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Cholinergic anti-inflammatory pathway plays negative regulatory role in early
inflammatory and immune responses in septic rats

LI Hongbing, LI Yuan, WANG Wushi, PENG Zongshuang, WU Fang
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Abstract: Objective To investigate the role of cholinergic anti-inflammatory pathway (CAP) in neuro-regulation of
inflammatory and immune response in the early stage of sepsis. Methods Sixty-four SD rats were randomly divided into
control Group (n=8) with normal feeding without any treatment; sham operation group (7=8) with laparotomy but without
cecal ligation and puncture (CLP), followed by intraperitoneal injection 50 mg/kg piperacillin 3 times a day for 3 consecutive
days; and sepsis group (7=48) with CLP-induced sepsis. The rat models of sepsis were randomized into model groups (n=16)
with intraperitoneal injection of piperacillin (50 mg/kg) and normal saline (1 mL/100 g) for 3 times a day for 3 days; GTS-21
group (n=16) with additional intraperitoneal injection of 4 mg/kg GTS-21 (once a day for 3 days); and methyllycaconitine
(MLA) group (n=16) with intraperitoneal injection of MLA (4.8 mg/kg) in addition to piperacillin (once a day for 3 days).
Murine Sepsis Score (MSS) of the rats and short-range HRV analysis were recorded. Three days later, the rats were sacrificed
and serum levels of TNF-a, IL-1a, IL-10, IL-6, HMGB1, and sCD14 were measured with ELISA. The percentages of CD4'CD25"
Treg and TH17 lymphocytes and their ratios were measured using flow cytometry. Results Compared with the control rats,
the septic rats had significantly increased MSS scores and lowered HRV indexes (SDNN, RMSSD, HF, SD1, and SD2; P<0.05);
treatment with GTS-21 significantly decreased while MLA increased MSS scores (P<0.05), but neither of them obviously
affected HRV of the rats. Serum levels TNF-a, IL-1a, IL-10, IL-6, HMGB1, and sCD14 and the percentages of CD4'CD25" Treg
and TH17-positive lymphocytes were significantly higher and Treg/TH17 ratio was significantly lower in the septic rats
compared with those in the control group (P<0.05); treatment with GTS-21 significantly decreased the levels of serum levels of
TNF-a, IL-1a, IL-6, HMGB1, and sCD14 and TH17 lymphocyte percentage (P<0.05), whereas MLA treatment significantly
increased serum levels of TNF-a, IL-1a, IL-10, IL-6, HMGB1, and sCD14 and the percentages of CD4"CD25" Treg and TH17-
positive lymphocytes and decreased Treg/TH17 ratio in the septic rats (P<0.05). Conclusion CAP plays negative regulatory role
in early inflammatory and immune response to sepsis, and some of the HRV indicators can well reflect the regulatory effect of
CAP on inflammation and immunity in the septic rats.
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Fig.1 Kaplan-Meier survival curves of the rats.
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Tab.2 Murine Sepsis Score of the rats in different groups

xR BEXRHERFR

Tab.1 The Survival Rate among groups

Group Survival rate %/P Log rank (mantel-cox)
Control 1.000 14.210/0.000

Sham operation 0.950+0.049

Model 0.681+0.113

GTS-21 0.682+0.107

MLA 0.516+0.126

There was a significant difference in survival rate among the groups ('=
14.210, P<0.01), but not among model group, GTS-21 group, and MLA
group ('=1.21, P>0.05).
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2.4 XA HRV 4R

WRFFRER AL, GTS-21 41 % MLA 41 HRV #7345

bRt SDNN,RMSSD, HF,SD1, SD2 &%} FAZH AR A

Group 1* day 2" day 3" day Average score F/p
Control 0.00 0.00 0.00 0.00
Sham operation 1.25+0.49 1.384+065 0.00 0.88+029

. . . . F=505.175
Model 19.40+3.34 18.63+2.23 20.57+£2.51 19.4842.82

P=0.000

GTS-21 18.00+2.72* 17.33£1.50* 17.50+£3.16** 17:64£2.474*
MLA 20.33+£3.91** 21.33£3.274* 22.20+1.30%* 21.10+3.194*

The average MSS scores of model group, GTS-21 group and MLA group were much higher than those of rats in control group, P value
and 95%CI (Confidence interval) were respectively 0.000,-21.215~-17.745; 0.00, -19.064~-16.222; 0.00, -23.359~-18.841. The average
MSS score of MLA Group was much higher than that of rats in GTS-21 Group, P value and 95%CI was respectively 0.003, 0.906~6.009;
The average MSS scores of GTS-21 Group was much lower than that of Model Group, P value and 95% C/ was respectively 0.039,
-3.621~-0.054. * P<0.05 vs control group; *P<0.05 vs model group; *P<0.05 vs GTS-21 group.
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Fig.2 Serum levels of proinflammatory cytokines of the rats. sCD14: soluble CD14, precepsin; HMGB-1: High mobility group box-1;
IL-10: Interleukin 10; TNF-a: Tumor necrosis factor alpha; IL-la: Interleukin 1 alpha; IL-6: Interleukin 6. A: Serum sCD14
concentration(ng/mL) among different groups, it is a marker of inflammation in early stage of sepsis; B: Serum concentration of
HMGBI (pg/mL), it is a marker of inflammation in late stage of sepsis; C: Serum concentration (pg/mL) of IL-10, TNF-o, IL-1a, IL-6
among groups. “P<0.05 vs control group; *P<0.05 vs model group; *P<0.05 vs GTS-21 group.
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Fig.3 Role of cholinergic anti-inflammatory pathway (CAP) in immune regulation in septic rats. A:Flow cytometry of CD4'CD25'Treg
and TH17 lymphocytes in different groups; B: Double positive percentage of CD4*CD25"Treg and TH17 lymphocyte in different
groups; C: Ratio of CD4'CD25'Treg/TH17 in the groups. *P<0.05 vs control group; *P<0.05 vs model group; *P<0.05 vs GTS-21 group.
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Tab.3 The analysis of HRV in different groups of rats (Mean=SD)

Group SDNN RMSSD HF SD1 SD2
Control 3.96+0.89 4.25+1.75 42.56+17.63 3.00+1.23 4.64+1.04
Sham operation 4.08+0.90 4.34+1.26 48.56+13.06 3.07+0.89 4.78+1.42
Model 1.59+0.834 1.69+1.00* 30.75+5.82* 1.19+0.714 1.87+1.01*
GTS-21 1.93+0.74* 2.20+0.96* 29.83+6.44* 1.56+0.68* 2.20+0.92*
MLA 1.89+0.72* 2.32+1.03* 33.67<11.17* 1.6440.73* 2.08+0.77*

SDNN: The standard deviation of all NN intervals; RMSSD: The root mean square successive difference; TP: Total power;

HEF: High frequency; SD1: Width of a scatterplot of successive pairs of RR intervals' standard deviation. SD2: Length of a

scatterplot of successive pairs of RR intervals' standard deviation. *P<0.05 vs control group.
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