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Sirtuin 3 ameliorates inflammatory bowel
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and oxidative stress
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Sirtuin 3 involved in development of various diseases, but its
role in inflammatory bowel disease is still unknown. We used
inflammatory bowel disease biopsies, colitis animal model, and
vitro cells RAW264.7 to study the role of Sirtuin 3 in the
pathophysiology of inflammatory bowel disease. Sirtuin 3
negatively correlated with intestinal TNF-α. Sirt3 was less
pronounced in pediatric and adult inflammatory bowel disease
patients compared with corresponding control group. Sirtuin 3
activator Honokiol suppressed dextran sulfate sodium induced
colonic manifestations, while Sirt3 inhibitor caused opposite
results. Honokiol inhibited colonic oxidative stress by and
reduced intestinal permeability. Honokiol repressed inflammatory
response by reducing macrophage infiltration, pro-inflammatory
cytokines TNF-α, IL-1β, and IL-6 levels, and inhibiting activation of
NF-κB p65 in the colitis mice. However, Sirt3 inhibitor amplified
colonic oxidative stress and inflammatory response. In vitro
study, Sirt3 inhibitor or siRNA Sirtuin 3 activated NF-κB p65 and
enhanced TNF-α, IL-1β, and IL-6 secretion from LPS stimulated
RAW264.7, while Honokiol remarkably attenuated these pro-
inflammatory cytokines secretion. Finally, knockdown of Sirt3 in
Caco-2 cells enhanced TNF-α induced intestinal barrier integrity
injury. Sirtuin 3 negatively regulates inflammatory bowel disease
progression via reducing colonic inflammation and oxidative
stress. Sirtuin 3 is a promising therapeutic target in clinical
application for inflammatory bowel disease therapy.
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Ulcerative colitis (UC) and Crohn’s disease (CD), refers to the
inflammatory bowel diseases (IBD), are chronic and non-

specific immune-mediated gastrointestinal disease, in which
usually develops at the sites of ileum, rectum, and colon.(1)

Currently, it is estimated more than two million North Americans
live with IBD, and that population is forecasted to be
approaching four million by 2030. In 2018, the direct medical
costs in Canada was conservatively estimated at $1.28 billion,
roughly $4,371 per person per year.(2,3) The incidence of IBD is
steadily increasing in newly industrialized regions in Africa,
Asia, and South America.(2,3) Clinical presentation of IBD
presents a wide range of symptoms and signs that can be specific
to the gastrointestinal tract, and others that are non-specific,
which can be related to extraintestinal manifestations. IBD is a
long-lasting disease and often does not recover completely. The
chronic disease significantly affects quality of life. Nowadays,
there is no specific cure for IBD and pharmacological approaches
aim to induce and maintain the patient in remission. The long-

term use of conventional medical treatment 5-aminosalicylic acid
drugs, glucocorticoids and immunosuppressants caused a variety
of adverse reactions, and reduced the quality of life of patients.(4)

Therefore, identifying a potential therapeutic target for IBD has
become a priority in the recent research.
Although the cause of IBD remains unknown, studies have

provided evidence that pathogenesis of IBD is associated with
genetic susceptibility of the host, intestinal microbiota, other
environmental factors, immunological abnormalities, and oxida‐
tive stress disruption.(1) Several types of immune cells have been
shown to contribute to IBD pathogenesis. Neutrophils perpetuate
intestinal inflammation through impairment of epithelial barrier
function and release of multiple inflammatory mediators,(5) and
macrophages(6) produce inflammatory cytokines amplifies and
maintains the chronic inflammation in IBD by promoting tran‐
scription of other pro-inflammatory cytokines, up-regulating
adhesion molecules in the endothelium. Moreover, oxidative
stress, an imbalance between the production and elimination of
ROS as well as ROS related regulator, not only occurs in the
injury intestinal mucosa but also extends into the deeper layers of
the intestinal wall to push the development of IBD.(7)

Sirtuins (Sirt) is a family of proteins that act predominantly
as nicotinamide adenine dinucleotide-dependent deacetylases,
causing post-translational modifications in target proteins to
regulate their function.(8) Sirt comprises seven members, named
from Sirt1 to Sirt7. Sirt locate in the different subcellular
organelles based on their type, and regulate metabolic enzyme
activity, oxidative phosphorylation, mitochondrial dynamics, and
anti-inflammatory activities, affecting the process of cell physio‐
logical activity, such as proliferation, differentiation, migration,
autophagy, apoptosis, etc.(8,9) Therefore, Sirt has been extensively
implicated in human diseases, including malignant tumors,
inflammatory and autoimmune diseases, coronary artery disease,
respiratory system diseases, and intestinal diseases, etc.(9) Sirt2
and Sirt6 are down-regulated in IBD and their deletion promotes
inflammatory response by regulating NF-κB activation, which
highlights their protective roles.(10,11) Moreover, there is a signifi‐
cant down-regulation in mRNA and protein expression of Sirt1 in
patients suffering from IBD, and a decrease in Sirt1 with an
increase in age has been shown to aggravate colitis and cause
other impairments in a mouse model.(12) However, the role of
Sirt3 in IBD has rarely been investigated., and its function
remain to be revealed. In present study, we investigated the role
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of Sirt3 in development of IBD using clinical specimen, colitis
animal model as well as in vitro cells.

Materials and Methods

Patients and samples. Pediatric IBD patients who under‐
went colonoscopy or balloon-assisted enteroscopy at Anhui
Provincial Children’s Hospital between November 2021 and
November 2022 with samples obtained on the day endoscopy
were considered eligible. Moreover, the adult IBD patients were
enrolled from the Third Affiliated Hospital of Anhui Medical
University between September and November 2023 in the same
way, and the tissues were collected as well. The clinical disease
activity for UC patients was evaluated using the Mayo subscores
for stool frequency and rectal bleeding. The clinical disease
activity for CD patients was evaluated using the Crohn’s disease
activity index (CDAI), with clinical remission defined as a
CDAI<150. The exclusion criteria was having had a colostomy
and failure to achieve full endoscopic observation for the
patient’s lesions. Mucosal biopsies were taken from inflamed
areas of 26 CD pediatric patients, and 29 pediatric UC patients
with undergoing colonoscopy for a clinically active disease.
Colon biopsies without abnormalities from otherwise healthy
pediatric patients undergoing screening colonoscopies were used
as controls (four boys and three girls, mean age: 7.57 years).
Moreover, the biopsies were also collected from 15 CD adult
patients and 15 UC adult patients with undergoing colonoscopy
for a clinically active disease, and meanwhile the biopsies from
controlled health colon tissues (three male and three female,
mean age: 50.20 years) were collected as well. Demographics
and clinical characteristics of IBD patients used in presented
study were showed in Supporting materials (Table 1 and 2). The
biopsies were collected at the time of initial diagnosis, and all
enrolled patients didn’t receive any drug in the past three months.
Informed consent was obtained from all patients and study
protocol was approved by the ethics committee of the Anhui
Provincial Children’s Hospital (number: EYLL-2021-025) and
Third Affiliated Hospital of Anhui Medical University (number:
20230915), respectively. All procedures involving human partici‐
pants were performed in accordance with the ethical standards
described in the 1964 Declaration of Helsinki and its later
amendments.

Quantitative real-time PCR. Mucosal biopsies were used
to extract RNA by TRIzol® Reagent (Invitrogen, Carlsbad,
CA), and following that the RNA was reverse transcripted
into cDNA using commercial kit (Invitrogen) based on the
manufacturer’s instructions. qRT-PCR was performed using
an ABI 7000 Prism Step One plus detection system (Life
Technologies, Grand Island, NY). The primers used in the current
study: for Sirt3, Forward 5'-CGTTGTGAAGCCCGACATTG-3',
Reverse 5'-CGTTGTGAAGCCCGAC ATTG-3'; for TNF-α,
Forward 5'-CTTCTGCCTGCTGCACTTTG-3', Reverse 5'-GTC
ACTCGG GGTTCGAGAAG-3'; for GAPDH, Forward 5'-TGT
TGCCATCAATGACCCCTT', Reverse 5'-CT CCACGACGTA
CTCAGCG-3'.

Animals and IBD model induction. All procedures involved
in the present animal experiment were approved by the Animal
Experiment Ethics Committee of Anhui medical University
(number: 20211502), and performed in accordance with ethical
standards described in the guidelines of laboratory animal use
and care of the European Community (EEC Directive of 1986;
86/609/EEC). Male BALB/c mice (8 weeks old, male) were
purchased from Shanghai SLAC Laboratory Animal Co., Ltd.
(China). All animals received tap water and food ad libitum and
were placed in the room with standard conditions (22–25°C;
humidity, 45–60%; 12–12 h light/dark cycle). The mice were
randomly divided into five groups, including normal control
(NC) group, dextran sodium sulfate (DSS) group, Sirt3 activator

Honokiol (HNK, 5.0 mg/kg, purity>98%, Aladdin Biochemical
Technology Co., Ltd., Shanghai, China) group, Sirt3 inhibitor
3-(1H-1,2,3-triazol-4-yl) pyridine (3-TYP, 50 mg/kg, purity>98%,
Aladdin Biochemical Technology Co., Ltd.) group, and positive
group Infliximab (IFX, 5.0 mg/kg, MedChemExpress LLC,
Shanghai, China), and each group has eight mice. To induce
colitis, the mice in each group (excluded NC group) received
DSS (2.5%, w/w; MW of DSS, 36,000 to 50,000 Da; MP
Biomedicals, LLC, Santa Ana, CA) in drinking water, while
those in the NC group only received distilled water ad libitum.

One week after colitis induction, the mice in the NC group and
DSS group received 0.9% saline via intraperitoneal injection
(i.p.) daily, HNK and 3-TYP groups received drugs by i.p. once
per day, and IFX group received treatment by i.p. once for three
days. The whole therapy lasted for one week. Disease activity
index (DAI) score was used to assess the severity of colitis. DAI

Table 1. Demographics and clinical characteristics of paediatric
patients with inflammatory bowel disease

CD (n = 26) UC (n = 29)

Sex (male/female) 14/12 15/14

Median age, years 8.23 8.07

Ileal biopsies (n) 7

Colonic biopsies (n) 19 29

CD location

L1 Ileal (n) 7

L2 Colonic (n) 7

L3 Ileocolonic (n) 12

CD behaviour

B1 Non-stricturing, non-penetrating (n) 18

B2 Stricturing (n) 6

B3 Penetrating (n) 2

UC extent

E1 Proctitis (n) 5

E2 Left-sided colitis (n) 6

E3 Extensive colitis (n) 12

E4 Total colitis (n) 6

Table 2. Demographics and clinical characteristics of adult patients
with inflammatory bowel disease

CD (n = 15) UC (n = 15)

Sex (male/female) 9/6 7/8

Median age, years 49.1 48.6

Ileal biopsies (n) 4

Colonic biopsies (n) 11 15

CD location

L1 Ileal (n) 3

L2 Colonic (n) 5

L3 Ileocolonic (n) 7

CD behaviour

B1 Non-stricturing, non-penetrating (n) 11

B2 Stricturing (n) 3

B3 Penetrating (n) 1

UC extent

E1 Proctitis (n) 1

E2 Left-sided colitis (n) 4

E3 Extensive colitis (n) 7

E4 Total colitis (n) 3
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score was determined using the following Calculation formula:
DAI = (Weight loss + stool condition + gross bleeding)/3. There‐
fore, to achieve this, body weight, stool condition, and gross
bleeding of the mice were recorded.

Histological and immunohistochemical analysis. Lamina
propria colon tissues were removed from the mice and fixed in
the 10% formalin and sectioned in 4 μm slides in thickness. The
sections were conventionally stained with hematoxylin and eosin.
Histological score was determined. Moreover, for the immuno‐
histochemical analysis, sections were placed in PBS containing
0.1% protease. These sections were placed in PBS supplemented
with 3% H2O2 to prevent endogenous peroxidase activity. After
blocking with 2% serum in PBS for 1 h, the specimens were
incubated with the primary antibody of CD11c+ (Abcam,
Cambridge, MA) overnight at 4°C. On the following day, they
were incubated with the appropriate secondary antibody for
30 min at room temperature. The sections were then counter‐
stained with diaminobenzidine and then were observed with
optical microscopy (Olympus, Tokyo, Japan).

Measurement of oxidative stress markers. Colon samples
were cut into small pieces and homogenized in assay buffer
on ice. The levels of SOD, GSH, and MDA were measured
using commercial kits from Jiancheng Bioengineering Research
Institute (Nanjing, China), and the detection was performed
based on the manufacturer’s instruction.

Intestinal permeability assay. Fluorescein isothiocyanate
dextran (FITC-dextran) was used to measure intestinal perme‐
ability of mice. In brief, the animals were deprived of food and
water for 4 h and then orally administered with FITC-dextran
with (4 kDa, 50 mg/100 g, Sigma-Aldrich, St. Louis, MO). After
5 h, serum of blood was collected, and the fluorescence intensity
was measured at wavelengths of 480 nm and 520 nm emission
wavelengths (VersaAmax microplate reader, Molecular Devices).

Measurement of inflammatory response markers. Colons
from mice of each group were homogenized with lysis buffer to
extract total protein. The concentration of total protein was deter‐
mined by the bicinchoninic acid (BCA) protein assay kit
(Beyotime Institute of Biotechnology, Shanghai, China). The
levels of TNF-α, IL-1β, and IL-6 in colon homogenates and cell
culture supernatants were quantified by ELISA kits according to
the manufacturer’s protocol (R&D systems, Minneapolis, MN).

Cells culture and Sirt3 siRNA transfection. Murine macro‐
phage cell line RAW 264.7 cells were purchased from the
American Type Culture Collection (ATCC, Manassas, VA), and
the human epithelial colorectal adenocarcinoma cell line Caco-2
was from the Cell Bank of the Chinese Academy of Sciences
(Shanghai, China). Both of the cells were cultured in DMEM,
containing 10% fetal bovine serum (HyClone, Logan, UT),
100 U/ml penicillin and 100 μg/ml streptomycin. The cells
were cultured in a humidified incubator with 5% CO2 at 37°C.
Sirt3 siRNA and negative control siRNA were from RiboBio
(Guangzhou, China; Sirt3 siRNA, sense 5'-GGUGGAAGA
AGGUCCAUAUtt-3' and antisense 5'-AUAUGGACCUUC
UUCCACCtt-3'). To knockdown Sirt3, RAW 264.7 or Caco-2
with 30–50% confluence was transfected with siRNA as well as
Lipofectamine 3000 reagents (Thermo Fisher Scientific,
Waltham, MA). Medium was removed at 12 h after the transfec‐
tion, Knockdown efficiency of Sirt3 were measured by Western
blotting. After confirmation of successful knockdown, cells were
harvested for the following experiments. RAW 264.7 cells
received lipopolysaccharide (LPS, 1 μg/ml, Sigma-Aldrich) to
mimic the inflammatory environment in the body when IBD
occurs. RAW264.7 macrophages were incubated with HNK
(5 μM) or 3-TYP (5 μM) for 24 h.

Sirt3 activity measurement. The lysyl deacetylase activity
of Sirt3 was determined using a commercially available kit from
Enzo Life Sciences Inc. (Plymouth Meeting, PA) according to the
manufacturer’s instructions. In briefly, protein samples (30 μg)

were incubated with specific substrates for 45 min at 37°C. Next,
25 μl of developer was added to the sample and incubated for an
additional 45 min. Sirt3 activity was measured spectrophoto‐
metrically using a microtiter plate fluorimeter at an excitation
wavelength of 360 nm and an emission wavelength of 460 nm.

Intestinal barrier function assay. Intestinal barrier function
was evaluated by detecting transepithelial resistance (TER) and
the flux of FITC-dextran concentration (FD4) in human intestinal
Caco-2 cells. In brief, Caco-2 cells (2 × 104) were placed in tran‐
swell chambers and cultured until the TER values had plateaued
(300 Ω·cm2). After that, TNF-α (25 ng/ml) was used to simulate
cells on the basolateral side for 24 h. Finally, TER was recorded
using a Millicell-ERS epithelial voltmeter (Millipore Corp.).
Later, FD4 (0.1 mg/ml, Sigma-Aldrich) was added to the upper
side and incubated for 2 h. The FD4 concentration was measured
using fluorescence spectroscopy at an excitation wavelength of
480 nm and an emission wave length of 520 nm.

Western blotting analysis. Western blot analysis was
performed to detect the level of Sirt3. In brief, the colon tissues
were homogenized and lysed using lysis buffer (Beyotime
Institute of Biotechnology) with addition of protease inhibitor
cocktail and phosphatase inhibitors, for 30 min on the ice. The
protein was extracted and quantified by BCA assay kit according
to the manufacturer’s instruction. Protein extract samples (40 μg)
were separated by 10% sodium dodecyl sulphate-polyacrylamide
gel electrophoresis, and transferred onto a polyvinylidenedi‐
fluoride membrane. The membrane was incubated with primary
antibody against Sirt3 (Abcam), NF-κB p65, phosphorylated (p)-
p65 overnight at 4°C. Finally, the membrane was incubated with
horseradish peroxidase-conjugated secondary antibody for 1 h at
room temperature. The Western blot bands were reacted with an
enhanced chemiluminescence solution (Bio-Rad, Hercules, CA).
The intensity of protein bands was quantified using image soft‐
ware (Image-Pro Plus 6.0, Media Cybernetics, Inc., Rockville,
MD).

Statistical analysis. SPSS 17.0 was used for statistical anal‐
ysis and processing all data were presented as means and SD.
Statistical significance was identified by using one-way analysis
of variance (ANOVA) and Bonferroni’s post-hoc analysis. More‐
over, Spearman’s correlation was used to estimate the association
between Sirt3 mRNA and TNF-α mRNA. Analyses were
performed using GraphPad Prism 6.0 (GraphPad, San Diego,
CA). A p value less than 0.05 was regarded as a statistically
significant difference.

Results

Sirt3 was down-regulated in IBD and negatively corre‐
lated with intestinal TNF-α. To evaluate expression of Sirt3
in the IBD, colonic biopsies were taken from the pediatric and
adult patients. As seen in Fig. 1A, Sirt3 mRNA levels negatively
correlated with TNF-α in IBD pediatric patients (p<0.01; CD and
UC). Next, we examined Sirt3 levels in biopsy specimens of IBD
patients by RT-PCR and Western blotting. The results showed
Sirt3 transcripts and expression were significantly reduced in
pediatric IBD patients compared with those of pediatric control
(p<0.01; Fig. 1B and C). Moreover, we have observed that Sirt3
transcripts and expression were significantly decreased in adult
IBD patients compared with those of adult control as well
(p<0.01; Fig. 1D and E).

Sirt3 inhibited DSS-induced colitis in mice. To determine
the role of Sirt3 in IBD, we developed an DSS-induced colitis in
mice, and treated them by Sirt3 activator HHK or Sirt3 inhibitor
3-TYP, respectively. Body weight, DAI values and colon length
were used to evaluate the severity of colitis. As shown in Fig.
2A–C, body weight, and colon length were significantly
decreased, while DAI was significantly increased in the DSS
group compared with those in the NC group (p<0.01). However,
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compared with DSS group, HHK treatment effectively activated
Sirt3 and increased its expression, and meanwhile improved
colitis symptoms via decreasing DAI scores and increasing body
weight and colon length (p<0.01). Moreover, compared with
DSS group, 3-TYP significantly inhibited Sirt3 activity and
deceased Sirt3 expression, causing an deteriorated colitis symp‐
toms at the same time (p<0.01).

Sirt3 improved histopathological manifestation of DSS-
induced colitis in mice. Severity of colonic ulceration and
inflammation was further examined by pathological analysis
using H&E staining. As shown in Fig. 3, no evidence of patho‐
logical damage was observed in the NC group. DSS adminis‐
trated to mice caused severe tissues injury, including decrease in
the number of crypts, surface epithelium lost and infiltration of
inflammatory cells in mucosa and submucosa. However, treat‐
ment of HNK attenuated pathological changes induced by DSS,
and meanwhile reduced its pathological score (p<0.01). More‐
over, 3-TYP administration remarkably worsened colonic patho‐
logical features, and increased the pathological score compared
with that in DSS group (p<0.01).

Sirt3 inhibited oxidative stress and reduced intestinal
permeability of DSS-induced colitis mice. To evaluate oxida‐
tive stress of colitis mice, colonic MDA, SOD, and GSH concen‐
trations were measured. As shown in Fig. 4, SOD and GSH were
significantly decreased, and MDA was significantly increased in
the DSS group compared with NC group (p<0.01). Compared
with DSS group, HNK significantly increased colonic SOD and
GSH, and decreased MDA levels, while 3-TYP remarkably
decreased colonic SOD and GSH, and increased MDA levels
(p<0.01). Moreover, compared with DSS group, HNK signifi‐
cantly reduced intestinal permeability, while 3-TYP remarkably
increased the permeability at same time (p<0.01).

Sirt3 inhibited inflammatory response of DSS-induced
colitis mice. To evaluate inflammation in the colitis mice, the
levels of pro-inflammatory cytokines (TNF-α, IL-1β, and IL-6)
and infiltrative macrophages were measured. As shown in Fig.
5A, TNF-α, IL-1β, and IL-6 were significantly increased in the
DSS group compared with those of the NC group (p<0.01).
Compared with DSS group, HNK significantly decreased colonic
TNF-α, IL-1β, and IL-6, while 3-TYP remarkably increased
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these cytokines (IL-1β and IL-6, p<0.01). Further, we detected
macrophages infiltration in colons by immunochemistry and
found the numbers of CD11c+ macrophages were sharply
increased in colonic samples from DSS mice (Fig. 5B, p<0.01).
However, compared with DSS group, the numbers of CD11c+
macrophages in those of HNK or 3-TYP group were reduced and
increased, respectively (p<0.01). Moreover, HNK inhibited NF-
κB activation via reducing p-p65 expression, while 3-TYP
showed the opposite regulatory effect (Fig. 5C, p<0.01). Our data
indicated Sirt3 plays an negative role in the inflammatory
response of DSS-induced colitis mice.

Sirt3 inhibited pro-inflammatory cytokines secretion of
LPS stimulated RAW264.7 cells. Macrophages play an impor‐
tant role in the progression IBD,(6) and drive & amplify colonic
inflammatory response via producing TNF-α, IL-1β, and IL-6. To
further explore mechanism of anti -inflammatory effect of Sirt3
in IBD, we altered Sirt3 expression or activity via using HNK, 3-
TYP or Sirt3 siRNA (Fig. 6A). As shown in Fig. 6B and C, the
levels of TNF-α, IL-1β, and IL-6 secreted by RAW264.7 cells
were significantly increased after LPS stimulation (p<0.01).
Incubation of RAW264.7 cells with HNK significantly increased
Sirt3 activity and expression, while 3-TYP showed opposite
results (Fig. 6B, p<0.01). Moreover, siRNA silenced Sirt3
expression and effectively increased pro-inflammatory cytokines
production and promoted NF-κB activation via increasing p-p65
expression in the cells received LPS stimulation (Fig. 6C and D,
p<0.01).

Sirt3 improved barrier function of Caco-2 cells exposed to
TNF-α stimulation. Caco-2 cells were used to evaluated
intestinal barrier function. As seen in Fig. 7A, after stimulation

with TNF-α (50 ng/ml) for 48 h, the monolayer barrier was
destroyed, and TER decreased significantly (p<0.01). Sirt3
knockdown significantly enhanced TNF-α induced dysfunction
in Caco-2 cells (p<0.01). We next examined effects of Sirt3 on
the paracellular tracer permeability of Caco-2 cell monolayers.
As seen in Fig. 7B, consistent with the results of TER analysis,
TNF-α stimulation increased the cell bypass of FD4, which was
further enhanced by Sirt3 knockdown (p<0.01). Our data suggest
that Sirt3 mediated intestinal epithelial cell barrier function as
well.

Discussion

Accumulating evidences recently document that Sirt3 is asso‐
ciated with many types of human diseases, indicating Sirt3 can
be a potential therapeutic target.(14) Sirt3 participates in several
types of autoimmune diseases, such as rheumatoid arthritis and
multiple sclerosis.(14) In this study, we report protective role of
Sirt3 in the IBD. We found significant decrease in Sirt3 mRNA
and protein level in inflammatory tissues from adult and pediatric
IBD patients compared with corresponding health colon tissues.
Moreover, Sirt3 levels negatively correlated with intestinal TNF-
α. Our results were consistent with previously reported reduced
expression of other Sirt family members.(15) However, the reason
why Sirt3 is down-regulated in IBD is unknown and needed to be
uncovered in the future. Further, we developed the DSS-induced
colitis model in mice, and treated the mice with Sirt3 specific
activator and inhibitor, respectively. HNK is a small molecular
weight natural compound derived from the bark of magnolia
trees, and widely used in a traditional Asian medicinal system.(16)
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Sirt3 is localized to the inner mitochondrial membrane and it is
implicated in metabolic regulation of pathological processes,
such as inflammation, metabolism and cell cycle regulation.(17)

HNK has previously been presented in mitochondria, enhanced
Sirt3 expression and bind to Sirt3 to further increase its
activity.(17) Moreover, 3-TYP, a Sirt3 -selective inhibitor, has been
previously reported to inhibit Sirt3 activity as well as decrease
expression.(18) Therefore, HNK and 3-TYP have been widely
used to alter Sirt3 function both in vivo and vitro. In present
study, HNK and 3-TYP significantly altered Sirt3 expression or
its activity in DSS induced colitis mice, implying that Sirt3 func‐
tion was effectively changed by using specific medicine. Further
study shows HNK exhibited well alleviation of colitis in the
mice, evidenced by reduced DAI scores, improved pathological
abnormalities in colons. In contrast, 3-TYP showed the opposite
results. Several recently published studies showed regulation of
Sirt3 is an vital mechanism of protective pharmacological effects.
Melatonin attenuates sepsis-induced small-intestine injury by up-
regulating Sirt3-mediated oxidative-stress inhibition, mitochon‐
drial protection, and autophagy induction,(18) and moreover,
dihydromyricetin protects intestinal barrier integrity through
regulating Sirt3.(19) Our results indicate that Sirt3 plays an nega‐

tive role in the development of colitis, and maybe an promising
pharmacological target to facilitate specific medicine develop‐
ment.

In IBD, oxidative stress not only occurs in the inflamed
intestinal mucosa but also extends into the deeper layers of the
intestinal wall and is mirrored within the systemic circulation.(7)

When IBD happens, the generation of oxygen free radicals
including MDA increases, and the levels of GSH and SOD
decrease, leading to oxidative stress injury on the intestinal
mucosa.(20) In IBD patients, a significant decrease of SOD
activity and GSH level was seen.(21) Sirt3 has been demonstrated
to regulate oxidative stress by modulating key antioxidants.
Mechanistically, Sirt3 directly deacetylates the MnSOD 122-
lysine residue in the mitochondria, enhancing its ability to
neutralize ROS. Moreover, Sirt3 enhances transcription of
MnSOD and other oxidative stress responsive genes.(22) In
present study, HNK treatment significantly increased levels of
SOD and GSH, and deceased MDA in the colonic tissues. In
contrast, i.p. administration of 3-TYP to the DSS mice further
aggravated oxidative stress, and decreased levels of SOD and
GSH. Our data imply Sirt3 inhibits oxidative stress in the IBD.

Intestinal immune imbalance and inflammatory response is
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another critical characteristic of IBD. Macrophages play an indis‐
pensable role in colitis.(6) Macrophages act as a “power forward”
in the inflammatory response. In the IBD, macrophages clear the
pathogen by enhancing phagocytosis, secreting various pro-
inflammatory cytokines to remove pathogens and control the
disease process.(6) Pro-inflammatory cytokines, such as TNF-α
and IL-6, are the main factors involved in the regulation of
immune response in IBD. TNF-α promotes T cell proliferation
and differentiation, causing accelerated intestinal inflammation
and damaged intestinal barrier.(23) IL-6 is a pro-inflammatory
cytokine, and has been shown to play an essential role in the
intestinal epithelial barrier. IL-6 modulates intestinal epithelial
tight junction via activation of claudin-2 gene.(24,25) Similarly, as
one of the most important pro-inflammatory cytokines involved
in the pathogenesis of IBD, high plasma level of IL-1β correlates
well with severity of intestinal inflammation and disease
activity.(26) Pharmacological inhibition of these cytokines amelio‐
rates intestinal inflammation in the IBD.(27) Sirt3 exerts anti-
inflammatory effect via acting multi-target in response to tissue
stress or disease development. Previously, Sirt3 inhibits NF-κB
activity in mammary epithelial cells,(28) and Sirt3 also inhibits
NLRP3 to exert anti-inflammatory function.(29) In present study,
HNK inhibited macrophage infiltration, reduced TNF-α, IL-1β,
and IL-6 levels, and prevented NF-κB activation in DSS induced
colitis mice. Interestingly, 3-TYP remarkably deteriorated
inflammatory responses via further enhancing macrophage infil‐

tration, NF-κB activation and facilitating these pro-inflammatory
cytokines secretion. LPS is an endotoxin derived from gram
negative bacteria, and increase the levels of pro-inflammatory
cytokines by stimulating Toll-like receptors such as TLR4.(30)

In vitro study, we used LPS to stimulate Macrophage cell line
RAW264.7, and altered Sirt3 activity or expression by HNK, 3-
TYP or Sirt3 siRNA. Our results showed that 3-TYP or Sirt3
siRNA significantly promoted TNF-α, IL-1β, and IL-6 secretion
in the RAW264.7 stimulated by LPS, while HNK caused the
opposite outcome.

Intestinal barrier integrity is a prerequisite for homeostasis of
mucosal function, and loss of epithelial integrity was considered
to be one pathogenic factor for IBD.(13) In vivo study, we found
inhibition of Sirt3 activity caused increased intestinal perme‐
ability. Further study showed that silencing Sirt3 could enhance
TNF-α induced down-regulation of TER and flux of FD4. There‐
fore, it is suggested that protective of Sirt3 in the developed IBD
was independent on its regulatory effects on oxidative stress and
inflammation. To the best of our knowledge, this is the first
report describing the regulatory effects of Sirt3 in IBD.

In conclusion, the present study demonstrated that Sirt3 exert
an protective action in the development of colitis. The underlying
mechanism is linked with reducing inflammation, inhibiting
oxidative stress, and strengthening intestinal barrier integrity.
Sirt3 is an promising therapeutic target in clinical application for
IBD therapy.

NC

NC
+TN

F-
α

Sir
t3

siR
NA

Sir
t3

 si
RN

A+
TN

F-
α

NC

NC
+TN

F-
α

Sir
t3

siR
NA

Sir
t3

 si
RN

A+
TN

F-
α

0

50

100

150

Pe
rc

en
ta

ge
 o

f
in

tia
l T

ER

## **

0

100

200

300

FD
4 

flo
ur

es
ce

nc
e

(n
g/

h/
cm

2 )

##
**A B

NC

NC
+T

NF
-α

Si
rt3

 s
iR

NA
Si

rt3
 s

iR
NA

+T
NF

-α

NC

NC+TN
F-α

Sir
t3 

siR
NA

Sir
t3 

siR
NA+

TN
F-α

Sirt3

β-actin

0

50

100

150

S
ir
t3

 e
xp

re
ss

io
n/

N
C

(%
)

##

##

C

Fig. 7. Sirt3 inhibited TNF-α induced disruption of barrier function in vitro. (A) Caco-2 cell monolayers received stimulation by 50 ng/ml TNF-α for
48 h, and then, TER value was measured. (B) Flux of FITC-dextran from Caco-2 were measured. (C) Sirt3 expression was successfully knockdown by
siRNA transfection. Data are presented as mean ± SD; n = 5 per group. ##p<0.01 vs NC; **p<0.01 vs NC + TNF-α.

Z. Qin et al. J. Clin. Biochem. Nutr. | May 2024 | vol. 74 | no. 3 | 243
©2024 JCBN



Author Contributions

Study concept and design: MZ and C-YL; acquisition of data:
ZQ, QC, and AD; analysis and interpretation of data: ZQ;
drafting of the manuscript: ZQ.

Acknowledgments

This work was financially supported by the Natural Science

Foundation of Anhui Medical University (Grant numbers
2019xkj185) and supported by the Pediatric Medical Study Plan
of Health Commission of Anhui Province (Grant numbers
2017ek007).

Conflict of Interest

No potential conflicts of interest were disclosed.

References

 1 Ahluwalia B, Moraes L, Magnusson MK, Öhman L. Immunopathogenesis of
inflammatory bowel disease and mechanisms of biological therapies. Scand J
Gastroenterol 2018; 53: 379–389.

 2 Windsor JW, Kaplan GG. Evolving epidemiology of IBD. Curr Gastroenterol
Rep 2019; 21: 40.

 3 Park J, Cheon JH. Incidence and prevalence of inflammatory bowel disease
across Asia. Yonsei Med J 2021; 62: 99–108.

 4 Silva I, Estarreja J, Pinto R, Mateus V. Efficacy and safety of erythropoietin
in a chronic model of Inflammatory Bowel Disease. Biomed Pharmacother
2022; 156: 113944.

 5 Kvedaraite E. Neutrophil-T cell crosstalk in inflammatory bowel disease.
Immunology 2021; 164: 657–664.

 6 Pan X, Zhu Q, Pan LL, Sun J. Macrophage immunometabolism in inflamma‐
tory bowel diseases: from pathogenesis to therapy. Pharmacol Ther 2022;
238: 108176.

 7 Bourgonje AR, Feelisch M, Faber KN, Pasch A, Dijkstra G, van Goor H.
Oxidative stress and redox-modulating therapeutics in inflammatory bowel
disease. Trends Mol Med 2020; 26: 1034–1046.

 8 Carafa V, Rotili D, Forgione M, et al. Sirtuin functions and modulation: from
chemistry to the clinic. Clin Epigenetics 2016; 8: 61.

 9 Wu QJ, Zhang TN, Chen HH, et al. The sirtuin family in health and disease.
Signal Transduct Target Ther 2022; 7: 402.

10 Lo Sasso G, Menzies KJ, Mottis A, et al. SIRT2 deficiency modulates
macrophage polarization and susceptibility to experimental colitis. PLoS One
2014; 9: e103573.

11 Xu K, Guo Y, Ping L, et al. Protective effects of SIRT6 overexpression
against DSS-induced colitis in mice. Cells 2020; 9: 1513.

12 Wellman AS, Metukuri MR, Kazgan N, et al. Intestinal epithelial Sirtuin 1
regulates intestinal inflammation during aging in mice by altering the
intestinal microbiota. Gastroenterology 2017; 153: 772–786.

13 Huang S, Fu Y, Xu B, et al. Wogonoside alleviates colitis by improving
intestinal epithelial barrier function via the MLCK/pMLC2 pathway.
Phytomedicine 2020; 68: 153179.

14 Zhang J, Xiang H, Liu J, Chen Y, He RR, Liu B. Mitochondrial Sirtuin 3:
new emerging biological function and therapeutic target. Theranostics 2020;
10: 8315–8342.

15 Caruso R, Marafini I, Franzè E, et al. Defective expression of SIRT1
contributes to sustain inflammatory pathways in the gut. Mucosal Immunol
2014; 7: 1467–1479.

16 Fried LE, Arbiser JL. Honokiol, a multifunctional antiangiogenic and anti‐
tumor agent. Antioxid Redox Signal 2009; 11: 1139–1148.

17 Pillai VB, Samant S, Sundaresan NR, et al. Honokiol blocks and reverses
cardiac hypertrophy in mice by activating mitochondrial Sirt3. Nat Commun

2015; 6: 6656.
18 Xu S, Li L, Wu J, et al. Melatonin attenuates sepsis-induced small-intestine

injury by upregulating SIRT3-mediated oxidative-stress inhibition, mitochon‐
drial protection, and autophagy induction. Front Immunol 2021; 12: 625627.

19 Zhou J, Yue J, Yao Y, et al. Dihydromyricetin protects intestinal barrier
integrity by promoting IL-22 expression in ILC3s through the AMPK/SIRT3/
STAT3 signaling pathway. Nutrients 2023; 15: 355.

20 Dai W, Zhan X, Peng W, et al. Ficus pandurata hance inhibits ulcerative
colitis and colitis-associated secondary liver damage of mice by enhancing
antioxidation activity. Oxid Med Cell Longev 2021; 2021: 2617881.

21 Zielińska AK, Sałaga M, Siwiński P, Włodarczyk M, Dziki A, Fichna J.
Oxidative stress does not influence subjective pain sensation in inflammatory
bowel disease patients. Antioxidants (Basel) 2021; 10: 1237.

22 Ilari S, Giancotti LA, Lauro F, et al. Antioxidant modulation of sirtuin 3
during acute inflammatory pain: the ROS control. Pharmacol Res 2020; 157:
104851.

23 Katsanos KH, Papadakis KA. Inflammatory bowel disease: updates on molec‐
ular targets for biologics. Gut Liver 2017; 11: 455–463.

24 Seegert D, Rosenstiel P, Pfahler H, Pfefferkorn P, Nikolaus S, Schreiber S.
Increased expression of IL-16 in inflammatory bowel disease. Gut 2001; 48:
326–332.

25 Al-Sadi R, Ye D, Boivin M, et al. Interleukin-6 modulation of intestinal
epithelial tight junction permeability is mediated by JNK pathway activation
of claudin-2 gene. PLoS One 2014; 9: e85345.

26 Mao L, Kitani A, Strober W, Fuss IJ. The role of NLRP3 and IL-1β in the
pathogenesis of inflammatory bowel disease. Front Immunol 2018; 9: 2566.

27 Xiao YT, Yan WH, Cao Y, Yan JK, Cai W. Neutralization of IL-6 and TNF-α
ameliorates intestinal permeability in DSS-induced colitis. Cytokine 2016; 83:
189–192.

28 Liu L, Lu H, Loor JJ, et al. Sirtuin 3 inhibits nuclear factor-κB signaling acti‐
vated by a fatty acid challenge in bovine mammary epithelial cells. J Dairy
Sci 2021; 104: 12871–12880.

29 Song S, Ding Y, Dai GL, et al. Sirtuin 3 deficiency exacerbates diabetic
cardiomyopathy via necroptosis enhancement and NLRP3 activation. Acta
Pharmacol Sin 2021; 42: 230–241.

30 Rossol M, Heine H, Meusch U, et al. LPS-induced cytokine production in
human monocytes and macrophages. Crit Rev Immunol 2011; 31: 379–446.

This is an open access article distributed under the terms of the
Creative Commons Attribution-NonCommercial-NoDerivatives
License (http://creativecommons.org/licenses/by-nc-nd/4.0/).

244 doi: 10.3164/jcbn.23-42
©2024 JCBN


