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Abstract

An experiment was conducted to determine the effects of the dietary 
inclusion of different levels of thymoquinone (TQ) of broilers subjected 
to oxidative stress or not on the antibody titers against Newcastle 
disease and on the gene expression of interleukine-1 and interferon 
gamma. A total of 320 one-day-old broilers was randomly assigned 
to eight treatments with four replicates of 10 birds each, in a 4 × 2 
factorial arrangement, consisting of four thymoquinone (TQ) levels (0, 
5, 8, or 11 mg/kg body weight) and two levels tert-butyl hydroperoxide 
(t-BHP) injection (0 or 0.02 mmol/kg of body weight). Blood samples 
were collected from two birds per replicate to determine antibody titers 
against Newcastle disease. At the end of experiment, two birds per 
replicate were randomly selected, sacrificed and their spleens were 
collected to evaluate the genes expressioninterleukin-1 and interferon 
gamma (p<0.05). The dietary inclusion of TQ of broilers subjected or 
not oxidative stress increased antibody production against Newcastle 
disease (p<0.05). Both individual and combined dietary inclusion of 
t-BHP and TQ promote the differentiation and proliferation of spleen 
cells and the gene expression of interleukin-1 and interferon gamma 
(p<0.05).

INTRODUCTION

Stress negatively affects broiler performance and increases mortality 
rates. Broilers may be exposed to several kinds of stress (Prieto & 
Campo, 2010), such as oxidative stress. Oxidative stress is caused by 
an imbalance between the production of free radicals and the capacity 
of the antioxidant defense system to override them. Free radicals can 
bind with different parts of cells and disrupt their functions (Zhou et al., 
2000). The strongest effects of free radicals are exerted on fats, proteins 
and DNA (Lobo et al., 2010). Free radicals can alter the expression of 
genes by binding to different DNA sites, disturbing protein synthesis, 
and consequently, affecting animal performance (Sharma et al., 2012). 

Tert-butyl hydroperoxide is a chemical used in various experiments 
to cause oxidative stress in the body (Simeonova et al., 2014). 

The body is protected against oxidative damage by enzymatic and 
non-enzymatic systems. Non-enzymatic antioxidant systems can be 
natural and synthetic. Natural antioxidants, such as vitamins A and C, 
are present in plants (Shrihari et al., 2012), such as buck seed (black 
cumin); which use has very beneficial effects. No negative effects of the 
dietary inclusion of black cumin on broiler performance were reported 
(Goreja, 2003). Black cumin was evaluated in several broiler nutrition 
studies, which reported improvement in body growth, protein synthesis 
and immune functions (Sogut et al., 2008). Black cumin extract contains 
several active compounds, such as TQ, which has antioxidant effects. 
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There are several studies on the use of this substance 
as antioxidant in humans and some animals (Umar et 
al., 2012; Singh et al., 2014), but there are no reports 
on the effects of black cumin on the immune system 
or immune gene expression. Therefore, this study was 
performed to evaluate the effects of TQ on antibody 
titers against Newcastle disease (ND) and the gene 
expression of interleukin-1 and interferon gamma. 

MATERIALSAND METHODS

This experiment was conducted on the farm of the 
Islamic Azad University of Darab, Fars, Iran. In total, 
320 one-day-old Ross 308 broiler chicks were used. 
Birds were reared on floor pens for 42 days. Feed and 
water were supplied ad libitum. A three-phase feeding 
program was applied (starter, grower, and finisher), 
and composition of the basal diets is given in Table 1.

Table 1 – Ingredients and calculated nutrient composition 
of experimental diets

Starter  
(0-10 d)

Grower  
(11-24 d)

Finisher  
(25-42 d)

Ingredients (%)

Corn 52.86 58.13 60.24

Oil, vegetable 3.83 4.57 5.32

Soybean meal (44%) 37.35 28.99 30.86

DL-Methionine 0.36 0.28 0.25

L-Lysine HCl 0.25 0.15 0.14

L-Threonine 0.1 0.00 0.04

Limestone 1.6 .97 1.43

Fish meal 2 5 0

NaCl 0.25 0.27 0.3

Vit. & Min. premix 0.5 0.5 0.5

DCP 0.9 1.13 0.93

Total 100 100 100

Calculated nutrient composition

Crude Protein, % 22.72 21 19

Energy, kcal/kg 3025 3150 3200

Lysine(SID), % 1.43 1.24 1.09

Met+Cys(SID), % 1.07 0.93 0.86

Threonine(SID), % 0.78 0.71 0.62

Tryptophan(SID), % 0.32 0.45 0.26

Calcium, % 1 0.9 0.85

Av. Phosphorus, % 0.5 0.46 0.42

Vitamin & mineral premix (content per kg): vitamin A, 1,800,000 IU; vitamin D3, 
400,000 IU; vitamin E, 3,600 IU; vitamin K3, 400 mg; thiamine, 360 mg; riboflavin, 
1,320 mg; niacin, 6,000 mg; vitamin B6, 600 mg; vitamin B5, 2,000; vitamin B12, 3 
mg; folic acid, 200 mg; biotin, 20 mg, choline, 80 g; zinc, 17 g; iron, 10 g; copper, 2 g; 
manganese, 20 g; selenium, 40 mg; iodine, 200 mg. 

Birds were weighed upon arrival at the farm, 
and randomly assigned to eight dietary treatments 
with four replicates of 10 birds each according to a 
completely randomized design in a 4 × 2 factorial 
arrangement (dietary inclusion of four TQ levels and 
two t-BHP levels). The treatments included: control 

group (diet with no TQ or t-BHP), group 2 (diet with 5 
mg TQ/kg body weight), group 3 (diet with 8 mg TQ/
kg body weight), group 4 (diet with 11 mg TQ/kg body 
weight), group 5 (diet with 0 mg TQ/kg body weight + 
0.02 mmol t-BHP/kg body weight), group 6 (diet with 
5 mg TQ/kg body weight + 0.02 mmol t-BHP/kg body 
weight), group 7 (diet with 8 mg TQ/kg body weight 
+ 0.02 mmol t-BHP/kg body weight) and group 8 (diet 
with 11 mg TQ/kg body weight + 0.02 mmol t-BHP/kg 
body weight).

Vaccination against Newcastle disease 
and infectious bursal disease

Vaccinations were injected against Newcastle and 
infectious bursal diseases on days 7 and 19.

Preparation and injection of thymoquinone 
and tert-butyl hydroperoxide

The prooxidant t-BHP and the antioxidant TQ 
(2-isopropyl-5-methyl-1,4-benzoquinone) were 
purchased from Sigma-Aldrich. TQ was diluted in 1mL 
dimethyl sulfoxide and olive oil, and daily injected 
intraperitoneally. t- BHP also injected intraperitoneally 
at 0.02 mmol/kg body weight on days 18, 21 and 24.

Sampling and measurement of blood 
parameters

On days 28 and 42, two were chicks randomly 
selected from each replicate, and blood samples were 
taken from wing’s vein. Blood serum was separated 
in centrifuge at 2000 × g for 30 min. Serum samples 
were stored at -20 ° C for determination of antibody 
titers against Newcastle disease. 

Gene expression

At the end of experiment, two birds were selected 
from each replicate to collect their spleens. The 
spleens were placed in a liquid nitrogen tank. The 
samples were transported to the laboratory of the 
University of Shahid Beheshti of Tehran to determine 
the gene expression of interleukin-1 and interferon 
gamma using Reverse Transcription-polymerase chain 
reactions (RT-PCR) technique.  Messenger RNA (mRNA) 
extraction was performed using an extraction kit 
(Vivantis Company, Malaysia). Then, cDNA synthesized 
by reverse transcriptase using commercial kits (Vivantis 
Company, Malaysia). Real-time PCR was performed 
using Power SYBR Green PCR Master Mix (Applied 
Biosystems, CA, USA). Beta-actin was applied as 
housekeeping gene. Primers sequences are shown in 
Table 2.
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Table 2 – Primer sequences used for analysis of interleukin-1 
and interferon gamma genes expression. 
Primers Sequences

Interferon gamma (Forward) 5-GATGTGCGGATACCTGAAGC -3

Interferon gamma (Reverse) 5-AGGGATGCCAACATGACTGA -3

Interleukin-1 (Forward) 5-TACGCATACTGTCACCATCA -3

Interleukin-1 (Reverse) 5-ATGGATGGGAAGGAGCTACAA -3

Beta-actin (Forward) 5-CCACCGCAAATGCTTCTAAAC-3

Beta-actin (Reverse) 5-AAGACTGCTGCTGACACCTTC-3

Statistical analysis

Statistical analysis was performed using the software 
SAS (2001). Means were compared using Duncan`s 
multiple-range test and significance was determined 
at p≤0.05 (Duncan, 1955).

RESULTS
Antibody titers against Newcastle disease

Table 3 shows the results of antibody titers against 
Newcastle disease. On day 28, broilers fed diets with 
TQ, with or with no t-BHP (oxidant agent) presented 
higher antibody titers. The dietary inclusion of TQ 
at the levels of 8 and 11 mg/kg body weight in the 
groups 3 and 4 promoted significantly higher antibody 
production under oxidative stress condition compared 
with group 5,and also with groups 6 and 7 (p<0.05). 
The group 5 received only t-BHP, and groups 6 and 7,in 
addition to t-BHP, also received TQ at the levels of 5 
and 8 mg/ kg body weight, respectively. 

No significant antibody titer differences were 
observed between birds fed TQ at the levels of 5 and 
11 mg/kg body weight under oxidative stress or not, 
respectively (p>0.05). 

Therefore, the dietary inclusion of TQ at 11 mg/kg 
body has increased antibody production. There were 
no significant differences between the groups of 5, 6, 
and the with control group (p>0.05).

Table 3 – Effects of thymoquinone and tert-butyl hydro-
peroxide on antibody titers against Newcastle disease.
Treatments Day 28 Day 42

Control 1.96b 3.18c

2 2.42ab 4.00ab

3 2.73a 4.31a

4 2.63a 4.23a

5 1.96b 3.16c

6 2.02b 3.24c

7 2.11b 3.50bc

8 2.38ab 3.48bc

SEM 0.182 0.267

Means with different superscripts in the same column are significantly different at 
p<0.05

On day 42, the groups receiving only TQ (groups of 
2, 3 and 4) produced more antibodies than the control 
group (p<0.05). Antibody titer of group 5,receiving 
only t-BHP, was not significantly different from the 
control group (p>0.05). The groups receiving to TQ 
and under oxidative stress did not present significantly 
different antibody titer compared with the control 
group (p>0.05).

Gene expression

Table 4 shows interleukin-1 and interferon gamma 
gene expression of all experimental groups subjected 
to oxidative stress or not. 

Table 4 – Effects of thymoquinone and tert-butyl hydro-
peroxide on interleukin-1 and interferon gamma gene 
expression
Treatments Interleukine-1 Interferon gamma

Control 1e 1e

2 1. 163de 1.236de

3 1.293d 1.474d

4 1.861c 1.678cd

5 1.371d 1. 579cd

6 2. 175c 1.797c

7 2.724b 2. 571b

8 3.461a 2.966a

Means with different superscripts in the same column are significantly different at 
p<0.05

According to this table, TQ and t-BHP individually 
increased the gene expression of interleukin-1 and 
interferon-gamma, as well as their interaction. The 
experimental group 8, which was fed TQ at the level 
of 11 mg/kg body weight and t-BHP, presented the 
highest expression of both genes. 

DISCUSSION
Antibody titer against Newcastle disease

All groups fed TQ produced more antibodies than 
the control group (p<0.05). The reduced production of 
antibodies in body of chickens under oxidative stress is 
related with an increased production of inflammatory 
cytokines, particularly interferon gamma and 
interleukin-1 (Vuet al., 2014). These factors increase 
the secretion of corticotropin releasing hormone by 
the hypothalamus. This hormone, in turn, increases 
the secretion of adrenocorticotropic hormone by the 
pituitary gland. These events increase the levels of 
corticosterone in the adrenal glands. TQ inhibits free 
radicals and oxidative stress, and reducing the release 
of corticosterone that inhibits antibody production. 
Therefore, the improvement in antibody production 
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in the groups fed TQ may be related with reduced 
corticosterone release. According to Badr et al. 
(2013), the antibody production increases because TQ 
promotes an increase in the number and proportion 
of lymphocytes B, which produce antibodies. Also, 
although the levels of free radicals in the groups that 
did not receive t-BHP were low, TQ consumption 
led to an increase in the number and proportion of 
lymphocytes. In these groups, the low levels of TQ were 
used in animal body to inhibit the accumulation of free 
radicals. While, chicks in groups under oxidative stress 
had lower the numbers and proportion of lymphocytes 
than non-stressed chicks. 

Interleukin-1 and interferon gamma gene 
expression

The results of this study show an increase in the 
expression of both these cytokine genes. The effects 
of t-BHP oninterleukin-1 and interferongamma 
gene expression are a result of the production of 
free radicals promoted by this chemical substance. 
Inflammation causes increased levels of inflammatory 
cytokines. These cytokines can increase the activity of 
the immune cells involved in the inflammation process. 
The inhibition of interleukine-1-beta activity causes 
colon infection in rabbits (Cominelli et al., 1992). 
Furthermore, interleukine-1 can control inflammation 
by increasing the blood vessel permeability of vessels 
and speed up the movement of immune factors 
(Kesavulu et al., 2000). Moreover, interleukine-1 
increases the production of some chemokines and other 
products that play a role in infection and inflammation 
(Nygaard et al. 2013). Interleukine-1 also accounts for 
the fever observed during body contamination against 
pathogenic microorganisms (Oberholzer et al., 2000; 
Schaffner, 2006).

Interferon gamma is the main factor stimulating 
macrophage activity. It also plays several roles against 
microorganisms and tumor cells. This cytokine also 
promotes the growth and maturity of white blood cells 
(Nayler et al., 1984). The release of interleukine-12 
by macrophages increase interferon gamma gene 
expression (Pien et al., 2000). Interferon gamma plays 
an important role on the control of inflammation by 
influencing the expression of several genes (Londhe & 
Davie, 2011). Free radicals act as cellular messengers 
in inflammation processes (Ferrari & Andrade, 2015). 
Free radicals also activate several inflammatory 
enzymes, such as protein kinase, protein phosphatase 
and other transcription factors (Khanna et al., 2015). 
Therefore, free radicals have been proven to increase 
the inflammation. 

CONCLUSIONS

Both individual and combined dietary inclusion of 
tert-butyl hydroperoxide and thymoquinone promote 
the differentiation and proliferation of spleen cells and 
the gene expression of interleukin-1 and interferon 
gamma.

The dietary addition of thymoquinone increases the 
production of antibodies and white blood cells. 
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