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ABSTRACT

Objective: Acute pancreatitis (AP) is an inflammatory disease of the pancreas resulting from auto-activation of digestive
enzymes and damage to the pancreatic parenchyma. Reactive oxygen species (ROS) play an important role in the progression
of AP. In the present study, we aimed to evaluate epigallocatechin-3 gallate (EGCG) in reducing the inflammatory reaction and
tissue damage in experimental AP rat model.

Materials and Methods: Amylase, tumor necrosis factor-alpha (TNF-a) and interleukin-6 (IL-6) levels were measured.
Histopathological, immunohistochemical analyses of apoptotic cells, CD-8a and CD-68 were performed. Superoxide dismutase
(SOD), catalase (CAT) and glutathione S-transferase (GST) were determined in hemolysates.

Results: Cerulein+EGCG treatment did not cause decreases in the amylase levels. IL-6 levels decreased in cerulein+EGCG group,
however, TNF-a levels increased. No changes were observed in SOD activity by EGCG treatment, CAT and GST activities increased.
EGCG treatment caused severe edema, inflammation and fat necrosis after cerulein-induced pancreatitis. Apoptosis in pancreas,
CD8-a and CD-68 positive cells increased in EGCG treatment after pancreatitis induction.

Conclusion: It may be suggested that EGCG showed a pro-oxidant effect, in contrast to the expected in the pancreatitis model
when compared to a positive control. It can be concluded that overconsumption of EGCG should be avoided in pancreatitis
conditions.
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INTRODUCTION have a mortality rate of 20-30% (1-3). The main
pathophysiologic event in the initiation and progression
of pancreatitis is the digestive enzyme auto-activation
and acinar cell damage leading to inflammation (2).

Trypsin is the main pancreatic enzyme that is activated,

Acute pancreatitis (AP) is an inflammatory disease of the
pancreas resulting from the auto-activation of digestive
enzymes and damages to the pancreatic parenchyma as

the result of auto-digestion. Various causative factors
underlie the disease process, including gallstone disease,
alchohol abuse, hyperlipidemia, drugs (azathioprinei
sulphonamides, estrogens), autoimmune diseases etc.
(1). Eighty per cent of the cases are mild/edematous
pancreatitis, and resolve completely with proper
treatment modalities (2). On the other hand, the remaining
one fifth of the cases progress to severe AP (SAP), and

and is responsible for the parenchymal damage and also
for activation of the inflammatory cascade (2,3). It
activates the kallikrein and kinin systems, and also
activates the coagulation and/or fibrinolysis cascade (4).
Inflammation and acinar cell damage is actually an
overlapping event. Local inflammation causes an up-
regulation in the expression of the adhesion molecules
in the capillary endothelium, leading to the increased
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migration of the leukocytes to the region (4). The migrating
neutrophils will be activated in the pro-inflammatory milieu, and
start degranulation (2-6). This leads to the production and release
of various mediators, such as phospholipase A2, nitric oxide and
oxygen radicals. All those result in an increase in the severity of
the inflammation, and it is usually seen with SAP (5, 6). Elucidation
of the factors that cause the progression of the potent
inflammatory response and furthermore, modulation of this
response, have been the subject of current pancreatitis research.
In pancreatitis, once the disease process progresses to SAP, various
organ systems are affected by this systemic inflammatory process
(2,57, 8).

Reactive oxygen species (ROS) seem to play a crucial role in the
pathogenesis of AP (9). The leukocytes isolated from the patients
with pancreatitis showed enhanced capabilities for production
and release of ROS (9,10). The enhanced production of ROS, not
only leads to severe organ damage, but also causes activation of
nuclear factor kappa-light-chain-enhancer of activated B cells
(NF-2B) pathway activation (10,11). Since ROS causes both tissue
damage that potentiates the inflammatory process, and enhanced
pro-inflammatory cytokine production through certain cellular
pathways, blocking the ROS may be a valid treatment strategy
for the treatment of AP (10).

Experimental models for AP provide the exact mechanism of
the disease and developing new therapeutic strategies. Recently,
several animal models have been produced for AP, including
non-invasive and invasive methods (12). In the present study,
we used the hormone-induced model (cerulein as a
cholecystokinin-pancreaozymin analogue), which is one of the
non-invasive methods for induction of AP. This experimental
method was chosen due to several advantages, such as being
an easy simple method to perform. Additionally, the cerulein-
induced AP model was reported to be a useful method, due to
healing process which begins after the disease induction agent
is discontinued (12).

Epigallocatechin-3 gallate (EGCG) is a naturally occurring
polyphenol that belongs to the broad family of chemical
compounds called the flavonoids (13, 14). Flavonoids are
abundant in various foods such as apples, grapes, cherries, berries,
while EGCG is a polyphenol that is mainly found in cacao and
its products, and especially in green tea (13, 14). EGCG, like all
polyphenols acts through antioxidant and non-antioxidant
mechanisms. Antioxidant mechanisms aim to restore the redox
balance and counteract the ROS activity in organisms, and repair
oxidant-induced injury (15-17). However, non-antioxidant
mechanisms include the oestrogen receptor signalling, cell
signalling cascade and cell cycle control pathways (18). Green
tea polyphenols have high antioxidant capacity, and these
phenolic compounds proved to exert pro-oxidant effects and,
by means of their pro-oxidant effect, they were suggested as a
potential prevention mechanism for cancer (19). Studies from
cancer research have shown that EGCG inactivates the signal
transduction and transcription (STAT) pathways (20). Furthermore,
it also plays a role in the inactivation of anti-tumour immunity.

Persistent STAT3 activation causes a tumour promoting
inflammation through the activation of NF-x%B, interleukin-6 (IL-
6) family of cytokines and gp130, Janus Kinase (JAK) pathway
(21). Additionally, EGCG binds the p65 subunit of NF-»%B and
inhibits the pathway, and causes a reduction in the pro-
inflammatory cytokine production. The above mentioned action
mechanism of EGCG emphasizes its capability to reduce
inflammation (22). Therefore, it can reduce the main
pathophysiologic event, inflammation in AP, and reduce tissue
damage and hence, can decrease the morbidity and mortality
resulting from this serious illness. On the other part,
N-acetylcysteine (NAC), which plays a crucial role in the formation
of glutathione as a powerful antioxidant in the body, has been
shown to prevent the increase in the cytosolic calcium status,
and reduce the accumulation of enzymes in acinar cells during
AP (23). Green tea has been demonstrated as a polyphenol-rich
extract with a high content of cathechins, including epicathechin,
epicathechin-3-gallate, EGCG and epigallocathechin (24), and
EGCG was known to have potent antioxidant properties among
other cathechins (25). Although effects of green tea extract on
cerulein-induced pancreatitis was studied in a mice model
previously (11), in that study, the authors evaluated the whole
green tea extract rather than a flavonoid. So, it is necessary to
study which flavonoids in the green tea extract caused
ameliorative effects. So, we intended to evaluate EGCG which is
the most abundant flavonoid found in the green tea. The main
aim of this study was to evaluate ECGC in reducing the
inflammatory reaction and tissue damage in an experimental
AP rat model.

MATERIALS AND METHODS

Animals

All experiments were performed in accordance with the protocols
approved by the veterinarian. This study was performed by the
official permission of the Hacettepe University Ethical Committee
for the Protection of Animals in Research (#2008/54). Male Wistar
rats (approximately weighing 300-350 g) were housed in
polycarbonate cages in a controlled environment with12:12-hours
light-dark cycles. The rats were given standard laboratory chow
and water ad libitum.

Chemicals

Cerulein (=95%) was provided by Sigma-Aldrich (St. Louis, MO,
USA). Both of EGCG, and NAC were obtained from Sigma-Aldrich
(St. Louis, MO, USA), and each stock solution with a 100 mg/kg
concentration was prepared in water. All other chemicals and
reagents were provided by Sigma-Aldrich (St. Louis, MO, USA).

Induction of Acute Pancreatitis

Rats were injected intramuscularly with ketamine (50 mg/kg) and
xylazine (5 mg/kg) for anesthesia. After anesthesia, an intravenous
catheter was placed into right jugular vein. Rats were injected
twice into the catheter at a 1-h interval, with a supra-maximally
stimulating dose of cerulein to elicit AP. Rats in the control group
received similar injections of saline solution. The animals were
injected with saline following the induction of AP.
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Experimental Groups

The treatment was started with EGCG and NAC following the
induction of AP in order to simulate the actual clinical scenario.
Therefore, 20 animals were randomized into 4 groups including
5 animals in each group.

Pancreatitis was induced by cerulein at a dose of 5ug/kg/h,
established following intravenous infusion from the catheter
inserted into the internal jugular vein as standard (13). Rats
with cerulein-induced pancreatitis were treated with EGCG or
NAC at doses of 100 mg/kg i.p.at 6 and 18 hours. The dose
selection of EGCG was based on the previous study (26). NAC
was used as a positive control. Laparotomy was performed in
all groups, including the control group at 24 hours. Groups
were as follows:

The control group consisted of the sham group; rats were injected
with saline in two doses 1 hour a part. The cerulein group was
the AP group, induced by Cerulein. The cerulein+NAC group
consisted of the NAC treated pancreatitis group and the
cerulein+EGCG group consisted of the EGCG treated pancreatitis
group. At the end of the experiment, the animals were sacrificed
under anaesthesia by opening the thoracic cavity and also drawing
blood via the inferior vena cava.

Management and Harvest of the Samples

Venous blood samples and pancreatic tissues were dissected
from the animals. Pancreatic tissues were fixed in 10% neutral
buffered formalin for immunohistochemistry and Bouin’s
solution for histopathology. Blood samples were taken and
placed in heparinized tubes, and centrifuged at 3500 rpm for
15 min. Erythrocytes were washed with PBS, and hemolysates
were prepared with the addition of cold deionized water, and
samples were centrifuged for the removal of cellular debris.
The supernatants were used for the enzyme assays. All
supernatant samples were stored at -20°C until further
analyses.

Histopathology

Pancreas tissues of each rat were dissected, then observed
grossly and weighed. Relative organ weights (organ weight/
body weight) were calculated. Pancreas tissues were fixed in
Bouin’s solution, dehydrated in increasing alcohol degrees and
embedded in paraffin blocks. 5 um-thick sections were obtained,
and were tissues stained with H&E for the light microscopy.
Histological evaluation was performed according to Schmidt
criteria (Table 1).

Immunohistochemistry of CD8-a and CD68
Immunohistochemical analyses were principally performed by
the streptavidin-biotin amplification method. Monoclonal
antibodies were against formalin fixed CD8-a (Santa Cruz
Biotechnology, INC, 6A242) and CD68 (Santa Cruz Biotechnology,
INC, 6A324) transmembrane proteins. Briefly, portion of the
pancreas tissues were fixed in 10% neutral buffered formalin,
dehydrated in increasing alcohol degrees and embedded in
paraffin blocks. Then 5 um-thick sections were replaced on poly-
L-lysine coated slides. After sections were deparaffinized, tissue
sections were treated with citrate buffer at 95°C for 20 min for
antigen retrieval. Sections were washed with PBS with 0.01%
Triton X-100 and treated with 0.3% hydrogen peroxidase for 15
min at room temperature, then incubated with ultra V block for
10 min. The sections were incubated with mouse CD8-a against
rat (1:50 dilution), and with mouse CD68 against rat (1:25 dilution)
at +4°C overnight. Peroxidase labelling was carried out using the
Ultravision Polyvalent (Rabbit-Mouse) HRP kit (Thermo Sceintific/
Lab Vision), and the positive stainings were visualized by using
DAB kit (Thermo Scientific/Lab Vision) to display the reaction
product with a brown colour. Then, counterstaining was performed
by Haematoxylin staining. Ten random areas were selected at
x100 magnification, and CD8-a and CD68 positive cells were
counted. CD8-a, and CD68 were expressed as positive cell numbers
per square millimetre.

TUNEL Assay

10% neutral buffered formalin fixed sections were deparaffinised
and dehydrated. Then, sections were digested by Proteinase K
for 15 minutes at room temperature. The endogenous peroxide
was quenched in 3% hydrogen peroxide. Apoptotic nuclei of the
pancreas were performed by in situ terminal deoxynucleotidyl
transferase (TdT)-mediated deoxyuridine triphosphate (dUTP)-
biotin nick end-labelling (TUNEL) using Apoptag®Plus kit (Milipore,
S7100 EMD Millipore). Counterstain was performed by 0.5%
methyl green. Apoptotic cells were quantified by counting the
number of TUNEL positive cells per square millimeter. For each
section, 10 areas were randomly selected at x100 magnification
per animal and then, the numbers of apoptotic cells were
calculated per one square millimeter.

Enzyme Assays

Catalase (CAT) and superoxide dismutase (SOD) enzyme specific
activities were performed as previously described (27). Briefly,
blood samples were centrifuged, and separated erythrocytes
were washed with PBS. Supernatant samples of hemolysates

Table 1. Schmidt Criteria for histopathological scoring

Pathological Grade 0 1 2 3

Edema None Interlobular Intralobular Inter acinus
Acinar cell degeneration ~ None Focal (<5%) Sublobular (5%-20) Lobular (>20%)
Inflammation None Mild Moderate Severe
Hemorrhage None Mild Moderate Severe
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were used for the experiments for SOD, CAT and glutathione-S-
transferase (GST) antioxidant enzyme activity measurements.
Total protein component was measured in order to calculate the
specific enzyme activities. Amylase, IL-6 and tumour necrosis
factor alpha (TNF-a) in serum samples were measured with
commercial ELISA kits.

Statistical Analysis

All results were expressed as mean + standard error. Differences
between groups were analysed by non-parametric Kruskal-Wallis
variance analyses. Mann-Whitney U-test was performed for
independent groups with p < 0.05 significance levels.

RESULTS

Plasma serum amylase activities were shown in Figure 1A.
According to the amylase activity results, the amylase activity in
cerulein, cerulein+NAC and cerulein+EGCG groups was statistically
increased when compared to control group (p < 0.05).

Serum inflammatory cytokine levels were measured, and the
results were shown in Figure 1B-1C. While IL-6 levels statistically
decreased, TNF-a levels of cerulein+EGCG group were statistically
increased when compared to the control group (p= 0.009, p=
0.009). Additionally, TNF-a levels of cerulein+EGCG group were
also significantly increased compared to the cerulein and
cerulein+NAC groups (respectively, p= 0.04, p= 0.02).
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Figure 1. Enzyme activity and inflammatory cytokine results of rats belong to all groups. A) Plasma amylase activity, B) Serum TNF-a
levels, C) Serum IL-6 levels, D) SOD activities, E) CAT activities, F) GST activities. "Statistically significant from control group, #Statistically
significant from cerulein group, &Statistically significant from cerulein+NAC group (p < 0.05). Each bar represents mean =+ standard error.
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Activities of antioxidant enzymes, including SOD, CAT and GST
were performed, and results were shown in Figures 1D-F. SOD
activities did not differ among groups. CAT activities increased
in the cerulein group, as well as in the cerulein+NAC and
cerulein+EGCG groups compared to control group. GST activities
of the cerulein group, as well as the cerulein+EGCG group were
found significantly increased compared to the control group
(respectively, p = 0.03 and p =0.01).

Pancreases of the rats in all groups were evaluated
histopathologically to determine the pancreatitis severity
according to Schmidt criteria. Pancreas tissues were evaluated
for the severity of edema, inflammation and fat necrosis.
Histopathological results were shown in Figures 2-3A.The control
group had no pathological findings. Edema in cerulein (Figure
2B) and cerulein+EGCG groups was found statistically increased
compared to the cerulein+NAC group (Figure 3A). Groups were
also compared in terms of inflammation and fat necrosis (Figure
3A). Both the cerulein and cerulein+EGCG groups were statistically
increased compared to the cerulein+NAC group.

5 ) e =

According to TUNEL assay results, apoptotic cells increased
significantly in the cerulein+EGCG group compared with the
cerulein+NAC group (Figure 3). CD8-a positive cells in the
cerulein+EGCG group increased statistically compared with the
cerulein+NAC (p = 0.035). Results were shown in Figure 3B.
Although CD68 positive cells increased in the cerulein+EGCG, no
statistically significance was found between groups.

DISCUSSION

In recent decades, studies on oxidative stress, which plays a crucial
role in the development of several pathologies, have drawn
attention of scientists to understand the relationship between
oxidative stress and diseases, and the struggles to develop new
treatment strategies. AP is a complex disease that brings about
several complications, and associated with a high mortality rate
(28). Pathophysiology of AP was mainly attributed to oxidative
stress and therefore, trials of several antioxidant agents came
into prominence for therapy.

s Sl -y

inflammation (»), x50.

Figure 2. Histopathological findings according to Schmid criteria, H&E staining. A) Control group, x100; B) Cerulein group, interlobular
edema (»), x100; C) Cerulein+EGCG, intralobular edema (*), and fat necrosis (—), x100; D) Cerulein+EGCG, intralobular edema (*)and
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Figure 3. A) Graph of histopathological evaluations according to Schmidt criteria. *Statistically significant from Cerulein+NAC group,
(p < 0.05). Each bar represents mean + standard error. B) Graphical analysis of immunohistochemical stainings, #Statistically significant
from Cerulein+NAC group, (p < 0.05). Each bar represents mean + standart error.

Cerulein-induced pancreatitis was proven to be one of the
alternative experimental pancreatitis models, and best
characterized by exerting similar pathophysiological characteristics
(29). In normal physiological conditions, digestive enzymes are
known to be stored in acinar cells as proenzymes in zymogen
granules. When animals were exposed to high dose cerulein which
is a cholecystokinin (CCK) analogue, it was shown to cause
induction of exocytosis of zymogen granules and consequently,
excessive secretion of digestive enzymes. However, after
stimulation by excessive CCK when bound to low affinity CCK
receptor, digestion enzyme secretion is inhibited (30). In previous
studies, it was indicated that induction of pancreatic enzyme
activated by cerulein in 30 min after intravenous injection.
Hyperamylasaemia, as well as common histopathological changes,
including inflammatory cell infiltration, active digestive enzyme
in pancreas and edema are the major findings of the cerulein-
induced pancreatitis model (30). In the present study, cerulein
caused increases in serum amylase levels, as well as
histopathological changes, indicating that the AP model was
successful. In the present study, while serum amylase level
decreased in the cerulein+NAC group, it increased in the
cerulein+EGCG treatment groups compared to the cerulein group.
Although NAC seemed to be protective effects against pancreatitis,
EGCG treatment worsened the pancreatitis scenario.

Oxidative stress is caused by the impairment of the balance
between ROS and the antioxidant system of the body (31).
Oxidative stress has been reported to play an important role in
the pathophysiology of several diseases, resulting in high mortality
such as in AP, endotoxic shock as well as sepsis. Besides, the body
has a defence mechanism that scavenges the excess free radicals.
Increases in SOD and CAT activities are consistent with ROS, and
it was shown that SOD and CAT activities elevated in SAP (32).
GSTis an antioxidant enzyme and plays important role in oxidative
stress situations (33). In the present study, SOD activities did not
change between groups. However, CAT and GSH enzyme activities
in the cerulein+NAC and cerulein+EGCG groups were found higher
than in the control group. It should be stated that NAC treatment

may lower the cerulein-induced pancreatitis. On the other hand,
considering CAT and GST activities, EGCG was as effective as NAC
in reducing oxidative stress.

Interaction between oxidative stress and cytokine release plays
an important role in the systemic response of AP (34). In AP, it
was known that pro-inflammatory cytokine levels, including
TNF-q, IL-1 and IL-6 increase, and these pro-inflammatory
cytokines may play pivotal role in initiating the systemic response
(35). The results of the present study showed that pro-
inflammatory cytokine levels increased in response to pancreatitis
induction. NAC treatment as an antioxidant agent caused
decreases in serum IL-6 levels. Additionally, EGCG treatment
seemed to be more effective in balancing IL-6 levels. However,
serum TNF-a results showed a statistically significant increase
in serum TNF-a level at a higher degree, compared to the results
of the EGCG treatment group, relative to pancreatitis. It has been
mentioned previously that when the AP is induced, pancreas
inflammation begins in 3 hours and leukocyte recruitment, and
pro-inflammatory cytokines are released by activated
macrophages as a result of pancreatic damage (34). Increased
levels of pro-inflammatory cytokines were reported to be
correlated with the pancreatic inflammation stage (36). TNF-a
and IL-1f are two of the cytokines that initiate the systemic
inflammatory response in AP, and they are known to amplify
cascades of inflammatory response (37). In our cerulein-induced
pancreatitis model, histopathological results were consistent
with the model. However, while NAC treatment ameliorated the
inflammatory response, the inflammatory response in the EGCG
treated group seemed to be more severe than in the pancreatitis
group. As well, in the inflammation sites of the pancreas, it was
known that T cells take place in a smaller number in addition to
macrophages. In the present study, increased number of CD8-a
positive cells, which is a marker of cytotoxic T cells, were observed
in the cerulein-induced pancreatitis group, but EGCG treatment
made the situation worsen by increased number of cytotoxic T
cells. Similar results could be seen for macrophages with staining
of CD68+ cells. EGCG treatment caused increases in macrophage

126



Eur J Biol 2019; 78(2): 121-128
Karacaoglu et al. Effects of EGCG in Cerulein-induced Pancreatitis

numbers. Recently, it was indicated that activated macrophages
have an important role in decreasing the inflammation, and
prompting wound healing, fibrosis as well as tumorigenesis.
Fibrosis is reported to be regulated mainly by macrophages (38).
Additionally, increases in the serum TNF-a level in EGCG groups
were consistent with increased numbers of apoptotic cells.
Accordingly, in several cells it was proved that TNF-a stimulate
apoptotic/necrotic cell death (39). The results of previous studies
conducted with cerulein-induced pancreatitis model, TNF-a
mediated apoptosis was one of the main findings (39). Moreover,
in the present study it may be suggested that EGCG treatment
may be the aggravating factor, and may worsen pancreatitis for
the cerulein-induced pancreatitis model.

EGCG, which is one of the most effective catechin compounds,
mainly found in green tea leaves, has numerous health benefits,
and these were attributed to having free radical scavenging
properties, as well as being highly antioxidant. Green tea extract,
which has numerous polyphenols, has been reported to
ameliorate cerulein-induced male mice by inactivation of NF--
B inactivation and the oxidative stress pathway (11). However,
in our study we aimed to evaluate especially EGCG, and our
results were not consistent with the previous study. Although
having beneficial effects, previous studies concluded that green
tea extracts, such as EGCG, might have toxic and pro-oxidant
effects (40). It was claimed that EGCG may induce apoptosis by
the production of H,0, in human cancer cell line H661 (41).
EGCG was reported to induce apoptosis in pancreatic cancer
by caspase activation and mitochondrial membrane
depolarization (42). Catechins are antioxidants that scavenge
the free radicals, but also they were reported to induce oxidative
stress, and such pro-oxidant effects were reported to induce
apoptosis in cancer cells (19). One of previous studies declared
that EGCG had strong ROS scavenging activity and protective
effects at 2-30 mM concentrations; however, it was found that
in concentrations higher than 60 mM, EGCG increased the
oxidative damage on DNA. It was suggested that, EGCG had
protective effects at lower concentrations; on the contrary, it
was reported that at higher concentrations, EGCG exerted pro-
oxidant effects on DNA by increased ROS (43, 44). In summary,
in the cancer therapy, green tea polyphenols may be a good
alternative for consumption. Although, its protective effects
were proved for cancer treatment strategies, the present study
suggests that it is not an alternative treatment for AP.

CONCLUSION

In conclusion, although pro-oxidant effects of EGCG may induce
apoptosis in tumorigenic cells and used for cancer therapy, when
it comes to pancreatitis, EGCG may worsen the degree of
pancreatitis. That may be attributed to the use of higher doses
of EGCG. It can be concluded that overconsumption of polyphenols
having pro-oxidant effects, including EGCG, may worsen
pancreatitis conditions. Further analyses need to be performed
in order to exert the pro-oxidant mechanisms and the dose
dependency of action of EGCG for AP.
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