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Abstract Background: /purpose: The metabolic by-product butyric acid of Gram-negative
anaerobic bacteria can invoke pathological effects on periodontal cells resulting in inflamma-
tion and further destruction of periodontium. However, limited researches on the effects of
butyric acid on cementoblasts were reported. Therefore, this study aimed to investigate the
type of cell death in murine cementoblast (OCCM.30) caused by adding the different concen-
trations of sodium butyrate to the cell culture.
Materials and methods: OCCM.30 cells were exposed to sodium butyrate (0, 2, 4, 8, 16 mM) for
48 h. Cell viability was determined by microculture tetrazolium assay. Cell cycle distribution
and cell death were analyzed by flow cytometry. Caspase-mediated apoptotic cascade was
evaluated by Western blot.
Results: The concentrations of sodium butyrateS4 mM were found to inhibit cell viability of
OCCM.30 cells in a dose-dependent manner (P < 0.05). Sodium butyrate elevated sub-G1 cell
population which exhibited cell apoptosis in OCCM.30 cells (P < 0.05). In addition, early and
later apoptotic cells were found in sodium butyrate-induced cell death. Sodium butyrate
significantly stimulated the degradation of procaspases-3, -8, and -9 levels, respectively
(P < 0.05). Simultaneously, sodium butyrate corresponded to augment the levels of cleaved
forms of caspases-3, -8, and -9, respectively (P < 0.05).
Conclusion: Taken together, sodium butyrate is a cytotoxic agent and can induce apoptosis on
cementoblasts. The pathway involved in apoptosis is activated by caspase family signaling
pathways. These evidences may provide a new mechanistic insight into the mechanism of dam-
age of cementoblasts during the development and progression of periodontitis.
ª 2025 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/).
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Introduction

Periodontitis is an infectious and chronic inflammatory
disease that can cause periodontal supporting tissues
breakdown as the result of anaerobic bacteria specific
interaction and host’s immune-inflammatory response.1,2

It is usually overlooked the initial symptoms leading to
tooth loss and even connection to the occurrence of
systemic diseases.3 In Taiwan, the prevalence of peri-
odontitis was reported to significantly increase over past
17 years.4

Butyrate, one of the short chain fatty acids, is the
extracellular metabolite from periodontal pathogens such
as Porphyromonas gingivalis, Fusobacterium nucleatum,
and Tannerella forsythia widely distributed within peri-
odontal pocket.5,6 These periodontopathic bacteria can
attack and invade adjacent tissues or release toxic me-
tabolites including butyrate that could evoke further
cellular responses. Previous study has shown that the con-
centrations of butyrate in gingival crevicular fluid (GCF)
were correlated with gingival inflammation and periodontal
pocket depth.7 The concentrations of butyrate in GCF of
patients with chronic periodontitis8 and generalized
aggressive periodontitis9 were found to decrease signifi-
cantly to the levels found in healthy control group at 2 wk
post-treatment, respectively. In addition, the levels of
butyrate in GCF obtained from generalized aggressive
periodontitis were significantly higher in P. gingivalis-, T.
denticola-, P. intermedia- or F. nucleatum-positive sites
compared with those in negative sites.8 Taken together,
butyrate may act as an indicator in the initiation and pro-
gression of periodontal diseases.

To respond to the drastic changes in extracellular envi-
ronment, cells in periodontal niche may undergo inflam-
matory responses or cell death to alert the immune defense
system.10 Apoptosis is a type of programmed cell death
characterized by a series of biochemical events that lead to
a variety of morphological changes such as cell shrinkage,
nuclear fragmentation, chromatin condensation, and
chromosomal DNA fragmentation.11 Previous report with in
situ detection in human gingival tissues revealed that the
process of apoptosis could be relevant in the control of
inflammation in periodontal disease.12 Furthermore, the
clinical significance of periodontal ligament fibroblast
apoptosis has been suggested by its linkage to collagen
destruction and attachment loss in rat gingival sulci.13

Taken together, apoptosis modulated by anaerobic bacte-
ria may play an important role in pathogenesis of peri-
odontal diseases.

Local production of butyrate from periodontal patho-
gens in GCF may contribute to periodontal inflammation
and tissue breakdown through apoptosis. However, the
detailed effects of butyrate on sequential apoptosis pro-
cesses of periodontal cells such as cemenotblast still
remain to be elucidated. The aim of this study was to
investigate sodium butyrate on murine immortalized
cementoblast cell line (OCCM.30) by measuring cell
viability, type of cell death, and caspase-mediated
apoptotic cascade signaling pathways.
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Materials and methods

Cell culture

Immortalized murine cementoblasts (OCCM.30) derived
from root surface of the first mandibular molar of osteo-
calcin large T-antigen transgenic mice were used for this
study.14,15 OCCM.30 cells were grown in Dulbecco’s modi-
fied Eagle’s medium (DMEM, Gibco BRL, Gaithersburg, MD,
USA), supplemented with 10 % fetal calf serum (FCS) and
antibiotics (Gibco BRL). Cultures were maintained at 37 �C
in a humidified atmosphere of 5 % CO2 and 95 % air.

Cytotoxicity assay

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
mide (MTT; SigmaeAldrich, St. Louis, MO, USA) solution
prepared in 5 mg/mL phosphate-buffered saline just was
use for the cytotoxicity of sodium butyrate (SigmaeAldrich)
on OCCM.30 cells. Briefly, 5 � 104 cells were seeded on a
96-well plate in 100 mL medium and left overnight to
attach. Cells were incubated with different concentrations
(0, 2, 4, 8, 16 mM) of sodium butyrate for 48 h, respectively.
Detailed experimental procedures were performed ac-
cording to previous studies.16,17

Cell cycle distribution

5 � 105 OCCM.30 cells in six-well culture dishes were
cultured and treated with different concentrations sodium
butyrate (0, 2, 4, 8, 16 mM) for 48 h. After treatment, cells
were washed with phosphate-buffered saline (PBS) and
fixed with ice-cold 75 % ethanol at �20 �C for 12 h. Cells
were then incubated with 0.5 mL PI/RNase staining buffer
for 15 min in the dark followed by filtration through a 40 mm
nylon mesh (Falcon, San Jose, CA, USA). As detail described
previously,18 DNA contents of stained cells were detected
by a BD Accuri C6 flow cytometer (Becton Dickinson,
Worldwide Inc., San-Jose, CA, USA) for fluorescence-
activated cell sorting analysis of the cell cycle distribu-
tion. The percentage of cells in the sub-G0/G1, G0/G1, S
and G2/M phases were determined by their accompanied
software (Becton Dickinson).

Annexin V-FITC apoptosis staining assay

5 � 105 OCCM.30 cells in six-well culture dishes were
cultured and treated with different concentrations sodium
butyrate (0, 2, 4, 8, 16 mM) for 48 h. Subsequently,
OCCM.30 cells were harvested with trypsinization together
with floating non-viable cells. Apoptotic cell death induced
by sodium butyrate was determined following the manu-
facturer’s guidelines of the FITC Annexin V Apoptosis
Detection Kit I (no. 556547; BD Biosciences, San Jose, CA,
USA) as described previously.18 Combined with PI staining,
annexin V-FITC apoptosis staining was performed to
differentiate apoptosis from necrosis. The qualitative
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analysis was evaluated by their accompanied software
(Becton Dickinson).

Western blot

To investigate the molecular mechanism further, the initi-
ator and effector caspases and signaling pathways were
detected using Western blot analysis. Nearly confluent
monolayers of cells were washed with serum-free DMEM and
immediately thereafter exposed different concentrations
sodium butyrate (2, 4, 8, 16 mM) for 48 h. Cultures without
FCS were used as negative control. Cell lysates were
collected and the extraction of proteins from cells and
immunoblotting analysis. Antibodies against pro-caspase-3
was obtained from BD Biosciences. Antibodies against pro-
caspase-8, pro-caspase-9, cleaved caspase-8, cleaved
caspase-9, cleaved caspase-3, and active caspase-3-
mediated cleavage of polymerase (PARP) were purchased
from Cell Signaling Technology (Danvers, MA, USA). Anti-b-
actin antibody was obtained from Abcam (Cambridge, MA,
USA).

Statistical analysis

Triplicate experiments were performed throughout this
study. All assays were repeated three times to ensure
reproducibility. The significance of the results obtained
from control and treated groups was statistically analyzed
by paired Student t test. A P value of <0.05 was considered
statistically significant.

Results

As shown in Fig. 1, the effect of sodium butyrate on
OCCM.30 cells were measured by MTT assay for 48 h. The
concentrations of sodium butyrate S 4 mM exhibited
cytotoxic effect to OCCM.30 cells in a concentration-
Figure 1 Effects of sodium butyrate on the cell viability of
OCCM.30 cells. Data are expressed as the mean � standard
deviation of three independent experiments. * Represents
significant difference from without sodium butyrate control
values with P < 0.05.
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dependent manner (P < 0.05). At concentrations of 2 mM,
4 mM, 8 mM, and 16 mM sodium butyrate were found to
reduce cell viability about 99.4 %, 89.8 %, 66.0 %, and 35.0 %
as compared with control, respectively.

To investigate how sodium butyrate can attenuate the
number of viable OCCM.30 cells. Flow cytometry was used
to determine the effect of sodium butyrate on the distri-
bution of cell-cycle in OCCM.30 cells (Fig. 2A). As illustrated
in Fig. 2B, it demonstrated that the sub-G1 apoptotic
fraction was dramatically increased about 8.89 %, 30.24 %,
43.77 %, and 48.41 % in the concentrations of 2, 4, 8, and
16 mM sodium butyrate, respectively (P < 0.05). However,
the percentage of cells in G0/G1, S, and G2/M was
demonstrated in a decreased pattern (Fig. 2B).

Apoptosis triggered by sodium butyrate was further
confirmed by Annexin V-FITC/PI double-staining. Results
were expressed as percentages of necrotic cells (UL), viable
cells (LL), later apoptotic cells (UR), and early apoptotic
cells (LR) in each panel (Fig. 3A). The concentrations of
sodium butyrate higher than 2 mM significantly induced
apoptosis of OCCM.30 cells. As shown in Fig. 3B, the pro-
portion of early apoptotic cells dramatically increased
about 5.54 %, 18.96 %, 32.18 %, and 51.11 % after treating
OCCM.30 cells in the concentrations of 2, 4, 8, and 16 mM
sodium butyrate, respectively (P < 0.05). The proportion of
late apoptotic cells was also increased in the dose-
dependent manner when the concentrations of sodium
butyrate S 4 mM (P < 0.05). However, exposure of cells to
sodium butyrate slightly dose-dependent increased cell
necrosis without statistically significant (P > 0.05).

To investigate the underlying mechanism of sodium
butyrate-induced apoptosis, the activation of initiator of an
intrinsic pathway (caspase-9), an extrinsic pathway (cas-
pase-8), and the final executioner (caspase-3) were
detected in OCCM.30 cells. The results showed that sodium
butyrate concentration-dependently induced the degrada-
tion of procaspases-8, -9, -3, and PARP in Fig. 4A. The
quantitative results of these protein levels were illustrated
in Fig. 4B. The levels of procaspases-3 were 0.56, 0.72,
0.81, and 0.19 fold at the concentrations of 2, 4, 8, and
16 mM sodium butyrate as compared with control
(P < 0.05). As shown in Fig. 4C, the relative expressions of
cleaved caspase-8, -9, -3, and PARP revealed an increased
pattern with sodium butyrate as compared with control.
The quantitative results of these protein levels were illus-
trated in Fig. 4D. The levels of cleaved caspase-3 were
1.17, 1.96, 20.67, and 35.35 fold at the concentrations of 2,
4, 8, and 16 mM sodium butyrate as compared with control
(P < 0.05).
Discussion

Cementum is synthesized by cementoblasts during tooth
root formation. Cementoblasts play an important role in
the periodontal wound healing. To the best of our knowl-
edge, this is the first study that demonstrated short-chain
fatty acid butyrate is cytotoxic to OCCM.30 cells. Our re-
sults were in agreement with previous studies that butyrate
exhibited cytotoxicity on human gingival epithelial Ca9-
22 cells,19e21 human gingival fibroblasts,21e23 human oste-
oblast MG63 cells,24 human vascular endothelial cells,25 and



Figure 2 Effects of the distribution of cell-cycle phase in sodium butyrate-treated OCCM.30 cells. (A) Cells were treated with
different concentrations of sodium butyrate (0, 2, 4, 8,16 mM) for 48 h. The distribution of cell-cycle phases and sub-G1 phase
(apoptosis) were analyzed by FACS after propidium iodide staining. (B) The percentages of cell population distributed in sub-G1,
G0/G1, S, and G2M phases, respectively. Data are expressed as the mean � standard deviation of three independent experiments. *
Represents significant difference from without sodium butyrate control values with P < 0.05.
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Figure 3 Annexin-V/PI double-staining flow cytometry analysis was used to quantify apoptotic cells in OCCM.30 cells treated with
sodium butyrate (0, 2, 4, 8,16mM) for 48 h. (A) Cells in early apoptosis are in lower right quadrant (LR), late apoptosis cells are located
in upper right quadrant (UR). Upper left (UL) quarter represents the necrotic cells. Lower left quarter (LL) represents the viable cells.
(B) The percentages of cell population distributed in each quarter. Data are expressed as the mean � standard deviation of three
independent experiments. * Represents significant difference from without sodium butyrate control values with P < 0.05.
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Figure 4 OCCM.30 cells were treated with indicated concentrations of sodium butyrate for 48 h, and the protein levels of pro-
and cleaved caspases-3, -8, and -9, and PARP were determined by Western blot in panel (A) and (C). The quantitative results of
these protein levels were adjusted by b-actin levels illustrated in (B) and (D) Values are presented as the mean � standard de-
viation from three independent experiments. * Represents significant difference from without sodium butyrate control values with
P < 0.05.
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human pulp fibroblasts.26 Taken together, the cytotoxicity
of sodium butyrate is non-cell type specific.

Cell-cycle checkpoints and cell-death signals are acti-
vated to stop cell growth and to eliminate multiplication of
the generally altered cells. In this study, sodium butyrate
induced apoptotic effect on OCCM.30 cells by the highly
elevation of sub-G1 cell population. In addition, annexin V-
FITC apoptosis assay also demonstrated two type of early
and later apoptotic cells noted in sodium butyrate-induced
cell death. Similar findings were found on inflamed gingival
fibroblasts27 and human vascular endothelial cells25 that
the number of apoptotic cells increased linearly in a dose-
dependent manner. However, butyrate was reported no
marked increasing the numbers of apoptotic cells in human
gingival fibroblasts22,23 and MG63 osteoblastic cells.24
618
Taken together, the responses of cell cycle and death
pathways to sodium butyrate are varied in different cells.

Caspases, cysteine-aspartic proteases, are proteolytic
enzymes largely known for their role in controlling cell death
and inflammation. Caspase-3 is a central player in the
orchestration of apoptotic cell death as the final execu-
tioner. Caspase-8 is an initiator of death-receptor-induced
apoptosis in extrinsic pathway. Caspase-9 is the initiator of
the mitochondrial apoptotic pathway. To the best of our
current knowledge, sodium butyrate was first found to
decrease pro-caspase-3, -8, and -9 as well as stimulate
cleaved caspase-3, -8, and -9 expression in OCCM.30 cells. In
addition to the effector caspase 3, sodium butyrate-induced
cell apoptosis was found to activate both extrinsic and
intrinsic apoptotic processes in OCCM.30 cells. Among them,
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the protein that increased the most in quantity was cleaved
caspase 3, suggesting that the effector caspase 3 is respon-
sible for the actual dismantling of OCCM.30 cells. In agree-
ment of our findings, previous studies have shown that
butyrate could stimulate caspase-3 activity on gingival
epithelial Ca9-22 cells by colorimetric assay.19,28 Taken
together, caspase apoptotic pathway may act the important
pivotal routine in butyrate-induced cell death.

The limitations of this in vitro need to be addressed. It is
very difficult, if not impossible, to determine how much so-
dium butyrate can act on cementoblasts clinically. There-
fore, the lower concentrations of sodium butyrate and a
longer incubation period are required to further investigate
sodium butyrate-induced cell death in OCCM.30 cells.

In summary, the effects of sodium butyrate on cemen-
toblasts cell viability were due to the induction of cell cycle
arrest, apoptosis, and necrosis in this study. Sodium buty-
rate activated both extrinsic and intrinsic apoptotic path-
ways in OCCM.30 cells. These results indicate that sodium
butyrate is a cytotoxic agent to cementoblasts. These
detrimental effects of sodium butyrate may also occur
in vivo and thus might impair the reparative and regener-
ative potential of periodontal tissues of persons who can
not maintain their oral hygiene properly.
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