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lung injury induced by acute pancreatitis in rats
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A b s t r a c t

Introduction: Acute pancreatitis (AP) is known to induce injuries to extra-
pancreatic organs. Because respiratory dysfunction is the main cause of 
death in patients with severe AP, acute pancreatitis-associated lung injury 
(APALI) is a great challenge for clinicians. This study aimed to investigate the 
potential role of hydrogen sulfide (H2S) in the pathogenesis of APALI.
Material and methods: Fifty-four SD rats were randomly divided into three 
groups: the AP group of rats that received injection of sodium deoxycholate 
into the common bile duct, the control group that underwent a sham oper-
ation, and the treatment group made by intraperitoneal injection of propar-
gylglycine (PAG), an inhibitor of cystathionine-g-lyase (CSE), into rats with 
AP. Histopathology of the lung was examined and the expression of CSE 
and TNF-α mRNA in lung tissue was detected by real-time polymerase chain 
reaction. The H2S level in the serum was detected spectrophotometrically.
Results: The serum concentration of H2S and CSE and TNF-α expression in 
the lung were increased in AP rats modeled after 3 h and 6 h than in control 
rats (p < 0.05). Intraperitoneal injection of PAG could reduce the serum con-
centration of H2S, reduce CSE and TNF-α expression, and alleviate the lung 
pathology (p < 0.05).
Conclusions: Taken together, our findings suggest that the H2S/CSE system 
is crucially involved in the pathological process of APALI and represents 
a novel target for the therapy of APALI. 

Key words: acute pancreatitis associated lung injury, hydrogen sulfide, 
propargylglycine.

Introduction

Acute pancreatitis (AP) is a frequent disease of the pancreas and is main-
ly diagnosed by acute abdominal pain accompanied by increased levels of 
serum amylase and lipase. Although mild acute pancreatitis has a low mor-
tality rate, severe acute pancreatitis (SAP) is a fatal pathogenetic condition 
and accounts for a high mortality rate in China [1]. Notably, SAP-induced 
pathological changes are not limited to the pancreas. It is well known that 
SAP also induces injuries to extrapancreatic organs, such as the lung, liver 
and kidney, leading to multiple organ failure and even death [2, 3]. Because 
respiratory dysfunction is the main cause of death in patients with SAP, 
acute pancreatitis-associated lung injury (APALI) is a great challenge for cli-
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nicians. Unfortunately, the molecular mechanism of 
APALI remains elusive. 

Hydrogen sulfide (H2S) plays an important role 
in the pathogenesis of AP [4]. Hydrogen sulfide is 
synthesized from L-cysteine via the action of cys-
tathionine-g-lyase (CSE) and cystathionine-b-syn-
thase (CBS). Hydrogen sulfide acts as an important 
mediator of inflammation and CSE is the main en-
zyme involved in H2S formation in the pancreas [5]. 

In the present study we aimed to investigate the 
potential role of H2S and CSE in the pathogenesis of 
APALI. We established a rat AP model and examined 
the expression of CSE in lung tissue and the level 
of H2S in the serum. Furthermore, we analyzed the 
correlation of H2S and CSE levels with the patholog-
ical lung changes and the level of the inflammatory 
cytokine tumor necrosis factor-α (TNF-α). 

Material and methods

Animals

A total of 54 healthy male Sprague-Dawley rats 
(weight 250–300 g) were purchased from the Ex-
perimental Animal Center of Jiangsu University. 
They were randomly divided into three groups with 
18 rats in each group: the control group; the AP 
group; and the intervention group. The rats in the 
AP group were established as an AP model by the 
injection of 3% sodium deoxycholate (0.1 ml/100 g 
body weight) into the pancreas with injection ve-
locity of 0.2 ml/min. The rats in the control group 
were subjected to a  sham operation. The rats in 
the intervention group were AP rats subjected to 
intraperitoneal injection of propargylglycine (PAG, 
CSE inhibitor). The protocols were approved by the 
Animal Care and Use Committee of the Third Af-
filiated Hospital of Suzhou University, Changzhou, 
Jiangsu.

Histopathology analysis

The histopathology of rat lung tissue was ana-
lyzed as described previously. Five fields and two 
lobes were examined in each rat by a pathologist 
under light microscopy after the tissues were 
fixed with 10% formalin, embedded in paraffin 
and subjected to HE staining. On histopathologic 
examination, pulmonary injury was graded into 
four categories, as follows: grade 0, no diagnostic 
change; grade 1, mild neutrophil leukocyte infil-
trations and mild to moderate interstitial con-
gestion; grade 2, moderate neutrophil leukocyte 
infiltrations, perivascular edema formation, and 
partial destruction of pulmonary architecture; 
and grade 3, dense neutrophil leukocyte infiltra-
tion and complete destruction of the pulmonary 
architecture. Severity of none, mild, moderate 
and severe was scored as 0, 1, 2, and 3, respec-
tively [6]. 

Real-time polymerase chain reaction

Total RNA was extracted from lung tissue by 
TRIzol and used to synthesize cDNA. cDNA was then 
used as the template for PCR with the following 
primers: CSE forward: 5’-GTGATGTTGTCATGGGCT-
TAGT-3’ and reverse: 5’-TCGGCAGCAGAGGTAACAA-3’. 
TNF-α forward: 5’-CACCACGCTCTTCTGTCTACTG-3’  
and reverse: 5’-GCTTGGTGGTTTGCTACGAC-3’. Glyce-
raldehyde-3-phosphate dehydrogenase (GAPDH) 
was used as a  normalization control: forward: 
5′-AAGCTGGTCATCAATGGCAAAC-3′ and reverse 
5′-GAAGACGCCAGTAGACTCCACG-3′.

The reaction conditions were as follows: 94°C 
for 25 s, then 40 cycles of 64°C for 25 s, 72°C for 
30 s, and a final extension at 72°C for 5 min.

Relative CSE or TNF-α expression was measured 
by the comparative CT method (ΔΔCT method; Ap-
plied Biosystems) using glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) RNA as an internal 
standard. In this method, the threshold cycle (CT) 
indicates the fractional cycle number at which the 
amount of amplified target reaches a fixed thresh-
old. The ΔCT value was determined by subtracting 
the average GAPDH CT value from the average 
CSE or TNF-α CT value. The calculation of ΔΔCT 
involves subtraction by the ΔCT baseline sample. 
The amount of target, normalized to GAPDH and 
relative to the baseline sample, is given by 2−ΔΔCT. 
The resulting ΔΔCT factor enables relative quanti-
fication of the RNA of interest.

Measurement of plasma hydrogen sulfide

Plasma level of H2S was measured spectro-
photometrically as previously described [7]. We 
collected blood at 3  h, 6  h and 12  h after rats 
were modeled. Once blood was drawn into plastic 
Vacutainers using EDTA (1 mg/ml of blood), plas-
ma was immediately obtained through brief (3′) 
centrifugation at 3000 g and rapidly added to the 
assay mixture. The H2S concentration was mea-
sured spectrophotometrically as follows: in a test 
tube containing 0.5 ml of 1% zinc acetate, 0.4 ml 
of FeCl3 in 0.4 ml of HCl and 0.5 ml of N,N-dimeth-
yl-p-phenylenediamine dihydrochloride (C8H12N2) 
in 20 ml of HCl 7.2 mol/l, 0.4 ml of plasma were 
added. To deproteinize the sample, 1 ml of a 10% 
solution of trichloroacetic acid was added, and 
then the mixture was centrifuged at 4000 g for 
5 min at room temperature. The absorbance of 
the supernatant was read at 665 nm wavelength. 
Standard curves were repeated daily with trip-
licate measurement for each point, and freshly 
made solutions were utilized at all times.

Statistical analysis

Values were presented as mean and standard 
de viation. The significance of differences between 
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Table I. Histopathology score of the lungs of each group of rats

Groups Pulmonary interstitial 
edema

Exudation of 
inflammatory cells

Alveolar bleeding Alveolar edema

Control 0.33 ±0.07 0.20 ±0.02 0.10 ±0.02 0.13 ±0.02

AP 2.58 ±0.21Δ 2.76 ±0.27Δ 1.13 ±0.11Δ 2.13 ±0.11Δ

PAG 1.56 ±0.25* 2.21 ±0.35 0.53 ±0.05* 1.87 ±0.05*
Δp < 0.05, AP vs. control, *p < 0.05, PAG vs. AP

Figure 1. Histopathology of lung tissue of different groups of rats. A – In AP rats, the lung tissue showed a signifi-
cantly wider alveolar septum, and a large number of infiltrated white blood cells. B – In control rats, the lung tissue 
was normal. C – After PAG treatment, the pulmonary interstitial edema, alveolar exudation, and bleeding were 
significantly decreased. Arrows indicate white blood cells. Bar: 100 μM

CBA

two groups was determined by Student’s t-test.  
A p value of less than 0.05 was considered statistical-
ly significant. All statistical analyses were conducted 
using SPSS version 12 (SPSS Inc., Chicago, IL, USA).

Results

Propargylglycine treatment alleviates the 
pathology of lung injury in acute pancreatitis 
rats

Histopathology analysis showed that 12 h after  
establishing the AP model, purple-brown areas 
of lung atelectasis were observed in the rat lung 
specimen. In addition, the lung tissue showed 
a significantly wider alveolar septum, and a large 
number of infiltrated white blood cell (Figure 1 A). 
In contrast, the lung tissue was normal in the con-
trol group (Figure 1 B). Propargylglycine treatment 
significantly improved the pathology in the SAP 
group in that although inflammatory cells infil-
trated the alveolar septal, the pulmonary intersti-
tial edema, alveolar exudation, and bleeding were 
significantly decreased (Figure 1 C). The detailed 
pathological scores of lung injury in the 3 groups 
of rats are shown in Table I.

Propargylglycine treatment reduces 
cystathionine-g-lyase and tumor necrosis 
factor-α expression in the lung tissue  
of acute pancreatitis rats

RT-PCR analysis showed that the expression of 
both CSE and TNF-α at the mRNA level was signifi-

cantly higher in the lung tissue of AP rats modeled 
after 3 h and 6 h than in control rats (p < 0.05). In 
AP rats modeled after 12 h, CSE mRNA expression 
in the lung was not significantly increased com-
pared to control rats, but TNF-α mRNA expression 
was significantly higher than control rats (p < 0.05)  
(Tables II and III).

On the other hand, treatment with PAG re-
duced CSE mRNA expression in the lung of AP rats 
modeled after 3 h and 6 h (p < 0.05) and reduced 
TNF-α mRNA expression in the lung of AP rats 
modeled after 6 h (p < 0.05) (Tables II and III).

Table II. CSE mRNA expression in each group of rats

Groups 3 h 6 h 12 h

Control 0.51 ±0.19 0.76 ±0.18 0.35 ±0.09

AP 1.29 ±0.06Δ 2.64 ±0.61Δ 0.59 ±0.30

PAG 0.81 ±0.32* 1.47 ±0.44* 0.56 ±0.37

Δp < 0.05, AP vs. control, *p < 0.05, PAG vs. AP

Table III. TNF-α mRNA expression in each group of 
rats

Groups 3 h 6 h 12 h

Control 0.61 ±0.38 0.76 ±0.18 0.45 ±0.21

AP 1.25 ±0.26Δ 2.64 ±0.61Δ 1.32 ±0.39Δ

PAG 1.21 ±0.16 1.91 ±0.40* 1.23 ±0.28

Δp < 0.05, AP vs. control, *p < 0.05, PAG vs. AP
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Propargylglycine treatment reduces serum 
hydrogen sulfide concentration in acute 
pancreatitis rats

Analysis of serum H2S concentration in the  
3 groups of rats showed that serum H2S concen-
tration was higher in AP rats than in control rats  
(p < 0.05). After PAG treatment serum H2S con-
centration was significantly decreased in AP rats  
(p < 0.05) (Table IV).

Discussion

Acute pancreatitis is a common clinical acute ab-
domen with high mortality. About 1/3 of AP patients 
develop complications associated with lung injury 
or acute respiratory distress syndrome (ARDS), and 
60% of AP patients with lung injury or ARDS die 
within 1 week. However, AP associated lung injury 
in the pathogenesis remains uncertain. In recent 
years many experimental studies have shown that 
AP-induced lung injury is a  systemic inflammato-
ry response syndrome in the lung. However, the 
pathogenesis of APALI is still poorly understood.

Gases such as nitric oxide (NO) and carbon 
monoxide (CO) play an important role in a variety 
of pathophysiological processes. Recent evidence 
suggests that H2S is a new family of endogenous 
gaseous molecules [8]. Hydrogen sulfide is synthe-
sized from L-cysteine via the action of three en-
zymes: CBS, CSE and 3-mercaptopyruvate sulfur 
transferase (MST). Hydrogen sulfide formation 
in the cardiovascular system is mainly catalyzed 
by CSE, while CBS plays an important role in the 
brain. In contrast, MST down-regulates H2S forma-
tion to a much extent  [9]. 

Hydrogen sulfide has been shown to exhibit 
various pathophysiological effects, including the 
following: (1) vascular smooth muscle relaxation. 
CSE and H2S synthase are expressed in the pul-
monary artery, aorta, tail artery, mesenteric ar-
tery, portal vein and other blood vessel wall tissue 
[10–13]; (2) induction of apoptosis. NaHS (H2S do-
nor) induces the apoptosis of lung fibroblasts in 
a  dose-dependent manner. In hypoxic condition, 
H2S can inhibit Bcl22 protein expression and in-
crease the expression of Fas and caspase-specific 
protease 23, thus inducing the apoptosis of pulmo-
nary artery smooth muscle cells [14]; (3) anti-platelet 

aggregation: platelet aggregation can be inhibited 
by NaHS. It is speculated that H

2S might reduce 
the number of disulfide bonds in key proteins in-
volved in platelet activation [15]; (4) inflammatory 
response: in a variety of animal disease models, 
H2S induces the expression of nuclear factor-κB 
(NF-κB), interleukin (IL)-1b, IL-2, tumor necrosis 
factor (TNF)-α, leukocyte chemoattractant pro-
tein-1, macrophage inflammatory protein-2 and 
P substances in the liver and lung [16]; (5) stimu-
lation of angiogenesis. Exogenous H2S promotes 
vascular endothelial cell growth, metastasis, re-
pair of mechanical injury and formation of tubular 
structures in a  concentration-dependent manner 
(10–20 μmol/l) [17]. 

Currently, the contribution of H2S to the devel-
opment of APALI remains controversial. In a lipo-
polysaccharide (LPS)-induced acute lung injury 
(ALI) model it was found that H2S concentrations 
in plasma and lung tissue were decreased and CSE 
activity in lung tissue also declined [18]. Another 
study on an ALI model showed that the endoge-
nous CSE/H2S system was involved in oleic acid-in-
duced pathophysiology of ALI [19]. In contrast, Li 
et al. reported that H2S and TNF-α levels in plasma 
and myeloperoxidase activity in lung tissue were 
increased in an ALI model compared with a nor-
mal control group. Furthermore, PAG could allevi-
ate lung injury and reduce H2S and TNF-α levels 
in plasma and myeloperoxidase activity in lung 
tissue [20]. In an AP mouse model, PAG treatment 
significantly reduced pancreatic CSE mRNA ex-
pression and activity and serum concentration of 
H2S. Moreover, it reduced myeloperoxidase (MPO) 
activity in the lung tissue and effectively reduced 
the pulmonary inflammation and injury [21]. Fur-
thermore, their levels (according to the results of 
Tables II and III) are still higher compared to con-
trol rats, which may suggest that H2S promotes 
the pathogenesis of APALI, and PAG (H2S/CSE in-
hibitor) administration can effectively reduce the 
pulmonary inflammation and injury, but H2S is 
only a member of endogenous gaseous molecules 
family which includes NO and CO. Its inhibition 
may eliminate the inflammatory response partial-
ly, instead of completely.

In the present study, we observed that in AP rats 
modeled after 3 h and 6 h, the relative mRNA ex-
pression levels of CSE and TNF-α in the lung tissue 
were higher than the control group. In addition, in 
AP rats modeled after 3 h, 6 h and 12 h, the serum 
concentration of H2S was higher than the control 
group. These results demonstrate that the H2S/
CSE system is up-regulated in APALI. After intra-
peritoneal injection of PAG, CSE mRNA expression 
was suppressed, the serum concentration of H2S 
was reduced, and the pathology index of the lung 
was reduced. Based on these data, we conclude 
that the H2S/CSE system may aggravate APALI 

Table IV. Serum concentration of H2S in each group 
of rats (μmol/l)

Groups 3 h 6 h 12 h

Control 24.18 ±1.63 23.79 ±1.81 23.89 ±1.18

AP 30.34 ±1.40Δ 37.97 ±1.56Δ 31.57 ±3.17Δ

PAG 29.53 ±2.63 30.73 ±2.32* 24.38 ±2.29*

Δp < 0.05, AP vs. control, *p < 0.05, PAG vs. AP
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and a CSE inhibitor could be employed to reduce 
the pulmonary inflammation and injury. However, 
after 12 h, there was no significant difference be-
tween AP and PAG rats in CSE and TNF-α expres-
sion but there was in H

2S levels, which may sug-
gest that H

2S has a longer half-life and a different 
release rate compared to CSE/TNF-α in the body. 
We will address this in our future investigations.

Interestingly, in this study we found that the 
expression pattern of CSE was parallel to that of 
TNF-α in AP rats and PAG-treated AP rats. These 
findings suggest that TNF-α may play an import-
ant role in mediating H

2S-induced APALI. Paria  
et al. found that TNF-α induced transient receptor 
potential channel-1 (TRPC-1) to increase the intra-
cellular Ca2+ concentration in endothelial cells via 
activation of the NF-κB pathway [22]. The activation 
of NF-κB has been implicated in lung microvascular 
injury induced by LPS and it plays an important role 
in sepsis-induced liver injury in rats [23, 24]. Further 
studies are important to elucidate the exact mech-
anism by which TNF-α mediates H

2S-induced APALI.
In conclusion, in the present study we demon-

strate that the serum concentrations of H
2S and 

CSE and TNF-α expression in the lung were in-
creased in rats with AP. Intraperitoneal injection 
of the CSE inhibitor PAG could reduce the serum 
concentration of H

2S and alleviate the lung pa-
thology. These results suggest that the H

2S/CSE 
system is crucially involved in the pathological 
process of APALI and represents a novel target for 
the therapy of APALI.
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