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Introduction

Inflammation of the pulp tissue may be
initiated by various toxins, necrotic cells, or stimulation
of odontoblasts. Damage of the odontoblasts induces
the release of bioactive molecules and initiates an
inflammatory response in the pulp [1]. On occasions,
inflammation ceases rapidly and enables complete pulp
healing with the formation of a barrier of reactionary
dentin by the original surviving odontoblasts and/or
reparative dentin by newly differentiated odontoblast-
like cells in animal models [2], [3].

Odontoblast survival is sensitive to the remaining
dentinthickness (RDT).ARDT of 1 mmhas been suggested
to protect the pulp from the harmful constituents of dental
materials [4]. When the pulp-dentin complex of RDT is
<0.5 mm, it should be protected from any injury with pulp
capping materials [5]. The primary goal of capping the
pulp is to preserve the underlying pulp and maintain pulp
vitality through the formation of reparative dentin, which
in turn increases the survival of teeth life expectancy and
improves the overall oral health [6].

Abstract
BACKGROUND: Haruan fish (Channa striatus) extract (HFE) contains all the essential amino acids and fatty acids
that it is believed to have therapeutic value, accelerate wound healing, and anti-inflammation.

AIM: This study was aimed to examine the viability of odontoblast MDPC-23 cell lines following the addition of HFE
in toxin of Lactobacillus sp. and/or Ca(OH),.

MATERIALS AND METHODS: First, to find antiproliferative effective doses, MDPC-23 cells were treated with HFE.
The cell viability was measured by 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide assay on 24 h after
the last treatment, while cell death was induced by addition toxin and/or Ca(OH), following adding antiproliferative
effective doses of HFE (25.0; 50.0; and 100 pg/mL). Untreated cells were used as control.

RESULTS: Adding of HFE at range 25.0 until 100 pg/mL increased the MDPC-23 cells viability. MDPC-23 on toxin
and/or Ca(OH), reported decrease the viability of cells, while supplemented with HFE significantly increase in cell
viability compared to untreated cell (p < 0.05).

CONCLUSION: HFE effectively increased the viability of odontoblast MDPC-23 cells and has the potency to be used
together to avoid the negative side effect of (CaOH), as a capping agent.

Calcium hydroxide (Ca(OH),) is the most
widely used capping agent [7]. It has an antimicrobial
effect and dissolves calcium ions to create an alkaline
environment that can stimulate reparative dentin [8].
However, Ca(OH), dressings have some drawbacks,
tunnel defects were reported as incomplete dentin
bridge formation that compromises the integrity
of reparative dentin [9]. It is assumed that the high
pH of Ca(OH), is toxic to odontoblast cells, which
may cause severe inflammation and incomplete cell
regeneration.

Several measures were proposed in maximizing
reparative dentin formation, such as to optimize direct
capping techniques, improve the biocompatibility of the
materials, and enhance the biological responses of the
pulp tissues [10]. In a previous study, pulp inflammation
was reduced by applying anti-inflammatory substances,
but the results were not satisfactory [11].

Haruan fish (HF), Channa striata, is a natural
ingredient rich in albumin that has been widely studied
to have the ability to regenerate cells. Some studies
reported that HF plays a role in increasing the viability of
fibroblast cells [12], decreases macrophages [13], and
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lymphocyte count in inflammation [14]. The chemical
composition of HF content of amino acid glycine and
proline was collagen sources potential [15]. HF can
also increase the formation of new capillaries, which
play an essential role in the healing process [16].
Palmitic acid which is isolated from Gaultheria itoana
Hayata and Sarcopyramis nepalensis can suppress
pro-inflammatory cytokines tumor necrosis factor-q,
interleukin-6, cyclooxygenases-2, and nitric oxide
in lipopolysaccharide-stimulated mouse peritoneal
macrophages [17]. Therefore, we assumed that
HF might be used in dental materials to improve the
effectiveness of Ca(OH), as a pulp capping agent since
no studies have ever been performed in odontoblast
cells.

Cell culture laboratory studies are beneficial
for investigating some of the basic cell interaction/
response requirements of the materials, although they
have limitations because these cultures studies do
not represent cell behavior in 3D structures [18]. This
preliminary study is aimed to evaluate the viability
of odontoblast MDPC-23 cells after the addition of
Haruan fish (Channa striatus) extract (HFE) in toxin of
Lactobacillus sp. and/or Ca(OH),.

Materials and Methods

Materials

Materials that were used in this study
include Dulbecco’s modified eagle medium (DMEM),
fetal bovine serum (FBS), penicillin-streptomycin
10000 U/mL, trypsin-EDTA 0.25%, sodium dodecyl
sulfate, and amphotericin B were purchased from Gibco,
Grand Island, NY, while 3-(4,5-dimethylthiazole-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) was purchased
from Sigma-Aldrich, St. Louis, MO.

Research design

This was an experimental laboratory study with
“post-test only control group design,” conducted in the
Laboratory of Hasanuddin University Hospital under the
approval of the Ethics Commission of the Dental and Oral
Hospital, Faculty of Dentistry, Hasanuddin University
(0015/PL.09/KEPK FKG-RSGM/UNHAS/2018). The
experiment design can be seen in Figure 1.

Sampling and extraction

The selected HF that is still alive came
from the ponds of Tanjung Redeb, Berau, East
Kalimantan. The fish used was firstly cleaned from
the heads, guts, and scales. The flesh was extracted
by steaming in a closed pan for 30 min until the pale
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Figure 1: Scheme of the experiment protocol in the present study.
Cell viability following application of HFE (A), induced by toxin (B),
induced by toxin and Ca(OH),

yellowish liquid was obtained and separated. The
liquid extract was further processed in powder using
the freeze dryer (Blichi, German) and stored at the
freezer, called HFE. Gently weighed 10 mg of HFE
and dissolved in 10 mL DMEM medium (1000 pg/mL)
as a stock solution, the diluted until reach 25.0; 50.0;
and 100 pyg/mL.

Cell lines culture

The following established in vitro cell
lines were applied in odontoblast MDPC-23 cells
(ATCC-CRL 2537). The MDPC-23 cells were cultured
in DMEM medium supplemented 10% FBS, penicillin
(100U/mL), streptomycin (100ug/mL), and 0.5%
fungizone in plastic flasks (lwaki, Japan) at 37°C in
a 5% CO, incubator. After reaching confluence, cells
were harvested by 0.25% trypsin-EDTA.

Determination the effect of HEF on cell
viability

The harvesting cells were seeded into well
plate 96 (10° cell/mL). All the cells were treated with
HFE and incubated for 24 h. The medium discarded and
washed with PBS. The cell viability was measured by
MTT assay. About 100 yL MTT (0.5 mg/mL in DMEME)
was added to each well, and the plate was incubated
for 4 h at 37°C in a CO, incubator. Formed formazan
crystals were solubilized by adding 100 L of dimethyl
sulfoxide per well. Finally, the intensity of the dissolved
formazan crystals (purple color) was quantified using
the microplate reader at 540 nm. The viability of the
cell was calculated using the formula: Cell viability
(%) = Mean OD/Control OD x 100%.

Experimental models

Spread the harvested cells into well plate
96 (10° cell/mL). To induce injury and death, the cells
were contacted with 0.04 uL toxin of Lactobacillus sp.
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alone or with Ca(OH), for 4 h then added with HFE. The
number of cells was determined using the MTT method
as described before (determination the effect of HEF
on cell viability). The viability of the cell was calculated
using the formula: Cell viability (%) = Mean OD/Control
OD x 100%.

Statistical analysis

Data were collected in an Excel worksheet and
analyzed by ANOVA. Data are presented as the mean
t+ standard deviation after deductible with baseline
(untreated cell as 100%). Differences with p < 0.05
were considered significant. All of the experiments were
evaluated in three replicates (n = 3).

Results

To select the optimal HFE concentrations for
the cell culture experiments, we investigated the effect
of HFE on cell viability after incubation for 24h by MTT
reduction assay. Viability of MDPC-23 cells increased
significantly following the addition of each concentration
of HFE, as seen in Figure 2. It is meaning a safe dosage
range to be used for further biological.
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The effect of HFE on the viability of
MDPC-23 cells induced Lactobacillus sp. toxin was
illustrated in Figure 3. In general, despite the presence
of the toxin, the viability of MDPC-23 cells increased
significantly on each concentration of HFE. The toxin
group indicates the decreasing of cell viability (-5.51
t* 7.00%) without the influence of the HFE. For the
HFE, the treated cells with the lowest concentration
(25.0 pg/mL) showed a significant increase in viability
with a value of 9.54 = 7.00%. When moderate and high
concentration (50.0 and 100.0 pg/mL), they showed a
relatively similar effect on the percentage of viability
cells with a value of 26.38 = 14.00 and 28.04 + 10.07%.

The viability of MDPC-23 cells increased
significantly, albeit Ca(OH), and toxin of Lactobacillus
sp. were added on each concentration of HFE as seen
in Figure 4 at a dose-dependent manner. On the other
hand, HFE 100 ug/mL showed the highest effect on the
viability of the cell.

Discussion

The dental pulp is a connective tissue that
responds to stimuli and insults. Maintenance of healthy
pulp tissue is essential for the function and survival of
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Figure 2: Effect of Haruan fish (Channa striatus) extract (HFE) on
the viability of MDPC-23 cells. Cell viability following incubation with
indicated concentrations of HFE for 24h was determined using the
3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide assay.
Cell viability is expressed as a percentage of the increasing cell
compared to the untreated cells. *p < 0.05 (HFE 100 ug/mL compared
to 25 and 50 ug/mL)

Figure 3: Effect of Haruan fish (Channa striatus) extract on the viability
of MDPC-23 cells was induced by 0.04 uL toxin of Lactobacillus
sp. The viability of cells was determined after 24h of incubation by
the 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide
assay. Cell viability is expressed as a percentage of the increasing
cell compared to the untreated cells. *p < 0.05 (All treatment group
compared toxin); **non-significant effect between the group

60

https://www.id-press.eu/mjms/index



Tanumihardja et al. Effect of Haruan Fish on Odontoblast

80 *
60
S
z
E 401
-]
<
£
3 20
S
(=}
g
2 o]
~
S
< 20
40
g a Q 3 g
= 3
S
s HFE (ug/mL)
:
o
=

Figure 4: Effect of Haruan fish (Channa striatus) extract on the viability
of MDPC-23 cells was induced by 0.04 uL toxin of Lactobacillus sp. and
Ca(OH),. The viability of cells was determined after 24h of incubation
by the 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide
assay. Cell viability is expressed as a percentage of the increasing
cell compared to the untreated cells. *p < 0.05 (All treatment group
compared toxin and Ca(OH),)

tooth [2]. Formation of secondary and tertiary dentin
serves to protect the tooth from caries, infections, and
traumatic dentin exposure. On the other hand, trauma,
wear, or disease may impair the barrier and lead to
pulpal necrosis by many insults during the lifetime of
the tooth [19], [20]. Various toxins, necrotic cells, or
stimulation of odontoblasts may all cause harmful
effects on the pulp tissue with both acute and chronic
responses depending on the magnitude and duration of
the insult [21].

Cavity base materials are designed for the
purpose of protecting the pulp from damage by toxins
or material components. The potential ability of cavity
base materials in inducing tertiary dentin formation was
believed to be necessary for their function. This ability
is mediated through the release of growth factors and
other bioactive molecules [22]. Ca(OH), is a cavity base
material that induces tertiary dentin formation through
the activation of blast cells in the pulp. These cells are
recruited as new hard tissue-forming cells replacing the
destroyed odontoblasts. Ca(OH), produces a zone of
superficial necrosis, which serves as a scaffold for an
underlying hard tissue repair, forming a dentin bridge.
This bridge is seldom continuous and complete, which
compromises the barrier[9]. Several bioactive molecules
have been experimentally tested for intended use as
pulp capping and reparative dentin-forming materials
and some products have shown some potential.

HFE is a natural ingredient that has been
studied to have the ability to regenerate fibroblast
cells [12]. This is in line with the results of this study that
the viabilities of the odontoblast cell line significantly
increase at each concentration of HFE added to the
cells (Figure 2). The viability of these cells slightly
decreased when a toxin was incorporated (Figure 3).
This may be explained that the toxin used was an
inactive toxin of Lactobacillus sp., with the purpose
of injuring the cells that simulate the conditions of the
oral cavity where bacterial toxin triggers injury and
inflammation of the pulp cells [23]. In addition, bacterial
toxins do not directly contribute to the cell’s viability but
act as an inflammatory agent. Lipoteichoic acid, the
endotoxin of Lactobacillus sp. can provoke the immune
response and activate odontoblast cells through TLR2,
phosphorylate the intracellular pathways, activate the
transcription factor nuclear factor-kB, and mitogen-
activated protein kinase, which in turn synthesize
various pro-inflammatory mediators and disrupt the
normal functioning of the body [6], [24]. Therefore, the
addition of HFE could increase the viability of cells in
the presence of toxin (Figure 3).

Ca(OH), has long been recommended for
capping the exposed pulp. The main goal of a pulp
capping treatment is to maintain pulp vitality of the
affected tooth. A cascade of physiologic, biochemical
events occurs, starting from a slight inflammatory
reaction to generating chemical signals that will lead
dental pulp progenitor cells to migrate to the affected
area. These cells have been shown to proliferate
and differentiate to form a mineralized bridge that will
separate the pulp tissue from the noxious stimuli to avoid
further damage and eventually to enable the pulp to
heal [18], [25]. Contrastly higher dose, Ca(OH), is toxic
to normal cells, which may cause severe inflammation
and incomplete cell regeneration [26].

In this study, Ca(OH), and toxin significantly
decreased the viabilities of cells to 24.7% (Figure 4).
Ca(OH), is known to have a high pH that has a
degenerative effect on cells, although it is generally
accepted as the material of choice for capping the
exposed pulp. It was reported that in some cases,
the pulp remains chronically inflamed, and the tissue
degenerates. The hydroxyl ions released are free radical
and highly reactive. It causes protein denaturation,
proliferation inhibition, and ATP depletion resulting in
necrosis and cell lysis [11], [27]. This may partly explain
the decreased cells viability. However, the addition of
HFE significantly reincreased the viability of the cells
and was in accordance with a dose-dependent manner
(Figure 4). These results are similar to the previous
study, who reported the highest percentage increase
in the number of fibroblast cells at a concentration of
100%. This might be attributed to the high albumin
content in HFE which is a crucial nutrient for recovery
of damaged cells [12], [14], [16], [28], [29]. Albumin
also plays an important role in maintaining the capillary
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osmotic pressure that can prevent excessive edema
and avoid cell death [30].

Albumin of bovine serum has ever been
studied and developed as a biodegradable cavity liner, a
hydrogel with the potency as a capping agent. Hydrogel
constitutes injectable scaffolds, cells, and bioactive
molecules carriers for tissue engineering. Using the rat
model, hydrogel showed homogenous dentinal bridge
formation compared to Dycal capping with tunnel
disturbances after 3 weeks. The inflammation was weak
or barely detectable after hydrogel capping. In contrast,
Dycal capping has a continuously high pH which causes
superficial burn covering a scar at the pulp surface with
the consequence of inflammation in a limited area.
This inflammation is still observed after 4 weeks and a
mild necrotic area was noticed between the reparative
dentinal bridge and vital pulp [31]. Investigations of HFE
are still in their infancy, and whether it has the potency
as albumin of bovine serum needs further studies.

Under the limitations of this study, HFE has
shown its effectiveness to increase the viability of
odontoblast MDPC-23 cells despite the presence of
toxin and Ca(OH),. Further studies should be carried
out using an animal model to evaluate pulp tissue
reactions when exposed to these bioactive substances
that might be utilized in dentistry.

Conclusion

The HFE enhanced the proliferation of
odontoblast cells on MDPC-23 cells induced toxin and
Ca(OH),. It suggests that HFE has the potency to be
used together with Ca(OH), as a capping agent to
induce the formation of reparative dentin.

References

1. Schuh CMAP, Benso B, Aguayo S. Potential novel strategies
for the treatment of dental pulp-derived pain: Pharmacological
approaches and beyond. Front Pharmacol. 2019;10:1068.
https://doi.org/10.3389/fphar.2019.01068
PMid:31620000

2. Farges JC, Alliot-Licht B, Renard E, Ducret M, Gaudin A,
Smith AJ, et al. Dental pulp defence and repair mechanisms
in dental caries. Mediators Inflamm. 2015;2015:230251. https://
doi.org/10.1155/2015/230251
PMid:26538821

3. Ricucci D, Loghin S, Lin LM, Spangberg LS, Tay FR. Is hard
tissue formation in the dental pulp after the death of the primary
odontoblasts a regenerative or a reparative process? J Dent.
2014;42(9):1156-70. https://doi.org/10.1016/j.jdent.2014.06.012
PMid:25008021

4. Arandi NZ. Calcium hydroxide liners: A literature review. Clin

10.

1.

12.

13.

14.

15.

16.

17.

18.

Cosmet Investig Dent. 2017;9:67-72.
PMid:28761378

Berbari R, Khairallah A, Kazan HF, Ezzedine M, Bandon D,
Sfeir E. Measurement reliability of the remaining dentin
thickness below deep carious lesions in primary molars. Int J
Clin Pediatr Dent. 2018;11(1):23-8. https://doi.org/10.5005/
jp-journals-10005-1478

PMid:29805230

Yumoto H, Hirao K, Hosokawa Y, Kuramoto H, Takegawa D,
Nakanishi T, et al. The roles of odontoblasts in dental pulp
innate immunity. Jpn Dent Sci Rev. 2018;54(3):105-17. https://
doi.org/10.1016/j.jdsr.2018.03.001

PMid:30128058

Al-Saudi KW, Nabih SM, Farghaly AM, AboHager EA. Pulpal
repair after direct pulp capping with new bioceramic materials:
A comparative histological study. Saudi Dent J. 2019;31(4):469-
75. https://doi.org/10.1016/j.sdentj.2019.05.003

PMid:31695296

Kiranmayi G, Hussainy N, Lavanya A, Swapna S. Clinical
performance of mineral trioxide aggregate versus calcium
hydroxide as indirect pulp-capping agents in permanent teeth:
A systematic review and meta-analysis. J Int Oral Health.
2019;11(5):235-43. https://doi.org/10.4103/jioh.jioh_122_19
Song M, Yu B, Kim S, Hayashi M, Smith C, Sohn S, et al. Clinical
and molecular perspectives of reparative dentin formation:
Lessons learned from pulp-capping materials and the emerging
roles of calcium. Dent Clin North Am. 2017;61(1):93-110. https://
doi.org/10.1016/j.cden.2016.08.008

PMid:27912821

Schmalz G. Strategies to improve biocompatibility of dental
materials. Curr Oral Health Rep. 2014;1(4):222-31. https://doi.
org/10.1007/s40496-014-0028-5

Jalan AL, Warhadpande MM, Dakshindas DM. A comparison
of human dental pulp response to calcium hydroxide and
biodentine as direct pulp-capping agents. J Conserv Dent.
2017;20(2):129-33. https://doi.org/10.4103/0972-0707.212247

PMid:28855762

Siswanto A, Dewi N, Hayatie L. Effect of haruan (Channa
striata) extract on fibroblast cells count in wound
healing. J Dentomaxillofac Sci. 2016;1(2):89-94. https://doi.
org/10.15562/jdmfs.v1i2.3

Hartini P, Dewi N, Hayatie. Extract of haruan (Channa striata)
decreases macrophages count in inflammation phase of wound
healing process. J Dentomaxillofac Sci. 2015;14(1):6-10. https://
doi.org/10.15562/jdmfs.v14i1.417

lzzaty A, Dewi N, Indah D. Extract of haruan (Channa
Striata) decrease lymphocyte count in inflammatory phase
of wound healing process effectively. J Dentomaxillofac Sci.
2014;13(3):176-81. https://doi.org/10.15562/jdmfs.v13i3.411

Rosmawati, Abustam E, Tawali AB, Said MI. Chemical
composition, amino acid and collagen content of snakehead
(Channa striata) fish skin and bone. Scie Res J. 2018;6(1):1-4.
https://doi.org/10.1007/s12562-018-1248-8

Reza M, Dewi N, Kaustiyah |. Extract of haruan (Channa
Striata) increase neocapillaries count in wound healing process.
J Dentomaxillofac Sci. 2015;14(1):1-5. https://doi.org/10.22208/
jdmfs.v14i1.1

Lee JY, Lee HJ, Jeong JA, Jung JW. Palmitic acid inhibits
inflammatory responses in lipopolysaccharide-stimulated
mouse peritoneal macrophages. Orient Pharm Exp Med.
2010;10(1):37-43. https://doi.org/10.3742/0pem.2010.10.1.037
Pedano MS, Li X, Jeanneau C, Ghosh M, Yoshihara K, Van
Landuyt K, et al. Survival of human dental pulp cells after
4-week culture in human tooth model. J Dent. 2019;86:33-40.

PMid:31121243

62

https://www.id-press.eu/mjms/index



Tanumihardja et al. Effect of Haruan Fish on Odontoblast

19.

20.

21.

22.

23.

24.

25.

Bjgrndal L, Simon S, Tomson PL, Duncan HF. Management of
deep caries and the exposed pulp. Int Endod J. 2019;52(7):949-
73. https://doi.org/10.1111/iej. 13128

Andreasen FM, Kahler B. Pulpal response after acute dental
injury in the permanent dentition: Clinical implications-a
review. J Endod. 2015;41(3):299-308. https://doi.org/10.1016/j.
joen.2014.11.015

PMid:25601716

Yu CY, Abbott PV. Responses of the pulp, periradicular and soft
tissues following trauma to the permanent teeth. Aust Dent J.
2016;61(Suppl 1):39-58. https://doi.org/10.1111/adj.12397

PMid:26923447

Hosoya A, Nakamura H. Ability of stem and progenitor cells
in the dental pulp to form hard tissue. Jpn Dent Sci Rev.
2015;51(3):75-83. https://doi.org/10.1016/j.jdsr.2015.03.002

Berbari R, Fayyad-Kazan H, Ezzedine M, Fayyad-Kazan M,
Bandon D, Sfeir E. Relationship between the remaining dentin
thickness and coronal pulp status of decayed primary molars.
J Int Soc Prev Community Dent. 2017;7(5):272-8. https://doi.
org/10.5005/jp-journals-10005-1478

PMid:29026700

Widjiastuti I, Irnatari N, Rukmo M. Stimulation of propolis
extract in odontoblast like cells induced by Lactobacillus
acidophilus inactivity to TLR2 and TNFa expression.
Odonto Dental J. 2017;4(2):85-93. https://doi.org/10.30659/
0dj.4.2.85-93

Qureshi A, Soujanya E, Nandakumar, Pratapkumar,

26.

27.

28.

29.

30.

31.

Sambashivarao. Recent advances in pulp capping materials:
An overview. J Clin Diagn Res 2014;8(1):316-21.

PMid:24596805

Mostafa N, Moussa S. Mineral trioxide aggregate (MTA) vs
calcium hydroxide in direct pulp capping-literature review. Online
J Den Oral Health. 2018;1(2):1-6. https://doi.org/10.33552/
0jdoh.2018.01.000508

Qadiri SY, Mustafa S. Role of calcium hydroxide in root canal
therapy: A comprehensive review. J Adv Med Dent Scie Res.
2019;7(7):1-3.

Andrie M, Sihombing D. The wound healing effect of cork
(Channa striata) extract in ointment on acute stage Il opened
wound in in male Wistar strain rats. Pharma Sci Res.
2017;4(2):88-101.

Laila L, Febriyenti F, Salhimi SM, Baie S. Wound healing effect
of Haruan (Channa striatus) spray. Int Wound J. 2011;8(5):484-
91. https://doi.org/10.1111/j.1742-481x.2011.00820.x
PMid:21722317

Michelis R, Sela S, Zeitun T, Geron R, Kristal B. Unexpected
normal colloid osmotic pressure in clinical states with low
serum albumin. PLoS One. 2016;11(7):e0159839. https://doi.
org/10.1371/journal.pone.0159839

PMid:27453993

Njeh A, Uzunoglu E, Ardila-Osorio H, Simon S, Berdal A,
Kellermann O, et al. Reactionary and reparative dentin
formation after pulp capping: Hydrogel vs. Dycal. Evid Based
Endod. 2016;1:e3. https://doi.org/10.1186/s41121-016-0003-9

Open Access Maced J Med Sci. 2020 Apr 25; 8(D):58-63.

63



