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CIEP: cerulein-induced edematous pancreatitis 
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SIRS: systemic inflammatory response syndrome 
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ABSTRACT 

 

In a previous paper, we showed that a potent 5-HT2A antagonist, risperidone, 

ameliorated cerulein-induced edematous pancreatitis in mice. In the present 

paper, young female mice were fed a choline-deficient ethionine-supplemented 

diet. All the mice developed severe necrotic pancreatitis, and approximately 50% 

of them died within 4 days. Serum levels of proinflammatory IL-6 significantly 

increased on day 3, and returned towards the control on day 4 of CDE treatment. 

The time course of IL-6 levels paralleled those of plasma amylase and lipase 

activities. On the other hand, platelet counts significantly decreased on day 3, 

and the change became more marked on day 4, coinciding with mortality and 

histological alterations of the pancreas (edema, inflammatory cell infiltration, 

necrosis). Preceding these changes, plasma levels of 5-HIAA increased on 

feeding a CDE diet to reach a peak on day 3, and returned towards the control 

on day 4. Risperidone (0.1~3.2 mg/kg twice a day) hardly affected the 5-HIAA 

levels, but dose-dependently attenuated the serum IL-6 levels, plasma 

amylase/lipase levels, platelet counts, histological alterations and mortality of 

diet-induced pancreatitis mice. These results are discussed in relation to the 
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pathogenesis of acute pancreatitis. We thus speculate that acinar cell injury 

triggers local inflammatory reactions, and, if coincided with enhanced IL-6 

release, leads to a systemic inflammatory response syndrome (SIRS) which is 

responsible for the mortality. In addition, it is suggested that diet-induced 5-HT 

release and 5-HT2A receptor activation are involved in this whole process of 

pancreatitis development. Risperidone may provide a new therapy for the 

disease.   
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INTRODUCTION 

 

Acute pancreatitis has been considered a multi-factorial disease, the severity 

of which ranges from mild edematous forms to severe necrotizing forms. Mild 

edematous pancreatitis may resolve spontaneously or after conservative therapy, 

but severe hemorrhagic pancreatitis has a high mortality due to multiple organ 

failure (Geokas et al., 1985; Pitchumoni et al., 1988). Although it is generally 

considered that autodigestion by activated pancreatic enzymes is the initial 

event of acute pancreatitis (Geokas et al., 1972; Trapnell, 1981; Becker, 1981), 

the degree of hyperenzymemia can not predict the severity and final outcome of 

the disease. There is no doubt that additional factor(s) play a part in the 

progression of acute pancreatitis.  

It has been suggested that serotonin (5-HT) is involved in the pathogenesis of 

acute pancreatitis: the S2-serotonergic (later named as 5-HT2) receptor 

antagonists ketanserin and ritanserin reduced serum amylase concentration in 

rats (Oguchi et al., 1992): not only 5-HT2 receptor antagonists but also the 5-HT 

depletor PCPA reduced the severity of acute pancreatitis in mice (Yoshino and 

Yamaguchi 1997). These authors explained that an activation of 5-HT2 receptor 
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leads to vasoconstriction and platelet aggregation, and may enhance autolysis 

of the pancreas which is vulnerable to ischemia (Anderson and Schiller, 1968; 

Schiller and Anderson, 1975; Klar et al., 1990).  

The 5-HT2 receptor has now been classified into 5-HT2A, 5-HT2B and 

5-HT2C subclasses, and Ogawa et al. (2005) have recently demonstrated that 

R-102444 and its active metabolite R-96544, ‘selective’ 5-HT2A receptor 

antagonists, inhibited the progression of acute pancreatitis. However, R-96544 

which has 600-2800-fold higher affinity for the 5-HT2A (formerly known as 

5-HT2) receptors than for the 5-HT3 and dopamine D2 receptors, and the α- and 

β-adrenoceptors, has not been well characterized for the selectivity at three 

5-HT2-receptor subclasses.  

Using drugs of known selectivity at 5-HT2-receptor subclasses, we have 

demonstrated that risperidone, spiperone and ketanserin which strongly block 

the 5-HT2A receptors (Bonhaus et al., 1995; Knight et al., 2004) 

dose-dependently ameliorated cerulein-induced pancreatitis, and their potency 

order paralleled their reported pKi values at the 5-HT2A receptors but not those 

at the 5-HT2B and 5-HT2C receptors (Hamada et al., 2007). Interestingly, 

metergoline, ritanserin and methysergide which act evenly on 5-HT2A/2B/2C 
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receptors (Knight et al., 2004) were less potent compared with their high pKi 

values at 5-HT2A receptors. Thus we speculated that an activation of 5-HT2A 

receptor in the smooth muscle cells reduces blood flow and aggravates 

cerulein-induced acute pancreatitis, whereas an activation of 5-HT2B and/or 

5-HT2C receptor in the endothelial cells increases blood flow and attenuates the 

pancreatitis. We also proposed that the most potent 5-HT2A antagonist 

risperidone which actually blocks 5-HT2A-mediated vasoconstriction but not 

5-HT2B/2C-mediated vasodilation, may provide a new therapy for acute 

pancreatitis.  

Our proposal, however, is based on the cerulein-induced edematous 

pancreatitis (CIEP) which resolves spontaneously. Thus, the present paper 

aimed to examine the effect of risperidone on the diet-induced necrotic 

pancreatitis (DINP) in mice. In addition to the conventional biomarkers of acute 

pancreatitis, serum IL-6 levels were determined because there is increasing 

evidence that IL-6 predicts the severity of acute pancreatitis better than other 

cytokines including TGF-α (Štimac et al., 2006; Panek et al., 2006).  

 

METHODS 
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Drugs 

Commercially available risperidone (Risperdal oral solution®, Janssen 

Pharmaceutical K.K, Tokyo, Japan) was diluted in saline and administered in a 

volume of 20ml/kg.  The control mice were given only saline. 

 

Animals 

Female 4-week old ICR mice weighing about 14~20g were purchased from 

Japan SLC (Shizuoka, Japan).  The animals were kept in our laboratory for 3 

days under conditions of 22±1°C and 12-hr light and dark cycles with lights on at 

8:00 and then were used for the acute pancreatitis studies.  All experimental 

procedures described were approved by the Experimental Animal Research 

Committee of Kyoto Pharmaceutical University. 

 

Diet-Induced Acute Pnacreatitis 

Acute pancreatitis was induced by feeding the mice a choline-deficient, 0.5% 

D,L-ethionine supplemented diet (Japan CLEA Inc., Tokyo, Japan) ad libitum, 

starting at 10:00. Under ether anesthesia, blood was taken from the orbital sinus 
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into tubes with or without heparinization and centrifuged at 5,000 rpm. Obtained 

plasma was subjected to the analysis of amylase, lipase and 5-HIAA levels, 

whereas serum was used for the analysis of IL-6 levels. For the determination of 

platelets count, blood samples were collected into EDTA-containing tubes which 

were provided by SRL Inc. (Kyoto, Japan). 

Time course study. Mice were randomly assigned to 5 groups (n=10), and 

given CDE diet.  Blood was taken before (day 0) or 1, 2, 3 or 4 days after the 

beginning of the experiment (10:00-12:00). The plasma amylase and lipase 

levels were determined simultaneously in one set of experiments, and 5-HIAA 

levels were determined in another set of experiments. Serum IL-6 and blood 

platelet count were determined in each set of experiments. Some of the CDE 

diet mice died during the experiment and excluded from the data. The results of 

survived mice were expressed as the mean ± S.E.  

Drug effect. Mice were randomly assigned to 5 groups of 10 each.  

Risperidone (0.1, 0.32, 1 or 3.2 mg/kg) was given s.c. twice a day (9:00 and 

17:00) for 3 days, starting with the introduction of the CDE diet. The results of 

one or two series of experiments were combined and expressed as the mean of 

survived animals. In the case of histological examination, mice were randomly 
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assigned to 5 groups of 5 each, and the results of three series of experiments 

were combined and expressed as the mean of survived animals. 

 

Biochemical analysis of blood  

Blood parameters were analyzed by SRL Inc. (Kyoto, Japan) according to the 

following methods.  

Serum IL-6 levels were measured by a two-step sandwich CLEIA 

(chemiluminescent enzyme immunoassay) method using ALP (alkaline 

phosphatase)-labelled anti-human IL-6 monoclonal antibody and 

3-(2’-spiroadamantane)-4-methoxy-4-(3’’-sphoryloxy)phenyl-1,2-dioxetane 

disodium salt as a substrate. The upper and lower limits of detection of IL-6 were 

51 and 10000 pg/ml, respectively. 

Plasma amylase activity was measured with an enzymatic calorimetric test, 

using 2-chloro-4-nitrophenyl-β-D-maltoheptaoside as a substrate. The colored 

product absorbance was measured at 405 to 660 nm with a Hitachi 7170 

autoanalyzer.  

Plasma lipase activity was measured with an enzymatic calorimetric test, 

using 1, 2-o-dilauril-rac-glycer-3-glutaric acid-(6 methyl-resorufin)-ester as a 
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substrate. The colored product absorbance was measured at 570 to 700 nm with 

a Hitachi 7170 autoanalyzer. 

Blood platelet counts were measured by a fully automated haematology 

analyzer (Sysmex SE-9000, Sysmex corporation).  

Plasma levels of 5-HIAA, a metabolite of 5-HT, were measured using an HPLC 

(L-6000, Hitachi) and an electrochemical detector (ECD-300, Eicom). 

 

Examination of pancreas 

At a predetermined time, pancreas was taken through an incision of the 

abdominal wall under ether anesthesia. The excised pancreas was fixed in a 

formalin solution, embedded in paraffin, sectioned at 5μm thickness. Each 

sample was examined blindly for the extent of edema, inflammatory cell 

infiltration and acinar cell necrosis, and scored according to the criteria (0=no 

change, 1=slight change, 2=moderate change, 3=severe change, 4=very severe 

change). The results of two series of experiments were combined and expressed 

as the mean of 10 animals.   

 

Statistical analysis 
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Results are expressed as mean ± SEM.  A one-tail paired t test was used to 

study the statistical significance of the time course changes in plasma 

parameters. Dunnett’s multiple comparison test was used to study the statistical 

significance of the drug effect on the plasma parameters. Dunn’s multiple 

comparison test was used for the analyses of histological scores. Steel’s multiple 

comparison test was used to study the statistical significance of the drug effect 

on the mortality. 

 

RESULTS 

 

Time course of changes in CDE-fed mice. Feeding the mice with a 

choline-deficient ethionine-supplemented (CDE) diet caused severe necrotic 

pancreatitis. When the data of all the time-course studies were combined (Fig. 1 

left), none of the mice died on day 1 and day 2, but 22.0 % (11/50) and 50.0 % 

(25/50) died on day 3 and day 4, respectively.  

Platelet counts hardly changed on day 1 and 2 of CDE-diet feeding, but then 

decreased on day 3 and 4 (Fig. 1 right). The values on day 3 

(0.82±0.09x106/mm3) and day 4 (0.68±0.21x106/mm3) were significantly different 
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from the pre-feeding value (1.04±0.04x106/mm3).  

Serum IL-6 levels did not reach a detection limit (51.0 pg/ml) before feeding 

CDE-diet (day 0), but then gradually increased to peak on day 3 (Table 1). The 

peak value (5670.1±1406.4 pg/ml) was significantly different from the 

pre-feeding value (day 0).  

Plasma amylase levels tended to decrease on day 1, but then increased to 

peak on day 3. The peak value (28617.1±6305.1) was significantly different 

compared with the pre-feeding value (744.0±32.8). 

Plasma lipase levels also tended decrease on day 1, but then increased to 

peak on day 3. The peak value (4230.7±1128.7) was significantly different 

compared with the pre-feeding value (29.4±1.8). 

The pancreas histology of CDE-fed mice hardly changed on day 1 and 2. 

Significant edema, inflammatory cell infiltration and necrosis developed on day 3, 

and their histological scores (1.75±0.11, 1.13±0.09 and 2.75±0.21, respectively) 

were significantly different from the pre-feeding value (Table 2). Similar or even 

more histological alterations were observed on day 4.  

Plasma 5-HIAA levels increased to reach 101.8±34.0, 106.9±9.0, 137.8±49.0 

and 64.0±13.4 ng/ml on day 1, 2, 3 and 4, respectively (Fig. 2). Although these 
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values were not significantly different from the pre-feeding value (day 0), this 

could be ascribed to the large variation among mice.  

Effect of risperidone on the time-course change of 5-HIAA. In mice which 

were treated with risperidone (3.2 mg/kg twice a day), plasma 5-HIAA levels 

increased to reach 56.9±2.2, 98.1±12.8, 146.3±25.4 and 58.6±12.1 ng/ml on day 

1, 2, 3 and 4, respectively (Fig. 2). These values on day 2 and day 3 were 

significantly different from the pre-feeding control (42.0±1.0). On the other hand, 

there was no statistically significant difference between the control (CDE-diet) 

and the treatment (CDE-diet plus risperidone) groups throughout the 

experimental period.  

Effect of risperidone on the serum levels of IL-6. As shown in Fig. 3, the 

CDE-fed control mice (risperidone 0) revealed increased serum IL-6 levels 

(4545.7±1932.6 pg/ml), which was dose-dependently reduced by risperidone 

(0.1~3.2 mg/kg, twice a day). The value at 3.2 mg/kg (75.4±18.9 pg/ml) was 

significantly different compared with the control.  

Effect of risperidone on the hyperenzymemia. As shown in Fig. 4, the 

CDE-fed control mice (risperidone 0) revealed increased plasma amylase levels 

(28332.9±4704.1 U/L), which was dose-dependently reduced by risperidone. 
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The value at 3.2 mg/kg (9873.5±2844.0 U/L) was significantly different compared 

with the control. Similarly, the CDE-fed control mice revealed increased plasma 

lipase levels (2658.8±396.8 U/L), which was dose-dependently reduced by 

risperidone. The value at 1.0 (1550.8±230.5 U/L) and 3.2 mg/kg (1019.5±264.1 

U/L) were significantly different compared with the control.  

Effect of risperidone on the platelet counts. As shown in Fig. 5, the 

CDE-fed control mice (risperidone 0) revealed decreased platelet count 

(0.78±0.06x106/mm3), which was significantly different from the value 

(1.06±0.04x106/mm3) in normal mice which were fed standard chow (MF). The 

thrombocytopenia in CDE-fed mice was dose-dependently attenuated by 

risperidone. While the value at 0.1 mg/kg (0.84±0.08x106/mm3) was not 

significantly different from the CDE-fed control (0.78±0.06 x106/mm3), those at 

0.32 (1.12±0.05x106/mm3), 1.0 (1.11±0.03x106/mm3) and 3.2 mg/kg (1.24±0.0 

8x106/mm3) were significantly different from the CDE-fed control.  

Effect of risperidone on the histological alterations. Figure 6 shows the 

typical light microscopy of the pancreas taken from the CDE-fed mice with or 

without risperidone treatment. While the interstitium of the CDE-fed control 

mouse (left) is edematous, the change was greatly reduced in the CDE-fed 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on October 1, 2008 as DOI: 10.1124/jpet.108.141895

 at A
SPE

T
 Journals on M

ay 23, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #141895 

 17

mouse which was treated with 3.2 mg/kg of risperidone (right). A large number of 

inflammatory cells infiltrated to the interstitium of the control mouse, but few 

inflammatory cells infiltrated to the interstitium of the risperidone-treated mouse. 

Similarly, diffuse necrotic changes were found in the control (left), but scarecely 

found in the risperidone-treated mouse (right).  

Such photographs as above are examined blindly, and the histological 

alterations are scored as described in the method. The pancreas of CDE-fed 

control mice (risperidone 0) revealed edema, inflammatory cell infiltration and 

necrosis, and their mean histologic scores were 2.73±0.13, 2.13±0.13 and 

3.10±0.12, respectively (Table 3). These histological alterations were 

dose-dependently attenuated by risperidone (0.1 - 3.2mg/kg) to reach 1.07±0.14, 

0.60±0.11 and 1.53±0.13 at 3.2mg/kg, respectively.   

Effect of risperidone on the mortality. The data of all the mice which were 

subjected to study risperidone effects were combined. While 28.0 % (16/65) of 

the control mice died on day 3, the mortality of mice which were treated with 0.1, 

0.32, 1 and 3.2 mg/kg of risperidone were 3.1 % (2/65), 1.5% (1/65), 4.6% (3/65) 

and 0 % (0/65), respectively. These values in risperidone-treated mice were 

significantly different from the control (p<0.01). 
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DISCUSSION 

 

Acute pancreatitis was induced in 4 weeks old mice by feeding with a 

choline-deficient ethionine-supplemented (CDE) diet. All the mice revealed DINP, 

and approximately 50% of them died within 4 days. Although the mortality is less 

compared with the previous studies (Lombardi et al. 1975; Yoshino and 

Yamaguchi, 1997), this could be ascribed to the use of older mice in the present 

study. When Lombardi et al. (1975) firstly introduced the DINP model, they 

considered that a CDE diet inhibited the biosynthesis of lecithins, a major 

membrane constituent, and caused a blockage of exocytosis of zymogen 

granules, which in turn leads to intracellular enzyme accumulation, acinar cell 

injury and enzyme leakage into the interstitium/blood, resulting in autodigestion 

of the pancreas by activated enzymes. However, there was no explanation for 

that necrosis suddenly ensued in spite of the remarkable overall preservation of 

cellular structures during the first 24 to 48 hours of CDE treatment. Also in the 

present study, little histological alterations were found on day 1 and 2. The 

following discussion may afford an explanation for this issue.  
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It is a novel finding that serum IL-6 levels significantly increased on day 3, and 

returned towards the control on day 4 of CDE treatment. The time course 

change paralleled those of plasma amylase and lipase activities. In contrast, 

platelet counts significantly decreased on day 3, and the change became more 

marked on day 4, coinciding with the mortality and histologic alterations of the 

pancreas (edema, inflammatory cell infiltration and necrosis). These results are 

compatible with the hypothesis that acinar cell injury causes local inflammatory 

response, and, if this response is very strong, it results in a systemic 

inflammatory response syndrome (SIRS) which could be responsible for the 

morbidity and mortality (Bhatia, 2005). While the edema and inflammatory cell 

infiltration in the present study reflect local inflammatory reaction, the depressed 

platelet counts no doubt reflect SIRS-related hypercoagulopathy. Further to be 

noted, there is evidence that plasma IL-6 concentration is predictive for severity 

and mortality in SIRS (Oda et al., 2005; Rau et al., 2007) as well as in acute 

pancreatitis (Štimac et al., 2006; Panek et al., 2006). Also, Takács et al. (1996) 

noted that maximum IL-6 levels correspond to the severity of acute pancreatitis 

in rats, and we found that the peak serum IL-6 level was higher in the DINP than 

CIEP model (Hamada et al., unpublished observation). Taken together, we 
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speculate that IL-6 plays an important role in the transformation of local 

inflammation (mild edematous pancreatitis) to SIRS (severe necrotic 

pancreatitis) via its broad proinflammatory actions. Our speculation may explain 

why necrosis suddenly ensued on day 3 in spite of the remarkable overall 

preservation of cellular structures during the first 24 to 48 hours of CDE 

treatment. However, the present study does not exclude the possible 

involvement of other inflammatory cytokines in the pancreatitis development 

(Bhatia et al., 2000; Sakorafas and Tsiotou 2000; Granger and Remick 2005), 

and further studies are needed to clarify this point. 

The present study confirmed our previous finding that the plasma levels of 

5-HIAA increased on feeding a CDE diet, gradually reached a peak on day 3 and 

returned towards the control on day 4 (Yoshino and Yamaguchi, 1997). The 

increase in 5-HIAA levels apparently preceded the above-mentioned blood 

parameter changes as well as the histological alterations which firstly appeared 

on day 3. These results suggest that a CDE diet causes 5-HT release, and 

triggers DINP. Regarding the pathogenic role of 5-HT, it is interesting to note that 

a ‘hyperstimulation concept’ has been repeatedly employed in order to explain 

the pathogenesis of experimental acute pancreatitis; peptide and cholinergic 
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secretagogues cause edematous pancreatitis in a supramaximal dose which 

induces submaximal secretory responses (Saluja et al., 1989; Lerch and Adler, 

1994). A balance of evidence has suggested that the supramaximal dose causes 

a blockage of exocytosis, which leads to acinar cell injury, and results in the 

edematous pancreatitis development (Steer and Meldolesi 1987; Lerch and 

Adler, 1994). Interestingly, 5-HT also exhibits a biphasic dose-response; it 

stimulates pancreatic secretion at low doses (Li et al., 2000; Chey and Chang, 

2001), whereas it inhibits pancreatic secretion at high doses (Mori et al., 1979; 

Chey and Chang, 2001). Thus we speculate that a CDE diet gradually increases 

5-HT concentration in the blood, and initiates a blockage of exocytosis and 

acinar cell injury when the 5-HT levels reached a concentration that causes 

‘hyperstimulation’.  

The hyperstimulation-induced edematous pancreatitis usually reveals local 

inflammatory responses and resolves spontaneously, but when coincided with 

various pathophysiological changes it could be developed into necrotic 

pancreatitis. One of the possibilities is 5-HT itself, which has been known to 

induce not only platelet aggregation (Connor et al., 2001; De Clerck et al., 2004) 

but also vasoconstriction (Centurion et al., 2001; Calama et al., 2002). Both of 
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the 5-HT actions no doubt enhance autolysis of the pancreas which is vulnerable 

to ischemia (Anderson and Schiller, 1968; Schiller and Anderson, 1975; Klar et 

al., 1990). In this respect, it is interesting to note that cerulein induces 

vasodilation in a dose-dependent manner (Homma and Malik, 1983). These 

differential actions of 5-HT and cerulein could be responsible for the different 

severity between DINP and CIEP. Supporting the speculation, the peak 5-HIAA 

concentration is higher in the DINP than the CIEP model (Hamada et al., 

unpublished observation).   

Previous pharmacological studies have also suggested the possible 

involvement of endogenous 5-HT in the initiation/progression of acute 

pancreatitis; not only the 5-HT depletor PCPA but also 5-HT2 receptor 

antagonists reduced the severity of DINP and/or CIEP models (Oguchi et al., 

1992; Yoshino and Yamaguchi 1997). While the 5-HT2 receptor has now been 

classified into 5-HT2A, 5-HT2B and 5-HT2C subclasses, we have recently 

demonstrated that risperidone, spiperone and ketanserin which strongly block 

5-HT2A receptors (Bonhaus et al., 1995; Knight et al., 2004) attenuated the 

hyperenzymemia and histological alterations in the CIEP model, and their 

potency order paralleled their reported pKi values at the 5-HT2A receptors but 
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not those at 5-HT2B and 5-HT2C receptors (Hamada et al., 2007). Also in the 

present study, risperidone dose-dependently attenuated the serum IL-6 levels, 

plasma amylase/lipase levels, platelet counts, mortality and histological 

alterations (edema, inflammatory cell infiltration and necrosis) in the DINP model. 

It is thus tempting to speculate that risperidone attenuates the initiation as well 

as progression of acute pancreatitis through its actions on 5-HT2A receptors.  

Bonhaus et al. (1995) have demonstrated the existence of 5-HT2A receptors in 

the pancreas by RT-PCR and northern blot analysis. However, risperidone also 

blocks dopamine D2 receptors and α-adrenoceptors, which could possibly be 

involved in the mechanism of risperidone action. Although further studies are 

needed to clarify this point, it should be noted that R-96544 which has 

600-2800-fold higher affinity for the 5-HT2A receptors than for the 5-HT3 and 

dopamine D2 receptors, and the α- and β-adrenoceptors attenuates 

hyperenzymemia and histological alteration in the DINP as well as CIEP models 

(Ogawa et al. 2005).   

Regarding the mechanism of risperidone action, it is noteworthy that 5-HTP, a 

precursor of 5-HT, decreased the protein concentration of pancreatic juice, and 

the change (possibly a blockage of exocytosis) was reversed by cyproheptadine, 
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a non-selective 5-HT2A antagonist (Mori et al., 1979). Further to be noted, 5-HT 

enhances vascular permeability (Fujie et al., 1994) as well as neutrophil 

chemoattractant production by the endothelial cells (Charles et al., 1991), and 

the changes are attenuated by 5-HT2A antagonists. We thus speculate that 

risperidone attenuates not only the 5-HT-induced blockage of exocytosis but 

also resultant local inflammatory responses.  

Another possibility is that risperidone inhibits IL-6 release to attenuate the 

development of SIRS which is associated with shock, hypercoagulopathy and 

mortality. This possibility is supported by that 5-HT induces IL-6 production by 

smooth muscle cells (Ito et al., 2000) or macrophages/lymphocytes (Kubera et 

al., 2005) in a manner blocked by 5-HT2A antagonists. It has also been reported  

that 5-HT2A antagonists attenuate 5-HT-induced vasoconstriction (Centurion et 

al., 2001; Calama et al., 2002), and that risperidone as well as its active 

metabolite 9-OH-risperidone reduced 5-HT-induced platelet aggregation (De 

Clerck et al., 2004). These results, when put under the light of above discussion, 

suggest that risperidone inhibits the progression of local inflammation 

(edematous pancreatitis) to systemic inflammation (necrotic pancreatitis) 

through its actions on 5-HT2A receptors in the platelets, vascular smooth muscle 
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cells and macrophages/lymphocytes.       

In conclusion, the present study clearly demonstrated that a potent 5-HT2A 

antagonist risperidone ameliorated DINP. As we have already shown that 

risperidone attenuates CIEP (Hamada et al., 2007), it may be reasonable to 

assume that risperidone ameliorates not only mild but also severe pancreatitis, 

and that risperidone provide a new therapy for acute pancreatitis.  

 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on October 1, 2008 as DOI: 10.1124/jpet.108.141895

 at A
SPE

T
 Journals on M

ay 23, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #141895 

 26

ACKNOWLEDGEMENTS 

 

The authors are grateful to Dr. A. Nagayoshi of Astellas Pharmaceutical Co., 

Ltd. for the statistical analysis of the data. We also thank Dr. T. Takumi of Osaka 

Bioscience Institute for the helpful discussions and encouragement.  

 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on October 1, 2008 as DOI: 10.1124/jpet.108.141895

 at A
SPE

T
 Journals on M

ay 23, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #141895 

 27

REFERENCES 

 

Anderson MC and Schiller WR (1968) Microcirculatory dynamics in the normal 

and inflamed pancreas. Am J Surg 115:118-127 

Becker V (1981) Pathological anatomy and pathogenesis of acute pancreatitis. 

World J Surg 5:303-313 

Bhatia M, Brady M, Shokuhi S, Christmas S, Neoptolemos JP and Slavin J 

(2000) Inflammatory mediators in acute pancreatitis. J Pathol 190:117-125 

Bhatia M (2005) Inflammatory response on the pancreatic acinar cell injury. 

Scand J Surg 94:97-102 

Bonhaus DW, Bach C, DeSouza A, Salazar FHR, Matsuoka BD, Zuppan P, 

Chan HW and Eglen RM (1995) The pharmacology and distribution of 

human 5-hydroxytryptamine2B (5-HT2B) receptor gene products: comparison 

with 5-HT2A and 5-HT2C receptors. Br J Pharmacol 115:622-628.  

Calama E, Fernandez MM, Moran A, Martin ML and San Roman L (2002) 

Vasodilator and vasoconstrictor responses induced by 5-hydroxytryptamine 

in the in situ blood autoperfused hindquarters of the anaesthetized rat. 

Naunyn Schmiedebergs Arch Pharmacol 366:110-116 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on October 1, 2008 as DOI: 10.1124/jpet.108.141895

 at A
SPE

T
 Journals on M

ay 23, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #141895 

 28

Centurion D, Ortiz MI, Sanchez-Lopez A, De Vries P, Saxena PR and Villalon 

CM (2001) Evidence for 5-HT(1B/1D) and 5-HT(2A) receptors mediating 

constriction of the canine internal carotid circulation. Br J Pharmacol 

132:983-990 

Charles A, Rounds S and Farber HW (1991) Neutrophil chemoattractant 

production by cultured serotonin-stimulated bovine and human endothelial 

cells. Am J Physiol 261:L133-L139 

Chey WY and Chang TM (2001) Neural hormonal regulation of exocrine 

pancreatic secretion. Pancreatology 1:320-335 

Connor JD, Rasheed H, Gilani AH, Cheema M, Rizvi Z and Saeed SA (2001) 

Second messengers in platelet aggregation evoked by serotonin and 

A23187, a calcium ionophore. Life Sci 69:2759-2764 

De Clerck F, Somers Y, Mannaert E, Greenspan A and Eerdekens M (2004) In 

vitro effects of risperidone and 9-hydroxy-risperidone on human platelet 

function, plasma coagulation, and fibrinolysis. Clin Ther 26:1261-1273 

Fujie E, Irie K, Uchida Y, Tsukahara F and Muraki T (1994) Possible role of 

nitric oxide in 5-hydroxytryptamine-induced increase in vascular 

permeability in mouse skin. Naunyn Schmiedebergs Arch Pharmacol 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on October 1, 2008 as DOI: 10.1124/jpet.108.141895

 at A
SPE

T
 Journals on M

ay 23, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #141895 

 29

350:361-364 

Geokas MC, Van Lancker JL, Kadell BM and Machleder HI (1972) Acute 

pancreatitis. Ann Intern Med 76:105-117 

Geokas MC, Baltaxe HA, Banks PA, Silva J Jr and Frey CF (1985) Acute 

pncreatitis. Ann Intern Med 103:86-100 

Granger J and Remick D (2005) Acute pancreatitis: models markers, and 

mediators. Shock 24 (suppl 1):45-51 

Hamada K, Yoshida M, Isayama H, Yagi Y, Kanazashi S, Kashihara Y, 

Takeuchi K and Yamaguchi I (2007) Possible involvement of endogenous 

5-HT in aggravation of cerulein-induced acute pancreatitis in mice. J 

Pharmacol Sci 105:240-250 

Homma T and Malik KU (1983) Effect of secretin and caerulein in canine 

pancreas: relation to prostaglandin. Am J Physiol 244:G660-G667 

Ito T, Ikeda U, Shimpo M, Yamamoto K and Shimada K (2000) Serotonin 

increases interleukin-6 synthesis in human vascular smooth muscle cells. 

Circulation 102:2522-2527 

Klar E, Messemer K Warshaw AL and Herfarth C (1990) Pancreatic ischemia 

in experimental pancreatitis: Mechanism, significance and therapy. Br J Surg 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on October 1, 2008 as DOI: 10.1124/jpet.108.141895

 at A
SPE

T
 Journals on M

ay 23, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #141895 

 30

77:1205-1210 

Knight AR, Misra A, Quirk K, Benwell K, Revell D, Kennett G and Bickerdike M 

(2004) Pharmacological characterization of the agonist radioligand binding 

site of 5-HT2A, 5-HT2B, and 5-HT2C receptors. Naunyn-Schmied Arch 

Pharmacol 370:114-123. 

Kubera M, Maes M, Kenis G, Kim YK and Lason W (2005) Effects of serotonin 

and serotonergic agonists and antagonists on the production of tumor 

necrosis factor alpha and interleukin-6. Psychiatry Res 134:251-258 

Lerch MM and Adler G (1994) Experimental animal models of acute 

pancreatitis. Int J Pancreatol 15:159-170 

Leysen JE, Janssen PM, Gommeren W, Wynants J, Pauwels PJ and Janssen 

PA (1992) In vitro and in vivo receptor binding and effects on monoamine 

turnover in rat brain regions of the novel antipsychotics risperidone and 

ocaperidone. Mol Pharmacol  41:494-508 

Li Y, Hao Y, Zhu J and Owyang C (2000) Serotonin released from intestinal 

enterochromaffin cells mediates luminal non-cholecystokinin-stimulated 

pancreatic secretion in rats. Gastroenterology 118:1197-1207 

Lombardi B, Estes LW and Longnecker DS (1975) Acute hemorrhagic 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on October 1, 2008 as DOI: 10.1124/jpet.108.141895

 at A
SPE

T
 Journals on M

ay 23, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #141895 

 31

pancreatitis (massive necrosis) with fat necrosis induced in mice by 

dl-ethionine fed with a choline-deficient diet. Am J Pathol 79:465-480 

Mori J, Satoh H, Satoh Y and Honda F (1979) Amines and the rat exocrine 

pancreas: (3) Effects of amines on pancreatic secretion. Jpn J Pharmacol 

29:923-933  

Oda S, Hirasawa H, Shiga H, Nakanishi K, Matsuda K and Nakamura M 

(2005) Sequential measurement of IL-6 blood levels in patients with 

systemic inflammatory response syndrome (SIRS)/sepsis. Cytokine 

29:169-175 

Ogawa T, Sugidachi A, Tanaka N, Fujimoto K, Fukushige J, Tani Y and Asai F 

(2005) Effects of R-102444 and its active metabolite R-96544, selective 

5-HT2A receptor antagonists, on experimental acute and chronic 

pancreatitis: Additional evidence for possible involvement of 5-HT2A 

receptors in the development of experimental pancreatitis. Eur J Pharmacol 

521:156-163 

Oguchi H, Terashima M, Koiwai T, Kawa S, Furuta S, Kobayashi M and 

Homma T (1992) Effects of the S2-serotonergic receptor antagonist, 

ketanserin, on cerulein-induced pancreatitis in the rat. Life Sci 50:733-737 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on October 1, 2008 as DOI: 10.1124/jpet.108.141895

 at A
SPE

T
 Journals on M

ay 23, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #141895 

 32

Panek J, Karcz D, Pieton R, Zasada J, Tusinski M, Dolecki M and Winiarski M 

(2006) Blood serum levels of proinflammatory cytokines in patients with 

different degrees of biliary pancreatitis. Can J Gastroenterol 20:645-648 

Pitchumoni CS, Agarwal N and Jain NK (1988) Systemic complications of 

acute pancreatitis. Am J Gastroenterol 83:597-606 

Rau S, Kohn B, Richter C, Fenske N, Küchenhoff H, Hartmann K, Härtle S, 

Kaspers B and Hirschberger J (2007) Plasma interleukin-6 response is 

predictive for severity and mortality in canine systemic inflammatory 

response and sepsis. Vet Clin Pathol 36:253-260 

Sakorafas GH and Tsiotou AG (2000) Etiology and pathogenesis of acute 

pancreatitis: current concepts. J Clin Gastroenterol 30:343-356 

Saluja AK, Saluja M, Printz H,Zavertnik A, Sengupta A and Steer ML (1989) 

Experimental pancreatitis is mediated by low-affinity cholecystokinin 

receptors that inhibit digestive enzyme secretion. Proc Natl Acad Sci USA 

86:8968-8971 

Schiller WR and Anderson MC (1975) Microcirculation of the normal and 

inflamed canine pancreas. Ann Surg 181:466-470 

Steer ML and Meldolesi J (1987) The cell biology of experimental pancreatitis. 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on October 1, 2008 as DOI: 10.1124/jpet.108.141895

 at A
SPE

T
 Journals on M

ay 23, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #141895 

 33

New Engl J Med 316:144-150 

Stimac D, Fišić E, Milić S, Bilić-Zulle L and Perić R (2006) Prognostic values of 

IL-6, IL-8 and IL-10 in acute pancreatitis. J Clin Gastroenterol 40:209-212  

Takács T, Farkas G Jr, Czakó L, Jármay K, Mándi Y and Lonovics J (1996) 

Time-course changes in serum cytokine levels in two experimental acute 

pancreatitis models in rats. Res Exp Med (Berl) 196:153-161 

Trapnell JE (1981) Pathophysiology of acute pancreatitis. World J Surg 

5:319-327 

Yoshino T and Yamaguchi I (1997) Possible involvement of 5HT2 receptor 

activation in aggravation of diet-induced acute pancreatitis in mice. J 

Pharmacol Exp Ther 283:1495-1502 

  

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on October 1, 2008 as DOI: 10.1124/jpet.108.141895

 at A
SPE

T
 Journals on M

ay 23, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #141895 

 34

Legends for figures 

 

Fig. 1. Time-course of changes in survival rate and platelet count. 

Survival rate was calculated from all the control mice which were given only a 

CDE-diet (n=50). Each value of platelet counts represents mean±SE of survivors 

in a group of 10. The number of survivors is shown in the parentheses. *P<0.05; 

statistically significant compared with the control (day 0). 

 

Fig. 2.  Time-course of changes in plasma 5-HIAA levels of CDE-fed 

mice with or without risperidone treatment.  Each value represents the 

mean±SE of survivors in a group of 20 and 10, respectively. The number of 

survivors is shown in the parentheses. *P<0.05, **P<0.01; statistically significant 

compared with the control (day 0). 

 

Fig. 3.  Effect of risperidone treatment on plasma IL-6 levels in CDE-fed 

mice.  Each value represents mean±SE of survivors in a group of 10. The 

number of survivors is shown in the parentheses. *P<0.05, **P<0.01; statistically 

significant compared with the control (day 0). 
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Fig. 4.  Effect of risperidone treatment on plasma amylase and lipase 

levels in CDE-fed mice.  Each value represents the mean±SE of survivors in a 

group of 20. The number of survivors is shown in the parentheses. P<0.05, 

**P<0.01; statistically significant compared with the control (0). 

 

Fig. 5.  Effect of risperidone treatment on platelet counts in CDE-fed 

mice.  Each value represents the mean±SE of survivors in a group of 20. The 

number of survivors is shown in the parentheses. *P<0.05, **P<0.01; statistically 

significant compared with the normal chow control (MF). ††P<0.01; statistically 

significant compared with the control (0). 

 

Fig. 6.  Effect of risperidone on histologic alterations in CDE-fed mice. 

Hematoxylin and eosin staining (H&E); original staining x 400. Left: Pancreatic 

histology of a control mouse which was fed CDE diet.  Interstitium are 

edematous, and a large number of inflammatory cells infiltrated (short arrows). In 

addition, diffuse necrotic changes (long arrows) were found. Right: Pancreatic 

histology of a CDE-fed mouse which was given 3.2 mg/kg of risperidone twice a 
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day.  Note that edema of interstitium are greatly reduced, and few inflammatory 

cells infiltrated to the interstitium. In addition, diffuse necrotic changes were not 

observed. 
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Table 1.  Time-course of changes in serum IL-6 levels, plasma amylase 

and lipase levels  

Each value represents the mean ±SE of survivors in a group of 10. The 

number of survivors is shown in the parentheses. **P<0.01; statistically 

significant compared with the control (day 0).  

 

 
Days after CDE

Day0

Day1

Day2

Day3

Day4

Days after CDE

Day0

Day1

Day2

Day3

Day4

IL-6 (pg/mL)

51.0 (10)

63.2±5.2 (10)

421.7±60 (10)

5670.1±1406.4** (9)

110.7±35.5 (6)

IL-6 (pg/mL)

51.0 (10)

63.2±5.2 (10)

421.7±60 (10)

5670.1±1406.4** (9)

110.7±35.5 (6)

51.0 (10)

63.2±5.2 (10)

421.7±60 (10)

5670.1±1406.4** (9)

110.7±35.5 (6)

Amylase (U/L)

744.0±32.8 (10)

534.0±35.9 (10)

1880.0±287 (10)

28617.1±6305.1** (7)

2514.3±518.3 (7)

Amylase (U/L)

744.0±32.8 (10)

534.0±35.9 (10)

1880.0±287 (10)

28617.1±6305.1** (7)

2514.3±518.3 (7)

744.0±32.8 (10)

534.0±35.9 (10)

1880.0±287 (10)

28617.1±6305.1** (7)

2514.3±518.3 (7)

Lipase (U/L)

29.4±1.8 (10)

24.0±1.6 (10)

326.5±51.2 (10)

4230.7±1128.7** (7)

272.9±63.9 (7)

Lipase (U/L)

29.4±1.8 (10)

24.0±1.6 (10)

326.5±51.2 (10)

4230.7±1128.7** (7)

272.9±63.9 (7)

29.4±1.8 (10)

24.0±1.6 (10)

326.5±51.2 (10)

4230.7±1128.7** (7)

272.9±63.9 (7)
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Table 2.  Time-course of changes in pancreatic histology  

The edema, inflammatory cell infiltration and necrosis were graded according 

to the degree of alterations as described in the method.  Each value represents 

mean ± SE of survivors in a group of 10. The number of survivors is shown in the 

parentheses. **P<0.01; statistically significant compared with the control (day 0) 

 

 
Days after CDE Edema

0

0

0

1.75±0.11**

2.14±0.23**

Inflammatory cell infiltration

0

0

0

1.13±0.09**

2.71±0.24**

Necrosis

0

0

0.05±0.05

2.75±0.21**

2.43±0.29**

Histologic Score#

Day0

Day1

Day2

Day3

Day4

(10)

(10)

(10)

(7)

(7)
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Table 3.  Effect of risperidone on the histologic alterations of the 

pancreas  

The edema, inflammatory cell infiltration and necrosis were graded according 

to the degree of alterations as described in the method.  Each value represents 

mean ± SE of survivors in a group of 15. The number of survivors is shown in the 

parentheses. *P<0.05, **P<0.01; statistically significant compared with the 

control (0) 

 

 

 

 

Edema

2.73±0.13

2.47±0.18

2.13±0.18*

2.00±0.17**

1.07±0.14**

Edema

2.73±0.13

2.47±0.18

2.13±0.18*

2.00±0.17**

1.07±0.14**

2.73±0.13

2.47±0.18

2.13±0.18*

2.00±0.17**

1.07±0.14**

Inflammatory cell infiltration

2.13±0.13

1.73±0.14

1.43±0.20**

1.30±0.17**

0.60±0.11**

Inflammatory cell infiltration

2.13±0.13

1.73±0.14

1.43±0.20**

1.30±0.17**

0.60±0.11**

2.13±0.13

1.73±0.14

1.43±0.20**

1.30±0.17**

0.60±0.11**

Necrosis

3.10±0.12

2.47±0.15**

2.13±0.13**

1.87±0.18**

1.53±0.13**

Necrosis

3.10±0.12

2.47±0.15**

2.13±0.13**

1.87±0.18**

1.53±0.13**

3.10±0.12

2.47±0.15**

2.13±0.13**

1.87±0.18**

1.53±0.13**

Histologic Score*

Risperidone (mg/kg)

0

0.1

0.32

1

3.2

(15)

(15)

(15)

(15)

(15)
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Fig.1
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Fig.2
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Fig.6

Control X400 3.2mg/kg Risperidone X400
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