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Abstract 

Background: Hydrogen sulfide (H2S), a common air pollutant and toxic gas, which is harmful 

to organisms and the environment. Exposure to high concentrations of H2S can lead to necrosis and 

inflammation.  However, the potential mechanism of H2S-induced hepatotoxicity and the role of 

microRNA (miRNA) in this process are still poorly understood. In this experiment, 80 one-day-old 

chickens were used as model organisms to evaluate the effects of H2S and Lipopolysaccharide (LPS) 

on poultry liver. Four groups (Control group, LPS group, H2S group, H2S-LPS group) were 

established. Liver tissue was collected after 42 days of age. Ultrastructural observation, pathological 

tissue observation, immunofluorescence analysis, real-time quantitative PCR analysis and Western 

blot analysis were used to detect. 

Results: The results showed that obvious pyroptosis was observed in ultrastructure. 

Histopathological observation showed obvious necrosis and inflammatory injury in broiler liver 

tissue. By detecting the expression of miR-216a in the four groups, we verified that miR-216a can 

target chicken PKCα. Molecular level studies showed that H2S exposure could inhibit the expression 

of miR-216a, promote the up-regulation of PKCα, activate the NF-κB/TNFα signaling pathway, 

induce cell necrosis (necrosis marker factors RIP1, RIP3, caspase8, MLKL, NLRP3) and 

pyroptosis-related gene expression (ASC, caspase1, GSDMD), and eventually lead to inflammatory 

injury of chicken liver (IL-1β, IL-6, IL-18, iNOS).  

Conclusions: We concluded that H2S induced the imbalance of the NF-κB/TNFα signaling 

pathway through miR-216a/PKCα axis, leading to chicken liver necrosis and cell pyroptosis, and 

further causing inflammatory injury. Notably, we also found that H2S aggravated LPS-induced liver 

inflammation. This study can provide reference to the pathological mechanism of animal damage 

and poultry poisoning caused by H2S pollution in the atmospheric environment. 
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3 

 

1. Introduction 

Hydrogen sulfide (H2S) is a colorless, poisonous pollutant[1], and one of the ingredients of 

haze pollution[2]. Environment pollution induced by H2S is causing concerns among human beings. 

With the acceleration of industrialization, there is a large amount of H2S emitted in industrial 

production and daily life, such as petroleum refineries and coal, sulfuric acid, dyes and cosmetics[3], 

paper mills, wastewater treatment plants, and landfills. In modern poultry farms, H2S is also a 

common noxious gas. Sulfur-containing organic matter in accumulated feces is decomposed under 

anaerobic conditions and reduced by bacterial sulfate to form hydrogen sulfide gas. H2S exposure 

at a low concentration may cause headache, fatigue, nausea[4]. The high concentration of H2S will 

adversely affect the normal growth and reproduction of poultry. In 2011, studies reported negative 

effects of atmospheric H2S on broiler farming, the growth performance and meat quality of broilers 

have decreased significantly[5]. In recent years, reports on H2S damage to poultry have gradually 

increased. For example, H2S can cause serious damage to the respiratory system, circulatory system, 

digestive system, motor system, reproductive system and immune system of poultry. It has been 

reported that high concentration of H2S exposure induces tracheal necrosis and apoptosis in broilers 

through lncRNA3037/miR-15 targeting A20 and BCL2[6]. H2S can cause energy metabolism via 

AMPK/HIF-a pathway and induced hepatocyte apoptosis[7]. The high concentration of H2S gas in 

chicken houses caused the overexpression of mitochondrial fission genes (Drp1 and Mff) and the 

weakening of ATPase activity, resulting in mitochondrial structural damage, reduced energy 

metabolism and myocardial cell apoptosis[8]. H2S can induce redox homeostasis disorder in broiler 

jejunum through differential expression of CYP450s, resulting in inflammatory response, immune 

dysfunction and apoptosis[9]. H2S in the atmosphere aggravates the imbalance of Th1/Th2, activates 

inflammatory factor NF-κB and regulates insulin-like growth factor (IGF) signaling pathway-

related factors, resulting in glucose metabolism disorder and bone inflammation in broilers[10]. It 

has also been reported that chronic H2S irritation at low level can lead to detrimental effects on 

animal reproduction[11]. H2S exposure initiates JNK/MST1/FOXO1 pathway and causes immune 

dysfunction and death in chicken breast cells.[12] 

MicroRNAs (miRNAs), first discovered in 1983, are small[13], single-stranded, endogenous 

non-coding RNAs around 19-24 nucleotides[14]. miRNAs bind to their 3′-untranslated region (3′-
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UTR) to negatively modulate expression of target mRNAs, further modulate some biological 

reactions[15] [16] [17] [18]. For example, previous studies confirmed that the long coding RNA 

LINC00339 could activate NLRP3 via miR-22-3p, and further induce the pyroptosis of renal tubular 

epithelial cells in calcium oxalate nephropathy patients[19]. It has been shown that RNA MALAT1 

could activate NLRP3 and promote hyperglycemic pyrotosis of renal tubular epithelial cells by 

inhibiting miR-23c expression[20]. Research showed that overexpression of miR-200a-3p could 

aggravate inflammation in brain injury caused by sepsis through NLRP3[21]. A study indicated that 

the increase of miR-34a expression can cause the increase of IL-1β mRNA expression, which may 

be an essential factor in inducing chronic inflammation in osteoarthritis cartilage tissues[22]. 

MicroRNA-216a is a member of the miR-216 family, which is extensively expressed in different 

species[23]. It is reported that overexpression of miR-216a caused increase of the expression of Bax 

and p53 in MCF-7 cells, which indicated miR-216a caused apoptosis[24]. miR-216a can reduce the 

genesis of tumour and blood vessel in breast cancer cells by targeting the 3′-UTR of CD4430[23]. 

Yang et al. have reported that miR-216a could accelerate inflammation and senescence of 

endotheliocyte by targeting Smad3 and thereafter regulate NF-κB signaling[25]. 

Inflammatory gene expression is regulated by many transcription factors, including NF-κB and 

TNF-α. Interleukin (IL)-1β and IL-6[26] are both critical proinflammatory cytokines[27]. NO, 

which is produced by iNOS, has a wide range of physiological and pathophysyologic effects and 

plays an essential role in the development of inflammation and tumor [28]. In addition to NO and 

ROS levels, also TNF-α, IL-6, and IL-1β will be released in LPS-stimulated macrophages via the 

NF-κB pathway[29]. Necrosis, a type of non-apoptotic programmed cell death, is characterized by 

the release of pro-inflammatory cellular components through membrane lysis, inducing an 

inflammatory response[30], and the kinases receptor-interacting protein 1 (RIP1) and receptor-

interacting protein kinase3 (RIP3) are pivotal signaling molecules in necrotic cell death[31]. Mixed 

lineage kinase domain-like protein (MLKL) is an important downstream component[32] mediated 

by RIP3[33] in inflammasome signaling and TNF-induced (Tumor necrosis factor, TNF) 

necrosis[34]. Activation of RIP3 can induce NLRP3 inflammatory pathways and necroptosis 

activation[35]. Pyroptosis, a programmed cell death. And as an important target of pyroptosis related 

pathway, NLRP3 could induce pyroptosis when activated[36] GSDMD, as one of the major factors 
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in the GSDM family, plays a crucial role in regulating the process of pyroptosis[36]. Caspase-1, the 

key factors of pyroptosis, can recruit NLRP3 and ASC to form NLRP3 inflammatory small body 

complex. The ion gradient on both sides of the cell membrane is unbalanced, resulting in cell 

swelling and cell membrane rupture[37]. The preIL-18 of the preIL-1 band is processed into an 

activated secretory form, releasing pro-inflammatory factors, namely pyroptosis, and further 

initiating inflammatory immune response in the host[38]. GSDMD plays a central role in the release 

of the pro-inflammatory cytokine IL-1β, suggesting that there is a relationship between the key 

factors of pyrogen death and inflammation[39] Activating caspase-8 can lead to cell membrane 

damage and K+ outflow, which leads to the activation of NLRP3 inflammasomes and triggers post-

ASC oligomerization. Furthermore, it has also been found that inflammation is closely related to 

caspase-8-mediated pyroptosis[40]. 

In recent years, there has already been some researches about high concentration of H2S in the 

environment can cause damages to different organs and tissues. It has been confirmed that the 

existence of a targeted relationship between miR-216a and PKCα, however, the mechanism of H2S 

exposure to hepatotoxicity in chickens and the involvement process of miR-216a is still unclear. For 

this purpose, we chose the liver of chicken as the model and built the model of H2S poisoning and 

LPS treatment of the chicken in vivo. We collected livers of chicken to observe hematoxylin eosin 

stain (HE stain). Real-time quantitative PCR (qRT-PCR) and Western blotting detection were 

performed in vivo to examine the expressions of miR-216a, necrosis, pyroptosis and inflammation 

related genes in the liver during exposure to H2S gas. Our results suggested H2S exposure caused 

liver necrosis and pyroptosis in chickens by inducing the NF-κB/TNFα pathway mediated by the 

miR-216a/PKCα axis and aggravated the inflammation caused by LPS. Studies like this may help 

better understanding how toxic gases such as H2S in the atmosphere can have adverse effects on 

animals living in polluted terrestrial environments.  

2. Materials and methods 

2.1 Animals feeding and treatment  

All the procedures used in our study were approved by the Institutional Animal Care and Use 

Committee of the Northeast Agricultural University. 80 one-day-old broilers were divided into two 

groups randomly, each group was 40 broilers named the Control group and H2S group. Each group 
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was fed in a separate room, ingestion and drinking were optional. Temperature, indoor humidity, 

CO2 concentration, air velocity and other environmental parameters were stationary and appropriate. 

H2S concentration was administered according to Table 1. At 42 days old, we chose 20 broilers 

from the Control group stochastically, named LPS group. Analogously, we chose 20 broilers from 

H2S group randomly, denominate is H2S-LPS group. LPS group and H2S-LPS group received 

intraperitoneal injection with LPS (0.2μg /kg) for 5 hours and the 4 groups broilers were euthanized. 

The liver tissue samples of four groups were collected for further use.  

2.2 Microscopic examination of liver 

The liver tissue was taken out and fixed with 2.5% glutaraldehyde, washed three times with 

PH 7.2 phosphate buffer, 15 min each time. 1% osmic acid was fixed and rinsed again. After gradient 

ethanol dehydration, the embedded samples were soaked in uranium acetate-lead citrate double 

staining and observed under electron microscope. 

2.3 Hematoxylin and Eosin (H & E) observation  

Sections of the obtained liver tissue were placed in 10% neutral formalin for fixation for at 

least 24 hours and then dehydrated with alcohol. The slices of liver tissue embedded with paraffin 

wax, and sectioning to a proper thickness of about 5µm, stained with hematoxylin and eosin, and 

observed under light microscope. 

2.4 Immunofluorescence analysis of liver 

Paraffin section dewaxing, serum blocking for 30 min. Primary antibodies GSDMD (1:200, 

Abclone, USA) and NLPR3 (1:200, wanleibio, China) were incubated overnight at 4 ℃. The 

secondary antibody was incubated at room temperature for 50 min. Spontaneous fluorescence 

quenching agent was added and washed with PBS. Observation under fluorescence microscope. 

2.5 RNA extraction and qRT-PCR detection of liver tissue  

2.5.1 RNA extraction from liver tissue 

Grind 0.1g liver tissue completely in liquid nitrogen, add 1ml Trizol solution and mix well into 

a 1.5ml EP tube. After adding 400 μL of chloroform, shake vigorously and mix well, and let stand 

for 5 min. After the precipitation is separated, centrifuge at 12000g at 4°C for 15 min, and gently 

aspirate 300 μL of the supernatant. After adding 300 μL of isopropanol, turn gently, mix well, let 

stand at room temperature for 8 minutes, 4°C, 12000g, centrifuge for 10 minutes, discard the 

supernatant, and save the precipitate. Add 1000μL of DEPC ethanol (75%), gently pipette until 
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completely dissolved at 4°C, 10000g, centrifuge for 10min, discard the supernatant, keep the 

precipitate, and dry at room temperature for 5min. Add 40μl of DEPC water until it is evenly mixed, 

and determine the concentration and purity of RNA for reverse transcription. 

2.5.2 cDNA synthesis of liver tissue 

The reaction system was prepared according to the manufacturer's instructions. The mixed 

system was sealed, it was taken out and stored at -20°C for later use after the reaction was completed. 

Reverse transcription of miRNAs was performed by the microRNA First chain cDNA Synthesis Kit 

(Tien Biotechnology Co., LTD., Beijing), and RT-PCR was performed on LightCycler®480 II 

detection system (Roche, Switzerland). Description of microRNA (http://mirdb.org/) gga-miR-216a 

and target gene PKCα was shown in Fig.1A. TargetScan database (http://www.targetscan.org/) 

predicts that binding sites for miRNA-216a, and the targeting site located at 624 to 630 bp in the 3′-

UTR of PKCα, as shown in Fig.1B. 

2.5.3 Detection of mRNA expression of related genes in liver tissue by qRT-PCR method 

The DNA obtained by the reaction was configured according to the reaction solution system in 

Table 2, and fluorescence quantitative detection was performed. The primer sequences are shown 

in Table 3. qRT-PCR uses LightCycler®480 system (Roche, Basel, Switzerland) and Fast Universal 

SYBR Green Master Mix (Roche, Basel, Switzerland). The mRNA relative levels was calculated 

by 2-△△Ct. 

2.6 The protein of liver tissue was extracted and detected by Western blot 

Western blot is used to detect the protein levels of necrosis, pyroptosis and inflammation-

related genes. The protein from liver tissue was separated by electrophoresis. Transfer the protein 

to the PVDF membrane for 90 minutes under low temperature conditions. The membrane was 

blocked with 5% skim milk at 37°C for 2 hours, and then incubated with the primary antibody for 

12 hours at 4°C. After washing three times with PBST for 15 minutes, the membrane was incubated 

with the secondary antibody of rabbit IgG for 1 hour at room temperature. Use X-ray film to detect 

the signal. Rabbit polyclonal antibody was used to analyze the content of β-actin as a loading control. 

Use Image J to calculate the optical density (OD) of the protein bands. 

2.7 Statistical analysis 

Statistical analysis was performed using GraphPad Prism (version 7.0, GraphPad Software Inc., 

http://www.targetscan.org/vert_72/
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San Diego, CA, USA) with one-way ANOVA with Turkey’s test. All experiments were performed 

in three repetitions. All data show normal distribution and pass the equal variance test, and are 

expressed as mean ± standard (SD). Different letters represent significant differences. Data 

differences are considered statistically significant when P<0.05. 

3. Results 

3.1 Observation of the pathological structure of liver tissue 

The liver tissue of the Control group is shown in Fig.2A: the liver cells are tightly arranged, 

the morphology is normal, and the nucleolus is clear. The liver lobules are structurally complete and 

have normal physiological morphology. The hepatocyte cords are arranged neatly, the cells are 

evenly stained, and the liver cells have no obvious swelling. However, the tissues of the H2S group 

and the LPS group showed typical liver injury characteristics, as shown in Fig.2B and Fig.2C: 

Inflammatory cells infiltrate (Black arrows), unclear cell boundaries, the nuclear were karyolysis 

and disappeared (Red arrows), liver cells are relatively loosely arranged, and cell edges are blurred. 

The arrangement of hepatocyte cords is disordered, and hepatic sinusoids are obviously dilated and 

congested. Compared with the H2S group and the LPS group, the damage of the H2S-LPS group 

was more serious, the intercellular space was significantly enlarged, the cell structure was more 

blurred, and the inflammatory cell infiltration phenomenon was more obvious, as shown in Fig.2D. 

3.2 Observation of the histopathological changes of liver tissue 

As shown in Fig.3A, the cell morphology of the Control group was normal, and the nucleus 

was approximately round without obvious pathological changes (Blue boxes). Fig.3B and Fig.3C, 

the H2S group and LPS group, hepatocyte mitochondrial cristae rupture. At the same time, typical 

pathological changes of cell pyroptosis occurred: mitochondria swelled and vacuolated, holes 

formed on the cell membrane, cytoplasmic contents overflowed (Red boxes), and a large number of 

vacuoles (Yellow boxes) were formed. In the H2S-LPS group, as shown in Fig.3D, pathological 

changes with pyroptosis were more significant. 

3.3 H2S exposure increases expression of NLRP3 and GSDMD in chicken liver  

The cells in the Control group were normal (Blue) as shown in Fig.4A. Green (GSDMD) and 

red (NLRP3) cells were found in Fig.4B and Fig.4C, and the cells with increased expression of 

GSDMD and NLRP3 were yellow (Red arrows). Fluorescence staining analysis showed that the 

javascript:;
javascript:;
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expressions of NLRP3 and GSDMD increased in H2S group and LPS group. Fig.4D showed the 

most pyroptosis cells, indicating that the pyroptosis phenomenon was the most obvious in the H2S-

LPS group. 

3.4 H2S exposure changes the expression pattern of microRNA-216a/PKCα axis 

As shown in Fig.1C, the expression of microRNA-216a and PKCα in liver tissue was detected 

by qRT-PCR. We found that H2S exposure could inhibit the expression of microRNA-216a. On the 

contrary, H2S exposure significantly increased the expression level of PKCα at the mRNA and 

protein levels. The above results indicated that H2S exposure significantly changed the expression 

pattern of microRNA-216a/PKCα axis in chicken liver. 

3.5 H2S induces chicken liver necrosis and pyroptosis by activating NF-κB/TNFα 

pathway 

As shown in Fig.5, compared to the Control group, the expression levels of NF-κB and TNFα 

mRNA (Fig.5A) and protein (Fig.5B) in the H2S exposure environment were significantly increased. 

Compared with the LPS group and the H2S group, the expression levels of NF-κB and TNFα in the 

H2S-LPS group were more significant. These data suggested that H2S exposure activated NF-κB / 

TNFα pathway. At the same time, we found that the mRNA (Fig.6A) and protein (Fig.6C) levels of 

RIP1, RIP3, MLKL and NLRP3 in H2S and LPS groups were significantly increased, and the mRNA 

and protein expression levels of caspase8 was decreased. The expression of necrosis related genes 

in H2S-LPS group changed more obviously. 

The mRNA (Fig.6B) and protein (Fig.6C) expression levels of ASC, caspase1 and GSDMD, 

the key pyrolysis factors in LPS group and H2S group, were also significantly higher than those in 

Control group. Similarly, the expression of pyroptosis-related genes in H2S-LPS group was more 

significant than that in LPS group and H2S group. The above resulted show that H2S activates NF-

κB/TNFα pathway to induced liver necrosis and pyroptosis, and also aggravated LPS-induced 

pyroptosis in liver tissue. 

3.6 Inflammatory injury of liver tissue induced by H2S exposure 

As shown in Fig. 7A, IL-1β and IL18, IL-6 and iNOS, as the key factors of inflammation, were 

significantly increased at the mRNA level. When exposed to H2S, the protein expression levels of 

IL-1β, IL-6 and iNOS were significantly increased, as shown in Fig. 7B. Similarly, the expression 
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levels of these factors were significantly increased after LPS treatment. Compared with H2S group 

and LPS group, the expression level of key inflammatory factors in H2S-LPS group was 

significantly increased. The above results showed that H2S exposure caused inflammation in 

chicken liver tissue and aggravated LPS-induced liver inflammation. 

4. Discussion 

H2S is a major pollutant in the air and has negative effects on human beings and different kinds 

of animals[41], it causes damage to different tissues and organs in complex and diverse mechanism 

of toxicity. At present, the reports have documented that high concentration H2S exposure in the air 

can induce damages in poultry. For example, studies have shown that H2S exposure can induce the 

FOS/IL8 signaling pathway mediated by oxidative stress, and cause the inflammatory injury of 

chicken trachea[42]. Previous studies have shown that H2S cause inflammatory reaction by 

CYP450s differential expression in chicken jejunum tissue[9]. In this experiment, we illuminated 

that H2S exposure decreased miR-216a expression. H2S exposure induced chicken liver necrosis 

and pyroptosis through NF-κB/TNFα pathway mediated by miR-216a/PKCα axis, and ultimately 

induced inflammation. H2S aggravated LPS-induced necrosis and pyroptosis, further aggravating 

inflammatory injury. 

Studies have shown that H2S exposure could change the expression of microRNA. For example, 

the miR-15b-5p/TGFBR3 axis regulates H2S-induced broiler bursal necrosis and inflammation[43]. 

Studies indicated that miR-216a can regulate necrosis and inflammation. For instance, studies have 

shown that Cd activates oxidative stress and miR-216a-PI3K/AKT axis disorders, thereby 

promoting lymphocyte apoptosis and necrosis [44]. miR-216a reduced LPS-induced inflammatory 

damage by regulating JAK2/STAT3 and NF-κB signaling pathways [45]. Studies have found that 

miR-216a significantly inhibited inflammatory mediators after oxygen and glucose deprivation, 

including inflammatory enzymes (iNOS and MMP-9) and cytokines (TNFα and IL-1β). Up-

regulating miR-216a levels could reduce ischemic infarction and improve neurological deficits [46]. 

According to the prediction results on the TargetScan website, as shown in the Fig.1. We found that 

miR-216a targeted PKCα in chickens. The 3′-UTR site of PKCα bound on miR-216a in mammals, 

such as human, chimp, rhesus, cat and dog, has the same nucleotide sequence as chicken. Cui et al. 

have discovered that dual-luciferase reporter assay confirmed that miR-216a can target directly 
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PKCα[47]. The results of this experiment showed that the expression of miR-216a decreased and 

the expression of PKCα increased in the H2S group, which verified the relationship of miR-216a 

targeting PKCα in the species chicken and illustrated miR-216a is involved in the toxicity of H2S. 

This targeting relationship has been consistently verified in our experiments. These results indicated 

that the regulatory relationship of miR-216a/PKCα has been discovered in chickens.  

Studies have reported that PKCα could activate NF-κB (p65) and played a key role in activation 

of inflammatory response[48]. TNFα can induce activation of NF-κB, TNFα also be activated by 

NF-κB[49]. Both of them are key factors of activating necrosis and inflammatory pathways[50] [51] 

[52], can cause activation of RIP1 to induce necrocytosis by RIP1-RIP3 pathway and lead to 

inflammation eventually [53]. Our research showed exposure to H2S could inhibit the expression of 

miR-216a, leading to up-regulation of PKCα expression, thereby activating the NF-κB/TNFα 

pathway. Pathological observation showed typical changes of cell necrosis in liver exposed to H2S: 

the nuclear were karyolysis and cytoplasmic disintegration. Therefore, we further verified the key 

factors of necrosis. Our results showed that compared with the Control group, the expression of NF-

κB, TNF-α, RIP1, RIP3 and MLKL in the H2S group increased significantly at the mRNA and 

protein levels. And the expression of caspase8, a key factor of necrosis, was significantly decreased 

compared with the Control group, indicating that H2S through miR-216a/PKCα axis activated NF-

κB/TNFα pathway and induced hepatocyte necrosis. Previous researches studies have involved H2S 

exposure induced pyroptosis in the trachea of broilers via the regulatory effect of circRNA-

17828/miR-6631-5p/DUSP6 crosstalk on ROS production[54]. Our ultrastructure observation 

results showed that under the condition of H2S gas exposure, there were typical pyroptosis features 

of cells: cell rupture, content logistics, blurred or ruptured cell edge. It hinted that H2S exposure 

caused cell pyroptosis. For further verification, the results of immunofluorescence staining were 

consistent with those of ultrastructure observation. For this reason, we examined whether the 

expression level of pyroptosis related genes changed under H2S stimulation. The results showed that 

compared with the Control group, the expression of ASC, caspase1 and GSDMD changed 

significantly in the H2S group, At the same time, it indicated that H2S exposure caused liver 

pyroptosis. It's been documented that one of the important mechanisms caused by LPS is NF-κB 

signaling pathway[55]. Studies have shown that LPS could activate NLRP3 inflammasome [56]. 
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The study has demonstrated that repurified LPS could activate the caspase-1/IL-1β pathway during 

acute kidney failure, leading to pyroptosis [57]. Similarly, our experimental results showed that 

compared with the Control group, the expression of NF-κB/TNFα gene and genes related to necrosis 

and pyrogenesis in LPS group were significantly changed at mRNA and protein levels. It was 

suggested that LPS activated the NF-κB/TNFα pathway, leading to necrosis and pyroptosis of the 

RIP1-RIP3 pathway in chicken liver. Compared with LPS group, the changes of the above indexes 

in H2S-LPS group were more significant, indicating that H2S caused liver necrosis and pyroptosis, 

while h H2S also aggravated LPS-induced liver necrosis and pyroptosis. 

Cell necrosis and pyroptosis are two incompletely characterized pro-inflammatory cell death 

modes. When pro-inflammatory cytokines IL-1β and IL-18 are stimulated and released, these two 

modes will be activated to promote local and systemic inflammatory responses[58]. We found that 

H2S exposure caused liver inflammatory cell infiltration through pathological structure observation, 

indicating that H2S exposure caused liver necrosis and pyroptosis eventually led to inflammation. 

Next, we examined the expression levels of key genes in inflammation. The results showed that the 

mRNA expression of IL-1β, IL-6, IL18 and iNOS in the H2S group was significantly higher than 

that in the Control group, and the protein levels of IL-1β, IL-6 and iNOS also significantly higher. 

These results indicated that H2S caused hepatocytes inflammation. These results indicated that H2S 

induced liver inflammatory by changing the expression of genes related to necrosis and pyroptosis. 

The above results indicated that H2S could cause necrosis and pyroptosis of chicken liver by 

changing the expression of miR-216a/PKCα axis, and induce inflammation injury eventually. LPS 

can initiate transcription of genes associated with necrosis signaling[59], and stimulates cells to 

undergo inflammatory reactions[60]. It have reported that LPS could cause disease symptoms of 

mastitis in mouse [61]. Compared with LPS group, the expression of H2S-LPS inflammation-related 

genes was also significantly increased, suggesting that H2S aggravated LPS-induced inflammatory 

injury. 

5. Conclusion 

In summary, H2S inhibited the expression of miR-216a and increased the expression of PKCα, 

which induced chicken liver cell necrosis and pyroptosis by triggering NF-κB / TNFα pathway and 

further induced inflammatory injury. At the same time, H2S also aggravated LPS-induced 
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inflammatory injury of liver tissue. This study not only enriches the research content of H2S 

toxicology, but also expands the research direction of H2S toxicology, and provides reference for 

comparative medicine (Fig.8). 
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Figures

Figure 1

gga-miR-216a directly targets and regulates PKC-α. (A): PKC-α as a predicted target of gga-miR-216a by
miRDB (http://mirdb.org/); (B): Prediction results of gene sequences from TargetScan website: Co-binding



sites of miR-216a. (http://www.targetscan.org/); (C): The expressions of microRNA-216a in chicken liver
(Left); The mRNA expressions of PKC-α in chicken liver (Right).

Figure 2

Observation of the histopathological changes of liver tissue. (A): C group; (B): H2S group; (C): LPS group;
(D): H2S-LPS group. Fields from one representative experiment of three are shown (Scale bar, 20μm).



In�ammatory cells in�ltrate (Black arrows), unclear cell boundaries, the nuclear were karyolysis and
disappeared (Red arrows).

Figure 3

Ultrastructural observation of pathological changes in liver tissue. (A): C group; (B): H2S group; (C): LPS
group; (D): H2S-LPS group. Fields from one representative experiment of three are shown (Scale bar,
2μm). Normal cell, and the nucleus was approximately round without obvious pathological changes (Blue
boxes). Mitochondria swelled and vacuolated, holes formed on the cell membrane, cytoplasmic contents
over�owed (Red boxes) and a large number of vacuoles (Yellow boxes).



Figure 4

H2S exposure increased expression of NLRP3 and GSDMD in chicken liver Fluorescence staining
analysis. (A): C group; (B): H2S group; (C): LPS group; (D): H2S-LPS group. Normal cell (Blue cells),
GSDMD (Green cells) and NLRP3 (Red cells). Fields from one representative experiment of three are
shown (Scale bar, 20μm).



Figure 5

H2S induces chicken liver activated NF-κB/TNFα pathway (A): The mRNA expression level of NF-κB and
TNFα. These results are from at least three independent experiments. There is a signi�cant difference
with the corresponding control (P<0.05). (B): The protein expression levels of PKCα, NF-κB and TNFα.
These results are from at least three independent experiments. There is a signi�cant difference with the
corresponding control (P<0.05).



Figure 6

H2S induces chicken liver necrosis and pyroptosis (A): H2S exposure caused necrosis to liver tissue. The
mRNA levels of necrosis factors in group C, H2S group, LPS group, and H2S-LPS group. There is a
signi�cant difference with the corresponding control (P<0.05). (B): H2S exposure caused liver tissue
pyroptosis. The mRNA levels of key factors of pyroptosis in the group C, H2S group, LPS group, and H2S-
LPS group. There is a signi�cant difference with the corresponding control (P<0.05). (C): The protein



levels of necrosis and pyroptosis-related genes in the group C, H2S group, LPS group, and H2S-LPS group
were signi�cantly different from the corresponding controls (P<0.05).

Figure 7

H2S exposure caused in�ammatory damage f liver tissue. (A): The mRNA expression levels of
in�ammatory markers in group C, H2S group, LPS group, and H2S-LPS group. There is a signi�cant
difference with the corresponding control (P<0.05). (B): The protein expression levels of in�ammatory



markers in group C, H2S group, LPS group, and H2S-LPS group. There is a signi�cant difference with the
corresponding control (P<0.05).

Figure 8

H2S exposure forms microRNA-216a / PKCα axis by targeting PKCα, activates NF-κB/TNFα pathway.
H2S promotes the formation of necrosome in the liver, and further promotes the formation of pyroptosis
bodies, which eventually leads to the release of in�ammatory factors and causes in�ammatory damage
to the liver. At the same time, aggravated LPS-induced liver necrosis and pyroptosis, result in the
aggravation of liver in�ammation.
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