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Abstract
Background: To determine the effect of Shenmai injection (SMI) on acute lung injury (ALI) induced by
severe acute pancreatitis (SAP) in rats.

Methods: Forty male Sprague-Dawley (SD) rats were grouped into 4 categories: SAP group, sham surgery
(SS) group, SAP + SMI group, SAP + SMI + Zinc protoporphyrin (ZnPP) group. Rats in the SAP group were
intravenously injected with 1.6 ml/kg saline 30 minutes after induction of SAP models. Rats in the SAP +
SMI group were intravenously injected with 1.6 ml/kg SMI, while those in the SAP + SMI + ZnPP group
rats were intravenously injected with 1.6 ml/kg SMI and 30 mg/kg ZnPP via intraperitoneal injection.
Twenty-four hours after SAP induction, the rats were sacri�ced. Excised lung tissues were histologically
examined, protein concentration in bronchoalvelar lavage �uid (BALF) was measured and lung wet-to-dry
(W/D) weight ratio was calculated. The protein and mRNA levels of the tumor necrosis factor (TNF) -α,
heme oxygenase (HO) -1 and interleukin (IL) -10 in blood and tissue samples were measured.

Results: SMI treatment attenuated SAP-induced ALI as evidenced by lower scores of lung damage
compared with untreated SAP group (p 0.05). SMI also abolished the SAP-induced rise in BALF and W/D
ratio protein concentrations (p 0.05). Moreover, SMI treatment increased HO-1, IL-10 levels but decreased
TNF-α level in serum and tissue samples (p 0.05). However, inhibition of HO-1 expression by ZnPP led to
signi�cant inhibition of all the changes.

Conclusions: SMI can alleviate SAP-induced ALI through HO-1 upregulation.

1. Background
Severe acute pancreatitis (SAP) is a condition characterized by in�ammation of the pancreas. And it is a
serious pathological condition with a high rate of fatality of nearly 30% and thus requires critical care [1-
3]. It usually results in systemic in�ammatory response syndrome (SIRS) and cause complications in
distant organs [4]. One of the serious complications caused by SAP is Acute lung injury (ALI). ALI leads to
early mortality due to single or multiple organ dysfunctions [5,6]. About one-third of all deaths from acute
pancreatitis has been reported to occur prior to admission to hospital, and in most cases, is associated
with ALI [5]. It has been observed that early intervention prevents lung injury leading to good prognosis.

  Acute lung injury is associated with high in�ammatory response, accumulation of activated neutrophil
and elevated interstitial edema [7]. Cytokines, such as interleukin (IL) -6, tumor necrosis factor (TNF) -α,
and IL-1β, aggravate local pancreatitis as well as cause multiple organ failure [8]. As such, suppressing
in�ammation is a viable treatment strategy for SAP as this will suppress ALI [9,10].

Heme oxygenase (HO) -1 (also referred to as HSP-32), an inducible isoform of heme oxygenase, catalyzes
the degradation of heme into carbon monoxide (CO), iron and biliverdin [11]. Previous studies indicated
that HO-1, which protects cells and organs against in�ammation-induced injury and oxidative stress,
plays an essential role in pathogenesis the pathogenesis of SAP and other in�ammatory disorders [12-
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16]. Zinc protoporphyrin (ZnPP), which is a speci�c inhibitor of HO-1, as a negative regulator is used in
HO-1 related research [17].

  Shenmai injection (SMI) is a traditional Chinese medicine comprising Ophiopogonjaponicas (lilia-ceae),
and Ginseng Rubra (araliaceae) extracts [18] and is widely used to clinically treat heart diseases, sepsis,
osteoarthritis and asthma [19-22]. SMI is generally considered a safe drug [23,24]. Research has shown
that SMI suppresses in�ammation by decreasing TNF-α production [25]. Based on this knowledge, we
speculate that SMI may confer protection against pancreatitis-related lung injury. To date, none has
reported whether SMI regulates SAP-induced ALI. This study, therefore, used an established SAP rat
model to explore the effect of SMI on SAP associated with ALI and its mechanism of action.

2. Methods

2.1. Animal model
Experiments based on animals were performed in full conformity with the Shandong Committee
guidelines on Animal Care of China and were approved by the committee. Forty healthy male SD rats
weighing between 220 and 260 g were obtained from the Shandong Experimental Animal Center of
Chinese Academy Science. The rats were housed in a room with constant temperature of 25 ± 1 ℃ and
12 hours daily photoperiod. The rats had free access to chow diet and drinking water though prior to
surgery, they were given water only for 24 hours.

The rats were grouped into four categories (n = 10): SAP group, sham surgery (SS) group, SAP + SMI
group, SAP + SMI + Zinc protoporphyrin (ZnPP) group, a speci�c inhibitor of HO-1 [19]. The SAP model
was designed by retrogradely injecting the rats with 4% sodium taurocholate (1 ml/kg) via the pancreatic
duct following anaesthetization with sodium pentobarbital (40 mg/kg) [20]. The SAP group rats were
intravenously injected with 1.6 ml/kg saline 30 minutes after induction of SAP. Similarly, the SAP + SMI
group rats were intravenously injected with 1.6 ml/kg SMI 30 minutes after induction of SAP while the
SAP + SMI + ZnPP group rats were intravenously injected with 1.6 ml/kg SMI and 30 mg/kg ZnPP via
intraperitoneal injection 30 minutes after induction of SAP. At the end of the surgery, the rats were
resuscitated by a single isotonic Sodium Chloride (40 ml/kg) injection and then housed in cages
individually. They were only provided with water and sacri�ced (spinal dislocation) 24 hours after the
operation.

2.2. Reagents
All reagents used were sourced from internationally recognized suppliers: Sodium taurocholate, sodium
pentobarbital, and ZnPP were procured from Sigma Chemical (St. Louis, MO, USA), SMI from CTQ
Pharmaceutical Group Co. Ltd. (Hangzhou, China), and Isotonic sodium chloride from Qilu
Pharmaceutical Co. Ltd. (Jinan, China). RIPA buffer, formaldehyde, isopropanol, and ethanol were
procured from Dikma Co. (Beijing, China) while Monoclonal antibodies were procured from Abcam
(Cambridge, United Kingdom). TRIzol reagent and the �uorescence quantitative RT-PCR kit were bought
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from Thermo Fisher Scientifc, Inc. (Waltham, MA, USA). The primer sequences for IL-10, TNF-a, HO-1, and
β-actin (Table 1) were prepared by Invitrogen. ELISA kits were obtained from EIAab Science Co. Ltd.
(Wuhan, China).

Table 1
PCR primer sequences (5’-3’)

Gene Forward primer Reverse primer

HO-1 ACC CCA CCA AGT TCA AAC AG GAG CAG GAA GGC GGT CTT AG

TNF-α CCC AAT CTG TGT CCT TCT AAC T CAC TAC TTC AGC GTC TCG TGT

IL-10 GGC TCA GCA CTG CTA TGT TGC C AGC ATG TGG GTC TGG CTG ACT G

β-actin TGG TGG GTA TGG GTC AGA AG GAC AAT GCC GTG TTC AAT GG

2.3. Histomorphology Examination
The lung tissues were prepared and �xed in 40 g/L formaldehyde. Para�n-embedded tissues were
sectioned into 5 µm thick sections and stained with hematoxylin and eosin. The sections were visualized
under a light microscope [20]. Histopathology scores were calculated based on 3 randomly chosen
tissues. Assessment of the histological results was carried out by an investigator who was blinded to the
group allocation. All pathological scores for the lung tissues were analyzed as per the methods described
by Zhao et al. [21].

2.4. Protein concentration analysis in BALF
A bicinchoninic acid (BCA) assay kit (Beyotime Institute of Biotechnology, Shanghai, China) was used to
determine the concentration of protein in micrograms per milliliter in BALF.

2.5. Lung wet-to-dry (W/D) weight ratio determination
The wet to dry lung weight determination was conducted to measure the extent of pulmonary edema. For
the wet weight measurement, the left upper lobe of the lungs was excised, blotted to dry and then
weighed. On the other hand, the dry weight was determined after the lung lobe was dehydrated for 24
hours in an 80℃ oven. The ratio of wet to dry weight was obtained by dividing the value of the wet
weight with that of dry weight.

2.6. IL-10, HO-1, and TNF-α assessments
Serum and tissues were harvested and stored at -80 ℃ awaiting assessment. ELISA tests were
performed to determine the concentration of IL-10, TNF-α, and HO-1 in serum while the protein expression
of TNF-α, IL-10, and HO-1 in lung tissues were analyzed using the Western blot assay [22]. Protein extract
(15ug) of whole tissue was resolved in 12% Bis-Tris polyacrylamide gel and the protein bands transferred
onto a nitrocellulose membrane. Blocking was done for 1 hour using TBS (Tris-buffered saline)
supplemented with Tween 20 and skimmed milk (5%). The membrane was then incubated together with



Page 5/16

monoclonal antibodies anti-IL-10, anti-TNF-α and anti-HO-1 for 24 hours after which it was washed thrice.
The membrane was then incubated with a conjugated secondary antibody (horseradish peroxidase) and
washed several times Visualization of the proteins was then done using autoradiography. Variation in the
intensity of the bands was determined using Image Analysis software (Bio-Rad, Hercules, CA) and the
density of each sample standardized using the GAPDH level as the base standard.

Further to this, RT-PCR was used to measure the mRNA level of IL-10, TNF-α, and HO-1 in tissues on the
ABI7900 instrument (Applied Biosystems, USA). Total RNA was extracted using the TRIzol buffer and
then reverse-transcribed to cDNA. The cDNA was used as a template in PCR reactions to measure the
expression level of TNF-α, IL-10, and HO-1. The expression of β-actin was used for data normalization.
The PCR reaction conditions used were; 15 seconds of denaturation at 95℃, 20 seconds of annealing at
60℃, and 30 seconds of extension at 72℃ [20].

2.7. Statistics
Data analysis was done using SPSS 16.0 and data presented as mean ± SEM. Multiple groups were
compared using the one-way (ANOVA) analysis of variance then by unpaired Student’s t-test and Tukey’s
test. A p-value < 0.05 was considered statistically signi�cant.

3. Results

3.1. Histomorphology and Histopathologic scores
Hemorrhage, interstitial in�ammatory cell in�ltration, and pulmonary edema were more pronounced in the
lungs of the SAP rats compared to the SS group. However, these changes were weakened in the SAP + 
SMI group, but were aggravated in SAP + SMI + ZnPP group (Fig. 1). Further analysis revealed that the
lungs’ histopathologic scores were higher in the SAP group relative to the SS group (p 0.05). The SAP
group had higher histopathologic scores relative to the SAP + SMI group (p 0.05). However, the SAP + 
SMI + ZnPP group histopathologic scores were signi�cantly higher than those of the SAP group and SAP 
+ SMI group (p 0.05) (Fig. 1).

3.2. SAP-induced vascular permeability and lung edema
Vascular permeability and pulmonary edema were determined by measuring the ratio of W/D of the lungs
and BALF protein concentration from groups with different treatments. SMI signi�cantly reduced the SAP-
induced rise in the W/D ratio (Fig. <link rid="�g2">2</link>-A & 2-B) (p 0.05) and BALF protein
concentrations (p 0.05). However, SMI + ZnPP had no such effect.

3.3. In�uence of SMI on HO-1 expression
The level of HO-1 in the serum and tissues of the SAP group was higher than in the SS group (p 0.05).
Similarly, HO-1 concentration in the serum and tissues of the SAP + SMI group was signi�cantly higher
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than in the SAP group (p 0.05). However, the concentration of HO-1 in serum and tissues was lower in the
SAP + SMI + ZnPP group than in the SAP group (Fig. 3) (p 0.05).

3.4. Impact of SMI on the level of IL-10 and TNF-α
The IL-10 and TNF-α levels were higher in the SAP group than in the SS group (p 0.05). However, the level
of TNF-α was higher in the SAP group than in the SAP + SMI group (p 0.05) but was higher in the SAP + 
SMI + ZnPP group than in the SAP group (p 0.05). On the other hand, the level of IL-10 was higher in the
SAP + SMI group (p 0.05) but decreased in the SAP + SMI + ZnPP group when compared to that in the
SAP group (Fig. 4) (p 0.05).

4. Discussion
Severe acute pancreatitis (SAP) is a type of systematic disorder characterized by pancreatic necrosis,
cytokine activation, SIRS and multiple organ dysfunction syndromes (MODS) [23, 24]. To date, MODS are
still the main causes of SAP-related deaths [24]. ALI is the most frequent form of organ failure in patients
with SAP and accounts for 60–70% mortalities of patients within the �rst week of infection [25]. The
presence of ALI in a patient calls for a higher need for intervention and prolonged hospital stay to avoid
death [26]. Studies have suggested that the underlying mechanism of ALI in SAP could involve the
overproduction of in�ammatory mediators by macrophages, neutrophils and other cells that form part of
the immune system in a cascade of events [7, 10, 27].

Previous studies have implicated TNF-α (a protein produced by activated lymphocytes and macrophages)
in the developmental mechanisms of SAP [28]. Once activated, TNF-α intensi�es the production and
expression of IL-8 and IL-6 thus leading to the generation of an in�ammatory signaling cascade caused
by the release of in�ammation-promoting factors [29]. This has been proved to occur during organ
failure. On the contrary, IL-10 produced by stellate cells, hepatocytes, T helper-2 (Th2) cells, and
macrophages confers protection in various in�ammatory disorders [30]. IL-10 suppresses pro-
in�ammatory cytokine synthesis of TNF-α, IL-2, and IL-3, thus averting SAP-induced MODS [31, 32]. This
study revealed that anti-in�ammatory cytokines are lower than the pro-in�ammatory cytokines in patients
who develop to ALI [33].

HO-1 is an enzyme that regulates the breakdown of heme to biliverdin, iron, and CO [34]. Previous studies
indicated that HO-1, which protects cells and organs against in�ammation-induced injury and oxidative
stress, plays an essential role in SAP pathogenesis including many other in�ammatory disorders
associated with the immune system [35–39]. This study revealed that HO-1 induction during the early
stages of SAP development modulated systemic in�ammatory response through TNF-α suppression and
IL-10 augmentation [20].

SMI is a patented drug used in China for hospitalized patients. Previous studies found out that SMI
reduced the concentration of TNF-α, IL-8, and IL-6 in serum [40] and ameliorated oxidative damage [12].
Advances in SMI research have led to much attention being given to the clinical applications of SMI in the
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treatment of in�ammatory diseases [13–15]. This study found out that SAP-induced ALI was signi�cantly
attenuated by SMI treatment and the lung damage severity scores were lower. In the same line, SMI
signi�cantly reduced the SAP-induced rise in the W/D ratio and protein concentrations of BALF. These
results suggested that SMI could suppress the in�ammatory response by reducing the production of
cytokines thus preventing lung damage.

This study also revealed that intravenous SMI injection in rats after SAP surgery signi�cantly increased
HO-1 in plasma and lung tissues. This resulted in the suppression of in�ammatory reaction and oxidative
damage thus preventing injury of the lungs. On the contrary injection with ZnPP (a speci�c HO-1 inhibitor)
caused HO-1 suppression thus aggravating lung tissue in�ammation that resulted in lung injury.
Evidently, the effect of SMI on SAP-induced ALI involves HO-1 upregulation which inhibits systemic
in�ammatory response and lung injury by balancing pro-in�ammatory and anti-in�ammatory factors.
However, further studies are needed to identify the speci�c action mechanisms of SMI in the treatment of
SAP-induced ALI.

5. Conclusions
The �ndings of this study revealed that SMI alleviates SAP-induced ALI by activating HO-1 signaling,
decreasing TNF-α expression and increasing IL-10 levels in the SAP rat model. ZnPP, on the other hand,
could signi�cantly inhibit these effects. SMI blunts systemic in�ammatory response and lung injury and
thus would offer a novel and practical therapeutic option against SAP-induced ALI.

Abbreviations
SMI: Shenmai injection; ALI: acute lung injury; SAP: severe acute pancreatitis; SD: Sprague-Dawley; ZnPP:
Zinc protoporphyrin; TNF: tumor necrosis factor; IL: interleukin; SIRS: systemic in�ammatory response
syndrome; MODS: multiple organ dysfunction syndromes; Th2: T helper-2.

Declarations
Ethics approval and consent to participate

Experiments based on animals were performed in full conformity with the Shandong Committee
guidelines on Animal Care of China and were approved by the committee. Approval Number:
SCXK(LU)20140007. 

Consent to publish

Not applicable.

Availability of data and materials



Page 8/16

The datasets used during the current study are available from the corresponding author on reasonable
request.  

Competing interests     

The authors declare that they have no competing interests. 

Funding

This study was supported by National Natural Science Foundation of China (No. 81503543, 81704028
and 81974545) and Shandong Provincial Natural Science Foundation, China (No. ZR2015HL058).

Authors' Contributions

LK and FHZ conceived and designed the study. FHZ and YL drafted the manuscript. HH and KLF
performed the experiments. WD and WHL performed the statistical analysis. All authors have read and
approved the �nal manuscript.  

Acknowledgements

Not applicable.

References
[1] Swaroop VS, Chari ST, Clain JE. Severe acute pancreatitis. JAMA. 2004;291(23):2865-8.

[2] Lankisch PG, Apte M, Banks PA. Acute pancreatitis. Lancet. 2015;386(9988):85-96.

[3] Working Group IAP/APA Acute Pancreatitis Guidelines. IAP/APA evidence-based guideline for the
management of acute pancreatitis. Pancreatology. 2013;13:e1-15.

[4] Shinzeki M, Ueda T, Takeyama Y, Yasuda T, Matsumura N, Sawa H, et al. Prediction of early death in
severe acute pancreatitis. J Gastroenterol. 2008;43(2):152-8.

[5] Zhou MT, Chen CS, Chen BC, Zhang QY, Andersson R. Acute lung injury and ARDS in acute
pancreatitis: mechanisms and potential intervention. World J Gastroenterol. 2010;16(17):2094-9.

[6] Akbarshahi H, Rosendahl AH, Westergren-Thorsson G, Andersson R. Acute lung injury in acute
pancreatitis--awaiting the big leap. Respir Med. 2012;106(9):1199-210.

[7] Luan ZG, Zhang XJ, Yin XH, Ma XC, Zhang H, Zhang C, et al. Downregulation of HMGB1 protects
against the development of acute lung injury after severe acute pancreatitis. Immunobiology.
2013;218(10):1261-70.



Page 9/16

[8] Zyromski N, Murr MM. Evolving concepts in the pathophysiology of acute pancreatitis. Surgery.
2003;133(3):235-7.

[9] Anand N, Park JH, Wu BU. Modern management of acute pancreatitis. Gastroenterol Clin North Am.
2012;41(1) :1-8.

[10] Elder AS, Saccone GT, Dixon DL. Lung injury in acute pancreatitis: mechanisms underlying
augmented secondary injury. Pancreatology. 2012;12(1):49-56.

[11] Zhou Q, Sun Y, Tan W, Liu X, Qian Y, Ma X, et al. Effect of Shenmai injection on preventing the
development of nitroglycerin-induced tolerance in rats. PLoS One. 2017;12(4):e0176777.

[12] Xian S, Yang Z, Lee J, Jiang Z, Ye X, Luo L, et al. A randomized, double-blind, multicenter, placebo-
controlled clinical study on the e�cacy and safety of Shenmai injection in patients with chronic heart
failure. J Ethnopharmacol. 2016;186:136-142.

[13] Yu YH, Cui NQ, Fu Q, Li J. Change of TH1/TH2 cytokine equilibrium in rats with severe sepsis and
therapeutic effect of recombinant interleukin-12 and Shenmai injection. Chin J Integr Med.
2005;11(2):136-41.

[14] Yao N, Chen N, Xu X, Sun D, Liu W, Li G, et al. Protective effect of Shenmai injection on knee articular
cartilage of osteoarthritic rabbits and IL-1β-stimulated human chondrocytes. Exp Ther Med.
2017;13(6):3013-3020.

[15] Zhao L, Wu J, Zhang X, Kuang H, Guo Y, Ma L. The effect of Shenmai injection on the proliferation of
Rat airway smooth muscle cells in asthma and underlying mechanism. BMC Complement Altern Med.
2013;13:221.

[16] Lu LY, Zheng GQ, Wang Y. An overview of systematic of reviews of shenmai injection for healthcare.
Evid Based Complement Alternat Med. 2014;2014:840650.

[17] Yu J, Xin YF, Gu LQ, Gao HY, Xia LJ, You ZQ, et al. One-month toxicokinetic study of SHENMAI
injection in rats. J Ethnopharmacol. 2014;154(2):391-9.

[18] Wei YL, Li YJ, Liu X. Experimental study of protective effect of shenmai injection on endotoxin
induced systemic in�ammatory reaction syndrome and multiple organ dysfunction syndrome. Zhongguo
Zhong Xi Yi Jie He Za Zhi. 2001;21(1):47-50.

[19] Wang JL, Chen Y, Song XQ, Lu ML, Zhao B, Ma L, et al. Biliary tract external drainage protects against
multiple organs injuries of severe acute pancreatitis rats via heme oxygenase-1 upregulation.
Pancreatology. 2017;17(2):219-227.

[20] Zhang FH, Sun YH, Fan KL, Dong XB, Han N, Zhao H, et al. Protective effect of heme oxygenase-1
against severe acute pancreatitis via inhibition of tumor necrosis factor-α and augmentation of



Page 10/16

interleukin-10. BMC Gastroenterol. 2017;17(1):100.

[21] Zhao B, Fei J, Chen Y, Ying YL, Ma L, Song XQ, et al. Vitamin C treatment attenuates hemorrhagic
shock related multi-organ injuries through the induction of heme oxygenase-1. BMC Complement Altern
Med. 2014;14:442.

[22] Mehaffey JH, Chaeles EJ, Schubert S, Salmon M, Sharma AK, Money D, et al. In vivo lung perfusion
rehabilitates sepsis-induced lung injury. J Thorac Cardiovasc Surg. 2018;155(1):440-448.

[23] Oliva J, Mustonen H, Kylanpaa ML, Kyhala K, Siitonen S, Kemppainen E, et al. Acute pancreatitis with
organ dysfunction associates with abnormal blood lymphocyte signaling: controlled laboratory study. Crit
Care. 2010;14(6):R207.

[24] Mitchell RM, Byrne MF, Baillie J. Pancreatitis. Lancet. 2003;361(9367):1447-55.

[25] Owusu L, Xu C, Chen H, Liu G, Zhang G, Zhang J, et al. Gamma-enolase predicts lung damage in
severe acute pancreatitis-induced acute lung injury. J Mol Histol. 2018;49(4):347-356.

[26] Lei H, Minghao W, Xiaonan Y, Ping X, Ziqi L, Qing X. Acute lung injury in patients with severe acute
pancreatitis. Turk J Gastroenterol. 2013;24:502-7.

[27] Samanta J, Singh S, Arora S, Muktesh G, Aggarwal A, Dhaka N, et al. Cytokine pro�le in prediction of
acute lung injury in patients with acute pancreatitis. Pancreatology. 2018;18(8):878-884.

[28] Grewal HP, Mohey el Din A, Gaber L, Kotb M, Gaber AO. Ameliroration of the physiologic and
biochemical changes of acute pancreatitis using an anti-TNF-alpha polyclonal antibody. AM J Surg.
1994;167(1):214-218.

[29] Malleo G, Mazzon E, Siriwardena AK, Cuzzocrea S. Role of tumor necrosis factor-alpha in acute
pancreatitis: from biological basis to clinical evidence. Shock. 2007;28(2):130-140.

[30] De Vries JE. Immunosuppressive and anti-in�ammatory properties of interleukin 10. Ann Med.
1995;27(5): 537-41.

[31] Rongione AJ, Kusske AM, Kwan K, Ashley SW, Reber HA, McFadden DW. Interleukin 10 reduces the
severity of acute pancreatitis in rats. Gastroenterology. 1997;112(3)960-967.

[32] Chen ZQ, Tang YQ, Zhang Y, Jiang ZH, Mao EQ, Zou WG, et al. Adenoviral transfer of human
interleukin-10 gene in lethal pancreatitis . World J Gastroenterol. 2004;10(20):3021-5.

[33] Jayanta Samanta, Sukhwinder Singh, Sunil Arora, Gaurav Muktesh, Ashuton Aggarwal, Narendra
Dhaka, et al. Cytokine pro�le in prediction of acute lung injury in patients with acute pancreatitis.
Pancreatology. 2018 ;18(8) :878-884.



Page 11/16

[34] Nakamichil I, Habtezion A, Zhong B, Contag CH, Butcher EC, Om ary MB. Hemin-activated
macrophages home to the pancreas and protect from acute pancreatitis via heme oxygenase-1 induction.
J Clin Invest. 2005;115:3007-3014.

[35] Gulla A, Evans BJ, Navenot JM, Pundzius J, Barauskas G, Gulbinas A, et al. Heme oxygenase-1 gene
promoter polymorphism is associateed with the development of necrotizing acute pancreatitis. Pancreas.
2014;43(8) :1271-6.

[36] Tamion F, Richard V, Renet S, Thuillez C. Protective effects of heme-oxgenase expression against
endotoxic shock: inhibition of tumor necrosis factor-alpha and augmentation of interleukin-10. J Trauma.
2006;61(5):1078-84.

[37] Zhu X, Fan WG, Li DP, Kung H, Lin MC. Heme oxygenase-1 system and gastronintestinal
in�ammation: a short review. World J Gastroenterol. 2011;17(38):4283-8.

[38] Liu B, Qian JM. Cytoprotective role of heme oxygenase-1 in liver ischemia reperfusion injury. Int J Clin
Exp Med. 2015;8(11):19867-73.

[39] Scharn CR, Collins AC, Nair VR, Stamm CE, Marciano DK, Graviss EA, et al. Heme oxygenase-1
regulates in�ammation and mycobacterial survival in human macrophages during mycobacterium
tuberculosis infection. J Immunol. 2016;196(11):4641-9.

[40] Liu ZM, Li N, Chen Y. Experimental study of the effect of Shenmai injection on post-cardiac arrest
syndrome in rabbit. Zhonghua Wei Zhong Bing Ji Jiu Yi Xue. 2013;25(11):664-8.

Figures



Page 12/16

Figure 1

The lung histopathologic scores and alterations. (A) = SS group; (B) = SAP group; (C) = SAP + SMI group;
(D) = SAP + SMI + ZnPP group; (E) = Histopathologic scores. Data are shown as means ± SEM). ap 0.05
relative to the SS group; bp 0.05 relative to the SAP group; cp 0.05 relative to the SAP + SMI group (n =
10). Histopathologic scores of lungs show signi�cant decrease after SMI treatment under conditions of
SAP. ZnPP suppressed this effect.
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Figure 2

The W/D ratio of the lung and BALF protein concentration. Data are shown as means ± SEM. ap 0.05
relative to the SS group; bp 0.05 relative to the SAP group; cp 0.05 relative to the SAP + SMI group (n =
10).
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Figure 3

The HO-1 expression levels. (A) = Serum (ELISA); (B) = Lung (Western blot); (C) = Lung (RT-PCR). Data are
shown as means ± SEM. ap 0.05 relative to the SS group; bp 0.05 relative to the SAP group; cp 0.05
relative to the SAP + SMI group (n = 10).
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Figure 4

The IL-10 and TNF-α expression levels. TNF-α: (A), (C), (E); IL-10: (B), (D), (F); Serum: (A), (B); Lung: (C),
(D), (E), (F). Data are shown as means ± SEM. ap 0.05 relative to the SS group; bp 0.05 relative to the
SAP group; cp 0.05 relative to the SAP + SMI group (n = 10).
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