromium niacinate and chromium picolinate supplementation
on lipid peroxidation, TNF-a, IL-6, CRP, glycated hemoglobin, triglycerides, and cholesterol levels in blood of
streptozotocin-treated diabetic rats. Free Radical Biology and Medicine, 43(8), 1124-1131.

Khangarot, B. S., Rathore, R. S. & Tripathi, D. M. (1999). Effects of chromium on humoral and cell-mediated immune
responses and host resistance to disease in a freshwater catfish, Saccobranchus fossilis (Bloch). Ecotoxicology and
Environmental Safety, 43(1), 11-20.

Kidd, M. T. (2004). Nutritional modulation of immune function in broilers. Poultry science, 83(4), 650-657.

Koohgivi, K., Rooshanfekr, H. Nazari, M. & Tatar, A. (2021). The effect of substitution to DL-methionine with L-
methionine and dietary protein levels on Expression Myogenic Genes in Japanese quail. Iranian Veterinary
Journal, 16(4), 64-73.

Kurutas, E. B. (2015). The importance of antioxidants which play the role in cellular response against
oxidative/nitrosative stress: current state. Nutrition journal, 15(1), 1-22.

Lammers, A., Wieland, W.H. Kruijt, L. Jansma, A. Straetemans, T. Schots, A. den Hartog, G. & Parmentier, H.K.
(2010). Successive immunoglobulin and cytokine expression in the small intestine of juvenile chicken.
Developmental and Comparative Immunology, 34(12), 1254-62.


https://scholar.google.com/scholar?oi=bibs&cluster=9455214100716072415&btnI=1&hl=en
https://scholar.google.com/scholar?oi=bibs&cluster=9455214100716072415&btnI=1&hl=en
http://dx.doi.org/10.61186/rap.15.43.57
http://rap.sanru.ac.ir/article-1-1345-fa.html

[ Downloaded from rap.sanru.ac.ir on 2024-05-20 ]

[ DOI: 10.61186/rap.15.43.57 ]

ok dgame 9 S PRI (BT e (Sl pee i
50 VEY e /FY o)l [p2d 3l Jlo (ob clides (sleating

Li, Y., Ma, Q. G,, Zhao, L. H., Wei, H. Duan, G. X. Zhang, J. Y. & Ji, C. (2014). Effects of lipoic acid on immune
function, the antioxidant defense system, and inflammation-related genes expression of broiler chickens fed
aflatoxin contaminated diets. International journal of molecular sciences, 15(4), 5649-5662.

Lu, M., Bai, J. Xu, B. Sun, Q. Wei, F. Tang, X. & Li, S. (2017). Effect of alpha-lipoic acid on relieving ammonia stress
and hepatic proteomic analyses of broilers. Poultry Science, 96(1), 88-97.

Ma, Q., Li, Y. Fan, Y. Zhao, L. Wei, H. Ji, C. & Zhang, J. (2015). Molecular mechanisms of lipoic acid protection
against aflatoxin B1-induced liver oxidative damage and inflammatory responses in broilers. Toxins, 7(12), 5435-
5447.

Mayr, J. A., Feichtinger, R. G. Tort, F. Ribes, A. & Sperl, W. (2014). Lipoic acid biosynthesis defects. Journal of
inherited metabolic disease, 37(4), 553-563.

Meydani, S. N., Meydani, M. Blumberg, J. Leka, L. Pedrosa, M. Diamond, R. & Schaefer, E. (1998). Assessment of
the safety of supplementation with different amounts of vitamin E in healthy older adults. The American journal of
clinical nutrition, 68(2), 311-318.

Moses, H. L., Roberts, A. & Derynck, R. (2016). The Discovery and Early Days of TGF-f: A Historical Perspective.
Cold Spring Harbor Perspectives in Biology, 8(7), a021865.

Mosavi, S. T., Beigi Nassiri, M. T., Roshanfekr, H. R., Nazari, M. & ghorbani, M. R. G. (2022). The Effect of Vitex
Agnuse Castus Fruits Powder on Oviduct Markers Gene Expression of Laying Hens. Research on Animal
Production, 13(38), 138-146 (In Persian).

Nazari, M., Ghorbani, M. R., Beigi Nassiri, M. T., Fathimoghadam, N., Sabahi, R. & Mosavi, S. T. (2023). The effects
of Chaste-berry fruits on hypothalamic-pituitary-ovarian markers gene expression and immune response of laying
hens: Phytoestrogens in Chaste-berry are ERpB-selective. Iranian Veterinary Journal, 19(1), 61-71.

Nazari, M., Salabi, F. & Radpoor, S. (2020). Investigation of heat shock protein 70 gene polymorphism in Khuzestan
native chickens. Agricultural Biotechnology Journal, 12 (1), 81-100.

Nobakht, E. & Muhaghegh Dolatabadi, M. (2018). Expression analysis of IFN -y, IL -2 and IL -13 genes in Thymus
tissue of broiler chickens fed with different levels of oak acorn. Modern genetics Journal, 13(2), 197-203 (In
Persian).

Oléh, I. & Vervelde, L. (2008). Structure of the avian lymphoid system. 13. Avian Immunology. Elsevier Academic
Press Inc. pp: 13-50.

Opal, S. M. & DePalo, V. A. (2000). Anti-Inflammatory Cytokines, impact of basic research on tomorrow’s medicine.
Chest, 117(4), 1162-1172.

Peters, M. A, Browning, G.F. Washington, E. A. Crabb, B. S. & Kaiser, P. (2003). Embryonic age influences the
capacity for cytokine induction in chicken thymocytes. Immunology, 110: 358-367.

Pfaffl, M. W., Horgan, G. W. & Dempfle, L. (2002). Relative expression software tool (REST®) for group-wise
comparison and statistical analysis of relative expression results in real-time PCR. Nucleic Acids Research, 30, 1-
10

Pfeffer, K. (2003). Biological functions of tumor necrosis factor cytokines and their receptors. Cytokine Growth Factor
Rev, 14(3-4), 185-91.

Piva, A., Meola, E. Gatta, P. Biagi, G. Castellani, G. Mordenti, A. & Mordenti, A. (2003). The effect of dietary
supplementation with trivalent chromium on production performance of laying hens and the chromium content in
the yolk. Animal Feed Science and Technology, 106(1-4), 149-163.

Rabieh, M., Rooshanfekr, H. Nazari, M. & Ghorbani, M. R. (2020). Gene expression of antioxidant enzymes fed wild
pistachio (Pistachio atlantica), purslane (Portulaca oleracea) extract and vitamin E under in broiler chickens under
heat stress condition. Iranian Veterinary Journal, 17(2), 51-60 (In Persian).

Ramiro, E., Franch, A. Castellote, C. Andrés-Lacueva, C. Izquierdo-Pulido, M. & Castell, M. (2005). Effect of
Theobroma cacao flavonoids on immune activation of a lymphoid cell line. British Journal of Nutrition, 93(6),
859-866.

Sabahi, R., Nazari, M. Beigi Nassiri, M. T. & ghorbani, M.R. (2020). The effect of Vitex Agnuse Castus fruit powder
on hypothalamic GnRH gene expression in laying hens. Research on Animal Production, 11 (30), 92-100 (In
Persian).

Schroder, K., Hertzog, P.J. Ravasi, T. & Hume, D. A. (2004). Interferon-gamma: an overview of signals, mechanisms
and functions. Journal of Leukocyte Biology, 75(2), 163-189.

Steinke, J.W. & Larry, B. (2001). Th2 cytokines and asthma—Interleukin-4: its role in the pathogenesis of asthma, and
targeting it for asthma treatment with interleukin-4 receptor antagonists. Respir Res, 2(2), 66-70.

Tayal, V. & Singh Kalra, B. (2007). Cytokines and anti-cytokines as therapeutics - An update. European Journal of
Pharmacology, 579, 1-12.

Uyanik, F., Atasever, A. Ozdamar, S. & Aydin, F. (2002). Effects of dietary chromium chloride supplementation on
performance, some serum parameters, and immune response in broilers. Biological trace element research, 90(1),
99-115.

Van de Ligt, J. L. G., Lindemann, M D. Harmon, R. J. Monegue, H. J. & Cromwell, G. L. (2002). Effect of chromium
tripicolinate supplementation on porcine immune response during the postweaning period. Journal of animal
science, 80(2), 449-455.

Wollin, S. D. & Jones, P. J. (2003). Alpha-Lipoic acid and cardiovascular disease. The Journal of nutrition, 133(11),
3327-3330.

Zhang, Q. & Luo, X. (2006). Effect of dietary chromium on growth performance, immune functions and carcass quality
of broilers. Chinese Journal of Animal Science, 42(9), 19.

Zhang, S., Sun, X. Liao, X. Lu, L. Zhang, L. Ma, Q. & Luo, X. (2018). Dietary supplementation with chromium
picolinate influences serum glucose and immune response of brown-egg laying hens. Biological Trace Element
Research, 185(2), 448-455.


https://scholar.google.com/scholar?oi=bibs&cluster=13008485379788370304&btnI=1&hl=en
https://scholar.google.com/scholar?oi=bibs&cluster=13008485379788370304&btnI=1&hl=en
https://www.research.ed.ac.uk/en/publications/structure-of-the-avian-lymphoid-system
https://www.research.ed.ac.uk/en/publications/structure-of-the-avian-lymphoid-system
https://doi.org/10.1189%2Fjlb.0603252
https://doi.org/10.1189%2Fjlb.0603252
http://dx.doi.org/10.61186/rap.15.43.57
http://rap.sanru.ac.ir/article-1-1345-fa.html
http://www.tcpdf.org

