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Abstract Background/purpose: Diabetes mellitus (DM) is a chronic metabolic disorder that
affects millions of people worldwide. A growing evidence suggests that hyperglycemia in DM
causes a pre-aging and pro-inflammatory condition known as inflammaging, which increases
periodontitis susceptibility. Bromelain has been demonstrated to have anti-inflammatory
and anti-aging properties in variety of tissues, but its effects on diabetic periodontitis remain
unclear. Thus, the aim of this study is to investigate the its Bromelain’s impact in diabetic peri-
odontitis in terms of inflammation and senescence activity.
Materials and methods: We assessed the wound healing capacity, production of pro-
inflammatory cytokines Interleukin (IL)-6 and IL-8 and senescence marker p16 in human
gingival fibroblasts (HGFs) in response to Advanced glycation end-products (AGEs) stimulant,
with or without Bromelain treatment. The expression of p65, p-ERK, and p-p38 were also
examined to elucidate whether Bromelain’s anti-inflammaging activity is mediated through
NF-kB and MAPK/ERK signaling pathway.
Results: Bromelain concentrations ranging from 2.5 to 20 g/mL had no adverse effect on HGF
cell proliferation. Bromelain improved wound healing in HGFs with AGEs stimulation. In addi-
tion, Bromelain suppressed the production of pro-inflammatory cytokines IL-6 and IL-8 in HGFs
elicited by AGEs. Meanwhile, Bromelain treatment also inhibited the senescence activity and
expression of p16 in AGEs-stimulated HGFs. Western blot analysis indicated that the
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upregulation of p-ERK, p-p38 and p65 induced by AGEs were inhibited by Bromelain in HGFs.
Conclusion: These data suggest that excessive AGEs in the gingiva may lead to the accumula-
tion of pro-inflammatory cytokines and marked senescence activity. Bromelain application
may be helpful in enhancing wound healing by suppressing inflammaging via downregulation
of NF-kB and MAPK/ERK signaling pathways in DM individuals with periodontal disease.
ª 2022 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

According to the report from World Health Organization
(WHO), diabetes mellitus (DM) is a chronic, metabolic dis-
ease characterized by elevated blood glucose level and if
left uncontrolled, can give rise to multiple health compli-
cations. The last estimates indicated that the global DM
prevalence in 20e79 year-olds was 10.5%, and will increase
to 12.2% in 2045.1

DM are associated with elevated systemic inflammation,
and the hyperglycaemia can stimulate the activation of
inflammation, oxidative stress and apoptosis pathways.2

Periodontitis is a chronic inflammatory disease of the un-
derlying supporting tissues of teeth, mainly characterized
by the loss of the connective tissue and alveolar bone
resorption, and would eventually lead to tooth loss if left
unresolved.3 In the past few years, several studies
attempted exploring the link between periodontitis and
other diseases. For instance, periodontal severity was
associated with the inflammatory disease psoriasis.4

Neurofibromatosis (NF) type 1 patient has a higher preva-
lence of age-dependent oral complications, which might be
mediated by following the NF-induced systemically
inflammation.5 Some studies have revealed that the host
immune response in DM causes excessive inflammation and
periodontal tissue destruction.6,7 Hyperglycaemia in DM is
known to accumulate advanced glycation end-products
(AGEs),8 which is a complex compound formed through
the glycation of amino acids, lipids, and DNA molecules.9 A
growing evidence suggests that accumulation of AGEs con-
tributes to a low grade chronic inflammatory and pre-aging
state termed as inflammaging, which leads to an increased
susceptibility to periodontitis.10 Several mechanisms,
including up-regulation of inflammatory processes and
cellular senescence, have been discovered in the involve-
ment of AGEs in inflammaging.11 AGEs have the ability to
enhance host inflammatory response in DM individuals and
predispose them to diabetic periodontitis (DP). Studies
have shown increased expression of periodontal interleukin
(IL)-612 and systemic IL-813 in the patients who is systemi-
cally healthy but periodontitis. In fact, individuals with DP
have shown greater alveolar bone loss and a worse prog-
nosis following standard therapies than those without DM.6

The cellular inflammatory gene expression was mainly
controlled by nuclear factor-kB (NF-kB) and mitogen-
activated protein kinases (MAPK) signaling pathways, such
as the extracellular signal-related kinase (ERK1/2) and the
p38 MAPK pathway.14 AGEs interact with their receptors
(RAGE) to increase cellular oxidant stress and aggravate the
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production of pro-inflammatory cytokines.10,11,15,16 It has
been demonstrated that AGEs affected extracellular matrix
(ECM) composition in human glomerular cells16 by inducing
reactive oxygen species (ROS) production and ERK and NF-
kB pathways activation. A previous study revealed that
AGEs/RAGE up-regulated IL-6 and ICAM-1 expression in
human gingival fibroblasts (HGFs) through the activation of
MAPK and NF-kB pathways.15 These findings indicate that
AGEs can aggravate periodontitis by increasing the pro-
inflammatory cytokines and ROS in HGFs.

As mentioned, AGEs is well acknowledged for its role in
stimulating cellular senescence, which is an irreversible
cell cycle halt that promotes activation of inflammatory
processes, which could result in tissue malfunction and a
deterioration in regenerative capacity.17 The mechanism
underlying AGEs-induced senescence is through the induc-
tion of p21, which is a potent cyclin-dependent kinase
(CKI). It was thought that during the engagement of AGEs
to RAGE, endoplasmic reticulum stress is sustained,18

leading to the activation of p21 signaling. p21 contributes
to the inhibition of cell cycle, and thus would give rise to
premature aging or senescence.19 On the other hand, these
senescent cells can express and secrete variety of modu-
lators of inflammatory status such as cytokines, chemo-
kines and bioactive lipids, which is collectively termed as
the senescence-associated secretory phenotype (SASP).20

Periodontal cells in DM mice models have been shown to
exhibit increased cellular senescence and SASP secretion.21

At the cellular level, the accumulation of cell senescence
coupled with a hyper-inflammatory status could greatly
contribute to the perpetuation of inflammaging and
contribute to DP progression.22 As a result, therapeutic
approach aimed at reducing the influence of inflammaging
on periodontal disease in diabetic individuals would be
crucial.

Bromelain is a proteolytic enzyme derived from the
pineapple plant Ananas comosus. It has been utilized as an
adjuvant treatment in various chronic inflammatory ill-
nesses23 owing to its anti-inflammatory and anti-oxidative
properties. Its administration has been proven to lower
serum pro-inflammatory IL-6 levels in diabetic in-
dividuals.24 Bromelain has also been demonstrated to have
an anti-hyperglycemic action in diabetic rats and to slow
the course of ligature-induced periodontitis.25 Thus, we
examined whether Bromelain can reduce inflammation and
cell senescence in HGFs with diabetic condition in-vitro.
Moreover, Bromelain’s anti-inflammaging activity was
examined whether it is mediated through NF-kB and MAPK/
ERK signalling pathway.
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Materials and methods

Cell culture

All procedures were conducted out in accordance with the
approved guidelines from the Institutional Review Board at
the Chung Shan Medical University Hospital. HGFs from two
healthy individuals were selected from the crown length-
ening procedure using an explant technique as previously
described.26 Cell cultures between the third and eighth
passages were used in this study. All experiments have been
done in two individual HGFs. Advanced Glycation End-
Products (AGEs)-BSA was purchased from BioVision (Milpi-
tas, CA, USA) and Bromelain was purchased from Sigma
Chemical Co (St. Louis, MO, USA). To test the effect of
Bromelain, HGFs were exposed to advanced glycation end-
products (AGEs)-BSA simultaneously with Bromelain at
indicated concentration for a period of 24 h in the following
experiments.

Cell viability assay

HGFs were seeded in 96-well plates (Corning Inc., Roches-
ter, NY, USA) at a density of 10,000 cells/well for 24 h in-
cubation. After cells were well-adhesion, Bromelain was
directly added at indicated concentrations (2.5, 5, 10, 20,
and 40 mg/mL) for another 24 h incubation. Cells viability
was determined using MTT [3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide] assay according to
manufacturer’s instructions. The 570-nm absorbance of the
untreated cells (0 mg/mL Bromelain) was set as 100%, and
data were presented as percentage compared to of control.

Wound healing assay

Cells were seeded into a 12-well culture dish to reachw80%
confluence, and then we scratched the monolayer with a
sterile 200 mL pipette tip across the center of the well to
create a denuded area. Cells were allowed to grow for an
additional 48 h and stain cells with crystal violet. The
microscopic images of scratched area were taken with at
0 and 24 h26

Western blot

Western blot analysis was followed the previously described
protocol.26 The primary antibodies against cellular senes-
cence marker p16 (Santa Cruz Biotechnology, Inc, Santa
Cruz, CA, USA) marker, NF-kB signaling marker (p65) (Cell
Signaling Technology, Beverly, MA, USA), and ERK signaling
marker (p-ERK, ERK, p-p38, and p38) (Cell Signaling Tech-
nology, Beverly, MA, USA) were used.

ELISA analysis

Using the ELISA kits (R&D Systems, Minneapolis, MN) with
manufacturer’s instruction, the concentration of IL-6 and
IL-8 was measured at the absorbance with a 450 nm filter by
a microplate reader (MRX, Dynatech Laboratories, Chan-
tilly, VA, USA). Each HGF sample was analyzed in triplicate.
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Senescence activity detection

Cellular senescence was determined by measuring the ac-
tivity of senescence-associated-b-gal (SA-b-Gal) with a
Cellular Senescence Assay kit as described previously.26 SA-
b-Gal positive cells were observed by microscopy, and over
100 cells were counted in five independent fields.

Statistical analysis

Three replicates of each experiment were performed.
Statistical analysis was carried out by one-way analysis of
variance (ANOVA). Tests of differences in the treatments
were analyzed by Duncan’s test and a value of P< 0.05 was
considered statistically significant.

Results

Firstly, we revealed that Bromelain of 2.5e20 mg/mL had no
significant effect on the cell proliferation rate in HGFs,
while 40 mg/mL showed less proliferation (Fig. 1). In the
following experiments, HGFs were exposed to advanced
glycation end-products (AGEs)-BSA (200 mg/mL) to mimic
the diabetic periodontal environment, Bromelain was
simultaneously applied to examine its therapeutic effect.
Fibroblasts play a critical role in wound-healing; they
rapidly migrate into the injury site in response to the cy-
tokines released by injured tissue and then build the con-
nective tissue to support the wound repair.27 The impaired
healing machinery caused by DM has been linked to the
AGEs-induced inflammation and senescence.28 In DP in-
dividuals, the uncontrolled hyperglycemia shows the
impaired wound healing of periodontal tissue.29 Therefore,
we carried out a wound healing scratch test of fibroblasts to
evaluate their ability that migrate and close the wound
gap. We found that presence of AGEs deteriorated the
cell’s wound healing ability. On the contrary, treatment of
Bromelain attenuated the AGE’s deterioration in a dose
dependant manner (Fig. 2).

To explore the core mechanisms behind the improved
wound healing, anti-inflammatory and anti-aging properties
of Bromelain were probed into. We examined IL-6 and IL-8
secretion in the AGEs-treated HGFs with and without various
doses of Bromelain. Bromelainwas demonstrated to suppress
AGEs-elicited IL-6 and IL-8, indicating its anti-inflammatory
potential (Fig. 3). Besides that, cellular senescence activity
in the AGEs-stimulated HGFs was assessed utilizing senes-
cence markers, SA-b-Gal staining (Fig. 4A) and p16 (Fig. 4B).
As shown, AGEs markedly enhanced the senescence activity
in cells, but the addition of Bromelain counteracted this
phenomenon.

To elucidate how Bromelain exerts its anti-inflammaging
effect, we assessed the expression of protein levels asso-
ciated with NF-kB and MAPK/ERK signaling pathways. We
measured the phosphorylation activities of p65 (Fig. 5), ERK
and p38 (Fig. 6) and observed that the greater concentra-
tions of Bromelain were able to inhibit the activation of NF-
kB (Fig. 5) and MAPK/ERK signaling pathways (Fig. 6). Our
findings suggested that Bromelain’s anti-inflammaging ac-
tivities were mediated via modulation of the NF-kB and
MAPK/ERK signaling pathways.



Figure 1 Effects of Bromelain on the cell proliferation rate in HGFs. Bromelain ranging from 2.5 to 20 mg/mL did not significantly
affect the cell proliferation rate in HGFs. Data represent the mean � SD. *P< 0.05 compared to the group with 0 mg/mL bromelain.

Figure 2 Effects of Bromelain on the wound healing ability in the AGEs-treated HGFs. AGEs-stimulated HGFs has significantly
impaired wound healing and this was reversed with the administration of Bromelain (0e10 mg/mL) in a dose-dependent manner.
Data represent the mean� SD.

Figure 3 Effects of Bromelain on the production of IL-6 and IL-8 in the AGEs-treated HGFs. The AGEs-elicited secretions of IL-
6 (A) and IL-8 (B) in HGFs were downregulated in response to Bromelain treatment (0, 2.5, 5, and 10 mg/mL) in a dose-dependent
manner. Data represent the mean � SD. *P< 0.05 compared to control group; #P< 0.05 compared to AGEs only group.
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Discussion

Diabetes mellitus is a metabolic disease characterized by
chronic hyperglycemia. A growing evidence suggests that
hyperglycemia in DM causes a pre-aging and pro-
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inflammatory condition known as inflammaging, which in-
creases periodontitis susceptibility.10 The local inflamma-
tory reaction in the periodontal tissues in response to
oral pathogenic bacteria are attributed to DM’s hyper-
inflammatory response coupled with delayed wound



Figure 4 Effects of Bromelain on the cell senescence activity in the AGEs-treated HGFs. The cell senescence activity was up-
regulated after stimulated with AGEs, measured by the increased expression of b-galactosidase (SA-b-Gal) staining and p16.
Bromelain treatment (5e10 mg/mL) then reversed the increased cellular senescence. Data represent the mean� SD.

Figure 5 Effects of Bromelain on the NF-kB pathway in the AGEs-stimulated HGFs. Western blot was utilized to measure the
expression of p65, a subunit of the NF-kB pathway and it was found that the up-regulation of p65 induced by AGEs was suppressed
by Bromelain application.
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healing.30 In this study, addition of bromelain dose-
dependently promoted wound healing in AGEs-stimulated
HGFs. This compound’s ability to improve wound healing
has been demonstrated not only in gingival tissues,31 but
also in epithelium,32 and diabetes-induced wounds.33

AGEs in DM has been acknowledged to contribute to the
pathogenesis of diabetic periodontitis (DP) via inflammag-
ing.11,34 In this work, AGEs build up was found to up-
regulate IL-6 and IL-8 as well as cellular senescence
(shown in Figs. 3 and 4 respectively), which are consistent
to earlier findings.15,21,34 When Bromelain was introduced
as an intervention, the greater dosage averted the inflam-
maging state triggered by AGEs. This anti-inflammatory
trait of bromelain has been proven in in-vitro studies of
inflamed human dental pulp cells in response to LPS stim-
uli.35 Inflammatory cytokines such as IL-6 are engaged in
the immune responses and are responsible for the course of
acute-phase inflammation36 whereas IL-8 aids in the
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recruitment and activation of neutrophils to acute inflam-
mation sites.37

Next, AGEs in this study was shown to upregulate NF-kB
signaling and treatment of cells with Bromelain inhibited
nuclear translocation of p65, which are in line with previous
reports in other cell types.38 Activation of NF-kB signaling is
known as the key inducer of inflammaging as it promotes
inflammatory cytokines secretion, cellular senescence and
senescence-associated secretory phenotype (SASP).39

Moreover, pro-inflammatory mediators affect NF-kB acti-
vation via positive feedback, resulting in a loop cycle that
constantly aggravates inflammatory damage.

The MAPK p38 and ERK are important modulators of the
pro-inflammatory responses and strong inducers of SASP40

in periodontal cell models.41,42 In agreement to this, the
present study discovered that AGEs stimulated the phos-
phorylation of these protein kinases. Bromelain, on the
other hand, was revealed to have a substantial suppressive



Figure 6 Effects of Bromelain on the MAPK pathway in the AGEs-stimulated HGFs. Western blot was utilized to measure the
expression of pERK, ERK, p-p38, and p38. Phosphorylated-ERK and -p38 were up-regulated by treatment with AGEs and suppressed
by Bromelain application.
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impact on the MAPK/ERK pathway. Bromelain has been
found to have anti-inflammatory quality in studies involving
LPS-induced inflammation of human dental pulp cells35

which were linked to NF-kB and the MAPK/ERK and p38
pathway. The use of Bromelain has been observed to
disrupt these pathways in a variety of cell types.35,38

Taken together, this study demonstrated that Bromelain
may have therapeutic potential in diabetic periodontitis
models against AGE-induced inflammaging. We demon-
strated that Bromelain was able to promote wound healing
in human gingival fibroblasts in in-vitro by inhibiting IL-6
and IL-8 as well as cellular senescence via down-regulation
of NF-kB and MAPK pathways. Still further research will be
needed, bromelain application may be beneficial to DM
patients with periodontitis.
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