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Abstract
Oxidative stress and inflammation caused by cisplatin, which is frequently used in the treatment of many cancers, damage 
healthy tissues as well as cancer cells. In this study, we aimed to investigate the effect of epigallocatechin-3-gallate (EGCG) 
and infliximab (INF) administration on pancreatic endocrine cells in rats treated with systemic cisplatin (CDDP). The rats 
were randomly divided into 6 groups: group 1 (control group), group 2 (EGCG group), group 3 (CDDP group), group 4 
(EGCG + CDDP group), group 5 (CDDP + INF group), and group 6 (EGCG + CDDP + INF group). The study’s findings 
demonstrated that EGCG and INF effectively reduced the cellular damage induced by CDDP in histopathologic investiga-
tions of the pancreas. EGCG and INF, whether used individually or in combination, demonstrated a significant reduction in 
malondialdehyde (MDA) levels and an increase in glutathione (GSH) levels in the rat pancreas compared to the CDDP group. 
Immunohistochemically, the enhanced presence of insulin and glucagon positivity in the EGCG and INF groups, along with 
the absence of TUNEL immunopositivity, indicate that both treatments reduced CDDP-induced apoptosis. Furthermore, the 
observed lack of immunopositivity in TNF-α and 8-OHdG in the groups treated with EGCG and INF, compared to those 
treated with CDDP, indicates that these substances can inhibit inflammation. EGCG and INF, whether provided alone or 
together, can potentially reduce the damage caused to pancreatic islet cells by cisplatin. This effect is achieved through their 
anti-inflammatory and antioxidant properties during the early stages of the condition.
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Introduction

Cisplatin (cis-diamminedichloroplatinum, CDDP), a plat-
inum-based antineoplastic agent, is used as a single agent 
or in combination therapy in the treatment of many cancers 
due to its high efficacy and proven effects on local control 
and survival [1]. As with numerous antineoplastic drugs, 
the clinical use of cisplatin (CDDP) is limited due to its 
toxic effects on multiple organs [2]. CDDP has been exten-
sively investigated in various studies in the literature due to 
its widespread use and its association with multiple organ 
toxicities [3]. Especially in the acute period, CDDP-induced 
toxicity in the kidney, liver, and neural system represents 
an important handicap [4–6]. Although the pancreas is 
among the organs that exhibit CDDP-induced toxicity, it 
has received relatively less attention. However, studies exist 
indicating CDDP-induced pancreatic injury [7, 8]. Studies 
have reported a direct cytotoxic effect of CDDP on both the 
exocrine and endocrine compartments of the pancreas [9]. 
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Moreover, the higher rates of hyperglycemia in individu-
als exposed to CDDP therapy relative to controls have been 
attributed to pancreatic toxicity [10]. The severity of this 
pancreatic injury is often characterized by increased oxida-
tive stress and activation of apoptosis pathways [8, 9].

The effect mechanism of CDDP causes DNA damage and 
oxidative stress by impairing DNA repair through crosslink-
ing with purine bases in the DNA, inducing cell apoptosis 
as a result [1]. In recent years, great importance has been 
given to identifying new therapeutic interventions to allevi-
ate organ damage caused by cisplatin [11]. In the literature, 
various pharmacological and non-pharmacological agents 
have been investigated to prevent CDDP toxicity in healthy 
tissues [3]. Two promising candidates that show potential for 
clinical expansion are studies of epigallocatechin-3-gallate 
(EGCG), a polyphenolic organic found abundantly in white 
and green tea, and tumor necrosis factor-alpha (TNF-α) [12, 
13]. It is thought that both agents may play a potential pro-
tective role in organ damage due to various causes by exhib-
iting anti-inflammatory and antioxidant properties.

TNF-α is a proinflammatory cytokine that accelerates 
cell damage and apoptosis, and its production is triggered 
by conditions of oxidative stress [14]. TNF-α is involved in 
the development and progression of various autoimmune 
disorders [15]. It is also thought to play a role in the devel-
opment of autoimmune diabetes by causing beta-cell toxic-
ity [16]. Infliximab is a monoclonal TNF-α inhibitor that is 
used in the treatment of several TNF-α-mediated disorders 
such as rheumatoid arthritis, psoriasis, ulcerative colitis, and 
Crohn’s disease [17–19].

EGCG is a polyphenol with a low side effect profile and 
proven safety that is found most abundantly in green tea 
[20]. EGCG is known to offer protection against DNA dam-
age by scavenging reactive oxygen species (ROS), showing 
an antioxidant and anti-inflammatory effect [21]. EGCG also 
reduces the expression of proinflammatory mediators such 
as TNF-α. Data from the literature also indicate that EGCG 
inhibits the growth of cancer cells and induces their apop-
tosis [13, 22, 23].

The primary objective of this study is to assess and com-
pare the efficacy of EGCG and TNF-alpha inhibitors in miti-
gating pancreatic injury induced by cisplatin. While serving 
as an antineoplastic drug, cisplatin might cause detrimental 
effects on pancreatic tissues, potentially through the mecha-
nisms of oxidative stress and apoptosis. Hence, our objec-
tive is to conduct comparative research in order to assess 
the capacity of EGCG and TNF-alpha inhibitors to hinder 
or mitigate pancreatic harm caused by cisplatin. Addition-
ally, we seek to comprehend the mechanisms that drive these 
processes and uncover novel therapeutic approaches. The 
objective of this study is to enhance future medical thera-
pies by clarifying prospective targets for treatment and the 
mechanisms to prevent damage to the pancreas.

Materials and Methods

Ethics Approval

The study was conducted according to the ethical standards 
specified in the 1964 Declaration of Helsinki. The ethical 
rules for research and publication were followed in our 
study. Our study was approved by the ethics committee of 
Recep Tayyip Erdoğan University Animal Experiments Ethi-
cal Committee (Rize, Türkiye, approval number: 2023/09; 
approval date: 14.02.2023).

The 36 male Sprague-Dawley rats (3–4 months) used in 
this study were obtained from the Animal Research Unit, 
Faculty of Medicine, Recep Tayyip Erdoğan University. 
The rats were cared for under optimal laboratory condi-
tions, which involved 20–26 °C, 50–70% humidity, and a 
12:12-h light-darkness cycle according to the principles 
in the National Research Council’s Guide for the Care and 
Use of Laboratory Animals. The animals were housed in 
36 × 23 × 21 cm3 polypropylene cages with 6 rats in each 
group. The subjects were also allowed ad libitum access to 
standard chow and water. After the study was completed, 
all animals were euthanized under high-dose anesthesia. All 
stages of the study were carried out at the Recep Tayyip 
Erdoğan University Experimental Animals Unit. ARRIVE 
(animal research: reporting in vivo experiments) guidelines 
were followed at all stages of the study [24].

Experimental Animals (Fig. 1)

Sprague-Dawley rats (male, n = 36, weight = 320 ± 42 g) 
aged 3–4 months were randomized into six equal groups. 
The sample size in the study was calculated according to the 
formulas given below:

where N = total number of subjects, k = number of 
groups, and n = number of subjects per group. Accord-
ing to one-way ANOVA, based on the acceptable range 
of degrees of freedom (DF), the DF in the formulas was 
replaced by minimum (10) and maximum (20) DFs to 
obtain the minimum and maximum number of animals 
per group [25–27]. Thirty-six rats were divided into six 
groups. The experimental design of the study is shown 

n = DF∕k + 1

Minimum n = 10∕k + 1

Maximum n = 20∕k + 1

Minimum N = minimum n × k

Maximum N = maximum n × k
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in Table 1. The rats in group 1 (n = 6; control) received 
only 1  mL of 0.9% saline solution via the intraperi-
toneal route (i.p.). Group 2 (n = 6; EGCG) received 
50 mg/kg/day EGCG via the i.p. route for 3 days [28]. 
Rats in group 3 (n = 6; CDDP) were given a single dose 
of 7 mg/kg cisplatin via the i.p. route. Rats in group 4 
(n = 6, CDDP + EGCG) were administered 50 mg/kg/day 
EGCG for 3 days, starting 72 h before cisplatin admin-
istration [28]. Rats in group 5 (n = 6, CDDP + INF) 
received a single i.p. dose of 7 mg/kg infliximab (INF) 
72 h before the application of 7 mg/kg cisplatin. Inflixi-
mab reaches a steady blood concentration after the third 
day. Therefore, we administered infliximab 3 days before 
CDDP chemotherapy [6]. Finally, rats in group 6 (n = 6, 
CDDP + EGCG + INF) were administered a single dose of 
7 mg/kg INF and 50 mg/kg/day EGCG for 3 consecutive 
days, starting 72 h before a single intraperitoneal admin-
istration of 7 mg/kg CDDP [28, 29]. The doses of inf-
liximab, EGCG, and cisplatin were determined based on 
previous studies in the literature [28–32]. On the fourth 
day, after the completion of all procedures, all rats were 
killed by decapitation after inducing appropriate hiberna-
tion with 100 mg/kg ketamine HCl, 10 mg/kg xylazine, 

and 0.5 mL/kg fentanyl citrate intraperitoneally [33]. All 
of the pancreatic tissue was removed from the rats and 
divided into two equal parts in the coronal plane. One 
part was saved for biochemical analysis, and the other for 
histopathological and immunohistochemical analysis.

Chemicals

Anesthesia was administered using ketamine hydrochlo-
ride (Ketalar, 100 mg/kg, Pfizer İlaçları Ltd., İstanbul, 
Türkiye) and xylazine hydrochloride (Rompun, 10 mg/
kg, Bayer, USA). Analgesia was administered using fen-
tanyl citrate (Talinat, 0.5 mg/10 ml, Vem Pharmaceutical 
Industry Inc., Ankara, Türkiye). Cisplatin DBL 1 mg/mL 
was obtained from Orna İlac Tekstil Kimyevi Mad. San. 
ve Dıs. Tic. Ltd. Sti. (Beykoz/İstanbul, Türkiye), while 
infliximab (Remicade 100 mg/vial) was obtained from 
Merck Sharp Dohme Pharma Ltd. Epigallocatechin 3-gal-
late ((-)-epigallocatechin gallate, E4143-50MG) and all 
chemicals used in laboratory experiments were provided 
by Sigma-Aldrich Chemical Co. and Merck (Germany).

Fig. 1   Experimental study 
design

Table 1   Experimental study 
design

NaCl sodium chloride; EGCG​ epigallocatechin-3-gallate; CDDP cisplatin, cis-diamminedichloroplatinum; 
INF infliximab

Groups 96 hours 72 hours 48 hours 24 hours 0 hours

Group 1 1 mL 0.09% NaCl 1 mL 0.09% NaCl 1 mL 0.09% NaCl – Sacrification
Group 2 50 mg/kg EGCG​ 50 mg/kg EGCG​ 50 mg/kg EGCG​ – Sacrification
Group 3 – – – 7 mg/kg CDDP Sacrification
Group 4 50 mg/kg EGCG​ 50 mg/kg EGCG​ 50 mg/kg EGCG​ 7 mg/kg CDDP Sacrification
Group 5 7 mg/kg INF – – 7 mg/kg CDDP Sacrification
Group 6 50 mg/kg 

EGCG + 7 mg/
kg INF

50 mg/kg EGCG​ 50 mg/kg EGCG​ 7 mg/kg CDDP Sacrification
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Biochemical Analysis

Pancreatic tissue specimens weighing 0.1 g excised from 
the rats were treated with 20 mM sodium phosphate + 140 
mM potassium chloride and 1 L homogenization buffer (pH 
7.4). No other solution was used for the homogenate except 
for sodium phosphate and potassium chloride homogeniza-
tion buffer. It was homogenized with a homogenizer (QIA-
GEN TissueLyser) for 30 Hz/5 min. In the next stage, using 
the supernatant obtained from centrifugation at 800 g for 
10 min at 4 °C, total thiol (TT) group and thiobarbituric acid 
reactive substance (TBARS) assays were performed. The 
TBARS assay followed the study by Ohkawa et al. [34]. A 
mixture of 200 µL tissue supernatant, 50 µL of 8.1% SDS 
(sodium dodecyl sulfate), 375 µL of 20% acetic acid (v/v) 
(pH 3.5), and 375 µL of 0.8% thiobarbituric acid (TBA) was 
vortexed, and the reaction was left to incubate in a boiling 
water bath for 1 h. Following incubation, it was cooled in 
ice water for 5 min and centrifuged at 750 g for 10 min. The 
resulting pink color was assessed by a spectrophotometer at 
532 nm. The results were expressed as nanomoles per gram 
(nmol/g) of tissue.

The determination of total thiol groups followed the spec-
trophotometric method of Sedlak and Lindsay [35]. The Ell-
man reagent was used to determine the –SH groups. Briefly, 
first of all, 50 µL of supernatant, 200 µL of 3 M Na2HPO4, 
and 50 µL of Ellman’s reagent were added. The yellow color 
of the free sulfhydryl groups in the tissue homogenate was 
formed with Ellman’s reagent and read at 412 nm in the 
spectrophotometer. The results were expressed as micro-
moles per gram (µmol/g) of tissue.

Histopathological Analysis

Standard histological techniques were used to examine the 
pancreatic tissue of rats. Rat pancreatic tissue samples were 
originally measured using checkered paper and then pre-
served in a formalin solution for histological investigation. 
The tissues were dehydrated using a series of ethanol solu-
tions of increasing concentrations, followed by a cleaning 
step in xylol. Finally, the tissues were embedded in paraf-
fin. Ultimately, thin slices were sliced, placed on slides, and 
treated with Harris Hematoxylin and Eosin G for micro-
scopic examination.

Immunohistochemical Analysis

The immunohistochemical analysis of rat pancreatic tissue 
specimens used an insulin primary antibody kit (ab181547, 
1/250, Abcam Inc., Cambridge, UK), a glucagon primary 
antibody kit (ab92517, 1/200, Abcam Inc., Cambridge, UK), 
TNF-α primary antibody kit (ab307164, 1/200, Abcam Inc., 
Cambridge, UK), and the 8-hydroxy-2′-deoxyguanosine kit 

(8-OHdG, 1/200, ab62623, Cambridge, UK). In the IHC 
analysis, pancreatic tissue specimens were incubated with 
the primary and secondary antibodies (Goat Anti-Rabbit 
IgG H&L, HRP, ab97051, Abcam Inc., Cambridge, UK) 
for 1 h using a BOND-MAX ICH/ISH device (Leica Bio-
systems, Australia). Dilution rates of primary and secondary 
antibodies were applied, as shown in Table 2. Diaminoben-
zidine chromogen solution (DAB Substrate Kit, ab64238, 
Abcam, UK) was applied to the pancreatic tissue specimens 
incubated with the primary and secondary antibodies for 
visualization under the light microscope. The tissues were 
counterstained with Harris Hematoxylin (Merck KGaA, 
Darmstadt, Germany) and mounted with an appropriate 
mounting solution.

The Terminal Deoxynucleotidyl Transferase dUTP Nick End 
Labeling (TUNEL) Method

In situ apoptosis detection kit (TUNEL Assay Kit- HRP-
DAB, ab206386, Abcam Inc., Cambridge, UK) was used 
in the TUNEL method. Sections of pancreatic tissue were 
embedded in paraffin and dehydrated. In the next step, the 
TUNEL method was applied according to the manufacturer’s 
guidelines and incubated with DAB chromogen (DAB Sub-
strate Kit, ab64238, Abcam, UK). According to the manu-
facturer’s recommendation, spleen tissue was selected as a 
positive control. The organs utilized as positive and negative 
controls in the investigation were acquired from rats belong-
ing to the control group. Twenty-five randomly selected 
fields per rat pancreatic tissue section were scored for 
TUNEL positivity by an experienced histopathologist blind 
to the study groups (under ×40 magnification objectives).

Semi‑quantitative Analysis

In the histopathological analysis of rat pancreatic tissues, 
a histopathological damage score (HDS) was calculated 
in accordance with the earlier studies on pancreatic tissue 
toxicity about findings of necrosis in islets of Langerhans 
cells, necrosis (accompanied by diffuse loss of cytoplasm) in 
exocrine acinar epithelial cells (acinar necrosis, fat necrosis) 
and edema as shown in Table 3 [8, 36]. Twenty-five differ-
ent randomly selected fields per rat pancreatic tissue section 
were scored by an experienced histopathologist blind to the 
study groups.

Cells showing immune positivity in rat pancreatic tissue 
sections incubated with the primary and secondary anti-
bodies using indirect immunohistochemical methods were 
scored as presented in Table 4 [37]. An experienced histo-
pathologist who was blind to the study groups scored thirty 
different randomly selected fields per rat pancreatic tissue 
section.
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In our study, the distribution of endocrine cells showing 
insulin and glucagon positivity in the islets of Langerhans 
was scored in accordance with the studies of El Agaty and 
Ibrahim Ahmed and O’Brein et al. [38, 39]. In each pan-
creatic tissue preparation, the nuclei of all islet cells were 
counted in 25 different areas using ×40 magnification. By 
counting the islets, the number of α (cells showing gluca-
gon positivity) and β-cells (cells showing insulin positivity) 
(αn and βn) and the sum of islet cell nuclei (the number 
of glucagon-positive and insulin-positive cells in the islets 
of Langerhans and the number of immune negative whose 
nuclei are stained blue with Harris Hematoxylin) were deter-
mined and calculated according to the following equation:

Planned Statistical Analyses (Table 5)

The data acquired from histopathological, immunohistochemi-
cal, and biochemical analyses were assessed for normal distri-
bution using Shapiro-Wilk's test, Q-Q plot, Skewness-Kurtosis 

Alfa − p = �n∕In × 100, Beta − p = �n∕In × 100
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Table 3   Pancreas histopathological damage score (HDS)

Score Findings

Edema
  0 None
  1 Interlobular septae (local expansion)
  2 Interlobular septae (diffuse expansion)
  3 Interacinar septae (focal + diffuse expansion)

Acinar necrosis
  0 None
  1 Focal or/and diffuse occurrence of 1–4 necrotic 

cells
  2 Diffuse occurrence of 5–10 necrotic cells
  3 Diffuse occurrence of 11–16 necrotic cells

Fat necrosis
  0 None
  1 2 foci
  2 4 foci
  3 6 foci

Table 4   Semi-quantitative 
analysis

Score Results

0 Less than 5%
1 Between 5–25%
2 Between 25–50%
3 Between 51–75%
4 More than 75%
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values, and Levene’s tests using the SPSS 20.0 (IBM Corp., 
Armonk, NJ, USA) statistics software. Quantitative (biochemi-
cal) parametric data obtained from the analyses were expressed 
as mean ± standard error values. Non-parametric data obtained 
from the semi-quantitative analyses (histopathological and 
immunohistochemical analyses) were expressed as median, 
25%, and 75% interquartile range values. For quantitative 
(biochemical) parametric data, differences between the groups 
were analyzed using one-way ANOVA and Tukey’s HSD tests. 
On the other hand, non-parametric data were analyzed using 
the Kruskal-Wallis test, followed by the Mann-Whitney U test 
with Bonferroni's correction. In determining the differences 
between groups of parametric and non-parametric data, a 
p-value < 0.05 was taken as statistically significant.

Measures to Prevent Bias

Animals were randomized between groups to prevent alloca-
tion bias (as per Sect. 2.1.2., ‘Stratified Allocation’) [25]. To 
avoid analytical bias, all samples retained for analysis were 
recorded using a random number generator (https://​www.​
graph​pad.​com/​quick​calcs/​rando​mN2/). A third party carried 
out this and kept the random number key secret from or with-
held it from the researchers running primary sample analyses. 
A third party recording and hiding the experimental group’s 
identity (A, B, or C) by coming up with alternate codenames 
for each did the decoding and reassembly of the data.

Results

Biochemical Analysis

Malondialdehyde (MDA) Levels (TBARS Assay)

There was a statistical difference between the groups in the 
One-Way ANOVA test for MDA levels (df = 5, F = 9.323). 
We determined higher pancreatic MDA levels in the CDDP 
group compared to the EGCG groups (Table 6, p = 0.001). In 
contrast, we determined lower pancreatic MDA levels in the 
CDDP + EGCG and CDDP + INF groups compared to the 
cisplatin group (Table 6, p = 0.001). Similarly, we observed 
lower pancreatic MDA levels in the CDDP + EGCG + INF 
group compared to the CDDP group (Table 6, p = 0.001). 
MDA levels in the CDDP + EGCG and CDDP + INF groups 
were similar, and no statistical difference was detected 
(Tables  1 and 61.83 ± 0.22, 11.9 ± 0.20, respectively, 
p = 0.999).

Table 5   Summary of outcomes and planned statistical analyses

Outcomes Analyses Planned statistical analyses

Primary outcomes Pancreas histopathological damage score (HDS) One-way ANOVA or non-parametric test
Secondary outcomes Edema score
Secondary outcomes Acinar necrosis score
Secondary outcomes Fat necrosis score
Primary outcomes Biochemical analysis One-way ANOVA or non-parametric test
Secondary outcomes MDA levels
Secondary outcomes GSH levels
Primary outcomes İmmunohistochemical positivity score One-way ANOVA or non-parametric test
Secondary outcomes Insulin positivity score
Secondary outcomes Glucagon positivity score
Secondary outcomes Apoptosis score (TUNEL methods)
Secondary outcomes TNF-α positivity score
Secondary outcomes 8-OHdG positivity score

Table 6   Biochemical analysis score results (mean ± 1(standard error))

One-way ANOVA-Tukey HSD
a p=0.001: compared to the control group
b p=0.001: compared to the EGCG group
c p=0.001: compared to the CDDP group

Group MDA (nmol/g tissue) GSH (µmol/g tissue)

Control 12.26 ± 0.58 5.20 ± 0.09
EGCG​ 12.11 ± 0.60 5.00 ± 0.07
Cisplatin (CDDP) 14.93 ± 0.23a,b 2.62 ± 0.07a,b

CDDP + EGCG​ 11.83 ± 0.22c 4.88 ± 0.08c

CDDP + INF 11.90 ± 0.20c 5.05 ± 0.09c

CDDP + EGCG + INF 12.22 ± 0.23c 4.89 ± 0.08c

https://www.graphpad.com/quickcalcs/randomN2/
https://www.graphpad.com/quickcalcs/randomN2/
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Total Thiol (TT) Levels

There was a statistical difference between the groups in the 
one-way ANOVA test for GSH levels (df = 5, F = 146.628). 
We observed lower pancreatic GSH levels in the CDDP 
group compared to the EGCG group (Table 6, p = 0.001). In 
contrast, we determined higher pancreatic GSH levels in the 
CDDP + EGCG and CDDP + INF groups compared to the 
CDDP group (Table 6, p = 0.001). Similarly, we observed 
higher pancreatic GSH levels in the CDDP + EGCG + INF 
group compared to the CDDP group (Table 6, p = 0.001). 
GSH levels in the CDDP + EGCG and CDDP + INF groups 
were similar, and no statistical difference was detected 
(Table 6, 4.88 ± 0.08, 5.05 ± 0.09, respectively, p = 0.0.662).

Histopathological Analysis

Pancreas histopathological damage score (HDS) was cal-
culated by considering necrotic cells, fat necrosis, and 
edematous areas in accordance with the studies on cisplatin-
induced pancreatic damage. There was a statistical differ-
ence between the groups in the one-way ANOVA test for 
HDS (df = 5, F = 142.094). We observed normal islets of 
Langerhans and exocrine acini in the pancreatic tissues of 
the control group (Fig. 2A, B; Table 7, HDS 0.5 (0–1)). 
Similarly, we observed that endocrine cells in the islets of 
Langerhans and epithelial cells in exocrine acini were of 
normal structure in the EGCG group (Fig. 2C, D; Table 7, 
HDS 1 (0–1)). In contrast, rat pancreatic sections of the 
CDDP group presented diffuse necrotic endocrine cells 
and necrotic epithelial cells in exocrine acini. In addition, 
we observed extensive fat necrosis and edematous areas 
(Fig. 2E, F; Table 7, p = 0.001, HDS 7 (6–8)). In pancreatic 
tissue sections of the CDDP + EGCG group, we determined 

reductions in the fat necrosis and the extensive edema-
tous areas in the islets of Langerhans and exocrine acini 
(Fig. 2G, H; Table 7, p = 0.001, HDS 2 (1–3)). Similarly, 
the CDDP + INF group showed reduced fat necrosis and less 
extensive edematous areas in the islets of Langerhans and 
exocrine acini (Fig. 2I, J; Table 7, p = 0.001, HDS 2 (1–2)). 
In the CDDP + EGCG + INF group, we found typical endo-
crine cells in the islets of Langerhans and epithelial cells in 
exocrine acini. In addition, we observed reduced fat necrosis 

Fig. 2   Representative light microscopic image of H&E-stained pan-
creatic tissue.   Langerhans islet (LI), acinus (a).   A  (×20), B  (×40) 
control group: islets of Langerhans (LI) and exocrine acini of nor-
mal structure. C  (×20), D  (×40) EGCG group: islets of Langer-
hans (LI) and exocrine acini of typical structure.  E  (×20), F  (×40) 
CDDP group: endocrine cells (spiral arrow) in the islets of Langer-
hans (LI) and exocrine acini showing necrosis (curved arrow). Fat 
necrosis accompanied by extensive edematous areas (e) can also be 
seen. G  (×20), H  (×40) CDDP + EGCG group: fewer necrotic cells 
were found in the endocrine cells (arrow) in the islets of Langerhans 
(LI) and exocrine acini (tailed arrow). A decrease in fat necrosis and 
the accompanying extensive edematous areas (e) can also be seen. 
I  (×20), J  (×40) CDDP + INF group: a decrease can be seen in the 
islets of Langerhans (LI) and exocrine acini, as well as fat necrosis 
and the accompanying extensive edematous areas. Diffuse typi-
cal endocrine cells (arrow) and acinar cells (tailed arrow). K  (×20), 
L  (×40) CDDP + EGCG + INF group: a decrease in necrotic endo-
crine cells in the islets of Langerhans (LI) and in epithelial cells in 
exocrine acini can be seen. A decrease in fat necrosis and the accom-
panying extensive edematous areas can also be seen. Additionally, 
diffuse typical endocrine cells (arrow) and exocrine acinar epithelial 
cells (tailed arrow) of typical structure can be seen
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and less extensive edematous areas (Fig. 2K, L; Table 7, 
p = 0.001, HDS 1 (0.5–1)).

Immunohistochemical Analysis

Insulin Positivity

There was a statistical difference between the groups in 
the one-way ANOVA test for insulin positivity (df = 5, 
F = 33.416). Sections of pancreatic tissue incubated with 
insulin primary antibody showed extensive insulin positiv-
ity in β-cells in normal islets of Langerhans in the control 
group (Fig. 3A; Table 8, p = 0.001, insulin positivity score 
2.5 (3–2)). In the EGCG group, we observed numerous 
β-cells in the islets of Langerhans that showed extensive 
insulin positivity (Fig. 3B; Table 8, p = 0.001, insulin posi-
tivity score 2 (2–3)). In contrast, in the CDDP group, we 
observed fewer β-cells in the islets of Langerhans that were 
positive for insulin compared to the control group (Fig. 3C; 
Table 8, p = 0.001, insulin positivity score 0 (0–1)). In the 
CDDP + EGCG and CDDP + INF groups, we found an 
increase in β-cells showing extensive insulin positivity com-
pared to the CDDP group (Fig. 3D, E; Table 8, p = 0.001, 
insulin positivity score: 2 (2–2.5) and 2 (2–3), respectively). 
Similarly, in the CDDP + EGCG + INF group, we deter-
mined an increase in β-cells in the islets of Langerhans that 
showed extensive insulin positivity compared to the CDDP 
group (Fig. 3F; Table 8, p = 0.001, insulin positivity score 
3 (2–3)).

According to studies conducted by El Agaty and Ibrahim 
Ahmed and O’Brien et al. [38, 39], the percentage distri-
bution of beta cells showing insulin positivity in the islets 
of Langerhans was evaluated. The results showed that the 
control group had 59% (54–70.5) of beta cells showing 
insulin positivity, while the EGCG group had 65% (52–70). 
These values were statistically similar (Figs. 3A, B and 4). 
Contrarily, the distribution of insulin-positive beta cells 
in the CDDP group decreased significantly to 21% (5–28) 
compared to the control group (Figs. 3C and 4, p < 0.001). 

However, we observed that the distribution of insulin-pos-
itive beta cells increased to 60% (50.5–68.5) and 58.5% 
(71.5–65) in the CDDP + EGCG and CDDP + INF groups, 
respectively, compared to the CDDP group (Figs. 3C–E 
and 4, p < 0.001 and p < 0.001, respectively). Similarly, an 
increase in insulin-positive beta cells to 74% (65–75.5) was 
observed in the CDDP + EGCG + INF group, as compared 
to the CDDP group (Figs. 3F and 4, p < 0.001).

Glucagon Positivity

There was a statistical difference between the groups in 
the one-way ANOVA test for glucagon positivity (df = 5, 
F = 44.902). Upon the incubation of sections of pancre-
atic tissue with glucagon primary antibody, we determined 
numerous α-cells showing extensive immune positiv-
ity in the control and EGCG groups (Fig. 5A, B; Table 8, 
p = 0.001, glucagon positivity scores, respectively, 2 (2–2) 
and 2 (2–2)). In contrast, in the CDDP group, we observed 
fewer glucagon-positive α-cells (Fig. 5C; Table 8, p = 0.001, 
glucagon positivity score 0 (0–1)). On the other hand, we 
observed an increase in the number of α-cells showing 
extensive glucagon positivity in the CDDP + EGCG and 
CDDP + INF groups (Fig. 5D, E; Table 8, p = 0.001, gluca-
gon positivity scores 2 (2–3) and 2 (2–2.5), respectively). 
Similarly, in the CDDP + EGCG + INF combination treat-
ment group, we observed an increase in the number of 
α-cells showing extensive glucagon positivity (Fig.  5F; 
Table 8, p = 0.001, glucagon positivity score 2 (2–2)).

When analyzing the percentage distribution of alpha cells 
that exhibit glucagon positivity in the islets of Langerhans, 
we found that the control group had a rate of 74.5% (28–37), 
while the EGCG group was recorded at 34% (27.5–37.5), 
which was statistically similar as shown in Figs. 4 and 
5A, B. In contrast, the CDDP group had a significant 
decrease of alpha cells showing glucagon positivity at 5% 
(3.5–18.5) compared to the control group (Figs. 4 and 5C, 
p < 0.001). However, we observed that the alpha cells that 
showed glucagon positivity increased to 31% (28.5–35) and 

Table 7   Pancreas 
histopathological damage score 
(HDS) results (median (25–75% 
interquartile range))

The Mann-Whitney U test with Bonferroni's corrections
a p=0.001: compared to the control group,  bp=0.001: compared to the EGCG group,  cp=0.001: com-
pared to the CDDP group,  dp=0.018: compared to the control group,  ep=0.045: compared to the EGCG 
group, fp=0.002: compared to the CDDP + INF group

Group Acinar necrosis Fat necrosis Edema HDS

Control 0 (0–0) 0 (0–0) 0 (0–0) 0.5 (0–1)
EGCG​ 0 (0–0.5) 0 (0-0.5) 0 (0–0)a 1 (0–1)
Cisplatin (CDDP) 2 (2–3)a,b 2 (2–3)a,b 2 (2–3)a,b 7 (6–8)a,b

CDDP + EGCG​ 1 (0–1)c 0 (0–1)c 0.5 (0–1)c 2 (1–3)c

CDDP + INF 0.5 (0–1)c 1 (0–1)c 0 (0–1)c 2 (1–2)c

CDDP + EGCG + INF 0 (0–1)c 0 (0–1)c 0 (0–1)c 1 (0.5-1)c,d,e,f
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36% (73.5–40.5) in the CDDP + EGCG and CDDP + INF 
groups, respectively, compared to the CDDP group (Figs. 4 
and 5C–E, p < 0.001 and p < 0.001, respectively). Further-
more, the CDDP + EGCG + INF group had an even higher 
increase of alpha cells showing glucagon positivity at 37% 
(32.5–43.5) compared to the CDDP group (Figs. 4 and 5F, 
p < 0.001).

TUNEL Positivity (Apoptosis Score)

There was a statistical difference between the groups in 
the one-way ANOVA test for TUNEL positivity (df = 5, 
F = 36.435). On examination of the sections of pancreatic 
tissue subjected to the TUNEL method in order to identify 
apoptotic cells under a light microscope, we observed nor-
mal histologic structure of pancreatic and exocrine acinar 
epithelial cells in the control and EGCG groups (Fig. 6A, 
B; Table  8, p = 0.001, apoptosis scores 0 (0–0) and 0 
(0–0.5), respectively). However, we determined an increase 
in endocrine cells showing extensive immune positivity 
in the CDDP group (Fig. 6C; Table 8, p = 0.001, apopto-
sis score 2 (2–2.5)). In the CDDP + EGCG, CDDP + INF, 
and CDDP + EGCG + INF groups, we observed a decrease 
in apoptotic cells showing TUNEL positivity, primarily 
in endocrine cells in the islets of Langerhans (Fig. 6D–F; 
Table 8, p = 0.001, apoptosis scores 0 (0–0), 0 (0–1), and 0 
(0–0), respectively).

TNF‑α (Tumor Necrosis Factor‑α) Positivity

There was a statistical difference between the groups in 
the one-way ANOVA test for TNF-α positivity (df = 5, 
F = 81.473). Sections of pancreatic tissue from the control 
and EGCG groups that were incubated with the TNF-α 
primary antibody showed typical immune cells that were 
immune-negative for the TNF-α primary antibody (Fig. 7A, 
B; Table 8, p = 0.001, TNF-α positivity scores 0 (0–0) and 0 
(0–0.5)). In the CDDP group, we determined an increase in 
TNF-α-positive endocrine cells in the islets of Langerhans 

Fig. 3   Representative light microscopic image of pancreatic tis-
sue cells incubated with insulin primary antibody.   A  (×20) control 
group: β-cells (tailed arrow) showing extensive insulin positivity in 
normal islets of Langerhans. B  (×20) EGCG group: typical β-cells 
(tailed arrow) showing extensive insulin positivity. C  (×20) CDDP 
group: lower insulin positivity in the islets of Langerhans with 
necrotic cells (arrow). D  (×20) CDDP + EGCG group: higher insu-
lin positivity in endocrine cells (tailed arrow) in the islets of Langer-
hans. E  (×20) CDDP + INF group: extensive insulin positivity in 
endocrine cells (tailed arrow) in the islets of Langerhans. F  (×20) 
CDDP + EGCG + INF group: extensive insulin positivity in the cells 
(tailed arrow) in the islets of Langerhans. G (×20) negative control: 
a representative light microscopic screen image of pancreatic tissue 
stained with Harris Hematoxylin alone shows that endocrine cells 
(arrow) are immuno-negative
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(Fig.  7C; Table  8, p = 0.001, TNF-α positivity score 2 
(2–3)). In contrast, in pancreatic tissue sections of the 
CDDP + EGCG, CDDP + INF, and CDDP + EGCG + INF 
groups, we observed fewer TNF-α-positive endocrine cells 
in the islets of Langerhans (Fig. 7D–F; Table 8, p = 0.001, 
TNF-α positivity scores 0 (0–0), 0 (0–0), and 0 (0–0), 
respectively).

8‑OHdG (8‑Hydroxy‑2‑Deoxyguanosine) Positivity

There was a statistical difference between the groups in 
the one-way ANOVA test for 8-OHdG positivity (df = 5, 
F = 51.293). In the sections of pancreatic tissue from the 
control and EGCG groups, the endocrine cells in the islets 
of Langerhans and acinar epithelial cells in the exocrine 
pancreas were immune-negative (Fig.  8A, B; Table  8, 
p = 0.001, 8-OHdG positivity scores 0 (0–0) and 0 (0–1)). 
In the CDDP group, we determined extensive immune 

positivity in endocrine cells in the islets of Langerhans and 
exocrine acinar epithelial cells for the 8-OHdG primary anti-
body (Fig. 8C; Table 8, p = 0.001, 8-OHdG positivity score 
2 (2–3)). In contrast, in the CDDP + EGCG, CDDP + INF, 
and CDDP + EGCG + INF groups, we observed fewer endo-
crine cells showing 8-OHdG positivity (Fig. 8D–F; Table 8, 
p = 0.001, 8-OHdG positivity scores 0 (0–1), 0 (0–1), and 0 
(0–1), respectively).

Discussion

The present study has shown that cisplatin causes damage to 
pancreatic tissues and pancreatic islets of Langerhans cells 
by increasing oxidative stress and inducing apoptosis. On the 
other hand, EGCG and infliximab exerted protective effects 
on pancreatic tissues and pancreatic islets of Langerhans 
cells when administered alone and in combination. Although 

Table 8   Immunohistochemical 
analysis (median 25–75% 
interquartile range))

The Mann-Whitney U test with Bonferroni's corrections
a p=0.001: compared to the control group, bp=0.001: compared to the EGCG group, cp=0.001: compared 
to the CDDP group

Group Insulin posi-
tivity score

Glucagon posi-
tivity score

TUNEL posi-
tivity score

TNF-α posi-
tivity score

8-OHdG 
positivity 
score

Control 2.5 (2–3) 2 (2–2) 0 (0–0) 0 (0–0) 0 (0–0)
EGCG​ 2 (2–3)a 2 (2–2)a 0 (0–0.5)a 0 (0–0.5)a 0 (0–1)a

Cisplatin (CDDP) 0 (0–1)a,b 0 (0–1)a,b 2 (2–2.5)a,b 2 (2–3)a,b

CDDP + EGCG​ 2 (2-2.5)c 2 (2–3)c 0 (0–0)c 0 (0–0)c 0 (0–1)c

CDDP + INF 2 (2–3)c 2 (2–2.5)c 0 (0–1)c 0 (0–0)c 0 (0–1)c

CDDP + EGCG + INF 3 (2–3)c 2 (2–2)c 0 (0–0)c 0 (0–0)c 0 (0–1)c

Fig. 4   Percentage area (%) of anti-insulin and anti-glucagon antibody 
reaction in islets (according to El Agaty and Ibrahim Ahmed and 
O’Brien et al. [38, 39]).  *p  < 0.001: compared to the control group, 

**p  < 0.001: compared to the EGCG group, ***p  < 0.001: compared 
to the CDDP group
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the histological investigation revealed a slightly enhanced 
protective effect when EGCG and infliximab were used 
together, the biochemical and immunohistochemical analy-
ses yielded similar results.

Cisplatin toxicity is associated with oxidative stress and 
the production of reactive oxygen species (ROS), as well 
as elevated release of proinflammatory cytokines such as 
TNF-α and interleukin-6 (IL-6) [3]. This causes cellular 
DNA damage and, consequently, apoptosis [2]. Pancreatic 
β-cell damage and apoptosis lead to a decrease in pancreatic 
mass, ultimately developing hyperglycemia [8, 40]. There 
are case reports regarding the development of acute hyper-
glycemia in patients receiving CDDP treatment [10]. More-
over, individuals with a history of CDDP treatment were 
reported to have a higher risk of diabetes mellitus (DM) 
compared to matched control groups [41]. The reduction of 
inflammatory cytokines and ROS production may protect 
healthy tissues from CDDP-induced damage [3]. As in our 
study, many studies have shown that CDDP increases TNF-α 
and nuclear factor kappa B (NF-κB) levels through oxidative 
stress [7, 8]. Meanwhile, the administration of EGCG and/or 
infliximab before CDDP chemotherapy alleviated inflamma-
tion and apoptosis via the reduction of TNF-α levels.

Insulin and glucagon-producing alpha and beta cells in 
the islets of Langerhans in CDDP-treated rat pancreatic 
tissue showed decreased immunopositivity. The decreased 
immunopositivity of alpha and beta cells can be explained 
in two different ways. First, these cells may have been 
stained immune-negative due to the inactive state of these 
cells. In this case, the cells stop secreting insulin or gluca-
gon for the moment, so they stain immune-negative but are 
alive. Secondly, the alpha and beta cells may be immuno-
negative because apoptosis or necroptosis has occurred, 
and the number of cells has decreased considerably. In 
order to clarify this situation, we performed TUNEL stain-
ing, which is an indicator of apoptosis, and showed that 
TUNEL positivity and, therefore, apoptosis increased in 
immune-negative stained cells. Therefore, we think that 
insulin and glucagon-secreting beta and alpha cells are 

Fig. 5   Representative light microscopic image of pancreatic tis-
sue cells incubated with glucagon primary antibody.   A  (×20) con-
trol group: normal α-cells (tailed arrow) showing extensive gluca-
gon positivity in the periphery of the islets of Langerhans. B  (×20) 
EGCG group: typical α-cells (tailed arrow) showing extensive gluca-
gon positivity. C  (×20) CDDP group: lower glucagon positivity in 
α-cells (arrow) in the islets of Langerhans. D  (×20) CDDP + EGCG 
group: higher glucagon positivity in α-cells (tailed arrow) in the 
periphery of the islets of Langerhans. E  (×20) CDDP + INF group: 
extensive glucagon positivity in α-cells (tailed arrow). F  (×20) 
CDDP + EGCG + INF group: extensive glucagon positivity in endo-
crine cells (tailed arrow) in the periphery of the islets of Langerhans. 
G  (×20) negative control: a representative light microscopic screen 
image of pancreatic tissue stained with Harris Hematoxylin alone 
shows that endocrine cells (arrow) are immuno-negative
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immune-negative because they undergo apoptosis. In addi-
tion, vacuolization accompanied by loss of cytoplasm in 
our histopathological examinations strengthens the pos-
sibility of apoptosis.

The primary goal with respect to the prevention of dia-
betes is the protection of the function of β-cells found in 
the islets of Langerhans in the pancreas [42]. Pancreatic 
islets are negatively affected by oxygen-free radicals and 
inflammatory cytokines [43]. A protective shield with anti-
oxidative and anti-inflammatory effects may be needed to 
preserve their viability. EGCG is a polyphenol that is found 
to be most abundant in green tea and is the most beneficial 
of all catechins [20]. Polyphenols were shown to be safe for 
humans with protective effects against DNA damage and 
ROS [16]. Accordingly, EGCG was shown to possess anti-
oxidant and anti-inflammatory effects in both human and 
animal studies [44]. In addition to the prevention of free rad-
ical damage, cancer prevention, and anti-oxidative effects, 
EGCG also has a therapeutic impact on glucose and lipid 
metabolism [45]. β-cells are known to be more susceptible 
to oxidative damage and apoptosis compared to other cells 
[46]. Faheem and Ali showed that EGCG had a potential 
protective effect against pancreatic damage related to immo-
bilization stress in a rat model [47]. In this line, the compari-
son is done with the earlier study, and the present study is in 
line with it, providing a decrease in MDA and TNF-α levels 
while increasing GSH levels. On the other hand, the immune 
negativity seen in TUNEL and 8-OHdG suggests that EGCG 
lowers cell damage and apoptosis by reducing inflamma-
tion and its antioxidant effects. Hara et al. demonstrated that 
EGCG protected islet mass and β-cell function by prevent-
ing the increase in 8-OHdG in the F344 rat pancreas [48]. 
Dickinson et al. reported that EGCG improved insulin sen-
sitivity and β-cell function by scavenging free radicals as 
well as increasing the levels of DNA repair proteins and 
antioxidants in diabetic mice [16]. Cao et al. showed that 
EGCG suppressed inflammation by reducing TNF-α, par-
tially reversed metabolically abnormalities, and increased 
insulin sensitivity by preserving pancreatic histology in rats 
fed with a high-fat diet [21]. A study conducted by Wada 
et al. found that EGCG preserved the size and function of 
pancreatic islets in mice by upregulating the production of 

Fig. 6   Representative light microscopic image of apoptotic cells in 
pancreatic tissue labeled with the TUNEL method.   A (×20) control 
group: normal immune-negative endocrine cells (arrow) in the islets 
of Langerhans. B (×20) EGCG group: typical immune-negative endo-
crine cells (arrow) in the islets of Langerhans. C (×20) CDDP group: 
numerous apoptotic endocrine cells found in the islets of Langerhans 
(arrowhead). D  (×20) CDDP + EGCG group: fewer apoptotic cells 
(arrow) in the islets of Langerhans. E  (×20) CDDP + INF group: 
fewer immune-positive cells in the islets of Langerhans. F  (×20) 
CDDP + EGCG + INF group: typical immune-negative endocrine 
cells found in the islets of Langerhans. G (×20) Positive control: 
immune-positive cells are observed in the spleen tissue (tailed arrow)
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antioxidant enzymes [49]. This supports the findings of the 
present investigation.

Previous studies have reported that supraphysiological 
doses of EGCG could induce apoptosis and autophagy [16, 
49]. While low concentrations of EGCG decrease ROS pro-
duction, high doses may significantly increase ROS produc-
tion; therefore, it is crucial to identify the most effective 
dose without side effects. Based on our literature review, 
we administered EGCG via the i.p. route at a dose that was 
determined to be safe with a low side effect profile [28]. 
Accordingly, we considered 50 mg/kg/day EGCG the most 
appropriate concentration for the survival of islet cells.

Consistent with the results of our study, studies have 
shown EGCG to decrease TNF-α expression in addition 
to reducing oxidative stress [21]. As well as reducing the 
lipid profile and oxidative stress, EGCG improved glycemic 
control, insulin sensitivity, and β-cell function more than 
metformin in studies on rat models of type 2 DM [42]. In 
a mice study by Ren et al., EGCG provided glycemic con-
trol by significantly increasing c-peptide levels [45]. Wu 
et al. found that EGCG protected pancreatic β-cells against 
ethanol-induced endoplasmic reticulum stress and oxida-
tive damage-induced apoptosis [50]. EGCG improved the 
oxidative damage of iron-loaded β-cells by removing redox 
iron and free radicals in insulinoma pancreatic β-cells in rats 
exposed to redox iron [51]. This may indicate that EGCG 
has a cytoprotective effect on β-cells and reduces apoptosis 
through an anti-inflammatory and antioxidant effect.

Pancreatic islet cells are highly sensitive to oxidative 
stress due to their high secretory functions and low antioxi-
dant capacity [52]. The increased cellular damage and apop-
tosis due to oxidative stress caused by cisplatin lead to lipid 
peroxidation in cell membranes. MDA is the end product of 
membrane lipid peroxidation [47]. MDA levels increased in 
pancreatic tissues of cisplatin-administered rats, indicating 
a significant increase in lipid peroxidation. The low MDA 
levels in rats administered EGCG may be an indication 
that EGCG reduces DNA damage and apoptosis caused by 
ROS. Glutathione is an essential nonenzymatic endogenous 
antioxidant [53]. In cases of extreme oxidative stress, GSH 

Fig. 7   Representative light microscopic image of pancreatic tis-
sue sections incubated with the TNF-α primary antibody.   A  (×20) 
Control group: normal TNF-α-negative endocrine cells (arrow) in 
the islets of Langerhans. B  (×20) EGCG group: typical endocrine 
cells (arrow) in the islets of Langerhans that are TNF-α-negative. 
C (×20) CDDP group: extensive TNF-α positivity in numerous endo-
crine cells (arrowhead) found in the islets of Langerhans. D  (×20) 
CDDP + EGCG group: fewer endocrine cells with extensive TNF-α 
positivity in the islets of Langerhans (arrow). E  (×20) CDDP + INF 
group: reduced TNF-α positivity in the islets of Langerhans (arrow). 
F (×20) CDDP + EGCG + INF group: typical immune-negative endo-
crine cells found in the islets of Langerhans (arrow). G (×20) Posi-
tive control: immune-positive cells (tailed arrow) are observed in the 
spleen tissue
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levels decrease due to increased use [53]. GSH levels in the 
pancreas of cisplatin-treated rats were low, probably due to 
increased excessive oxidative stress. We think that EGCG 
reduces oxidative stress in rat pancreatic tissue, resulting 
in less GSH consumption. Infliximab also prevented mem-
brane lipid peroxidation in rat pancreatic tissue with anti-
inflammatory and antioxidant capacity similar to EGCG and 
also reduced the depletion of GSH levels. Co-administration 
of EGCG and infliximab did not show a synergistic effect. 
This may be because inflammation and oxidative stress in 
rat pancreatic tissue were already sufficiently suppressed by 
the administration of each agent alone. Furthermore, neither 
EGCG nor infliximab directly targets the function and cel-
lular structure of alpha and beta cells. Instead, their main 
purpose is to inhibit oxidative stress and inflammation in 
a broader sense. Since both agents alone have sufficiently 
suppressed oxidative stress and inflammation, there may 
not be a damaged environment where they can exert greater 
efficacy when used together. This situation can be likened to 
the fact that N-acetylcysteine does not show an increasing 
effect on GSH levels in healthy conditions without oxidative 
stress [53].

TNF-α, which is an inflammatory cytokine produced by 
macrophages and monocytes, is effective in the development 
of various diseases as well as cancer and can also result 
in the development of DM by causing pancreatic β-cells 
to undergo apoptosis [54, 55]. TNF-α is among the main 
mediators that trigger inflammation in pancreatic islets of 
Langerhans, which increases apoptosis among β-cells by 
activating NF-κB [56, 57]. Thus, the use of TNF-α inhibi-
tors in the treatment of diabetes appears promising [58, 59]. 
Results obtained from observational studies indicate that 
the use of TNF-α inhibitors in rheumatoid arthritis (RA) 
patients is associated with a lower DM incidence and bet-
ter metabolic control compared to non-biological agents 
[60, 61]. Anti-TNF treatment achieved normoglycemia and 

Fig. 8   Representative light microscopic image of pancreatic tissue 
sections incubated with the 8-OHdG primary antibody.   A  (×20) 
Control group: normal islets of Langerhans and exocrine acini that 
are immune-negative. B (×20) EGCG group: typical endocrine cells 
(arrow) in the islets of Langerhans and typical exocrine acinar epithe-
lial cells (arrow) that are 8-OHdG-negative. C  (×20) CDDP group: 
extensive 8-OHdG positivity in numerous endocrine cells found in 
the islets of Langerhans (tailed arrow). In addition, the exocrine pan-
creatic epithelium (tailed arrow) with extensive immune positivity 
can be seen. D (×20) CDDP + EGCG group: lower 8-OHdG positiv-
ity in endocrine cells in the islets of Langerhans and epithelial cells in 
exocrine acini (arrow). E  (×20) CDDP + INF group: fewer immune-
positive cells in the islets of Langerhans and exocrine acini (arrow). 
F  (×20) CDDP + EGCG + INF group: typical endocrine cells in the 
islets of Langerhans and epithelial cells in the exocrine pancreas 
(arrow). In addition, the cells, primarily endocrine cells in the islets 
of Langerhans, are immune-negative (arrow). G (×20) Positive con-
trol: immune-positive cells (tailed arrow) are observed in sections of 
hairless rat skin
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positively affected metabolic parameters in numerous human 
studies and animal models of type 1 DM [62–64]. TNF-α 
inhibitors were reported to have positive effects on diabetic 
peripheral neuropathy (DPN) and diabetic nephropathy 
in diabetic animal models [65]. Similarly, Quattrin et al. 
demonstrated a protective effect on β-cells by golimumab, 
which is an anti-TNF-α agent, in those with newly diag-
nosed type 1 diabetes [66]. Golimumab treatment promoted 
endogenous insulin production in children and adolescents 
with newly diagnosed type 1 diabetes, while the need for 
exogenous insulin declined [66]. Anti-TNF agents have been 
shown to treat inflammatory diseases by inhibiting TNF-α-
mediated inflammation and ROS [19]. In a study by Gómez-
Hernández et al., a 52-week anti-TNF treatment was able to 
reduce NF-κB activation in BATIRKO mice [67]. Inflixi-
mab is known to inhibit TNF-α and reduce proinflammatory 
cytokine levels in the microenvironment [18, 19]. Hence, 
this reduces tissue damage by blocking the direct effects 
of cytokines and their stimulation by oxidative stress [6]. 
The present study shows that infliximab reduces TNF-α and 
MDA levels while increasing tissue GSH levels. In support 
of our results, studies show that TNF-α blockage is required 
in order to achieve significant protection against inflamma-
tory damage and enhance the outcomes in those who under-
went pancreatic islet autotransplantation [54].

In the present study, we focused not only on β-cells but 
also on α-cells in evaluating the effects of EGCG and inflixi-
mab on pancreatic islets. Because just as β-cell function is 
important for the prevention of hyperglycemia, α-cell func-
tion is important for the prevention of hypoglycemia [20]. 
Adequate glucagon secretion from α-cells is needed so that 
hypoglycemia does not occur [68]. In a study on a pancre-
atic cell line, Cao et al. showed that EGCG protected α-cell 
function through its antioxidant effects [20]. Similarly, in 
the present study, both EGCG and infliximab also exerted 
an antioxidant effect on α-cells, increasing cell survival and 
decreasing apoptosis.

Concerns regarding the tumor-protective effects of the 
available agents represent the greatest obstacle to the use 
of antioxidants to reduce cancer treatment–induced dam-
age in healthy tissues. We had the same concerns in the 
present study. However, polyphenols are potent anti-tumor 
agents that can play a role against cisplatin-induced dam-
age as natural products [3]. EGCG was reported to reduce 
tumor weight by functioning as an IGF1R antagonist in 
cancer cells [69]. Moreover, EGCG was shown to serve as 
a tumor suppressor and induce apoptosis in cancer cells in 
hepatocellular carcinoma [70]. On the other hand, no cases 
of increasing cancer prevalence or tumor progression have 
been reported with the use of infliximab [71, 72]. On the 
contrary, there is evidence suggesting that high TNF-α lev-
els are associated with harmful effects such as cancer cell 
growth, invasion, and metastasis [72, 73]. Furthermore, 

there is a study in the literature in which high TNF-α levels 
in colon cancer resulted in oxaliplatin resistance, which 
was prevented by infliximab [73].

Our study is an exploratory pilot study that inves-
tigates the effects of EGCG and infliximab on CDDP-
induced pancreatic tissue damage both in combination 
and separately. However, this study should be interpreted 
in consideration of certain limitations. The primary and 
most important limitation is that we did not determine the 
tumor-protective effects of EGCG or infliximab. There-
fore, it will be reasonable to investigate the effects of both 
EGCG and infliximab on tumor cells, primarily on cancer 
cell cultures, in the future. Another important limitation 
that should be considered is that the results of this study 
exhibit short-term effects. Long-term studies are needed 
to determine the chronic effects. The present study is also 
an animal model. Human studies are warranted so that 
they can be applied to clinical use. First of all, the effec-
tive and safe dose ranges and administration frequency of 
the EGCG should be determined in human studies. In the 
present study, EGCG was administered for 3 days and at 
a fixed dosage, and future studies must compare differ-
ent doses and frequencies to determine the most effective 
safety dose and frequency of administration. Furthermore, 
future studies comparing the protective effects of EGCG 
and infliximab with other commercially available drugs 
are needed. It is known that EGCG and infliximab exert 
an anti-inflammatory effect by suppressing TNF-α. How-
ever, the detailed mechanisms of the protective effect of 
both are unknown. In future studies, the mechanisms of 
this protective effect of both agents should be investigated 
in detail. It would also be useful to measure the levels of 
amylase, lipase, glucose, insulin, c-peptide, HbA1c, and 
glucagon biochemically and detect wet pancreas weights 
to determine edema.

Oxidative stress is thought to be one of the factors that 
cause DM development by causing beta cell damage [54]. 
Before the development of type 2 DM, there is an irrevers-
ible chronic process called prediabetes [74]. In this pro-
cess, preventing or reversing pancreatic islet cell damage 
may prevent the development of DM. After determining 
the effective and safe dose of EGCG in future studies, the 
capacity of long-term administration in the prediabetic 
period to prevent the development of DM can be deter-
mined by animal and human studies. Literature studies are 
showing that anti-TNF therapy has protective effects on 
beta cells in type 1 DM and pancreatic islet cell transplan-
tation [63, 66]. Type 1 DM development is not predictable. 
However, in future studies, it may be possible to determine 
the preventive effect of administering infliximab or EGCG 
to animal models in which insulin and antibodies against 
islet cells are injected.
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Conclusion

In summary, this study shows that cisplatin has an acute 
effect on pancreatic tissue and islet cells that increases 
oxidation and apoptosis. The administration of EGCG and 
infliximab, individually and in combination, may alleviate 
cisplatin-induced pancreatic injury, at least in the acute 
period.
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