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����������� Epigallocatechin gallate is the primary polyphenol constituent of green tea. It has the ability 
to inhibit the pathological processes caused by oxidants. However, in certain cases, the green tea diet is 
known to exert pro-oxidant effects. In addition, studies have shown that epigallocatechin gallate negatively 
affects cells. Several studies on epigallocatechin gallate showed increased oxidative stress and decreased 
intracellular antioxidants. Furthermore, it can stimulate an inflammatory response from the innate immune 
system, which may contribute to the elimination of the effects of epigallocatechin gallate. ���������This 
study aims to investigate the inflammatory responses (IL-1, IL-6, and TNF-α) in mice kidneys due to epigallo-
catechin gallate. ���
���� This study involved the use of experimental animals aged between two and 
three months with an average body weight of 20 grams. The animals were randomly divided into two 
groups, namely the control group and the epigallocatechin gallate treatment group, with each group consist-
ing of 16 samples. The dose of epigallocatechin gallate used in this study was 750 mg/kg bw. The treatment 
was administered for three days, after which the kidneys were collected. Immunohistochemical staining 
was used to observe the inflammatory response, including IL-1, IL-6 and TNF-α. Subsequently, all the data 
were collected and statistically analyzed using an independent t-test. �������� The results of the data 
analysis showed a significant difference in the expression of IL-6 (p = 0.018) and TNF-α (p = 0.000), but no 
significant difference in the expression of IL-1 (p = 0.106). 
������	��� In conclusion, epigallocatechin 
gallate was found to induce an inflammatory response in mice kidneys.

ABSTRAK

��������������� Epigalokatekin galat merupakan penyusun polifenol utama pada teh hijau. Ia memiliki 
kemampuan untuk menghambat proses patologis yang disebabkan oleh oksidan. Namun, pada kasus 
tertentu, diet teh hijau diketahui memberikan efek pro-oksidan. Selain itu, penelitian menunjukkan bahwa 
epigalokatekin galat berdampak negatif pada sel. Beberapa penelitian tentang epigalokatekin galat menun-
jukkan peningkatan stres oksidatif dan penurunan antioksidan intraseluler. Selain itu, dapat menstimulasi 
respons inflamasi dari sistem kekebalan bawaan, yang dapat berkontribusi pada penghapusan efek epigalo-
katekin galat. ������� Penelitian ini bertujuan untuk mengetahui respon inflamasi (IL-1, IL-6, dan TNF-α) pada 
ginjal mencit akibat epigalokatekin galat. ��������Penelitian ini melibatkan penggunaan hewan percobaan 
berumur antara dua sampai tiga bulan dengan berat badan rata-rata 20 gram. Hewan coba dibagi secara 
acak menjadi dua kelompok, yaitu kelompok kontrol dan kelompok perlakuan epigalokatekin galat, yang 
masing-masing kelompok terdiri dari 16 sampel. Dosis epigalokatekin galat yang digunakan pada penelitian 
ini adalah 750 mg/kg bb. Perlakuan diberikan selama tiga hari, setelah itu ginjal diambil. Pewarnaan imuno-
histokimia digunakan untuk mengamati respon inflamasi, termasuk IL-1, IL-6 dan TNF-α. Selanjutnya, seluruh 
data dikumpulkan dan dianalisis secara statistik menggunakan uji t independen. ���	���Hasil analisis data 
menunjukkan terdapat perbedaan bermakna pada ekspresi IL-6 (p=0,018) dan TNF-α (p=0,000), namun tidak 
terdapat perbedaan bermakna pada ekspresi IL-1 (p=0,106). ���	������� Kesimpulannya, epigalokatekin 
galat ditemukan dapat menginduksi respon inflamasi pada ginjal tikus.
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INTRODUCTION

Epigallocatechin gallate is one of the polyphenol constituents 
of green tea, which has antioxidant properties. As evidenced 
by numerous studies, epigallocatechin gallate can eliminate 
reactive oxygen species in living cells. However, in certain 
cases, epigallocatechin gallate has been found to have a toxic 
side e�ect. In total, 36 cases of toxicity caused by excessive 
doses of epigallocatechin gallate have been reported. �e 
patients exhibited a number of parameters indicative of cell 
damage, such as increased alanine transferase (ALT), biliru-
bin, and gamma-glutamyl transpeptidase (GGT) (Mazanti et 
al., 2010).

Several studies have revealed that epigallocatechin gallate can 
be toxic to the organs of mice. �is toxic mechanism begins 
with epigallocatechin gallate acting as a pro-oxidant. It is 
known that antioxidant compounds containing hydroxyl 
groups, such as polyphenols, can bind with reactive oxygen 
species (ROS). But, when the antioxidant e�ect reaches a 
certain level, the pro-oxidant e�ect begins to take over and 
damage living cells (Sotler et al., 2019). For instance, Lambert 
et al., (2010) reported that 750 mg/kg bw of epigallocatechin 
gallate resulted in increased malondialdehyde levels and the 
occurrence of apoptosis. Increased malondialdehyde levels 
indicated that epigallocatechin gallate at a dose of 750 mg/kg 
bw a�ected the integrity of cell membranes. Furthermore, 
lipid peroxidation occurred as a consequence of higher doses 
of epigallocatechin gallate, which induced the mechanism of 
apoptosis.

Another study conducted by James et al., (2018) suggested 
that epigallocatechin gallate had a potential e�ect on the 
mitochondria. �e results of parameter testing showed that 
the reduction in mRNA expression of mitochondrial proteins 
and epigallocatechin gallate exposure a�ected complex I 
(Ndufs8) and III (Uqcrc1). It is known that mitochondria are 
involved in the intrinsic pathway of apoptosis. In addition, 
epigallocatechin gallate has been shown to participate in the 
apoptosis of living cells by a�ecting the mitochondrial 
complex proteins (Zachary et al., 2017).

During the damaging e�ect of epigallocatechin gallate, the 
body initiates a protective mechanism for living cells by 
stimulating the immune system. �e immune system is divid-
ed into two categories based on immune responses, namely 
innate and adaptive immunity. Innate immunity is an early 
protection mechanism that protects cells, tissues, or organs 
from microorganisms as a pathogen-associated molecular 
pattern (PAMP) or cell damage as a damage-associated 
molecular pattern (DAMP) (Murphy and Casey, 2017). As 
epigallocatechin gallate has been shown to cause an increase 
in malondialdehyde levels, it can be assumed that malondial-
dehyde will induce the release of DAMP. Meng et al., (2016) 
suggested epigallocatechin gallate induces the release of high 
mobility group box 1 (HMGB1).

�e primary innate immune systems that interact with 
HMGB1 are macrophages. Macrophages are one of the 
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sentinel cells, along with dendritic cells and mast cells, that 
reside in any tissue. Macrophages will recognize the HMGB1 
induced by epigallocatechin gallate through pattern recogni-
tion receptors (PRRs), including toll-like receptors (TLRs). 
�e interaction between TLRs and HMGB1 results in the 
transmission of a signal through some proteins and transcrip-
tion factors in the cytoplasm of macrophages, thereby stimu-
lating the in�ammatory response (Abbas et al., 2022).
 
�e hypothesis of this study was that epigallocatechin gallate 
might induce an in�ammatory response as well as a damaging 
e�ect in cells, while the innate immune system would initiate 
a process of releasing pro-in�ammatory cytokines in the 
body. �is study aims to examine the in�ammatory response 
(IL-1, IL-6, and TNF-α) in mice kidneys caused by epigallo-
catechin gallate at a dose of 750 mg/kg bw.
 
It is important to note that the innate immune system uses 
ana in�ammatory response as an initial protective mecha-
nism. �is response is e�ective to eliminate the negative 
e�ects of epigallocatechin gallate. However, when epigallocat-
echin gallate exceeds certain doses, it becomes pro-oxidant. 
As a consequence, the immune system should be evaluated to 
elucidate the mechanism of protection for the cells. Moreover, 
the results of this study will serve as a foundation for further 
research into the adaptive immunity of epigallocatechin 
gallate.

Research Site and Design

�is study employed a true experiment method with a 
post-test-only control design. �is study was conducted at the 
Laboratory of Experimental Animal, Laboratory of Anatomic 
Pathology, Faculty of Veterinary Medicine, and Laboratory of 
Biochemistry and Biomolecules, Faculty of Medicine, Univer-
sitas Brawijaya.

MATERIALS and METHODS

Experimental Materials

�is study involved 32 male mice between two to three 
months old with an average body weight of 20 grams. �e 
mice were randomly divided into two groups, namely the 
control group and the treatment group receiving epigallocate-
chin gallate (Catalog No. E4143; Sigma-Aldrich, USA). �e 
epigallocatechin gallate was administered at a dose of 750 
mg/kg bw per orally (James et al., 2018). �e immunohisto-
chemical staining of in�ammatory cytokines was performed 
using IL-1 (Catalog No. E-AB-65816; Elabscience, USA), IL-6 
(Catalog No. sc-28343; Santa Cruz Biotechnology, USA), and 
TNF-α (Catalog No. sc-52746; Santa Cruz Biotechnology, 
USA).

Animal Treatment

Mice were placed in the Laboratory of Experimental Animal, 
Faculty of Veterinary Medicine, Universitas Brawijaya, for 
seven days to allow for acclimatization. �e treatment process 
commenced on the eighth day and lasted for three days. On 
the 11th day, a necropsy was carried out at the Laboratory of 

Anatomic Pathology, Faculty of Veterinary Medicine, Univer-
sitas Brawijaya, to collect the mice kidneys. �e kidneys were 
placed in the organ pots containing 10% formalin. Subse-
quently, the kidneys were prepared for histopathological 
examination at the Laboratory of Anatomic Pathology, Facul-
ty of Veterinary Medicine, Universitas Brawijaya and under-
went immunohistochemical staining of in�ammatory 
cytokines, including IL-1, IL-6, and TNF-α, at the Laboratory 
of Biochemistry and Biomoleculed, Faculty of Medicine, 
Universitas Brawijaya (Khan et al., 2020). 
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Histopathological Preparation

�e histopathological preparation involved a series of steps, 
including �xation, trimming, dehydration, clearing, para�n-
ization, embedding, and sectioning. �e �xation step 
involved immersing the kidneys in a 10% formalin solution 
for 24 hours. �e trimming step involved cutting the kidneys 
to a thickness of approximately 0.5 cm. �e next step was 
dehydration, which involved immersing the kidneys in 70%, 
80%, 85%, 90%, and 95% graded ethanol solutions for a 
minimum of one hour each. Subsequently, the kidneys were 
immersed in an absolute ethanol solution three times for a 
minimum of one hour each. �e next step was clearing, 
during which the kidneys were immersed in xylol three times 
for �ve minutes, �ve minutes, and 10 minutes, respectively. 
�e para�nization step involved immersing the kidneys in 
para�n three times for approximately 30 to 60 minutes each 
inside an incubator at a temperature of 56°C. Following this 
step was embedding. �e kidneys were blocked using liquid 
para�n and printed on a metal mold. �e �nal step was 
sectioning, which involved cutting the para�n blocks of 
kidneys using a microtome to a thickness of 5 millimeters. 
�e blocks were placed in a water bath and a�xed to a glass 
object (Khan et al., 2020).

RESULTS

�e results showed no signi�cant di�erences in IL-1 expres-
sion (p = 0.106) between the control and treatment groups 
(Table 1). �is indicated that epigallocatechin gallate did not 
e�ectively induce the process of IL-1 secretion in the innate 
immune system. However, signi�cant di�erences were 
observed in IL-6 (p = 0.018) and TNF-α (p = 0.000) expres-
sions between the control and treatment groups (Tables 2 and 
3). �is indicated that epigallocatechin gallate e�ectively 
induces the process of IL-6 and TNF-α secretion in the innate 
immune system. �e results of immunohistochemical exam-
ination are presented in Figures 1, 2, and 3. 

Mice were placed in the Laboratory of Experimental Animal, 
Faculty of Veterinary Medicine, Universitas Brawijaya, for 
seven days to allow for acclimatization. �e treatment process 
commenced on the eighth day and lasted for three days. On 
the 11th day, a necropsy was carried out at the Laboratory of 

Anatomic Pathology, Faculty of Veterinary Medicine, Univer-
sitas Brawijaya, to collect the mice kidneys. �e kidneys were 
placed in the organ pots containing 10% formalin. Subse-
quently, the kidneys were prepared for histopathological 
examination at the Laboratory of Anatomic Pathology, Facul-
ty of Veterinary Medicine, Universitas Brawijaya and under-
went immunohistochemical staining of in�ammatory 
cytokines, including IL-1, IL-6, and TNF-α, at the Laboratory 
of Biochemistry and Biomoleculed, Faculty of Medicine, 
Universitas Brawijaya (Khan et al., 2020). 

Immunohistochemical Staining

�e immunohistochemical staining process consisted of 
depara�nization, rehydration, antigen retrieval, blocking, 
administration of primary antibodies, administration of 
secondary antibodies, enzyme labeling, administration of 
chromogen, counterstaining, and mounting. Depara�niza-
tion involved immersing the slide preparations in xylol three 
times, each time for �ve to 10 minutes. �is was followed by 
rehydration, during which the slide preparations were 
immersed in an absolute ethanol solution three times and g 
90%, 80%, and 70% graded ethanol solutions, each for 15 
minutes. In the next stage, the slide preparations were rinsed 
with phosphate bu�ered saline (PBS) for nine minutes. �e 
next stage was antigen retrieval, during which the slide prepa-
rations were put into a microwave and given a bu�er with a 
pH adjusted to that of the antibody being used. Subsequently, 
the slide preparations were rinsed again with PBS for nine 
minutes. Following this stage was blocking, which involved 
treating the slide preparations with H2O2 as an endogenous 
peroxidase blocker and FBS as a protein blocker for 10 
minutes each. Finally, the slide preparations were rinsed with 
PBS for nine minutes (Khan et al., 2020).

During the administration of primary antibodies, the slide 
preparations were dripped with 100 to 200 microliths of 
primary antibodies and incubated for 60 minutes, followed by 
rinsing them with PBS for nine minutes. During the adminis-
tration of secondary antibodies, the slide preparations were 
dripped with 100 to 200 microliths of secondary antibodies 
and incubated for 60 minutes, followed by rinsing them with 
PBS for nine minutes. During the enzyme labeling stage, the 
slide preparations were dripped with strep avidin-horse 
radish peroxidase (SAHRP) and incubated for 40 minutes. 
Finally, the slide preparations were rinsed with PBS for nine 
minutes (Khan et al., 2020).

�e following stage was the administration of chromogen or 
substrate. �e slide preparations were dripped with dialmino-
benzidine (DAB) substrate and le� for 10 minutes, followed 
by rinsing with PBS for nine minutes. Following this stage 
was counterstaining. �e slide preparation were dripped with 
Mayer’s hematoxylin solution and le� for 10 minutes, 
followed by rinsing with PBS for nine minutes. �e �nal stage 
was mounting. �e slide preparations were given Entellan 
and covered using a glass cover. �e slide preparations that 
had been colored were le� to dry for approximately 24 hours 
(Khan et al., 2020).

Data Analysis

�e immunohistochemical preparations were examined 
under a microscope at 400x magni�cation. �e data were 
analyzed using ImageJ IHC Pro�ler, which functions by 
interpreting digital images of immunohistochemical prepara-
tions through color deconvolution. Color deconvolution is 
obtained by classifying the color of the immunohistochemi-
cal preparation images according to the pixel units. �e data 
obtained from the color deconvolution of digital images of 
immunohistochemical preparation in the ImageJ IHC Pro�l-
er so�ware are presented as percentage (Varghese et al., 
2014). In addition, the Statistical Package for the Social 
Science (SPSS) was used to conduct statistical analysis. 
Pro-in�ammatory cytokines in the immunohistochemical 
preparations were analyzed using the t-test (α = 0.05). Mean-
while, the normality test was conducted using the Shap-
iro-Wilk test for a population of less than 50, while the homo-
geneity test was conducted using the Levene’s test.  
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β
Epigallocatechin gallate is one of the most abundant polyphe-
nol components of green tea. It is known as an antioxidant 
that can interact with the reactive oxygen species (ROS) to 
become more stable. Epigallocatechin gallate has been inves-
tigated in the �eld of pathology, and it has been demonstrated 
that this compound can e�ectively mitigate the adverse 
e�ects of pathological events. However, at certain doses, 
epigallocatechin gallate may act as a pro-oxidant. A study by 
Lambert et al., (2010) revealed that epigallocatechin gallate 
had a toxic e�ect and elevated the levels of certain damaged 
cell markers, such as malondialdehyde. �e formation of 
malondialdehyde is attributed to the activity of epigallocate-
chin gallate as a pro-oxidant. Meng et al.,(2016) reported that
damaged cells released HMGB1 as a DAMP in response to 
epigallocatechin gallate. DAMP is one of the antigens that is 

DISCUSSION

Table 1. Data Analysis of the IL-1 Expression

Group Mean ± SD p-Value 
Control 36.20a ± 6.5 

0.018 
Epigallocatechin gallate treatment 42.60 b ± 7.5 

Group Mean ± SD p-Value 
Control 36.67a ± 6.5 

0.106 
Epigallocatechin gallate treatment 40.53a ± 6.2 

Group Mean ± SD p-Value 
Control 40.60a ± 9.2 

0.000 
Epigallocatechin gallate treatment 51.93b ± 6.3 

Table 2. Data Analysis of the IL-6 Expression

Table 3. Data Analysis of the TNF-α Expression

� �

� �

Figure 1. The immunohistochemical staining of IL-1. (A). Cortex 
area of the control group, (B). Medulla area of the 
treatment group, (C). Cortex area of the control group, 
(D). Medulla area of the treatment group. The red 
arrows indicate the expression of IL-1.

Figure 2. The immunohistochemical staining of IL-6. (A). Cortex 
area of the control group, (B). Medulla area of the 
treatment group, (C). Cortex area of the control group, 
(D). Medulla area of the treatment group. The red 
arrows indicate the expression of IL-6. 

� �

� �

Figure 3. The immunohistochemical staining of TNF-α. (A). Cortex 
area of the control group, (B). Medulla area of the 
treatment group, (C). Cortex area of the control group, 
(D). Medulla area of the treatment group. The red 
arrows indicate the expression of TNFα.

� �

� �

recognized by the immune system to initiate innate and 
adaptive immunity. �e innate immune response involves 
two mechanisms to eliminate the antigen, namely in�amma-
tory and antiviral responses. Subsequently, the activation of 
adaptive immune response induced by the innate immune 
system involves two mechanisms to eliminate the antigen, 
namely cell-mediated immunity which is mediated by T 
lymphocytes and humoral immunity which is mediated by B 
lymphocytes (Puledran, 2024).

�e initial mechanism to eliminate HMGB1 is innate immu-
nity. �e sentinel cells that inhabit the organ will recognize 
the HMGB1, which will be recognized by one of the sentinel 
cells, known as macrophages. Macrophages are phagocyte 
cells that will eliminate pathogens or damaged cells through 
certain mechanisms. In addition, toll-like receptors (TLRs) 
will recognize the HMGB1 (He et al., 2018). TLR is one of the 

pattern recognition receptors in the innate immune system 
that transmits signals from ligands (PAMP or DAMP) and 
initiates an in�ammatory response. In this case, HMGB1 will 
interact with TLR4 and transmit the signal through adaptor 
proteins, namely MyD88 and TRIF, which activate the 
transcription factor NF-κB. Furthermore, the NF-κB stimu-
lates the in�ammatory cytokine encoding genes, including 
IL-1, IL-6, and TNF-α (Yang et al., 2020).

�e in�ammatory cytokines facilitate the elimination of 
HMGB1 through various innate immune systems, including 
macrophages, neutrophils, dendritic cells, and mast cells. �e 
initial step in the elimination of HMGB1 is the recruitment of 
leukocytes to the tissues. Mast cells release histamine to 
endothelial cells to promote vasodilation and increase the 
capillary permeability in blood vessels. �is allows leuko-
cytes, such as neutrophils and monocytes, to enter the tissue. 
Here the in�ammatory cytokine stimulates the endothelial 
cells to express E- and P-selectin to facilitate the rolling of 
leukocytes from central �ow to the vessel lining. �e adhe-
sion of leukocytes to the vessel lining is of low a�nity. �ere-
fore, the endothelial cells express ligands that bind with integ-
rin receptors on the leukocytes, such as ICAM-1 binding with 
LFA-1, and VCAM-1 binding with VLA-4. �ese adhesion 
events will result in the arrest of the leukocytes on the endo-
thelium, subsequently facilitating their transmigration to the 
tissues (Mitroulis et al., 2015).

�e recruitment of leukocytes to the tissues will help neutro-
phils and macrophages eliminate the HMGB1. �is elimina-
tion process is mediated by molecules in the neutrophils and 
macrophages, such as reactive oxygen species, nitric oxide, 
and proteolytic enzymes (Virag et al., 2019). Following this 
elimination process, neutrophils and macrophages will 
release other innate soluble molecules, namely complements. 
�ese molecules bind to the HMGB1 to assist phagocyte cells 
in the process of phagocytosis of HMGB1 (Merle et al., 2015). 
Furthermore, the in�ammatory response mediated by the 
innate immune system will be followed by the subsequent 
stage of the immune response, namely adaptive immunity.

�e results of this study indicated no signi�cant di�erence in 
IL-1 levels between the groups. However, IL-6 and TNF-α 
showed signi�cant di�erences. �e formation of IL-1 on the 
macrophages was possibly disrupted by the presence of 
epigallocatechin gallate. IL-1 has two forms, namely IL-1α 
and IL-1β. It is known that the release of IL-1α is caused by 
necrosis events, while the release of IL-1β is caused by apop-
tosis events (England et al., 2014). James et al., (2018) report-
ed that epigallocatechin gallate caused a damaging e�ect on 
the mitochondrial complex protein, thereby contributing to 
the induction of apoptosis in the cells. As a result, it can be 
concluded that the apoptosis event induced by epigallocate-
chin gallate through the intrinsic pathway resulted in a low 
level of IL-1α formation. Conversely, the formation of IL-1β 
was dependent on the in�ammasome, and mitochondria 
played a role in the activation of the in�ammasome (Billing-
ham et al., 2022).

In�ammasome is one of the pattern recognition receptors in 
the cytosol that is responsible for the production of IL-1β and 
the occurrence of pyroptosis events. During the signalling 
events of HMGB1 through TLR4 and the adaptor protein, 
HMGB1 induces the formation of in�ammasome through 
NLRP3 (Chi et al., 2015). In�ammasome consists of the 
NOD-like receptor (NLR) subfamily, namely NLRP3, which 
binds an adaptor protein called apoptosis-associated 
speck-like protein containing CARD (ASC) to form an oligo-
mer. �e formation of NLRP3 with ASC causes the alteration 
of conformational molecules and initiated the recruitment of 
an inactive pro-caspase-1 to become an active caspase-1 
(Evavold and Jonathan, 2019). Caspase-1 cleaves the precur-
sor form of IL-1β to become active IL-1β, and the secretion of 
IL-1β promotes an in�ammatory response that is mediated 
by Gasdermin D, which forms pores in the cell membrane of 
macrophages to release IL-1β to the extracellular environ-
ment (Zheng et al., 2020).

As previously stated, epigallocatechin gallate has been 
demonstrated to disrupte complex I (Ndufs8) and III 
(Uqcrc1) as part of the electron transport chain (Billingham 
et al., 2022). �e dysfunction of the electron transport chain 
will prevent the activation of the in�ammasome. �erefore, it 
was assumed that the disturbance of the electron transport 
chain by epigallocatechin gallate a�ected the formation of 
IL-β through the inhibition of in�ammasome activation.
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CONCLUSION

Epigallocatechin gallate is one of the most abundant polyphe-
nol components of green tea. It is known as an antioxidant 
that can interact with the reactive oxygen species (ROS) to 
become more stable. Epigallocatechin gallate has been inves-
tigated in the �eld of pathology, and it has been demonstrated 
that this compound can e�ectively mitigate the adverse 
e�ects of pathological events. However, at certain doses, 
epigallocatechin gallate may act as a pro-oxidant. A study by 
Lambert et al., (2010) revealed that epigallocatechin gallate 
had a toxic e�ect and elevated the levels of certain damaged 
cell markers, such as malondialdehyde. �e formation of 
malondialdehyde is attributed to the activity of epigallocate-
chin gallate as a pro-oxidant. Meng et al.,(2016) reported that
damaged cells released HMGB1 as a DAMP in response to 
epigallocatechin gallate. DAMP is one of the antigens that is 

�e results of this study indicated that epigallocatechin 
gallate is capable of eliciting an in�ammatory response in the 
mice kidneys. �is study also indicated that the expression of 
IL-1 was not found to be signi�cantly di�erent due to the 
e�ect of epigallocatechin gallate. Furthermore, further 
research is needed to investigate the molecular process of 
in�ammasome inhibition by epigallocatechin gallate in the 
innate and adaptive immune systems. 

recognized by the immune system to initiate innate and 
adaptive immunity. �e innate immune response involves 
two mechanisms to eliminate the antigen, namely in�amma-
tory and antiviral responses. Subsequently, the activation of 
adaptive immune response induced by the innate immune 
system involves two mechanisms to eliminate the antigen, 
namely cell-mediated immunity which is mediated by T 
lymphocytes and humoral immunity which is mediated by B 
lymphocytes (Puledran, 2024).

�e initial mechanism to eliminate HMGB1 is innate immu-
nity. �e sentinel cells that inhabit the organ will recognize 
the HMGB1, which will be recognized by one of the sentinel 
cells, known as macrophages. Macrophages are phagocyte 
cells that will eliminate pathogens or damaged cells through 
certain mechanisms. In addition, toll-like receptors (TLRs) 
will recognize the HMGB1 (He et al., 2018). TLR is one of the 

pattern recognition receptors in the innate immune system 
that transmits signals from ligands (PAMP or DAMP) and 
initiates an in�ammatory response. In this case, HMGB1 will 
interact with TLR4 and transmit the signal through adaptor 
proteins, namely MyD88 and TRIF, which activate the 
transcription factor NF-κB. Furthermore, the NF-κB stimu-
lates the in�ammatory cytokine encoding genes, including 
IL-1, IL-6, and TNF-α (Yang et al., 2020).

�e in�ammatory cytokines facilitate the elimination of 
HMGB1 through various innate immune systems, including 
macrophages, neutrophils, dendritic cells, and mast cells. �e 
initial step in the elimination of HMGB1 is the recruitment of 
leukocytes to the tissues. Mast cells release histamine to 
endothelial cells to promote vasodilation and increase the 
capillary permeability in blood vessels. �is allows leuko-
cytes, such as neutrophils and monocytes, to enter the tissue. 
Here the in�ammatory cytokine stimulates the endothelial 
cells to express E- and P-selectin to facilitate the rolling of 
leukocytes from central �ow to the vessel lining. �e adhe-
sion of leukocytes to the vessel lining is of low a�nity. �ere-
fore, the endothelial cells express ligands that bind with integ-
rin receptors on the leukocytes, such as ICAM-1 binding with 
LFA-1, and VCAM-1 binding with VLA-4. �ese adhesion 
events will result in the arrest of the leukocytes on the endo-
thelium, subsequently facilitating their transmigration to the 
tissues (Mitroulis et al., 2015).

�e recruitment of leukocytes to the tissues will help neutro-
phils and macrophages eliminate the HMGB1. �is elimina-
tion process is mediated by molecules in the neutrophils and 
macrophages, such as reactive oxygen species, nitric oxide, 
and proteolytic enzymes (Virag et al., 2019). Following this 
elimination process, neutrophils and macrophages will 
release other innate soluble molecules, namely complements. 
�ese molecules bind to the HMGB1 to assist phagocyte cells 
in the process of phagocytosis of HMGB1 (Merle et al., 2015). 
Furthermore, the in�ammatory response mediated by the 
innate immune system will be followed by the subsequent 
stage of the immune response, namely adaptive immunity.

�e results of this study indicated no signi�cant di�erence in 
IL-1 levels between the groups. However, IL-6 and TNF-α 
showed signi�cant di�erences. �e formation of IL-1 on the 
macrophages was possibly disrupted by the presence of 
epigallocatechin gallate. IL-1 has two forms, namely IL-1α 
and IL-1β. It is known that the release of IL-1α is caused by 
necrosis events, while the release of IL-1β is caused by apop-
tosis events (England et al., 2014). James et al., (2018) report-
ed that epigallocatechin gallate caused a damaging e�ect on 
the mitochondrial complex protein, thereby contributing to 
the induction of apoptosis in the cells. As a result, it can be 
concluded that the apoptosis event induced by epigallocate-
chin gallate through the intrinsic pathway resulted in a low 
level of IL-1α formation. Conversely, the formation of IL-1β 
was dependent on the in�ammasome, and mitochondria 
played a role in the activation of the in�ammasome (Billing-
ham et al., 2022).

In�ammasome is one of the pattern recognition receptors in 
the cytosol that is responsible for the production of IL-1β and 
the occurrence of pyroptosis events. During the signalling 
events of HMGB1 through TLR4 and the adaptor protein, 
HMGB1 induces the formation of in�ammasome through 
NLRP3 (Chi et al., 2015). In�ammasome consists of the 
NOD-like receptor (NLR) subfamily, namely NLRP3, which 
binds an adaptor protein called apoptosis-associated 
speck-like protein containing CARD (ASC) to form an oligo-
mer. �e formation of NLRP3 with ASC causes the alteration 
of conformational molecules and initiated the recruitment of 
an inactive pro-caspase-1 to become an active caspase-1 
(Evavold and Jonathan, 2019). Caspase-1 cleaves the precur-
sor form of IL-1β to become active IL-1β, and the secretion of 
IL-1β promotes an in�ammatory response that is mediated 
by Gasdermin D, which forms pores in the cell membrane of 
macrophages to release IL-1β to the extracellular environ-
ment (Zheng et al., 2020).

As previously stated, epigallocatechin gallate has been 
demonstrated to disrupte complex I (Ndufs8) and III 
(Uqcrc1) as part of the electron transport chain (Billingham 
et al., 2022). �e dysfunction of the electron transport chain 
will prevent the activation of the in�ammasome. �erefore, it 
was assumed that the disturbance of the electron transport 
chain by epigallocatechin gallate a�ected the formation of 
IL-β through the inhibition of in�ammasome activation.
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