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Introduction
Oak tree is one of native plants of the Zagros region
in Iran producing a lot of fruits. Carbohydrates, starch
in particular, make up most of the oak acorn and has
the potential for using as a source of energy in the
poultry diet. Oak acorn contains nutritional
components and also various phenolic compounds
such as tannins, gallic acid, ellagic acid, and different
derivatives of galloyl and hexa-hydroxy-diphenoyl
(Rakic et al., 2007). Oak acorn is one of the richest
plants in terms of the amount of phenolic compounds
and tannin and due to flavonoids compounds it has
anti-inflammatory properties. Phenolic compounds
can  modulate the  activity  and  transcription  of  
enzymes (Kumari and Jain, 2012).  

 

 
 

 

 

Flavonoids also  show  different  biochemical  and  
pharmacological functions  that  influence  on  activity  
of immune and inflammatory cells (Garcia-Lafuente
et  al., 2009). One of the most  important  properties  
of phenolic compounds is their  ability to bind to  
positively charged  groups  in  the  structure  of  proteins  
and amino acids and thus reduce the bioavailability
of  these compounds (Deshpande, 2002). It  has  been  
reported that chickens fed with a high percentage of 
tannic acid reduces the rate of growth and the relative
weight  of  bursa Fabricius, thymus  and  spleen
indicating  that  polyphenol  compounds  may  disrupt
the  normal  growth  (Marzo et al., 1990).  Phenolic
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Today, the use of oak as a replacement feed in poultry diets is well 
documented. However, oak contains polyphenol compounds (tannins) as anti-
nutrient factors resulted in limited usage in the poultry rations. Generally, 
consumption of feeds containing tannin could affect gene expression level of 
immune system. Therefore, the aim of this study was to investigate the effect 
of different levels of oak acorn on the expression of interferon- (IFN-), 
interleukin-2 (IL-2) and interleukin-13 (IL-13) genes in the bursa Fabricius 
tissue of broiler chickens. For this purpose, broiler chickens were fed with diets 
containing 0 (control), 15% and 20% oak acorn in 6 weeks experimental 
period. Total RNA was extracted from bursa Fabricius tissue of 6 chickens for 
each treatment (18 broiler chickens) on day 42. To investigate the expression 
of IL-2, IL-13 and IFN- genes, their expressions were normalized with β-actin 
gene as a reference gene. REST, 2009, V2.0.13 software was used for analysis 
of gene expression data. The results showed that the expression levels of IL-2
and IL-13 genes in bursa Fabricius tissue were not significantly different for 
15% oak acorn treatment compare to control group, but the mRNA expression 
levels of IL-2 and IL-13 were significantly lower in 20% of oak acorn in 
respect to control and 15% oak acorn diets (P < 0.05). However, expression of 
IFN- gene was not observed in any samples of the three treatments. According 
to the results of this study, it seems that increasing the amount of oak acorn in 
diet of broiler chicken with increase tannin content most likely could suppress 
the expression of IL-2 and IL-13 genes in bursa Fabricius tissue. 
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compounds contain numerous hydroxyl groups in 
their structure, a characteristic that enable them to 
stimulate or suppress the immune system. The 
hydroxyl groups can influence enzyme or electron-
transfer systems, lead to immunomodulation of 
specific responses, in particular phagocytosis (Park et 
al., 2011). The immune system cells secrete a very 
various number of cytokines that are involved in the 
regulation of immune responses and important 
cellular functions such as survival, proliferation and 
differentiation (Canon, 2000; Oppenheim, 2001). The 
different expression of the cytokines in the body 
indicates the type of Th1 or Th2 immune response 
which itself has an important role in pathogenesis. 
The most important cytokines of Th1 cells are IFN-γ 
and IL-2, while IL-13 is a Th2 cytokine component 
(Libetta et al., 2011). 

Nowadays, it is clear that there is apparent 
relationship between components of diet and 
functions of immune system (Ramiro et al., 2005). In 
the current researches on this topic, the major focus is 
to modulate the immune system of healthy people by 
nutrition to improve general health. For example, 
there are some reports that adding certain nutrients, 
especially those have antioxidant properties, may lead 
to improve immune function (Kelly and Bendich, 
1996; Meydani et al., 1998). Considering the 
antioxidant effects of tannins, it can be expected that 
oak acorn can affect the immune system of broiler 
chickens. Therefore, the aim of this study was to 
investigate the effects of different levels of oak acorn 
on expression of IL-2, IL-13 and IFN- genes in bursa 
Fabricius tissue of broiler chickens. 

 
Materials and methods 
In this study, 264 one-day-old chickens (male and 
female of Cobb 500) were used in a completely 
randomized design with three treatments and four 
repeats. The first treatment was fed with diet based on 
maize-soybean meal (without oak acorn) and 
considered as control diet, the second and third 
treatments contained 15% and 20% oak acorn, 

respectively. Diets were formulated according to the 
recommended nutritional values for broilers by NRC 
(1994) for the starting (days 1 to 21) and finishing 
periods (days 22 to 42) and using UFFDA software. 

At the age 42 days, eighteen broiler chicken were 
selected randomly (6 chicks from each treatment) and 
their bursa Fabricius tissue were harvested. For 
extraction of RNA, small pieces of bursa Fabricius 
tissue were removed from each chicken and 
immediately stored in the nitrogen tank until the start 
of the laboratory experiment. Extraction of total RNA 
was carried out from 100 mg bursa Fabricius tissue 
using RNX-Plus solution (CinnaGen) according to its 
instructions. The quality and quantity of extracted 
RNA were evaluated by agarose gel electrophoresis 
and spectrophotometer. First single strand DNA was 
synthesized using AccuPower CycleScript RT 
Premix (Bioneer) and then the quality of the obtained 
cDNA was evaluated using 1% agarose gel. 

Specific primers were used to investigate the 
expression of target and reference genes (Table 1). In 
the quantitative determination method of the gene 
expression, correction of experimental changes is 
necessary. For this purpose, an internal control gene, 
i.e. β-Actin, was used. Real-time PCR was performed 
using CFX96 (BIORAD, USA) and HotTaq 
EvaGreen qPCR kit (Cinnagen) according to the 
manufacturer’s instructions and reactions were 
performed in duplicate for all samples. 

The amplification program used in the real time 
PCR reaction for target genes was 50° C for 2 
minutes, 95 ° C for 10 minutes, 95 ° C for 15 seconds 
and 60 ° C for 1 minute, and the last two steps were 
repeated 40 times. This program for β-Actin gene was 
5 minutes at 95 °C, 30 seconds at 94 °C, 30 seconds 
at 56 °C, and 30 seconds at 72 ° C, and the two to 
four steps were repeated in 45 cycles. Finally, 
comparison of gene expression at age of days 42 with 
15% and 20% oak acorn treatment was performed 
using REST, 2009, V2.0.13 software and based on Ct 
values obtained from real time PCR with respect to 
the control group (Pfaffl et al., 2002). 

 
Table1. The sequences, access numbers and locations of primers 

Reference Gene Bank ID Size bp Sequence  Primer  
Haiwen et al. 

(2010)  X99774.1 132  F: 5ʹ- AAGTCAAAGCCGCACATCAAAC-3ʹ  
R: 5ʹ- CTGGATTCTCAAGTCGTTCATCG-3ʹ  INF-γ  

Haiwen et al. 
(2010)  AF000631.1  129  F: 5ʹ-TTCTGGGACCACTGTATGCTCTT-3ʹ  

R: 5ʹ-TACCGACAAAGTGAGAATCAATCAG-3ʹ  IL-2  

Haiwen et al. 
(2010) AJ621250.1  123  F: 5ʹ- CTGCCCTTGCTCTCCTCTGT-3ʹ 

R: 5ʹ- CCTGCACTCCTCTGTTGAGCTT-3ʹ  IL-13  

Yang et al. 
(2013) NM_205518 139  F: 5ʹ- CTGTGCCCATCTATGAAGGCTA-3ʹ  

R: 5ʹ-ATTTCTCTCTCGGCTGTGGTG-3ʹ β-actin  
 

 
 



 Nobakht & Muhaghegh Dolatabady, 2019                                                                                                                                97 

Poultry Science Journal 2019, 7(2): 95-100 

Results 
Figure 1 shows amplified fragments for IL-2 and IL-
13 and                    β -actin genes. As shown, the size of the 
amplified fragments for IL-2, IL-13  and  β -actin 
genes were about 129, 123 and 139  bp,  respectively;  

 
indicating that, the accuracy of amplification for 
desired fragments was confirmed. However, 
interferon gamma gene was not amplified for all 
samples.

 
 

Figure 1.  Amplified fragments using primers along with 100 bp ladder. a) amplified fragment of IL-13 gene; b) 
amplified fragment of IL-2 gene; c) amplified fragment of β-actin gene. 

 
The mRNA expression of IL-2 and IL-13 genes 

for 15% and 20% oak acorn treatments on day 42 are 
presented as folds induction relative to the control in 
Table 2. As it shown, the expression of IL-2 gene in 
15% oak acorn treatment was not significantly 
different in compared to control treatment (P = 0.54), 

but the expression of this gene in the treatment of 
20% oak acorn showed a significant reduction 
relative to oak acorn free treatment (control group) in 
a way that its expression was about 0.12 times lower 
than the control group (P = 0.04). 

 
Table 2. Gene expression levels of IL-2 and IL-13 in broiler chickens fed with 15 and 20% oak acorn 

Results P value Expression rates Treatment Gene 
- 0.54 0.70 15% oak acorn 

Interleukine-2 
Down 0.04 0.13* 20% oak acorn 

- 0.79 0.85 15% oak acorn 
Interleukine-13 

Down 0.03 0.10* 20% oak acorn 
 

In addition, no significant difference was found 
between expression of IL-13 gene in 15% oak acorn 
compare      to    control      treatment       ( P = 0.79), 
while the mRNA expression of interleukin-13 was  
significantly lower in the 20% oak acorn compare to 
control treatment (P = 0.03) and its expression was 
0.10 times lower than control group (Figure 2). 

The expression results of IL-2 and IL-13 genes in 
the 20% oak acorn relative to 15% treatment were 
significantly lower (Table 3). The expression levels 
of IL-2 and IL-13 in 20% treatment were 0.18 and 
0.12 folds lower than 15% oak acorn treatment, 
respectively. 

 
Table 3. Gene expression levels of IL-2 and IL-13 in broiler chicken fed with 20% oak acorn compare to  15% 
oak acorn 

Results P value Expression rates Treatment Gene 
Down 0.04 0.18* 20% oak acorn Interleukine-2 
Down 0.01 0.12* 20% oak acorn Interleukine-13 
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Figure 2. Expression of IL-2 and IL-13 in broiler chickens fed diets containing oak acorn compare to control 
group on day 42. 

 
Discussion 
In the present study, the gene expression levels of IL-
2 and IL-13 on day 42 for 15% oak acorn treatment 
were not different from control group, but with 
increasing the amount of oak acorn in 20% treatment, 
expression levels of both genes were significantly 
lower than control and 15% oak acorn treatments. 
Regarding the effect of tannic acid on immune system 
of broiler chickens, it has been observed that the diet 
administration of tannic acid caused a significant 
reduction in weight of the bursa Fabricius, thymus 
and spleen in broiler chickens (Marzo et al. (1990). In 
addition, the total white blood cells, absolute 
lymphocytes and levels of M and G immunoglobulins 
were reduced in chickens fed with tannic acid (Marzo 
et al., 1990). They have suggested that tannic acid 
could impair development of immune system in 
growing chickens, which its severity depends on the 
amount of added tannic acid (Marzo et al., 1990). 
Reduction of the bursa Fabricius weight seems to be 
associated to genes expression of immune system, 
which is consistent with results of the present study. 
Generally, it is suggested that phenolic compounds, 
especially tannins, block the absorption of sugars and 
amino acids in the intestine (Santidrian and Mano, 
1989), which reduces the availability of amino acids 
in diets containing tannin, and reduces protein 
synthesis in lymphoid tissues (Marzo et al., 1990). 
Since antibodies and interleukins are the most 
important serum proteins associated with the immune 
system, it is expected that reduction of serum proteins 
could lead to suppression of the immune system. Diet 
containing 20% oak acorn due to having more 
phenolic compounds and anti-nutrients substances, 
such as tannins, is not palatable and leads to reduced 
feed intake. On the other hand, synthesis of 

interleukins requires protein substances; it seems that 
reducing feed intake can reduce interleukins 
production, which is consistent with the results 
obtained in this study. In this regard, Hamou et al. 
(2012) reported that the presence of tannin in oak 
acorn decreases feed intake in broiler chicken.  

In fact, it is confirmed that phenolic compounds 
inhibit expression and secretion of cytokines. In 
present study, the expression of Th1 (IL-2) and Th2 
(IL-13) cytokines significantly decreased in broiler 
chicken fed diets contain oak acorn. In addition, 
reduction of IL-2 secretion was observed in the 
lymphocyte cells treated with cocoa extract that 
results in a cell to be less sensitive to the autocrine 
effect of IL-2 (Ramiro et al. 2005). The secretion of 
IL-2 was prevented in human peripheral blood cells 
exposed to cocoa liquor polyphenol (Sanbongi et al., 
1997). Furthermore, extraction of crude cocoa 
reduced transcription of IL-2 gene in human 
peripheral blood lymphocytes which is consistent 
with the results of the present study in broiler 
chickens. Tomita et al. (2002) reported that tea 
polyphenol inhibits the production of Th1 and Th2 
cytokines in CD4+ T cells. They found that IL-2 gene 
expression, IL-2 secretion, and the activation of NF-
kappaB were suppressed in CD4+ T cells of murine 
spleens by tea pigments. They also observed that tea 
pigments suppressed the expression of IL-4 and IL-5 
genes, cytokines produced by Th2 cells. Since IL-13 
is structurally and biologically similar to IL-4, it 
seems that IL-13 should be decreased as well. 
Secretion levels of IL-6 and TNF-α reduced in LPS-
stimulated RAW 264.7 macrophages treated by 
flavonoids (Mueller et al., 2010). Production of IL-
1β, TNF-α, IL-6, and IL-12 significantly decreased in 
human periodontal ligament cells incubated with 
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apigenin flavonoid (Jeong et al., 2009). In addition, 
Tunon et al. (2009) reported that IL-8 production was 
suppressed in human nasal fibroblasts and A549 
epithelial cells exposed to green tea polyphenol. 
Transcription and secretion of TNF-α, IL-1 or IL-6 
have been shown to be suppressed in RBL-2H3 cells 
by flavonoids (Park et al., 2008). Tea-derived 
catechins decrease the production of IL-10 in human 
leukocytes (Crouvezier et al., 2001). Also, in vitro
studies have shown that epigallocatechin-3-gallate
(EGCG), the major active component of green tea, 
inhibits  proliferation of T  cell  derived  from  spleen 
cellsof mice. They also found that dose dependent 
of EGCG  inhibited  division  of  T  cell  and 
progression  of cell  cycle.  In  addition,  EGCG 
supplementation  led  tolower expression of IL-2 
receptor and higher accumulation  of  IL-2  (Wu et 
al., 2009).

  Generally, transcription factors, such as NF-kB 
and AP-1, have important roles in regulation of genes 
involved in immune responses such as IL-2 and IFN-γ
(Fujioka et al., 2004; Park et al., 2000; Mao et al., 
2000). On the other hand, flavonoids compounds can 
regulate activity of transcriptional factors, like NF-kB 
and Nrf-2, in inflammatory and antioxidant pathways
(Maroon et al., 2010). Therefore, it is suggested that 
transcription factors like NF-kB may alter the profile 
of cytokine expression in cultured cells exposed to 
phenolic compounds (Han et al., 1998; Zhao et al., 
1999). For example, T cells stimulation led to 
activation of transcription factors NF-kB, NF-AT and

References
Campbell  PM,  Pimm  J,  Ramassar  V  & Halloran  PF.

1996.  Identification  of  a  calcium-inducible, 
cyclosporine sensitive element in the IFN-gamma 
promoter  that  is  a  potential  NFAT  binding  site. 
Transplantation,  61:  933-939. DOI:
10.1097/00007890-199603270-00016

Canon  JG.  2000.  Inflammatory  cytokines  in
nonpathological  state.  News  in  Physiological 
Science,  15:  298-303. DOI:
10.1152/physiologyonline.2000.15.6.298

Crouvezier S, Powell B, Keir D & Yaqoob P. 2001. The
effects  of  phenolic  components  of  tea  on  the 
production  of  pro- and  anti-inflammatory  cytokines 
by human leukocytes in vitro. Cytokine Journal, 13:
280-286. DOI: 10.1006/cyto.2000.0837

Deshpande  SS.  2002.  Handbook  of  Food  Toxicology.
Toxicants  and ant  nutrient in  plant  foods.  Marcel 
Dekkel, New York. DOI: 10.1201/9780203908969

Fujioka  S,  Niu  J,  Schmidt  C,  Sclabas  GM,  Peng  B,
Uwagawa  T,  Li  Z,  Evans  DB,  Abbruzzese  JL  & 
Chiao  PJ.  2004.  NF-_B  and  AP-1  connection:
Mechanism of NF-_B-dependent regulation of AP-1 
activity.  Molecular  and  Cell  Biology,  24: 7806–
7819. DOI: 10.1128/MCB.24.17.7806-7819.2004

Garcia-Lafuente  A,  Guillamon  E,  Villares  A,
Rostagno MA & Martinez JA. 2009. Flavonoids 
as anti-inflammatory agents: implications in

 

 
 

 

 
 

 

 

 

NF  (P).  The  transcription  factor  NF-AT  has  been 
involved  in  the  expression regulation  of  IL-2,  IFN-γ 
and IL-5 genes (Campbell et al., 1996).

  In the present study, the interferon- gene was not 
expressed in any the treatment groups. Interferon- is 
produced  by  stimulating  mitogens  and  antigens. 
Therefore,  normal  cells  until  have  not  been  induced 
for  interferon- synthesis,  do not  express  it  and  viral 
infections  are  one  of  the  strong  factors  of  interferon 
production.  Considering  the  fact  that  in  this  study, 
broiler  chickens  were  not  affected  by  the  immune 
challenge  and  oak  acorn  also  is  not  containing 
mitogens  compounds,  it  seems  that  oak  acorn  could 
not stimulate the expression of interferon- gene.

Conclusion
Based on results of this study, use of oak acorn in diet 
of  broiler  chickens  would  affect  the  expression  of 
immune  system  genes  and its  effect  depends on 
dietary level of oak acorn. In this way, expression of 
interleukin-2  and  interleukin-13  genes  were 
suppressed  in  bursa Fabricius tissue  of  broiler  in 
treatment  of  20%  oak  acorn,  while  consumption  of 
lower oak acorn level (15%) did not influence on the 
expression of the two studied genes.

Acknowledgements
This  study  was  supported  by  Yasouj  University, 
Yasouj, Iran.

cancer  and  cardiovascular  disease. 
Inflammation  Research,  58:  537–552. DOI:
10.1007/s00011-009-0037-3

Haiwen  L,  Manfu  Z,  Haitang  H,  Jihong  Y  &
Zandong L.  2010.  Comparison  of  the 
expression  of  cytokine  genes  in  the  bursal 
tissues of the chickens following challenge with 
infectious  bursal  disease  viruses  of  varying 
virulence.  Virology  Journal,  7:  364. DOI:
10.1186/1743-422X-7-364

Hamou  H,  Bouderoua  K,  Sisbane  I  &  Mourot  J.
2012.  Effect  of  green  oak  acorn  based  diet  on 
performance  and  fatty  acid  composition  of 
cooked  breast  meat.  International  Journal  of 
Applied Animal Sciences, 1: 94-101.

Han  SH,  Yea  SS,  Jeon  YJ,  Yang  KH  &  Kaminski
NE.  1998.  Transforming  growth  factor-beta  1
(TGFbeta1)  promotes  IL-2  mRNA  expression 
through  the  up-regulation  of  NF-kappaB,  AP-1 
and  NF-AT  in  EL4  cells.  Journal  of 
Pharmacology  and  Experimental  Therapeutics, 
287:1105–1112.

Jeong  GS,  Lee  SH,  Jeong  SN,  Kim  YC  &  Kim  EC.
2009.  Anti-inflammatory  effects  of  apigenin  on 
nicotine- and  lipopolysaccharide-stimulated  human 
periodontal  ligament  cells  via  heme  oxygenase-1. 
International  Immunopharmacology,  9:  1374–1380. 
DOI: 10.1016/j.intimp.2009.08.015

 



100                                                                                                                  Expression Analysis of Cytokine Genes in Broilers 
 

Poultry Science Journal 2019, 7(2): 95-100 

Kelly DS & Bendich A. 1996. Essential nutrients and 
immunologic functions. The American Journal 
Clinical Nutrition, 63: 994S–996S.  DOI: 
10.1093/ajcn/63.6.994 

Kumari M & Jain S. 2012. Tannins: An antinutrient with 
positive effect to manage diabetes. Research Journal 
of Recent Sciences, 1: 70-73. 

Libetta C, Esposito P, Sepe V, Guastoni C, Zucchi M & 
Meloni F. 2011. Effects of different peritoneal 
dialysis fluids on the TH1/TH2 balance. European 
Cytokine Network, 22: 24-31. 

Mao TK, Powell JJ, Van de Water J, Keen CL, Schmitz 
HH, Hammerstone M & Gershwin ME. 2000. The 
effect of cocoa procyanidins on the transcription and 
secretion of interleukin 1 beta in peripheral blood 
mononuclear cells. Life Sciences.66:1377-1386.  
DOI: 10.1097/00007890-199603270-00016 

Maroon JC, Bost JW & Maroon A. 2010. Natural anti-
inflammatory agents for pain relief. Surgical 
Neurology International, 1: 80.  DOI: 
10.1097/00007890-199603270-00016 

Marzo F, Tosar A & Santidrian S. 1990. Effect of tannic 
acid on the immune response of growing chickens. 
Journal of Animal Science, 68: 3306-3312.  DOI: 
10.2527/1990.68103306x 

Meydani SN, Meydani M, Blumberg J, Leka LS, 
Pedrosa M, Diamond R & Schaefer EJ. 1998. 
Assessment of the safety of supplementation with 
different amounts of vitamin E in healthy older 
adults. The American Journal of Clinical Nutrition, 
68: 311–318.  DOI: 10.1093/ajcn/68.2.311 

Mueller M, Hobig, S & Jungbauer A. 2010. Anti-
inflammatory activity of extracts from fruits, herbs 
and spices. Food Chemistry, 122: 987–996.  DOI: 
10.1016/j.foodchem.2010.03.041 

National Research Council (NRC). 1994. Nutritional 
requirements of poultry, (National Academy Press, 
Washington, DC). 

Oppenheim JJ. 2001. Cytokines: past, present and 
future. International Journal of Hematology, 74: 3-8.  
DOI: 10.1007/BF02982543 

Park HH, Lee S, Son HY, Park SB, Kim MS, Choi EJ, 
Singh TS, Ha JH, Lee MG, Kim JE, Hyun MC, 
Kwon TK, Kim YH & Kim SH. 2008. Flavonoids 
inhibit histamine release and expression of pro-
inflammatory cytokines in mast cells. Archives of 
Pharmacal Research, 31: 1303-1311.  DOI: 
10.1007/s12272-001-2110-5 

Park IJ, Cha SY, Kang M, So YS, Go HG, Mun SP, Ryu 
KS & Jang HK. 2011. Effect of proanthocyanidin-
rich extract from Pinus radiate bark on immune 
response of specific-pathogen-free White Leghorn 
chickens. Poultry Science, 90: 977–982.  DOI: 
10.3382/ps.2010-01160 

Park YC, Rimbach G, Saliou G, Valacchi G & Packer L. 
2000. Activity of monomeric, dimeric, and trimeric 
flavonoids on NO production, TNF-alpha secretion, 

and NF-kappaB-dependent gene expression in RAW 
264.7 macrophages. FEBS Letters, 465: 93.97. 

Pfaffl MW, Horgan GW & 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: e36, Science in Animal 
Biotechnology.  DOI: 10.1093/nar/30.9.e36 

Rakic S, Petrovic S, Kukic J, Jadranin M, Tesevic V, 
Povrenovic D & Siler-Marinkovic S. 2007. 
Influence of thermal treatment on phenolic 
compounds and antioxidant properties of oak acorns 
from Serbia. Food Chemistry Journal Impact, 104: 
830-834.  DOI: 10.1016/j.foodchem.2007.01.025 

Ramiro E, Franch A, Castellote C, Andres-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: 859–866.  DOI: 10.1079/BJN20051443 

Sanbongi C, Suzuki N & Tsuyoshi S. 1997. Polyphenols 
in chocolate, which have antioxidant activity, 
modulate immune functions in humans in vitro. 
Cellular Immunology, 177: 129-136.  DOI: 
10.1006/cimm.1997.1109 

Santidrian S & Mano F. 1989. Effect of feeding tannic 
acid and kidney bean (Phuseolusvulgmis) on the 
intestinal absorption of D- galactose and L-leucine in 
chickens. Journal of the Science Food and 
Agriculture, 47: 435-442.  DOI: 10.1002/jsfa. 
2740470405 

Tomita M, Irwin KI, Xie Z & Santoro TJ. 2002. Tea 
Pigments Inhibit the Production of Type 1 (TH1) 
and Type 2 (TH2) Helper T Cell Cytokines in CD4_ 
T Cells. Phytotherapy Research,16: 36–42.  DOI: 
10.1002/ptr.834 

Tunon MJ, Garcia-Mediavilla MV, Sanchez-Campos S 
& Gonzalez-Gallego J. 2009. Potential of flavonoids 
as anti-inflammatory agents: Modulation of pro-
inflammatory gene expression and signal 
transduction pathways. Current Drug Metabolism, 
10: 256-271.  DOI: 10.2174/138920009787846369  

Wu D, Guo Z, Ren Z, Guo W & Nikbin Meydani S. 
2009. Green tea EGCG suppresses T cell 
proliferation through impairment of IL-2/IL-2 
receptor signaling. Free Radical Biology & 
Medicine, 47: 636–643.  DOI: 
10.1016/j.freeradbiomed.2009.06.001  

Yang F, Lei X, Rodriguez-Palacios A, Tang C & Yue H. 
2013. Selection of reference genes for quantitative 
real-time PCR analysis in chicken embryo 
fibroblasts infected with avian leukosis virus 
subgroup. BMC Research Notes, 6: 402.  DOI: 
10.1186/1756-0500-6-402 

Zhao W, Schafer R & Barnett JB. 1999. Propanil affects 
transcriptional and posttranscriptional regulation of 
IL-2 expression in activated EL-4 cells. Toxicology 
and Applied Pharmacology, 154:153–159. DOI: 
10.1006/taap.1998.8545

 


