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Abstract. The present study aimed to investigate the effects 
of treatment with thymosin α1 (TA1) or interferon α (IFNα) 
following the establishment of severe acute pancreatitis 
(SAP) in rats. A total of 144 Sprague‑Dawley rats were 
randomly divided into four groups. The rats in all four 
groups were celiotomized, and the rats in the control group 
were administered with an intravenous injection of saline. 
The three other groups were administered with 5% 1 ml/kg 
sodium taurocholate via the cholangiopancreatic duct. SAP 
group rats were administered with an intravenous injection 
of saline; TA1 group rats received 26.7  µg/kg TA1; and 
interferon α (INFα) group rats received 4.0x105 U/kg IFNα. 
The rats were anesthetized and blood samples were collected 
from the animals 3, 12 and 24 h after surgery. The levels 
of T cell subsets, serum enzyme indicators, cytokines and 
procalcitonin (PCT) were measured. The general conditions 
of the rats were observed until sacrifice, and pancreatic and 
lung tissue samples were sampled for hematoxylin and eosin 
staining and histological scoring. The expression levels of 
aspartate transaminase, lactate dehydrogenase, α‑amylase 
(AMY), P‑type‑amylase, lipase, PCT, tumor‑necrosis 
factor  α, interleukin (IL)‑4, IL‑5, and IL‑18 in the TA1 
and IFNα‑treated rats were significantly lower, compared 
with those of the SAP rats within the first 24 h of model 
establishment (P<0.05). The TA1 and IFNα‑treated rats 
exhibited significantly increased levels of CD3+, CD4+ and 
CD8+ T cells, and an increased ratio of CD4+/CD8+ cells, 
compared with SAP rats. Histological analysis revealed 
that the TA1 and IFNα‑treated rats exhibited significantly 
ameliorated pancreas and lung damage, and mortality rates 
were reduced from 50.0% (6/12) to 25.0% (3/12) and 33.3% 

(4/12), respectively. The immunomodulatory agents TA1 and 
IFNα reduced acute inflammation, decreasing cell damage 
and enhancing immune function and survival rates in the 
SAP rats.

Introduction

Severe acute pancreatitis (SAP) is a common acute abdom-
inal disease with rapid progression and high mortality rates 
of ~20.8‑36%  (1,2), due to the lack of effective treatments 
for SAP, its progression is often associated with local or 
systemic inflammatory responses, and current treatment 
strategies focus on ameliorating inflammatory cytokine 
activation (3,4).

During the progression of SAP‑induced systemic inflam-
matory response syndrome, the release of high levels of 
inflammatory mediators triggers the synthesis and release of 
anti‑inflammatory cytokines. Anti‑inflammatory cytokines 
inhibit pathogenic inflammation, however, they also precipitate 
the systemic suppression of immune functions, particularly 
cellular immunity directed against exogenous pathogens, 
resulting in the development of compensatory anti‑inflamma-
tory response syndrome (5). The precise association between 
pro‑ and anti‑inflammatory cytokine responses is difficult to 
determine, however, numerous clinical studies have suggested 
that SAP progression is closely associated with immune 
dysfunction (4).

With the significance of immune function in the patho-
physiology of SAP being increasingly emphasized, immune 
intervention has become an important aspect of SAP treat-
ment. The multifunctional cytokines, interferon α (IFNα) and 
thymosin α1 (TA1), have been used in the treatment of chronic 
cancer, immune deficiencies and viral pancreatitis (6,7). TA1 
is a polypeptide hormone with multiple bioactivities, including 
the induction of T cell differentiation and maturation, promo-
tion of cytokine production and enhancement of the B cell 
antibody reaction (6,8). IFNα is an endogenous immune regu-
lator and antiviral agent, which has an important regulatory 
role in T cell activation and cytokine release (9). However, the 
effects of TA1 and IFNα on SAP remain to be elucidated. The 
present study aimed to investigate the effects of TA1 and IFNα 
on cellular immune functions in a rat model of SAP, and to 
establish an experimental basis for the further administration 
of TA1 and IFNα in SAP.
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Materials and methods

Animals and treatment. All experiments were performed 
with the consent of the University Animal Care and 
Usage Committee of the Experimental Animals Center 
of Xi'an Jiaotong University (Xi'an, China). A total of 
144  Sprague‑Dawley rats (aged 8‑10  weeks, weighing 
200‑250  g) were provided by the Medical Experimental 
Animal Center of Xi'an Jiaotong University. The rats were 
fed and housed at 23±3˚C, 40‑50% humidity, with a 12 h 
light/dark cycle and <60 dB interior noise, were provided 
with free access to food and water.

The rats were randomly divided into four groups 
(n=36/group). Animals were anesthetized by intraperitoneal 
injection of and 10% chloral hydrate (320  mg/kg body 
weight). All rats were celiotomized and, following pulling 
the pancreas out of the body re-inserting it, the surgical inci-
sion was closed. The control rats were administrated with an 
intravenous injection of saline 0.5 h following the surgical 
procedure. The three other groups of rats were administered 
with 5% 1  ml/kg sodium taurocholate (Sigma‑Aldrich, 
St. Louis, MO, USA) via the cholangiopancreatic duct for 
5  min, and the SAP group rats were administered with 
saline by intravenous injection 0.5 h later. The TA1 group 
rats received 26.7  µg/kg TA1 (American Science and 
Engineering, Inc., Billerica, MA, USA) in the saline infusion. 
The INFα group rats received 4.0x105 U/kg IFNα (Shanghai 
Senxiong Biotech Industry Co., Ltd., Shanghai, China) in the 
saline infusion. The rats were then anesthetized and blood 
samples (2 ml) were collected from the inferior vena cava 3, 
12 and 24 h following surgery. Samples of the pancreatic and 
lung tissue were collected at 2, 3, 12 and 24 h post-surgery 
by resection of the intact pancreas and left middle lung tissue 
following celiotomy, and the samples were stained with 
hematoxylin and eosin (HE; GefanBio Co. Ltd, Shanghai, 
China). After 24 h, the mortality and survival rates were 
recorded for a further 24 h. The general conditions of the 
rats were also observed, including mental status, physical 
activity, water consumption and hair smoothness.

The present study was approved by the ethics committee 
of the First Affiliated Hospital of Medical School, Xi'an 
Jiaotong University (Xi'an, China).

T  cell subpopulation detection. The lymphocytes were 
separated from the heparinized venous blood by density 
gradient centrifugation (500 x g for 20 min at 4˚C) using 
Ficoll‑Hypaque (GE Healthcare Bio‑Sciences, Pittsburg, 
PA, USA), resuspended in phosphate‑buffered saline (PBS) 
and incubated with fluorescein isothiocyanate‑conjugated 
anti-CD3 (cat no. sc-20047 monoclonal mouse anti-human; 
1/1,000 dilution), phycoerythrin‑conjugated anti-CD4 (cat 
no. sc-19642; monoclonal rat anti-mouse; 1/1,000 dilution) 
or allophycocyanin-conjugated anti‑CD8 (cat no. sc-18913; 
monoclonal rat anti-mouse; 1/1,000 dilution) (all from 
Santa Cruz Biotechnology, Inc., Dallas, TX, USA) at 4˚C 
for 15 min. Appropriately conjugated isotype‑matched anti-
bodies were used as controls. Populations of fluorescent cells 
(1x104/sample) were measured using a CyFlow® ML flow 
cytometer (Sysmex Europe GmbH, Norderstedt, Germany) 
following two washes with PBS.

Serum enzyme assay. Anticoagulant‑free blood (5 ml) was 
centrifuged (1,700  x  g, 18˚C, 4  min), and the serum was 
collected for the measurement of the levels of aspartate 
transaminase (AST), lactate dehydrogenase (LDH), α‑amylase 
(AMY), lipase (LPS) and P‑type amylase (P‑AMY) using an 
Olympus AU5400 automatic biochemical analyzer (Olympus 
Corporation, Tokyo, Japan).

Cytokine and procalcitonin (PCT) assay. The serum 
expression levels of tumor necrosis factor α (TNFα), inter-
leukin (IL)‑4, IL‑5, IL‑6, IL‑18 and PCT were detected by 
ELISA using a commercial BD OptEIATM ELISA kit (BD 
Biosciences, San Jose, CA, USA), according to the manufac-
turer's instructions. The sensitivities for TNFα and the ILs 
were 15 and 5 pg/ml, respectively.

Histological examination. The tail of the pancreas and the left 
superior lobe of the lung were fixed with 5% paraformalde-
hyde (Dingguo Changsheng Biotechnology Co. Ltd, Beijing, 
China), dehydrated and embedded in paraffin wax (GefanBio 
Co. Ltd). Sections (3 mm thick) were cut, dewaxed and stained 
with HE for histological examination using a BX-5D1TF 
microscope (Olympus, Tokyo, Japan). The pathological 
scores of pancreatitis (10) and lung tissue samples (11) were 
evaluated. For the pancreatic tissue samples, a scale of 0‑4 
was used for interstitial edema and hemorrhage, inflammatory 
cell infiltration and acinar cell vacuolization and necrosis, 
consistent with the improved scoring method, described by 
Sharif et al (10). For the lung tissue samples, a scale of 0‑3 was 
used for interstitial edema and hemorrhage, and inflammatory 
cell infiltration, consistent with a method previously described 
by Chooklin (11). The assessment was performed by two expe-
rienced pathologists in a blinded‑manner. Disagreements in 
scoring were resolved by discussion.

Statistical analysis. Statistical analysis was performed using 
SPSS 13.0 (SPSS, Inc., Chicago, IL, USA). The data are 
presented as the mean ± standard deviation. Statistical differ-
ences were evaluated using one‑way analysis of variance and 
a least significant difference test. Spearman's linear correla-
tion analysis was used for correlation analysis. Survival rates 
were compared between groups using Kaplan‑Meier survival 
curves and a Log‑rank test. P<0.05 was considered to indicate 
a statistically significant difference.

Results

Expression levels of serum enzymes in the different treat-
ment groups. Circulating expression levels of AMY, LPS 
and P‑AMY were significantly higher in the rats in the SAP 
group, compared with the rats in the control group. The 
highest expression levels observed ~12 h following celiotomy 
and remained elevated for a further 12 h (P<0.05, Fig. 1A) 
indicating pancreatic damage. Elevated expression levels of 
AST and LDH were also observed 3, 12 and 24 h following 
SAP induction (P<0.05; Fig. 1B), These results suggested that 
multiple organ damage was induced by SAP.

Although the concentration levels of AMY, LPS and 
P‑AMY in the TA1 group rats were higher than those of the 
control group rats, they were significantly lower, compared 
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with those of the SAP group 3, 12 and 24 h post‑SAP induction 
(P<0.05; Fig. 1A). The expression levels of circulating AMY, 
LPS and P‑AMY were also lower in the INFα group 12 h 
following SAP induction (P<0.05; Fig. 2).

Levels of serum cytokines following celiotomy. The circulating 
levels of TNFα, IL‑4, IL‑5, IL‑6 and IL‑18 were significantly 
higher in the SAP group rats, compared with the control group 
rats 3, 12 and 24 h following the indiction of SAP (P<0.05; 
Fig. 3). In the rats treated with TA1 or INFα, the levels of TNFα, 
IL‑4, IL‑5 and IL‑18 were significantly lower, compared with 
those in the SAP group (P<0.05, Fig. 2).

Expression levels of serum PCT in the different treatment 
groups. At 24  h post‑SAP, the circulating levels of PCT 
increased in the SAP group rats, whereas the expression levels 
of PCT in the rats, which were not administered with sodium 
taurocholate remained stable. Circulating levels of PCT were 
significantly decreased in the rats treated with TA1 or IFNα at 
12 and 24 h post celiotomy (P>0.05; Fig. 4).

Lymphocyte subsets in the peripheral blood of the different 
treatment groups. T cell subsets were significantly affected by 
the establishment of SAP. Compared with the control animals, 
the proportion of T lymphocytes expressing CD3 and CD8 
decreased 3 h post‑celiotomy, the proportion of T lymphocytes 
expressing CD4 and CD8 decreased 12 h post‑celiotomy, and 
the proportion of T lymphocytes expressing CD3, CD4 and 
CD8 decreased 24  h post‑celiotomy (Fig.4). The animals 
treated with TA1 exhibited higher levels of CD3+ and CD4+ 
(3, 12 and 24 h), CD8+ (12 h), and CD4+/CD8+ (3 and 12 h) 
T lymphocytes (Fig. 4). The animals administered with INFα 
exhibited higher levels of CD3+ and CD4+ (3 h, 12 h, 24 h), 
CD8+ (24 h) and CD4+/CD8+ (3 h, 12 h) T lymphocytes (Fig. 4).

Histological observation of rat pancreatic and lung tissue 
samples. Pancreatic and lung tissue samples were removed 
from the experimental animals 3, 12 and 24 h post‑SAP to 
evaluate tissue damage. As shown in Fig. 5A, which shows 
representative images of the tissue samples at 12 h, the pancre-
atic samples removed from the control rats exhibited intact 
pancreatic structure with normal alveoli, with no lobular 
necrosis, hemorrhage or inflammatory cell infiltration. In the 
pancreatic tissue samples of the SAP rats, marked pancreatic 
edema, lobular damage, inflammatory cell infiltration, acinar 
necrosis and hemorrhage were observed. Compared with the 
SAP group, the rats administered with TA1 or INFα exhibited 
alleviated symptoms at the corresponding time‑points.

Histological analysis of the lung tissue samples obtained 
from the SAP rats revealed pulmonary edema, scattered 
bleeding, alveolar wall rupture, marginal pleural effusion, 

Table I. Correlation between pathological score and levels of cytokines and PCT at 24 h post-SAP establishment.

	 Pancreatic
	 damage	 Lung damage	 TNFα	 IL‑4	 IL‑5	 IL‑18	 IL‑6
Factor	 (r‑value)	 (r‑value)	 (r‑value)	 (r‑value)	 (r‑value)	 (r‑value)	 (r‑value)

Pancreatic damage		  0.879a	 0.857a	 0.803a	 0.788a	 0.696a	 0.574a

Lung damage	 0.879a	 0.763a	 0.669a	 0.589a

PCT	 0.789a	 0.824a

aP<0.05. PCT, procalcitonin; TNFα, tumor necrosis factor α; IL, interleukin; r, correlation coefficient.

Figure 1. Detection of organ damage in rats following SAP induction and 
TA1 or INFα treatment. A total of 144 Sprague‑Dawley rats, randomly 
divided into four groups (n=36), were celiotomized and three groups were 
administered with sodium taurocholate to induce SAP. These rats were then 
administered saline, TA1 or INFα, and blood samples were collected over 
the following 24 h. (A) Serum levels of ALT, AST, ALP, and LHD were 
measured using an automatic biochemical analyzer. (B) Serum levels of LPS, 
AMY and P‑AMY were analyzed using ELISA. The data are presented as 
the mean ± standard deviation.*P<0.05, vs. control group; #P<0.05, vs. SAP 
group. SAP, severe acute pancreatitis; TA1, thymosin α1; IFNα, interferon α; 
ALT, alanine aminotransferase; AST, aspartate transaminase; ALP, alkaline 
phosphatase; LDH, lactate dehydrogenase; LPS, lipase; AMY, α‑amylase; 
P‑AMY, P‑type‑amylase.
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interstitial hyperemia and edema, and marked widening and 
neutrophil infiltration of the alveoli and interstitial lung. The 
TA1 and INFα‑treated rats exhibited markedly alleviated 
symptoms at the corresponding time‑points (Fig. 5A).

Pathological scoring (Fig. 5B) revealed that damage to the 
pancreas and lung had been induced 3 h following SAP induc-
tion, and thes symptoms were aggravated with time. Tissue 
damage was significantly ameliorated following the adminis-
tration of TA1 and INFα in the pancreas and lung 12 and 24 h 
post‑model induction, compared with the SAP group.

Correlation between pathological scores and levels of 
cytokines and PCT. At 24 h post‑model establishment, the 
histological scoring of the pancreatic damage in the SAP rats 
was positively correlated with the level of lung damage and the 
serum levels of TNFα, IL‑4, IL‑5, IL‑18 and IL‑6 (coefficients 
of 0.879, 0.857, 0.803, 0.788, 0.696 and 0.574, respectively; 
P<0.05; Table I). The histological scoring of the lung damage 
in the SAP rats was also positively correlated with the serum 
levels of TNFα, IL‑4 and IL‑5, with correlation coefficients 
of 0.763, 0.669 and 0.589, respectively (P<0.05; Table I). The 
circulating levels of PCT were also positively correlated with 

the levels of lung (r=0.789; P<0.05) and pancreatic damage 
(r=0.824, P<0.05; Table I).

Mortality and survival following celiotomy. Rats admin-
istered with TA1 or INFα survived for significantly longer 
periods of time, compared with the rats in the SAP group 
(P<0.05; Fig. 6).

Discussion

The present study aimed to investigate the effects of TA1 and 
IFNα on cellular immune functions in a rat model of SAP, 
and to establish an experimental basis for the administration 
of TA1 and IFNα in the treatment of SAP. The results demon-
strated that administration of either TA1 or IFNα decreased 
the expression levels of AST, LDH, AMY, p‑AMY, LPS, PCT 
and inflammatory cytokines, following the establishment of 
SAP. Administration of either TA1 or IFNα also resulted in 
a significantly higher proportion of CD3+, CD4+ and CD8+ 
T cells in the circulating blood, and histological examination 
of the pancreas and lung revealed a reduction in damage. 
Administration of either TA1 or IFNα also extended the 
survival rates of the rats in this SAP model, suggesting that 
TA1 and IFNα reduced the inflammatory reaction, decreased 
cell damage and enhanced immune function in the SAP rats.

T helper (Th)1/Th2 cell‑expressed cytokines and tissue 
damage levels were used as indicators of immune function, 
and thus the efficacy of TA1 and IFNα in the treatment of SAP. 
A significant correlation was observed between serum levels 
of PCT and lung damage in the SAP rats, with improvement in 
following TA1 and IFNα treatment. These findings indicated 
that TA1 and IFNα enhanced T cell function by elevating the 
percentage of CD3+ and CD4+ T cells, and the CD4+/CD8+ 
ratio, and by inhibiting the release of inflammatory cytokines.

The pancreatic enzyme activation‑induced self‑digestion 
of pancreatic tissues can result in acute pancreatitis (AP), 
however, the mechanisms underlying the development of AP 
remain to be fully elucidated. A previous study suggested 
that in the early phases of AP, macrophages, neutrophils and 
the complement system activated by local lesions can trigger 
the release of high levels of proinflammatory cytokines and 

Figure 2. Expression levels circulating cytokines in rats following SAP and subsequent Ta1 of INFα treatment. Blood samples were collected over the following 
24 h. Serum cytokine levels were measured using ELISA. The data are presented as the mean ± standard deviation. *P<0.05, vs. control group; #P<0.05, vs. SAP 
group. IL, interleukin; SAP, severe acute pancreatitis; TA1, thymosin α1; IFNα, interferon α.

Figure 3. Circulating levels of PCT in rats following SAP and subsequent Ta1 
of INFα treatment. Blood samples were collected over the following 24 h. The 
levels of PCT were measured using ELISA. PCT, procaltitonin; SAP, severe 
acute pancreatitis; TA1, thymosin α1; IFNα, interferon α. P>0.05 for SAP group 
vs. Ta1 group at 3 h. P<0.05 for Ta1 group vs. SAP group at 12 and 24 h.
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vasoactive substances, which then lead to a cascade reaction 
and excessive systemic inflammatory responses, resulting in 
the development of SAP (12). Therefore, the release of proin-
flammatory cytokines is considered to be a major contributor 
to the uncontrolled systemic inflammation detected during 
AP progression. In the present study, the levels of enzymatic 
indicators and inflammatory cytokines in SAP rats increased 
with the severity of SAP, however, the rats treated with TA1 
and INFα exhibited significantly decreased enzyme levels, 
suggesting reduced damage to the pancreas and other organs. 
The association between cytokine levels and AP progres-
sion was first suggested in the 1990s (13), and subsequent 
experiments and clinical trials suggested the involvement of 
TNFα and IL‑18 in the activation of immune disorder during 
SAP (14). Previous studies also identified a correlation between 
circulating levels of IL‑4, TNFα, IL‑8, IL‑18 and IL‑6, and the 

severity of SAP and the development of complications (15‑17). 
These findings are consistent with the progression of SAP in 
the rat model of the present study.

TNFα is predominantly produced by mononuclear macro-
phages, and is the first inflammatory cytokine to increase in the 
early phase of AP. TNFα induces the apoptosis of pancreatic 
acinar cells (18); the activation of cytokines, including IL‑6 and 
IL‑8; and the production of vasoactive substances, including 
platelet‑activating factors, oxygen‑free radicals and endothelial 
cell adhesion molecules (19). Therefore, TNFα can induce local 
and systemic tissue damage. The circulating levels of serum IL‑6 
increase following the surge of TNFα, perhaps indicating IL‑6 
induction by TNFα (20). In the present study, circulating levels 
of IL‑6 were maintained at relatively high levels in the acute 
phase of SAP. High levels of IL‑6 can directly damage endo-
thelial cells, facilitate immune adhesion and micro‑thrombosis 

Figure 4. (A) Lymphocyte subpopulation in rats following SAP and subsequent Ta1 of INFα treatment. Lymphocytes were purified from the peripheral blood 
and labeled for CD3, CD4 and CD8 surface markers. The data are presented as the mean ± standard deviation. *P<0.05, vs. control group; #P<0.05, vs. SAP 
group. The populations of lymphocytes were analyzed using flow cytometry. (B) Representative results of lymphocyte subpopulations analysis using flow 
cytometry. SAP, severe acute pancreatitis; TA1, thymosin α1; IFNα, interferon α; PE, phycoerythrin; FITC, fluorescein isothiocyanate; ACP, allophycocyanine.
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formation, inhibit endothelial repair, and increase vascular 
permeability to cause tissue damage (21).

IL‑18 can induce the transcription of IFNγ in primary 
human CD4+  T  cells, and also independently induces 
the secretion of IFNγ from natural killer cells  (22). In 
synergy with mitogen or anti‑CD3 monoclonal antibody, 

IL‑18 induces the production of granulocyte‑macrophage 
colony‑stimulating factor from human peripheral blood 
mononuclear cells or enriched T cells, in a dose‑dependent 
manner (23). The present study demonstrated that the serum 
expression levels of TNFα, IL‑6 and IL‑8 in the SAP rats 
were significantly higher, compared to those of the control, 
and this elevation was positively correlated with the severity 
of pancreatic and lung damage, indicating that TNFα, IL‑6 
and IL‑18 are associated with AP progression, and may 
represent important indicators of SAP severity.

PCT functions to amplify inflammatory responses, and to 
regulate the activation of various cytokines. Serum expres-
sion levels of PCT have been demonstrated to increase more 
substantially in infected pancreatic necrotic tissues than 
in aseptic necrotic tissues (24), suggesting that serum PCT 
may be a valuable indicator of AP development, progression 
and infected pancreatic necrosis. In the present study, no 
significant change in PCT levels were observed within the 
first 3 h of SAP establishment, however PCT levels gradu-
ally increased over the following 24 h. The administration of 
TA1 and INFα reduced circulating levels of PCT from 12 h 
post‑SAP.

Previous studies have demonstrated that, when abnormal 
immune function occurs in early SAP, the levels of circu-
lating T  lymphocytes are also reduced, and T cell subset 
abnormalities are observed. In the middle and late phases 
of SAP, however, excessive immune responses precipitate 
immunosuppression (25). In the present study, the percentage 
of CD3+, CD4+ and CD8+ T cells, and the CD4+/CD8+, ratio 
were all reduced following the establishment of SAP. The 
percentage of CD4+ T cells and the CD4+/CD8+ ratio may 
partially reflect cell‑mediated immune function in patients 
with SAP  (26). CD4+ T cells secrete IL‑2 to induce the 
secretion of IL‑1 from mononuclear macrophages, and CD4+ 
T cells also stimulate stationary T lymphocytes to express 
IL‑2 receptors, which then bind to IL‑2 to trigger various 
immune responses and to enhance DNA synthesis in lympho-
cytes (27). Therefore, decreased CD4+ T cell counts impair 
immune function and increase susceptibility to infection.

Figure 5. Pathological changes in the pancreas and lung 12 h post-SAP and 
Ta1 or INFα treatment. Pancreatic and lung tissue samples were harvested 
at different time‑points post-treatment and following hematoxylin and eosin 
staining, tissue damage was evaluated. (A)  Representative histological 
images of tissues 12 h post-treatment. Marked pancreatic edema, lobular 
damage, inflammatory cell infiltration, acinar necrosis and hemorrhage were 
observed in the SAP group. TA1 or INFα‑treated rat tissue samples exhibited 
alleviated symptoms at the corresponding time‑points. SAP lung samples 
exhibited pulmonary edema, scattered bleeding, alveolar wall rupture, 
marginal pleural effusion, interstitial hyperemia and edema, with significant 
widening and neutrophil infiltration in the alveolar and interstitial lung. TA1 
and INFα‑treated rats exhibited alleviated symptoms at the corresponding 
time‑points. (B) Damage was quantified and compared between groups. Data 
are presented as the mean ± standard deviation. *P<0.05, vs. control group; 
#P<0.05, vs. SAP group. SAP, severe acute pancreatitis; TA1, thymosin α1; 
IFNα, interferon α.

  A

  B

Figure 6. Kaplan‑Meier survival curves of the rats in the different treatment 
groups. SAP, severe acute pancreatitis; TA1, thymosin α1; IFNα, interferon α.
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In the present study, as SAP progressed, pathological 
changes were observed in the pancreas and lung. Hemorrhage, 
necrosis and inflammatory cell infiltration were observed in 
pancreatic lesions, whereas lung edema and neutrophil infiltra-
tion were observed in the lungs. The present study identified 
a direct correlation between lung damage and inflammatory 
mediators, and cytokines were detected in the pancreatic and 
extra‑pancreatic tissue samples. This indicated that inflamma-
tory cytokines are only involved in the development of SAP, 
but they are also key in the progression of SAP local lesions 
to systemic disease, and may be directly involved in the devel-
opment of early multiple organ dysfunction syndrome during 
SAP.

The use of immune agents in the early treatment of SAP 
may alleviate lymphocyte damage and protect immune func-
tion to various extents. However, previous inflammatory 
mediators intervention in clinical treatment of SAP achieved 
no significant efficacy, suggesting that blunt suppression of 
inflammation may instead aggravate immune disorders (28). 
Therefore, the use of immunomodualatory agents, including 
TA1 and IFNα may contribute significantly to alleviating 
inflammatory responses, reducing cell damage, decreasing 
enzymatic abnormalities and improving immune disorders, 
thus reducing secondary infections. Although the results of 
immunomodulation in animal models do not directly translate 
to clinical settings, the clinical application of immunomodula-
tion therapy in SAP treatment merits further investigation.
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