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activity in colonic proteins, while Fisetin remarkably 
inhibited its activity to baseline levels. Particularly, 
qPCR revealed that the senescence and inflamma-
tion markers Vimentin and Ptgs2 were elevated by 
DSS exposure with Fisetin treatment inhibiting the 
expression of p53, Bcl2, Cxcl1, and Mcp1, indicat-
ing that the treatment reduced senescent cell burden 
in the DSS targeted intestine. Alongside, senescence 
and inflammation associated miRNAs miR-149-5p, 
miR-96-5p, miR-34a-5p, and miR-30e-5p were sig-
nificantly inhibited by DSS exposure and restored by 
Fisetin treatment, revealing novel targets for the treat-
ment of IBDs. Metagenomics was implemented to 
assess impacts on the microbiota, with DSS increas-
ing the prevalence of bacteria in the phyla Bacteroi-
detes. Meanwhile, Fisetin restored gut health through 
increased abundance of Akkermansia muciniphila, 
which is negatively correlated with senescence and 
inflammation. Our study suggests that Fisetin miti-
gates DSS-induced colitis by targeting senescence 
and inflammation and restoring beneficial bacteria in 
the gut indicating its potential as a therapeutic inter-
vention for IBDs.

Keywords Fisetin · Dextran sodium sulfate (DSS) · 
Senescence · Microbiota · Inflammatory bowel 
disease (IBD) · miRNAs

Abstract Colitis, a subtype of inflammatory bowel 
disease (IBD), is a multifactorial disorder character-
ized by chronic inflammation of the colon. Among 
various experimental models used in the study of 
IBD, the chemical colitogenic dextran sulfate sodium 
(DSS) is most commonly employed to induce coli-
tis in  vivo. In the search for new therapeutic strate-
gies, Fisetin, a flavonoid found in many fruits and 
vegetables, has recently garnered attention for its 
senolytic properties. Female mice were administered 
2.5% DSS in sterile drinking water and were subse-
quently treated with Fisetin or vehicle by oral gav-
age. DSS significantly upregulated beta-galactosidase 
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Introduction

Inflammatory bowel diseases (IBDs) are a group of 
idiopathic disorders consisting of two clinical sub-
types: Crohn’s disease and ulcerative colitis [1, 2]. 
IBDs are suspected to arise due to hyperactive, aber-
rant innate immune responses that are propagated 
along the intestinal epithelium, resulting in sustained 
inflammation, dysbiosis of the microbial flora, and 
severe tissue damage [1, 3]. More alarmingly, they 
are a gateway to more severe health complications 
ranging from colon cancer to extra-intestinal illnesses 
including psoriasis, metabolic syndrome, rheuma-
toid arthritis, and Alzheimer’s disease and dementia 
[4–9]. As such, safeguarding gut health by finding 
an effective treatment for IBDs is crucial to overall 
well-being.

Ongoing research efforts seek to better understand 
the underlying etiology of IBDs to uncover novel 
therapeutic strategies. Namely, one emerging area of 
interest is investigating the role of cellular senescence 
in different diseases associated with increased inflam-
mation [10, 11]. Research shows that chronic inflam-
mation is associated with the accumulation of non-
proliferative, anti-apoptotic senescent cells [11, 12]. 
These senescent cells are distinguished by the senes-
cent-associated secretory phenotype (SASP) which 
causes them to produce and secrete pro-inflammatory 
signals that then disrupt the function of neighboring 
cells, driving the onset of age-related diseases [13]. In 
particular, preliminary data reveals that senescent cell 
populations have been found in the stem and transient 
amplifying intestinal compartments of patients with 
Crohn’s disease [14]. To combat this, our study aims 
to explore the therapeutic efficacy of Fisetin, a natu-
rally occurring flavonoid that is abundant in fruits 
and vegetables and has recently gained considerable 
scientific interest [15]. Particularly, Fisetin has been 
regarded as an anti-aging intervention for its ability to 
act as a potent senolytic agent, targeting and remov-
ing populations of senescent cells and thereby extend-
ing both the lifespan and healthspan in mice [16, 
17]. Hence,  this raises compelling questions about 
the potential of Fisetin as a novel treatment option for 
Crohn’s disease and/or ulcerative colitis.

In our study, we employed  the  dextran sulfate 
sodium (DSS)–induced colitis model, which is most 
prevalent in vivo and is widely recognized for its sim-
plicity and many shared features with human  IBD [2, 

18]. DSS is known to induce colitis by disrupting the 
gut epithelium thereby initiating an inflammatory cas-
cade in response to persistent DNA damage and subse-
quently increasing the permeability of bacterial patho-
gens [19]. However, the detailed molecular mechanism 
of DSS-induced colitis remains unclear. In the present 
study, we aimed to explore the effects of DSS-induced 
colitis on cellular senescence and the impact of the 
senolytic agent Fisetin as a potential therapeutic agent 
for IBDs. Specifically, we assessed whether DSS influ-
ences the expression of critical mRNAs that are impli-
cated in  cellular senescence, the SASP, and inflam-
matory processes integral to colitis. Alongside, we 
investigated the effects of DSS and Fisetin on noncod-
ing RNAs (miRNAs) that act as post-transcriptional 
switches to regulate these mRNAs  to  elucidate novel 
biomarkers and  targets for advanced molecular thera-
peutic intervention. Lastly, we  scrutinized the effects 
of DSS  and  Fisetin  on the gut microbiota, aiming to 
discern whether  Fisetin  can ameliorate DSS-induced 
dysbiosis and restore the microflora through reducing 
DSS-induced intestinal cellular senescence.

By exploring formative molecular changes caused 
by DSS and how these are potentially  mitigated 
by Fisetin, this research seeks to delineate the thera-
peutic promise of Fisetin  for colitis. The findings of 
the study  could revolutionize our understanding of 
senescence in IBD and could pave the way for novel, 
noninvasive therapeutic strategies for colitis.  Thus, 
the relevance of this research lies not only in its 
potential to advance our understanding of the patho-
genesis of DSS-induced colitis but also in  identify-
ing efficacious treatment modalities, thereby contrib-
uting to improved prognosis for colitis patients along 
with improved quality of life through prevention of 
extra-intestinal systemic age-related diseases. Finally, 
these findings can lead researchers towards initiating 
new clinical trials with senolytic treatments in popu-
lations affected by IBDs, especially given that these 
treatment approaches are already being tested in clini-
cal settings [17, 20].

Methods

Experimental animals

All procedures in this study were approved by the 
University of Central Florida’s Institutional Animal 
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Care and Use Committee. Mice used in the study 
were wild-type control animals from our Ames dwarf 
colony. Mice (n = 8–11; 8–12  months old; females) 
were housed in a pathogen-free, temperature and 
light-controlled environment with unlimited access to 
food (Rodent Laboratory Chow 5001) and water. Of 
note, water valve lixits were removed for the course 
of the experiment to ensure animals were drink-
ing dextran sodium sulfate (DSS)–infused water for 
induction of colitis.

Experimental design

Animals were randomly divided into control, DSS, 
and DSS + Fisetin experimental groups. To induce 
colitis, adult mice were administered 2.5% (w/v) of 
40 kDa DSS (TdBLabs Consultancy, Uppsala, Swe-
den) in sterile drinking water for 7  days. Animal 
weights were recorded weekly for the duration of the 
experiment and fecal samples were aseptically col-
lected for subsequent microbiota analysis. Alongside, 
animals were closely monitored for physical features 
of disease including rectal bleeding, stool consist-
ency, and fecal blood. After 7  days, DSS-treated 
water was removed from the cages and animals were 
given a 1-week recovery period. Thereafter, seno-
lytic intervention was introduced in the DSS + Fisetin 
group with gavage needle used to achieve precise dos-
ing of 100  mg/kg of Fisetin (INDOFINE Chemical 
Group, Hillsborough, New Jersey, USA) in 100–150 
μL diluent daily for a total of 3  days. Dosing was 
determined based on previously conducted in  vivo 
studies [16]. Control animals received an equal vol-
ume of the vehicle diluent consisting of 60% Phosal 
50 PG (Lipoid LLC, Newark, New Jersey, USA), 30% 
polyethylene glycol 400 (Sigma-Aldrich, Darmstadt, 
Germany), and 10% ethanol (Sigma-Aldrich, Darmd-
stat, Germany). These procedures were repeated for 
two cycles in total. Following the second cycle, Fise-
tin was administered for a third time prior to tissue 
collection. Human dose equivalent is 8  mg/kg, with 
clinical trials employing 20 mg/kg Fisetin orally over 
two to three consecutive days every month and micro-
crystalline cellulose administered as placebo [21, 22]. 
Mice were anesthetized under 2.5% isoflurane to col-
lect blood via cardiac puncture and were subsequently 
euthanized by cervical dislocation. Colons were col-
lected and snap-frozen in liquid nitrogen and placed 
at – 80  °C for subsequent storage. In addition, fecal 

pellets were collected from each part of the intestine 
(duodenum, jejunum, ileum, cecum, and colon).

RNA extraction and cDNA synthesis

Total RNA was extracted using TRIzol reagent (Inv-
itrogen, Carlsbad, California, USA) according to the 
manufacturer’s protocol. Samples were further puri-
fied using lithium chloride to remove traces of DSS 
which can inhibit qPCR [23]. cDNA was then gen-
erated for miRNA from 10  ng of total RNA using 
the TaqMan Advanced miRNA cDNA synthesis kit 
(Applied Biosystems, Carlsbad, California, USA). 
cDNA templates were diluted 1:10 for downstream 
assessment by qPCR. Alongside, cDNA was also syn-
thesized for mRNA from 1 µg of total RNA using the 
iScript cDNA synthesis kit (Bio-Rad Laboratories, 
Hercules, California, USA) and diluted 1:5 for down-
stream assessment by qPCR.

Analysis of biomolecular markers of senescence and 
inflammation

qPCR was conducted for miRNAs and mRNAs of 
interest on a QuantStudio 7 thermocycler (Ther-
moFisher) for 40 cycles. For miRNA targets, reac-
tions were prepared using 5 µL of Taqman Fast 
Advanced Master Mix (Applied Biosystems, Vil-
nius, Lithuania), 0.5 µL Taqman Advanced miRNA 
assay (Applied Biosystems, Pleasanton, California, 
USA), 2 µL of nuclease-free water, and 2.5 µL of 
cDNA template for a total volume of 10 µL. miR-
16-5p was used as a housekeeping control. For 
mRNA targets, reactions were prepared using 5 µL 
of FAST SYBR Green Master Mix (Applied Biosys-
tems, Vilnius, Lithuania), 12.6 µL of nuclease-free 
water, 0.2 µL of 10 µM reverse and forward primers, 
and 2 µL of cDNA template for a total volume of 20 
µL. Beta-2-microglobulin (β2M) was used as house-
keeping control. Primer sequences were as follows: 
β2M (Fwd 5′–AAG TAT ACT CAC GCC ACC CA–3′ 
and Rev 5′–CAG GCG TAT GTA TCA GTC TC–3′), 
p16Ink4a  (Fwd 5′-CCC AAC GCC CCG AACT-3′ 
and Rev 5′-GCA GAA GAG CTG CTA CGT GAA-
3′),  p21Cip1  (Fwd 5′-GTC AGG CTG GTC TGC CTC 
CG-3′ and Rev 5′-CGG TCC CGT GGA CAG TGA 
GCAG-3′),  p38 (Fwd 5′-TGG AAG AGC CTG ACC 
TAT GA-3′ and Rev 5′-GAC ACA CAC ACA CAC 
ACA AAC-3′), p53 (Fwd 5′-TCA CAG TCG GAT ATC 
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AGC CT-3′ and Rev 5′-ACA CTC GGA GGG CTT 
CAC TT-3′), Il1β  (Fwd 5′-TCC TGT GTG ATG AAA 
GAC GGCAC-3′ and Rev 5′-GTG CTG ATG TAC 
CAG TTG GGG AAC -3′), Mcp1  (Fwd 5′-GCA TCC 
ACG TGT TGG CTC A-3′ and Rev 5′-CTC CAG CCT 
ACT CAT TGG GATCA-3′),  Cxcl1  (Fwd 5′-ACC 
CGC TCG CTT CTC TGT -3′ and Rev 5′-AAG GGA 
GCT TCA GGG TCA AG-3′), Lmnb1 (Fwd 5′-GGG 
AAG TTT ATT CGC TTG AAGA and Rev 5′-ATC 
TCC CAG CCT CCC ATT ), Ptgs2 (Fwd 5′-TGG TGC 
CTG GTC TGA TGA TG–3′ and Rev 5′–GCA ATG 
CGG TTC TGA TAC TG–3′), Nfkb (Fwd 5′-GAC CAC 
TGC TCA GGT CCA CT-3′ and Rev 5′-TGT CAC TAT 
CCC GGA GTT CA-3′), Stat3 (Fwd 5′-AGA AAG 
TGT CCT ACA AGG GCGAC-3′ and Rev 5′-CAC 
GAA GGC ACT CTT CAT TAA GTT T-3′), Bcl2 (Fwd 
5′-TGG GAT GCC TTT GTG GAA CT-3′ and Rev 
5′-GAG ACA GCC AGG AGA AAT CA-3′), and Ccnd1 
(Fwd 5′-GCA GAA GGA GAT TGT GCC ATCC-3′ 
and Rev 5′-AGG AAG CGG TCC AGG TAG TTCA-
3′). Relative expression of each target miRNA and 
mRNA was measured using the  2−ΔΔCT method.

Protein extraction and beta-galactosidase protein 
assay

Protein extraction was completed using the TRIzol 
method according to the manufacturer’s directions 
(Invitrogen Corporation). Specifically, the interphase 
and organic phase were separated from the aqueous 
phase to conduct protein extraction. Protein pellets 
were solubilized at 50 °C, then suspended in a solu-
tion of 1:1 1% SDS and 8  M urea, and sonicated. 
Thereafter, samples were centrifuged at 10,000 rcf 
for 10 min at 4 °C and the jelly-like pellet was redis-
solved in the solution with insoluble fragments sepa-
rated and supernatant collected in a new tube and 
stored at – 80  °C [24]. Protein concentrations were 
quantified using the bicinchoninic acid (BCA) assay 
(Thermo Scientific, Rockford, Illinois, USA). There-
after, the Mammalian β-Galactosidase Assay Kit 
(Thermo Scientific, Waltham, Massachusetts, USA) 
was used to assess senescence in the protein samples. 
Fifty microliters of protein homogenates was mixed 
with 50 µL of beta-galactosidase reagent and incu-
bated for 30 min at 37 °C in a dry incubator. Absorb-
ance was then recorded in a spectrophotometer at a 
wavelength of 405 nm.

Bioinformatics and statistical analysis of 
biomolecular data

Considering our relative small data sets with some 
outliers, we decided to perform nonparametric 
multiple pairwise Dunn’s test to compare the fold 
change of each targeted mRNA and miRNA, as 
well as beta-galactosidase protein activity, among 
different treatments. In the analysis, we selected 
Bonferroni adjustment to control for overall type I 
error < 0.05. The fold changes of mRNAs and miR-
NAs were calculated and normalized using the 
 2−∆∆Ct method, in which − ∆∆Ct was calculated 
as − ∆∆Ct = average (∆Ctcontrol) − ∆Ctsample and 
∆Ct =  Cttarget mRNA/miRNA − Ct housekeeping mRNA/miRNA. 
To evaluate the effects of DSS and Fisetin on body 
weight loss over time (by week), we applied a linear 
mixed effect model in which the effects of time and 
treatment were set as a fixed effect while individual 
identity (baseline intercept) was set as a random 
effect. All the above analyses were conducted using 
Stata/MP 15.1.

Metagenomic DNA extraction

Total DNA from the mouse feces were extracted 
using QIAamp PowerFecal Pro DNA Kit (Qiagen, 
USA) according to manufacturer’s instructions. The 
yield and quality of the community DNA samples 
were checked on 0.8% agarose gel, and DNA con-
centration was measured using a NanoDrop ND-1000 
spectrophotometer (NanoDrop Technologies, Wilm-
ington, USA). All the extracted DNA samples were 
stored at – 20 °C until further processing.

Preparation of 16S rRNA gene amplicon libraries and 
sequencing

The microbiome communities were analyzed using 
16S rRNA gene amplicon sequencing. PCR amplifi-
cation was performed using the primer set 515F (5′ 
CCT ACG GGNGGC WGC AG 3′) and 806R (5′ GAC 
TAC HVGGG TAT CTA ATC C 3′) that selectively 
amplified the V4 region of the 16S rRNA gene. 
Amplified and uniquely barcoded amplicons were 
purified using AMPure® magnetic purification beads 
(Agencourt, Beckman Coulter, CA, USA) and quan-
tified in a Qubit-3 fluorimeter (Invitrogen, Carlsbad, 
CA, USA). Template and library preparation was 
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carried out according to the manufacturer’s protocol 
(Illumina, USA). The sequencing of multiplexed 16S 
rDNA amplicon libraries was performed on the Illu-
mina Miseq platform.

Bioinformatics and statistical analysis of microbiome 
data

The sample-specific demultiplexed data was used for 
the taxonomic classification of the reads using QIIME 
2 (Bolyen E, 2019). Denoising and preprocessing of 
the sequence reads were carried out using the QIIME 
2 pipeline. Taxonomy assignment to the Amplicon 
Sequence Variants (ASVs) was done using the SILVA 
database release 132 (Quast et al. 2013). Alpha diver-
sity analysis was done using microbiome analysts 
(Chong et al. 2020). Further preprocessing and filter-
ing of the data included exclusion of ASVs belonging 
to chloroplast, mitochondria, and unclassified ASVs 
at phylum level were filtered out. The representation 
of bacterial major taxa and statistical analysis of taxa 
across the groups was estimated and plotted using 
GraphPad Prism (Prism 9.5.0). Principal component 
analysis (PCA)–based beta-diversity was performed 
using ggplot2 package. The shared and unique spe-
cies across the groups were done using a web-based 
tool InteractiVenn (Heberle et al., 2015).

Results

5% DSS exposure reduces body weight and induces 
rectal bleeding in mice

To monitor physical changes after exposure to DSS-
supplemented water, body weights were recorded 
and fecal samples were collected weekly (Fig.  1A). 
DSS  prompted  a reduction in body weight, with 
exposed animals exhibiting rectal bleeding (p = 0.148) 
(Fig. 1B, Table 1).

Molecular responses to DSS and fisetin in mice with 
colitis

The β-galactosidase  senescent  protein assay 
showed significantly higher expression of 
β-galactosidase in the DSS group compared to the 
control (p < 0.014) and a significant decrease  in 

the DSS + Fisetin group relative  to the DSS-exposed 
animals (p < 0.023) (Fig. 1C). 

Using qPCR, we then measured the expression 
of p16Ink4a, p38, p53,  and p21Cip1  (cell cycle regula-
tors);  Lmnb1, Vimentin, Bcl2, and Ccnd1  (markers 
of senescence and apoptosis); and Nfkb, Cxcl, Ptgs2, 
Mcp1, Stat3, and Il1β  (markers of the senescent-
associated secretory  phenotype [SASP]) to inves-
tigate senescent cell burden and inflammation in  a 
mouse-model of DSS-induced colitis (Figs. 2, 3, and 
4). Heatmap was generated to demonstrate changes 
in these mRNAs for each sample across all groups 
(Fig. 6A).

Our qPCR analyses  of cell cycle checkpoint reg-
ulators  revealed a trend towards upregulation of 
p16Ink4a in the DSS group compared to the control 
(p = 0.180), while DSS + Fisetin normalized p16Ink4a 
back to basal levels (p = 0.067) (Fig. 2A). p38 mRNA 
levels were downregulated in the DSS- (p = 0.054) 
treated colons compared to the control (Fig. 2B). Fur-
ther, p53 mRNA levels were significantly downregu-
lated in the DSS + Fisetin (p = 0.024) group compared 
to the control, with a downward trend also noted 
against the DSS-exposed animals (p = 0.07) (Fig. 2C). 
Additionally, Fisetin appeared to upregulate p21Cip1 
when compared with DSS group alone (p = 0.121) 
(Fig. 2D).

Surprisingly, Lmnb1  mRNA levels were not 
influenced by DSS exposure or by Fisetin treat-
ment (Fig.  3A). Additionally, Vimentin was sig-
nificantly upregulated in the DSS-exposed animals 
(p = 0.016), but was not restored to basal levels 
by Fisetin treatment. Bcl2  mRNA levels were sig-
nificantly downregulated in the DSS + Fisetin 
(p = 0.039) group  relative  to control (Fig.  3B). Con-
currently,  Ccnd1  mRNA levels demonstrated an 
upward trend in the DSS + Fisetin group compared to 
the control group (p = 0.083).

Lastly, qPCR analyses revealed modulation of mark-
ers associated with inflammation and the SASP in the 
colons of animals exposed to DSS and treated with Fise-
tin. Notably,  Nfkb  was significantly downregulated in 
the DSS-exposed animals (p = 0.011) compared to the 
control animals with an upward trend noted against mice 
administered Fisetin treatment (p = 0.115) (Fig.  4A). 
Cxcl1, another inflammatory mediator, showed an 
upward trend in the DSS group (p = 0.154) relative to the 
control animals and was  subsequently downregulated 
by  Fisetin  treatment (p = 0.056) (Fig.  4B). Ptgs2  was 
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significantly upregulated in the DSS group relative to 
the control animals (p < 0.002) and subsequently down-
regulated in the  DSS + Fisetin  group against the 

DSS-exposed animals although not reaching statisti-
cal significance (p = 0.084) (Fig.  4C).  Furthermore, 
Mcp1 was not significantly altered in the DSS group but 
showed an increasing trend  relative  to the control ani-
mals (p = 0.167) and was significantly downregulated in 
the DSS + Fisetin group relative to the DSS-exposed ani-
mals (p = 0.004) (Fig. 4D). Stat3 appeared to be down-
regulated in the DSS + Fisetin  (p = 0.078)  group  rela-
tive to the control animals (Fig. 4E). Il1β did not reveal 
any statistically significant trends, but appeared to be 
downregulated in the DSS-treated animals against the 
control group (p = 0.283) (Fig. 4F).

Assessment of senescence and inflammation 
associated miRNAs in the colons of DSS-exposed 
and fisetin-treated mice

We selected a panel of 15 miRNAs to further 
investigate the biomolecular changes in response 
to DSS exposure and Fisetin treatment. Our 

Fig. 1  DSS decreases body weight and significantly increases 
the expression of senescent marker β-galactosidase in colonic 
proteins of female wild-type mice. A Timeline of the study, 
conducted over 60 days, with body weight (BW) recorded and 
fecal collection (FC) performed weekly for the duration of the 
study. B Changes in average body weight recorded weekly 

for the duration of the experiment (mean ± SEM). C Boxplot 
showing the comparison of β-galactosidase among different 
treatments. Nonparametric multiple pairwise Dunn’s test was 
performed to evaluate the effects of the different treatments on 
the expression of β-galactosidase with Bonferroni adjustment 
applied to control for type I error

Table 1  Summary of linear mixed effect model analysis eval-
uating the fixed effects of week and treatment on the average 
body weight loss with individual identity (baseline intercept) 
set as random effect

Effect Coefficient SE Z p-value

Fixed effect
Week  − 0.39 0.06  − 6.91  < 0.001
Treatment
Control Reference (0)
DSS 2.03 1.43 1.42 0.156
DSS + Fisetin  − 0.06 1.46  − 0.04 0.965
Intercept 35.99 1.12 32.01  < 0.001
Random effect
Individual identify
SD (intercept) 2.98 0.42  < 0.001
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findings elucidate that DSS significantly inhib-
its the expression of miR-149-5p  (p = 0.002), 
miR-96-5p  (p = 0.002), miR-34a-5p  (p = 0.000), 
and miR-30e-5p  (p = 0.008) in the colons of mice 
with DSS-induced colitis and that Fisetin  treat-
ment  was  able to  significantly restore the expres-
sion of miR-149-5p (p = 0.03) and miR-34a-5p 
(p = 0.027) (Fig. 5A–D). Both miR-96-5p and miR-
30e-5p demonstrated an upward trend in the Fisetin-
treated animals relative to the DSS-exposed animals 
(p = 0.095 and p = 0.161, respectively) (Fig.  5C, 
D). These miRNAs have been shown to have impli-
cations in cellular senescence and inflammation. 
Alongside, we also observed that miR-1249-5p was 
significantly upregulated in the DSS-treated animals 
(p = 0.047) and significantly downregulated in the 

Fisetin-treated animals relative to the DSS-exposed 
animals (p = 0.003) (Fig.  5E). Lastly, an upward 
trend was noted for miR-126-5p in the DSS-exposed 
animals relative to the control animals (p = 0.219), 
with a downward trend also noted for the Fisetin-
treated animals relative to the DSS-exposed ani-
mals (p = 0.090) (Fig. 5F). Heatmap was generated 
to demonstrate changes in these miRNAs for each 
sample across all groups (Fig. 6B).

Senolytic treatment with fisetin modulates 
the intestinal microbiota in normal mice with 
DSS-induced colitis

Analysis of Shannon and Simpson alpha diversities 
did not show a remarkable difference between the 

Fig. 2  Boxplot of fold changes of cell cycle checkpoint 
mRNAs (n = 8–11 per group). A p16 gene expression, B p38 
gene expression, C p53 gene expression, and D p21 gene 
expression in female wild-type mice treated with DSS and 
DSS + Fisetin. The  2−ΔΔCt method was used to calculate and 
normalize the gene expression, in which − ∆∆Ct was cal-

culated as − ∆∆Ct = average (∆Ct control) − ∆Ct sample, and 
∆Ct = Ct target gene − Ct housekeeping gene. The housekeeping gene 
was β2M. Nonparametric multiple pairwise Dunn’s test was 
performed to evaluate the differential gene expression among 
different treatments with Bonferroni adjustment applied to con-
trol for type I error
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control, DSS, and DSS + Fisetin groups (Fig.  7A, 
B). However, there was a trend seen with decreased 
microbial diversity in the DSS-treated colon fecal 
samples relative to the control and DSS + Fisetin-
treated animals (Fig.  7A, B). Particularly, analysis 
of bacterial genera revealed 21 distinct genera in the 
control group, 11 distinct genera in the DSS-treated 
group, and 1 distinct genus in the DSS + Fisetin-
treated group (Fig. 7D). Fisetin-treated animals were 
uniquely characterized by high levels of Akkerman-
sia muciniphila. Relative abundance plots reveal 
that both DSS and Fisetin altered the gut phyla 
(Fig.  7E–G). Importantly, DSS increased the pro-
duction of Bacteroidetes while Fisetin appeared to 
stimulate the population of Firmicutes in the colon 
(Fig. 7E). Interestingly, DSS appeared to increase the 

production of Clostridiaceae, Erysipelotrichaceae, 
and Turicibacter while decreasing the abundance of 
Lachnospiraceae (Fig.  7F, G). In particular, Fisetin 
appeared to significantly increase the prevalence of 
Verrucomicrobia, Tenericutes, Proteobacteria, Des-
ulfovibrionaceae, Deferribacteraceae, Ruminococcus, 
and Mucispirillum relative to the DSS-treated animals 
(Fig.  8). A summary figure of the proposed mecha-
nism by which fisetin mediates DSS-induced colitis is 
illustrated in Fig. 9.

Discussion

Our study elucidates the multifaceted impact of Fise-
tin  on a mouse model of DSS-induced colitis, with 

Fig. 3  Boxplot of fold changes of senescence and apopto-
sis mRNAs (n = 8–11 per group). A Lmnb1 gene expression, 
B Vimentin gene expression, C Bcl2 gene expression, and C 
Ccnd1 gene expression in female wild-type mice treated with 
DSS and DSS + Fisetin. The  2−ΔΔCt method was used to cal-
culate and normalize the gene expression, in which − ∆∆Ct 

was calculated as − ∆∆Ct = average (∆Ctcontrol) − ∆Ctsample and 
∆Ct =  Cttarget gene −  Cthousekeeping gene. The housekeeping gene 
was β2M. Nonparametric multiple pairwise Dunn’s test was 
performed to evaluate the differential gene expression among 
different treatments with Bonferroni adjustment applied to con-
trol for type I error
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a particular focus on molecular markers associated 
with cellular senescence and the SASP. In this study, 
we  observed  that  exposure to  DSS resulted in body 
weight reduction and rectal bleeding in mice, which 
are key features of IBD. Importantly, our study high-
lights that DSS exposure induces cellular senescence 
in the gut, which aligns with earlier findings demon-
strating elevated expression of senescent markers in 
Crohn’s patients [14].

In particular, the major marker of senescence, 
β-galactosidase, indicated that DSS strongly acti-
vates cellular senescence in intestinal tissue, while 
treatment with Fisetin was effective in reducing 
senescence burden after chemical insult normal-
izing it to the levels observed in vehicle-treated 
animals. Coupled with these findings, the upward 
trend of  p16Ink4a  in the DSS-treated animals is piv-
otal to our understanding of the molecular mecha-
nisms underlying colitis and may point to increased 
cellular senescence, revealing that DSS pushes 
colonic cells towards a senescent state. Similarly, 
the downward trend of  p16Ink4a  in the  DSS + Fise-
tin  group suggests that  Fisetin  inhibits  cellular 

senescence caused by DSS exposure [25, 26]. Addi-
tionally, other mRNAs involved with regulating 
senescence, inflammation, and the SASP including 
molecular markers  p21Cip1, p38, and p53  displayed 
differential  expression patterns  in response to DSS 
and  DSS + Fisetin  treatments,  providing  insight 
into the  underlying  mechanisms of cellular senes-
cence and inflammation.  Particularly,  p38  was 
downregulated in the DSS group  indicating  weak-
ened stress response or  anti-inflammatory activ-
ity  due  to overstimulation of immune signaling by 
DSS [25].  In addition, p53  was significantly down-
regulated  in the  Fisetin-treated animals against the 
control animals and demonstrated a downward trend 
against the DSS-exposed animals  showing a plausi-
ble  way  of  counteracting  cellular  senescence [25]. 
Interestingly,  p21Cip1  exhibited a downward trend in 
both the DSS and DSS + Fisetin groups compared to 
the control group, suggesting impaired cellular repair 
attributed to  inflammatory stress due to DSS expo-
sure. Alongside, treatment with Fisetin appeared to 
have a slight upward trend relative to the DSS-treated 
animals suggesting  reparative  processes  potentially 

Fig. 4  Boxplot of fold changes of SASP mRNAs (n = 8–11 
per group). A Nfkb gene expression, B Cxcl1 gene expression, 
C Ptgs2 gene expression, D Mcp1 gene expression, E Stat3 
gene expression, and F Il1β gene expression in female wild-
type mice treated with DSS and DSS + Fisetin. The  2−ΔΔCt 
method was used to calculate and normalize the gene expres-

sion, in which − ∆∆Ct was calculated as − ∆∆Ct = average 
(∆Ctcontrol) − ∆Ctsample and ∆Ct =  Cttarget gene −  Cthousekeeping gene. 
The housekeeping gene was β2M. Nonparametric multiple 
pairwise Dunn’s test was performed to evaluate the differential 
gene expression among different treatments with Bonferroni 
adjustment applied to control for type I error
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re-established  following  senolytic  treatment [25]. 
This also elucidates that Fisetin may be prevent-
ing the pro-cancer potential of DSS by encouraging 
defensive cell cycle arrest mechanisms [25], warrant-
ing further investigation with a longer treatment dura-
tion. Collectively, these findings  indicate  that  Fise-
tin is exerting a complex regulatory effect on central 
cell cycle associated mRNAs demonstrating its utility 
as a therapy for colitis.

Additional  analysis of  Lmnb1, Vimentin, 
Bcl2,  and  Ccnd1  provides  more insight into the 
molecular mechanisms of DSS and  Fisetin  in the 
context of senescence. Specifically,  Lmnb1  does not 
show any statistically significant changes in both the 
DSS and  DSS + Fisetin-treated groups which may 
indicate that DSS induces senescence and Fisetin 
mitigates senescence independent of Lmnb1. Given 
the trends observed, this finding may  also  be attrib-
uted to the duration of the study, with decrease in 
expression of Lmnb1 in DSS-exposed animals and 
increase in expression of Lmnb1  due to Fisetin pos-
sible over a longer treatment regimen. However, 
Vimentin, an intermediate filament protein, was sig-
nificantly upregulated by DSS exposure supporting 
previous findings suggesting that its production is 
linked to increased bacterial infiltration due to sup-
pression of reactive oxygen species (ROS), intestinal 
fibrosis, senescence, and impaired immune response 
[27–29]. Additionally, the anti-apoptotic Bcl2  is also 
significantly downregulated in the DSS + Fisetin 
group, which might  indicate senescence cell clear-
ance  as a byproduct of  Fisetin  treatment.  Lastly, 
the upward trend of  Ccnd1  in the  DSS + Fise-
tin group relative  to the control group adds an inter-
esting angle to this study,  especially  in  the scope of 
aging,  senescence,  and inflammation.  Ccnd1  regu-
lates cell cycle progression and its upregulation in 

the Fisetin-treated animals indicates that Fisetin may 
be counteracting cell death  as  demonstrated  by loss 
of Lmnb1  and Bcl2  in response to DSS exposure or 
that it may be acting to repair damaged cells [12]. Of 
note, loss of Ccnd1 is associated with cellular senes-
cence suggesting that  Fisetin  thwarts the  pro-senes-
cent effects of DSS while also counteracting its 
potential pro-cancer properties.  We aimed to under-
stand how these mRNAs interplay with markers of 
inflammation and SASP to  provide  a more compre-
hensive view of how  Fisetin  regulates DSS-induced 
colitis.

Next, we observed downregulation of fundamental 
inflammatory markers such as Nfkb in the DSS-treated 
animals which we postulate may be a compensatory 
response by the cells to minimize  excessive  inflam-
mation. Interestingly, our results also reveal that treat-
ment with Fisetin appeared to show an upward trend 
in the expression of Nfkb which suggests that it may 
be eliciting an immune response to counteract inflam-
mation and  thus  also suggesting impaired immune 
function as a result of DSS exposure. The time course 
of this study should be extended in the future to fur-
ther understand these findings.  Cxcl1, a chemokine 
that recruits immune cells to sites of inflamma-
tion,  and  Ptgs2,  responsible for generating prosta-
glandins,  were upregulated in the DSS  group  and 
downregulated in the  DSS + Fisetin-treated group 
[30, 31]. This may  indicate  that  Fisetin  has an anti-
inflammatory role to  diminish inflammation result-
ing from colitis by eliminating senescent cells that 
secrete the SASP. Similarly, Mcp1 was also downreg-
ulated  in the DSS + Fisetin-treated animals implying 
that it may exert anti-inflammatory effects by imped-
ing monocyte recruitment to the site of inflammation 
[13].  Interestingly,  Stat3  was downregulated in both 
the DSS and  DSS + Fisetin-treated groups  demon-
strating  that DSS impairs cell survival  and propa-
gates excessive inflammatory processes which drive 
counteracting anti-inflammatory responses to main-
tain intestinal health. This is consistent with our find-
ings regarding the expression of p38 which was also 
downregulated and is a known activator of Stat3 [32]. 
Overall, DSS appears to induce senescence thereby 
increasing SASP production in the colon with Fisetin 
successfully modulating these effects  through effec-
tive elimination of senescent cells, reducing SASP 
production and secretion, and thus reducing local 
inflammation. The complex actions of Fisetin warrant 

Fig. 5  Boxplot of fold changes of differentially expressed 
miRNAs in the colons of female wild-type mice treated with 
DSS and DSS + Fisetin (n = 8–11 per group). A miR-149-5p 
expression, B miR-34a-5p expression, C miR-96-5p expres-
sion, D miR-30e-5p, E miR-1249-5p expression, and F miR-
126-5p expression. The  2−ΔΔCt method was used to calculate 
and normalize the gene expression, in which − ∆∆Ct was 
calculated as − ∆∆Ct = average (∆Ctcontrol) − ∆Ctsample and 
∆Ct =  Cttarget gene −  Cthousekeeping gene. The housekeeping was 
miR-16. Nonparametric multiple pairwise Dunn’s test was per-
formed to evaluate the differential gene expression among dif-
ferent treatments with Bonferroni adjustment applied to control 
for type I error

◂
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further investigation in the context of senescence and 
inflammation  in IBDs with a longer treatment dura-
tion necessary to further understand these findings.

Alongside, we investigated the miRNAs that 
are involved with regulating senescence-associated 
mRNAs. miRNAs are small, endogenous molecules 
roughly 20 nucleotides in length that work by regu-
lating post-transcriptional processes by binding to 
complementary mRNAs and degrading them or pre-
venting their translation into functional proteins [18]. 
As such, miRNAs can be used as potent tools for 
the diagnosis and prognosis of various diseases and 
hold robust therapeutic potential [33]. The miRNAs 
that were significantly differentially expressed in 
response to DSS exposure (miR-149-5p, miR-96-5p, 
miR-34a-5p, and miR-30e-5p) have implications in 
regulating mRNAs involved cellular senescence and 
inflammation. Particularly, current literature indicates 
that DSS-induced colitis is exacerbated in mice that 
are deficient in miR-149-5p and that inhibition of 
this miRNA is also evident in the peripheral blood 
and colonic tissue of patients with Crohn’s disease 
thus highlighting its central role in the pathogenesis 

of IBDs [34, 35]. Particularly, miR-149 deficiency 
results in increased expression of inflammation-asso-
ciated mRNAs including Ptgs2, Cxcl1, Tgfb, Icam1, 
and Il6 [32]. Further investigations have demonstrated 
that Mycobacterium bovis infection and lipopolysac-
charide stimulation can decrease the expression of 
miR-149 in murine macrophages, revealing its impor-
tance in regulating immune function [36]. Restoration 
of this miRNA by Fisetin indicates its unique func-
tion in modulation of dysbiosis, inflammation, and 
senescence in the colon and reveals a novel method 
to target this miRNA to treat colitis. The mechanism 
by which miR-96-5p, miR-34a-5p, and miR-30e-5p 
influence IBDs needs to be further elucidated as they 
may be useful diagnostic and prognostic markers. 
Alongside, the restoration of these miRNAs by Fise-
tin indicates that they may also be promising thera-
peutic targets for colitis. Additionally, the significant 
upregulation of miR-1249-5p in the DSS-exposed 
animals and its significant restoration in the Fisetin-
treated animals demonstrate another robust biomarker 
for colitis and therapeutic target for Fisetin. Along-
side, miR-126-5p also shows promise as a prognostic 

Fig. 6  Heat map showing the fold changes in each sample 
using − ∆∆Ct, normalized based on average of control sam-
ples. Blue indicates downregulation, and red indicates upreg-

ulation. Groups are separated along the y-axis, with control 
samples marked in green (n = 8), DSS in grey (n = 11), and 
DSS + Fisetin in black (n = 9)
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and diagnostic tool with an upward trend noted in the 
DSS-treated animals and a downward trend noted in 
the Fisetin-treated animals. These findings require 
further functional studies in the future.

Lastly, because dysbiosis is a hallmark of IBDs and 
a gateway to extra-intestinal manifestations including 
metabolic syndrome and Alzheimer’s disease, discov-
ering new therapeutic methods to restore microbial 
balance is imperative not only to improving enteric 
immune function but also for overall well-being [9, 
37–39]. Since Fisetin is classified as a plant flavonoid, 
its anti-oxidative properties may be useful for improv-
ing the resident microbial composition of the gut 
thereby mitigating IBDs by exerting immunomodu-
latory effects to regulate intestinal homeostasis [40]. 
Our analysis reveals that the relative abundance of 
dominant pathogenic and healthy bacterial phyla was 
influenced by Fisetin treatment. Assessment of the 

gut microbiota indicates that DSS may be causing 
dysbiosis by increasing the population of pathogenic 
bacteria in large due to increased cellular senescence, 
production, and secretion of SASPs, thus promoting 
an inflammatory environment. Consistent with previ-
ous studies, our study demonstrates that DSS expo-
sure results in increased Bacteroidetes and decreased 
Firmicutes [41]. Particularly, in our model of DSS-
induced colitis, we observed an increase in abundance 
of Clostridiaceae, Hungatella, and Mycoplasma. 
We also observed a decrease in Lachnospiraceae, 
a bacteria known for its anti-inflammatory proper-
ties, and an increase observed following treatment 
with Fisetin. Alongside, we discovered that Fisetin 
can increase the relative abundance of Firmicutes 
and Verrucomicrobia thereby improving microbial 
imbalance. Particularly, Firmicutes is involved with 
having anti-inflammatory effects and is important to 

Fig. 7  Changes in the microbiota in response to DSS exposure 
and Fisetin treatment in the colons of female wild-type mice. 
y-axis represents treatment condition, with N–C (normal-con-
trol), N-D (normal-DSS), and N-F (normal-Fisetin) (n = 8–11 
per group). A Shannon diversity of the microbiota, B Simpson 

diversity of the microbiota, C principal component analysis 
(PCA), D Venn diagram of distinct bacterial genera, E relative 
abundance of bacterial phyla, F relative abundance of distinct 
bacterial families, and G relative abundance of distinct bacte-
rial classes



3098 GeroScience (2024) 46:3085–3103

1 3
Vol:. (1234567890)



3099GeroScience (2024) 46:3085–3103 

1 3
Vol.: (0123456789)

the management of colitis [42]. Verrucomicrobia is 
known to generate mucin-degrading enzymes that 
break down the mucus layer that lines the gut, which 
helps to maintain a healthy gut barrier function [43]. 
This breakdown of mucus allows other beneficial 
bacteria to access nutrients and establish a balanced 
microbial community in the gut. Additionally, Ver-
rucomicrobia has been associated with the produc-
tion of short-chain fatty acids (SCFAs), particularly 
acetate. SCFAs are important energy sources for the 
cells lining the colon and have been linked to various 
health benefits, such as reducing inflammation and 
promoting gut motility [44]. At the genus level, we 
found that the beneficial gut bacterium Akkermansia 
mucinphila was uniquely expressed in the Fisetin-
treated samples [41]. Akkermansia mucinphila has 
garnered significant attention in recent years due to 
its potential beneficial effects on health. Research has 
suggested that high levels of Akkermansia mucinphila 
are associated with a healthy gut and improved meta-
bolic health and that supplementation with Akker-
mansia mucinphila can promote healthy aging [45]. 
Previous studies from our lab have demonstrated that 
dasatinib and quercetin senolytic treatment increases 
the abundance of Akkermansia mucinphila in the 
intestines of aged mice and that high levels of these 
taxa are negatively correlated with markers of senes-
cence and inflammation [46]. It has been found to 
play a role in maintaining the integrity of the gut bar-
rier, preventing leaky gut, promoting mucus produc-
tion, and modulating the immune response [43–45]. 
Studies have shown that individuals with obesity, 
type 2 diabetes, and inflammatory bowel disease 
often have lower levels of Akkermansia muciniphila 
[47]. This has led to investigations into the potential 
therapeutic applications of this bacterium. Animal 
studies have demonstrated that supplementation with 
Akkermansia muciniphila can improve metabolic 
parameters, reduce inflammation, and protect against 

diet-induced obesity [47]. Although Akkermansia 
muciniphila shows promise, it is important to note 
that the research is still in its early stages, and more 
studies are needed to fully understand its mechanisms 
and potential therapeutic applications. Additionally, 
factors such as diet, lifestyle, and host genetics can 
influence the abundance of Akkermansia muciniphila 
in the gut, highlighting the complexity of its interac-
tions within the microbiome.

Further, Ruminococcus bacterium was signifi-
cantly downregulated in the DSS-exposed animals 
and significantly upregulated by Fisetin treatment. 
Ruminococcus is known for its ability to break down 
complex carbohydrates, such as cellulose and hemi-
cellulose, that are present in plant-based foods [48]. 
The fermentation of these complex carbohydrates 
by Ruminococcus and other bacteria in the gut leads 
to the production of SCFAs, such as acetate, propi-
onate, and butyrate [48]. SCFAs provide an energy 
source for the cells lining the colon and have various 
health benefits, including supporting gut barrier func-
tion, reducing inflammation, and regulating metabo-
lism [49]. Moreover, Ruminococcus species play an 
important role in maintaining a balanced gut microbi-
ome. They are considered key members of the micro-
bial community and contribute to the overall stability 
and diversity of the gut ecosystem. They help create 
an environment that is less favorable for the growth 
of harmful bacteria, promoting gut health [50]. Inter-
estingly, alterations in the abundance or diversity of 
Ruminococcus species have been associated with cer-
tain gut disorders [50]. For example, reduced levels 
of Ruminococcus have been observed in individuals 
with IBD and irritable bowel syndrome (IBS) [50, 
51]. This suggests that Ruminococcus may have a pro-
tective role in these conditions, and its depletion may 
contribute to gut dysbiosis and disease development. 
We also observed significantly higher relative abun-
dance of Mucispirillum. While the role of this bac-
terium in the gut microbiome is still not fully under-
stood, studies suggest that they may have a symbiotic 
relationship with the host. They may contribute to the 
maintenance of gut homeostasis by interacting with 
the mucus layer and participating in the degradation 
of mucin. Mucispirillum bacteria have been found to 
possess various enzymes involved in mucin degrada-
tion, allowing them to break down complex carbohy-
drates present in the mucin molecules. Overall, previ-
ous studies from our lab have shown that increased 

Fig. 8  Boxplots showing changes in relative abundance of 
bacterial populations in response to DSS exposure and Fisetin 
treatment in the colons of female wild-type mice. y-axis rep-
resents treatment condition, with N–C (normal-control), N-D 
(normal-DSS), and N-F (normal-Fisetin). Relative abundance 
of A Verrucomicrobia, B Tenericutes, C Proteobacteria, D 
Bifidobacterium, E Ruminococcus, F Acetitomaculum, G Des-
ulfovirionaceae, H Deferribacteraceae, and I Mucispirillum 
in female wild-type mice treated with DSS and DSS + Fisetin. 
(*p < 0.05, **p < 0.01, ***p < 0.001)

◂
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abundance of Verrucomicrobia, Akkermansia, and 
Ruminococcus in the colon due to senolytic treatment 
is negatively correlated with senescence and SASP-
associated markers such as p16, p21, Cxcl1, Mcp1, 
Il1β, Tnfα, and Il6 [46].

Interestingly, we also observed that Proteo-
bacteria was more abundant in the Fisetin-treated 
animals. While some Proteobacteria are associ-
ated with IBDs, we believe that the abundance of 
this bacterium in the Fisetin-treated animals may 
be attributed to some species within the class Del-
taproteobacteria which produce beneficial metabo-
lites that maintain gut function [42]. Specifically, 
resident hydrogen sulfide–producing bacterium 
Desulfovibrionaceae was significantly upregulated 
in the DSS + Fisetin group. Studies have shown that 
hydrogen sulfide reconstitutes the intestinal mucosa, 
reduces intestinal inflammation, and has protective 
effects against stress-induced cellular senescence 
due to its anti-oxidative properties [52–57]. Further, 

Deferribacteraceae was also more abundant in the 
Fisetin-treated animals. Members of the Deferribac-
teraceae family are known for their ability to utilize 
iron as an energy source [58, 59]. They are anaero-
bic bacteria, meaning they thrive in environments 
with low oxygen levels, such as the gut. Deferrib-
acteraceae bacteria have also been found to pro-
duce SCFAs as a byproduct of their fermentation 
processes [58, 59]. Moreover, some studies have 
suggested a potential link between Deferribacte-
raceae and the metabolism of mucin, the glycopro-
tein component of mucus produced by the gut lin-
ing, which is important for maintaining gut health 
and preventing certain gut disorders [59]. All in all, 
analysis of the microbiota indicates that DSS causes 
intestinal dysbiosis and that Fisetin may be restor-
ing intestinal health by increasing the abundance 
of bacteria involved with modulation of senescence 
and inflammation, making it a promising therapeu-
tic intervention for the management of IBDs.

Fig. 9  Proposed mechanism by which DSS induces colitis and 
fisetin mediates restoration of colon health. DSS insult results 
in the accumulation of senescent cells which release SASP 
factors that propagate inflammation and influence neighbor-
ing cells. DSS insult also triggers inflammation which causes 
senescence. As a result, the biomolecular landscape is altered 
with changes in key mRNAs involved with senescent and 
inflammatory processes alongside colitis inducing miRNA 

signatures. Microbial dysbiosis further produces a pro-inflam-
matory microenvironment. Fisetin inhibits senescence and 
inflammation and colitis inducing miRNA signatures. Restora-
tion of the microbiota by Fisetin treatment particularly results 
in increased abundance of Akkermansia mucinphila, a bacteria 
that is negatively correlated with senescence and inflammation. 
Created with BioRender.com
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In this study, we underscore the therapeutic poten-
tial of  Fisetin  in a model of DSS-induced colitis. 
Importantly, we  reveal  critical information on the 
pathophysiology of colitis while also  offering  pre-
liminary evidence on the therapeutic potential 
of Fisetin to target senescent intestinal cells. In par-
ticular, Fisetin appears to significantly influence the 
expression of various molecular markers implicated 
in DSS-induced senescence and inflammation while 
also improving the microbiota. Our study reveals that 
DSS insult initiates a cascade of cellular events that 
lead to the accumulation of senescent cells. In turn, 
these cells release SASP factors to exacerbate inflam-
mation and influence neighboring cells. Concurrently, 
DSS induces inflammation to promote cellular senes-
cence thereby altering the biomolecular landscape. 
This pro-inflammatory milieu drives senescence 
and generates DNA damage, thereby activating cell 
cycle arrest proteins that are crucial to cellular repair 
mechanisms. Particularly, DSS insult is characterized 
by changes in key mRNAs central to senescence and 
inflammatory processes, alongside miRNA signatures 
conducive to colitis. Microbial dysbiosis is another 
factor that aggravates the pro-inflammatory environ-
ment. Fisetin intercepts by inhibiting cellular senes-
cence, decreasing inflammation, reversing miRNA 
expression, and restoring healthy microbiota. Previ-
ous studies have shown that Fisetin also exerts anti-
inflammatory activity in colitis through suppression 
of Nfkb which may regulate the expression of pro-
inflammatory markers such as Ptgs2 [60], represent-
ing potential alternative pathways aside from directly 
targeting and removing senescent cells. Remarkably, 
the efficacy of Fisetin to restore the gut microbiota, 
particularly the increased relative abundance of 
Akkermansia mucinphila, is notable as this microbe 
is inversely correlated with senescence and inflam-
mation [46]. This initial data indicates that targeting 
senescent cells in IBDs should be a promising avenue 
of interest for researchers and clinicians. Considering 
that Fisetin is a naturally occurring compound with 
low toxicity, it is a very attractive candidate for the 
treatment of IBDs compared to currently available 
synthetic drugs which may cause drug resistance and 
relapse of symptoms. The clinical application of Fise-
tin requires a deeper understanding of how genetic 
diversity and lifestyle behaviors may influence its 
therapeutic potential, how it interacts with exist-
ing synthetic drugs, and how it influences different 

clinical subtypes of IBDs. Alongside, further inves-
tigations are necessary to determine its interactions 
with the complex human gut microbiome. Our study 
elucidates the molecular impacts of Fisetin and lays 
the foundation for future studies. These studies are 
necessary to validate  and  understand some of our 
nuanced findings and to  determine  the long-term 
impacts of Fisetin treatment on colitis.
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