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Abstract

Background Burn patients often face a high risk of acute kidney injury (AKI) after severe burn injuries, meanwhile epigal-
locatechin-3-gallate (EGCG) has been proven to be effective in alleviating organ injury.

Methods This study used the classical burn model in rats. Thirty model rats were randomly divided into a Burn group, a
Burn + placebo group, a Burn+ EGCG (50 mg/kg) group, and ten non-model rats as Sham group. The urinary excretion
of the rats was subsequently monitored for a period of 48 h. After 48 h of different treatments, rat serum and kidneys were
taken for the further verification. The efficacy of EGCG was assessed in pathological sections, biochemical indexes, and at
the molecular level.

Results Pathological sections were compared between the Burn group and Burn + placebo group. The rats in the
Burn + EGCG group had less kidney damage. Moreover, the EGCG group maintained significantly elevated urine volumes,
biochemical indexes manifested that EGCG could reduce serum creatinine (Cr) and neutrophil gelatinase-associated lipocalin
(NGAL) level and inhibit the oxidation-related enzyme malondialdehyde (MDA) level, meanwhile the superoxide dismutase
(SOD) level was increased. The molecular level showed that EGCG significantly reduced the mRNA expression levels of
the inflammation-related molecules interleukin-6 (IL-6) and tumor necrosis factor-o (TNF-a).

Conclusion The research indicated that EGCG had an alleviating effect on kidney injury in severely burned rats, and its
alleviating effects were related to improving kidney functions, alleviating oxidative stress, and inhibiting the expression of
inflammatory factors.
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Introduction [2—-4]. Severe burn injuries can lead to the development of

acute kidney injury (AKI), significantly increasing the risk

Burns occur frequently in the population due to accidental
injuries. These first cause thermodynamic damage to the
skin and then induce multiple organ damage [1]. Massive
fluid is lost due to the skin defects in the early stages of
burn injuries, resulting in insufficient blood volume in the
body. Consequently, with intravascular hypovolemia, the
kidney becomes vulnerable as one of the organs with the
most abundant blood supply. Equally, oxidative stress and
inflammation participates in the progression of kidney injury
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of mortality, which ranged from 28 to 100% [5-7]. AKI
is defined within 48 h attenuate in kidney function, which
encompasses acute kidney failure and other complications.
Clinically, AKI is a syndrome that has various etiologies
caused by the presence of the postoperative, severe trauma,
infection, nephrotoxic drugs, and so on [8, 9]. The onset of
AKI can be attributed to various factors following severe
burns, such as hypovolemia, a robust inflammatory response,
excessive accumulation of denatured proteins, sepsis, and
severe organic dysfunction [10]. Prompt recognition and
timely intervention are crucial measures for improving the
prognosis of patients with burn-related AKI.

Herbal or medicinal plant-derived natural compounds
including tea are extensively utilized for the treatment and
prevention of various ailments. EGCG is the most abundant
and bioactive polyphenol catechin in green tea, its molecular
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formula is C,,H 4O, [11]. Numerous studies, both in vitro
and in vivo, have explored the health benefits of green tea
and its main chemical component EGCG in various human
diseases, including kidney disease, EGCG has potential
therapeutic and preventive effects on a variety of illnesses
and diseases, these included cancer, obesity, cardiovascular
disease, liver disease, nerve injury and degeneration dis-
eases, and immune diseases [11-18]. Besides, it is worth
mentioning that EGCG may have positive significance in
the treatment of COVID-19 [19, 20]. The anti-oxidative,
anti-inflammatory, and anti-apoptotic properties of EGCG
have broad application prospects for its use as an alternative
strategy to treat or prevent various kidney diseases, includ-
ing kidney stone disease, cisplatin-induced nephrotoxicity,
glomerulonephritis, renal cell carcinoma, lupus nephritis,
diabetic nephropathy, chronic kidney disease, and renal
fibrosis [21].

Although a large body of studies has proven the health
benefits of EGCG for its anti-oxidative, anti-inflammatory,
and anti-apoptotic properties, there is currently insufficient
evidence in the literature to support the use of EGCG in
treating AKI resulting from severe burns. Therefore, this
study is the first to evaluate the therapeutic effect of EGCG
on AKI in rats with severe burns. It is focused on various
discovered potential effects of EGCG that provides new
ideas for the future clinical adjuvant treatment of AKI which
are induced by severe burns.

Materials and methods
Animals

A total of 40 male Sprague—Dawley (SD) rats (250-260 g)
were purchased from Yangzhou University (Jiangsu, China).
They were raised in a 12 h light/12 h dark cycle house with
positive pressure sterilizing and ventilation functions, with
a controlled normal temperature (21-25 °C) and humidity,
normal food and drink. All experimental protocols on ani-
mals had been approved by the committee on animal care of
Yangzhou University.

The severe burn model

After adaptive feeding of the SD rats for 7 days, the classi-
cal rat burn model was constructed according to the method
proposed by Feng et al. and Guo et al. [22, 23]. Each rat was
anesthetized with a dose of 1% pentobarbital sodium (50 mg/
kg, intraperitoneal injection), and about 40% of the total
body surface area (TBSA) was shaved from their backs. The
experimental animals were bound with bandages and the
exposed area of the rats’ back was horizontally immersed in
95 °C boiling water for 15 s, resulting in 2nd degree burns.

Drug treatment

Thirty model rats were randomly assigned to Burn group,
Burn + placebo group (saline, 10 ml/kg) received an imme-
diate intraperitoneal injection after burn, Burn + EGCG
group (EGCG, 50 mg/kg) received an immediate intra-
peritoneal injection after burn [24, 25], and Burn + pla-
cebo group and burn+EGCG group shared an equiva-
lent amount of the saline solution. Another 10 rats were
exposed to 20 °C water for 15 s after the anesthesia as the
sham group. All the rats were kept in individual cages
and given a Lactate Ringer solution (LRS) at 4 ml/kg/
TBSA for liquid resuscitation via intraperitoneal injections
immediately after the operation. In addition, all the rats
accepted a hypodermic injection of 0.25 mg/kg buprenor-
phine for analgesia immediately after the surgery, this was
followed by maintenance analgesia treatment every 12 h.

Urine collection and tissue preparation

An amount of pre-weighed sawdust was uniformly dis-
tributed in the cages, and the sawdust weight in each cage
was measured every 6 h. The urine volume of the rats was
determined by measuring the weight of the sawdust (1 g/
mL).

All the rats were sacrificed 48 h after being burned.
Blood was collected through a heart puncture of a general
anesthesia (pentobarbital sodium, 50 mg/kg), and serum
was obtained by centrifugation at 3000 rpm for 10 min at
4 °C, and stored at — 80 °C. Kidney tissues were dissected
and removed. The left kidneys from all the rats were fixed
in a 10% formalin solution for pathological evaluation;
equally, the right kidneys were stored at — 80 °C for molec-
ular biological detection and kidney tissue biochemical
detection.

Histopathological analysis

The fixed kidneys were cut into 6-pm sections thick. All
the sections were stained with hematoxylin and eosin (HE)
after being embedded in paraffin wax. Subsequently, the
sections were observed under the microscope to observe
the degree of kidney injury caused by severe burns.

Kidney function analysis
Serum creatinine (Cr) was detected via kit (Nanjing

Jiancheng Bioengineering Institution, China). The neu-
trophil gelatinase-associated lipocalin (NGAL) levels were
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measured with the neutrophil gelatinase-associated lipoca-
lin assay kit (Nanjing Jiancheng Bioengineering Institu-
tion, China) according to the manufacturer’s instructions.

Measurement of antioxidant enzymatic activity

The kidney tissues from the various groups were weighed,
and 1 g of the kidney tissue was homogenized in 9 ml of
precooled normal saline, followed by centrifugation. Malon-
dialdehyde (MDA) levels and superoxide dismutase (SOD)
activity from each supernatant were tested via the kits (Nan-
jing Jiancheng Bioengineering Institution, China) according
to the manufacturer’s protocols.

Immunohistochemistry (IHC) staining

Immunohistochemistry (IHC) staining paraffin-embedded
(5-pm-thick slices) were examined by IHC and IF staining.
Some sections were incubated with anti-interleukin-6 (IL-
6) antibodies (Abcam, UK) overnight at 4 °C. And then the
sections were incubated with goat anti-rabbit secondary anti-
body (Servicebio, China), and visualized with a 3,3-diam-
inobenzidine (DAB) kit (Servicebio, China). Finally, the
mounted sections were observed and photographed under
a microscope at 200 X magnification (E100, Nikon, Japan).

Quantitative real-time PCR (qRT-PCR) analysis
of inflammatory factors gene expressions

The expression levels of IL-6 and TNF-a were measured
via qRT-PCR. The total RNA was extracted from the kidney
tissues by Trizol (Invitrogen, USA), and Qubit 3.0 (Thermo
Scientific, USA) was used in the quantification of RNA.
RNA was reverse transcribed to cDNA using TransScript
III First-Stand Synthesis SuperMix for qRT-PCR (Invitro-
gen, USA). The reaction system and procedure were applied
according to the manufacturer’s instructions. The primers
(Table 1) were designed by Shanghai Biological Engineering
Co., Ltd. (Shanghai, China). Expression levels were assessed
relative to the 18S rRNA, as an internal standard. The levels
of the inflammatory factors gene expressions were expressed
using the 272 2 method.

Table 1 Primer sequences

Gene Primer sequences (5'-3")

RatIL-6  Forward: 5"TGACAGCCACTGCCTTCCCTAC-3'
Reverse: 5'-CAATCAGAATTGCCATTGCACAA-3'

Rat TNF-a Forward: 5'-GCCACCACGCTCTTCTGTCTACTG-3'
Reverse: 5 "TGGGCTACGGGCTTGTCACTC-3’
Forward: 5'-GAATTCCCAGTAAGTGCGGGTCATA-3’

Reverse: 5'-CGAGGGCCTCACTAAACCATC-3'

Rat 18S
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Statistical analysis

The Statistical Product and Service Solutions (SPSS) ver-
sion 23.0 (IBM Corporation, USA) software was used for
the statistical analysis. The results were presented as the
mean =+ standard (SD). Comparisons between the groups
were conducted using Duncan multiple comparison test.
Significance was accepted at a value of P <0.05.

Results

EGCG increased the urine volume in the severely
burned rats

We estimated the kidney function in the rats by the urine
output, which is shown in Fig. 1. The urine output of rats
in the EGCG, Burn, and Burn + placebo groups was signifi-
cantly decreased compared to that of the Sham group after
severe burn insult (P <0.05). However, the EGCG group
maintained a significantly elevated urine volume compared
to both the Burn and Burn + placebo groups (P <0.05).

EGCG weakened the severity of kidney tubular
damage in severely burned rats

The kidney damage in rats was analyzed via histologi-
cal examination, which is shown in Fig. 2. The struc-
ture of kidney tubular in the sham group was normal.
The scores of the tubular damage showed a significant
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Fig.1 Urine volume of all the experiments groups. The sample
size was n=10 for each group. The results were expressed as the
means +SD. Means in the same biochemical test indicator with the
different letter are significantly different (P <0.05)
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Fig. 2 Histological evalua-
tions of tubular damage in

the early stage of post-burn.
Representative HE-staining
images of all the experiments
groups manifested histological
evidence of renal tubular dam-
age at a magnification of X 100.
Furthermore, the tubular dam-
age scores provided quantitative
verification (b)

increase in rats at 48 h after burn (P < 0.05). However,
the tubular damage scores were markedly reduced in the
Burn+EGCG group of rats compared to those in the Burn
and Burn + placebo groups (P <0.05).

EGCG decreased the levels of serum Cr and NGAL

We investigated the levels of serum Cr and NGAL in
all the groups after the severe burn injuries as shown in
Fig. 3. The Burn group had markedly clear raised eleva-
tion levels of the serum Cr and NGAL values in their
kidney tissues compared with the Sham group (P <0.05).
Inversely, EGCG treatment clearly displayed signifi-
cant reductions in the serum Cr and NGAL levels in
the Burn + EGCG group compared with the Burn group
and Burn + placebo group (P <0.05), despite the serum
Cr and NGAL levels of Burn + EGCG group still being
higher than the Sham group.

Fig.3 Serum measurements 80
of creatinine (pmol/L) and
NAGL (mg/mL) levels of all the
experiments groups. The sample
size was n= 10 for each group.
The results were expressed as
the means + SD. Means in the
same biochemical test indicator
with the different letter are sig-
nificantly different (P <0.05)
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EGCG attenuates oxidative stress in the kidney
tissues of the severely burned rats

The activity changes of the endogenous antioxidant enzymes
SOD and MDA are shown in the Fig. 4, severe burn induced
a sharp increase in the MDA levels (P <0.05), and in addi-
tion, the levels of SOD were significantly decreased in
the Burn group. However, EGCG treatment significantly
reduced the levels of MDA and brought a rise in SOD activi-
ties in comparison with the Burn group and the Burn + pla-
cebo group (P <0.05).

EGCG makes changes of IL-6 and inhibits
the expression of inflammatory factors in the kidney
tissues of severely burned rats

IL-6 was detected via IHC staining in the kidney tissues
after the severe burn injury as shown in Fig. 5, the severe
burn injury was related to increased numbers of the posi-
tively labeled cells in the rat kidneys (P <0.05). Following
EGCQG treatment, these burn-induced IL-6 level rises were
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Fig.4 The effect of EGCG on
kidney tissue SOD (U/mg pro-
tein) levels and MDA (nmol/mL
protein) levels. The sample size
was n= 10 for each group. The
results were expressed as the
means +SD. The means in the
same biochemical test indicator
with a different letter are signifi-
cantly different (P <0.05)
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Fig.5 Immunohistochemistry A
renal tissue staining in renal tis-

sue. The sample size was n=10

for each group. The results were
expressed as the means +SD.

Means in the same biochemical

test indicators with the different

letters are significantly different
(P<0.05) C

gradually lowered compared with the Burn group and the
Burn + placebo group (P <0.05).

We evaluated the severe burn-induced inflammation by
detecting the IL-6 and TNF-a mRNA expression in the kid-
ney tissues of the rats using quantitative RT-PCR, as shown
in Fig. 6. The expressions of the IL-6 and TNF-«a in the
Burn group were significantly elevated after the burn injury
(P<0.05). EGCG led to a markedly decreased kidney tissues
IL-6 and TNF-a mRNA expression in the Burn + EGCG

group.

Discussion

In this study, based on the reported potential role of EGCG,
we have recently revealed the potential protective role of
EGCG in AKI after severe burns in rats from various per-
spectives. The experimental results concluded that EGCG
provided a potential therapeutic value against AKI follow-
ing severe burns. The potential clinical use of EGCG was
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associated with anti-oxidative, anti-inflammatory effects,
meanwhile EGCG improved kidney function.

In our experiment, the classical rat burn model was built
using the hot water bath, which tries to mimic the physi-
ological conditions post-burn. In addition, we eliminated the
effect of the hypovolemic shock on kidney tissues by fluid
replacement treatment. The changes in histological struc-
ture and function were more distinct at 48 h after the severe
burns, which might be the best time window for observa-
tion according to a previous report [26]. First, we evaluated
whether EGCG could alleviate early renal injury after burn
in rats from two aspects: histopathology and functional indi-
cators. According to previous literature, researchers have
also discovered that AKI can lead to tubular necrosis, which
subsequently impairs renal function [27, 28]. The experi-
ment showed that EGCG treatment significantly attenuated
the renal tubule injury scores of burned rats, indicating its
ability to alleviate structural damage in burned renal tissue.
In subsequent functional evaluations, EGCG was found to
reduce sensitivity indicators associated with acute kidney
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Fig.6 Analysis of the kidney
tissue IL-6 and TNF-a mRNA
expressions of all the groups
via quantitative RT-PCR. The
results demonstrated that EGCG
treatment could significantly
decrease the expression of the
inflammatory factors in rat
kidneys after the body burns.
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injury following burns. Although evaluation criteria for the
clinical assessment of AKI are inconsistent, Kidney Disease:
Improving Global Outcomes (KDIGO) clinical practice
guidelines and the Risk-Injury-Failure-Loss-End (RIFLE)
system was widely acknowledged. This states that urinary
output criteria and serum Cr are the key factors in evaluating
AKI. This includes changes in serum Cr (>26.5 pmol/l or
0.3 mg/dl) at 48 h [8, 29]. Besides, reduced circulatory vol-
ume and tubular necrosis were responsible for the decrease
of the glomerular filtration rate (GFR), leading to reduced
urine volumes and it accelerated the progression of impaired
renal function [10]. In addition, present studies have shown
that the biomarkers of kidney cell injury, NGAL may sen-
sitively identify AKI at an earlier stage [30]. In our study,
EGCG ameliorated the reduction in urine volume and sig-
nificantly attenuated the level of the serum Cr and NGAL.
In summary, EGCG can alleviate the process of AKI in rats
after burns, and in the follow-up study, we discussed the
mechanism of kidney protection provided by EGCG.

Next, the body produces excessive amounts of reac-
tive oxygen species (ROS) and reactive nitrogen under the
stimulus of trauma or disease, which exceed the scavenging
activity of the tissue cells, resulting in oxidative stress [31].
ROS can be generated in the body, leading to lipid peroxi-
dation of structures rich in lipids such as cell membranes
and the production of harmful substances like MDA. Con-
versely, ROS-mediated oxidative stress reactions can trigger
a significant increase in endogenous antioxidant enzymes
such as SOD, resulting in their depletion and compromising
the body’s natural defense against external stimuli. In this
study, EGCG significantly reduced MDA levels, indicating
that EGCG alleviates oxidative stress through its anti-lipid
peroxidation. At the same time, there are various antioxidant
enzymes such as SOD in the body. We have also observed
that EGCG effectively enhances the activity of SOD, sug-
gesting its potential to restore endogenous antioxidant

enzyme activity. These findings align with previous research
studies, Kosar Kiai et al. detected that EGCG may be effec-
tive against neurodegeneration by increasing the activity
of SOD and decreasing the activity of MDA [32]. In this
study, EGCG can alleviate kidney tissue oxidative stress
injury caused by burns by scavenging ROS, inhibiting lipid
peroxidation induced by ROS, and restoring the activity of
endogenous antioxidant enzymes. Palabiyik et al. detected
that EGCG treatment significantly improved the oxidative
stress induced by contrast-induced nephrotoxicity (CIN)
[25]. However, there exists substantial distinctions in both
the clinical characteristics and pathophysiological mecha-
nisms between CIN and burn-induced AKI. The etiology of
early AKI related to burns involves hypovolemia resulting
from significant fluid loss, elevated levels of inflammatory
mediators, and the release of denatured proteins; besides,
CIN is caused by direct tubular toxicity and contrast media-
induced reduction of renal perfusion [10, 33]. Therefore, it is
worth further exploration of the distinct molecular pathways
through which EGCG exerts its antioxidant function in these
two contexts.

Hence, inflammation is also one of the main causative
factors of organ injury following burns. Moreover, it has
been reported that the release of inflammatory mediators
might eventually cause tubular damage [34]. Generally,
immune cells secrete anti-inflammatory cytokines and
enzymes such as IL-6, TNF-a, IL-1p, IL-4, and cyclooxy-
genases (COXs) after burn injuries to intervene in the pro-
cess of organ damage [35, 36]. According to the results of
this experiment, the expressions of inflammatory factors
IL-6 and TNF-a were significantly increased, indicating the
strong response to injurious stimuli. Tomokazu Ohishi et al.
also reported that EGCG bring a marked decrease in inflam-
matory factor TNF-a and IL-6 levels to attenuate inflam-
mation [37]. In this study, EGCG also showed an effective
effect in alleviating the release of inflammatory mediators
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in kidney tissue induced by burns. Immunohistochemical
staining also showed that EGCG could reduce the expression
distribution of inflammatory factor IL-6 in the kidney tissue
of burned rats. Finally, it is suggested that it may allevi-
ate acute kidney injury after burns in rats through an anti-
inflammatory effect.

Although this study has verified the potential protective
effect of AKI on acute kidney injury following burn inju-
ries and preliminarily discussed the potential mechanism
involved in its protective effect on the kidney, it is still
unclear which signaling pathway is regulated by AKI at the
molecular level to achieve these effects, and we will further
explore it.

Conclusion

In summary, the previous study first illuminated the poten-
tial intervention of EGCG against AKI in rats after burn
injuries. The protective ability of the EGCG is associated
with improving kidney functions, relieve oxidant stress and
inflammation.
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