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Gardenia jasminoides  protects against cerulein-induced 
acute pancreatitis 
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Abstract
AIM: To investigate the effect of Gardenia jasminoides  
(GJ) on cerulein-induced acute pancreatitis (AP) in mice.
METHODS: C57BL/6 mice we igh ing 18-20 g 
were divided into three groups. (1) Normal saline-
treated group, (2) treatment with GJ at a dose of 
0.1 g/kg, (3) treatment with GJ at a dose of 1 g/kg. 
GJ was administered orally (n  = 6 per group) for 
1 wk. Three hours later, the mice were given an 

intraperitoneal injection of cerulein (50 µg/kg), a stable 
cholecystokinin (CCK) analogue, every hour for a total of 
6 h as described previously. The mice were sacrificed 
at 6 h after completion of cerulein injections. Blood 
samples were obtained to determine serum amylase, 
lipase and cytokine levels. The pancreas was rapidly 
removed for morphologic examination and scoring. A 
portion of pancreas was stored at -70℃ and prepared 
for the measurement of tissue myeloperoxidase (MPO) 
activity, an indicator of neutrophil sequestration, and 
for reverse-transcriptase PCR (RT-PCR) and real-time 
PCR measurements. 
RESULTS: Treatment with GJ decreased significantly 
the severity of pancreatitis and pancreatitis-associated 
lung injury. Treatment with GJ attenuated the severity 
of AP compared with saline-treated mice, as shown by 
reduction in pancreatic edema, neutrophil infiltration, 
serum amylase and lipase levels, serum cytokine 
levels, and mRNA expression of multiple inflammatory 
mediators.
CONCLUSION: These results suggest that GJ 
attenuated the severity of AP as well as pancreatitis-
associated lung injury.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Acute pancreatitis (AP) is an acute inflammatory process 
of  the pancreas that frequently involves peri-pancreatic 
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tissues and remote organ systems. The severity of  the 
disease varies widely, the clinical course is unpredictable, 
and specific therapy is limited[1-4]. It is generally believed 
that the severity of  pancreatitis is determined by events 
that occur after acinar cell injury. Pancreatic acinar 
cells synthesize and release cytokines and chemokines, 
resulting in the recruitment of  inflammatory cells such 
as neutrophils and macrophages. This leads to further 
acinar cell injury, resulting in the elevation of  various 
pro-inflammatory mediators such as interleukin (IL)-
1β, IL-6, tumor necrosis factor (TNF)-α[5,6]. The release 
of  inflammatory mediators such as TNF-α and IL-
1β during AP propagates a complex cascade of  events 
between tissue vasculature and inflammatory cells. These 
inflammatory cells and mediators play a role in the 
systemic manifestations besides modulating pancreatic 
acinar cell injury; blocking the cytokine cascade in its 
early stage, and ameliorating the disease and its systemic 
complications. 

 Gardenia jasminoides (GJ) is widely employed in several 
Asian countries as a natural colorant, and has been used 
in Chinese traditional medicine for its homeostatic, 
antiphlogistic, analgesic and antipyretic effects. Its main 
components include geniposide and crocin[7]. These 
components exhibit antioxidant, cytotoxic, antitumor 
and neuroprotective effects[8-10].  However, the impact of  
GJ and its components on cerulein-induced AP have not 
been examined.

The present study was designed to confirm the 
preventive effects of  GJ in a mouse model of  cerulein-
induced AP. In order to gain a better insight into the 
mechanism of  action of  the observed anti-inflammatory 
effects of  GJ, we investigated the effects of  GJ on 
(1) pancreas weight/body weight (PW/BW) ratio, (2) 
pancreatic histology, (3) serum amylase and lipase levels, 
(4) serum level of  pro-inflammatory mediators, such as 
TNF-α, IL-1β and IL-6, and (5) lung histology.

MATERIALS AND METHODS
Materials 
Avidin-peroxidase and 2’-AZINO-bis (3-ethylbenzithia-
zoline-6-sulfonic acid) tablets, cerulein, Tris-HCl, NaCl, 
Triton X-100, hexadecyltrimethylammonium bromide 
and etramethylbenzidine were purchased from Sigma (St. 
Louis, MO, USA). Anti-mouse TNF-α, IL-6 and IL-1β 
antibodies, recombinant TNF-α, IL-6 and IL-1β were 
purchased from R&D Systems (Minneapolis, MN, USA). 

Preparation of GJ
GJ was prepared by decocting the dried prescription of  
herbs with boiling distilled water. The decoction time 
was about 3 h. Their voucher specimens were deposited 
at the Herbarium at the College of  Oriental Medicine, 
Won-Kwang University.

Animal models 
All experiments were performed according to protocols 
approved by the Animal Care Committee of  the 
university. Female C57BL/6 mice (6-7-wk old, weighting 

18-20 g) were purchased from Orient Bio Co. (Sungnam, 
KyungKiDo, Republic of  Korea). All animals were bred 
and housed in standard shoebox cages in a climate-
controlled room with an ambient temperature of  23 ± 
2℃ and a 12-h light-dark cycle for 7 d. Animals were 
fed standard laboratory chow, given water and randomly 
assigned to control or experimental groups. The mice 
were fasted for 18 h before induction of  AP. Six mice 
were included in each experimental group. 

Experimental design
AP was induced by supramaximal concentration 
of  cerulein (50 µg/kg), a stable CCK analogue, by 
administering it intraperitoneally every hour for a total 
of  6 h as described previously[11]. The mice were fed 
orally with GJ (1 g/kg, 0.1 g/kg, n = 6 each) or normal 
saline (control group, n = 6), followed by intraperitoneal 
injection of  cerulein (50 µg/kg) or saline every hour 
for a total of  5 h. The mice were sacrificed at 12 h 
after the completion of  cerulein injections. Blood 
samples were obtained to determine serum amylase, 
lipase and cytokine levels. The pancreas was rapidly 
removed for morphologic examination and scoring. A 
portion of  pancreas was stored at -70℃ and prepared 
for the measurement of  tissue myeloperoxidase (MPO) 
activity, an indicator of  neutrophil sequestration, and for 
reverse-transcriptase PCR (RT-PCR) and real-time PCR 
measurements. 

Histological analyses
The entire pancreas of  at least six mice from each 
treatment group was examined and semi-quantitated 
based on the degree of  necrosis, vacuolization, 
inf lammation, and edema. Using the previously 
described method of  Ethridge et al[12], entire sections 
(a minimum of  100 fields) of  pancreas were examined 
from each sample and scored on a scale of  0-3 (0 being 
normal and 3 being severe), based on the number of  
necrotic acinar cells, and the presence of  vacuolization, 
interstitial edema, and interstitial inflammation. The 
characteristics included were: presence of  acinar-cell 
ghosts, vacuolization and swelling of  the acinar cells, 
and/or the destruction of  the histo-architecture of  the 
whole or parts of  the acini. 

Enzyme-linked immunosorbent assay (ELISA)
ELISA for TNF-α, IL-1β and IL-6 (R&D Systems) 
was carried out in duplicate in 96-well plates (Nunc, 
Denmark), coated with each of  the following: 100 
µL aliquots of  anti-mouse IL-6, IL-1β and TNF-α 
monoclonal antibodies at 1.0 µg/mL in PBS at pH 7.4, 
and incubated overnight at 4℃. The plates were washed 
in PBS containing 0.05% Tween-20 (Sigma) and blocked 
with PBS containing 1% BSA, 5% sucrose and 0.05% 
NaN3 for 1 h. After additional washes, the standards were 
added and incubated at 37℃ for 2 h. After incubation for  
2 h at 37℃, the wells were washed, and the following 
were added: 0.2 µg/mL of  biotinylated anti-mouse 
TNF-α, IL-1β and IL-6, and again incubated at 37℃ 
for 2 h. After the wells were washed, avidin-peroxidase 



was added and the plates were incubated for 20 min at 
37℃. The wells were again washed and ABTS substrate 
was added. Color development was measured at  
405 nm using an automated microplate ELISA reader. 
A standard curve was run on each assay plate using 
recombinant TNF-α, IL-1β and IL-6 in serial dilutions.

Measurement of serum amylase and lipase
Arterial blood samples for determination of  serum 
amylase and lipase were obtained 12 h after induction 
of  pancreatitis. The mice were anesthetized with an 
intraperitoneal injection of  ketamine (80 mg/kg) and 
xylazine (4 mg/kg). After anesthetization, blood samples 
were withdrawn from the heart. Serum amylase was 
measured using ADIVA 1650 (Bayer, USA). Serum 
lipase was measured using a Cobas-mira (Roche, USA).

mRNA expression 
mRNA transcripts were analyzed by RT-PCR in mouse 
pancreatic tissues. Total RNA was isolated from the 
mouse pancreas using Qiagen RNeasy kit and subjected 
to reverse transcription using SuperScript Ⅱ RT 
(Invitrogen). Taqman quantitative RT-PCR with a 7700 
Sequence Detection System was done according to the 
instructions of  the manufacturer (Applied Biosystems). 
For each sample, triplicate test reactions and a control 
reaction lacking reverse transcriptase were analyzed for 
expression of  the gene of  interest, and results were 
normalized to those of  the ‘housekeeping’ HPRT 
mRNA. Arbitrary expression units were calculated 
by division of  expression of  the gene of  interest by 
ribosomal protein HPRT mRNA expression. The 
forward, reverse and probe oligonucleotide primers for 
multiplex real-time TaqMan PCR were as follows: for 
mouse TNF-α (forward, 5'-TCTCTTCAAGGGACAA
GGCTG-3'; reverse, 5'-ATAGCAAATCGGCTGACG
GT-3'; probe, 5'-CCCGACTACGTGCTCCTCACCCA
-3'), for mouse IL-1β (forward, 5'-TTGACGGACCCC
AAAAGAT-3'; reverse, 5'-GAAGCTGGATGCTCTC
ATCTG-3'; universal probe, M15131.1-Roche Applied 
Science), for mouse IL-6 (forward, 5'-TTCATTCTCTT
TGCTCTTGAATTAGA-3'; reverse, 5'-GTCTGACCT
TTAGCTTCAAATCCT-3'; universal probe, M20572.1-
Roche Applied Science), for mouse HPRT (forward, 
5'-GACCGGTCCCGTCATGC-3'; reverse, 5'-CATAAC
CTGGTTCATCATCGCTAA-3'; probe, 5'-ACCCGCA
GTCCCAGCGTCGT-3').

MPO estimation
Neutrophil sequestration in the pancreas was quantified 
by measuring the tissue MPO activity[11,12]. Tissue 
samples were thawed, homogenized in 20 mmol/L 
phosphate buffer (pH 7.4), and centrifuged (10 000 × g, 
10 min, 4℃), and the resulting pellet was resuspended 
in 50 mmol/L phosphate buffer (pH 6.0) containing 
0.5% hexadecyltrimethylammonium bromide (Sigma). 
The suspension was subjected to four cycles of  freezing 
and thawing and was further disrupted by sonication 
(40 s). The sample was then centrifuged (10 000 × g,  

5 min, 4℃), and the supernatant used for the MPO 
assay. The reaction mixture consisted of  the supernatant, 
1.6 mmol/L tetramethylbenzidine (Sigma), 80 mmol/L 
sodium phosphate buffer (pH 5.4), and 0.3 mmol/L  
hydrogen peroxide. The mixture was incubated at 
37℃ for 110 s, the reaction was terminated with  
2 mol/L of  H2SO4, and the absorbance was measured 
at 450 nm. This absorbance was then corrected for the 
DNA content of  the tissue sample (fold increase over 
control).

Statistical analysis
The results were expressed as means ± SE. The 
significance of  change was evaluated using Student’s  
t test. Differences between the experimental groups were 
evaluated by using analysis of  variance. Values of  P < 0.05 
were accepted as statistically significant.

RESULTS
Effect of GJ on PW/BW ratio, serum amylase and lipase 
activity in cerulein-induced AP
To assess the effect of  GJ on the PW/BW ratio, the 
pancreatic weight was divided by the body weight of  
the mice. GJ reduced significantly the PW/BW ratio, 
compared with the normal saline-treated group, in a 
dose-dependent manner (P < 0.05) (Figure 1A). The 
serum levels of  amylase and lipase are commonly used 
as markers of  AP[13,14]. GJ reduced significantly the 
serum amylase and lipase levels in cerulein-induced AP 
(Figure 1B and C).

Effect of GJ on serum levels of TNF-α, IL-1β and IL- in 
cerulein-induced AP
The serum levels of  pro-inflammatory cytokines, such 
as TNF-α, IL-1β and IL-6 were increased in cerulein-
induced AP[15-17]. GJ decreased significantly the levels of  
TNF-α and IL-1β in the cerulein-induced AP. Moreover, 
GJ was associated with a trend towards suppression 
of  IL-6, although the difference was not statistically 
significant (Figure 2).

Effect of GJ on mRNA expression of TNF-α, IL-1β and 
IL-6 in cerulein-induced AP
The GJ-pretreated group showed significant reduction 
of  pancreat ic t issue mRNA expression of  pro-
inflammatory cytokines such as TNF-α, IL-1β and IL-6, 
in a dose-dependent manner, compared with the saline 
pretreated group in cerulean-induced AP (Figure 3).

Effect of GJ on pancreatic histology in cerulein-induced AP
In normal mice, the histological features of  the pancreas 
were typical of  a normal architecture. Mice treated with 
i.p. injections of  cerulein developed acute necrotizing 
pancreatitis. Histological examination of  the pancreas 
(at 12 h after the injection of  cerulein) revealed tissue 
damage characterized by inflammatory cell infiltrate and 
acinar cell necrosis. GJ pretreatment resulted in significant 
reduction in pancreatic injury (Figure 4A). The presence 
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of  edema, inflammation, vacuolization, and necrosis 
were reduced significantly in the GJ-pretreated group 
compared with the normal saline-pretreated group, in a 
dose-dependent manner (Figure 4B).

Effect of GJ on lung histology in cerulein induced AP 
Lung injury commonly develops early in AP. AP-
associated lung injury is characterized by edema 
and inflammation[18]. In addition to the pancreas, 
we assessed the lungs after cerulein administration. 
Histological examination of  lung sections (at 12 h 
after the injection of  cerulein) revealed tissue damage 
characterized by edema and inflammatory cell infiltrate. 
GJ pretreatment resulted in significant reduction in 
lung injury. The histological sections were scored 

for edema and inflammation. The lungs of  the GJ-
pretreated mice had significantly less edema and 
inflammation compared with lungs from saline-injected 
control animals (Figure 5).

Effect of GJ on MPO activity of lung and pancreas in 
cerulein induced AP
As an additional quantitative assessment of  the severity 
of  the inflammatory response, we measured MPO 
activity, an indicator of  neutrophil sequestration, in the 
pancreas and lung following induction of  AP in the 
GJ-pretreated mice and saline-injected control animals. 
MPO activity in the pancreas and lung in the GJ-
pretreated mice was significantly less compared with the 
saline-injected control animals (Figure 6).

Figure 1  Effects of GJ pretreatment on the (A) PW/BW, (B) serum amylase 
activity, and (C) serum-lipase activity in cerulein induced AP. The study 
groups were treated as indicated in the experimental protocol. The mean ± 
SE of the six animals are shown. aP < 0.05 vs saline treatment; bP < 0.05 vs 
cerulein treatment alone.
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Figure 2  Effect of GJ on (A) TNF-α, (B) IL-1β and (C) IL-6 secretion in 
cerulein-induced AP. Mice were treated as indicated in the experimental 
protocol. The mean ± SE of six animals are shown. The study groups were 
treated as indicated in the experimental protocol. aP < 0.05 vs saline treatment; 
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Figure 3  Effect of GJ on TNF-α, IL-6 and IL-1 mRNA levels in cerulein-induced AP. The mice were sacrificed at 1, 3 and 6 h after six injections. Levels of 
pancreatic mRNA were quantified by real-time PCR for (A) TNF-α, (B) IL-1β, and (C) IL-6. The mean ± SE of six animals are shown. aP < 0.05 vs saline treatment; bP 
< 0.05 vs cerulein treatment alone.
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Figure 4  Effects of the GJ on pancreatic inflammatory changes following pancreatitis. A: Representative H&E-stained sections of pancreas in control mice (CON) 
who were not given cerulein, in mice given cerulein (CAE), and in mice given GJ (1 mg/kg) at the same time as the first cerulein injection; B: Histological sections of 
pancreas harvested 12 h after injection of saline (CON), cerulein alone, or GJ (1 or 0.1 mg/kg) given at the same time as the first injection of cerulein. The results were 
scored from 0 (normal) to 3 (severe) for edema, inflammation, vacuolization, and necrosis. aP < 0.05 vs saline treatment; bP < 0.05 vs cerulein treatment alone. The 
figure shows the results of one experiment in which 4-5 mice were tested per group. The results obtained were similar to those in three additional experiments (x 200). 
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DISCUSSION
AP is associated with a high rate of  morbidity and 
mortality. The mortality rate in patients with severe 
AP is as high as 20% to 30%[1,2]. AP, characterized by 
interstitial edema, vacuolization, inflammation and acinar 
cell necrosis, is commonly caused by excessive ethanol 
consumption, biliary tract disease, certain medications, 
and invasive procedures of  the biliary and pancreatic 
ducts [19-22]. The pathophysiology of  AP is poorly 
understood, and the clinical course is unpredictable[7].

The fruit of  GJ has been used as an oriental 
herbal medicine in traditional formulations. It has 
been employed in the treatment of  inflammation, 
jaundice, headache, edema, fever, hepatic disorders, and 
hypertension. In addition, the pigments obtained from 
the fruit are used as food colorants. The pharmacologic 
actions of  GJ, such as protective effect against oxidative 
damage, cytotoxic activity, anti-inflammatory actions, 
and fibrolytic activity have been described in detail[23,24]. 
The present study was carried out to determine whether 
GJ could inhibit the severity of  cerulein-induced AP. 

Several markers of  AP such as PW/BW, amylase and 
lipase activity were reduced (Figure 1). There is much 
evidence to implicate the involvement of  inflammatory 
mediators, such as cytokines, TNF-α, IL-1β, and IL-6 
in the development of  pancreatitis[25]. In experimental 
pancreatitis, the serum levels of  TNF-α and IL-1β 
are elevated and their blockade attenuates the disease 
process[18,25]. IL-6 is one of  the principal cytokine 
mediators of  the acute-phase response, and has been 
suggested as a marker for predicting the severity of  
AP[25]. As shown in Figures 2 and 3, GJ may inhibit these 
cytokines in AP.

The results of  the present study indicate that 
cerulein caused significant morphological abnormalities 
in the pancreas, as demonstrated by the appearance of  
vacuolization, inflammatory infiltration and changes in 
histo-architecture of  the pancreatic acini. Pretreatment 
with GJ inhibited acinar cell death as well as infiltration 
by inflammatory cells in cerulein-induced AP. To rule 
out interference by the binding of  cerulein to CCK 
receptors on pancreatic acinar cells, we examined the 
effect of  GJ in pancreatic acinar cells. GJ itself  did 
not have any cytoxicity at 6 h. However, GJ inhibited 
cerulein-induced aciniar cell death in a dose-dependent 

manner (data not shown).
Lung injury commonly develops early in AP. AP-

associated lung injury is characterized by edema and 
inflammation[12]. Therefore, we also assessed the lungs 
after cerulein administration. Histological examination 
of  lung sections (at 12 h after the injection of  cerulein) 
revealed tissue damage characterized by edema and 
inflammatory cell infiltrate. GJ pretreatment resulted 
in a significant reduction in lung injury. The histology 
sections were scored for edema and inflammation and, 
as shown in Figure 5, the lungs of  the GJ pretreated 
mice had significantly less edema and inflammation 
compared with lungs from the saline treated control 
animals. 

In conclusion, the present study shows that GJ 
pretreatment ameliorated the severity of  cerulein-
induced AP in rats. Additionally GJ pretreatment 
ameliorated many of  the laboratory and biochemical 
parameters of  the disease. Our findings suggest that GJ 
may be beneficial in the treatment of  acute pancreatitis.
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