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Abstract

Background: Congenital Heart Disease’s related Pulmonary Arterial Hypertension (PAH) frequently
develops into progressive, causing vascular proliferation and ending with heart failure and death.
Definitive therapy on anatomical defect often delayed due to facilities and infrastructure. Medical
therapy is needed to decrease morbidity and mortality during awaiting definitive therapy.
Pomegranate extract has antiproliferation activity through antiinflammation, ACE inhibitor, and
antioxidant mechanism. The antifibrotic effect can be evaluated by the decreasement of cells
expressing HSP27 and Laminin 5 y2, and thickening of smooth muscle pulmonal artery.

Purpose: Knowing the effect of pomegranate extract (Punica Granatum L) in cells expressing HSP27
and Laminin 5 y2, and thickening of smooth muscle PAH rat models.

Method: This randomized post-test only control group carried out on 24 paraffin block from
monocrotaline induced male Sprague Dawley rats. The monocrotaline dose is 60 mg/kg body weight.
The amount of cells expressing HSP27 and Laminin 5y2, and thickening of smooth muscle evaluated
on week 2 and week 4.

Result: There are significant difference on cells expressing HSP27 and Laminin 5 y2, and thickening
of smooth muscle between 2 weeks treatment by pomegranate extract group and 4 weeks treatment
group lower than controls.

Conclusion: Pomegranate extract decrease cells expressing HSP27 and Laminin 5 y2, and inhibit
thickening of smooth muscle on PAH rat models.

Keywords: pulmonary arterial hypertension, PAH rat model, pomegranate extract, HSP27, Laminin
5 y2, smooth muscle thickness
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INTRODUCTION

Cardiovascular disease is a high urgency disease in
the world (Widiyanti, et al. 2016). The most common
cardiovascular risk factor is hypertension (Maharani, et
al. 2019). Pulmanary artery hypertension (HAP) is one
of the complicatiorfghat often occurs in congenital heart
disease (CHD), characterized by an increase in
pulmonary artery pressure that can occur progressively
and can cause right heart failure and premature death
(Abman, & lvy, 2011). Pulmonary artery hypertension
often occurs in congenital heart disease (CHD) in
children where the incidence of CHD in Indonesia is 8
per 1 ive births (Vidyasagar, Wilson, & Djamali,
2012). The proliferation of cardiac smooth muscle cells
through the mechanism of endothelin activates
p38MAPK and HSP27 accompanied by migration of
smooth muscle cells characterized by increased

biomarkers of laminin5. Increased HSP27 activity results
in proliferation of smooth muscle of the heart. HSP27 is
a specific protein in cardiac smooth muscle cells.
Laminin 5 vates the results of extracellular matrix
resulting in migration of pulmonary smooth muscle cells.
Laminin 5 is activated by the p IAPK channel door
when shear stress arises (Tuder, et al. 2013; Chang, et
al, 2016).

The use of pomegranate extract as HAP therapy still
needs to be studied further, especially its use as an
antioxidant, anti-inflammatory, anti-proliferative, and
anti-fibrotic which is expected to be used as an
alternative therapy to prevent the progression of HAP so
as to reduce patient mortality (Asgary, S., et al. 2013,
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Fig. 1. HSP27 expression-in tunica intima and tunica media of mouse HAP pulmonary artery media

Asgary, et al. 2014). Pomegranate is commonly used as
an herbal medicine. Extracts from all parts of this fruit
have a protective effect against damage in the body,
including a decrease in the regulation of apoptotic
mechanisms due to ellagic acid compounds (Anggraini,
& Hendarto, 2018).

Purposes of this research to explain the mechanism

mooth muscle thickening inhibition as a result of
proliferation of pulmonary artery smooth muscle cells
expressed by HSP27 and Laminin 5 y2 in the intima and
the pulmonary artery media of the mouse model of
pulmonary artery hypertension given pomegranate
extract. Proving that pomegranate extract (Punica
Granatum L) decrease cells expressing HSP27 and
Laminin 5 y2, and thickening of smooth muscle PAH rat
models.

METHOD

This type of research stems from a previous study
namely experimental studies in animal models of mouse
pulmonary hypertension carried out by making
immunohistochemical preparations. Samples are
measured and identified well. This randomized post-test
only control group carried out on 24 paraffin block from
monocrotaline induced male Sprague Dawley rats. The
monocrotaline dose is 60 mg/kg body weight. The
amount of cells expressing HSP27 and Laminin 5 y2,
and thickening of smooth muscle evaluated on week 2
and week 4.

Population and sample

The paraffin block in this study is 24 divided into 4
groups, with each group of 6 paraffin blocks. Four
groups were divided into control groups and treatment
groups. Group | (K1) paraffin block control group, group
Il (E1) paraffin block treatment in observation 2 weeks,
group Il (K2) paraffin block observation control group 4

3634

weeks, and group IV (E2) paraffin block treatment each
each at 4 weeks observation. The subjects of the study
were observed HSP27 expression and the expression of
laminin 5 y2 expression, as well as thickening of the
pulmonary artery smooth muscle.

Data analysis

Analysis of research data is done by testing ne
normality first with the results of the data obtained are
normally distributed. After that the homogeneity test was
carried out using one-way ANOVA method on the body
weight of the model rats and obtained homogeneous
data. ANOVA and LSD tests were conducted because
the data obtained were normally distributed and
homogeneous.

RESULTS

Figure 1 was taken with a 400x magnification on a
Sony Nex7 digital imaging light microscope, while cell
calculations of HSP27 expression were calculated on
endothelial cells expressing brown using a micrometer
device mounted on a microscope lens with 1000x
magnification of 20x field of view. The black arrow on the
K1 image shows HSP27 expression on the tunic intima
and the tunic media of the mouse pulmonary artery in
the control group model on 2 weeks observation that
appears more when compared to the one shown in E1
image, the group given EBD at 2 weeks observation.
Black arrows on K2 images that showed HSP27
expression in tunica intima and mouse pulmonary artery
media in the control group model on 4 weeks
observation which also showed cells expressing HSP27
appeared to be much more than in E2 image, ie groups
of mouse models given EBD on 4 weeks observation.
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Fig. 2. Laminin 5 y2 expression on tunica intima and tunica media of mouse HAP pulmonary artery media

Table 1. The average number of cells expressing HSP27

Treatment HSP27 (cell/hpf) P
group Mean SD Mini Maximum
Ki 10* 1,581 8 12
=] 4,68 1,617 3 7
K2 18,4° 2,191 15 21 <0001
E2 8,24 0,837 3 21

Different #< superscripts show that there are significant differences between
groups based an the LSD double comparisan test (p <0.05).

Table 1 explains the number of cells expressing
HSP27 that there was a decrease in the EBD (E1)
administrati@felroup to the control group (K1), as well as
a decrease in the EBD group (E2) to the control group
(K2). Mean contral group 2 weeks (K1) from the 4-week
control group (K2), as well as the group given EBD 2 and
4 weeks. b illustrates the significant difference between
the groups given EBD 2 weeks (E1) from the 4-week
EBD group (E2), and the control groups 2 and 4 weeks.
Blllustrates the significant difference in the 4-week (K2)
control group from the 2-week control group (K1), as well
as the group given EBD 2 and 4 weeks. d illustrates the
significant difference from the 4-week EBD group (E2)
from the 2-week EBD group (E1).

Figure 2 was taken with 400x magnification on a
Sony Nex7 digital imaging light microscope, while cell
calculations from Laminin 5 y2 expression were
calculated on endothelial cells expressing brown color
using a micrometer device mounted on a microscope
lens with 1000x magnification of 20x field of view. The
black arrow in the K1 image shows the number of cells
expressing Laminin 5 Y2B the tunica intima and the
pulmonary artery media in the mouse group in the
control model on 2 weeks observation. The number of
cells appeared more when compared to the number of
cells expressing Laminin 5 y2 in the tunnels of the intima

and pulmonary artery media in the model mouse group
given EBD in the 2 weeks observed by the black arrow
in image E1. The same thing can be seen in the K2
image where the black arow showing the number of
cells expressing Laminin 5 y2 in tunica intima and
pulmonary artery media in the control group mouse
model at 4 weeks observation appeared to be much
more than in cells expressing Laminin 5 y2 in tunica
intima and Pulmonary artery media in the model mouse
group that was given EBD in the 4-week observation
shown by the black arrow on E2 image.

Table 2. The average number of cells expressing HSP27

Treatment Laminin 5 y2 (cells/hpf) P
groups Mean SD Mi M
K1 112 1,581 9 13
E1 5,2" 1,304 4 7
K2 15,4 2,408 12 18 <0,001
E2 704 1,643 5 9

Different < supe rseripts show that there are significant differences between
graups based on the LSD double comparison test (p <0.05).

Table 2 explains the number of cells expressing
Laminin 5 y2 that there was a decrease in the EBD (E1)
group of the control group (K1), as well as a decrease in
the EBD grougJE2) to the control group (K2). Significant
differences in the 2-week (K1) conirol group from the 4-
week confrol group (K2), as well as the groups given
EBD 2 and 4 weeks. b illustrates the significant
difference between the groups given EBD 2 weeks (E1)
from the 4-week EBD group (E2), and the control groups
2 and 4 weeks. dBljustrates the significant difference in
the 4-week (K2) control group from the 2-week control
group (K1), as well as the group given EBD 2 and 4
weeks. ab illustrates the significant non-significant
difference of the 4-week EBD group (E2) from the EBD
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Fig. 3. The thick smooth muscle of the HAP model of the mouse pulmonary artery

group 2 weeks (E1) but still shows a decrease in the
number of laminin 5 y2 expressions so that in the HAP
process it can inhibit HAP from worsening.

Pulmonary histology preparations made using
hematoxylin-eosin (HE) staining were performed to
measure the thickness of smooth muscle of the HAP
model animal pulmonary arteries. This measurement
aims to see the proliferation process in the smooth
muscle of the pulmonary artery wall from the mice of the
control and experimental group models

Figure 3 was taken with 400x magnification on a
Sony Nex7 digital imaging light microscope, while the
calculation of endothelial cells using a micrometer
device mounted on the ocular lens from a microscope
with 1000x magnification, cell counting was calculated
by calculating pulmonary artery smooth muscle cells in
100 cells from the area the tunica edge of the pulmonary
artery media, with 1000x magpnification, in 10 visual
fields. The black arrows in image K1 showed the
thickness of the pulmonary artery smooth muscle of the
control group rats in 2 weeks observation, black arrows
were also shown towards smooth muscle cells in the
group given EBD (E1). The picture above does not
clearly show the number of smooth muscle cells
because shooting is only 400x, while the calculation of
cell counts uses 1000x enlargement, but from the field
of view it looks different in the control group (K1) and the
EBD (E1) administration group, as well in the control
group (K2) observation with the group given EBD (E2) at
4 weeks observation.

Table 3 explains that the mean thickness of
pulmonary artery smooth muscle in the EBD treatment
group at 2 weeks observation (E1) was lower than the
control group paraffin block in 2 weeks (K1) and
significantly different observations, as well as 4 weeks
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observation, the number of muscle cells plain in the EBD
(E2) treatment group was less than the control group
(K2) The description of a, b, ¢ supekripts where a
illustrates the significant difference in the 2-week (K1)
control group from the 4-week control group (K2), as well
as the groups given EBD 2 and 4 weeks. b illustrates the
significant difference between the groups given EBD 2
weeks (E1) from the 4-week EBD group (E2), and the
control groups 2 and 4 weeks. Elllustrates the significant
difference in the 4-week (K2) control group from the 2-
week control group (K1), as well as the group given EBD
2 and 4 weeks. ab illustrates the significant non-
significant difference of the 4-week EBD group [£2) from
the EBD group 2 weeks (E1) but still shows a decrease
in the number of smooth muscle cells so that in the HAP
process it can prevent HAP from worsening.

Table 3. The average thickness of the smooth muscle of
the pulmonary artery wall

Treatment Thick smooth pulmonary artery
muscles(um) P
groups Mean | SD | Minimum | Maksi
K1 182° | 0,38 1,50 2,50
E1 0,55° 0,24 0,25 1,00
K2 575 | 1,04 4,00 7,00 <0.001
E2 1,12 1,21 0,20 3,50
Different “= supe rscripts show that there are significant differences between

groups based on the LSD double comparison test (p <0.05).

DISCUSSION

Administration of EBD can cause a decrease in
HSP27 expression through p38-MAPK activation in
paraffin blocks derived from monocrotalin-induced HAP
model mice. Starting frofffendothelin is one of the
vasoactive mediators that play a role in the formation of
HAP. Endothelin in HAP is converted into endothelial
cells to ET-1 by ECE. Endothelin-1 increases the
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expression of endothelin A (ETA) and ethelin B
(ETB) which eventually leads to contraction, proliferation
and hypertrophy of pulmonary artery smooth muscle
cells (Kingsley, et al. 2002).

Administration of EBD for 2 weeks was significantly
different with HSP27 expression with 4 weeks of EBD
administration. This shows that EBD can inhibit the
progression of HAP, but more research is needed to
evaluate the effectiveness of use.

Pomegranates (punica granatum)  contain
polyphenols which function as anti-inflammatory and
antioxidant. Among them are ellagic acid (EA) and
flavonoids, tanins, and anthocyanins (Kiss, et al. 2014.
Lévy, et al. 2013). Antioxidant effects on tannins
contained in pomegranates cause a decrease in
angiotensin Il levels but the mechanism of action still
cannot be explained (Li, et al. 2015).Pomegranate
extract can inhibit liver and heart fibrosis in animal
models, can function as an anti-oxidant, anti-
inflammatory, anti-proliferative, and as apoptosis, and
inhibit p38-MAPK and endothelin activity (Grinnan,
et al. 2014. putri, 2019. Li, et al. 2015. Kingsley, et al.
2002). Cells expressing ET-1 by decreasing mRNA
upregulation, EBD also decreases the number of cells
through the p38-MAPK canal, and also directly
decreases HSP27 22 HSP27 expression can be
reduced through the inhibition of ET-1 production by
substance NO and also through p38-MAPK. Several
studies have shown pomegranate juice can increase the
expression of eNOs and NO release, and can protect
NO degradation. (Nogueira-Ferreira, Ferreira, &
Henriques-Coelho, 2014. Pugliese, et al. 2015).

The role of laminin 5 in the pathophysiological
process of HAP occurs in the endothelin (ET) pathway
through p38-MAPK activation and inflammatory cells.
Initially ET-1 increases the expression of ETA and
endothelin B (ETB), which increases intracellular
calcium (Ca +), causing pulmonary artery
vasoconstriction (Simonneau, et al. 2013. Taguchi,
2013). Endotelin A will activate protein kinase C which
then activates the p38-MAPK path through the PLC.
When p38-MAPK is active, ﬂilso directly causes the
migration of laminin 5y2 to pulmonary artery smooth
muscle cells. This will stimulate the migraticmof
pulmonary artery smooth muscle cells (Kingsley, et al.
2002. Kiss, et al. 2014. Khan, et al. 2012. Kingsley, &
Plopper, 2005. Takatsuki, & Ivy, 2013).

The administration of EBD for 2 weeks to Laminin
5y2 expression was not significantly different from EBD
4 weeks. This shows that EBD administration can inhibit
the progression of HAP, but more research is needed to
evaluate the effectiveness of use. EBD which is rich in
polyphenols can inhibit inflammation by mast cells so
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that it can inhibit laminin5y2 activation through p38-
MAPK by other RashedfEBtudies conducted in 2016(Li,
et al. 2015. Grinnan, et al. 2014). A 2005 study by
Ahmed et al. Found that EBD had an effect on inhibiting
laminin 5y2 activation through pSBG‘\PK and NF-B in
human in vitro chondrocytes (Kiss, et al. 2014(Lévy, et
al. 2013).

This study showed that the mean thickness of
pulmonary artery smooth muscle in the paraffin block
up given EBD in 2 weeks and 4 weeks observation
was significantly lower than in the control group paraffin
block. While the mean smooth muscle thickness
between the two groups that received EBD was not
statistically significant, it was found to have significant
differences between ttatwo control groups. This shows
that thickening of the pulmonary artery s muscle
blocks paraffin originating from HAP mice, thickening of
the pulmonary artery smooth muscle is increasing
following the progression of HAP occurrence in paraffin
blocks originating from HAP mice, the administration of
EBD can prevent thickening of the pulmonary artery
smooth muscle of the paraffin block originating from
HAP mice, giving EBD can inhibit HAP progression.

Pomegranate extract has been widely investigated in
its effect of inhibiting cell proliferation associated with the
process of iferation itself. The effect of EBD in
inhibiting the proliferation and thickening of pulmonary
artery smooth muscle walls associated with the role of
endothelin can occur through a decrease in HSP27
expression and Laminin expression5y2. The effect of
EBD on the increase of NO so as to inhibit the
proliferation of pulmonary artery smooth muscle in
accordance with Ignarro's research and De Nigris's
study which showed that the effects of EBD
administration can increase the activity of eNOs (Tang,
et al. 2015. putri, 2019.)

Pomegranate extract can inhibit the proliferation of
smooth muscle cells by increasing prostacyclin,
decreasing TXA2, inhibiting TGF-B1, and the role of
inflammatory mediators. Pomegranate seeds and skin
extracts inhibit fibrosis through the cytokine regulatory
pathway with antioxidant activity, reduce TGF-B1 levels
and inhibit collagen synthesis as the resuits of the study
obtained by Wei et al. Long-term administration of EBD
is safe to use because EBD comes from fruits which also
have antioxidant effects and provide protection to
vascular smooth muscle cells of cigarettes.

CONCLUSION

In this study, pomegranate extract could decrease
cells expressing HSP27 and Laminin 5 y2, and inhibit
thickening of smooth muscle on PAH rat models.

3637




EurAsian Journal of BioSciences 14: 3633-3639 (2020) Rahman et al.

REFERENCES

Abman, S. H., & lvy, D. D. (2011). Recent progress in understanding pediatric pulmonary hypertension. Current
opinion in pediatrics, 23(3), 298.

Anggraini, D., & Hendarto, H. (2018). Pomegranate Fruit extract Administration in mice induced by Formaldehyde
to Folliculogenesis Observation and Caspase-3 Expression. Reaserch Journal of Pharmacy and
Technology, 11(2), 773-776.

Asgary, S., Keshvari, M., Sahebkar, A., Hashemi, M., & Rafieian-Kopaei, M. (2013). Clinical investigation of the
acute effects of pomegranate juice on blood pressure and endothelial function in hypertensive individuals. ARYA
atherosclerosis, 9(6), 326.

Asgary, S., Sahebkar, A., Afshani, M. R., Keshvari, M., Haghjooyjavanmard, S., & Rafieian-Kopaei, M. (2014).
Clinical evaluation of blood pressure lowering, endothelial function improving, hypolipidemic and anti-
inflammatory effects of pomegranate juice in hypertensive subjects. Phytotherapy Research, 28(2), 193-199.

Chang, C. Y., Hsieh, Y. H., Li, Y. Y., Wu, C. T., Cheng, K. Y., & Chang, C. Y. (2016). Ultrasonic Effect on the
Photodegradation of 2, 4-Dichlorophenol Wastewater. The International Journal of Biotechnology, 5(2), 26-34.

Grinnan, D., Bogaard, H. J., Grizzard, J., Van Tassell, B., Abbate, A., DeWilde, C., ... & Voelkel, N. F. (2014).
Treatment of group | pulmonary arterial hypertension with carvedilol is safe. American joumal of respiratory and
critical care medicine, 189(12), 1562-1564.

Khan, N., Syed, D. N., Pal, H. C., Mukhtar, H., & Afag, F. (2012). Pomegranate fruit extract inhibits UVB-induced
inflammation and proliferation by modulating NF-kB and MAPK signaling pathways in mouse
skin. Photochemistry and photobiology, 88(5), 1126-1134.

Kingsley, K., & Plopper, G. E. (2005). Platelet-derived growth factor modulates rat vascular smooth muscle cell
responses on laminin-5 via mitogen-activated protein kinase-sensitive pathways. Cell Communication and
Signaling, 3(1), 1-12.

Kingsley, K., Rust, W. L., Huff, J. L., Smith, R. C., & Plopper, G. E. (2002). PDGF-BB enhances expression of, and
reduces adhesion to, laminin-5 in vascular smooth muscle cells. Biochemical and biophysical research
communications, 294(5), 1017-1022.

Kiss, T., Kovacs, K., Komocsi, A., Tornyos, A., Zalan, P., Sumegi, B. G. Fj. (2014). Novel mechanisms of sildenafil
in pulmonary hypertension involving cytokines/chemokines, MAP kinases and Akt. PLoS One.;9:1-10.

Lévy, M., Celermajer, D., Szezepanski, |., Boudjemline, Y., & Bonnet, D. (2013). Do tertiary paediatric hospitals deal
with the same spectrum of paediatric pulmonary hypertension as multicentre registries?. European Respiratory
Journal, 41(1), 236-239.

Li, X, Qiu, J., Pan, M., Zheng, D., Su, Y., Wei, M., ... & Zhu, J. (2015). Correlation between congenital heart disease
complicated with pulmonary artery hypertension and circulating endothelial cells as well as endothelin-
1. International journal of clinical and experimental pathology, 8(9), 10743.

Maharani, A., Praveen, D., Oceandy, D., Tampubolon, G., & Patel, A. (2019). Cardiovascular disease risk factor
prevalence and estimated 10-year cardiovascular risk scores in Indonesia: The SMARThealth Extend
study. PloS one, 14(4), e0215219.

Nogueira-Ferreira, R., Femeira, R., & Henriqgues-Coelho, T. (2014). Cellular interplay in pulmonary arterial
hypertension: implications for new therapies. Biochimica et Biophysica Acta (BBA)-Molecular Cell
Research, 1843(5), 885-893.

Pugliese, S. C., Poth, J. M., Fini, M. A., Olschewski, A., El Kasmi, K. C., & Stenmark, K. R. (2015). The role of
inflammation in hypoxic pulmonary hypertension: from cellular mechanisms to clinical phenotypes. American
Journal of Physiology-Lung Cellular and Molecular Physiology, 308(3), L229-L252.

putri, c. g. (2019). pengaruh ekstrak buah delima terhadap ekspresi endothelin-1, inducible nitric oxide synthase dan
ketebalan otot polos pada tunika media arteri pulmonalis (studi pada blok parafin tikus model hipertensi arteri
pulmonalis) (doctoral dissertation, universitas airlangga).

putri, c. g. (2019). pengaruh ekstrak buah delima terhadap ekspresi endothelin-1, inducible nitric oxide synthase dan
ketebalan otot polos pada tunika media arteri pulmonalis (studi pada blok parafin tikus model hipertensi arteri
pulmonalis) (doctoral dissertation, universitas airlangga).

Simonneau, G., Gatzoulis, M. A., Adatia, |., Celermajer, D., Denton, C., Ghofrani, A., ... & Olschewski, H. (2013).
Updated clinical classification of pulmonary hypertension. Journal of the American College of Cardiology, 62(25
Supplement), D34-D41.

3638




EurAsian Journal of BioSciences 14: 3633-3639 (2020) Rahman et al.

Taguchi, K., & Hattori, Y. (2013). Unlooked-for significance of cardiac versus vascular effects of endothelin-1 in the
pathophysiology of pulmonary arterial hypertension.

Takatsuki, S., & lvy, D. D. (2013, October). Current challenges in pediatric pulmonary hypertension. In Seminars in
respiratory and critical care medicine (Vol. 34, No. 5, p. 627). NIH Public Access.

Tang, B., Chen, G. X,, Liang, M. Y., Yao, J. P, & Wu, Z. K. (2015). Ellagic acid prevents monocrotaline-induced
pulmonary artery hypertension via inhibiting NLRP3 inflammasome activation in rats. International Journal of
Cardiology, 180, 134-141

Tuder, R. M., Archer, S. L., Dorfmiiller, P., Erzurum, S. C., Guignabert, C., Michelakis, E., ... & Morrell, N. W. (2013).
Relevant issues in the pathology and pathobiology of pulmonary hypertension. Joumal of the American College
of Cardiology, 62(25 Supplement), D4-D12.

Vidyasagar, A., Wilson, N. A., & Djamali, A. (2012). Heat shock protein 27 (HSP27): biomarker of disease and
therapeutic target. Fibrogenesis & tissue repair, 5(1), 1-7.

Widiyanti, P., Paramadini, A. W., Jabbar, H., Fatimah, ., Nisak, F. N., & Puspitasari, R. A. (2016, March). Morphology
characterization and biocompatibility study of PLLA (Poly-L-Llactid-Acid) coating chitosan as stent for coronary
heart disease. In AIP Conference Proceedings (Vol. 1718, No. 1, p. 060008). AIP Publishing LLC.

www.ejobios.org

3639




Artikel Potency of Pomengranate

ORIGINALITY REPORT

O.. 5y, Sy, 3

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Submitted to Universitas Airlangga
Student Paper

3%

Thomas F. Higgins. "Effect of exogenous IGF-1
on chondrocyte apoptosis in a rabbit
intraarticular osteotomy model", Journal of
Orthopaedic Research, 2009

Publication

T

Www.mdpi.com

Internet Sourcep <1 %
jipi.unram.ac.id

JIn‘grnet Source <1 %

"Pulmonary Vasculature Redox Signaling in <1 o
Health and Disease", Springer Science and °
Business Media LLC, 2017
Publication

H Stem Cell Biology and Regenerative Medicine, <1 o
2015. ’
Publication
www.atsjournals.or

Internet Sourci g <1 %




Dimitra Balatsouka. "Effect of systemic <1
.. ) : ) ) . %
administration of nicotine on healing in
osseous defects. An experimental study in
rabbits. Part II", Clinical Oral Implants
Research, 10/2006
Publication
n Vafa Baradaran Rahimi, Mobarakeh Ghadiri, <1 o
Mobina Ramezani, Vahid Reza Askari. "Anti - 0
inflammatory and anti - cancer activities of
pomegranate and its constituent, ellagic acid:
Evidence from cellular, animal, and clinical
studies", Phytotherapy Research, 2020
Publication
eprints.lincoln.ac.uk
IntFe)rnet Source <1 %
ublicatio.bibl.u-szeged.hu
IEternet Source g <1 %
repository.cardiffmet.ac.uk
Inteﬁet Sourcey <1 %
Www.repository.cam.ac.uk <1
Internet Source 96
Ulrich Hubschmid. "In Vitro Growth of Human <'I
%

Urinary Tract Smooth Muscle Cells on Laminin
and Collagen Type I-Coated Membranes
under Static and Dynamic Conditions", Tissue
Engineering, 01/2005

Publication




digitalscholarship.unlv.edu

IntegrnetSource p <1 %
etheses.whiterose.ac.uk

Internet Source <1 %
link.springer.com

InternetSFc))urceg <1 %

eerj.com

IFr?ternetJSource <1 %
www.ijphrd.com

InternetSc')IL?rce <1 %
WWW.researchsquare.com

Internet Source q <1 %

Aikai Zhang, Fenfang Yu, Wande Yu, Peng Ye, <1 y
Pengfei Liu, Yue Gu, Shaoliang Chen, Hang ’
Zhang. "Pyruvate kinase M2 activation
protects against the proliferation and
migration of pulmonary artery smooth muscle
cells", Cell and Tissue Research, 2020
Publication

Furong Yan, Lili Su, Xiaoyang Chen, Xiangdong <1 o

Wang, Hongzhi Gao, Yiming Zeng. "Molecular
regulation and clinical significance of
caveolin - 1 methylation in chronic lung
diseases", Clinical and Translational Medicine,
2020

Publication




Exclude quotes On Exclude matches <1 words

Exclude bibliography On



