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Matrix Metalloproteinase-1 (MMP-1) Expression and
Density of Collagen Fibers following Application of Haruan
Fish (Channa striata) Extract in Inflamed Pulp of Wistar Rat
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ABSTRACT

Pulp perforation in teeth with reversible pulpitis can occur due to latrogenic
factors, This condition can be treated with direct pulp capping wsing cakium
hydrowide. Still, this matertal can cause necrosis of the superficial layer of the pulp
and dentin, whi roduces tunnel defects in the long term. Therefore, ratural
Ingredients of (@B extract containing essentlal compounds for the process of
tissue syntheses such as albumin, amino acids, and several minerals t n play
a role in accelerating the wound bealing process is being loped, This study
was conducted to determing the effect of the application uan fish extracts
oh MMP-1 expression and the density of en fibers n the dental pulp of
Inflamed Wistar rats. A total gf 27 samples weré divided into three groups: the
niegative control group, treatment (extract of Haran fish), and positive central
(ealchim hydroxide). The test materjal was applied to class 1 cavities, made to
reach the pulp, and given LPS % then left for 3 hours. Samples were
decapitated on 3.7 and 14" days. Data wers analyzed Lsing thie Anova and Chi-
Souare test. Based on the g there was a decrease in MMP-1 expry

on on
FLI™ and 14" days, but there was no statisticalty significant diff . The
density of collagen fibers was seen as thicker scores on the 7th day, but there was

no sgnificant difference in the time of observation, Based on the conducted
study, Haruan flsh estract has been shown to reduce MMP-1 expression in
inflamed pulp and trigger the proliteration of fibroblast cels to increase the
demsity of collagen fibers.

INTRODUCTION

The dental pulp is a connective tissue that contains
nerves, blood vessels, essential substances, interstitial
Nuid, odontoblast cells, fibroblast cells, and other
cellular components.’* Dental pulp complex can adapt
to various stimuli to maintain tooth vitality and play a
role in secreting dentin When the pulp tissue is
inflamed, it can carry owt a defensive reaction'*®
Several Matrix Metalloproteinases (MMPs) are found in
dentin-pulp complexes and healthy tssue, which are
involved in the physiological processes during the
formation  and  maintenance  of  the  dentin-pulp
complex.” One of the MMP included in the collagenase
engyme s MMP-1 o expressed by fibroblast cells,
macrophage cells, and endothelial cells. In physiological
conditions, its expression is low, while the increase in
pathological conditions."" Extracellular matrix in dental
pulp contains collagen type | and 11 The collagen
degradation process is very instrumental in tssue and
collagen damage during pulp inflammation.'"

Pulp perforation in teeth with reversible pulpitis can
occur due to latrogenic factors, This condition can be
treated by applying  calcium  hydroxide in the
perforation area'' Calcium  hydroxide s alkaline,
stimulating  the formation of yeparative dentine on
direct contact with the pulp. Stll, this material can cause
necrosis ol the superficial layer of the pulp and dentin.

[FARSIRL]

AL present many natural materials are developed, which
are biocompatible with hard tissues and synthesis and
yroliferation.' ™" Besides, the hydroxyapatite content
b.unl in the bones of the Haruan tish (Channo striata)
play a role in the formation of dental hard tssue.™
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With a variety of Harvan fish (Channa striata) extracts
that are useful in iInducing the wound healing process, it
is of interest to the Author to research more about the
elfectiveness of Haruan fish (Channa striota) on MMP-1
expression and the density ol collagen libers in the
inflamed pulp of Wistar rats.

MATERIALS

] VLS AND METHODS
The production of Haruan fish extract (Channa striata)
consists of the extraction of flesh and bones of Haruan
fish. Haruan fish extract was produced referring to the
research conducted by Agustin et al. with steaming and
bone  extraction  methods  referring  to  research
conducted by Maulidah et al. by doing bone de-
proteinase then mixed with a comparison (1: 1) to form
i paste,
Twenty-seven male Wistar rats aged 12-16 weeks with
a bodyweight of 250 - 300 g, were used in this study.
Wistar rats were divided into three groups randomly;
h group consisted of 9 rats. A Class | (Black Class)
ty was made on the occlusal surface of the maxillary
right first molar using a low-speed handpiece. The
penetration of the pulp was done by using K-file # 15
until a red dot was seen. The cavity was irrigated with a
sterile saline solution and dried using cotton pellets,
After that, the LPS E-coli was applied and then covered
with Cavit, The negative group was closed with Resin
Madified  Glass  lonomer (RMGI), a  permanent
restoration material. The treatment group was applied
with Haruan fish extract (Channa striata), and positive

control was used with calcium  hydroxide after the
sample was lett for 3 hours. Alter the application of the
material, the cavity was restored with RMGL After that,
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the examples were decapitated on 37" and 14" days.
The samples were examined immunohistochemically to
examine the expression of MMP-1, and Mallory staining
was done to evaluate the density of collagen fibers,

RESULTS

Table 1 showed a decrease in MMP-1 expresston in the
treatment group, but statistically, there Is no significant
difference based on the observation time where p
{0.528)> 0.05. From the table, it can be seen that the
treatment group has decreased MMP-1 expression from
37 and 14" days, whereas positive and negative
control groups have decreased MMP-1 expression from
day 310 7 but increased on day 14,

Based on the time of observation, collagen fibers density
In the treatment group s higher compared to other
groups, especially on the 7" day, but there was no
statistically signiticant difference { p=0.233).

s S50

Matrix metalloproteinase (MMP) is an enzyme that
plays a role in the formation of physiological secondary
dentin in healthy teeth, matrix degradation during tooth
injury. It plays a role in tertiary dentinogenesis and pulp
inflammation #*“" The balance between MMP-1 and
TIMP-1 is the critical control point in network
remodeling connections, and imbalance conditions can
cause Lssue damage, ™

In the negative group, the MMP-1 expression was seen
with a lower value than the other groups, This indicates
a mild inflammation caused by mechanical perforation
induced by lipopolysaccharide (LPS) of £ coli bacteria,
This result is consistent with rescarch conducted by
Feng Mei et al, that the friction and heat generated due
to the use of rotary instruments causes an i
the that bacteria and the results of its produ
role during the tissue inflammation process through
regulation of cytokine production to increase MMP
expression or stimulate cells to produce MMP. 474"

The decrease in days 7 and 14 in the treatment group
was caused by the content of unsaturated fatty acids
found in the extract of the Haruan fish (Channa striata)
functioning  as an ant-inflammatory by regulating
prostaglandin synthesls which acts as a vasodilator of
blood vessels so that regulating  infiltration  and
activation of neutrophils in the inflammatory process
and induces wound healing'”. Besides, palmitic acld in
Haruan fish extract can also reduce the production of
proinflammatory cytokines that cause MMP-1, P-2,
TIMP-1 in pulp cells" * Other ingregnts Zn play a
role in cell growth and replication and play a role in the
cellular immune response. Cu and Zn play a binding role
and optimize the lunction of the engyme superoxide
dismutation (SOD) to reduce inflammation.*” Albumin in
Haruan fish (Channo striata) extract s also able to
stimulate Transtorming Growth Factor (TGF-f) through
macrophages. |28] TGF-$ can inhibit the production of
MMP-1 through in sed proteinase inhibitory activity,
namely TIMP  (Tissue Inhibitor Metalloproteinas
which can prevent and reduce collagen tssue d e,
so that collagen synthesis is increased.”

The high expression of MMP-1 on the 3% day then
decreased on the 7" day, indicates inflammation due to
mechanical perforation. The application of this bivactive
molecular material can tigger cell proliteration and
ditferentiation. However, on the 14" day the expression
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was slightly increased, this happened because in the
application of calcium hydroxide it was likely still
experiencing chronic inNammation, high pH in Ca{OH)2
can last for four weeks, causing tissue necrosls in the
superficlal pulp in contact with the material. Tissue
necrosis will be responded to as a lesion and produce an
inflammatory signal,
Nelson-Filhoet et al. reported that Ca(OH)2 initially
induces the formation ol necrotic zones when contact
with dental pulp tissue due to high pH (11-12)."" During
the inflammatory process that causes the number of
ulp cells to increase simultaneously, tibroblast cells
Il migrate toward injury, proliferate, and produce
large amounts of collagen matrix that will help isolate
and repair damaged tssue," #
In the Haruan fish extract treatment group, there was
no significant difference in the increase in collagen
density at each observation time, However, it can be
seen i the treatment group with a score of 2 (thick)
more than the positive and negative control groups.
Collagen formation begins on day 3, more after day 7,
and a few weeks later, collagen synthesis Is stopped, and
enzymatic degradation of the collagen matrix will occur.
This condition will contribute to the balance of collagen
formation. The balance between collagen deposition
and degradation will determine the integrity and
strength of the tissue. The mechanism of collagen
degradation will occur through proteolytic enzymes
(MMP) by degrading  collagen  and other
macromolecular  matrices  to smaller  extracellular
peptides. This intracellular degradation is the most
critical mechanism in physiological conditions  and
remodeling of collagen fibroblast tssue. ™
The high percentage of collagen density score 2 (thick)
In the treatment group showed that the albumin content
of the Haruan fish extract {Channa striota) was able to
stimulate the  proliferation of fibroblast cells, thus
confirmed the result of previous in vitro study that HFE
could increase the spread of odontoblast-like cells.™
Increased fibroblasts will increase collagen synthesis,
accumulation, and remodeling  process. The more
fibroblasts in the injured area, the integration of
collagen also begins, thus accelerating the wound
healing process.” " Albumin and Zn are also crucial for
wound healing because this protein can hind Zn and
then transport it in blood plasma. Zn deliciency reduces
the wound healing process. Moreover, Cu plays a
significant role In several enzyme functions, especially
amine oxidation and pyridoxal phosphate. ™

CONCLUSION

This research provides information uhmhv content of
Haruan lish {Channa striota) extract, such as albumin,
Zn, Cu, Fe, and fatty acids, which have anti-inflammatory
effects of suppressing the formation of proinflammatory
cytokines. So that MMP-1 expression decreases and
trigpers cell proliferation in the creation of new collagen
that will form an increased density of collagen, which
Indicates the tissue healing process.

REFERENCI

1. Ingle, ). L, Bakland, L. K., & Baumgartner, |. C
(2008). Ingle’s endodontics/John | Ingle, Leif K
Bakland, |. Craly Baumgartner, Hamilton, Ont.: BC
Decker,

Vol 11, 1ssue 9, Sept-Oct 2020




(=]

-~

Madrie Mefalloprofeunase -1 (MMFP - 1) Expresston png Dengd ty of Cellagen Fibers

followring Appluation of Havuan Fulh (Clanna ifreafn) Exdract tn lnflamed Pulp of

Wity

Garg, N., & Garg, A. (2010). Texthook of endodantics.
Boydell & Brewer Lul. 2 edition. New Delhi
laypee Brothers Medical; 2010, P.7-8.

Dwintanandi, Mahzi, Raharja. (2016). Effect ol
mangosteen peel extract (garcinia mengostana linn)
on the number of  macrophages in pulp
inflammation, Dentino Jurnal Kedokteran Glgi, 2(2).
Patel, S., & Barnes, |. | (Eds). (2019). The principles
of endodontics, Oxford University Press, USA. Edisl
2.

Gulabivala K and Ling Y. (2014). Endodontics. Mosby
Elsevier, Ed.4.

Simon, 5. R. |, Berdal, A, Cooper, P. R, Lumley, P. [,
Tomson, P. L, & Smith, A, . (2011). Dentin-pulp
complex regeneration: from lab to clinic. Advances
in dental research, 23(3), 340-345,

Zirta, U A, Gunawan, |. A, & Nurrohman, H.
Peranan matrix metalloproteinases dalam karles
dentin. Jurnal PDGIL 2009;58(2):25-31.
Evrosimovska, B., Dimova, C, Kovacevska, [, &
Panov, § (2012), Concentration ol collagenases
(MMP-1, -8-13) in patients with chromcally
inflamed dental pulp tissue, Contributions, Sec. Biol.
Med. Sci, 33(2), 191-204,

Pereira Prado, V., Asquino, N, Apellaniz, D, Bueno
Rossy, L., Tapia, G, & Bologna Molina, R, (2016).
Metalloproteinases (MMPs) of the extracellular
matrix in dentistry. Qdontoestomatologia, 18(28).
Wisithphrom, K, Muwray, P. E, & Windsor, L. |
(2006). Interleukin-1 « alters the expression of

matrix metalloproteinases and collagen
degradation by pulp  fibroblasts.  fournal  of
endodontics, 32(3), 186-192,

Prananingrum, W, (2010). The increasing  of
adontoblast-llke  cell number on  direct  pulp
capping of Rattus norvegicus using chitosan.

Chaudhari, W. A., Jain, R. [, Jadhav, 8. K., Hegde, V. S,
& Dixit, M. V. (2016). Calcium jon release from four
different light-cured calcium hydroxide cements,
Endodaontology, 28(2), 114,

Njeh, A, Usunoglu, E., Ardila-Osorio, H, Simon, S,
Berdal, A, Kellermann, 0., & Goldberg, M. (2016).
Reactionary and reparative dentin formation after
pulp capping: Hydrogel vs. Dycal Evidence-Based
Endodontics, 1), 19,

Chaudhari, W. A, Jain, R. |, Jadhav, S. K., Hegde, V. S,
& Dixit, M. V. (2016). Calcium jon release from four
different light-cured calclum hydroxide cements,
Endodontology, 28(2), 114,

Dwiandhono, 1, Effendy, R, & Kunartl, S. (2016).
The thickness of odontoblast-like cell layer after
induced by propolis extract and calclum hydroxide,
Dental fournal (Majolah Kedokteran Gigi), 49(1),
17-21,

Setiawan M, Dewi N, Oktaviyani 1. (2015). Extract of

haruan [Channe  striata) increases neocaplllaries
count in wound healing  process.  Journal ol
Dentomaxillofacial Science, 14(1):1-5.

Agustin, R, Dewl, N, & Raharfa, S. D. (2016).
Efektivitas ekstrak ikan haruan (Channa Striata)

Systematic Reviews in Pharmacy

<Lt

20

1

[
.

dan ibuprofen terhadap jumlah sel neutrofil pada
proses penyembuhan  Luka Studi in vive pada
mukosa bukal tikus (Rattus Norvegicus) Wistar,
Dentino, ), 68-74,

Fitriyant, Deviarni. (2013). Utilization of cork fish
albumin  extract (Channa striata) as a  basic
ingredient in wound healing cream. Vokasl, 9(3).

Maulidah, M., Irnamanda, D. H., & Panjaitan, F. U, A.
(2018). Biocompability test of haruan fish (Channa
striata) bone hydroxyapatite to fibroblast cell as
periodontal pocket therapy (In Vitro Study on BHK-
21 Fibroblast Cell with Hydroxyapatite of Haruan
Fish Bone (Channa striata) as Bone Graft Material).
Dentino, A2), 150-155.

Sambandam, V., & Neelakantan, P. (2014). Matrix
metalloproteinases (MMP) In restorative dentistry
and endodontics, fournal of Clnical  Pediatric
Dentistry, a91), 57-59,

Jain, A, & Bahuguna, R (2015). Role of matrix
metalloproteinases  in dental carles, pulp and
periapical inflammation: An overview. Journal of
oral biology and craniofacial research, 5(3), 212-
218, :
Wu, ¥, Zhu, L, Wei, H. & Peng, B. (2013),
Regulation of matrix  metalloproteinases, tssue
inhibitor  of  matrix  metalloproteinase-1,  and
extracellular metalloproteinase  inducer by
interfeukin-17 in - human periodontal  ligament
fibroblasts, fournal of endodontics, 39(1), 62-67.

Fatimatuzzahro, Haniastuti, Handajan. (2013).
Inflammatory response of dental pulp of Sprague
Dawley rats after application of ethylene diamine
tetraacetic acid 19% etching and 37% phosphoric
acid, Dental Jurnal. 46(4).

Parda, A, & Selman, M, (2005). MMP-1: the elder of
the family, The international journal of biochemistry
& cell biology, 37(2). 283-288.

Lin, S. K, Wang, C, C, Huang, S, Lee, |, [, Chiang, C.
P. Lan, W, H,, & Hong, C. Y. (2001). Induction of
Dental Pulp Fibroblast Matrix Metalloproteinase- 1
and Tissue Inhibitor of Metalloproteinase-1 Gene
Expression by Interleukin-la and Tumor Necrosis
Factor-a Through a  Prostaglandin-Dependent
Pathway. Journal of endodontics, 27(3), 185-189.

Vol 11, 1ssue 9, Sept-0ct 2020




Matriw Metalloproteomnase -1 (MMFP -1) Exprisston and Devaty of Collagen Fubers

ferlloweng Application of Havvan Fuh (Channa ghriad) Exfract o lnflaned. Pudp of

Wit Radt

Table 1. Difterences in MMP-1 Expression between Groups Based on the Time of Observation,

" (hservation
Group
p-value
I day 7" day 14" day
Negative Control 9.10 + 543 18.17 + 2,02 0.038°
Ereatment 63.33 + 2681 4833 424.19 3823+ 26.67 0.528
Positive Control 8380 +259 66.10+13.38 69.43 + 1086 0.152

Note: Anova test, p <005 *significant

Table 2. Distribution and Analysis Table of Differences in the Density of Collagen Fibers.

. Density
Group Total p-value
0 1 2
30 : ) 3
. n (%) 3 0 ( 3
day (100 (0) (0) (100)
Negative F o 0 2 1 3 S
Control day | M%) (0) (66.7) (333) (100) o
14 . 0 . 3
AR (T .5 . 5 il WL (100)
3 , 0 2 1 3
_day | M) (0) (66.7) (100)
= :
e I N I oo | o
0 0 3 3
" n (%)
day {0) {100) (0) (100)
3 ' 3
3 n (%) ._1. ..i! o
day | " (33.3) {66.7) (0) (100)
Positive i 0 3 0 3 .
Control day | "0%0) (0} (100) (0) (100) Uiy
< :
14 i ] 3 0 3
| daye e | 0 (on) (9) (100)
estwith p<0.05 * slgnificant
1 cay ? chay 14 day ] day 7 tay 14 dlay 1day 7 day 14 day
| tiver Cantr Trisate Post Co
Group
W Donsity Score 0 W Density Score 1 @l Density Scare 2

Figure 1. Density of Collagen Fibers Based on the Time of Observation of the Group.

Systematic Reviews in Pharmacy Vol 11, Issue9, Sept-Oct 2020




n_Fish_Channa_striata_Extract_in_Inflamed_Pulp_of_Wistar_R...

ORIGINALITY REPORT

9% O O 4

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Submitted to Universitas Hasanuddin 2
Student Paper %
I
eprints.ners.unair.ac.id
Internet Source 1 %
docsdrive.com 1
Internet Source %
oamjms.eu /
Internet Source %
"Matrix Metalloproteinases in Tissue 1 "
Remodelling and Inflammation", Springer
Science and Business Media LLC, 2008
Publication
repository.unair.ac.id
n Intnﬁmt Source 1 %
Mengyu Liu, Yuan Zhao, Chenglin Wang, <'| "

Haiyun Luo, Peng A, Ling Ye. "Interleukin-17
plays a role in pulp inflammation partly by
WNT5A protein induction”, Archives of Oral
Biology, 2019

Publication




B2 — = =i
w N —— o

Conor Boylan, Diane Barrett, Vincent Li, Susan <1
Merrick, Helen Steed. "Longitudinal %
Complications Associated with PEG: Rate and

Severity of 30-day and 1-year Complications
Experienced by Patients After Primary PEG

Insertion", Clinical Nutrition ESPEN, 2021

Publication

John A. Dibattista, Jean-Pierre Pelletier, <1 %
Muhammad Zafarullah, Kazushi Iwata,

Johanne Martel-Pelletier. "Interleukin-1(3

induction of tissue inhibitor of

metalloproteinase (TIMP-1) is functionally

antagonized by prostaglandin E2 in human

synovial fibroblasts", Journal of Cellular

Biochemistry, 1995

Publication

worldwidescience.or

Internet Source g <1 %
www.research.manchester.ac.uk <1
Internet Source %
www.researchgate.net

Internet Source g <1 %
Devi E. Juniarti, Sri Kunarti, Andi A. Mardiyah, <1 "

Ni M. D. Purniati. "Biomodulator of Diode
Laser Irradiation on Odontoblast-Like Cells by
Expression of Vascular Endothelial Growth




Factor-A and Transforming Growth Factor-
B1", European Journal of Dentistry, 2022

Publication

Exclude quotes On Exclude matches <5 words

Exclude bibliography ©n



