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ABSTRACT. We investigated the role of modified Da Chengqi granules 
in improving immune function in early severe acute pancreatitis patients. 
Early severe acute pancreatitis patients who agreed to receive combined 
treatment of traditional Chinese and Western medicine were randomly 
assigned to the experimental or control group. All subjects received 
conventional therapy to support organ function. The experimental group 
also received modified Da Chengqi granules. Cytokine (interleukin-6, 
interleukin-10, and tumor necrosis factor-α) levels, immunological 
markers (HLA-DR, Treg, and Th1/Th2), urinary lactulose/mannitol ratio, 
and endotoxin levels were measured at 1, 3, 7, and 14 days after hospital 
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admission. The total mortality rate was 11.69% (9/77), which was 
significantly lower in the experimental group [4.88% (2/41)] than in the 
control group [19.44% (7/36); χ2 = 3.940, P < 0.05]. Serum interleukin-6, 
interleukin-10, tumor necrosis factor-α and endotoxin levels and the 
lactulose/mannitol ratio were significantly lower on day 7 and day 14 than 
on day 1 in experimental and control groups (P < 0.01). Immunological 
indices were significantly lower in the experimental group than in the 
control group on day 14 (all P < 0.01 or 0.05). HLA-DR-positive cell 
ratio gradually increased over 14 days in experimental and control groups 
(P < 0.01 vs day 1), but was higher in the experimental group than in 
the control group by day 14 (P < 0.05). Notably, Treg cell prevalence 
and Th1/Th2 cell ratio deteriorated within 7 days in both groups (P < 
0.01 vs day 1), but then returned to day 1 levels (P < 0.01 or 0.05 vs day 
1). Significant differences in Treg levels and Th1/Th2 cell ratio between 
experimental and control groups were observed on day 14 (P < 0.01). 
These results show that modified Da Chengqi granules can improve 
immune function in early severe acute pancreatitis patients.
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INTRODUCTION

Severe acute pancreatitis is a common abdominal condition characterized by acute 
onset, rapid progression, and complicated pathological changes. In the early phase, patients often 
suffer from systemic inflammatory response syndrome (SIRS) and multiple organ dysfunction 
syndrome (MODS) (Barie et al., 2009; Vlada et al., 2013). The mortality rate of severe acute 
pancreatitis is high (Barie et al., 2009; Vlada et al., 2013), especially in patients experiencing 
immunological imbalance. This imbalance includes changes in the activating factors of the 
immune system, changes in immunologically competent cells, and inhibition of intestinal 
immunologic function (Kylänpää et al., 2010; Dambrauskas et al., 2010; Shen et al., 2011). A 
key to the prevention and treatment of SIRS and MODS is to restore the immunological balance 
between the immunoregulatory cells, cytokines, and immune mediators. This also reflects 
the theory of global balance in Chinese medicine. In Chinese medicine, treatment is based 
on syndrome differentiation and aims to recover the global balance and treat the primary and 
secondary aspects of the disease at the same time (Wu, 2004; Fang et al., 2007). In this prospective 
study, we observed improvement in immune function in early severe acute pancreatitis patients 
receiving conventional therapy in combination with modified Da Chengqi granules.

MATERIAL AND METHODS

Subjects

Severe acute pancreatitis patients (N = 77) hospitalized in the Wuxi Hospital of Integrated 
Traditional Chinese and Western Medicine in China during the period from March 2010 to August 
2014 were enrolled in this study. They were randomly divided into a control group (N = 36, 21 
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males, 15 females, aged 21-68 years), and an experimental group (N = 41, 25 males, 16 females, 
aged 22-65 years). Patients met the following inclusion criteria: 1) diagnosis of severe acute 
pancreatitis in accordance with the criteria of Combined Diagnosis and Treatment of Traditional 
Chinese Medicine and Western Medicine for Severe Acute Pancreatitis (Draft) (General Surgery 
Committee, Chinese Association of the Integration of Traditional and Western Medicine, 2007) 
with severe acute pancreatitis diagnostic criteria and persistent organ dysfunction (>48 h, single 
organ or multi-organ) or local complications, such as necrosis, abscess, pseudocyst; 2) Acute 
Physiology and Chronic Health Evaluation II scoring system (APACHE II) score ≥8 points; 3) 
willingness to receive combined treatment of traditional Chinese and Western medicine. The 
exclusion criteria were: 1) patients presented with trauma, pregnancy, hepatitis B surface antigen 
positive, severe cardiovascular disease, immunodeficiency, cancer, or end-stage liver or kidney 
diseases; 2) patients treated surgically, patients refusing or could not implement the therapeutic 
regimen. This study was conducted in accordance with the medical ethical standards approved 
by the Hospital Ethics Committee (Chinese Clinical Trial Registry, Registration No. ChiCTR-
TRC-09000610). All patients or their family members signed informed consents.

Methods

All subjects underwent the following treatments: blood samples were collected at 1, 3, 
7, and 14 days after hospital admission to determine the blood levels of interleukin (IL)-6, IL-10, 
tumor necrosis factor (TNF)-α, endotoxin levels, HLA-DR, Treg, Th1, and Th2 cells. Simultane-
ously, the urinary lactulose/mannitol ratio (LMR) was measured. Day 14 following hospital admis-
sion was considered the endpoint of the study, and the mortality was recorded in both groups.

Therapeutic regimen

All subjects received conventional therapy (enzymatic and acid inhibitory drugs, anti-
inflammatory drugs, and liquid management) and supportive treatment to support organ function in 
accordance with the previously published criteria (General Surgery Committee, Chinese Association 
of the Integration of Traditional and Western Medicine, 2007). In addition, the experimental group 
received modified Da Chengqi granules [11.2 g/bag (Jiangyin Tianjiang Pharmaceutical Co., Ltd. 
Wuxi, China); twice a day, two bags each time]. One bag of modified Da Chengqi granules was 
mixed with 200 mL boiled water and given orally or by gastric tube. An additional bag of modified 
Da Chengqi granules was mixed with 400 mL boiled water and given by enema.

Determination of inflammatory cytokines, immunocytes, and endotoxin levels

Venous blood (5 mL) was obtained from all patients with empty stomach on the 
morning of days 1, 3, 7, and 14 following hospital admission, and placed separately into 
dry, heat-resistant test tubes. Within 2 h after serum isolation, samples used for the assay of 
inflammatory cytokines were stored at -80°C. Endotoxin levels were determined on the day of 
sample collection. Ethylenediaminetetraacetic acid (EDTA) was used to detect immunocytes 
on the day of sample collection. IL-6, IL-10, and TNF-α levels were measured using enzyme-
linked immunosorbent assay (ELISA) kit (eBioscience, San Diego, CA, USA). Endotoxin 
levels were determined using a chromogenic endpoint Tachypleus Amebocyte Lysate (TAL) 
kit (Shanghai Yihua Medical Technology Co., Ltd., Shanghai, China) and read using a 
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SpectraMax 340 microplate reader (Molecular Devices Inc., Sunnyvale, CA, USA). HLA-DR 
(CD14+/HLA-DR+), Treg (CD4+/CD25+/Foxp3+), Th1 (CD4+/IFN-γ+) and Th2 (CD4+/
IL-4+) cells were detected by FACSCalibur flow cytometry (BD, Franklin Lake, NJ, USA), 
according to the manufacturer’s instructions.

Detection of urinary LMR

All patients were administered 20 mL lactulose/mannitol orally, after urination, on 
the morning of days 1, 3, 7, and 14 following hospital admission. Thereafter, 6-hour urine (3 
mL) was placed at -80°C for future use. High-pressure liquid chromatography (Model 1100, 
Agilent, Palo Alto, CA, USA) was used to determine urinary LMR.

Statistical methods

Quantitative data are reported as means ± SD, and analyzed using the SPSS 16.0 
software (SPSS Inc., Chicago, IL, USA). Intergroup comparisons at the same time point were 
performed using the unpaired t-test, whereas intragroup comparisons at different time points 
were performed using paired sample t-test. Qualitative data were compared using chi-square 
(χ2) test. A value of P < 0.05 was considered statistically significant.

RESULTS

Quantitative analysis and clinical prognosis of the subjects

Of all the 77 early severe acute pancreatitis patients, 59 completed the 14-day therapy. 
Five patients quit automatically within the second week of the study because of their stable 
condition. Seven patients quit in the first 3 days due to a therapy change. Five deaths occurred 
on days 3-7, 1 on days 7-14, and 3 on days 14-28.The total mortality rate was 11.69% (9/77), 
which was significantly lower in the experimental group [4.88% (2/41)] as compared with the 
control group [19.44% (7/36); χ2 = 3.940, P < 0.05].

Comparison of the baseline data between experimental and control groups

We examined the 77 severe acute pancreatitis patients to establish baseline data. No 
significant differences regarding the age (47.68 ± 13.46 vs 44.86 ± 11.14 years; t = 0.734, 
P = 0.467) or gender (male/female: 25/16 vs 21/15, χ2 = 0.056, P = 0.814) were detected 
between experimental and control groups (all P > 0.05). Similarly, we did not find significant 
differences in immunological indices, urinary LMR, or endotoxin levels on day 1 between 
experimental and control groups (all P > 0.05; Table 1).

Table 1. Comparison of immunological indices, urinary LMR, and endotoxin levels between experimental and 
control groups at day 1.

Groups Cases IL-6 (pg/mL) IL-10 (pg/mL) TNF-(pg/mL) HLA-DR (%) Treg (%) TH1/TH2 (%) L/M (%) ET (EU/mL) 
Control group 36 39.21 ± 6.68 16.56 ± 3.62 75.18 ± 12.06 67.20 ± 15.15 8.56 ± 0.89 6.51 ± 0.67 0.54 ± 0.17 0.42 ± 0.12 
Experimental group 41 41.08 ± 7.04 17.66 ± 3.37 74.29 ± 12.21 66.54 ± 14.91 8.45 ± 1.02 6.44 ± 0.76 0.52 ± 0.13 0.43 ± 0.14 
t value  0.867 1.006 0.233 0.142 0.373 0.308 0.486 0.154 
P value  0.391 0.320 0.817 0.888 0.711 0.760 0.630 0.879 
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Difference in inflammatory cytokines levels between experimental and control 
groups

IL-6, IL-10, and TNF-α levels were significantly lower during the period between 
day 7 and day 14 than on day 1 in both the experimental and control groups (all P < 0.01). 
However, this difference was not visible prior to day 7 (all P > 0.05). Moreover, IL-6, IL-10, 
and TNF-α levels were significantly lower in the experimental group by day 14 (P < 0.01 or 
P < 0.05; Figure 1).

Figure 1. Comparison of IL-6, IL-10, and TNF-α levels in experimental and control groups with time of therapy. IL-
6, IL-10, and TNF-α levels were detected at 3, 7, and 14 days after hospital admission. A. IL-6. B. IL-10. C. TNF-α. 
Data are given as the means ± SD (N = 41 patients). *P < 0.05, **P < 0.01 compared with control group.

Changes in HLA-DR-positive cells, Treg cells, and Th1/Th2 ratio in the 
experimental and control groups

The percentage of HLA-DR-positive cells increased gradually in the experimental 
and control groups after 14 days of treatment (Figures 2 and 3) (all P < 0.01). No significant 
difference was observed by day 7 (all P > 0.05), however, the ratio of HLA-DR-positive cells 
was significantly higher in the experimental group relative to the control group on day 14 (P < 
0.05). The percentage of Treg cells was found to be the same on days 3 and 7 in the experimental 
and control groups (all P < 0.01), but decreased in the experimental group by day 14 (P < 0.01). 
Although no significant difference in the percentage of Treg cells was detected between the two 
groups on day 7 (all P > 0.05), however, their percentage decreased in the experimental group 
on day 14 (P < 0.01). Flow cytometry revealed that Th1/Th2 ratio decreased on days 3 and 7 
in the experimental group (all P < 0.01). However, it increased on day 14 (P < 0.01 or 0.05).

Figure 2. Comparison of HLA-DR, Treg, and Th1/Th2 ratio in the experimental and control groups with prolonged time. 
HLA-DR, Treg, and Th1/Th2 ratio were detected at 3, 7, and 14 days after hospital admission. A. HLA-DR. B. Treg. C. 
Th1/Th2 ratio. Data are reported as means ± SD (N = 41 patients). *P < 0.05, **P < 0.01 compared with control group.
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Urinary LMR and endotoxin changes in experimental and control groups

Urinary LMR and blood endotoxin levels were not significantly different between the 
experimental and control groups on days 7 and 14 (all P > 0.05). However, both were lower in 
the experimental group on day 14 (all P < 0.01; Figure 4).

Figure 3. Flow cytometry of percent HLA-DR, percent Treg, and Th1/Th2 ratio with their average value at the 
experimental end point (day 14).
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Adverse reactions

In the experimental group, two patients experienced abdominal distension, and one 
patient presented with mild diarrhea, which decreased after expectant treatment. There were 
no medication-related adverse reactions in the control group.

DISCUSSION

Cell-mediated immunity is mainly mediated by the direct killing effect of activated-T 
lymphocytes and the synergistic killing effect of the cytokines released by these cells. In an 
immune response against an infection, cell- mediated immunity is not only the main defense 
mechanism against pathogens but also an important factor leading to immuneopathological 
injury. The T-helper (Th) cells, mainly Th1 and Th2 play a role in immunoregulation (Gong 
et al., 2014). The ratio of Th1/Th2 cells seems to be stable. These cells secrete many immune 
mediators including IL-6, IL-10 and play an important role in specific and non-specific 
immunity (Gong et al., 2012, 2013). The main functional role of regulatory T (Treg) cells 
involves secretion of anti-inflammatory mediators such as IL-10 and TGF-β, thus they regulate 
autoimmune responses. HLA-DR, a MHC class II molecule, is a protein that must be expressed 
by antigen-presenting cells in order to present antigens to T cells. The expression level of 
HLA-DR is a sensitive index that reflects the immune function in patients with infectious 
diseases. Patients with low level of HLA-DR+ cells suffer from decreased immune function or 
even “immune paralysis” state, and consequently, the risk of infection is increased. IL-6, IL-
10, and TNF-α are the most important mediators of immune responses in vivo.

Severe acute pancreatitis patients experience apparent immunological imbalance and 
intestinal mucosal dysfunction. This may be due to peripancreatic fluid collections, elevated 
plasma lipid levels, alcohol consumption, trauma, autoimmunity triggered by pancreatic 
antigens, or inflammatory reaction mediated by inflammatory cytokines, both of which may 
trigger a “waterfall-like” cascade reaction of inflammatory mediators (Bansal et al., 2011; 
Susantitaphong et al., 2013). This clinically manifests as a strong non-infectious systemic 
inflammatory reaction, resulting in a severe autoimmune attack against multiple organs (Bansal 

Figure 4. Comparison of the urinary LMR and blood endotoxin levels in experimental and control groups with 
prolonged treatment. Urinary L/M ratio, blood endotoxin levels (ET) were detected at 3, 7, and 14 days after 
hospital admission. A. Urinary L/M ratio. B. ET. Data are reported as means ± SD (N = 41 patients). **P < 0.01 
compared with control group.



8D.-L. Jiang et al.

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 15 (2): gmr.15028787

et al., 2011; Susantitaphong et al., 2013). As the patient’s condition worsens, peripheral blood 
T and B lymphocytes and HLA-DR+ cells decrease, Treg cells increase, and Th1/Th2 cell 
ratio decreases, resulting in immune suppression and severe complications (Pietruczuk et al., 
2006; Malleo et al., 2007; Dabrowski et al., 2008). During this time, they experience severe 
stress, intestinal paralysis, defective pancreatic secretory function, impaired immune defenses, 
intestinal mucosal lesions, and translocation of bacteria and endotoxins to the bloodstream 
leading to endotoxemia and systemic inflammatory reaction (Al-Bahrani et al., 2010; Sharma 
et al., 2011). Therefore, it is important to restore the immune balance during treatment of 
severe acute pancreatitis.

The present study used a combination treatment of traditional Chinese and Western 
medicine. In addition, to complement treatment, patients received enzymatic and acid 
suppressive drugs, anti-inflammatory medications, liquid management, and organ support, and 
were administered modified Da Chengqi granules. These granules are composed of snakegourd 
fruit, immature orange fruit, rhubarb, pinellia tuber, Magnoliaeofficinalis, and goldthread. 
These granules regulate the functions of lung, stomach, and large intestine. Snakegourd fruit 
moistens the lungs and intestine, eliminates sputum, and treats stasis. Snakegourd root, a main 
component of snakegourd fruit, has immunoregulatory function that helps resist hypoxia, 
activates immunocytes, and increases the ability to defend against infections (Zhang et al., 
2009; Xu et al., 2010; Yan et al., 2012). Immature orange fruit relieves constipation, displays 
anti-inflammatory and antioxidant effects (Menichini et al., 2011; Kang et al., 2013; Yu et al., 
2013), promotes gut hormone secretion, and improves gastrointestinal motility (Wu et al., 
2011; Lyu and Lee, 2013). Rhubarb and goldthread clear away heat-evil and expel superficial 
evils, and thus have a positive therapeutic impact on pancreatitis (Wu et al., 2000; Wang et 
al., 2007; Li et al., 2009). Moreover, they decrease IL-6 and TNF-α levels and reduce the 
pathological lesions in acute pancreatitis patients (Zhang et al., 2005). Goldthread relieves 
endotoxin-induced fever, reduces IL-6, TNF-α, and interferon-β levels (Lu et al., 2007; Kim 
et al., 2010; Zhang et al., 2011; Choi et al., 2013). Pinellia tuber and Magnoliaeofficinalis 
have anxiolytic and antiemetic effects. Furthermore, they help remove qi stagnation, regulate 
gastrointestinal function and cellular immunity (Lee and Cho, 2009; Park et al., 2010; Weng et 
al., 2012), protect gastric mucosa (Wu et al., 2010), and reduce the expression of inflammatory 
mediators. Taken together, the theory of “the lung and the large intestine being interior-
exteriorly related” appears to work. The lung and intestine are treated in the same manner, 
which involves regulation of immunity, improvement of lung oxygenation, maintenance of the 
intestinal mucosa, and thus, promoting the recovery.

In this study, TNF-α, IL-10, and IL-6 levels decreased in patients in the experimental 
group. TNF-α and IL-6 are proinflammatory cytokines while IL-10 is an anti-inflammatory 
cytokine. Thus, humoral immunity gradually returned to normal. TNF-α, IL-10, and IL-6 
levels were significantly lower in the experimental group than those in the control group by 
day 14 (all P < 0.05), indicating that modified Da Chengqi granules gradually improved patient 
humoral immunity. During treatment, the HLA-DR+ cells percentage gradually increased in 
both groups, with Treg cells increasing over the first 7 days, but decreasing again by day 14. 
Th1/Th2 ratio decreased steadily over the first 7 days, but increased again by day 14. HLA-
DR+ cells serve as antigen-presenting cells. Treg cells inhibit cellular immunity, and regulate 
Th1/Th2 ratio, which suggests that antigen presentation was suppressed in the first 7 days, and 
relieved by day 14. These changes were more significant in the experimental group than in the 
control group (all P < 0.05), suggesting that modified Da Chengqi granules improve cellular 
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immunity in severe acute pancreatitis patients. Urinary LMR and blood endotoxin levels were 
gradually reduced during treatment (all P < 0.01), indicating that intestinal mucosal injury 
gradually improved with the granules administration. Due to modified Da Chengqi granules-
mediated improved immunologic function, death rate in the experimental group was lower 
than that in the control group during the first 28 days. Previous studies confirmed that rhubarb 
noticeably reduces serum amylase, cytokines, and endotoxin levels in rat models of severe 
acute pancreatitis, so it inhibits excessive inflammatory reaction, regulates immunity, and 
limits the damage to the pancreatic gland and intestinal barrier (Wang et al., 2008, 2010). This 
is consistent with our findings.

In summary, combined treatment of traditional Chinese and Western medicine 
improves humoral immunity and cellular immunity, contributes to the recovery of intestinal 
mucosal function, and decreases the death rate in severe acute pancreatitis patients.
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