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ABSTRACT Emission of atmospheric ammonia (NH3)
is an environmental challenge because of its harmful ef-
fects on humans and animals including birds. Among all
organisms, NH3 is highly sensitive to birds. Autophagy
plays a critical role in Bursa of fabricius (BF)-mediated
immune responses against various hazardous substances.
Therefore, we designed our work to demonstrate whether
NH3 can induce autophagy in broiler chicken BF. In this
study, the downregulated levels of mammalian target of
rapamycin and light chain-3 (LC-I), as well as the upre-
gulated levels of phosphate and tensin homology (PTEN),
protein kinase B (AKT), autophagy related-5, light chain-
3 (LC3-II), Becline-1, andDynein, were found.Our results
of transmission electron microscopy displayed signs of
autophagosomes/autophagic lysosomes, and immunoflu-
orescence assay displayed that NH3 exposure reduced the
relative amount of CD81 B-lymphocyte in chicken BF.
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Exposure of NH3 led to energymetabolism disturbance by
decreasing mRNA levels of glucose metabolism factors
aconitase-2, hexokinase-1, hexokinase-2, lactate de
hydrogenase-A, lactate dehydrogenase-B, pyruvate ki-
nase, phosphofructokinase and succinate dehydrogenase
complex unit-B, and adenosine triphosphates (ATPase)
activities (Na1/K1 ATPase, Ca21 ATPase, Mg21

ATPase, and Ca/Mg21 ATPase). Moreover, phosphate
and tensin homology was found as target gene of
microRNA-99a-3p which confirmed that high concentra-
tion ofNH3 caused autophagy in chickenBF. In summary,
these findings suggested that ammonia induced auto-
phagy via miR-99a-3p, the reduction of ATPase activity,
and the alteration of autophagy-related factors, and
energymetabolismmediation in BF. Our findings provide
information to assess theharmful effects ofNH3 on chicken
and clues for human health pathophysiology.
Key words: NH , autophagy, ATPase, miR-99
3 a-3p, PTEN/AKT/mTOR signaling pathway
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INTRODUCTION

Ammonia (NH3) is a colorless, water soluble, irritant,
and alkaline gas produced from the reduction of nitrog-
enous substances or bacterial decomposition of organic
matters (Kristensen and Wathes, 2000). NH3 originates
mainly from agricultural sources, such as manures, slur-
ries, and fertilizer applications (Behera et al., 2013). It is
also emitted from nonagricultural sources including
landfill sites, composting of organic materials, and com-
bustion (Sutton et al., 2000). NH3 is one of environ-
mental pollutants, and its emission takes part in the
formation of secondary inorganic aerosols which can
lead to air pollution. It is well understood that air pollu-
tion caused by NH3 emission has adverse effects on
humans’ and animals’ health (Backes et al., 2016;
Chen et al., 2020a). Based on adverse effects of NH3
emission on health of workers and birds (Naseem and
King, 2018), exposure limit of NH3 in poultry houses
was set as 25 ppm (Kristensen and Wathes, 2000).
Some studies displayed the deleterious effects of high
concentration of NH3 on chicken small intestine mucosa,
breast muscles, spleen, thymus, and liver (Zhang et al.,
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2015; Yi et al., 2016; An et al., 2019; Chen et al., 2019;
Wang et al., 2019; Chen et al., 2020a; Xu et al., 2020).
High concentration of NH3 can cause disruption of
glucose metabolism (Wang et al., 2019), liver damage,
and autophagy in hepatocyte (Yan et al., 2018)

Autophagy is a catabolic process which can regulate
innate and adaptive immunity (Deretic et al., 2013).
Bursa of fabricius (BF) is a primary lymphoid organ
(B-lymphopoiesis) of the birds responsible for humoral im-
munity (Jayachandra et al., 2017). A low level of auto-
phagy in cells is normally in balanced condition, but this
level may be enhanced when cells are stimulated by any
foreign particle/stress, nutrient deficiency, or any other
stimuli (Kroemer et al., 2010). For example, NH3 is a
known environmental stressor and can increase auto-
phagy level in chickens’ heart (Xing et al., 2019a). Previ-
ous studies demonstrated that cadmium, baicalin, and
selenium led to autophagy, apoptosis, inflammation, and
pyroptosis in rat liver, chicken lungs, ovarian, thymus,
and carp pronephros tissues by altering the programmed
death-related factors (Zou et al., 2015; Wang et al.,
2018; Ishfaq et al., 2019; Hu et al., 2020; Sun et al., 2020;
Zhang et al., 2020). Protein kinase B (AKT) andmamma-
lian target of rapamycin (mTOR) were concernedwith the
regulation of autophagy process (Pant et al., 2017). Previ-
ous studies demonstrated the involvement of glucose
metabolism factors (aconitase-2 [ACO-2], hexokinase-1
[HK-1], hexokinase-2 [HK-2], lactate dehydrogenase-A
[LDHA], lactate dehydrogenase-B [LDHB], pyruvate ki-
nase [PK], phosphofructokinase [PFK], and succinate de-
hydrogenase complex unit-B [SDHB]) in regulation of
autophagy and apoptosis process (Lock et al., 2011;
Moruno-Manchόn et al., 2013; Wang et al., 2020), and it
was also described that alteration in ATPase activity
also concerns autophagy mediation (Rule et al., 2016;
Yin et al., 2017). However, whether autophagy is involved
in the toxicity caused byNH3 is still elusive in chicken BF.

MicroRNAs (miRNAs), a type of small noncoding
RNAs of approximately 22 nucleotides in length, can be
involved in many biological processes including immuno-
suppression (Hu et al., 2019; Chen et al., 2020a,b,c,d).
miR-30a and miR-30a-GRP78 Were involved in auto-
phagy mediation (Singh et al., 2017; Shi et al., 2018).
Xing and Han described the immune imbalance and auto-
phagy induced by NH3 inhalation–mediated miR-202-5p
and miR-6615-5p in chicken heart and kidney (Xing
et al., 2019a,b; Han et al., 2020a,b). A previous study
described the involvement of miR-99a- and miR-99a-5p-
mediated autophagy in mice heart and urinary bladder
(Li et al., 2014; Tsai et al., 2018). Based on previous
demonstrated works, we pretended that miR-99a-3p was
involved in NH3-induced autophagy in chicken BF.
Thus, the present study was designed to investigate the
mechanism of autophagy via determining miR-99a-3p;
ATPase activities (Na1/K1 ATPase, Ca21 ATPase,
Mg21 ATPase, and Ca/Mg21 ATPase); mRNA levels of
glucose metabolism factors (including ACO-2, HK-1,
HK-2, LDHA, LDHB, PK, PFK, and SDHB); mRNA
levels of autophagy-related genes (including phosphate
and tensin homology [PTEN], mTOR, AKT, autophagy-
related gene-5 [ATG-5], light chain-3 [LC3-I and LC3-II],
Becline-1, and Dynein); and protein levels of energy meta-
bolism and autophagy-related genes (ACO-2, HK-1,
SDHB; Becline-1, PTEN, p-TOR/mTOR, p-AKT/
AKT) to help in exploring the mechanism of NH3 toxicity.
MATERIALS AND METHODS

Dose Management of NH3 Exposure to
Animals

Institutional Animal Care andUseCommittee ofNorth-
east Agricultural University (Harbin, China) approved the
present study.Ross 308broiler chicks (135)werepurchased
from (Weiwei Co., Ltd., Harbin, China). The broiler chicks
were randomly divided into 3 groups (45 birds in each
group, 3 replication each group). Being given free access
to drinking water and standard commercial diets, the
broilers of 3 groups were kept in safe cages at the Experi-
mental Animal Center in College of Veterinary Medicine,
Northeast Agricultural University. The broiler chickens
were exposed to NH3 with the following concentrations
(5 mg/m2 for the low-NH3 group, 10–15 mg/m2 for the
middle NH3-treated group, and 20–45 mg/m2 for the
high NH3-treated group). A cylinder of compressed anhy-
drous NH3 (Dawn Gas Co., Ltd., Harbin, China) and a
Photoacoustic Field Gas-monitor Innova-1412 (Luma-
sense Technologies, Inc., Santa Clara, CA) were used for
the maintenance and control of NH3 emission.
Transmission Electron Microscopic
Observation

Transmission electron microscopic observation was
performed according to our previous studies (Han et al.,
2020a,b). The samples were fixed in 2.5% glutaraldehyde
and washed in 0.2 mol phosphate buffer (pH 5 7.2) for
15 min twice. Then, these samples were fixed in 1%
osmium-tetroxide buffer for 60 min and were dehydrated
in a gradual series alcohol (75–95%) and set in epoxy-
glue. Finally, ultrathin pieces were stained with uranyl-
acetate. The morphological changes of tissue samples
were observed under transmission electron microscope
(TEM) (Hitachi 7650; Hitachi, Tokyo, Japan).
Sample Collection for Determination of
NH3-Affected BF

Forty-five broiler chickens were randomly selected from
each group and slaughtered at 14th, 28th, and 42nd d. BF
samples were immediately separated and washed with ice
cold phosphate buffer (PBS, pH 5 7.2), frozen in liquid
nitrogen, and stored at280�C for further experimental work.
Immunofluorescence Microscopy for CD81

B-Lymphocyte Determination

IF assay was performed via incubating 5-micron-thick
sections in xylene for 15 min. The sections were



Table 1. Specific primers used in RT-qPCR.

Genes Forward primer (50-30)

ACO2 CCTGTGGACAAGCTGAGCATCG
CTGCGACTCGTTGAAGGTGTGG

HK1 TCATGGCTGTTGTGAACGATACCG
GGTCAATGTGCCGCATCTCCTC

HK2 TGGAGGTGAAGCGGAGGATGAG
GCACCAGCAGCACACGGAAG

LDHA TGCCTGTCTGGAGCGGAGTG
GTCCACCACCTGCTTGTGAACC

LDHB GCAGGTGTTCGTCAGCAAGAGG
GGCAGGCCACTCAACTTCCATG

SDHB TGGACGGACTCTATGAGTGCATCC
TTGAAGTTGTGCCAGGCGTTCC

PK CTCAGCCAACTCTCCGTGATATGC
TCCACTGCTTCCAAGAACGATGAC

PFK GTGAGAGTTGGCATAACGGAAGGC
CGCATCTGGTCAGCAATCTTCTCC

AKT ATGGAATGGACGAAGAGG
ATCCGTGGACGATACTGG

mTOR TGCGGAGTATGTGGAGTT
GCTGGAAGAAGAATGTAGGT

AGT5 GGCACCGACCGATTTAGT
GCTGATGGGTTTGCTTTT

LC3-I TTACACCCATATCAGATTCTTG
ATTCCAACCTGTCCCTCA

LC3-II AGTGAAGTGTAGCAGGATGA
AAGCCTTGTGAACGAGAT

PTEN CTGCCAGACATGACCGCCATC
AGGTCCAGGTCGAAGCCATCC

Dynein CGGCTTGACCTATGGAATCT
CATCACTGCGAGGAACTGC

Beclin1 TCTGAGCATAACGCATCTGG
CGACTGGAGCAGGAAGAAG

b-actin CCAGCCATGTATGTAGCCATCCAG
ACGGCCAGCCAGATCCAGAC

gga-miR-99a-3p GCGCAAGCTCGCTTCTATGGGTCT
U6 CACGCAAATTCGTGAAGCGTTCCA

Specific primers used in RT-qPCR.
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dehydrated in ethanol (75 and 85%) for 5 min and washed
in dH2O; immersed in EDTA antigen retrieval buffer (pH
8.0); and maintained at boiling temperature for 7 to
8 min. To prevent the buffer solution from evaporation,
the samples were cooled in PBS (pH 8.0) for 5 min using
a rocker device. Liquid blocking pens were used to stop
liquid elimination. After being incubated in spontaneous
fluorescence quenching reagent for 5 min and being
washed in fresh water, they were again incubated with
primary antibody (diluted with PBS) goat-serum at
room temperature and then with anti-CD8a antibodies
(1:500 Biomos; Technology Co., Ltd., Beijing, China) in
blocking solution at 4�C overnight, and then again incu-
bated with FITC (1:400 Services-bio Co., Ltd., Wuhan,
China) labeled antirabbit igG and mounted with DAPI
(Beyotime Biotechnology, Co., Ltd., Jiangsu, China).
Finally, the slides were observed under an inverted micro-
scope (Nikon TE2000, Tokyo, Japan).

Measurement Na1/K1, Ca21 and Ca/Mg21

-ATPase

ATPase activities (including Na1/K1 ATPase, Ca21

ATPase, Mg21 ATPase, and Ca/Mg21 ATPase) were
determined according to manufacturer’s instructions
(Cat No. A016-2; Nanjing Jiancheng Bioengineering
Institute, China). Molybdenum blue spectrophotometric
technique was used to obtain the production of in-
organic phosphorus from adenosine triphosphate (ATP)
to adenosine diphosphate (ADP) at 660 nm. Hydrolysis
of phosphate radicals was inhibited by adding other types
of ATPase while performing one type of ATPase activity.
To avoid interassay variations, the assay for each sample
was conducted twice.

Detection of miRNA and mRNA Levels by
qRT-PCR

The extraction of RNA (Li et al., 2019) from all exper-
imental groups was performed with RNAiso Plus re-
agents (Takara, Japan). RNA quality was measured
using a microultraviolet spectrophotometer (GeneQuant
1300/100; GE Healthcare Life Sciences, Sweden) at 260/
280 ratio. Reverse transcription (RT) of miRNA was
performed with miRcute Plus miRNA qPCR kit (Cat
No. FP411; TIANJIN BIOTECH CO., LTD., Beijing,
China) according to manufacturer’s instructions. RT of
mRNAs was performed with RT reaction system
(60 mL) according to manufacturer’s instructions (Hai-
Gene, Harbin, China). The quantitative real-time PCR
reaction condition was the same as our previous experi-
ments (Shah et al., 2020a) and according to the manu-
facturer’s instructions (HaiGene, Harbin, China). All
primers were synthesized by Sangon Biotech Co., Ltd.
(Shanghai, China) and are shown in (Table 1). The
miRNA and mRNA levels were calculated according to
Pfaffl’s method (Pfaffl, 2001; Xing et al., 2019b). U6
and b-actin were used as internal control genes.

Western Blotting for Detection of Protein
Levels

Protein extraction was performed using the Western
blotting technique (Shah et al., 2020b). Proteins were
loaded on sodium dodecyl sulfate-polyacrylamide gel
(SDS-PAGE, 12%) to separate and shifted to nitrocellu-
lose membranes. After being blocked with 5% non-fat
milk in TBST for 2 h and being incubated with diluted
primary chicken antibodies including LC3 (1:500),
Beclin-1 (1:1,000), PTEN (1:1,000), AKT (1:500), b-
actin (1:1,000), mTOR (1:500) (ImmonuWay), and
ACO-2, HK-1 and SDHB (1:1,000) at 1 h for 37�C,
then the membranes were washed 4 times with PBST
for 5 min each time and were incubated in horseradish
peroxidase–conjugated secondary antibodies against
rabbit IgG (1:2000; Santa Cruz, CA) at 37�C for 1 h.
Enhanced chemiluminescence (ELC Biosharp Life Sci-
ences, Anhui, China) and image J software (National
Institute of Health, Bethesda, MD) were used for the vi-
suals of bound immune complexes.

Statistical Analysis

One-way ANOVA was used to determine the statisti-
cal significance (P, 0.05) among different experimental
groups at the same time point and among different time
points in the same group, followed by least significant



Figure 1. Detection of autophagosome formation by TEM. Experimental groups displayed as low, middle, and high NH3-treated groups. The black
arrows indicate autophagosomes/autophagic lysosomes in cytoplasm.
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difference test through the statistical package for social
science (SPSS window version 21.0, Chicago, IL). Heat
map was made using heat map illustrator software
(Heml, version, 1.0.3.7). GraphPad prism software (win-
dow version 6.01; San Diego, CA) was used to make all
the graphs, and data were expressed as mean 6 SD.

RESULTS

Ultrastructural Observation

TEM in autophagy research is the only tool that re-
veals the morphology of autophagic structures in nano-
meter resolution and represented their structures in
natural environment and position among all other
cellular components which allows their exact identifica-
tion (Lucocq and Hacker, 2013). In this regard, the pre-
sent study observed ultrastructures of chickens BF as
shown in Figure 1. TEM observation showed formation
of autophagosomes/lysosomes in the middle and high
NH3-treated groups (Figures 1B, 1C) is much more
than that in the low NH3 group (Figure 1A). The low
NH3 group displayed normal morphology (Figure 1A).
NH3 Effects on Relative Levels CD81

B-Lymphocyte

We determined the relative levels of CD81 B-lympho-
cyte in chicken BF tissues by IF assay, as shown in
Figure 2. The low NH3 group showed normal amount
of relative CD81 B-lymphocyte in chicken BF tissues
(Figure 2A). However, a reduced amount of CD81

B-lymphocyte was found in the middle and high NH3-
treated groups (Figures 2B, 2C).
ATPase Activities

ATPase is a class of enzymes involved in the decompo-
sition of ATP to ADP. So, we investigated ATPase



Figure 2. The estimation of CD81 B-lymphocyte by immunofluorescent assay in broilers BF. Experimental groups displayed as low, middle, and
high (A–I) NH3-treated groups.
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activities (including Na1/K1 ATPase, Ca21 ATPase,
Mg21 ATPase, and Ca/Mg21 ATPase) in NH3-treated
chicken BF. The ATPase activities of chicken BF were
shown in Figure 3. Our results displayed significant
decrease (P, 0.05) in the activities of Na1/K1 ATPase
(Figure 3A), Ca/Mg21 ATPase (Figure 3B), Ca21

ATPase (Figure 3C), and Mg21 ATPase (Figure 3D)
in the middle and high NH3-treated groups compared
with the low NH3 group at all assessed time points.
With the increase in NH3 exposure time, ATPase activ-
ities of Na1/K1 ATPase and Ca21 ATPase were signif-
icantly decreased (P , 0.05) at 28th and 42nd d, while
Ca/Mg21 ATPase and Mg21 ATPase were significantly
decreased (P , 0.05) at the 42nd d.
mRNA and Proteins Levels of Glucose
Metabolism Factors

Relative mRNA and proteins levels of glucose meta-
bolism factors in chicken BF are shown in Figure 4;
mRNA levels, ACO-2 (Figure 4A), LDHA (Figure 4D),
LDHB (Figure 4E), PFK (Figure 4F), PK (Figure 4G),
and SDHB (Figure 4H) were significantly decreased



Figure 3. ATPase activities weremeasured at 14th, 28th, and 42nd d in all experimental groups. Experimental groups displayed as low,middle, and
high NH3-treated groups. (A) Na1/K1 ATPase, (B) Ca11/Mg11 ATPase, (C) Ca11 ATPase, and (D) Mg11 ATPase. Bar graphs represent data
with mean6 SD. Uppercase alphabets displayed significant difference (P, 0.05) of same group at different conducting time, and lowercase alphabets
displayed significant difference (P , 0.05) of different groups at the same time.
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(P, 0.05) in the high NH3-treated group compared with
those in the low NH3 group. Meanwhile, HK-1 and HK-2
were significantly decreased (P, 0.05) in the middle and
high NH3-treated groups compared with those in the low
NH3 group (Figures 4B, 4C) at all assessed time points.
On the other hand, LDH, PFK, and SDBH were signifi-
cantly (P , 0.05) decreased at 28th and 42nd
d compared with those at the 14th d, while PK was
significantly decreased (P , 0.05) at the 42nd
d compared with that at 14th and 28th d. With respect
to protein levels, ACO-2 displayed a significant decrease
(P, 0.05) in the high NH3-treated group compared with
that in the low and middle NH3-treated groups, while
HK-1 and SDHB showed a significant decrease
(P , 0.05) in the high and middle NH3-treated groups
compared with that in the low NH3 group (Figure 4I).
Relative Levels of miR-99a-3p and Its Target
Gene

The effect of NH3 exposure on miR-99a-3p and its
target gene PTEN are shown in Figure 5. miRNAs
Performed their biological action in animal cells primar-
ily by regulating the levels of target genes. We predi-
cated a target gene for miR-99a-3p via a database
potential targets. Our predicated data identified
PTEN as the target gene for miR-99a-3p. The predicted
site of target gene PTEN and miRNA are shown in
Figure 5A. Our results of miR-99a-3p expression dis-
played a significant decrease (P , 0.05) in the middle
and high NH3-treated groups compared with that in
the low NH3 group (Figure 5B). However, mRNA level
of PTEN was significantly increased (P , 0.05) in the
middle and high NH3-treated groups compared with
that in the low NH3 group (Figure 5C).
Relative Levels of Autophagy-Related
Factors

Relative mRNA and protein levels of autophagic fac-
tors are shown in Figure 6. The mRNA levels of Dynein,
ATG-5, and Beclin-1 were significantly increased
(P , 0.05) in the high NH3-treated group compared
with those in the low and middle NH3-treated groups



Figure 4. Relative mRNA ACO-2 (A), HK-1 (B), HK-2 (C), LDHA (D), LDHB (E), PFK (F), PK (G), and SDHB (H) and protein levels (I) of
glucose metabolism factors in chicken BF. Experimental groups were displayed as low, middle, and high NH3-treated groups. Bar graphs represent
data with mean 6 SD. Uppercase alphabets displayed significant difference (P , 0.05) of same group at different conducting time, and lowercase
alphabets displayed significant difference (P , 0.05) of different groups at same conducting time.
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Figure 5. Relative miR-99a-3p and PTEN levels in chicken BF. Experimental groups displayed as low, middle, and high NH3-treated groups. (A)
alignment of miR-99a-3p with the predicted target region PTEN 3ʹUTR, (B) levels of miR-99a-3p, and (C) levels of PTEN. Bar graphs represent data
with mean6 SD. Uppercase alphabets displayed significant difference (P, 0.05) of same group at different conducting time, and lowercase alphabets
displayed significant difference (P , 0.05) of different groups at same conducting time.
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(Figures 6A, 6B, 6D). In addition, the levels of AKT and
LC3-II were significantly increased (P, 0.05) in the high
and middle NH3-treated groups compared with the low
NH3 group (Figures 6C, 6E). Meanwhile, mRNA level
of LC3-I was significant decreased (P, 0.05) in the mid-
dle- and high NH3-treated groups compared with that in
the low NH3 group (Figure 6F). However, relative level of
mTOR was significantly decreased (P, 0.05) in the high
NH3-treated group compared with that in the low and
middle NH3-treated groups (Figure 6G). During NH3
exposure, the levels of Dynein, AGT-5, and AKT were
significantly increased (P, 0.05) at the 42nd d compared
with those at 14th and 28th d, while relative level of
Beclin-1 was significantly increased at 28th and 42nd
d compared with that at 14th d. Relative protein levels
of Beclin-1 and PTEN were significantly increased
(P , 0.05) in the middle- and high NH3-treated groups
compared with those in the low NH3 group. Meanwhile,
relative levels of p-AKT/AKT and p-mTOR/m-TOR
were significantly decreased (P , 0.05) in the middle
and high NH3-treated groups compared with those in
the low NH3 group (Figure 6H).
Heat Map

A heat map of autophagy and glucose metabolism–
related factors is shown in Figure 7. This heat map is a
graphical representation of data where the individual
values are contained in amatrix and represented as colors.
DISCUSSION

Autophagy is generally a good process for cell survival
in adverse environments. NH3, as a potential toxic
byproduct in amino acid catabolism, plays an important
role in inducing autophagy (Eng et al., 2010; Coltart
et al., 2013; Tranah et al., 2013). Therefore, relevant cyto-
logical effects should be explored. After verifying that
NH3 can induce autophagy (Eng et al., 2010), we further
analyzed the influence of NH3 on CD81 B-lymphocyte,
ATPase, energy metabolism, and miR-99a-3p and
PTEN/AKT/mTOR expression and found that miR-
99a-3p and PTEN/AKT/mTOR participated in stress
reaction. Our results (Figures 5, 6) suggested that NH3 fa-
cilitates the expression and activation of miR-99a-3p and
autophagy-related genes (PTEN, mTOR, AKT, ATG-5,
LC3-I/II, Becline-1, and Dynein), which are key factors of
autophagy induction. Autophagy can be both selective
and nonselective, and TEM can be used to monitor
both (Yan et al., 2018). A previous study demonstrated
the NH3 induced autophagy in hepatocyte with formation
of autophagosomes/autophagic lysosomes in their cyto-
plasm by TEM observation (Yan et al., 2018). Our results
of TEM observation (Figure 1) were consistent with the
aforementioned work and displayed signs of autophago-
somes/lysosomes in all NH3-treated groups. According
to previous studies, the decreased level of CD81 lympho-
cytes resulted in the activation of autophagy (Xu et al.,
2014). For example, Mycoplasma gallisepticum infection
andNH3 exposure reduced CD4

1 andCD81 lymphocytes



Figure 6. Relative mRNA and protein levels of autophagy-related genes in chicken BF. Experimental groups were displayed as low, middle, and
high NH3-treated groups. Bar graphs represent data withmean6 SD. Uppercase alphabets displayed significant difference (P, 0.05) of same group at
different conducting time, and lowercase alphabets displayed significant difference (P , 0.05) of different groups at same conducting time.
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numbers in dendritic cells of mice lungs and chicken BF
and thymus (Luo et al., 2014; Tualeka and Jalaludin,
2018; Chen et al., 2020a; Zhang et al., 2020). Our results
with IF assay (Figure 2) displayed reduced CD81

B-lymphocyte numbers in the middle and high NH3-
treated groups compared with that in the low group
which showed that a decrease in CD81 B-lymphocyte
leads to autophagy caused by NH3 in chicken BF.
ATPase is important for energy production in cellular

functions (Rule et al., 2016). Previous studies demon-
strated that decrease in ATPase levels can lead to
autophagy (Yin et al., 2017). Ammonia (NH3) is one of
the causative agents for decrease in ATP level by dis-
rupting energy metabolism (Wang et al., 2019). Similar
to NH3, cadmium also reduced ATPase activities of
chicken ovarian tissues (Wang et al., 2018). Similarly,
decreased levels of ATPase (Na1/K1 ATPase, Ca21

ATPase, Mg21 ATPase, and Ca/Mg21 ATPase) activ-
ities (Figure 3) were noted in BF tissues of chicken
treated with NH3.

Energy metabolism-related factors HK-II and PK
have an important role in glycolysis (glucose breakdown)



Figure 7. Heat map showing relative mRNA levels of different genes
involving in multiple signaling pathways including glucose metabolism
and autophagy. Different colors representing the expression levels of
different autophagy and glucose metabolism genes in broilers BF. Red
color displaying the highest expression level, white color displaying me-
dium expression level, and blue color displaying relative lowest expres-
sion level of autophagy and glucose metabolism genes. The
experimental groups including low, middle, and high NH3-treated
groups.
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and glucose deprivation via inhibiting autophagy by
suppressing mTOR complex 1 (Roberts et al., 2014).
One study suggested that changes in glucose metabolism
led to autophagy in chicken ovarian tissues (Wang et al.,
2018). NH3 exposure and M. gallisepticum infection
reduced the levels of glucose metabolism–related factors
in chicken neutrophils lungs (Wang et al., 2019; Ishfaq
et al., 2020). While our findings (Figure 4) displayed
the reduced mRNA and protein levels of glucose meta-
bolism factors (ACO-2, HK-1, HK-2, LDHA, LDHB,
PK, PFK, and SDHB) in NH3-treated groups.

Autophagy, a phenomenon, takes place through pro-
teins and damaged organelles (Codogno and Meijer,
2005). The suppression of mTOR signaling activated
autophagy (Shang and Wang, 2011). mTOR, LC3-I,
LC3-II, Dynein, Baclin-1, and ATG-5 play important
roles in autophagy regulation (Yue et al., 2003;
Kimmey et al., 2015; Yin et al., 2017). A previous study
demonstrated that excessive cadmium and baicalin alle-
viated the mRNA and protein levels of AGT-5, Baclin-1,
LC3-I, LC3-II, and Dynein, and decrease in mTOR level
led to autophagy in rat liver and chicken BF (Zou et al.,
2015; Ishfaq et al., 2021). According to our previous
study, NH3 induced autophagy in chicken hearts and
thymus by increasing mRNA levels of AGT-5, Baclin-
1, LC3-I, LC3-II, Dynein, and AKT and by decreasing
mRNA and protein levels of mTOR (Xing et al.,
2019a; Shah et al., 2020c). NH3 exposure increased
(Figure 6) the expression levels of autophagic factors
except mTOR, indicating that NH3 caused autophagy
in chicken BF.
miRNAs Participate in the regulation of posttran-

scriptional gene expression and have been reported as
autophagy regulator in many studies (Maejima et al.,
2013; Gargalionis et al., 2014; Hayden et al., 2018; Ke
et al., 2018). Similar to miR-181b involved in the regula-
tion of autophagy by targeting PTEN (Li et al., 2018a),
miR-93-5p was also involved in the regulation of auto-
phagy of retinal ganglion cells by targeting PTEN (Li
et al., 2018b). Our previous study demonstrated the
involvement of miR-202-5p by targeting PTEN-
induced autophagy in chickens’ hearts after NH3 expo-
sure (Xing et al., 2019a). In the present study, formation
of autophagosomes/autophagic lysosomes in cytoplasm
(Figure 1) reduced CD81 B-lymphocyte (Figure 2) and
increased expression of PTEN (Figure 5) displaying their
involvement in the mediation of autophagy by acti-
vating AKT/mTOR signaling pathway in chicken BF.
In addition, miR-99a-3p expression (Figure 5) was
decreased, which also determined that miR-99a-3p was
negatively correlated with PTEN (Figure 5).
Based on the aforementioned discussion, we pre-

dicted that PTEN is the target gene of miR-99a-
3p. Our results indicated that miR-99a-3p took
part in NH3 exposure–induced autophagy in chicken
BF by targeting PTEN.
CONCLUSION

In conclusion, the present study displayed that high
concentration of NH3 exposure can induce autophagy
with the formation of autophagosomes/lysosomes in
cytoplasm, reduced CD81 B-lymphocyte level, attenu-
ated ATPase activities, and altered glucose metabolism,
autophagy-related factors, miR-99a-3p, and its target
gene PTEN in chicken BF tissues. In addition, miR-
99a-3p and energy metabolism participated in NH3-
caused autophagy in chicken BF. Taken together, our re-
sults provided a new insight of risk assessment of NH3

toxic mechanism.
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