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ABSTRACT Ammonia is a hazardous environmental
pollutant that can be harmful to animal health. In this
study, we aimed to evaluate the effect of ammonia
exposure on broiler chicken spleens. We randomly
divided one hundred twenty 1-day-old broiler chickens
into 3 groups and raised them with exposure to different
ammonia concentrations (low, middle, and high); at 42
D of age, the chicken spleens were extracted. We
observed histopathologic changes in spleen tissues by
microscopy and measured the expression of Th1/Th2
secreted cytokines (interleukin [IL]-1b, IL-2, IL-4, IL-6,
IL-10, interferon-g [IFN-g], tumor necrosis factor-a)
by RT-PCR.We also measured the expression of nuclear
receptor-kB (NF-kB) pathway–related genes
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(cyclooxygenase-2 [COX-2], nitric oxide synthase
[iNOS], and prostaglandin synthetase [PGE]) in spleens
by RT-PCR and Western blot analysis. Histopathologic
observations indicated that the spleen tissues were seri-
ously injured in the high ammonia concentration group.
There was abnormal cytokine expression, including
increased IL-4, IL-6, and IFN-g and decreased IL-2,
which indicated an imbalance in the Th1/Th2
response. The proinflammatory factors such as NF-kB,
COX-2, iNOS, and PGE were upregulated in the high
ammonia group. In conclusion, this study illustrated
that ammonia exposure led to a Th1/Th2 immune
imbalance and triggered the NF-kB pathway, causing
inflammatory damage to the spleen.
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INTRODUCTION

Ammonia (NH3), which is a colorless irritant gas, has
been considered to be one of the main pollutants in the
atmosphere that usually comes from the treatment of
livestock waste and volatile synthetic fertilizers
(Bonyadi et al., 2016), as well as petroleum smelting
(Marta et al., 2010). Ammonia is an alkaline gas; there-
fore, it can neutralize acidic substances in the atmo-
sphere to produce ammonium salts that can reduce
atmospheric visibility. Ammonia can increase PM2.5 in
the atmosphere, which effects the balance of regional
ecosystems, and high atmospheric NH3 is one of the
main factors that can effect human and animal health
(Bonyadi et al., 2016; Lu et al., 2017). Ammonia
stimulation can generate reactive oxygen species
(Kosenko et al., 2003), which leads to oxidative stress,
damage to cell membrane integrity, reduced enzyme ac-
tivity, and pathologic injury or even cell death (Drose
and Brandt, 2008; Liang et al., 2016). At the same
time, NH3 can also effect the immune response and
increase inflammatory cytokine expression (Qi et al.,
2017).

It has been reported that an elevated Th1 immune
response occurs in the early stages of infection, which
can lead to immune-mediated neuronal damage, whereas
in the later stages, the Th2 immune response helps to
repair damaged nerves and recovery from Campylo-
bacter jejuni–associated Guillain-Barr�e syndrome
(Nyati et al., 2012). As we known, the ratio of Th1/
Th2maintains the balance between cellular and humoral
immune responses. Many studies have shown that
inflammation and diseases follow a Th1/Th2 imbalance,
including pneumonia (Zhao et al., 2016), pyelonephritis,
and systemic lupus erythematosus (Huang et al., 2011;
Talaat et al., 2015). A recent study suggested that the
treatment of asthma by regulating the balance of Th1/
Th2 in humans was effective (Wang et al., 2016). We
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know the cytokines that are associated with T helper
cells; the biomarkers secreted by Th1 cells are inter-
feron-g (IFN-g), interlenkin (IL)-2 and tumor necrosis
factor-a (TNF-a), whereas the biomarkers secreted by
Th2 cells are IL-4, IL-6, and IL-10, with all of these cyto-
kines being closely related to the balance in Th1/Th2
(Sun et al., 2018). Additionally, nuclear receptor-kB
(NF-kB) is a key regulatory factor in many inflamma-
tory diseases; NF-kB activates proinflammatory cyto-
kines such as TNF-a, IL-6, as well as Th2 cytokines
including IL-4 and interleukin-13 (Chi et al., 2017).
Together, NF-kB and TNF-a coregulate the vast
network of immune and inflammatory responses (Tak
and Firestein, 2001). Chang’s research further illus-
trated that the potential mechanism of nano-NiO-
induced lung lesions was related to NF-kB activation
and a Th1/Th2 imbalance (Chang et al., 2016).

There are limited data available on the negative ef-
fects of NH3-induced immune imbalance and inflamma-
tion. In this study, we used chickens as research subjects
and established a model of different concentrations of
NH3 exposure. To explore the impact of an NH3 concen-
tration gradient on chicken spleens, we measured the
expression of immune-related genes (IL-2, IFN-g, IL-4,
IL-6, IL-1b, and IL-10), NF-kB, TNF-a, nitric oxide syn-
thase (iNOS), cyclooxygenase-2(COX-2), and prosta-
glandin synthetase (PGE) in spleens under different
concentrations of NH3 by quantitative real-time PCR
and Western blot analysis. This article will provide a
research basis for NH3-induced inflammatory damage
and NH3 toxicology research.
MATERIALS AND METHODS

Experimental Animals and Ammonia
Concentration

Our experiment was normative and was approved by
the Institutional Animal Care and Use Committee of
the Agricultural University with the approved protocol
number SRM-08. Briefly, 120 broiler chickens (1-day-
old) were used and purchased from the Weiwei Com-
pany in Harbin, China. The one hundred twenty
1-day-old broilers were randomly divided into 3 treat-
ment groups. Each treatment group was placed in a
separate, environmentally controlled chamber with
O2, CO2, NH3, temperature, and humidity sensors,
which monitored gas concentration continuously.
Each group had 4 replicates with 10 birds per replicate.
Ammonia gas was fed into the room continuously for
24 h. The chambers were maintained at 5, 10, and
20 ppm NH3 gas from 0 to 3 wk. After 22 D, the
NH3 concentration in all chambers was adjusted to 5,
15, and 45 ppm, respectively, and then maintained at
these levels out to 6 wk. The environmental parameters
of each environmental control room, such as tempera-
ture, humidity, wind speed, and illumination, were
adjusted once a wk according to the requirements of
the ages of the broilers. Aside from the NH3 gas, the
ambient parameters of each environmental control
room were basically the same as the environmental pa-
rameters. The supply, access, and concentration con-
trols of the NH3 in each room control chamber were
controlled by NH3 cylinders, safety valves, and flow me-
ters, respectively (Shi et al., 2019). The basal diet was
prepared according to the nutrient requirements of
the broilers (NRC, 1994). The broilers were free to
consume food and water when fed, and we ensured
that the temperature, relative humidity, and light
time of the 3 treatment groups were consistent. After
42 D, all broilers were euthanized with sodium pento-
barbital, and the spleen tissues from each chicken
were collected and immediately frozen in liquid nitrogen
and stored at 280�C.
Histologic Observation of Spleen Tissue

After treatment with NH3, spleen tissue sections were
stained with hematoxylin and eosin. The method used
wasconsistentwithourpreviousstudies(Chenetal.,2017).
Real-Time PCR Analysis

Total RNA were extracted from chicken spleens using
the TRIzol reagent (Invitrogen, Carlsbad, CA). Oligo
dT primers and Superscript II reverse transcriptase
(Invitrogen) were used to make complementary DNA
from 200 ng of total RNA. b-actin was used as internal
control. The primer sequences for IL-1b, IL-2, IL-4, IL-
6, IL-10, IFN-g, NF-kB, COX-2, iNOS, PGE, TNF-a,
and b-actin are described in Table 1. The relative expres-
sion levels of mRNAs were evaluated by the 22DDCt

method (Jin et al., 2018).
Western Blot Analysis

First, chicken spleen proteins were subjected to SDS-
polyacrylamide gel electrophoresis. The separated pro-
teins were then transferred to nitrocellulose membranes
using a tank transfer for 2 h at 200 mA in Tris-glycine
buffer containing 20% methanol. The membranes were
blocked with 5% skim milk for 24 h and incubated over-
night with diluted primary chicken antibodies against
iNOS (1:1500, polyclonal antibody prepared by our lab-
oratory), COX-2, NF-kB, and TNF-a (1:500, Santa
Cruz Biotechnology, Santa Cruz, CA). To verify equal
loading of samples, the membrane was incubated with
a monoclonal b-actin antibody (1:1000, Santa Cruz
Biotechnology), followed by an horseradish
peroxidase–conjugated secondary antibody. The bound
primary antibodies were detected with a horseradish
peroxidase–conjugated secondary antibody against
mouse IgG (1:1500, Santa Cruz Biotechnology). The
signal was measured by enhanced chemiluminescence
detection reagents (Applygen Technologies Inc., Beijing,
China). The protein bands were visualized using a
Champ Chemi imaging system (Beijing Sage Creation
Science Co. Ltd., Beijing, China). The relative abun-
dances of the proteins were expressed as the ratios of
the optical densities of each protein to that of b-actin.



Table 1. Genes primers used in the real-time quantitative PCR.

Target genes Primer sequence (50-30) Target genes Primer sequence (50-30)

b-actin F:ACGTCGCACTGGATTTCGAG IFN-g F:AGCCGCACATCAAACACATA
R:TGTCAGCAATGCCAGGGTAC R:CGCTGGATTCTCAAGTCGTT

IL-2 F:TGCAGTGTTACCTGGGAGAA IL-1b F:CTCCTCCAGCCAGAAAGTGA
R:CGGTGTGATTTAGACCCGTAA R:GAGCTTGTAGCCCTTGATGC

IL-4 F:ACGCCATCAGGAAGGTTGTT IL-10 F:AGGAAACCTCTCCCTGGATGTC
R:GTGCCCACGCTGTGCTTAC R:CGCTGTCACCGCTTCTTCA

TNF-a F:AGATGGGAAGGGAATGAACC COX-2 F:TGTCCTTTCACTGCTTTCCAT
R:ACTGGGCGGTCATAGAACAG R:TTCCATTGCTGTGTTTGAGGT

iNOS F:CCTGGAGGTCCTGGAAGAGT PGE F:GTTCCTGTCATTCGCCTTCTAC
R:CCTGGGTTTCAGAAGTGGC R:CGCATCCTCTGGGTTAGCA

NF-kB F:TCAACGCAGGACCTAAAGACAT IL-6 F:TGCAGTGTTACCTGGGAGAA
R:GCAGATAGCCAAGTTCAGGATG R:CGGTGTGATTTAGACCCGTAA

Abbreviations: COX-2, cyclooxygenase-2; iNOS, nitric oxide synthase; NF-kB, nuclear receptor-kB; PGE, prostaglandin
synthetase; TNF-a, tumor necrosis factor-a.
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Statistical Analysis

We analyzed the data using GraphPad Prism software
(Graph Pad Software Inc., version 5.0, San Diego, CA).
In each group, the data used were the means6 the stan-
dard deviation, and they were analyzed using a one-way
analysis of variance with Tukey’s correction. Statisti-
cally significant differences (P , 0.05) between the
data samples are represented by different lowercase
letters.
RESULTS

Effect of NH3 Exposure on Morphological
Changes in the Spleen

The histology results of the spleen tissues from the
chickens are shown on Figure 1. The histology results
Figure 1. (A) Represents low ammonia (NH3) stimulation, the clearly bo
yellow frame was amplified at 800! , and it shows the integrated cell structu
concentrationNH3 exposure, and the picture was captured at 400! , red arro
the trabecular swelling, lymphocytes and macrophages infiltrated, and the r
cell structural.
of the spleen tissues are shown in Figure 1 as the cen-
ter of cellular and humoral immunity, spleen contain-
ing amount of lymphocytes and macrophages, so that
we evaluated the effect of NH3 exposure on the
spleen. As shown in Figure 1, in the control group,
spleen tissue showed clear boundaries between red
and white pulps. The white pulp contained abundant
lymphocytes and macrophages, and the cell structure
was intact as the yellow arrow indicated (Figure 1A).
However, In the high NH3 group, the border between
the red and white pulp was blurred, trabecular
swelling or disappeared, destroyed cell structural
(green arrow) (Figure 1B), lymphocytes and macro-
phages infiltrated, and neutrophils increased (red ar-
row). The results suggested that NH3 exposure
would induce lesion in the pathologic structure of
chicken spleen and abnormalities in lymphocytes
and macrophages.
unds of white pulps and red pulps, pictures were captured at 400! , the
re, and yellow arrows indicated the lymphocytes. (B) Represents the high
wwas amplified at 800!, and it shows the indistinct bounds of pulps and
ed arrow indicated neutrophils, and the green arrow indicated destroyed
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Effect of NH3 Exposure on the mRNA
Expression of Th1/Th2-Related Genes in
Spleen Tissues

To explore the effects of NH3 exposure on the Th1/
Th2 balance in chicken spleens, we measured the
mRNA expression of Th1/Th2-related genes by RT-
PCR. The results are showed in Figure 2. The mRNA
expression of IFN-g was downregulated in the high
NH3 exposure group compared with the low and middle
NH3 exposure groups, and IL-2 was expressed signifi-
cantly among the 3 groups (Figure 2A). The mRNA
expression levels of IL-6 and IL-10 were obviously upre-
gulated in the high NH3 and middle NH3 exposure
groups when compared with the low NH3 group. Howev-
er, there was no significant difference in IL-4 expression
between the middle NH3 and low NH3 groups, with an
increase only in the high NH3 exposure group
(Figure 2B). These results indicated a Th1/Th2
imbalance.
Effect of NH3 Exposure on the mRNA and
Protein Expression of NF-kB, COX-2, iNOS,
and TNF-a in Spleen Tissues

To investigate the role of the NF-kB pathway, we
measured the expression of NF-kB and NF-kB
pathway–related genes (iNOS, COX-2, and PGE).
The results are shown in Figure 3. We found that
the mRNA expression of NF-kB, iNOS, and COX-2
were all heightened in an NH3 concentration–
dependent manner (Figure 3A). The middle and high
NH3 concentrations both had increased PGE mRNA
levels, but there was no difference between them
when compared. The activation of NF-kB is always
accompanied by the proinflammatory factors TNF-a
and IL-1b. Therefore, we examined the expression of
TNF-a and IL-1b (Figure 3B). The results indicated
that TNF-a and IL-1b mRNA levels were increased
in the high and middle NH3 stimulation groups, and
TNF-a was also different at the protein level
(Figure 3C). These results suggested the activation of
NF-kB and proinflammatory factors.
Figure 2. (A) Shows the decrease genes of IL-2 and IFN-g expression. (B)
value represents the mean6 SD (n5 10/group). In each histogram, the bars
ences between the groups (P , 0.05); the bars with a common letter are not
DISCUSSION

Ammonia is a type of harmful gas. Many studies have
reported that NH3 has detrimental effects on ecosystems,
human health, animal health, and the environment. The
precursor of secondary particulate matter (PM2.5) is
NH3, which is beneficial for producing PM2.5 (Erisman
and Schaap, 2004; Behera, 2012). When NH3 is
combined with the oxides of N and S, it produces these
particles, resulting in damage to the body and health
(Nesta et al., 2015; Zhang et al., 2018). In this study,
we found that prolonged exposure to high
concentrations of NH3 induced increased cell bleeding
and changes to the structural boundaries of spleen cells
in chicken. This was followed by a Th1/Th2 imbalance,
abnormal expression of related cytokines, and increased
expression of proinflammatory genes.
Maintaining the Th1/Th2 balance plays an important

role in regulating inflammation.When the Th1/Th2 bal-
ance breaks down, the cytokines secreted by Th1/Th2
cells will be abnormally expressed, which always triggers
the progression of the inflammation (Hao et al., 2017).
Cytokines play an important role in the defense against
stimulation or infection. Thanks to the work of many re-
searchers, we know that cytokines have multiple func-
tions, including in cell metabolism, hematopoietic cell
proliferation, and differentiation. We found that in in-
flammatory damage, cytokines including IFN-g and
IL-4/6 were essential (Altan-Bonnet and Mukherjee,
2019). Li et al. also demonstrated that increased IL-4
and decreased IFN-g expression in the mouse respiratory
tract (stimulated by ovalbumin or sulfur dioxide) caused
a Th1/Th2 imbalance and led to inflammation (Li et al.,
2014). Additionally, the downregulated expression of
IFN-g induced the production of inflammatory factors
by traditional T cells, which may further aggravate
chronic liver inflammatory responses (Weng et al.,
2017). Previous studies also revealed that NH3 exposure
regulated the immune response and altered the gut mi-
crobial community in crucian carp (Qi et al., 2017).
Our results showed that the mRNA expression of IL-4,
IL-6, and IL-10 increased and the mRNA expression of
IFN-g decreased under high NH3 exposure, which indi-
cated that NH3 causes an imbalance of Th1/Th2 in the
immune system.
Indicated the increasing genes of IL-4, IL-6, and IL-10 expression. Each
sharing different small letters represent statistically significantly differ-
significantly different (P . 0.05).



Figure 3. (A) Represents NF-kB and downstream genes expression at mRNA level, NF-kB, iNOS, and COX-2 expressed differently among the 3
groups, PGE was heightened when NH3 stimulation was high; however, there was no difference between middle and low groups. (B) It is the proin-
flammation factors expression of TNF-a and IL-1b. (C) Represents the protein level of iNOS, COX-2, NF-kB, and TNF-a, and b-actin was selected as
internal reference. Bars that do not share the same letters are significantly different (P, 0.05) from each other. Grayscale images are then analyzed by
using ImageJ. Bars represent the mean6 SD, n5 5. Abbreviations: COX-2, cyclooxygenase-2; iNOS, nitric oxide synthase; NF-kB, nuclear receptor-
kB; PGE, prostaglandin synthetase; TNF-a, tumor necrosis factor-a.
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TNF-a is a multifunctional cytokine that regulates
immune and inflammatory responses and which is also
considered an inflammatory marker (Sun et al., 2017).
TNF-a always promotes inflammation, even causing
necroptosis in chick myocardial cells, as well as notice-
ably participating in the NF-kB inflammatory pathway
(Crusz and Balkwill, 2015; Yang et al., 2017). Similarly,
our study showed increased expression of TNF-a under
high NH3 exposure compared with the other 2 groups.
Activated NF-kB enters the nucleus to induce the
production of inflammatory cytokines, such as TNF-a
and IL-6, and leads to inflammatory injuries that are
usually accompanied by activation of the downstream
enzymatic genes COX-2 and iNOS (Yang et al., 2010;
Crusz and Balkwill, 2015). These enzymes can form a
rich and complex network of inflammatory responses.
In addition, Wang et al. confirmed that hydrogen
sulfide could induce Th1/Th2 imbalance, trigger NF-
kB channels, and aggravate the LPS-induced chicken
pneumonia response (Wang et al., 2018). Herein, previ-
ous research led us to conclude that the activation of
the NF-kB pathway may regulate inflammatory injury
after poisonous gas stimulation. Therefore, we examined
the expression levels of genes in the NF-kB pathway and
found that genes associated with the NF-kB pathway
were highly expressed. At the same time, more proin-
flammatory factors were activated (such as TNF-a and
IL-1b, which were highly expressed), which in turn reg-
ulates the activation of NF-kB, further aggravating the
inflammatory damage (Li et al., 2014; Cao et al.,
2016). In this study, the cytokines IL-1b, IL-4, IL-6,
and IL-10 were upregulated, INF-g was downregulated,
and the downstream NF-kB pathway genes COX-2,
iNOS, and PGE were activated in the high NH3 exposed
group, resulting in an imbalance between proinflamma-
tory and anti-inflammatory cytokines in chicken spleens.

In conclusion, this study demonstrated that high
concentrations of NH3 exposure can induced morpho-
logic inflammation injuries in broiler chicken spleens.
In addition, high concentrations of NH3 exposure
caused a Th1/Th2 immune imbalance and activated
the NF-kB pathway, which promoted inflammation
in the chicken spleens. We hope that these results
will provide a theoretical basis for studying the
toxicity of NH3.
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