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Tablel- Oligonucleotide sequence of immune-related gene primers (Hateifi et al. 2021; Algazlan et al. 2020).

Gene Sequence (5'—3") Accession No. Product Size (bp)
) CAACCTCAACCTgCCCAA
IL-6 ggAgQAgCTTCCTCAggCATT ABS59572 8
) TgTgTATgTgCAgCAACCCQTAQT
TNF-a ggCATTgCAATTTggACAgAAgT AY 765397 ks
: CggCCgACgATgAgTggCTC
TGF-p CggggCCCATCTCACAQYGA M31160.1 120
B-actin CATCACCATTggCAATgAgAgY L08165 353

gCAAQCAggAgTACgATIAATC
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Table 2. Effects of in ovo injection of silver nanoparticles on hatchability percentage, carcass, liver and spleen of
broilers in the study groups at hatching time

Treatments Hatchability Carcass weight Breast weight  Thigh weight Liver Spleen
(%) (%0) (%) (%) (%0) (%)
Non-injected 902 +0.408 66.619+0.20 21.45°40. 1 15.71°+0.01 0.9+0.05 0.55%+0.05
Saline solution 859+0.707 68.20°+0.01 2152¢+0.01  15.74°+0.01 1.15+0.1 0.653+0.05
20 mg NS 81°+0.408 73.212+0.01 22.012+0.01 16.132+0.01 1.40+0.1 0.95%+0.05
40 mg NS 759+0.408 70.15+0.05 21.83%+0.05  16.02b+0.02 1.20+0.1 0.70+0.1
P-Value 0.0001 0.01 0.01 0.02 0.05 0.05

#cd Means within a column without a common superscript differ significantly (P<0/05).
Non-injected: without silver nanoparticles, Saline solution: phosphate buffer saline, 20 mg NS: 20 mg silver
nanoparticles, 40 mg NS: 40 mg silver nanoparticles

Table 3. Effects of in ovo injection of silver nanoparticles on carcass percentage, liver and spleen of broilers in
the study groups at 42 day

Treatments Carcass weight Breast weight Thigh weight Liver Spleen
(%0) (%) (%) (%0) (%0)
Non-injected 70.500+0.5 22.61¢+0.01 16.62+0.01 1.75+0.05 0.7+0.05
Saline solution 71.50%+0.5 22.47°+0.02 16.66 +0.07 1.80+0.1 0.75+0.01
20 mg NS 75.502+0.5 22.82b+0.02 16.71 +0.01 1.85+0.1 0.95 +0.05
40 mg NS 77.50%40.5 23.05%+0.05 16.83+0.03 2.01+0.01 1.01+0.01
P-Value 0.001 0.0007 0.082 0.342 0.05

ab.C Means within a column without a common superscript differ significantly (P<0/05).
Non-injected: without silver nanoparticles, Saline solution: phosphate buffer saline, 20 mg NS: 20 mg silver
nanoparticles, 40 mg NS: 40 mg silver nanoparticles
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Table 4. Effects of in ovo injection of silver nanoparticles on immune response of broilers in the study groups

Treatments 19G WBC H/L
Non-njected 34437510263 110.875:0.295 22020.250400365 400000
Salinesolution 505 19540811 111.75040.250  22922.200+4.255 0'413;0'00
20 mg NS 345750:0422 11192550350 229305002070 O H7E0-00
40 mg NS 34550060365 111875:0226  22030250+1849 10000
P-Value 0.268 0.053 0.084 0.123

Non-injected: without silver nanoparticles, Saline solution: phosphate buffer saline, 20 mg NS: 20 mg silver nanoparticles,

40 mg NS: 40 mg silver nanoparticles

1gG: Immunoglobulin G, IgM: Immunoglobulin M, WBC: White blood cell, H/L:Heterophil/lymphocyte
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Table 5. Effects of in ovo injection of silver nanoparticles on expression gene TNF-a, IL-6 and
TGF-p of broilers in the study groups at hatching time and 42 day

At hatching 42 day
Treatments TNF-a IL-6 TGF-B TNF-a IL-6 TGF-B
_ini b.
Non-injected 1.0000°40.03  1.0000°:0.02  1.0133°+0.11 1"&% 1.0033£0.06  1.0167°40.13

Saline solution 1.0133%40.05  1.0933%40.13 1.11000+0.07 1.1767°40.17 1.1000+0.13  0.9000°+0.08

20 mg NS 2356794017  5.5400740.67 3.0867%+0.30 1.6631%40.17 1.2767+0.14  2.2933"+0.22
40 mg NS 0956754012  3.4400%0.27 2.8233%0.33 1.7067+0.04 1.3133+0.01  4.013*0.31
P-Value 0.0001 0.0003 0.0003 0.0082 0.187 0.0001

ab.c Means within a column without a common superscript differ significantly (P<0/05).
Non-injected: without silver nanoparticles, Saline solution: phosphate buffer saline, 20 mg NS: 20 mg silver
nanoparticles, 40 mg NS: 40 mg silver nanoparticles
TNF-a:Tumor necrosis factor-a, IL-6: Interleukin 6, TGF-B:Transforming growth factor beta
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Effects of in-ovo injection of silver nanoparticles on immune system function of
broiler chickens under lipopolysaccharide induced oxidative stress
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Introduction: As Selye (1976) pointed out, “stress is the nonspecific response of the body to meet
any demand”, whereas stressor is defined as “an agent that produces stress at any time”. Hence, stress
represents the reaction of the animal organism (i.e., a biological response) to stimuli that disturb its
normal physiological equilibrium or homeostasis. Among many solutions, silver nanoparticles with
antioxidant, nutrients and anti-inflammatory properties are used in many developed countries (Bhanja
et al. 2015). Nanotechnology has very wide and diverse applications, yet is commonly utilized in the
development of therapeutic and pharmaceutical material.

Materials and methods: A total number of 592 eggs with an average weight of 50 g were purchased
from a commercial Hubbard F15 broiler breeder flock aged 50 wk. The eggs, allotted to 4 treatments
of 4 replicates with 37 eggs each, were set on the same floor to provide similar incubation conditions.
Treatments including 2 doses of NS (20 and 40 mg) were injected via the egg holes using 1 mL insulin
syringes equipped with disposable needles (21 gauge). The control group did not receive any
treatment, and the sham control was injected with 1 mL phosphate-buffered saline (Triplett et al.
2018). The injection holes were immediately covered using paraffin. At the end of 18 d incubation,
the eggs were transferred to the hatching cabinet. On the 21 d incubation, the hatched chicks were
taken out of the incubator and after counting (checking for hatching) and weighting, half of the chicks
were sacrificed on the same day to check Hemoral immunity (G and M), white blood cell count and
study of the desired genes (TNF-a, IL-6 and TGF-B). Among other chicks, those that were more
uniform in weight with the desired treatment were transferred to the breeding period for 42 day in 4
treatments (treatments applied during incubation) and 4 replications with 20 broilers per replication.
During 42 day, broilers were provided with ad libitum water and food. To induce oxidative stress
birds were injected Salmonella lipopolysaccharide (500 pg/kg live weight) at 12, 24 and 48 hours
before sacrificing (Xi et al. 2000).

Results and discussion: ovo injection of NS significantly decreased the hatchability of broiler in
comparison to the control group (P<0/05). Goel et al. (Goel et al. 2017), similar to our results, reported
that the hatchability of the eggs injected with nanoparticles was significantly lower than the control
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group. The reason can be attributed to the smaller size of younger embryos at the 7" ED, injection
method, location of injection, injection depth, injection time, genetics, hen age, egg size and hatching
conditions (Sun et al. 2018; Pilarski et al. 2005). Ovo injection of 20 and 40 mg NS significantly
increased carcass percentage compared to the control group at hatching and post-hatch period,
respectively (P<0.05). Bhanja et al. and Pineda et al. (Bhanja et al 2015; Pineda et al 2012) proved
that NS had positive effects on embryo weight. Due to the significant amount of antioxidant in the
NS inside the egg and its antioxidant effect on energy efficiency during embryonic life, NS receiving
groups had a higher body weight at hatching time. Higher birth weight makes it possible to increase
feed intake and weight gain in these treatments. Upon ovo administration of 20 mg NS, spleen was
increased significantly compared to the control group at hatching period (P<0.05). This is in line with
a previous study of Goal et al. (2017), who observed higher liver and spleen weights in birds treated
with 40 mg NS /kg of body weight. The development of B and T lymphocytes initiates during
embryogenesis in the bursa of Fabricius and thymus, respectively, and matures in the spleen until
post-hatch (Erf 1997). These organs play important roles in imparting immunity. The cells produced
in these organs differentiate into cellular immunity and humoral immunity, thus imparting immunity
against different pathogens. Therefore, increased liver and spleen weight indicates a better
immunological health status of in ovo NS supplemented birds. Ovo treatments did not affect the
concentrations of immunoglobulin (IgG), (IgM), WBC counts and H/L ratio (P>0.05). Our results are
consistent with previous studies of Pineda et al. (2012) who showed the concentration of IgG and
IgM were not affected by ovo injection of 10 and 20 mg NS/kg of .... Salari et al. and Saki and Salari
(Salari et al. 2016; Saki and Salari 2015) showed that NS treated groups had higher serum IgM and
IgE, and higher blood neutrophilic granulocytes. Rezaei Zarchi et al. (2012) reported that NS-
supplemented diet fed rats (25, 50, 100 and 200 mg NS/kg of body weight) for 28 days had no
significant effect on WBC and H/L. In comparison with the control and 40 mg NS group at hatching,
there was significant up-regulation of TNF-a, IL-6 and TGF-p gene expression in 20 mg NS injected
embryos. Silver nanoparticles can interact with the immune system by binding and reacting with cells
or proteins, thereby modulating the immune response. In the present study, higher expression of TNF-
a gene in the livers was observed in ovo injected NS embryos. These findings also support earlier
studies by Khan et al. (2013), who showed the gene expression of IL-6 and TNF-a were affected by
50 nm Gold nanoparticles in the kidneys of rats. Furthermore, VVadalasetty et al. (2018) reported that
expression of TNF-a and NF-kB at mRNA were significantly up-regulated in the 50 ppm NS group.
The results of this study suggest that silver nanoparticles improve the immune response of broilers
by improving the growth and increasing the gene expression level of the factors involved in the
function of the immune system.
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