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Abstract 

Aim:  Acute pancreatitis is a common and potentially serious condition. However, a specific treatment for this condi-
tion is still lacking. Genistein, with its anti-oxidant and anti-inflammatory effects, could possibly be used to tackle the 
underlying pathophysiology of acute pancreatitis. Therefore, the aim of this study was to investigate the effects of 
genistein on oxidative stress, inflammation, and apoptosis in acute pancreatitis induced by L-arginine in mice.

Methods:  Twenty-four male ICR mice were equally divided into 4 groups: Control (Con); Acute pancreatitis (AP) 
group: Two doses of i.p. 350 mg/100 g body weight (BW) of L-arginine were administered 1 h apart; AP and low-dose 
genistein (LG) group: mice were given i.p. injection of 10 mg/kg genistein 2 h prior to L-arginine injection followed 
by once-daily dosing for 3 days; and AP and high-dose genistein (HG) group: mice were given 100 mg/kg genistein 
with the similar protocol as the LG group. Pancreatic tissue was evaluated for histopathological changes and acinar 
cell apoptosis, malondialdehyde (MDA) levels, immunohistochemical staining for myeloperoxidase (MPO), nuclear 
factor-kappa beta (NF-kB), and 4-hydroxynonenal (4-HNE). Serum levels of amylase (AMY), c-reactive protein (CRP), 
and interleukin (IL)-6 were measured.

Results:  Significant increases in the degree of acinar cell apoptosis, pancreatic MDA, serum IL-6 and amylase, MPO, 
NF-kB and 4-HNE positivity were observed in the AP group. All these parameters declined after low- and high-dose 
genistein treatment. Severe pancreatic inflammation, edema, and acinar cell necrosis were observed in the AP group. 
Significant improvement of histopathological changes was seen in both low- and high-dose genistein groups. There 
were no significant differences in any parameters between low and high doses of genistein.

Conclusion:  Genistein could attenuate the severity of histopathological changes in acute pancreatitis through its 
anti-oxidant, anti-inflammatory, and anti-apoptotic properties.
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Introduction
Acute pancreatitis (AP) is an acute inflammatory disor-
der of the pancreas, and is a potentially life-threatening 
disease. The clinical presentation of acute pancreatitis 
ranges from mild, which is found in 70–80% of cases, 
to severe, which is associated with a high mortality rate 
from AP-related complications [1, 2]. The etiologies and 
pathogenesis of AP have been the subjects of continuous 
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research. Various studies suggest that the pathology of 
AP arises from a premature activation of intra-acinar 
enzymes leading to autodigestion of pancreas. This pro-
motes the synthesis and release of many pro-inflam-
matory cytokines and chemokines and the induction of 
oxidative stress leading to local inflammation [1–3]. AP 
is characterized by interstitial edema, acinar cell necrosis, 
hemorrhages, and neutrophil infiltration. Moreover, the 
release of pro-inflammatory mediators into the circula-
tion triggers the development of systemic inflammation, 
resulting in multiple organ dysfunction syndrome [4, 
5]. Over the past three decades, despite the tremendous 
effort to find the specific treatment for AP, the standard 
of care for patients with AP remains supportive. This 
lack of targeted therapy is mainly due to our incomplete 
understanding of the underlying mechanism of AP [2].

Phytoestrogens are natural chemical compounds 
derived from plants, which have structures and func-
tions similar to endogenous estrogens. Genistein (4’, 5, 
7—trihydroxylisoflavone) (GEN) is a phytoestrogen  that 
belongs to the category of  isoflavones. The pharma-
cological activity of genistein is usually via estrogen 
receptors due to its similar structure to estradiol [6]. In 
addition, genistein has been extensively used as an anti-
oxidant agent. The direct antioxidant property of gen-
istein derives from its structure as it is able to donate 
hydrogen from phenolic hydroxyl groups to free radical 
molecules, thus acting as a free radical scavenger [7, 8]. 
Genistein can also increase the activity of antioxidant 
enzymes, including superoxide dismutase, glutathione 
reductase, and glutathione peroxidase in 12-O-tetrade-
canoylphorbol-13-acetate (TPA) -induced H2O2 forma-
tion and superoxide anion (O2

−) generation by xanthine/
xanthine oxidase  in HL-60 cells and the mouse skin 
tumorigenesis model [9]. Furthermore, genistein also 
possesses anti-inflammatory properties. Genistein has 
been shown to reduce c-reactive protein (CRP), tumor 
necrosis factor (TNF- α), and transforming growth factor 
beta-1 (TGF-β1) in streptozotocin induced diabetic  rats 
[10]. In addition, genistein also reduced interleukin 1 
beta (IL-1β), TNF-α, interleukin-6 (IL-6) and nuclear fac-
tor  kappa B (NF-kB) production in lipopolysaccharide 
(LPS)-treated  RAW  264.7  macrophages [11, 12]. Hence, 
the aim of this study was to determine the effects of gen-
istein on oxidative stress and inflammatory markers in 
AP mice.

Materials and methods
Animals
Four-week-old male ICR mice weighing 30–40  g were 
purchased from the Nation Laboratory Animal Center, 
Salaya Campus, Mahidol University, Nakhon Pathom, 
Thailand. The experimental protocol was approved by 

the Ethical Committee, Faculty of Medicine, Chulalong-
korn University, Bangkok, Thailand (No.12/2559). All 
experiments were conducted in accordance with the 
Ethical Principles and Guidelines for the Use of Ani-
mals by the National Research Council of Thailand. Mice 
were acclimatized at least 1  week before the experi-
ment in a controlled temperature room at 25 ± 1 ºC with 
12:12 h light–dark cycle and were fed with standard diet 
ad libitum.

Since this was the first study to evaluate the therapeutic 
effect of genistein in AP, we used the amylase levels from 
a study by Siriviriyakul et al. [13] to calculate the sample 
size using the program G Power version 3.1.9.7 at the 
alpha level of 0.05 and the power of 0.90. The calculated 
sample size in each group was 6 (Suppl Fig. 1). The afore-
mentioned study evaluated the effects of low- and high-
dose curcumin in a mouse model of AP.

Experimental protocols
Twenty-four male ICR mice were equally divided into 4 
groups. In the control group (Con group), a once-daily 
intraperitoneal (IP) injection of 2% DMSO was given to 
each mouse for 4  days. In the acute pancreatitis group 
(AP group), two doses of 350  mg/100  g body weight of 
L-arginine or L-arg (Sigma-Aldrich Inc, St. Louis, MO, 
USA) dissolved in 0.9% normal saline at pH 7.0 were 
injected intraperitoneally 1  h apart. In the AP and low-
dose genistein group (LG group), 10  mg/kg genistein 
(Sigma-Aldrich Inc, St. Louis, MO, USA) in 2% DMSO 
was given by IP injection 2  h prior to L-arg injection, 
followed by once-daily injection of genistein for 3  days. 
In the AP and high-dose genistein group (HG group), 
100 mg/kg genistein in 2% DMSO was given by IP injec-
tion 2 h prior to L-arg injection, followed by once-daily 
dosing for 3 days. The genistein dose was modified from 
the dosage used in a murine model of non-alcoholic fatty 
liver disease [14].

All mice were euthanized by intraperitoneal injec-
tion of sodium thiopental (50  mg/kg body weight) 72  h 
after L-Arg injection. Pancreas tissue was obtained and 
divided into 2 parts. The first part was formalin-fixed for 
histopathological examination and for immunohisto-
chemical detection of myeloperoxidase (MPO), NF-kB, 
4-hydroxynonenal (4-HNE), and apoptosis. The second 
part was stored at -80  °C until the time of analysis for 
malondialdehyde (MDA). Cardiac puncture was per-
formed to obtain blood samples. The sample was stored 
at 25  °C for 2 h until the blood has clotted. The clotted 
sample was then centrifuged for 20 min at the speed of 
1000 × g with the set temperature of 4 °C. Serum samples 
were kept at -80 °C until further analysis (amylase, IL-6, 
and CRP).
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Body weight change
All animals were weighed weekly. Total body weight 
change (in gram) was defined by the difference in body 
weight at the beginning and at the end of the study in 
each mouse.

Biochemical analysis of serum amylase (AMY)
Amylase activity was measured via the colorimetric 
method using the biochemical analyzer Reflotron®Plus 
(Lot no. 11200658202, Roche Diagnostics, Rotkreuz, 
Switzerland). Serum was pipetted onto a reagent strip 
designed for the quantitative determination of amyl-
ase level, which was then inserted in an automated 
machine. The results were expressed as enzyme con-
centration (unit/liter).

The determination of serum interleukin‑6 and c‑reactive 
protein levels
Serum IL-6 and CRP levels were measured using com-
mercial enzyme-linked immunosorbent assay (ELISA) 
kits for mouse IL-6 and CRP (Lot no. M6000B for IL-6 
and MCRP00 for CRP, R&D system, Inc., USA). The 
procedures were performed according to manufactur-
er’s instruction. IL-6 and CRP levels in serum samples 
were determined using the standard curve of each assay 
and were expressed as pg/mL and ng/mL, respectively.

Pancreatic malondialdehyde determination
MDA level was measured from the homogenized pan-
creatic tissue using a commercial assay kit (Lot no. 
CAY-10009055, Cayman Chemical Company, USA). 
The principle of the assay is to measure the rate of pro-
duction of thiobarbituric acid-reactive under high tem-
perature and acidic conditions. First, pancreas tissue 
was homogenized in RIPA buffer with protease inhibi-
tor on ice by a sonicate machine for 15 s. Then, the pan-
creas tissue homogenates were centrifuged at 1600 × g 
for 10 min at 4˚C and the supernatants were collected. 
Following the manufacturer’s protocol, the absorbance 
of the supernatant fraction was determined at a wave-
length of 532 nm and MDA levels were calculated from 
a standard curve which were expressed as nmol/mg 
protein.

Immunohistochemistry for the determination 
of myeloperoxidase activity, nuclear factor‑kappa beta 
and 4‑hydroxynonenal expressions
Paraffin-embedded samples were cut into 4-μm sec-
tions and then deparaffinized with ethanol. Antigen 
retrieval was achieved by incubating samples with 
appropriate buffers (EDTA at pH 8.0 for MPO, citrate 
buffer at pH 6.0 for NF-kβ and 4-HNE) in a microwave 

for 13  min. Endogenous peroxidase activity and non-
specific binding were blocked using 3% hydrogen 
peroxide and 3% normal horse serum, respectively. 
Samples were then washed with phosphate-buffered 
saline (PBS) at pH 7.4 for 5  min. Subsequently, slides 
were incubated with an antibody against MPO (Lot 
no. AF3667, Dako, Denmark; at a dilution of 1:500), a 
polyclonal antibody against the p65 subunit of NF-kB 
(Lot no. 8242S, Cell Signaling Technology, Inc., USA; 
at a dilution of 1:400), and 4-HNE (Lot no. MAB3249, 
R&D Systems, Inc., USA; at a dilution of 1:500) at 4 °C 
overnight to determine the MPO activity, the expres-
sion of NF-kB, and 4-HNE, respectively. Then tissues 
were incubated with secondary antibody for each assay 
(Dako, Denmark for MPO and Abcam, MA, USA for 
NF-kB and 4-HNE) for 30 min at 25 °C. After the devel-
opment of color with diaminobenzidine (DAB), slides 
were counterstained with hematoxylin. Under a light 
microscope, positive cells were defined as pancreatic 
acinar cells with dark brown nuclei. The numbers of 
positive cells were counted by the Aperio ImageScope 
software (Leica Biosystems Imaging, Inc., MD, USA) in 
10 randomly selected fields at a magnification of 400. 
The results were expressed as the average number of 
positive-stained cells per high-power field (HPF) for 
MPO activity, and as a percentage of positive cells for 
NF-kB and 4-HNE expressions.

The determination of acinar cell apoptosis
We determined the degree of pancreatic acinar cell apop-
tosis using the terminal deoxynucleotidyl transferase 
biotin-dUTP nick end labeling (TUNEL) method (Lot 
no. CMI-3S7101); the performance of which followed 
the manufacturer’s manual. Acinar cells with dark brown 
nuclei were counted as TUNEL positive cells using the 
Aperio ImageScope software (Leica Biosystems Imaging, 
Inc., MD, USA). A percentage of TUNEL positive cells 
represented the degree of apoptotic acinar cells in each 
group.

Pathological examination of pancreas
An experienced pathologist who was blinded to the 
experiment reviewed histological slides and graded the 
severity of acute pancreatitis according to the scoring 
system suggested by H. E. V. DE COCK [15]. In brief, 
three lesions (neutrophilic inflammation, interstitial 
edema, and mesenteric fat necrosis) were each given a 
point based on their severity. The points for each lesion 
were summed with a maximal score of 9. The histologi-
cal grading was classified as normal (score = 0), mild AP 
(score = 1–3), moderate AP (score = 4–6), and severe AP 
(score = 7–9).
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Statistical analyses
All data were presented as mean and standard error of 
mean (SEM). For comparison among groups of animals, 
one-way analysis of variance (one-way ANOVA) with 
LSD’s post-hoc comparisons test was used. Descriptive 
statistics was used for the histological examination of the 
pancreas. Differences were considered statistically signif-
icant at p value < 0.05.

Results
The effect of genistein on body weight change
The result of weight change was shown in Fig. 1A. Body 
weight increased in the control group (∆body weight, 
1.75 ± 0.08 g) but significantly decreased in the AP group 
when compared with the Con group (∆body weight, 
-1.46 ± 0.15 vs. 1.75 ± 0.08 g, respectively, p < 0.01). Body 

weight significantly increased in LG (∆body weight, 
0.30 ± 0.27 vs. -1.46 ± 0.15  g, respectively, p < 0.01) and 
HG (∆body weight, 0.41 ± 0.22 vs. -1.46 ± 0.15 g, respec-
tively, p < 0.01) groups when compared with the AP 
group. However, there were no differences in body weight 
changes between LG and HG groups.

The effect of genistein on serum amylase level
The result of serum AMY was showed in Fig.  1B. The 
significant increase in serum AMY levels was seen 
in the AP group when compared with the Con group 
(13,860.00 ± 2,416.12 vs. 5,714.00 ± 82.10 U/L, respec-
tively, p < 0.01). A non-significant decrease in serum 
AMY was noted in the LG group when compared with 
AP group (11,283.67 ± 1,725.48 vs. 13,860.00 ± 2,416.12 

Fig. 1  Effects of genistein on A body weight change, B serum amylase, C serum IL-6, D serum CRP, and E pancreatic MDA in mice with acute 
pancreatitis. Data are expressed as mean ± SEM. a1p < 0.01, a2p < 0.05 vs. Con group; b1p < 0.01, b2p < 0.05 vs. AP group (n = 6 mice per group). Con, 
Control group; AP, Acute pancreatitis group; LG, Low-dose genistein group; HG, High-dose genistein group



Page 5 of 11Siriviriyakul et al. BMC Complementary Medicine and Therapies          (2022) 22:208 	

U/L, respectively), whereas a significant decline in serum 
AMY was seen in the HG group when compared with the 
AP group (8,728.33 ± 1,311.95 vs. 13,860.00 ± 2,416.12 
U/L, respectively, p < 0.05). However, there were no dif-
ferences in serum AMY levels between LG and HG 
groups.

The effect of genistein on serum IL‑6 and serum CRP levels
Serum IL-6 levels in all groups were shown in 
Fig.  1C. Serum IL-6 levels significantly increased in 
the AP group when compared with the Con Group 
(124.68 ± 43.39 vs. 18.59 ± 7.72  pg/mL, respectively, 
p < 0.01) and significantly decreased in LG (16.61 ± 4.59 
vs. 124.68 ± 43.39  pg/mL, respectively, p < 0.01) and HG 
(52.58 ± 17.43 vs. 124.68 ± 43.39  pg/mL, respectively, 
p < 0.05) groups when compared with the AP group. No 
differences in serum IL-6 levels were seen between LG 
and HG groups.

Serum CRP levels in all groups were shown in 
Fig.  1D. Serum CRP levels significantly increased in 
the AP group when compared with the Con Group 
(11,687.07 ± 1,507.23 vs. 8,068.63 ± 1,251.38  ng/mL, 
respectively, p < 0.05) and significantly decreased in 
LG (8,094.60 ± 732.82 vs. 11,687.07 ± 1,507.23  ng/mL, 
respectively, p < 0.05) and HG (7,607.77 ± 1,125.92 vs. 
11,687.07 ± 1,507.23 ng/mL, respectively, p < 0.05) groups 
when compared with the AP group. No differences in 
serum CRP levels were seen between LG and HG groups.

The effect of genistein on pancreatic MDA level
Results of pancreatic MDA in all groups were shown in 
Fig.  1E. Pancreatic MDA levels significantly increased 
in the AP group when compared with the Con Group 
(0.12 ± 0.03 vs. 0.07 ± 0.00 nmol/mg protein, respectively, 
p < 0.01) and significantly decreased in LG (0.07 ± 0.00 
vs. 0.12 ± 0.03  nmol/mg protein, respectively, p < 0.01) 
and HG (0.07 ± 0.01 vs. 0.12 ± 0.03  nmol/mg protein, 

respectively, p < 0.01) groups when compared with the AP 
group. There were no differences in pancreatic MDA lev-
els between LG and HG groups.

The effect of genistein on histopathology and apoptosis 
(TUNEL)
Detailed histopathological scores of each component 
and the total severity score of each group were shown 
in Table  1. As shown in Fig.  2, there was evidence of 
pancreatic injury/inflammation in the AP group. The 
administration of L-arginine induced extensive tissue 
damage characterized by neutrophil infiltration, edema, 
and acinar cell necrosis. After treatment with low- and 
high-dose genistein, the damage was mild as shown by 
significantly decreased histopathological scores in gen-
istein groups when compared with the AP group. No dif-
ferences in histopathological scores were seen between 
LG and HG groups.

TUNEL staining in each group was shown in Fig.  3 
and Table  2. Apoptotic acinar cells are those with dark 
brown stain. The percentage of apoptotic acinar cells in 
the AP group was significantly higher than in the Con 
group (0.22 ± 0.01 vs. 0.07 ± 0.01%, respectively, p < 0.01). 
The percentage of apoptotic acinar cells was significantly 
reduced in LG (0.09 ± 0.00 vs. 0.22 ± 0.01%, respectively, 
p < 0.01) and HG (0.07 ± 0.00 vs. 0.22 ± 0.01%, respec-
tively, p < 0.01) groups when compared with the AP 
group. The degree of apoptosis was not different between 
LG and HG groups.

The effect of genistein on MPO positive cells
Results of MPO positivity was shown in Fig.  4 and 
Table  2. The number of MPO positive cells infiltrat-
ing in the pancreas was markedly increased in the AP 
group when compared with the Con group (21.00 ± 4.60 
vs. 0.33 ± 0.08 in 10 fields at a magnification of 400, 
respectively, p < 0.01). Comparing with the AP group, 

Table 1  Histopathology scores and severity of acute pancreatitis in all groups

Each section was scored according to the criteria described by H. E. V. DE COCK et al. in 2007 [15]. The histological grading ranges from 0–3 (0 = Not present; 1 = Mild 
or < 25% of the pancreatic parenchyma; 2 = Moderate or present in 25–50% of the parenchyma; 3 = Severe or > 50% of the parenchyma)

The severity of AP was classified according to the total score as follows: 0 = none 1–3 = mild 4–6 = moderate 7–9 = severe

Abbreviations: Con Control group, AP Acute pancreatitis group, LG Low-dose genistein group, HG High-dose genistein group

Groups n Pancreas pathology Severity

Neutrophil infiltration Edema Necrosis None Mild Moderate Severe

0 1 2 3 0 1 2 3 0 1 2 3

Con 6 6 - - 6 - - - 6 - - - 6 - - -

AP 6 - 3 1 2 - 2 3 1 - 2 3 1 - - 4 2

LG 6 1 4 1 - - 4 2 - 1 3 2 - - 4 2 -

HG 6 5 - 1 - - 6 - - 3 2 - 1 - 5 1 -
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Fig. 2  Pancreatic histopathology of hematoxylin–eosin staining at a magnification of 400, scale bar 100 µm. A Control group showed normal 
pancreatic architecture without any evidence of tissue damage; B Acute pancreatitis group showed severe tissue damage characterized by 
neutrophil infiltration (red arrow), edema, and acinar cell necrosis; C Low-dose genistein group showed reduced neutrophil infiltration, edema, and 
acinar cell necrosis; D High-dose genistein group showed reduced neutrophil infiltration, edema, and acinar cell necrosis

Fig. 3  Representative images of TUNEL staining for the evaluation of apoptotic acinar cells at a magnification of 400, scale bar 100 µm. A Control 
group; B Acute pancreatitis group; C Low-dose genistein group; D High-dose genistein group. Red arrows indicate positive TUNEL staining cells
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MPO positivity significantly reduced in the LG group 
(21.00 ± 4.60 vs. 4.13 ± 0.73 in 10 fields at a magnification 
of 400, respectively, p < 0.01) and HG group (21.00 ± 4.60 
vs. 2.97 ± 0.44 in 10 field at a magnification of 400, 
respectively, p < 0.01) groups. However, there was no dif-
ference in MPO positivity between LG and HG groups.

Effects of genistein on NF‑kB expression
Results of NF-kB positivity were shown in Fig.  5 and 
Table  2. The percentage of NF-kB-positive cells in the 
AP group was significantly higher than in the Con group 
(0.75 ± 0.01 vs. 0.44 ± 0.01, respectively, p < 0.001). The 
percentage of NF-kB-positive cells significantly declined 

in LG (0.47 ± 0.01 vs. 0.75 ± 0.01%, respectively, p < 0.001) 
and HG (0.46 ± 0.01 vs. 0.75 ± 0.01%, respectively, 
p < 0.001) groups as compared with the AP group. There 
was no difference in NF-kB positivity between LG and 
HG groups.

Effects of genistein on 4‑HNE expressions
Results of 4-HNE positivity were shown in Figs.  6 and 
Table  2. The percentage of 4-HNE-positive cells in the 
AP group was significantly higher than in the Con group 
(0.76 ± 0.01% vs. 0.40 ± 0.02%, respectively, p < 0.001). 
The percentage of 4-HNE-positive cells significantly 

Table 2  Effect of genistein on MPO, NF-kB, 4-HNE expression and acinar cell apoptosis in acute pancreatitis mice

Data are express as mean ± SEM. a1p < 0.01, a2p < 0.05 vs. Con group; b1p < 0.01, b2p < 0.05 vs. AP group

Abbreviations: Con Control group, AP Acute pancreatitis group, LG Low dose of genistein group, HG High dose of genistein group, MPO Myeloperoxidase, NF-kB 
Nuclear factor-kappa beta, 4-HNE 4-Hydroxynonenal, TUNEL Terminal deoxynucleotidyl transferase dUTP nick end labeling

Groups (n = 6) Parameters

MPO positive (cells 
of HPF)

NF-kB Positive cells (%) 4-HNE Positive cells (%) TUNEL Positive cells (%)

Con 0.33 ± 0.08 0.44 ± 0.01 0.40 ± 0.02 0.07 ± 0.01

AP 21.00 ± 4.60a1 0.75 ± 0.01a1 0.76 ± 0.01a1 0.22 ± 0.01a1

LG 4.13 ± 0.73b1 0.47 ± 0.01a2,b1 0.45 ± 0.01a2,b1 0.09 ± 0.00a2,b1

HG 2.97 ± 0.44b1 0.46 ± 0.01b1 0.43 ± 0.01b1 0.07 ± 0.00b1

Fig. 4  Representative images of immunohistochemistry for MPO expression in the pancreas at a magnification of 400, scale bar 100 µm. A Control 
group; B Acute pancreatitis group; C Low-dose genistein group; D High-dose genistein group. Red arrows indicate positive MPO staining cells
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Fig. 5  Representative images of immunohistochemistry for NF-kB expression in the pancreas at a magnification of 400, scale bar 100 µm. A Control 
group; B Acute pancreatitis group; C Low-dose genistein group; D High-dose genistein group. Red arrows indicate positive NF-kB staining cells

Fig. 6  Representative images of immunohistochemistry for 4-HNE expression in the pancreas at a magnification of 400, scale bar 100 µm. A Control 
group; B Acute pancreatitis group; C Low-dose genistein group; D High-dose genistein group. Red arrows indicate positive 4-HNE staining cells
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declined in LG (0.45 ± 0.01% vs. 0.76 ± 0.01%, respec-
tively, p < 0.001) and HG (0.43 ± 0.01% vs. 0.76 ± 0.01%, 
respectively, p < 0.001) groups as compared with the 
AP group. No difference in 4-HNE positivity was seen 
between LG and HG groups.

Discussion
The present study was the first to report that genistein 
could alleviate the severity of acute pancreatitis. The 
administration of L-arginine in this study could suc-
cessfully induce acute pancreatitis as evidenced by body 
weight loss and increases in serum amylase, serum IL-6, 
serum CRP, oxidative stress markers (pancreatic MDA 
and 4-HNE), percentages of MPO positive cells and 
NF-kB positive cells, pancreatic apoptosis, and pancre-
atic histopathological changes.

Genistein (4’, 5, 7—trihydroxylisoflavone) is a phytoes-
trogen  that belongs to the category of  isoflavones. In 
addition to its estrogenic activity [6], genistein acts both 
directly and indirectly as an antioxidant agent. Studies 
have shown beneficial effects of genistein on oxidative 
stress and inflammation in various conditions [16–24]. In 
this study, we demonstrated that genistein could counter-
act the effects of L-arginine on both pancreatic histology 
and laboratory parameters. Injection of genistein in both 
low and high does reduced serum AMY, inflammatory 
markers (IL-6 and CRP), pancreatic MDA, expressions 
of MPO and NF-kB, pancreatic apoptosis, and prevented 
pancreatic histological damage. Nonetheless, a dose 
dependent effect of genistein was not seen in this study.

Serum amylase is the important marker of acute pan-
creatitis as they are secreted by acinar cells of the pan-
creas. In accordance with previous studies, in the present 
study, L-arginine administration led to significantly 
increased serum AMY at the end of the study, which 
was corresponding with histopathologic changes of 
acute pancreatitis [25]. Genistein treatment significantly 
decreased amylase levels, more prominently in the high-
dose group, when compared with the non-treatment 
group. In agreement with serum amylase, genistein ame-
liorated the degree of neutrophil infiltration, edema, and 
necrosis on pancreatic histopathology.

Interleukin-6 is a principle mediator which has a role 
in the regulation of immune response and inflamma-
tory process [26, 27]. In addition, CRP, an acute phase 
reactant synthesized by the liver, is usually elevated in 
inflammatory conditions and has been shown to be an 
accurate severity predictor [28]. Recent studies demon-
strated the elevation of IL-6 and CRP in animal models 
of caeruline [29] and L-arginine induced acute pancreati-
tis [30]. In agreement with other studies, serum IL-6 and 
serum CRP levels increased in L-arginine-treated mice in 
the current study. Treatment with genistein in both low 

and high doses effectively decreased levels of serum IL-6 
and serum CRP suggesting the anti-inflammatory effect 
of genistein in acute pancreatitis. Genistein has previ-
ously been shown to reduce IL-6 production through the 
inhibition of extracellular signal-regulated kinase (ERK) 
mitogen-activated protein kinase (MAPK) pathways [31].

Neutrophil sequestration  in inflamed tissues can be 
quantified by measuring the tissue MPO activity. MPO 
has been implicated in the promotion of tissue damage in 
various inflammatory diseases [32]. Our results demon-
strated that genisein in both low and high doses reduced 
MPO activity and neutrophil infiltration. In a model of 
acute lung injury, genistein has been shown to suppress 
cytokine-inducible neutrophil chemoattractant (CINC) 
and matrix metalloproteinase-9 (MMP-9) production 
leading to the inhibition of neutrophil infiltration and 
activation, and the reduction of MPO activity [33, 34].

Malondialdehyde is an indicator of oxidative stress in 
cell and tissue and is formed as a result of lipid peroxida-
tion of polyunsaturated fatty acids [34]. Previous studies 
showed that MDA levels were elevated in animal model 
of L-arginine or caerulein induced pancreatitis suggest-
ing the role of oxidative stress in the pathogenesis of 
acute pancreatitis [35, 36]. Likewise, Lipid peroxidation 
of polyunsaturated fatty acids also produces 4-HNE, 
another oxidative stress marker. In this study, 4-HNE 
expression increased in mice with acute pancreatitis and 
reduced after genistein treatment in both low- and high-
dose groups. Due to the ability of genistein to scavenge 
free oxygen radicals [8, 37, 38], it was not surprising that 
both low- and high-dose genistein could reduce oxidative 
stress as indicated by suppressed tissue MDA levels and 
4-HNE expression, and thus mitigating lipid peroxidation 
and cell membrane damage in mice with acute pancreati-
tis in this study.

Nuclear factor-kappa beta activation is a key event in 
the development of acute pancreatitis. Pathologic cal-
cium signaling and ROS generation have been shown 
to be important mediators in the activation of NF-kB 
[39]. A study using transgenic mice demonstrated that 
the higher level of NF-kB activity was associated with 
the increased severity of acute pancreatitis, and persis-
tent elevation of NF-kB levels could lead to pathological 
changes seen in chronic pancreatitis [40]. In this study, 
we found the increased NF-kB expression in mice with 
acute pancreatitis, which was attenuated by the treat-
ment with both low and high-dose genistein. Genistein 
has been shown to block the degradation of IκB-α, thus 
inhibiting the nuclear translocation and subsequent acti-
vation of NF-kB in LPS-activated BV2 microglia [17].

An in  vitro study has shown that L-Arginine could 
modulate the expression of pancreatitis-associated pro-
tein (PAP) gene, which led to acinar cell apoptosis [41]. 
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Moreover, products of lipid peroxidation, such as 4-HNE, 
could induce the Fas expression, and the phosphorylation 
and nuclear translocation of p53, which subsequently 
activates caspase 3 and acinar cell apoptosis [42]. In the 
current study, the degree of acinar cell apoptosis was 
significantly higher in the L-Arginine induced AP group 
than in the control group. Both low and high doses of 
genistein reduced the number of apoptotic acinar cells to 
the level observed in the control group. Genistein likely 
alleviated the degree of acinar cell apoptosis through its 
antioxidant effect.

Conclusion
In conclusion, genistein treatment in both low and high 
doses attenuated the severity of acute pancreatitis via the 
reduction of inflammation, oxidative stress, and apop-
tosis in this mouse model of L-arginine induced acute 
pancreatitis. Clinical studies are warranted to confirm 
the efficacy of genistein in the treatment of patients with 
acute pancreatitis. We also have to take into the consid-
eration the oral bioavailability of genistein in human and 
the application of drug delivery system for the successful 
outcomes in clinical trials [43].

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12906-​022-​03689-9.

Additional file 1: Supplementary figure 1. Sample size calculation using 
G Power analysis. Sample size was calculated using serum amylase levels 
in the control and low-dose curcumin groups in a study by Siriviriyakul et 
al.13. With the alpha of 0.05 and the power of 90%, the sample size in each 
group was 6.

Acknowledgements
Not applicable.

Authors’ contributions
Siriviriyakul P, Chayanupatkul M, and Werawatganon D designed and coor-
dinated the study; Siriviriyakul P, Sriko J, Somanawat K, Chayanupatkul M, 
Klaikeaw N, and Werawatganon D performed the experiments, acquired and 
analyzed data; Werawatganon D, Sriko J, Somanawat K, and Chayanupatkul M 
interpreted the data; Werawatganon D, Sriko J, Somanawat K, wrote the manu-
script; Chayanupatkul M, Klaikeaw N and Siriviriyakul P edited the manuscript; 
all authors approved the final version of the article.

Funding
This study was supported by The Grant of Ratchadapheseksomphot, Faculty of 
Medicine, Chulalongkorn University, Bangkok, Thailand and TSRI Fund, Chula-
longkorn University, Bangkok, Thailand (CU_FRB640001_01_33_7).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request due to privacy reasons.

Declarations

Ethics approval and consent to participate
All experiments and procedures carried out on the animals have been 
approved by the Ethics Committee of the Faculty of Medicine, Chulalongkorn 

University, Bangkok, Thailand (IRB No. 12/2559). This study was conducted in 
accordance with ARRIVE guidelines and the Ethical Principles and Guidelines 
for the Use of Animals by the National Research Council of Thailand. The 
consent to participants is not applicable in this study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Alternative and Complementary Medicine for Gastrointestinal and Liver 
Diseases Research Unit, Department of Physiology, Faculty of Medicine, Chula-
longkorn University, 1873 Rama 4 Road, Pathumwan, Bangkok 10330, Thailand. 
2 Department of Pathology, Faculty of Medicine, Chulalongkorn University, 
Bangkok 10330, Thailand. 

Received: 13 February 2022   Accepted: 28 July 2022

References
	1.	 Wilson C, McArdle C, Carter D, Imrie C. Surgical treatment of acute 

necrotizing pancreatitis. Br J Surg. 1988;75:1119–23.
	2.	 Hofbauer B, Saluja AK, Lerch MM, Bhagat L, Bhatia M, Lee HS, et al. Intra-

acinar cell activation of trypsinogen during caerulein-induced pancreati-
tis in rats. Am J Physiol. 1998;275(2):G352-362.

	3.	 Frossard JL. Trypsin activation peptide (TAP) in acute pancreatitis: from 
pathophysiology to clinical usefulness. Jop. 2001;2(2):69–77.

	4.	 Schneider L, Büchler MW, Werner J. Acute pancreatitis with an emphasis 
on infection. Infect Dis Clin North Am. 2010;24(4):921–41 (viii).

	5.	 Gross V, Leser HG, Heinisch A, Schölmerich J. Inflammatory mediators and 
cytokines–new aspects of the pathophysiology and assessment of sever-
ity of acute pancreatitis? Hepatogastroenterology. 1993;40(6):522–30.

	6.	 Dixon RA, Ferreira D. Genistein. Phytochemistry. 2002;60(3):205–11.
	7.	 Ruiz-Larrea B, Leal A, Martín C, Martínez R, Lacort M. Effects of estrogens 

on the redox chemistry of iron: a possible mechanism of the antioxidant 
action of estrogens. Steroids. 1995;60(11):780–3.

	8.	 Arora A, Nair MG, Strasburg GM. Antioxidant activities of isoflavones and 
their biological metabolites in a liposomal system. Arch Biochem Biophys. 
1998;356(2):133–41.

	9.	 Wei H, Bowen R, Cai Q, Barnes S, Wang Y. Antioxidant and antipromo-
tional effects of the soybean isoflavone genistein. Proc Soc Exp Biol Med. 
1995;208(1):124–30.

	10.	 Gupta SK, Dongare S, Mathur R, Mohanty IR, Srivastava S, Mathur S, 
et al. Genistein ameliorates cardiac inflammation and oxidative stress 
in streptozotocin-induced diabetic cardiomyopathy in rats. Mol Cell 
Biochem. 2015;408(1–2):63–72.

	11.	 Chang T, Neelakandan C, DeFine L, Alexander T, Kyu T. Effects of glucose 
on cell viability and antioxidant and anti-inflammatory properties of phy-
tochemicals and phytochemically modified membranes. J Phys Chem B. 
2014;118(41):11993–2001.

	12.	 Ji G, Zhang Y, Yang Q, Cheng S, Hao J, Zhao X, et al. Genistein sup-
presses LPS-induced inflammatory response through inhibiting NF-κB 
following AMP kinase activation in RAW 264.7 macrophages. PLoS One. 
2012;7(12):e53101.

	13.	 Siriviriyakul P, Chingchit T, Klaikeaw N, Chayanupatkul M, Werawat-
ganon D. Effects of curcumin on oxidative stress, inflammation and 
apoptosis in L-arginine induced acute pancreatitis in mice. Heliyon. 
2019;5(8):e02222–e02222.

	14.	 Susutlertpanya W, Werawatganon D, Siriviriyakul P, Klaikeaw N. 
Genistein Attenuates Nonalcoholic Steatohepatitis and Increases 
Hepatic PPARγ in a Rat Model. Evid Based Complement Alternat Med. 
2015;2015:509057–509057.

	15.	 De Cock HE, Forman MA, Farver TB, Marks SL. Prevalence and histopatho-
logic characteristics of pancreatitis in cats. Vet Pathol. 2007;44(1):39–49.

	16.	 Kapiotis S, Hermann M, Held I, Seelos C, Ehringer H, Gmeiner BM. Gen-
istein, the dietary-derived angiogenesis inhibitor, prevents LDL oxidation 

https://doi.org/10.1186/s12906-022-03689-9
https://doi.org/10.1186/s12906-022-03689-9


Page 11 of 11Siriviriyakul et al. BMC Complementary Medicine and Therapies          (2022) 22:208 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

and protects endothelial cells from damage by atherogenic LDL. Arterio-
scler Thromb Vasc Biol. 1997;17(11):2868–74.

	17.	 Jeong JW, Lee HH, Han MH, Kim GY, Kim WJ, Choi YH. Anti-inflammatory 
effects of genistein via suppression of the toll-like receptor 4-mediated 
signaling pathway in lipopolysaccharide-stimulated BV2 microglia. Chem 
Biol Interact. 2014;212:30–9.

	18.	 Liang YC, Huang YT, Tsai SH, Lin-Shiau SY, Chen CF, Lin JK. Suppression 
of inducible cyclooxygenase and inducible nitric oxide synthase by 
apigenin and related flavonoids in mouse macrophages. Carcinogenesis. 
1999;20(10):1945–52.

	19.	 Ji G, Yang Q, Hao J, Guo L, Chen X, Hu J, et al. Anti-inflammatory effect of 
genistein on non-alcoholic steatohepatitis rats induced by high fat diet 
and its potential mechanisms. Int Immunopharmacol. 2011;11(6):762–8.

	20.	 Dan HL, Zhang YL, Zhang Y, Wang YD, Lai ZS, Yang YJ, et al. A novel 
method for preparation of tissue microarray. World J Gastroenterol. 
2004;10(4):579–82.

	21.	 Zhang XP, Zhang L, Xu HM, Xu YP, Cheng QH, Wang JM, et al. Application 
of tissue microarrays to study the influence of dexamethasone on NF-
kappaB expression of pancreas in rat with severe acute pancreatitis. Dig 
Dis Sci. 2008;53(2):571–80.

	22.	 Cregger M, Berger AJ, Rimm DL. Immunohistochemistry and quantitative 
analysis of protein expression. Arch Pathol Lab Med. 2006;130(7):1026–30.

	23.	 Sung MJ, Kim DH, Jung YJ, Kang KP, Lee AS, Lee S, et al. Genistein protects 
the kidney from cisplatin-induced injury. Kidney Int. 2008;74(12):1538–47.

	24.	 Dawra R, Sharif R, Phillips P, Dudeja V, Dhaulakhandi D, Saluja AK. 
Development of a new mouse model of acute pancreatitis induced 
by administration of L-arginine. Am J Physiol Gastrointest Liver Physiol. 
2007;292(4):G1009-1018.

	25.	 Malleo G, Mazzon E, Siriwardena AK, Cuzzocrea S. Role of tumor necrosis 
factor-alpha in acute pancreatitis: from biological basis to clinical evi-
dence. Shock. 2007;28(2):130–40.

	26.	 Szabolcs A, Reiter RJ, Letoha T, Hegyi P, Papai G, Varga I, et al. Effect of 
melatonin on the severity of L-arginine-induced experimental acute 
pancreatitis in rats. World J Gastroenterol. 2006;12(2):251–8.

	27.	 Matull WR, Pereira SP, O’Donohue JW. Biochemical markers of acute 
pancreatitis. J Clin Pathol. 2006;59(4):340–4.

	28.	 Sidhapuriwala JN, Hegde A, Ang AD, Zhu YZ, Bhatia M. Effects of 
S-propargyl-cysteine (SPRC) in caerulein-induced acute pancreatitis in 
mice. PLoS ONE. 2012;7(3): e32574.

	29.	 Yenicerioglu A, Cetinkaya Z, Girgin M, Ustundag B, Ozercan IH, Ayten R, 
et al. Effects of trimetazidine in acute pancreatitis induced by L-arginine. 
Can J Surg. 2013;56(3):175–9.

	30.	 Yen LH, Madhav B. Quantitating inflammation in a mouse model of acute 
pancreatitis. Pancreapedia. 2012. https://​doi.​org/​10.​3998/​panc.​2012.2.

	31.	 Kim DH, Jung WS, Kim ME, Lee HW, Youn HY, Seon JK, et al. Genistein 
inhibits pro-inflammatory cytokines in human mast cell activa-
tion through the inhibition of the ERK pathway. Int J Mol Med. 
2014;34(6):1669–74.

	32.	 Leung PS, Chan YC. Role of oxidative stress in pancreatic inflammation. 
Antioxid Redox Signal. 2009;11(1):135–65.

	33.	 Li X, Xu T, Lian Q, Zeng B, Zhang B, Xie Y. Protective effect of genistein on 
lipopolysaccharide-induced acute lung injury in rats. J Huazhong Univ Sci 
Technolog Med Sci. 2005;25(4):454–7.

	34.	 Kang JL, Lee HW, Lee HS, Pack IS, Chong Y, Castranova V, et al. Genistein 
prevents nuclear factor-kappa B activation and acute lung injury induced 
by lipopolysaccharide. Am J Respir Crit Care Med. 2001;164(12):2206–12.

	35.	 Czakó L, Takács T, Varga IS, Tiszlavicz L, Hai DQ, Hegyi P, et al. Involvement 
of oxygen-derived free radicals in L-arginine-induced acute pancreatitis. 
Dig Dis Sci. 1998;43(8):1770–7.

	36.	 Tiruveedi VL, Bale S, Khurana A, Godugu C. Withaferin A, a novel com-
pound of Indian ginseng (Withania somnifera), ameliorates Cerulein-
induced acute pancreatitis: Possible role of oxidative stress and inflam-
mation. Phytother Res. 2018;32(12):2586–96.

	37.	 Robles L, Vaziri ND, Ichii H. Role of oxidative stress in the pathogenesis 
of pancreatitis: effect of antioxidant therapy. Pancreat Disord Ther. 
2013;3(1):112.

	38.	 Shi C, Andersson R, Zhao X, Wang X. Potential role of reactive oxygen spe-
cies in pancreatitis-associated multiple organ dysfunction. Pancreatology. 
2005;5(4–5):492–500.

	39.	 Jakkampudi A, Jangala R, Reddy BR, Mitnala S, Nageshwar Reddy D, Taluk-
dar R. NF-κB in acute pancreatitis: Mechanisms and therapeutic potential. 
Pancreatology. 2016;16(4):477–88.

	40.	 Huang H, Liu Y, Daniluk J, Gaiser S, Chu J, Wang H, et al. Activation of 
nuclear factor-κB in acinar cells increases the severity of pancreatitis in 
mice. Gastroenterology. 2013;144(1):202–10.

	41.	 Motoo Y, Taga K, Su SB, Xie MJ, Sawabu N. Arginine induces apoptosis and 
gene expression of pancreatitis-associated protein (PAP) in rat pancreatic 
acinar AR4-2J cells. Pancreas. 2000;20(1):61–6.

	42.	 Awasthi YC, Sharma R, Sharma A, Yadav S, Singhal SS, Chaudhary P, et al. 
Self-regulatory role of 4-hydroxynonenal in signaling for stress-induced 
programmed cell death. Free Radic Biol Med. 2008;45(2):111–8.

	43.	 Sayed N, Khurana A, Godugu C. Pharmaceutical perspective on the trans-
lational hurdles of phytoconstituents and strategies to overcome. J Drug 
Deliv Sci Technol. 2019;53:101201.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.3998/panc.2012.2

	Genistein attenuated oxidative stress, inflammation, and apoptosis in L-arginine induced acute pancreatitis in mice
	Abstract 
	Aim: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Animals
	Experimental protocols
	Body weight change
	Biochemical analysis of serum amylase (AMY)
	The determination of serum interleukin-6 and c-reactive protein levels
	Pancreatic malondialdehyde determination
	Immunohistochemistry for the determination of myeloperoxidase activity, nuclear factor-kappa beta and 4-hydroxynonenal expressions
	The determination of acinar cell apoptosis
	Pathological examination of pancreas
	Statistical analyses

	Results
	The effect of genistein on body weight change
	The effect of genistein on serum amylase level
	The effect of genistein on serum IL-6 and serum CRP levels
	The effect of genistein on pancreatic MDA level
	The effect of genistein on histopathology and apoptosis (TUNEL)
	The effect of genistein on MPO positive cells
	Effects of genistein on NF-kB expression
	Effects of genistein on 4-HNE expressions

	Discussion
	Conclusion
	Acknowledgements
	References


