ISSN 2087-2852

Expermmental

Life Science

Discovering Living System Concept through Nano, Molecular and Cellular Biology

‘ AN

AN ,g.\“‘ 1
= WO 4\"’- /4
RS e gt
9 Nev!
D o
“ \ BORC ‘!“""
Cll DR
o t.@?‘&%\
O

J. Exp. Life. Sci. Vol. 8 No. 2 pages. 71-132 June 2018

Published by

Graduate Program, University of Brawijaya

in Cooperation With
Masyarakat Nano Indonesia (MNI)



ISSN. 2087-2852

E-ISSN. 2338-1655 The Journal of Experimental Life Science
I :: The Journal of @ ]
Life Science

Discovering Living System Concept through Nano, Molecular and Cellular Biology

Editorial Board

Chief Editor
Dian Siswanto, S.Si., M.Sc., M.Si., Ph.D

Editorial Board
Aida Sartimbul, M.Sc. Ph.D - UB Sukoso, Prof. MSc. Ph.D-UB
Adi Santoso, M.Sc. Ph.D - LIPI Etik Mardliyati, Dr. - BPPT
Nurul Taufiq, M.Sc. Ph.D - BPPT Soemarno, Ir., MS,, Dr., Prof. - UB
Arifin Nur Sugiharto, M.Sc. Ph.D -UB M. Sasmito Djati, Dr. Ir. MS.
Reviewers
Ahmad Faried, MD. Ph.D - UNPAD Brian Yuliarto, Dr. - ITB
Trinil Susilawati, Ir., MS., Dr., Prof. - UB Bambang Prijambudj, Dr. - ITB
Muhaimin Rifai, Ph.D - UB Arief Boediono, drh., PhD., Prof. - IPB
Rer.nat. Ronny Martien, Dr. - UGM M. Yedi Sumaryadi, Ir., Dr., Prof. - UNSOED
Moch. Alj, Dr. - UNRAM Wasmen Manalu, Dr., Prof. - IPB
Widodo, S.Si., M.Si., Ph.D MED Sc - UB Moch. Syamsul Arifin Zein, Ir., M.Si. - LIPI
Irwandi Jaswir, Prof. - UIl Malaysia Gono Semiadi, Ir. MSc. PhD. - LIPI
Sarjono, Dr. - ITB Yaya Rukayadi, MS., Dr. - Yonsei University Seoul
Muhammad Askari, Dr. - UTM Malaysia Muhaimin Rifa’i, Ph.D - UB
Sutiman Bambang S., Dr., Prof. - UB Widjiati, drh.,MS.,Dr. - UNAIR
Moh. Aris Widodo,.Sp.FK., Ph.D., Prof. - UB Amin Setyo Leksono, S.Si.,M.Si.,Ph.D - UB
Yanti, Dr. - UNIKA ATMAJAYA
Editorial Assistant

Jehan Ramdani Haryati, S.S.i, M.Si.

INlustrator
M. Qomaruddin, S.Si.

Address
The Journal of Experimental Life Science
Building E, 21 Floor, Postgraduate School, University of Brawijaya
JI. Mayor Jenderal Haryono 169, Malang, 65145
Telp: (0341) 571260 ; Fax: (0341) 580801
Email: jels@ub.ac.id
Web: http://www.jels.ub.ac.id

. ' o~ . ' N
Google B4I] @
-~
SINta

=

Crossref



Exp. Life Sci. Vol. 8 No. 2, 2018 pages. 71-132



ISSN. 2087-2852 . . .
E-ISSN. 2338-1655 The Journal of Experimental Life Science

Table of Content

Geographically and Temporally Weighted Regression Modeling in Analyzing Factors Affecting
the Spread of Dengue Fever in Malang

(Fahmi Indrayani, Henny Pramoedyo, Atiek Iriany) ......oeeeen. 71-74
DOI: http://dx.doi.org/10.21776/ub.jels.2018.008.02.01

The Effect of E. scaber Extract to TNF-a and TGF-f8 on Mice under Carcinogen Treatment
(Rizki Amalia, Sri Widyarti, Moch. Sasmito Djati) .....ccomeensmeeenseens 75-82
DOI: http://dx.doi.org/10.21776/ub.jels.2018.008.02.02

The Alteration Tissue Structure of Digestive diverticulum of Anodonta woodiana Induced by
Lead

(Renanda Baghaz Dzulhamdhani Surya Putra, Sri Andayani, Hartati Kartika Ningsih,

Diana Arfiati, Asus Maizar Suryanto Hertika) ... 83-89
DOL: http://dx.doi.org/10.21776/ub.jels.2018.008.02.03

Biological Analysis of Blue Swimmer Crab (Portunus pelagicus) from Collectors in Lamongan,
Tuban, Pasuruan, and Rembang, Java, Indonesia

(Lini Murni, Diana Arfiati, Andi Kurniawan, Yuni Kilawati, Herwati Umi Subarijanti,

Suliswanto Suliswanto, Muhammad Nafar Amani Syams, Agum Bayu Gumelar, Alif

Raditya AMirul HUAQ) .eeeeeesesesssesesssesssssessssesssssessssssssssssssssssssssessssesas 90-96
DOLI: http://dx.doi.org/10.21776/ub.jels.2018.008.02.04

Growth Rate and Chemical Composition of Secondary Metabolite Extracellular Polysaccharide
(EPS) in Microalga Porphyridium cruentum

(Nurul Mutmainnah, Yenny Risjani, Asus Maizar Suryanto Hertika) 97-102
DOI: http://dx.doi.org/10.21776/ub.jels.2018.008.02.05

Optimal Control of Tumor Growth Model with Dendritic Cells as Inmunotherapy
(Firmansyah Reskal Motulo, Trisilowati Trisilowati, Abdul Rouf) 103-108
DOLI: http://dx.doi.org/10.21776/ub.jels.2018.008.02.06

Heavy Metal Copper (Cu) Distribution in Water and Its Bioaccumulation in Green Mussel (Perna
viridis) in Coastal Area of Ujung Pangkah, Gresik District

(Mohammad Qodri Fitra, Diana Arfiati, Bambang Semedi).....ccccouwcernmeeeemnnneens 109-114
DOI: http://dx.doi.org/10.21776/ub.jels.2018.008.02.07

Patellar Giant-Cell Tumor: a Case Report
(Istan Irmansyah Irsan, Satria Pandu Persada, Rakhmad Aditya) 115-118
DOLI: http://dx.doi.org/10.21776/ub.jels.2018.008.02.08

Rosella Flower Extract Prevent Increasing of Interleukin-6 and Amyloid-Levels in Brain Tissue of
Heated Diet-Treated Rats

(Ardhiyanti Puspita Ratna, Setyawati Soeharto, Edi widjajanto, Silvy Amalia Falyani, Pia

Bataif BatmMOmMOIIN) ..o eeeeeseeesseeesseessseesssssssssessssssssesesssessssssssssssssssssssseses 119-125
DOI: http://dx.doi.org/10.21776/ub.jels.2018.008.02.09

Dynamical Analysis of Predator-Prey Model Leslie-Gower with Omnivore
(Rina Exviani, Wuryansari Muharini Kusumawinahyu, Noor Hidayat) 126-132
DOLI: http://dx.doi.org/10.21776/ub.jels.2018.008.02.10

Exp. Life Sci. Vol. 8 No. 2,2018 pages. 71-132



Geographical & Temporal Weighted Regression Model in

The Spread of Dengue Fever in Malang (Indrayani et al)

Geographically and Temporally Weighted Regression Modeling in Analyzing
Factors Affecting the Spread of Dengue Fever in Malang

A. Fahmi Indrayani®”, Henny Pramoedyo?, Atiek Iriany?

IMaster Program of Mathematics, Faculty of Mathematics and Natural Sciences, University of Brawijaya, Malang,
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Geographically and Temporally weighted regression (GTWR) modeling has been developed to evaluate spatial
heterogeneity and temporal heterogeneity in factors influencing the spread of dengue fever in Malang city. By using the
monthly data in 2012-2015 as the temporal unit of each urban village in Malang and village is considered as a spatial
unit. GTWR model is compared with the GWR model using several statistical criteria. GTWR model shows that the
relationship between dengue incidence with population density and monthly average temperature significantly affects

each Village in Malang.

Keywords: dengue hemorrhagic fever, Geographically and Temporally weighted regression, spatiotemporal pattern.

INTRODUCTION

Dengue hemorrhagic fever (DHF) is a disease
caused by the dengue virus that is found in tropi-
cal and subtropical areas. The number of suffer-
ers and the extent of their spreading areas in-
creases with increasing mobility and population
density. In Indonesia, the disease transmitted by
Aedes aegypti mosquitoes was first discovered in
Surabaya and Jakarta in 1968 [1].

For the last three years, patients with dengue
fever in Malang continue to increase (Health Of-
fice of City Government of Malang, 2016, un-
published). Various programs have been imple-
mented for disease prevention and control, but
DHF in Malang remains high. High dengue cases
require serious efforts to prevent the spread of
DHF endemic disease by analyzing the risk factors
associated with dengue virus infection. Many
research on the factors that cause the spread of
dengue virus in the community were conducted
[2].

Previous study used the Geographically
Weighted Regression (GWR) model in its analysis;
where GWR statistical methods adjusted the
global framework with local regression models
allowing estimation regression parameters for
each spatial unit [3]. And it is reported that rain-
fall significantly affects the spread of DHF. How-
ever, this research is limited to spatial effects and
rainfall factors, where the relationship between

%
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dengue fever and rainfall varies greatly in each
location of observation. As a result, its conclu-
sions only look at the spatial effects and one fac-
tor, not paying attention to the influence of time
and other factors that can also affect the spread
of dengue in the area.

In many cases, data structures are not only
owned by geographic location but also related to
the time factor. One method for examining spa-
tial and temporal influences is geographically and
temporally weighted regression (GTWR). This
statistic method is developed from GWR. It is
expexted that this model can accommodate spa-
tial influence, and also able to analyze the tem-
poral influence which present in the data simul-
taneously [4].

The purpose of this study is to extend the
GTWR modeling framework in analyzing factors
causing dengue extensively by observing the
presence of spatial heterogeneity and temporal
heterogeneity in the modeling. The GTWR model
obtained is compared with the GWR model using
several statistical tests. The results of this study
will practically be useful for the authorities in
regulating the prevention program of DHF infec-
tion locally and at certain times.

MATERIAL AND METHOD
Study Area

Location of this research is Malang City, East
Java, which consists of 57 urban villages. Total
area of Malang is 252.10 km? which is located on
Java island about 7°06 '- 8°07' latitude and
112°06 '- 112°07' longitude [5]. Village is used as
a spatial unit in this study, there are 57 villages
and the month as a temporal unit, consisting of
48 months.

ISSN. 2087-2852
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Data Collection

Data on the number of DHF patients in each
Village and each month during the year 2012 -
2015 was obtained from the Health Office of Ma-
lang city government. Monthly data as a tem-
poral unit in each Village, one Village is defined
as one spatial unit. For population density data,
the number of Puskesmas (health center) in each
Village, as well as the height of the place in each
Village obtained from Malang Central Agency on
Statistics publication [5-8]. Data of rainfall and
average temperature obtained from Karangploso
Agency for Meteorological, Climatological and
Geophysics.

Number of DHF patients selected as response
variable (Y), population density (X1), Number of
health center auxiliary (X2), rainfall (Xs), average
temperature (Xa) and altitude of place from sea
level (Xs) as predictors variable.

Statistical Methods

The relationship between DHF incidence and
factors considered to affect the spread of DHF
was analyzed by comparing the results of GWR
model and GTWR model. If GTWR model is better
than GWR model, the relation between respond-
ent variable and the predictor variables is spatial-
ly and temporally different for each Village.

GWR model is a simple model and is usually
used in research. The spatial heterogeneity of the
relationship between the occurrence of DHF and
factors influencing it was analyzed by the GWR
model allowing estimation of different regression
parameters in each Village [3].

Y; :ﬂo(uiivi)'FZE:lﬂk (uiivi )Xik +g; el

Where 5, (u,.v, Jond B, (u;,
efficient of GWR in each Village i; (ui ,Vi) is the

location point of the Village is the definition of

Vi) is the co-

the longitude and latitude coordinates ; and ¢&;

is an error that is assumed to be normal distribu-
tion with mean 0 and its variant known.

The GTWR model is formed by using the spa-
tial weight function and the temporal weighting
function in estimating its parameters [4].

Vi =B vit)+ 00 B U vt )X, + & 2

Where (u,,v,,t,) is the location of Village /"

and the observation time for the observation
location. Longitude and Latitude coordinate de-
fined by (u;,v;,t;); v, is a response variable, x,

is a factor that may affect and ¢, is an error of
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observation at location /. The first step for
GTWR modeling to define the coordinates of
Longitude and Latitude for each Village at t time.
Geographical coordinates are used to determine
the euclidean distance between villages observed
atttime

\/ﬂ[u —U;

A and p are scale factors used to measure
location and time difference. Distance in equa-
tion (3) as a basis in weighting data to estimate
GTWR model parameters. The closer the distance
between the expected points each village, the
greater the weight of the data during the estima-
tion. In this study, data weighting is done by us-
ing the adaptive Gaussian kernel function

W, =exp(—(dij/h)2) ........................................ 4

Where, h is the constant bandwidth per-
formed by the Incremental Spatial Autocorrela-
tion (ISA) method [9]. The Adaptive Gaussian
kernel function is used in forming a weighted
matrix.

WU, v, t) =

diag(W, (u;, v, ,t

W (U, v t)

Each observed data has one weighted matrix
W(u V. t) in estimating the parameters. Using

i
the algebraic matrix approach, and using the
Weighted least square (WLS) method the param-
eter estimation can be written [4]

plu,vi, )= 6
(X*'W(u,,v,, )X ) " XW(u,,v,,t, )Y

Significant test of GTWR model is given on
[10]. Where the null hypothesis of test indicates
the function ﬂk(u V) for each coordinate

(U V. ) of the research location. If the null hy-

it Vi
pothesis is rejected, then the GTWR model is
accepted to describe the data. Meanwhile, tests

for the variation of each set of /3, for the entire

study site will be used in Fs statistics [10]. The
identification of the GTWR model will also be
shown by coefficient determination (R%). The
comparison of the GWR model and the GTWR
model will be shown with Root mean square er-
ror. According to RMSE the regression model that
has the smallest RMSE value is defined as the
best model.
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RESULT AND DISCUSSION
Result of GWR Model

Using the spatial weighting, the parameter
estimation ratios (regression coefficients) for the
obtained GWR model are shown in Table 1. In

this model the value of obtained R? = 51.1% and
RMSE = 13.13. Further analysis of the model indi-
cates that the error approaches normal distribu-
tion.

Table 1. Summary for Coefficient of GWR Model

Median

Maximum

0.9138767081168
0.0000010684401
-0.2121678107572
0.0004221221469
2.0687998269883

0.9138948801913
0.0000010685115
-0.2121659143796
0.0004221234641
2.0688021917249

282.8165895808340

282.8184768167160

Parameter Minimun
6o 0.9138619705260
8, 0.0000010683522
6, -0.2121692197872
63 0.0004221212435
8, 2.0687979109140
6s 282.8140409500290
Result of GTWR Model

By using ISA [9], GTWR modeling has band-
width Optimum h = 3947.54. Table 2 shows the
estimated estimation of the GTWR model pa-
rameters. The GTWR model has a value of RMSE
= 1.22, which is smaller than the RMSE value of
the GWR model. And the coefficient of determi-
nation (R? = 69.13%) is higher than the GWR
model.

Positive value on coefficient for koefisien ,Bl ,

B, B;, B,and By shows that predictor varia-

bles of population density, number of puskesmas
/ puskesmas auxiliaries, rainfall, temperature and

altitude of the sea surface contribute positively
to the response variable, this indicates that if
these variables increase, then the number of
dengue fever patients every month in Village it
will increase.

To determine the factors that influence the
incidence of DHF in each Village, conducted sta-
tistical calculation of GTWR model parameters
test for each urban village in Malang. Value of t
compared with tiable (0.05; 2730) = 2.24264. If |
tcal |> twape then it is decided reject Ho which
means the significant k™ parameter of i ™" loca-
tion.

Table 2. Summary for coefficient of GTWR Model

Median Maximum

0.1511827937156
0.0000823518679
0.1985769641700
0.0001497344800
0.0208606080060
0.0048598685785

0.1512318270934
0.0000823541227
0.0019859593066
0.0000149740928
0.0208614577425
0.0004860763600

Parameter Minimun
8o 0.1511224153094
8 0.0000823500371
8, 0.0019856156327
8; 0.0000149726542
8, 0.0208599179654
85 0.0004859141711
CONCLUSION

In this paper, a discrete fractional-order
Population density and temperature are signifi-
cant variables on the number of dengue fever
occurrences in Malang. Residents living in dense-
ly populated locations have a higher risk of den-
gue transmission. So also if there is an increase in
temperature then the risk of transmission of
dengue virus will also be greater.
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Abstract

Carcinogen compounds are the compounds that cause DNA damage and trigger cancer. TNF-a and TGF-$ are cytokines
produced by immune cells and serve to maintain body homeostasis. Elephantopus scaber is a plant that prevents the
cancer progression, and improve the body's immune system, so this study was conducted to determine the effect
of E. scaber extract on TNF-a and TGF-B after the administration of carcinogen compounds. The study was conducted by
administering the carcinogen compound DMBA with a dosage of 0.56 mg kg BW and estradiol with a dose of 0.0504
mg kgl BW which was given alternately for 8 weeks to the Mus musculus test animals. The study was conducted in 3
groups: K- (the normal group of mice), K + (a carcinogen-induced group of mice), and P (a group of carcinogen-induced
mice and E. scaber extract). The treatment was done in 1 week, 2 weeks, and 3 weeks. Immune cells were isolated from
splenocytes and performed immunostaining for flow cytometry analysis. The computed relative amount is TNF-a
produced by macrophages CD11b and TGF-B produced by Treg CD4CD25. The relative number of cells was analyzed by
two-way ANOVA and advanced Tukey test with 95% confidence level (a = 0.05). The results showed no significant
differences in the number of cytokines TNF-a and TGF-B in both the carcinogen-induced mice group and the mice group
was given the extract of Elephantopus scaber for 1 week, 2 weeks and 3 weeks.

Keywords: Carcinogen, Elephantopus scaber, TNF-a, TGF-B.

INTRODUCTION*

Carcinogens are various substrates that can
cause cancer or carcinogenesis. Carcinogenic
compounds do not always cause direct poisoning,
but can be in a very long time [1]. When the
carcinogen compound enter the body, it will be
detoxified by the liver through a biotransforma-
tion process to transform the toxic compounds to
become water-soluble so it can be easily
removed from the body. However, in some cases,
this process can change the non-toxic
compounds to be more toxic [2].

One of the most carcinogenic compounds
that widely used in cancer modeling research was
DMBA (7.12-Dimethylbenz [a] anthracene), the
immunosuppressor compound and potent
cancer-promoting agent [3]. The DMBA bioactiva-
tion process on microsomal P-450 by NADPH
produced 7-Hydroxymethyl-12-methylbenz [a]
anthracene (7-HMBA) metabolite which then
cytosolic sulfotransferase by PAPS into more
mutagenic compound 7-HMBA sulfate [4].
Mutagenic compounds which have the potential
to damage DNA occurs to cause errors during the
process of replication, resulting in the occurrence

*
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of mutations and alteration epigenetic [5]. Such
epigenetic mutations and alterations may be
replicated as cells proliferate, thereby altering
gene function or expression of the gene that
would potentially be a cancer-triggering agent.

Previous research has shown that increased
DNA damage on cultured cells was responded by
activating oncogenic factors [6]. Stress at the
time of cell replication coincides with the
inactivation of mutated gene caused by DNA
damage, lead to downregulation or loss of DNA
damage response mechanisms, resulting in cell
loss of ability to perform DNA repair, senescence,
and cell death programs (apoptosis), and trigger
the occurrence of cancer [7]. The body has a
natural response to control the repairing process
caused by DNA damage. One of the body's
natural factors that act as the body defending
system is immune cells.

The immune system has the ability to detect
the presence of cell abnormalities in the body,
and provides a natural response to apoptosis
programs so that the balance of the body
defending system is maintained [8]. Through pro-
inflammatory and anti-inflammatory responses,
the immune system works to induce body
homeostasis. One of the cytokines that play a
role in this process is TNF-a and TGF-B. Tumor
necrosis factor a (TNF-a) is a signal protein that
plays an important role in inflammatory
regulation, and produced most by macrophages

ISSN. 2087-2852
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[9]. TNF-a can induce cell death pathways by
activating NF-kB, activating MAPK pathway or by
activation of caspase-8 [10,11,12].

In addition to TNF-a, Transforming Growth
Factor B (TGF-B) is also a cytokine that plays an
important role in the regulation of immune
system. TGF-B is anti-inflammatory cytokine that
produced by all the immune cells, which serves
to induce gene transcription for differentiation,
chemotaxis, proliferation, and activation of
immune cells [13,14]. Both TNF-a and TGF-B are
important signal proteins to maintain body
immune system through inflammatory and anti-
inflammatory responses.

One of the plants that have anti-inflammatory
activity is Elephantopus scaber [15]. E. scaber has
long been used in traditional medicine in Brazil
[16]. E. scaber contains deoxyelephantopin active
compounds that are able to inhibit the growth of
HCT116 collecting cancer by inducing apoptosis
and cell cycle retention [17]. Deoxyelephantopin
is also capable of inhibiting the growth of breast
tumors and the proliferation of lung cancer
metastases [18]. Deoxyelephantopin was able to
fight cancer by inducing the activation of PPAR-y
(Peroxisome  proliferator-activated  receptor
gamma), inhibiting NF-kB, has antiproliferation
effects, and inducing apoptosis in tumors [19].
Due to some of the things mentioned earlier, in
this study researchers wanted to know the effect
of Elephantopus scaber plant extract on relative
number of TNF-a and TGF-B in mice under
carcinogen compounds tratment.

MATERIAL AND METHOD
Animal Trial

The experiment animals used in this study
were BALB/c female mice with an average weight
of 15-20 grams aged 5 weeks and obtained from
Malang Murine Farm, Singosari. The procedure
for the use and maintenance of experiment
animals in this study is in accordance with the
procedure and has been approved by the
Research Ethics Committee of Brawijaya
University with no. 648-KEP-UB.

Elephantopus scaber Extract

E. scaber leaf simplicia was obtained from
Materia Medica Batu, extracted with 96%
ethanol. The extract with a dose of 50 mg kg*
BW then dissolved in warm distilled water 0.5 mL
volume.

Carcinogen Treatment
Mice were given DMBA carcinogen with a
dose of 0.56 mg kg BW obtained from Sigma

J.Exp. Life Sci. Vol. 8 No. 2,2018

Aldrich company, and injected subcutaneously in
the mammary gland area with a 4 mm diameter
syringe needle. Injection was done 4 times in 8
weeks. To accelerate the occurrence of cancer,
sex hormone estradiol was also added. Estradiol
is an esterogen, which functions for the growth
and differentiation of reproductive organs [20],
so in this study estradiol was used as an
induction to accelerated the proliferation of
mammary glands to formed cancer cells.
Estradiol was obtained from the company Tokyo
Chemical Industry (TCM), dissolved in corn oil
with a dose of 0.0504 mg kg BW. Injection of
estradiol was performed subcutaneously in the
mammary gland area with a 4 mm diameter
syringe needle. Injection of estradiol was
performed 4 times in 8 weeks given alternately
with DMBA.

Elephantopus scaber Extract Treatment

E. scaber leaf extract was given after the
induction of carcinogen compound DMBA and
Estradiol has finished. Based on previous
research [21], the optimal dose of E. scaber
extract to maintain immune system was 50 mg
kgl BW, the extract was administered orally with
cannula (sonde) with a total volume of 500 uL.
The extract was administered daily for 1 week, 2
weeks, and 3 weeks.

Flow cytometry Analysys

Mice was sacrified by neck dislocation, then
the spleen organ was obtained. The spleen organ
crushed with cold PBS to collected spleenocytes.
The collecting cells then was washed until there
is no residue remained. The resulting cells were
extracellularly stained by adding 50 pL of
monoclonal antibodies obtained from Biolegend,
i.e. Fluorescein Isothiocyanate (FITC) anti-mouse
CD11b, CD4, CD25 with a concentration of 0.5 mg
mL? respectively and then incubated in cold dark
spaces.

Before Intracellular staining was performed,
the Fixation buffer (Paraformaldehyde 4%) of
Biolegend was added to the suspension and
incubated in dark cold spaces. After that added
the Permeabilization Wash Buffer (wash/ferm)
from Biolegend to wash the remaining of the
fixation buffer. Then the cells were stained with
intracellular antibodies from Biolegend, ie PE
anti-mouse TNF-a and TGF-B Antibody with each
concentration of 0.2 mg mL? and incubated in
dark cold spaces. The stained sample were then
analyzed by flowcytometry BD FCS Calibur.
Furthermore, acquire is selected and will count
the total cell count as well as the number of cells
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detected by the antibody label. The results
obtained are then processed with BD cellquest
ProTM software.

Data Analysis
Data presented and analyses statisticaly by
two way Anova with signifance p<0.

RESULT AND DISCUSSION
The induction of DMBA and Estradiol carcinogen
compounds for 8 weeks induced the formation
of breast cancer
7,12-Dimethylbenz[a]anthracene (DMBA) was
a carcinogen compound that has an aromatic
hydrocarbon chain and has been widely used in
research as an inducer in breast cancer modeling
[22,23,24]. Estradiol is a steroid the sex hormone
that useful in female reproductive cycle in
regulation of estrous and menstrual cycles.
Estradiol has functions as transcription factor and
gene expression, the bonding of estradiol with
both uncontrolled receptors can trigger the
development and progression of cancer cells
such as breast cancer, ovarian cancer, and
endometrial cancer [25-28]. In addition, estradiol
along with progesterone regulates proliferation
of breast epithelial cells, thus inducing the
occurrence of breast cancer [29]. In this study,
breast cancer was formed after induction of
DMBA and Estradiol for 2 months.

Figure 1. Histologic observation of mice breast tissue
induced by carcinogen for 8 weeks at 40 times
(A), and 1000 times (B) magnification with H &
E staining. Higher cell density appears in red
circled areas, indicating high cell proliferation
or neoplasm. The resulting neoplasm was solid
lobular carcinoma.
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Neoplasm is an abnormal cell growth and
often referred as a tumor, which formed a mass
[30,31]. Provision of carcinogen compounds for 8
weeks in this study induced the formation of
neoplasms in mice breast tissue. Based on
histologic observations (Fig. 1), some breast
tissue mice have transformed into a solid invasive
lobular carcinoma. This carcinoma was derived
from the lobular ducts, but the cells were mixed
and ducts were no longer visible, made it hard to
distinguish its cell types.

Invasive lobular carcinomas have charac-
teristics such as round-to-polygonal cells with
fewer cytoplasmic ratios when compared to
nuclei (enlarged nucleus), small cells with
undifferentiated nuclei and cytoplasm, mitotic
and hyperchromatin images rarely seen, cell
cohesion low, normal epithelial cell layer has
been ruined by the proliferation of neoplastic
cells above the pagetoid spread. The use of E-
cadherin in immunohistochemical staining will
make it easier to distinguish lobular carcinoma
with the carcinoma ducts [32].

E. scaber extract treatment does not affect the
relatives number of TNF-a and TGF-8

TNF-a is an endogenous pyogenic that plays
an important role in immune cells regulation, to
induces fever, cell death (apoptosis), cachexia,
inflammation, and to inhibit tumorigenesis [33].
In this study, TNF-a cytokine profiles of CD11b
macrophages were observed to investigate the
effect of E. scaber extract on inflammation
response induced by carcinogenic compounds.

TGF-B is an anti-inflammatory cytokine which
under normal conditions serves to stop the cell
cycle in G1 phase, and induces apoptosis. TGF-
can suppress the epithelial cell proliferation and
cancer growth in early stage, and inactivated
mutations in some tumors through TGF-B
signaling pathway [34,35,36]. In the case of
severe cancer, TGF-f undergoes mutation and
loss of control, thus becoming an immune-
suppressor agent, and inducing angiogenesis that
causes the cancer to become more invasive [37].
In this study, the relative amount of TGF-B was
observed to investigate the effect of carcinogenic
compounds induction as well as the effect of E.
scaber extract on TGF-B relatives number
fluctuations.

The results showed that there were an
increasing number of TNF-a cytokine by
macrophage CD11b in the K + mice group of
6.95% when compared with the K- group of K- by
4.58% in the first week (Fig. 2A). However, the

ISSN. 2087-2852
E-ISSN. 2338-1655



E. scaber Extract to TNF-a and TGF-f3 on Mice
under Carcinogen Treatment (Amalia et al)

differences occurred in the second and third
weeks in which TNF-a in the K + group mice
decreased by 6.37% and 6.48% respectively,
when compared to the K-groups of 10.75% and
16.16%, respectively. The administration of E.
scaber extract in group P for 1 week and 2 weeks
increased TNF-a profile by 14.28% and 15.92%
(Fig. 2A).

A
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T asew| | 1075% | | 16.16%
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Figure 2. The flow cytometry results of the relative
number of TNF-a (A) and TGF-B (B) isolated
from macrophages and Treg, with K- (normal
group), K + (cancer group with carcinogen
induction), P (group of cancer-treated mice
extract of E. scaber).

The result of the relative number (%) of TGF-B
in flow cytometry was obtained by purifying CD4
and CD25 T cell, after which, the cell expressed
CD4CD25 was purified again to obtained
CD4CD25 T cells that expressed TGF-B. The
results showed that in the K + mice group from 1
week to 3 weeks the relative number (%) of TGF-
B ranged from 7.79% to 42.15%. While in group
of K- week 1 to week 3 ranged between 6.33% -
44.93%, and in group of P week 1 to week 3
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ranged from 12.01% -35.54%. The number of
TGF-B continues to decrease weekly (Fig. 2B).

Based on statistical analysis using Tukey test,
there were no significant difference in relative
number (%) of TNF-a based on treatment group
and time of extract with significance (p <0,05)
(Table 1). In the TGF-B cytokine, there was a
relative decreased in the number of relative (%)
at week 3 by 8,712 + 2,531 when compared with
the relative number of (%) TGF-B at week 1 and 2
each of which were 37.877 + 5.512 and 28.708 +
2.639 (Table 1). Based on the treatment group,
there was no significant difference in the relative
number (%) of TGF-B between the K-, K +, and P
mice (Table 1).

Table 1. The relative number (%) of TNF-a and TGF-B
after administration of E. scaber for 1 week, 2
weeks, and 3 weeks

TNF-o | TGF-B

E. scaber treatment

1,2,3,
weeks 1 week 2 weeks 3 weeks

K-

© Qo Qo
) Q — c,
K+ Y Q ™ ~
N~ 0 [2)

P (92} on o~

Notes: The relative numbers (%) of TNF-a and TGF-B
based on duration of 1 week, 2 weeks, and 3 weeks, with
K- (normal group), K + (cancer group with carcinogen
induction), P (group of cancer-treated mice extract of E.
scaber), Signification (p <0.05).

Tumour Necrosis Factor-a (TNF-a) is a pro-
inflammatory cytokine produced by
macrophages, was a protein involved in the
inflammatory process, and cause hemorrhagic
necrosis to induce tumor cell death. TNF-a
activate the 3 different cell responses, namely
cell defense and proliferation, pro-inflammatory
gene transcription, and cell death. TNF-a has 2
receptors, TNFR1 and TNFR2. Binding of TNF-a to
its receptor TNFR1 leads to activation of
transcription factor NF-kB, pro-inflammatory
gene, and self defense. In other cases, TNF-a
bound to its receptor TNFR2 may initiate the IKK
phosphorylation that causes translocation of NF-
KB via the same signal path as TNFR1. What
distinguishes TNFR1 signal pathway with TNFR2 is
TNFR2 can activate endothelial/epithelial
tyrosine kinase Etk involved in adhesion,
migration, proliferation, and cell defense. In
endothelial cells, TNFR-2 activates Etk via
tyrosine phosphorylation of the intracellular
VEGFR2 resulting in a single VEGF involved in the
angiogenesis response by activating Akt [38].
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In other hand, TNF-a was also a factor that
caused cachexia, which is wasting syndrome that
makes the sufferer lose weight, muscle atrophy,
excessive fatigue, and the body becomes very
weak [39]. Approximately 50% of cancer patients
suffer from cachexia, this is because the
condition of cancer can cause symptoms cachexia
which is a side effect of chemotherapy that
causes decreased quality of life, and s
considered a cause of death in many cases of
cancer patients [40,41].

In this study, there were no significant
fluctuations in the relative numbers of TNF-a in
both carcinogenic induced or in groups with E.
scaber extract treatment (Table 1). Based on this
results, the researcher assume that cancer
induction by carcinogen compounds DMBA and
Estradiol for 2 months has not resulted in
excessive inflammatory reactions to cause
cachexia syndrome. In rats model, DMBA can
cause cachexia after 195 days of administration,
while in 1 month administration of DMBA was
not enough to promote cachexia syndrome
[42,43]. TNF-a is cytokines that play major role to
cause cachexia syndrom, and the increasing
number of TNF-a can be considered as cachexia
symtomps, because TNF-a responsible to
degradation of myofibrillar and soleus muscle
proteins [44]. The administration of E. scaber
extract did not affect the inflammatory response,
because it contains various phenolic compounds
that have antioxidant and anti-inflammatory
functions [45].

The immune system works in harmony
interconnected with each other, where the
function of immune cells will not work properly
without other factors affecting it, and immune
cells work to influenced each other [34,35,36].
Carcinogenic compounds induction by DMBA and
estradiol not only affect the pro-inflammatory
cytokines alone but also the anti-inflammatory
cytokine expressed by CD4CD25 Treg cells.

Transforming Growth Factor-8 (TGF-B), is a
multifunctional cytokine which is a protein signal
and is produced by many types of immune cells,
including Treg [34]. TGF-B under normal
conditions serves to stop the cell cycle in G1
phase, and induced apoptosis. TGF-B suppressed
epithelial cell proliferation and early cancer
growth, and may inactivated mutations in some
tumors via TGF-B signal [46]. TGF-B in the early
stage of cancer formation, serves to stop the cell
cycle in G1 phase and induce cell apoptosis [46].
TGF-B otherwise secreted by Treg cells, was also
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secreted by cancer cells itself to attract Treg cells
[37].

In this study, the relative number (%) of TGF-B
continued to decline weekly (Table 1), but the
induction of carcinogenic and E. scaber extract
did not affect the fluctuations of TGF-B relative
number (%) produced by Treg CD4CD25 (Table 1).
Because of this, researchers assume that
carcinogenic compounds DMBA and Estradiol
induction for 2 months was in early stage
induction of cancer so it has not affected the
relative number of TGF-B, because in more
advanced cases, the TGF-B was usually increased
because it also produced by the tumor cells
themselves to attract Treg and as an immuno-
suppressor to escape from the immune cells [47].

In the case of severe cancer, the TGF-B
undergoes mutation and loss of control, thus
becoming an immuno-suppressor agent, and
inducing angiogenesis that causes the cancer to
become more invasive [40,41]. TGF-B has a very
important and crucial role in maintaining cellular
homeostasis. In normal epithelial cells, TGF-B
plays a role in antiproliferation response,
promotes cell differentiation, and cell apoptosis
induction. Thus TGF-B has a very important role
as an anti-proliferative agent in early stage
cancer [44].

Based on relative number of TNF-a and TGF-
fluctuation, the administration of DMBA and
Estradiol for 1 week, 2 weeks, and 3 weeks does
not cause severe inflammation response, but the
inflammation response does not affected only by
TNF-a and TGF-B, various number of pro-
inflammatory and anti-inflammatory cytokines
involved in inflammation response. Further
examination is necessary to find out the
inflammatory response caused by carcinogenic
compound DMBA and Estradiol, and the various
dose of E. scaber extract administration is
necessary to find out the most effective dose of
E. scaber extract that have anti-inflammation
effect against carcinogenic induction.

CONCLUSION

The induction of carcinogen compounds in
the form of DMBA and Estradiol for 8 weeks can
trigger the occurrence of breast cancer, but has
not been able to change the fluctuations in the
relative number of cytokines TNF-a and TGF-B
produced by macrophages CD11lb and Treg
CDA4CD25. Administration of E. scaber extract for
1 week, 2 weeks, and 3 weeks did not change the
relative number of the TNF-a and TGF-B
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cytokines produced by CD11b and Treg CD4CD25
macrophages.
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Abstract
Accumulated the toxic compound such as lead in A. woodiana caused an alteration in the tissue. The aim of the study is
observation through histology to determine the alteration of the structure of digestive diverticulum tissue. Anodonta
woodiana were maintained in water tub that treated with lead Il nitrate exposure (Pb(NOs),) 0, 15, 25, 35 mg.L! for 7
days to determine the alteration of the damaged structure of the digestive diverticulum and determining water quality
such temperature, DO and pH. The highest damage occurs in digestive diverticulum which treated with 35 mg.L'! due
to many alteration on the tissue structure such as hyperplasia, edema, atrophy, and necrosis with the percentage of
total damage about 35%. The lowest alteration tissue structure occurs in 15 mg.L! treatment group of the digestive
diverticulum. The temperature was observed about 25.3 — 26.4°C, pH about 6-7, and DO about 6.1-6.7 mg.L. Thus, the
increment of lead dose treatment induces increment of tissue structure alteration in digestive diverticula tissue,

therefore, might promote the death of A. woodiana.

Keywords: Anodonta woodiana, digestive diverticulum, histology.

INTRODUCTION

The common pollutant of heavy metals such
as lead (Pb) are considered as toxic pollutants. In
addition, the natural aquatic ecology also
contaminated with the heavy metals released by
domestic activity [1]. The organism or biomass
contaminated with the heavy metals may have
effect on human health risks [2,3].

As bivalve, the suspension feeding activity of
mussel represents the main pathway for heavy
metal uptake and accumulation [4,5]. Mussels
are suspension feeders both aqueous and die-
tary; such as material resuspended from
sediments. Therefore, it consisted of high-
molecular-weight substances, microorganisms,
fecal pellets and detritus [6,7]. Mussels are
organisms that commonly used to assess the
ecotoxicological research in nature to analyze the
effects of the compound that released from
anthropogenic activities [8,9]. In the previous
study, Mussel was used to evaluate In Situ metal
contamination in wastewater effluent and in
aquatic ecosystems [10,11]. The concentration
metal in the tissue of mussel was increased
concomitantly with the elevating of metal
absorption or uptake and it showed the various
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metal bioaccumulation levels in different tissues
of mussel [12,13].

Lead is a very toxic heavy metal [14] which
cumulative [15] in the gills [16] and gastric [17].
With histopathological analyses, we could
observe the alteration of damaged tissue, such as
gills and gastric [18] which affected by the
contaminants. Lead penetrated the tissues of the
body through the respiratory tract [19] and
gastrointestinal [20]. It induces the alteration
tissue and a functional disorder in A. woodiana
[21].

Anodonta woodiana (Kijing Taiwan) is a
freshwater mussel found in waters with the
muddy substrate. Kijing Taiwan lives in bottom
waters and is relatively settled. Kijing Taiwan is a
filter feeder organism that can filter water and is
able to survive in the polluted environment, so it
can be used as a bio-indicator of a water body.
Lead induces the tissue damage which caused
alteration of tissue structure in A. woodiana. The
previous study, the histopathology of A.
woodiana used to monitoring the pollution in
aquatic environments and alteration structure of
gill and kidney tissue observed [22]. In another
study, they observed enlargement of the gastric
wall and diverticulum of A. woodiana due to
exposure to pesticides [23]. The other research
on hyperplasia, atrophy, and necrosis occur in
the gills of A. woodiana due to the Cadmium
exposure [24]. However, the tissue structure
alteration of digestive diverticulum in A.
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woodiana still unknown. The aim of this study
was to observed the alteration tissue structure of
digestive diverticulum of A. woodiana induced by
lead Il nitrate exposure treatment for 7 days.

MATERIAL AND METHOD
Data Collection

The descriptive qualitative method is used in
determining the alteration histology digestive
diverticulum of A. woodina and water quality in
each treatment and data was collected with 3
times experiment repeatition. Anodonta
woodiana in size 8-10 cm obtained from
Freshwater Cultivation Management Unit (UP-
BAT) Punten Batu, Malang and maintained in
Workshop Laboratory in Faculty of Fisheries and
Marine Science, University of Brawijaya, Malang.
Six of A. woodiana were induced with Lead
Nitrate for 7 days in each treatment and
maintained in the circulation system water tub
(30 liter volume).

Lead Il nitrate [Pb(NOs)2] dissolved and
diluted in the following concentration 0 mg.L?,
15 mgll 25 mgl! , and 35 mgld
Furthermosre, the water quality such as
temperature, pH, and DO in each water tub was
measured once in a day for 7 days. After 7 days,
the stomach of mussels in each water tub was
harvested and immediately, preserved in ddH20
containing 10% of formaldehyde. The stomachs
were ready for staining and histology analysis.

Histotology analysis

Histology analysis was conducted according
to Elsayed et al. [25]. Briefly, the stomach of A.
woodiana in each treatment was harvested after
treatment and immediately fixed in neutral
buffered formaldehyde 10%. Further, the
stomachs were dehydrated using ascending
grades of ethanol (70, 80, 90, and 100% for 1
hour in each concentration). The samples were
then cleared in xylene. After blocking using soft
paraffin, the stomachs were cut using the
microtome to serial sections of 4 um thickness.
Then, sections were stained using hematoxylin-
eosin stain. After staining, the stomachs were
observed with microscope Olympus BX41 and
scanned using Olympus CX21FS. The percentage
of organ damage is calculated based on the fol-
lowing formula.

Organ damage (%) = amount of damaged tissue X 100%
amount of tissue analyzed

J.Exp. Life Sci. Vol. 8 No. 2, 2018

Statistical Analysis

Data are expressed as mean % SD. Statistical
significance of pairwise differences among three
or more groups was determined using one-way
analysis of variance (ANOVA) followed by LSD
test. P<0.05 was considered statistically
significant. The analysis was performed using
SPSS for Windows (SPSS Inc., Version 20.0,
Chicago, IL, USA). The Graph was performed
using GraphPad Prism 7 (GraphPad Software, Inc.
USA).

RESULT AND DISCUSSION
The Morphology of Digestive Diverticulum Tis-
sue Alteration

The alteration of digestive diverticulum tissue
of A. woodiana in each treatment was shown in
Figure 1. The digestive diverticulum induced with
15 mg.l?! of Lead appeared edema and
hyperplasia. The epithelia of digestive
diverticulum showed swollen and some cells
were grown more (Fig 1B). Further, the atrophy
and necrosis of digestive diverticulum were
found in A. woodiana which induced with 25
mg.L' of Lead (Fig. 1C). The digestive
diverticulum was narrowed and its epithelia
showed damage. In this treatment, it was
revealed that the A. woodiana was not resisted
to this concentration of Lead. The digestive
diverticulum of A. woodiana was then found with
more necrosis (Fig. 1D). In this treatment group,
many alterations of digestive diverticulum was
found. It was suggested that above 15 mg.L? of
Lead, the A. woodiana was not resisted the
toxicity of Lead. It might cause the death because
the digestive diverticulum was damage and was
not performed normally. Excretion of mucus is a
form of A.woodiana self-protection against the
toxic lead. The mucus contained the neutrophils
that play a role in digesting foreign substances
that penetrate to the body of this organism [24].

Previous study explained that the edema
occurs as a form of cell adaptation to survive due
to the influence of toxic materials [26]. Enzymes
are out of cells along these substances will inhibit
cell metabolism. This will ultimately result in cell
death (necrosis) [23]. Necrosis is cell death that
occurs because of hyperplasia redundant, so
tissue no longer intact form or in other words,
necrosis occurs accompanied by the death of an
organism [27].
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Figure 1. Digestive diverticulum of gastric tissue A. woodiana after Lead Il Nitrate (Pb(NOs),) exposure for 7 days 100 pum,
(magnification 400x, Olympus BX41 microscope, Olympus DP 20 camera). A. treated 0 mg.L! lead Il nitrate, B.
treated 15 mg.L? lead Il nitrate, C. treated 25 mg.L lead Il nitrate, D. treated 30 mg.L! lead Il nitrate. (1) Edema; (2)

Hyperplasia; (3) Atrophy; (4) Necrosis.

The Quantity of Digestive Diverticulum Altera-
tion Analysis

The percentage of alteration on the digestive
diverticulum induced by Lead was shown in
Figure 2. The hyperplasia was increased
significantly in 25 mg.L't and 35 mg.L?! treatment
groups about 7.8% and 9.6%, differently
compared to 15 mg.L! treatment group about
3%.

Moreover, the necrosis was increased
significant in 35 mg.L? treatment group around
12% compare than 25 mg.L?! treatment group
around 3.1%. In the present study, the edema
and atrophy were not significant differences in
each treatment group. However, the alteration of
digestive diverticulum induced 35 mg.L? of Lead
showed the highest hyperplasia and necrosis was
also observed.

The total percentage of digestive diverticulum
alteration was shown in Figure 3. The total
alteration of digestive diverticulum was increased
significantly in 35 mg.L* compare to 15 mg.L*
and 25 mg.L ! treatment groups. At this moment,
the 35 mg.L? treatment group has the highest
alteration tissue structure of 36% followed by 25
mg.L? for 22% and 15 mg.L! for 8%.

]J.Exp. Life Sci. Vol. 8 No. 2, 2018

The alteration in gastric tissue begins with
edema. The gastric has columnar epithelial cells.
The Epithelial cells of the digestive organs
column are eosinophilic with an elliptical core.
Epithelial cells of the stomach started swelling
due to growth. Hyperplasia in epithelial cells is a
response of the epithelial cells which are
eosinophils [28].

Eosinophils are immune properties of the
body against substances that are toxic. On the
composition of the cilia starting to look irregular.
Thickening of cilia results in fusion of the cilium
[29]. In some parts, the gastric walls look thinner.
This is caused by cilia and epithelial cells start to
shrink (atrophy). Atrophy of the epithelial cells is
a form of adaptive reaction to toxic substances
that cause digestive activity is not running
perfectly so that the needs of the supply of
nutrients and hormones is insufficient [30].
Edema and atrophy of the gastric epithelial cells
cause the membrane of epithelial cells out of the
proponent as well as causing dysfunction organ
of the gastric and cause necrosis. Adaptive
changes can develop into irreversible
characterized by necrosis [31].

ISSN. 2087-2852
E-ISSN. 2338-1655



Lead-induced tissue alteration of A. woodiana
digestive diverticulum (Putra et al)

*
154
* Edema
1 .
_ I i 1 Hyperplasia
2 ,
= 10- - g Atrophy
8 : : Necrosis
o 5
[ Al
S 5 Al
=% Al
7Z18
Al
Z o | 24
Z181% :
0 , % ! AL 1 k2 - 2]
0mgL" 15mgL”" 25mgL’ 35 mgL’

Figure 2. Percentage of each digestive diverticula alteration analysis after Lead Il Nitrate (Pb(NOs),;) exposure for 7 days.

Results were the mean + SEM;. *p<0.0001 was significant.
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Figure 3. The total percentage of digestive diverticulum alteration of A. woodiana after Lead Il Nitrate (Pb(NOs),) exposure for
7 days Results were the mean + SEM;. *p<0.0001 was significant.

Digestive diverticulum in bivalves
accumulated pollutants, actively participates in
the process of detoxification. Digestive
diverticulum sensitive targets such as harmful
pollutants. In the digestive diverticulum, occur
Hyperplasia as indicated by increasing number of
cells basophils seen by the assembly dots. Cells in
the vesiculated digestive cell showed dominance
in the digestive diverticulum. Depreciation cause
the digestive diverticulum basophil cells occurred
lyses and necrosis in the digestive diverticulum.
Alteration in the gastrointestinal cells, basophils
cell mass digestion, the out cells and alteration
tissue such atrophy and necrosis of the digestive
diverticulum, indicating the occurrence of

J.Exp. Life Sci. Vol. 8 No. 2, 2018

chronic poisoning. This is consistent in previous
research of Pillai [32]. Structural cell damage
examination indicates that there is enlargement
of cells that induce to digestive diverticulum
enlarged structure of epithelial cells. cell
enlargement resulted in an overall increase in cell
volume due to the formation of lysosomes
enlarged. then cause gastrointestinal cell atrophy
and necrosis. The increment of concentration
lead Il nitrate treatment induces increment
alteration tissue structure in gill tissue and gastric
tissue.
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Water Quality Analysis

The treatment of Pb(NOs). was not affected
the water quality. The present study showed the
temperature, pH and dissolved of oxygen (DO)
were inappropriate for the ecological life of A.
woodiana. A good temperature for the growth of
freshwater mussels are temperatures between
15°C-27°C [33]. In the observation, pH and DO
showed it is good for A. woodiana life. The pH is
suitable for the environment for A. woodiana
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ranging from 6.5 to 7.8. If the pH in the water is
more or less, the limit could affect the movement
of cilia gills [24]. According to Subarijanti, oxygen
content which not contained toxic compounds,
amounting to a minimum of 2 mg.L! is already
sufficient to support the normal life of aquatic
organisms [34]. In general, the oxygen obtained
taken through gills that produce currents that go
into his coat [35].
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Figure 4. The water quality analysis in Anodonta woodiana tube after Lead Il Nitrate (Pb(NOs),) exposure for 7 days

CONCLUSION

These result showed that A. woodiana was
not resisted with Lead toxicant in the
concentration of Lead above 25 mg.Ll At
concentration up to 25 mg.L?, the A. woodiana
might death because the digestive diverticulum
was not performed normally and it caused by any
alteration of digestive diverticulum tissue
structure.
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Abstract

Blue swimmer crab (Portunus pelagicus) can increase the country’s incomes due to its high demand of export. This
study aims to determine biological analysis on the population of blue swimmer crab in Lamongan, Tuban, Pasuruan, and
Rembang. The sampling location was based on the fishing area and the method used survey method from collectors in
each location. The blue swimmer crab’s biological characteristics which observed are the correlation on wide of
carapace and blue swimmer crab weight, sex ratio, and gonad maturity level. The results showed the correlation
between the wide and weight of carapace in Lamongan (male: 113.80-122.99 mm and 87.98-121.60 g then female:
108.21-117.27 mm and 71.80-99.74 g), Tuban (male: 113.26-117.74 mm and 89.63-102.76 g g then female: 114.36 mm
and 106.51 g), Pasuruan (male: 87.66-94.43 mm and 39.68-49.90 g then female: 101.94-110.89 mm and 66.98-82.89 g),
and Rembang (male: 120.30-126.69 mm and 93.53-118.43 g then female: 125.30-132.13 mm and 134.42-157.47 g); sex
ratio (male: female) in Lamongan (1.4: 1), Tuban (1: 1.5), Pasuruan (2.8: 1), and Rembang (1: 1.46); and also gonad
maturity level in Lamongan (dominant male at level lll was 30.29%, female at level Il and 1l was 30.40%), Tuban
(dominant male at level Il was 41.93%, female at level Il was 33.33%), Pasuruan (dominant male at level Il was 25.79%,
female at level lll was 48.10%), and Rembang (dominant male at level Il was 32.35%, female at level Il was 33.33%).
These results indicate that the total of Portunus pelagicus which was being caught had fulfilled the standards rules by
No.1/PERMEN-KP/2015. However, it requires continuous direct monitoring and counseling to maintain the stock of blue
swimmer crab resources.

Keywords: Blue swimmer crab (Portunus pelagicus), gonad maturity level, sex ratio, wide and weight.

INTRODUCTION

Blue swimmer crab (Portunus pelagicus) is
included as one of fishery commodities that has
high economic value and becomes one of the
primadonnas in the field of fisheries. Besides in
the local market, the swimmer crabs can be one
of the high levels and promising export
commodities [1]. The request of Blue swimmer
crab for every year is always increase makes
fishery export commodity such as frozen meat
without skin or processed meat in cans.
Indonesia’s export of blue swimmer crab in 2011
showed the high rate of 42,410 tons with + Rp.
978 billion rupiahs [2].

The blue swimmer crab is an active swimmer,
but in passive conditions it will bury themselves
into sediment; only part of eye and antena which
are not covered. Male of blue swimmer crab (P.
pelagicus) has blue color whereas the female one
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has a brown-greenish color and has smaller claws
than male [3]. The blue swimmer crab has
lifecycle through a phase of zoea, megalopa, and
instar | for 14-19 days. The phase of zoea | and Il
passed for 3-4 days each, a phase of zoea Ill and
IV passed for 2-3 days each, and megalopa phase
for 3-4 days. After megalopa phase, blue
swimmer crab can metamorphose into first instar
phase [4].

Eggs and larvae of blue swimmer crab (P.
pelagicus) are planktonic. The eggs of blue
swimmer crab can hatch for 15 days into larvae.
The larvae of blue swimmer crab last for 26-45
days and located as far as 80 km in the coastal
ocean. Before becoming young blue swimmer
crab, it stays 6 weeks in loose waters and return
to estuary area to grow and flourish then return
to sea as adults and then lay eggs in the sea in
summer of tropical waters or in spring of sub-
tropical waters [5]. The intestines of blue
swimmer crab captured in shallow sublittoral
waters of Kunduchi Darussalam coast of Tanzania
are estimated to be blue swimmer crabs,
crustaceans, fish bones and other foods. The
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dominant food is the type of bivalve order of
Mytiloida from Arcuatula arcuatula type [6].

However, the decline of blue swimmer crabs
can be caused by nature of cannibalism, this
often cases when molting makes their soft
carapace and often preyed by other blue
swimmer crabs as well as other predators [7]. It
need guarantees on consistent availability and
continuous of blue swimmer crab resources so
that domestic and foreign market demand can be
fulfilled.

One way to ensure the availability of blue
swimmer crab resources is by maintaining the
existing populations in nature by controlling the
exploitation of blue swimmer crabs resources.
However, the increasing of market demand for
blue swimmer crab resources causes to a higher
levels of exploitation in nature. Lack of
knowledge levels of fisherman and enforcement
of rules made by the government results in
continuous catching regardless of size and timing
of the catch. This matter, in the availability of
blue swimmer crab stock is declining in nature.
That is why it need a well designed program to
maintain the availability of blue swimmer crab.
One of them is by understanding the blue
swimmer crab’s biological characteristic for the
fisherman. Therefore, the purpose of this
research is to understand the correlation of wide
of carapace and blue swimmer crab weight, sex
ratio, and gonad maturity level caught by
fisherman in Paciran Subdistrict (Lamongan
Regency), Bancar Subdistrict (Tuban Regency),
Kraton Subdistrict (Pasuruan Regency), Sluke
Subdistrict (Rembang Regency), and the
conformity of the rules applied by No.1/PERMEN-
KP/2015 (Regulation of Ministry of Marine and
Fisheries about Lobster, crabs, and blue swimmer
crabs catching).

The blue swimmer crab (P. pelagicus) has
similar morphology with crabs. It has greater
width and length of carapace [8]. The blue
swimmer crab caught in coastal waters generally
have wide range of 8-13 cm carapace lengths
with an average weight of £+ 100 g at depth of 20
m with an average blue swimmer crab being ob-
tained at 53.34 g with low weight of 30 g and
maximum weight of 160 g [9]. The increased wa-
ter depth, the weight of the captured blue
swimmer crab is larger, but the number of tails
obtained is not as much as the depth is relatively
shallow [10]. The male blue swimmer crabs
prefer to be in the waters with low salinity, thus
spreading more in shallow area. This difference in
gonad maturity can be due to several factors
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such as individual body condition and latitude

[el.

MATERIAL AND METHOD
Study Area

This research was conducted from collectors
which is the representative of blue swimmer crab
catching area. Paciran Subdistrict, Lamongan
geographical  coordinates:  6°52’0”  South,
112°20°0” East (Fig. 1); Bancar Subdistrict, Tuban
6°47'0” South, 111°46’0” East (Fig. 2); Kraton
Subdistrict, Pasuruan 7°32’347-8°30°20" South,
112°33'55”7-113°30°37” East (Fig. 3); and Sluke
Subdistrict, Rembang 6°30’ - 7°6’ South, 111°00’
East as shown in Figure 4.
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Figure 1. Paciran Subdistrict, Lamongan Regency
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Figure 2. Bancar Subdistrict, Tuban Regency
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Figure 4. Sluke Subdistrict, Rembang Regency

Data Collection

This research used survey as the method of
collecting the information from blue swimmer
crab catchers and collectors representing
population group. The sampling was done
randomly in various water areas. Blue swimmer
crab samples obtained by fisherman who were
deposited to the collectors, shown in Table 1.

The tool used in the measurement of
carapace wide was calipers with precision of 0.05
mm. Then, the measurement tool of sex ratio is
making visual observation or seeing the morpho-
logical aspects and secondary sex features. The
determination of genital blue swimmer crab can
be seen from the color and shape of the abdo-
men. The calculation of sex was done by compar-
ing the number of samples of male and female
caught. The measurement of weight was using an
analytical digital scale with precision of 0.01 g,
while for measuring gonad weight and gonad
observation is an analytical digital scales with
accuracy of 0.01 g (sectio set and magnifying
glass).

Table 1. The Sampling of Blue Swimmer Crab
Location Male Female
(Regency)  (pcs) (pcs)

Total Sampling

Lamongan 175 125 300 wide-range
Tuban 116 184 300 of carapace
Pasuruan 221 79 300 and weight
Rembang 122 178 300  distribution
Lamongan 175 125 300

Tuban 116 184 300 sex ratio
Pasuruan 221 79 300

Rembang 122 178 300

Lamongan 175 125 300

Tuban 31 69 100 nfg:j::y
Pasuruan 221 79 300 level
Rembang 34 66 100

The wide of carapace and the distribution of
blue swimmer crab weight and the correlation of
carapace's wide to individual weights are closely
related to the growth rate of the organism. In
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creating sustainable resources, growth is one of
the key factors for determining it. The calculation
of carapace wide correlation by weight can be
seen from a value of b using the method based
on Susanto [11], with formula :

N x Z{logW xlogl) — (ZlogW = loglL)
N % ZLog’L — (ZLogL)*

Log a = (Log W/N) - bx (Log L/N)

Description:

a = Condition factor

b = Correlation of wide and weight of blue
swimmer crab

W = Blue swimmer crab weight (g)

N = Number of male or female(pcs)

L = Blue swimmer crab wide (mm)

The sex ratio of blue swimmer crab is
calculated by comparing a total of male and
female using methods based on Zahid and
Charles [12], as follows:

X=J:B
Description:
X =Sex ratio

J =Total of male (pcs)
B = Total of female (pcs)

The gonad maturity level can be done by
surgery from body at the abdomen and
measured using digital scale with the accuracy of
0.01 g. Otherwise, morphological observations
can be seen from color and occupation rate of
blue swimmer crab gonad in female hepatic
region, which is divided into five levels [13]. At
level 1: gonad is immature, white or transparent;
level 2: gonad start to mature, yellow/bright
orange, not extend into the hapatic region; level
3: gonad in the process of mature, yellow/orange
color does not extend/exceed the hepatic area;
level 4: mature gonad, yellow/dark orange
protruding into the hepatic area; and at level 5:
ovigerous, females carry full-fledged eggs (pale
eggs to dark yolks) on outside of body/abdomen.

RESULT AND DISCUSSION
The Correlation of Carapace Width and Weight
of Blue Swimmer Crab

Each location showed different results. Sam-
ple in Lamongan Regency showed that the male
blue swimmer crab have larger carapid. This can
be due to the growth of female blue swimmer
crab will decrease at the time of mature gonad
rather than male or also caused by genetic factor
of individual them self. The variety sizes of blue
swimmer crab obtained can be caused by several
factors such as season and depth of waters. The
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correlation of carapace wide to individual weight
of blue swimmer crab was done to know the
growth pattern and population.

Based on the observations that have been
done, the data obtained from total of 300
samples and analyzing the correlation of
carapace wide with weight, it shows that the
correlation of carapace wide and weight of male
and female has a very close correlation, as well as
growth pattern, reared allometric negative,
because it is b<3 (male is b = 0.988 and female is
b = 0.962). This is influenced by many factors,
especially environment. The genetic factor
contributing to the size of male blue swimmer
crab reaching maturity at the same size.
Generally male blue swimmer crab larger than
female [14].

The amount of female blue swimmer crabs
are higher than male. Catching location is one of
the factors influencing the amount. Most of fish-
erman do the catching on the deep area in which
they catch more female. It is because the female
of blue swimmer crab prefer to be in the depth
with high salinity for reproduction [15]. The
factor of differences in the ratio between males
and females are biological factor such as spawn-
ing. The female blue swimmer crabs like high
salinity waters for spawning, thus spreading to
deeper waters than male. Reversely, male blue
swimmer crab like low salinity waters that spread
in shallow waters [16].

Sample in Tuban Regency, the width of blue
swimmer crab have a different pattern size of
catch due to the different capture fisheries,
where coastal waters of Bancar Subdistrict,
Tuban Regency is cloudy so that fisherman
catches in deeper waters. The weight distribution
pattern of blue swimmer crab body dominated in
89.63-102.76 g class which was suspected due to
the catching in shallow waters, where fisherman
made the catch to easily set the Bubu (fish trap)
by diving into the bottom of waters
appropriately.

The correlation between the wide of carapace
and weight of captured male blue swimmer crab
shows negative allometric of b <3 (male is b =
2.532 and female is b = 2.490). Each increase in
wide value is followed by an increase in weight
value or the other way. The correlation of wide
and weight of male blue swimmer crab shows
closeness. The acquisition of the width of cara-
pace in correlation with the weight of female
blue swimmer crab had shown that the width
increased higher than its weight. Besides, the
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width of carapace and the weight of female blue
swimmer crab had close correlation.

The results obtained explain that growth rate
of male blue swimmer crab is better than female.
In coastal waters of Bancar Subdistrict, Tuban
Regency has very few mangrove plants. This is an
indication of lack organic material needed by
primary organisms which later become bivalve
food, gastropod, and mollusca as the main food
of male and female blue swimmer crab. The re-
search result said that there are no significant
differences in food types during all seasons, re-
gardless of the sexes and sizes. The body size
differences do not affect the type of food but
affect the amount of food [6].

Sampling in Pasuruan Regency measured the
wider carapace on male blue swimmer crab than
female. However, the total of male and female
blue swimmer crab caught by fisherman has not
been in accordance with the Minister of Marine
and Fisheries regulations because many blue
swimmer crab are caught below-set standards.
While the weight of male blue swimmer crab in
this study found that male blue swimmer crab is
heavier than females. The correlation between
the carapace width and body weight of both
male and female blue swimmer crab had shown
that the carapace width increased faster than the
body weight. It indicated that the crabs were
captured in small size. The correlation between
the wide of carapace and weight of captured
male blue swimmer crab shows negative
allometric of b <3 (male is b = 2.802 and female is
b = 2.771). This has factors such as the availability
of feed in nature, genetics, and time of catch, as
well as on female used more energy for
reproduction so that weight growth is more
hampered compared to the wide growth of the
carapace. The weight difference between male
and female blue swimmer crab suspected due to
several factors such as water temperature or
influence of growth rate [17].

Sampling in Rembang Regency of blue
swimmer crab meet the standards set by
No.1/PERMEN-KP/2015, both male and female;
although 2% have wide carapace under the
standard to be caught. The catch of blue
swimmer crab can be done with size carapace >
10 cm. The blue swimmer crab in the laying state
should neither be caught nor be recorded. The
result could be dead or in unsuitable size. The
correlation of the research, the wide of carapace
and weight of captured male blue swimmer crab
shows positive allometric is value of b >3 (male is
b = 3.368 and female is b = 3.047). The
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deployment of caught blue swimmer crab is
sometimes on muddy and rocky substrates but
more on sandy substrates. In addition,
temperature and salinity factors are thought to
affect size distribution of blue swimmer crab (P.
pelagicus) [16].

The correlation of the wide carapace and
weight captured have value of b=3. It is isometric
growth pattern, a wide growth pattern equal to
weight growth. If the value of b> 3 is positive,
allometric growth pattern of weight growth is
more dominant than wide growth, and if the val-
ue of b <3 is negative, allometric growth pattern
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of wide growth is more dominant than weight
growth [18]. Deeper waters will result in
relatively bigger blue swimmer crab (P. pelagicus)
as well as many sandy substrate found. While the
results of weight measurement of male are
bigger compared to female. This is caused by
metabolism in utilizing energy obtained from
food. The correlation between wide of carapace
and weight is an increase in the value of wide on
blue swimmer crab followed by an increase of
weight, shown in Figure 5. The results obtained in
this study is larger male on blue swimmer crab
than female.
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Figure 5. The Sampling of Wide and Weight of Blue Swimmer Crab. A. Wide and Weight of Male Blue Swimmer Crab Sample
(P. pelagicus), and B. Wide and Weight of Female Blue Swimmer Crab Sample (P. pelagicus) from collectors.

Sex Ratio

Sex ratio is the ratio of males and females in
the population. The sex ratio in each sampling
site showed different results, can be seen in Ta-
ble 2. The sampling in Lamongan Regency
showed the composition of male and female blue
swimmer crab are not balanced. The results of
this observation indicate that those caught in
dominance by male blue swimmer crab, it is
probably due to April-May is spawning season for
crab. While sampling in Tuban Regency shows
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male less than female, this is thought to be
caused by spawning and fishing season but
sampling in Pasuruan showed female is less than
male means that composition of crab has an
imbalance. The difference is caused by fisherman
in an area of caught around the beach or in
shallow waters by using a passive fishing trap.
Differences in the total of caught are also caused
by the male prefer shallow waters while female
prefer deeper waters or waters that have high
salinity for spawning.

ISSN. 2087-2852
E-ISSN. 2338-1655



Biological Analysis of Blue Swimmer Crab from Collectors in

Lamongan, Tuban, Pasuruan, and Rembang (Murni et al)

However, sampling in Rembang Regency
shows female is more than male or unbalanced.
The factors that affect this sex ratio are
influenced by migration and weather changes
that may affect a population of blue swimmer
crab [16].

Table 2. Distribution of P. pelagicus) quantities obtained
during study at each time and location of taking
from collectors.

Time (Location) Sex Ratio
Male Female
April-Ma
(L y v 1.4 1
amongan Regency)
May-June
(Tuban Regency) 1 15
May-June
(Pasuruan Regency) 2.8 1
May-June
(Rembang Regency) 1 1.46

Gonad Maturity Level

The maturity level of gonads in which gonad
develop before and after spawning. The process
of development body system gonad will undergo
series of morphologic, histological, and cytologic
changes. Observations obtained during the study
at each time and location of sampling, can be
seen in Table 3.

The results of gonad maturity level at each
sampling site showed different results. Sampling
in Lamongan Regency showed the composition of
male and female blue swimmer crab (P.
pelagicus) unbalanced in the maturity level of the
gonad. It is because in April-May of female
spawners began to migrate to the deeper ocean
to hatch eggs. While sampling in Tuban Regency
shows that highest level of male gonad maturity
in a phase of maturity level of the gonad IlI. This
possibility is because it depends on different
fishing location in shallow waters so that it is
dominated by a young crab that is not yet in a
mature phase of the gonad.

Sampling in Pasuruan shows the highest level
of female gonad maturity in a phase of maturity
level 1l, possibly because it depends on the
environment and caught. Sampling in Rembang
Regency, it shows that highest level of gonad
maturity in the female with a phase of maturity
level of gonads Il. It is because the least blue
swimmer crabs were caught due to the species
with mature gonad went on the deeper water.
Blue swimmer crab (P. pelagicus) go to deeper
areas to spawning peaks that occurred in July.
However, sampling in Pasuruan shows that most
gonad maturity level in the female with phase
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maturity level of gonads Il. This is caused by
maturity level of gonads | cell is not fully mature
and mostly still in the form of egg cells. The
maturity level of gonads Il egg cells which begin
to enter a stage of maturity, the ovari is still small
and looks bright yellow. The maturity level of
gonads Il eggs begin to enter a stage of ovary
has pale yellow color, maturity level of gonads IV
egg cells have entered maturation phase and
ready for fertilizing. The maturity level of gonads
V eggs are located on outside of abdomen with
pale until yellow color. Male blue swimmer crab
like waters with low salinity so that spread more
around in a relatively shallow coastal waters [6].
The maturity level of gonads Il and IV occur with
an indication of adult female blue swimmer crab
laying eggs throughout the year. This occurs
because reproduction is limited by warm
temperatures in  subtropical climates. In
subtropical climates, female blue swimmer crab
postpone development of gonad maturity during
the winter season [19].

Table 3. Gonad Maturity Level of Blue Swimmer Crab (P.
pelagicus)

The Maturity Level of Gonads Dominant
Location M

F
(pcs) Freq (pcs) Freq
Lamongan ] 53 IN& 1l 38
Regency 3175 (30.29%) 1125 (30.40%)
Tuban 1l 13 1 23
Regency 331 (41.93%) 3 69 (33.33%)
Pasuruan I} 57 1] 38
Regency 2221 (25.79%) 279 (48.10%)
Rembang I} 11 Il 22

Regency 234  (32.35%) 366  (33.33%)

Note: M = Male, F = Female, Freq = Frequency,
Pcs = Pieces, Il and Ill= gonad maturity level

CONCLUSIONS

The correlation between width of carapace
and weight of blue swimmer crab in different
areas in Lamongan, Tuban, and Pasuruan have
negative allometric growth patterns because
they have b<3. This suggests that growth of
carapace wide is faster than weight. But in Sluke
Subdistrict, Rembang Regency, it has positive
allometric growth pattern with b>3 (male is b =
3.368 and female is b = 3.047).

The sex ratio shows that ratio of males and
females is in unbalanced conditions in which
females are larger than males. The level of gonad
maturity often found in stage Il and Ill, and most
rarely found in phase V so that fishing by
fisherman in sampling area is in accordance with
No.1/PERMEN-KP/2015, which prohibits the
capture of blue swimmer crab in catch conditions
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of gonad maturity level V. The percentage of crab
obtained in this study based on an area of
capture meet the standards set by
No.1/PERMEN-KP/2015.
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Abstract
Porphyridium cruentum microalgae have great potential to be developed as a source of active ingredients in various
fields of health. It excretes secondary metabolites in the form of extracellular polysaccharides (EPS), potentially as
antibacterial, antihyperglycemic, and immunostimulant components. This study aims to obtain the best culture density
of P. cruentum, the active component of P. cruentum (EPS), and the chemical composition of EPS. The P. cruentum was
cultivated on 15%, 20% and 25% culture stock, with an addition of silicate, Fe and vitamins in sterile seawater medium
with salinity 35%., pH 8, temperature 25-27°C, with continuous aeration and 2500 lux continuous 24 hours, for 14 days
of culture period. The results of this study indicate differences in growth rates and abundance of microalgae to each
culture stock. The 15%, 20% and 25% culture stocks each showed stationary phase at days 10th, 12th and 14th, with EPS
concentrations of 10 ppt, 12 ppt, and 15 ppt, respectively. Variation of P. cruentum culture showed different EPS
results, with a density of 25% capable of producing the highest EPS extract of 15,000 mg.L-1. The EPS is known to

contain glucose and carboxylic acid compounds that can be utilized in the health and industrial fields.
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INTRODUCTION

Porphyridium cruentum is one of the rare,
single-celled, colon-free Rhodophyceae classes
found in moist, freshwater, and dominant
terrains found in marine waters [1,2]. The P.
cruentum cell is about 4-9 um in diameter, with
cell structure consisting of nucleus, golgi body,
mitochondria, chloroplasts, starch, mucus and
vesicles. It contains red pigment phycoerythrin
which is an additional pigment in the cell, domi-
nant to cover the green color of chlorophyll. The
pigment content is affected by the depth of the
habitat, the deeper the habitas, phycoerythrin
become more dominant, and it decrease in the
shallower water. The P. cruentum contains
chlorophyll a and has no chlorophyll b, but it has
chlorophyll d. The red pigment P. cruentum
masks the color of other photosynthetic
pigments, so this red pigment becomes the main
pigment that plays a role in the reception of light
in the process of photosynthesis [1-4].

The P. cruentum cell is bound in the mucilago.
Mucilago is a compound expressed by a cell
constantly forming a capsule, and surrounds a
cell, containing a sulfate polysaccharide or
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otherwise known as EPS. EPS is essentially a
secondary metabolite of microalgae useful as a
protective for microalga cell in the conditions
that do not support its life survival. As a source of
nutritional reserves in nutritional deficiencies,
microalgae cell coatings keep the cells protected
from extreme temperature changes. EPS
becomes one of the important components in P.
cruentum function as antioxidant, antibacterial,
antiviral, and anti hyperglycemic [2,5,6]. In
addition P. cruentum contains carotenoids which
are useful in improving the immune system [7,8].

Porphyridium cruentum has a carbohydrate
biomass composition value of 32.1% (w/w),
34.1% crude protein. Mineral contents in 100 g of
dried biomass are Na (1130 mg), Mg (629 mg), Ca
(4960 mg), K (1190 mg), and Zn (373 mg). The
fatty acid content is 1.6% for 16:0, 0.4% for
18:2w6, 1.3% to 20:4w6, and 1.3% for 20:5wé.
The biomass of P. cruentum contains pigment in
the form of phycoerythrin characteristic of red
color. Besides that, the biomass also contains
vitamin K, tocopherol and carotene. These mi-
croalgae contain active components of phenol,
sterols, terpenoids, flavonoids and polysaccha-
rides that can be used as antiviral, antibacterial,
antioxidant [2,9].

This microalgae is important to be explored
because it has various benefits that can be ap-
plied in various fields, especially in medical field.
Currently efforts to formulate alternative treat-
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ments are increasingly being made, requiring
eco-friendly materials and abundant and accessi-
ble availability. One material that can be used as
an alternative is to utilize microalgae, among
others, the red microalgae P. cruentum. Microal-
gae is easily cultivated and able to grow quickly,
in addition to the utilization of this microalga will
increase the choice of raw materials that can be
utilized in various fields both health and industry.

Efforts to explore the benefits of P. cruentum
increasingly crowded, but the less of microalgae
biomass is limiting the use of space to scale on in
vitro only. So that method and modification of
treatment to cultivate P. cruentum cultivation
process must be developed, to obtain the right
method to fulfill the needs of P. cruentum
biomass on a wider scale. The purpose of this
study is to obtain the best culture density of P.
cruentum, the active component of P. cruentum
(EPS), and the chemical composition of EPS in P.
cruentum.

MATERIAL AND METHOD

The method used in this study is an
experimental method, which is a deliberate
method with certain controlled treatment in a
place. This research was conducted at Fish
Reproduction Laboratory and Parasitic and Fish
Disease Laboratory, Faculty of Fisheries and
Marine Sciences, University of Brawijaya,
Malang.

Data Collection
Cultivation of Porphyridium cruentum
Porphyridium cruentum microalgae seeds
used in this research were obtained from
Brackish Water Aquaculture Center (BBAP)
Situbondo. The cultivation media using seawater
that has been in sterilization by boiling. The tools
used were sterilized using chlorine 15 g.L?
diluent, after diluted chlorine sprayed sufficiently
into a glass jar container of 1.5 L capacity which
has been filled with plain water and allowed to
stand for 24 hours. Furthermore, the water is
drained and the container is allowed to dry until
it is completely dry before the tool is used.
Cultivation with the addition of Fe and silicates
and vitamins as much as 1 mL.L%. The lighting
2500 lux and aeration is continuously with 15%,
20% and 25% culture stock [10,11,12]. The
microalgae cultivation is in laboratory scale that
carried out for 7-14 days, and observed the
density of microalgae growth daily using
hemositometer with the aid of 400x
magnification light microscope [13].
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Extracellular Polysaccharide Extraction (EPS)

The EPS extraction process was conducted
based on Raposo et al. [14], where fresh P.
cruentum in culture medium was centrifuged at
10,000 rpm for 20-30 min at 4°C. The formed
pellets are removed and only take the
supernatant containing EPS. The supernatant is
placed under a ventilated hotte to obtain a
suspension containing EPS. After 3-4 days, the
sample is placed in water bath at 80°C for 1 hour.
Suspensions containing EPS are filtered using
simple filter paper and the extraction is refined
by precipitation with two variations of cold
ethanol volume (as required). After the EPS
obtained, previously treated with freeze dryer
before and after the dialysis process. The process
of dialysis is carried out by resuspending dry EPS
in distilled water and the process of dialysis using
cellulose membranes. This process is done
several times.

EPS Chemical Composition Analysis

The chemical composition test of EPS by FTIR
method is based on Mishra and Jha [15] research.
Fourier Transform Infrared (FTIR) in general aims
to detect functional groups of certain
compounds, so that the compiler compound can
be known in a more detail than just
phytochemical test. The test was carried out by
homogenizing 200 mg of Kbr as well as 2 mg of
EPS powder in the mortar. Samples that have
been homogeneous compacted and fed into
tensor 37. The test sample is measured at a
wavelength of 4000-500 cm™, resulting in FTIR
spectra showing the absorption peaks of the
sample wave number. Functional groups are
determined by the absorption peaks of expressed
wave numbers.

RESULT AND DISCUSSION
Biomass production of Porphyridium cruentum
The Porphyridium cruentum microalga growth
with 15%, 20%, and 25% culture stock density
reached peak on 10" day and decreased and
stable on day 11 until day 14. Generally
microalgae growth through several phases
starting with phase lag (adjustment), logarithmic
phase (growth), stationary phase (stop growing)
and ending with death phase [13]. The
abundance of P. cruentum which tends to be
stable after passing through the stationary phase
i.e. on the 8™ day, can be caused by continuous
aeration and lighting treatment, and the
availability of nutrients needed by the microalgae
to grow. Until at certain times, the growth will be
completely stopped and die, i.e. in the conditions
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where nutrients are no longer available in the
growth medium of P. cruentum. Through this
study, the time occurs at week 5 of culture,
without the addition of nutrients, where the
aeration and lighting process continues.

The growth of P. cruentum is influenced by
internal factors such as the quality of microalgae
itself. It is also strongly influenced by external
factors such as availability of light (2500-3000
lux), temperature (25-27°C), media quality
(sterile), and availability of nutrients (vitamins ,
Fe, silicate, phosphate and nitrate) [2,16].

There is a difference in the rate of growth in
the variation of the microalgae culture stock,
which is due to the microalgae cell density itself,
as well as the uneven nutritional and lighting
requirements that support the variation in
growth rate. Prayitno explained that cell culture
density affects the growth pattern of microalgae
[17], which in high culture stock can shorten the
phase of lag (phase of adjustment), and exponen-
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tial phase increases faster. Denser culture stock
conditions cause increasing competition between
cells to obtain light and nutrients. Thus in condi-
tions of lack of light, it can disrupt the process of
cell division. In addition, if aeration forces are
reduced, nutrient transport does not occur thor-
oughly, causing microalgae cells to not undergo
good cell division that affects the time of growth
rate.

In 200 mL culture stock, we obtained faster
growth rate so that it reaching stationary phase
faster when compared with both other culture
stocks, that is 150 mL and 250 mL. This become
indication that at amount of growth media 1 L,
using 200 mL microalga density, is the best to
obtain a fast growth rate. The growth of P.
cruentum microalgae was observed daily for 14
days of culture, to obtain the amount of P.
cruentum density presented by growth graph in
Figure 1.
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Figure 1. Porphyridium cruentum growth with 15%, 20% dan 25% culture stock density, with 2500 lux lighting and continuous

aeration, for 14 days of culture.

Extracellular Polysaccharide (EPS)

The concentration of EPS was obtained by
centrifugation process followed by the extraction
process, used 96% ethanol solvent with media
and solvent ratio of 1:0.75 v/v. Based on
microalgae culture results for 14 days of rainy
season, at 15% culture density obtained EPS +
10.000 mg.L? culture medium, 20% culture stock
density obtained EPS + 12.000 mg.L?, and density
stock culture 25% obtained EPS + 15.000 mg.L*!
(Table 1).

A culture of Porphyridium sp. was performed
in winter and extracellular polysaccharide values
are obtained from 200 to 1000 mg.L! [18]. In
contrast to Setyaningsih et al. [13], where
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extracellular  polysaccharide  values  were
obtained from 12,500 - 21,500 mg.L! for a
culture time of 12 days. Differences in
extracellular polysaccharide values can be
influenced by differences in the culture medium
used, which include differences in the nutrient
composition of each medium, in addition to
differences in temperature and illumination

Table 1. Extracellular Polysaccharide Components (EPS)

P. cruentum Culture Stock (mL.L%) EPS (mg.L?)
150 10,000
200 12,000
250 15,000
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Biologically  extracellular  polysaccharides
function to protect microalgae cells, play a role in
ion exchange or reservoir, as a barrier wall that is
difficult to penetrate by gas and water. It is also
serves as a place of excretion of vitamins and
hormones [1]. The number of EPS obtained
shows good microalgae growth, and good cell
metabolic processes, to produce continuous ex-
tracellular compounds. The resulting extracellular
polysaccharides will be a source of nutrients for
cells in the growth process. The more cell division
occurs, the EPS excretion process will increase,
and can extend the growth phase of microalgae
caused by the availability of nutrient reserves of
EPS.

The chemical composition of EPS is identified
from the expression of the functional group via
the FTIR test. The graph in Figure 2 shows the
chemical compounds read through the functional
groups such as wavelength absorption 3442.769
indicating the presence of hydroxylate bond (-
OH), wavelength absorption at 2239.846 indi-
cates the presence of carboxylic acid bond (-

T e 3
EEE i 43K <in pasi) ol i

100

COOH), the CO bond is indicated by a long ab-
sorption wave 1625.614, while wavelength ab-
sorption 1438.650 and 1362.350 indicate the
presence of phenol bonds, as well as at 1200-800
wavelength absorption indicates the presence of
polysaccharide bonds.

Hasanah in 2016 performed FTIR test on P.
cruentum EPS found that extracellular type of
extracellular polysaccharide sugar was identified
only maltoheptose composed of seven maltose
disaccharides which is a component of glucose
[10]. In contrast, Raposo et al. in 2014, found P.
cruentum EPS was tested by GCMS (Gas
Cromatografy Mass Spectrometry) method in
which  extracellular  polysaccharides were
identified to contain several major sugar
components, including galactose (26.5-36.5 M%),
glucose (22.5-24% M), and arabinose (16 M%).
While other sugar components such as mannose,
fucose, xylose, and rhamnose were also detected
with low concentrations of 11, 9, 7 and 4 M%
[14].

T v ' v i
LaK Eiii] 15X ir 150 12m 1K 3 o 4

Figure 2. Extracellular polysaccharide functional group (EPS) Porphyridium cruentum, using FTIR test at 4000-500 cm

wavelength.

It was reported that EPS in P. cruentum
composition with several different fractionation
treatments using TLC (Thin-layer Chromato-
graphy) and GC measurements, so it was known
that EPS content included Xyl, Glc, and Gal sugar
[19]. Through the method of m-hydroxybiphenyl
assay, sodium rhodizonate assay and IR
spectrophotography, it was found that EPS sugar
content included uronic acid and sulfate
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compound, through IR spectrophotography on
band 820 cm™ indicated hydroxyl primer sulfate
group. This shows that the EPS extract contains
sugar D- and L-Gal (Fig. 3).

Through a previous study of Geresh et al. in
1990 [20], it found a-p-glucopyranosyluronic
acid-(1 - 3)-L-galactopyranose disaccharide from
hydrolyzate acid Porphyridium sp. It indicates the
configuration of each of GIcA and Gal are p- and -
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L. This disaccharide type is known as the
polysaccharide constituent part for several types
of red microalgae.

Differences in sugar composition in the EPS
testing, allegedly caused by hydrolysis factors
that have not been optimal, in this case may be
the time of hydrolysis used has not been able to
break the chemical bonds EPS Porphyridium
cruentum so that no overall chemical
composition EPS detected. The amount of
galinisic acid hydrolyzed with 0.2 M H2S04 at
80°C reached 2.5% for 28 hours and at 100°C
reached 6% for 16 hours w/w [21]. It shows that
hydrolysis values can be influenced by the time
and temperature used. In addition Hasanah [10]
confirmed the factors that can affect the
hydrolysis level can be the time, temperature,
type and concentration of the sample, and used
solvent.

v

101

One of the ingredients that can be used as an
immunostimulant is a polysaccharide compound
[22]. Polysaccharides are a classification of
carbohydrates which are a combination of
monosaccharide molecules composed of over 6
molecules of monosaccharides, and they can be
hydrolyzed back into many monosaccharide
molecules. Polysaccharide compounds have the
ability to stimulate the body's immune system
[7]. EPS can also be B-mannan, B-glucan, xan-
than, dextran, curdlan and gellan, which have
many benefits in various fields such as stabilizers,
emulgators, gelling or thickener, and possess the
ability to bind water well so as to maintain tex-
ture remain soft during storage time in the food
industry. On the other hand in the field of health
EPS is able to show anti-tumor activity, and able
to improve health through increased immune
power and can lower cholesterol [23].
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Figure 3. Unit Polysaccharide 1). Terminal Gal, 2). Xyl Terminal [19]

CONCLUSION

Variation of P. cruentum culture showed
different EPS results, with a density of 25%
capable of producing the highest EPS extract of
15,000 mg.LL. Increased chemical content of P.
cruentum may be affected by culture
modification by the addition of various fertilizers
and vitamin supplements. The chemical composi-
tion of the dominant EPS is obtained by com-
pounds of hydroxylate bonds including polysac-
charides which can be utilized in the health and
industrial fields.
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Abstract

In this paper, optimal control of tumor growth model with dendritic cells as immunotherapy is provided. The model
equation can be expressed into a nonlinear differential equation system consisting of four compartments namely, tu-
mor cells, CTL cells, helper T cells, and dendritic cells. Dendritic cells as immunotherapy are injected to the body at time
t. The aim of this optimal control is to minimize the tumor cells density as well as the cost of dendritic cells to be
administered to the body. Optimal control problem is carried out based on Pontryagin's maximum principle and
numerical simulation is solved by using Forward-Backward Sweep methods. Simulation results show that control
strategy shrinks tumor cells density which is shown by tumor cells density graph that monotonically decreases after

applying dendritic cells as immunotherapy.

Keywords: immunotherapy, optimal control, Tumor cell.

INTRODUCTION

Cancer is a term that commonly used to
address a group of dangerous diseases. One
characteristic of cancer as an abnormal cell is
uncontrolled growth. Cancer is caused by a
malignant tumor, in general tumor is divided into
two, namely benign tumors and malignant
tumors (cancer). Cancer is formed from abnormal
and unstable cells and developed through the
bloodstream system and lymphatic system [1].
Cancer arises from the transformation of healthy
cells into tumor cells in a multi-stage process that
generated from the pre-cancerous stage to
malignant tumors. This changes are commonly
occurring because genetic factors and three
external factors, namely physical carcinogens,
such as ultraviolet radiation and ionization;
chemical carcinogens such as asbestos, tobacco
smoke components, aflatoxins (food’s
contaminant), and arsenic (drinking water’s
contaminant); and biological carcinogens such as
infections from viruses, bacteria or certain
parasites [2].

Based on WHO data in 2010, the number of
cancer patients worldwide increases every year,
which is firm to 7 million people with two-thirds
of them are in developing countries [3]. There
are several ways that can be proposed to inhibit
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tumor growth such as radiation and drug
therapy. Also, it ultimately can be done through
immunotherapy by using dendritic cells (DCs)
which are known as dendritic cell vaccinations. A
dendritic cell vaccine is a new form of
immunotherapy used to treat cancer [4].

Dendritic cells are the most effective antigen-
presenting cell because of its strategic location,
such in places where microbes and foreign
antigens enter the body and are located around
the organs that targeted by the bacteria or
abnormal cells progression [5]. Based on its
function there are two types of dendritic cells,
namely conventional dendritic cells (cDCs) and
plasmacytoid dendritic cells (pDCs). The primary
feature of cDCs is to recognize the antigens then
presented to T cells (CD4*T) and removed some
crucial molecules, while pDCs have a role in
generating interferon as antiviral in the body. In
general, it can be illustrated that the part of
dendritic cells against tumor or other infections
started by recognizing such antigens produced by
the abnormal cell, then releasing molecules such
as cytokines to activate T cells by presenting
antigen through the major histocompatibility
complex (MHC) or human leucocyte antigen
(HLA) [6].

Analysis of tumor growth model has been
performed by several researchers, including
Kirschner ~and  Panetta  that discussed
mathematical models of tumor growth and their
interactions with immunotherapy [7]. This study
described the dynamics between tumor cells,
immune cells, and IL-2 which prove that
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immunotherapy with interleukin-2 can boost the
immune system [7].

DePillis et al. in 2001 evaluated a tumor-
spreading model that expressed in the form of a
system of ordinary differential equations. In this
study, an optimal control approach is used to
evaluate the tumor growth with drug therapy. In
this model, there are four subpopulations,
namely tumor cells, host cells, immune cells, and
drug therapy [8]. Five years later DePillis et al.
developed a tumor growth model by combining
immunotherapy and chemotherapy. The results
of numerical simulations indicated that
chemotherapy or immunotherapy alone is not
sufficient to control tumor growth, furthermore
it is shown that combining the two therapies can
significantly remove the entire tumor [9].

In 2013, DePillis et al. analyzed the
mathematical model by performing therapy on
melanoma using dendritic cells [10]. In that
model, they have modified the Ludewig’s model
describing the interaction between dendritic
cells, organs, and tumor cells [11]. In the same
year, Trisilowati et al. researched optimal control
of dendritic cell treatment model on tumor
growth. It is demonstrated that dendritic cells are
used as a natural killer for tumor cells and
treatment therapy which is solved using optimal
control problems [12].

Sharma and Samanta in 2013 conducted a
study on tumor growth models and their
interactions with the immune system using
chemotherapy drugs [13]. The analysis of tumor
growth model is performed by investigating the
effects of tumor immune interactions and
chemotherapy drugs which are expressed in four
components: (i) T cells that can not attack and
destroy tumor cells directly, but release the
interleukin-2 cytokine that stimulates CTLs
(Cytotoxic T-Lymphocytes) and convert it into
active CTL cells, (ii) active CTL cells that can
attack, destroy, or even swallow tumor cells, (iii)
tumor cells, and (iv) chemotherapy drugs [13].
Sharma and Samanta also applied the model in
optimal control problem in order to minimize the
amount of drugs to be used in reducing the
number of tumor growth. Furthermore, in 2017,
Rangel-Reyes et al. conducted an optimal control
study of the murine model to measure the
effectiveness of dendritic cells [14]. The model
consists of tumor cells, CD4T cells as helper cells,
CDS8'T or CTL cells, dendritic cells, IL-2, TGF-B*T as
inhibitory cells, IFN-y which increases regulation
of MHC class 1, and the number of MHC class 1
for each melanoma cell [14].
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As described in previous study, dendritic cell
has an important role in regulating and
controlling the tumor growth [15,16]. In addition,
dendritic cell has a potential application in cancer
treatment. This treatment is often considered as
a safe treatment compared with other therapies
[17]. Therefore, in this research the effect of
dendritic cell as immunotherapy in cancer
treatment is observed. Mathematical model on
Sharma and Shamanta [13] is modified by
changing the chemotherapy compartment with
dendritic cell as immunotherapy. Optimal control
is then applied to the model to find the number
of dendritic cells to be administered so as
minimize the number of tumor cells as well as
the cost of the treatment. Optimal control
problems is solved using Pontryagin's maximum
principle to obtained the optimal system. The
interpretation is performed based on the results
of a numerical simulation on MATLAB software
by using Sweep Forward-Backward method.

MATERIAL AND METHOD
Construction Model

In this article, optimal control of the tumor
growth model consists of four compartments in
the form of nonlinear differential equations.
Further, each compartment express the density
of tumor cells, cell CTLs, helper T cells, and
dendritic cells.

Determination of Optimal Control Problems

Optimal control settlement is about
determining the state, costate, and stationary
condition to obtain optimal solutions [18]. In the
field of mathematics, optimal control is generally
used as a strategy to minimize or maximize a
particular objective functional. Therefore, in this
paper, the aim of optimal control is to reduce the
number of tumor cell as well as the cost of
treatment.

Numerical Simulation

Numerical simulation is conducted to support
the analytical results. At this stage, the
simulation is approached by using Sweep
Forward-Backward method on MATLAB software.

RESULT AND DISCUSSION
Model Formulation
The model in this paper is govern by the
ordinary differential equations which consist of
four state variables:
(i) T ,thetumor cells.

(i) 1,,,the CTLcells.
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(iii) 15, the helper T cells.
(iv) C, the dendritic cells.

The growth rate of tumor cell is assumed to
grow logistically with the terms » T{1 —u,T).
The presence of active CTL cells in the body can
eradicate the tumor cells which is represented by
aterm —a; ', In addition, to inhibit the devel-
opment of tumor cells, a dendritic cell vaccina-
tion is given by a response of g, thus the rate of
tumor cells killed by dendritic cell is denoted by -
q,CT.

The presence of helper T cells serves to stimu-
late CTLs by releasing an interleukin-2, thus form-
ing an active CTL cell with the terms 8l4I5. Ac-
tive CTL cells have function to destroy or attack
the presence of tumor cells in the body, they
become inactive after interacting with tumor
cells. Then the density of CTLs cells is reduced by
a term —a2TI4. In addition, the density of CTL
cells decrease because of the decay rate of active
CTLs with the terms —d .

The density of helper T cells is influenced by
the growth of such cell that are assumed to grow
logistically with the terms 7= Iz{1 — p.I;). Based
on its function, the presence of helper T cells in
the body can not attack and destroy tumor cells
directly, but by stimulating CTLs cells into active
CTLs cells causing a reduction in helper T cell
density with term —f1415. The presence of den-
dritic cell vaccination may affect helper T cells
resulting in an increase in helper T cell density
with the term g L1,

Dendritic cells are a type of cell that can be
used in the process of inhibiting tumor growth by
providing vaccination of these cells to patients
with the tumor. To impede the tumor growth,
dendritic cell is injected to the body at time t
which is denoted by u{t]. Furthermore, dendritic
cells decay with the rate ¥, so that their density is
reduced by a term—yC.

Based on the description above, we can ob-
tain equation system for tumor growth model as

follows.
aTl
== nT —p,T) — g, CT — a,Tly

Ve plyly— ayTly—al

gy DE'E 8 g H: (1)
dlg :

T rolg(l — pIg) — Blyly + q:Cly,

dC

— = u-—yL.
dt !
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Optimal Control Problems

The optimal control strategy used in the tu-
mor growth model is a way to inhibit the devel-
opment of tumor cell density. In this study, opti-
mal control is performed by using dendritic cells
as exterminators of tumors, thus in the system of
equations (1) variable control with dendritic cells
are denoted by ult}. The optimal control prob-
lem on the tumor growth model is expressed by
the following objective functional

J@) = [7(T +5 4u®) dt,

where A represents the weight quantity of con-
trolling dendritic cell vaccination. Next, we de-
termine the optimal solution indicated by u”, so
that

Jw*) = min {J(w):u e U},

given that,
u={0=u=Lte[0T]k

Before determining the optimal solution (u”),
Hamiltonian function is first established to obtain
state equations, costate equations, and station-
ary conditions. The Hamiltonian function is ob-
tained based on the objective functional and
constraints on the system (1) which ere ex-
pressed in the form

H

4
Fein + ) al@g i,
=1

4
1
T+ ;.-‘lu: + Z o (£ g; (8, £ u),

i=1

Given that T is the number of tumor cells to be
minimized, o; is costate variable, and g; is the
right-hand side of the system (1).

1 i
H =T+;J"ju- + IJJ_':?’]_T':']. _P‘LT] - r“_lfr— I:TLTIH:]

+0y (Blyly — a;Tly — dly) + o3 (r 15 (1 — po I)
—Blylg + g,Clg) + o4 (u — ¥C).

Furthermore, based on Hamiltonian function
then state equation can be obtained as follows.

State Equations

The state equation of the tumor growth mod-
el of the system (1) is derived from Hamiltonian
function toward a system of the costate variable
(1) with the following steps

aH

%= B_::r,- = g;(t. £ u). given that f=19234
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Thus, it is obtained

dT 8H

== rP nTl —p,T) —q,CT —a,Tl,
dly  6H

E: E: _Irj'f}{:g—ﬁ:r!}{_dfﬁ'

dlg 8H

E: ﬂ_u-!: J":IR':'J.—PEIR]__EIHIR'I_Q!CIR'
dC 8H

@ ae, o YT

with initial conditions T(0) =0, I,(0) =0,
1z(0) = 0. €(0) = 0. Furthermore, the costate
equation is obtained based on the Hamilton func-
tion and given as in the following sections.

Costate Equations
The costate equation model of tumor growth

with dendritic cells as control is obtained by the
completion stage as follows.
do; aH )
E = _E. given that Ba; =T 1405 C
Thus, we have
doy aH _
ar = ~ar = —(1+no —InpTo —alye
—q,Cay — aylya),
dﬂ': gH
it = AL —(—e,Tay + flpon — 0. Ty — dos
H
—Blgay),
d oy aH
T T —(Blyo: + o3 — Zrp.Ipoy
R
—Blyay + q.C0;).
de, aH
= Tac- ~CaTotalho -y,

with transversality conditions

UL{T] = U:{T:] = ﬂglir:] = 04{1"] =0

Stationer Conditions
In the optimal control problem of the tumor

growth model, the stationary condition is
obtained from the partial derivative of
Hamiltonian function toward , that is
aH
Bu
Thus, we obtained
oH Au +
_— = u T,
du 4
Auta,= 0
Au= —o,
u= _ %
A
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Given that 0 = u = 1, thus we get the equation
as follows

-, ifl=s——=1

3 i =-7=

=40 E_E::[]

u’ = . i 3=
Oy

1 f —— =1

i 3 =

In compact notation,

ut = min{mu{ﬂ.—%}.l}.

Furthermore, the optimal system of tumor
growth models is obtained by substituting ™ on
the system of state and costate equation. Then,
we obtained

dT . . _— -

i nT"l—pT)—q,CT —a, T

dly

— = Blgly —e.T I —dlg,

gt ' -

dly ) e

P rla(l—pol) — Blulz +9.C 715 ",

al

— = u-yC"

dt
day ; . . .
E: —1l-noy+2npTo + aylye + 4,070,

+oadya.,

d o

n’t- = ol o—-8Lie+a.T 0 +do. + Blpo.
da, . . .
a —Blya, — oy + 2rp oy + flyo; — q2C0;,
4% T* Lo, +

de Gyt Oy — Qaigly T V04

Numerical method and simulations

In this section, numerical simulations are
conducted by using the initial value
(T.04.05.C)=(150,530,75,33) and parameter

values as in Table 1. Based on the graph of nu-

merical simulation, we can easily know every
alteration that happened to each subpopulation
T.I4.05.C toward time (t).

The graph of the solution in Figure 1. is shown
by . = 1, the weight quantity A = (L3, and
parameter values as presented in Table 1.

Table 1. Paramer values for simulation

r = 0.0544,
r, = 0.009,

p, = 0.002,

p. = 0.0003,
@, = 0.0005,
@, = 0.00008,
q, = 0.0008,
g. = 0.0004,
8 = 0.0005,
d = 0.0412,
y = 0.01,
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Based on the parameter values, it is obtained
that the solution graph on the subpopulation of
the tumor cells grow to the high number,
however it decreases after the immunotherapy is
applied. This result suggests that dendritic cells
can be used to minimize tumor cell density. Also,
the presence of dendritic cells provides a positive
effect on the density of helper T cells that serve
to stimulate CTL cells, in turn can eradicate the
presence of a tumor cell. Increasing the response
received by CTL cells are followed by increasing

400

— withroot control "
controf

T(t) Tumor Cell

o 0 100 150

200
t {time)
%o [E—TTE—
| ocontrol
160 |
uo]
g 120
=
= 1o}
= ‘
B0}
i
|
6o
40" :
o %0 100 150 200
t (tima)
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the active CTLs cell density (I5). Thus, the func-
tion of active CTL cells in eradicating the tumor is
more optimal (see Fig. 1).

Figure 2 shows the amount of dendritic cell as
immunotherapy used in eliminating tumor cells
for a given of time. Therapeutic control is
provided at maximum value at 1 unit should
administered since t = 0, until it begins to de-
crease at t ranges from 120 to reach zero when t
= 200. This result states that no more immuno-
therapy is given.
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Figure 1. The evolution of subpopulation density T.1y.05.C for t € [0,200]
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Figure 2. The control profile of immunotherapy, u(t)
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CONCLUSION

In this paper, we have analyzed an optimal
control of tumor growth model with immuno-
therapy. The effect of dendritic cells as
immunotherapy is observed. Optimal system has
been derived by using Pontryagin's principle to
establish state, costate equation and stationary
condition. The results of numerical simulations
show that immunotherapy using dendritic cells is
effective in reducing the number of tumor cell
density. Thus it suggests that occupying dendritic
cells as immunotherapy can be used as cancer
treatment for the patient in the future.
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Green Mussel (Perna viridis) in Coastal Area of Ujung Pangkah, Gresik
District

Muhammad Qodri Fitral*, Diana Arfiati?, Bambang Semedi?

IMaster Program of Aquaculture, Faculty of Fisheries and Marine Sciences, University of Brawijaya, Malang,
Indonesia
2Faculty of Fisheries and Marine Sciences, University of Brawijaya, Malang, Indonesia

Abstract
Environmental pollution in the form of increased concentration of heavy metal Copper (Cu) becomes the main factor
that can affect water quality and inhibit green mussel culture (Perna viridis) in Ujung Pangkah Coastal Area of Gresik
District. The purpose of this research is to analyze concentration of heavy metal Copper (Cu) on water and its
bioaccumulation in green mussel (P. viridis) in Ujung Pangkah waters, Gresik District. This research will be conducted
from June to August 2017. The method used in this research is descriptive method. Sampling of seawater and mussel by
purposive sampling. Cu heavy metal content in Ujung Pangkah waters, Gresik District has 0.003 —0.006 ppm in July and
0.002 — 0.006 ppm in August. That value is still safe below predetermined quality standards. The results of heavy metal
measurement test in shellfish has 0.159 to 0.69 ppm in July and 0.162 —0.71 ppm in August. The high concentrations of
Cu heavy metals in Ujung Pangkah waters are simultaneous to the bioaccumulation concentration in the green mussel.
The higher concentration in the waters, the higher the bioaccumulation in the green mussels. And vice versa. The
distribution of Cu heavy metal concentration at point 4 is the highest. While at point 1 has the lowest Cu heavy metal

concentration.

Keywords: Copper, Bioaccumulation, Green Mussel, Heavy Metal, Perna viridis.

INTRODUCTION

The waters of Ujung Pangkah of Gresik
District is the downstream of Bengawan Solo. So
that the northern waters of Gresik District
accommodate various types of compounds
derived from industrial waste along the river and
tributaries. Ujung Pangkah Coastal Area, Gresik
District is a quite large producer of green shells
(Perna viridis). Based on the data of fisherman
catch from the Marine and Fisheries Office of
Gresik [1], in 2013 obtained results in September
reached 240 tons. However, contamination
occurring in aquatic environments has become
one of the main factors that may inhibit the
survival of green mussels [2]. This type of
shellfish is a typical type of organism that can
accumulate heavy metals, and shells have low
mobility. The adaptation, presence of heavy
metals in the organism are thought to represent
the existence of heavy metals contained in their
habitat [3]. However, some study showed that
the increased Cu concentration will decreasing
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the level of filtration of green mussels
simultaneously [4], even mortality [5].

The dangers of heavy metal accumulation will
not only affect the shells, but the organisms
above the trophic level will also affect in humans
where the effects of poisoning can be caused,
among others, disruption of the kidney system,
digestive gland or resulting in the fragility of the
bone [6]. Heavy metals can cause special effects
in living organisms, such as Minamata disease,
cleft lip, nervous system damage, birth defects,
carcinogenicity, and disruption of the immune
function. Thus it can be said that all of the heavy
metals can be toxic which will poison the living
body when accumulated in the body for a long
time [7].

There are some heavy metals that were
found exceed the standard quality of one of the
metal content of Copper (Cu), i.e. It reach 0.218
mg.L! while quality standard [8] is equal to 0.02
mg.L. Green mussel (P. viridis), which dominates
the territorial waters of Ujung Pangkah, Gresik
allegedly affected by heavy metal pollution. So it
will also affect the levels of Copper (Cu)
bioaccumulation in the body of green shells (P.
viridis). This research is aimed to analyze the
concentration of heavy metal Copper (Cu) on
water and its bioaccumulation in green mussel
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(P. viridis) in Ujung Pangkah waters, Gresik
District.

MATERIALS AND METHODS

This research was conducted from June to
August 2017 in Ngemboh Village, Ujung Pangkah
Sub-district, Gresik District. We used descriptive
method. Sampling of Heavy metal parameter
data on water and green mussel was done by ex-
situ.

Determination of Sampling Point

Sampling locations were determined based
on difference of land use using Global Positioning
System (GPS) as many as five sampling spot that

showed at Figure 1. Sampling spot 1 located in an
area near the Dalegan coast with coordinates 60
53’57, 7” S and 1120 29’ 45, 4” E. Sampling spot
2 located in a residential area with coordinate 60
53’59, 5” S and 1120 30’ 12, 8” E. Sampling spot
3 located in an industry area of shipbuilding and
repair with coordinate 60 53’ 20, 1” S and 1120
29’ 42, 9” E. Sampling spot 4 located in near
waste area of river ngimbo with coordinate 60
53’16, 2” S and 1120 29’ 49, 4” E. Sampling spot
5 located in near Bengawan Solo river estuary
wint coordinate 60 53’ 57, 1” S and 1120 29’ 36,
0" E.

Map of Sampling Spot at Ujung Pangkah, Gresik District.
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Figure 1. Sampling Spot at Ujung Pangkah, Gresik District

Sampling Procedure

Sampling was done by taking samples of sea-
water and mussels (P. viridis) to determine the
concentration level of heavy metal content Cu
from each sampling point. It then used to deter-
mine the distribution of heavy metal content in
Ujung Pangkah water.

Sampling Analysis

Measurement of sample in this research is
done by two way, i.e. directly (in situ) in field and
indirectly (ex situ) or analyzed in the laboratory.
Physical and chemical parameters consist of
temperature, DO, pH and salinity which will be
used as research supporting data. Physical and

J.Exp. Life Sci. Vol. 8 No. 2, 2018

chemical parameters of the waters are measured
directly. Analysis of Cu heavy metals concentra-
tion in water and mussel samples was conducted
in laboratory using Atom Absorbtion Spectropho-
tometer (AAS) method. The analysis was con-
ducted in Laboratory of Chemistry, Department
of Chemistry, University of Brawijaya.

RESULT AND DISCUSSION
Heavy Metal Cu Concentration on Water

The result of Cu level analysis at Ujung
pangkah water location in July has the highest
value at the sample point 3 and point of sample
4, while the Cu with the lowest value found at
point 1. Cu content can be seen in Figure 2.
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The high Cu content at sample point 3 and 4
is caused by the estuary of Bengawan Solo River
and adjacent to the ship painting factory so that
in this region, the value of Cu heavy metals is still
below the standard quality threshold. The lowest
Cu concentration at sample point 1 is due to the
fact that it is far from factory activity and also the
activity of the fisherman so that the Cu heavy

metal content in this area is low.
0.000
I 0008
4 5

Figure 1. Concentration of Cu in Water on July 2017
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The content of heavy metal Cu in Ujung
Pangkah waters in August can be seen in Figure
3. The content of heavy metal Cu in waters with
the highest value is at sample point 4 and lowest
at sample point 1.

The highest value is at sample point 4, this is
because it is adjacent to the activities of the ship
repair factory and the surrounding fisherman
activities. While the lowest heavy metal content
of Cu at the sample point 1 due to the area far

from the activities of fishermen and factory activ-
ities.
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Figure 2. Concentration of Cu in Water on August 2017

Heavy metals entering the natural waters will
become part of the water and sediment suspen-
sion system through the process of absorption,
precipitation, and ion exchange [4]. At the sam-
ple points 3 and 4, high Cu values are thought to
be caused by a number of community activities
that produce Cu wastes. The main source of Cu
heavy metals is the activities of fishing boats or
ports, disposal of household waste and copper
industry waste [9].

Distribution of Heavy Metal Copper (Cu)

Based on Figure 2, analysis of the distribution
of Cu proceed to the analysis of Geographic In-
formation Systems (GIS) so that the output ob-
tained is made in the form of a map. The result-
ing map can be seen in Figure 4.

Distribution Map of Heavy Metal Copper (Cu) in Ujung Pangkah Water, Gresik District on July 2017
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Figure 3. Distribution Map of Heavy Metal Copper (Cu) in Ujung Pangkah Water on July 2017
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In the map, it can be seen that the distribu-
tion of Cu heavy metals in Ujung Pangkah waters,
Gresik District in July the highest Cu content val-
ue is at the sample points 3 and 4. While the
lowest Cu content is obtained at sample point 1.

From the data of heavy metals in the waters
in Figure 3, we obtained a map of the results of

heavy metal distribution that can be seen in Fig-
ure 5. The distribution of Cu heavy metal concen-
tration at point 4 is the highest. At the sample
points 3 and 5 are the points containing the sec-
ond highest heavy metal contamination. While at
point 1 has the lowest Cu heavy metal concentra-
tion compared to the other point.

Distribution Map of Heavy Metal Copper (Cu) in Ujung Pangkah Water, Gresik District on August 2017
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Figure 4. Distribution Map of Heavy Metal Copper (Cu) in Ujung Pangkah Water on August 2017

Heavy Metal Cu in Green mussel (Perna viridis)

Green mussel (P. viridis) is a filter feeder or-
ganism because of its ability to get food by filter-
ing the water around the place of life. Bivalves
are commonly used as test organism for heavy
metal content due to its filterer and sedentary
filter. The concentration data of Cu heavy metals
on green mussel in July can be seen in Figure 6
and August in Figure 7.
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Figure 5. Heavy metal Cu in Green Mussel (P. viridis) on
July 2017

Based on the graph above, the heavy metal
content of Cu in green mussel in July ranged from

J.Exp. Life Sci. Vol. 8 No. 2, 2018

0.159 ppm - 0.69 ppm where the highest value of
the content obtained at the sample point 4. This
is because the location at the point of sample 4
adjacent to the activity of the plant and river es-
tuary Bengawan Solo so the level of pollution is
higher. While the lowest value is at the point of
sample 1 where the location is far from the activ-
ities of fishermen and industrial activities.
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Figure 6. Heavy Metal Cu in Green Mussel (P. viridis) on
August 2017

The content of Cu heavy metals in green
shells in August ranged from 0.162 ppm - 0.71
ppm with the highest value being at sample point
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4. This is the same as the graph in July that the
highest value of Cu heavy metal on green shells is
also at the sample point 4. While the lowest Cu
value in the waters is at the point of sample 1
where July is also the lowest value obtained at
sample point 1.

Heavy metals that enter into the waters can
be accumulated by the animal body one of them
bivalves [6]. The concentration value of Cu heavy
metal in green shells is proportional to Cu con-
centration in the waters at the same point. This
means that the accumulation of heavy metal Cu
in the waters will affect the level of accumulation
in the body of green kerrang. The higher Cu con-
tent in the waters then the Cu levels in the body
kerrang will also increase and vice versa. Heavy
metals in seashells other than from sea water
also come from food then undergo biomagnifica-
tion [7].

Correlation Analysis

The content of heavy metals in green shells
(P. viridis) is relatively higher when compared
with heavy metal content in the waters. The re-
sult of Pearson correlation analysis show perfect
correlation (Table 1).

Table 1. Correlation analysis of metallothionein (MT) on
Water and Mussel in July 2017

MTMussel | MTWater

MTMussel Pearson Correlation 1 772

Sig. (2-tailed) 126

N 5 5

MTWater Pearson Correlation 772 1
Sig. (2-tailed) 126

N 5 5

Table 2. Correlation analysis of metallothionein (MT) on
Water and Mussel in August 2017

MTMussel | MTWater
MTMussel Eearson Correla- 1 926"
tion
Sig. (2-tailed) .024
N 5 5
MTWater P.earson Correla- 926" 1
tion
Sig. (2-tailed) .024
N 5 5

This indicates that the rate of accumulation of
green shells against heavy metals is quite high.
Heavy metals entering the aquatic environment
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will undergo precipitation and then be absorbed
by the shells present in the waters. Shellfish is
one of the most efficient biota in accumulating
heavy metals [9]. This is because the shells that
live in the waters move very slowly, and the food
is a detritus, so the chances of entering heavy
metals into the body is very large. Heavy metal
concentrations are high in water, there is a ten-
dency for heavy metals concentrations to be high
in the sediments, and the accumulation of heavy
metals in demersal animal bodies is also higher
[10].

CONCLUSION

The high concentrations of Cu heavy metals in
the Ujung Pangkah waters are directly propor-
tional to the bioaccumulation concentration of
Cu in the green mussel. The higher concentration
in the waters, the higher the bioaccumulation in
the green kerrang, and vice versa. The distribu-
tion of Cu heavy metal concentration at point 4 is
the highest. While at point 1 has the lowest Cu
heavy metal concentration.
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Patellar Giant-Cell Tumor: a Case Report
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Giant cell tumor (GCT) found mostly in the long bones metaphysis or epiphysis. GCT usually occur between the ages of a
third and fourth decade and locally aggressive. Giant-Cell Tumor seldom affects the patella. Multicentric forms rarely
reported. A fourteen-year-old female with a lump at her left patella since one-year associated with slight pain that
aggravated by activity for six months. Plain X-ray left knee AP, and lateral views reveal expansile lytic lesion in left
patella with thinning of the anteroinferior cortex and sclerotic septa within. MRI of left knee shows approximately 3x2x2
cm heterogeneous lobulated expansile soft tissue mass in left patella extending up to the patellofemoral joint with
fluid-fluid appearance. From fine needle aspiration cytology, resulting giant-cell tumor with the differential diagnosis of
an aneurysmal bone cyst. The operation already performed. Curettage, bone graft, and a biopsy taken. An
immunocytochemical smear was performed and confirmed as a patellar giant-cell tumor. Six months after excision of
the tumor, the patient complained no arthralgia and have a full range of motion for the knee.

Keywords: Giant-cell tumor, knee lump, knee pain, patella.

INTRODUCTION

Many cases of giant cell tumor (GCT) found in
long bones metaphysis or epiphysis. GCT usually
occur between the ages of a third and fourth
decade, it is locally aggressive but also has
metastatic potential [1,2]. This lesion most often
located around the knee joint, originates at the
epiphysis, spreads to the metaphysis and makes
the cortex erode in 25% of the cases. Ten percent
of these tumors have a malignant course [3]. The
reported incidence of patellar GCT was less than
one percent [4]. This article reported a left
patellar GCT which diagnosed on fine needle
aspiration cytology, magnetic resonance imaging
and already performed excision, curettage, and
bone cement.

CASE REPORT

A fourteen-year-old female at Malang, East
Java, presented with a lump since one-year that
grows progressively at her left patella associated
with slight pain that has aggravated with activity
for six months. It measured 42 cm in its
diameters with a normal skin surface. There are
no pulmonary and other systemic symptoms. The
other laboratory result was within limits.

The  patient underwent plain left
anteroposterior (AP) and lateral views knee x-ray.
Radiograph reveal expansive lytic lesion in left
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patella with sclerotic septa within and thinning of
the anteroinferior cortex (Fig. 1).

Figure 1. The lateral and anteroposterior plain x-ray
shows expansive lytic lesion in the left patella

The patient underwent MRI of the left knee.
T1 and T2 weighted images obtained in sagittal
and axial planes (Fig. 2 and 3). MRI of left knee
shows approximately 3x2x2 c¢cm heterogeneous
lobulated expansive soft tissue lump in left
patella extending up to the articular surface, and
a fluid-fluid level observed. The possible
differential diagnosis from MRI includes the
giant-cell tumor or an aneurysmal bone cyst.
Luckily, the articular cartilage at the
posterosuperior part is still intact.

For diagnosis confirmation, fine needle
aspiration performed at the patellar antero-
inferior portion. Histopathological finding still
cannot differentiate whether this is the giant-cell
tumor or an aneurysmal bone cyst although
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multi-nucleated giant cell was already found (Fig.

Figure 2. T; and T, axial MRI show defect in an anteroinfe-
rior aspect of the patella

N L
Figure 4. Multi-nucleated giant cell from fine needle
aspiration

We performed lesion curettage and bone
substitution with general anesthesia. These
procedures performed through the longitudinal
incision at approximately 10 cm above the area.
The incision was made with an oval shape, the
periosteum was detached with a raspatory from
the patellar surface. From appearance, the tumor
was solid, yellow-brown coloring with small
blood retention (Fig. 5). The tumor
macroscopically looks like a GCT. We curetted
the contents carefully and filled approximately 5
g of calcium hydroxy-apatite ceramic to the
defect and fixed it with two screws. Plain
radiograph of the left knee anteroposterior (AP)
and lateral views post-surgery taken to confirm
the bone substitution component fills in the
defect (Fig. 6).
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Figure 5. Macroscopically of the tumors, solid and vyel-
low-brown coloring with small blood retention

Figure 6. Post surgery AP and lateral left knee plain x-ray

Histopathological examination was
performed after the surgery and showed multi-
nucleated giant cell with more than 20 nuclei,
spindle-shaped short cells, calcification and bone
tissues with few mitotic figures and no cellular
atypia observed. By this findings, the lesion
diagnosed as a GCT instead of an aneurysmal
bone cyst (Fig. 7). Immunohistochemical was
performed to confirm the diagnosis and found a
positive result in CD68 staining (Fig. 8). The left
patellar giant-cell tumor confirmed.

Figure 7. Histopathological examination shows multi-
nucleated giant cell with more than 20 nuclei,
spindle-shaped short cells, calcification and
bone tissues
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Figure 8. The immunohistochemical show positive result
of CD68 staining

The knee was then protected with a splint for
two weeks after the operation. One week after
the surgery the suture was removed and then the
patient begins to a range of motion and weight-
bearing exercise. Full weight-bearing allowed
four weeks after the surgery. The patient regains
a full motion six months after surgery and has no
arthralgia of the knee.

DISCUSSION

Bone tumors seldom affected the patella. A
survey held by the Japanese Orthopedic
Association, 403 primary bone tumor cases were
reported from 1972 to 2003. Most of these cases,
70.5% involving the lower extremities [1].
However, tumors affected the patella were only
0.5% (75) of all cases. Of these, 71 were benign
bone tumors, that is 22 was diagnosed with GCT,
14 was solitary exostosis, and 24 was
chondroblastoma. The patellar GCT reported in
the international literature was only less than 50
cases worldwide [2].

Clinically, the patients with patellar GCT
usually complained about lump and pain at the
knee [3-7]. From the inspection, we found lump,
redness, swelling, and effusion. From the
palpation, we found local heat, tenderness, and
crepitus. An attempt to move the affected part
shows the decrease of motion range [3-7]. The
laboratory results in severe cases showed a
serum alkaline phosphatase (ALP) increasing and
also erythrocyte sedimentation rate (ESR) [8].

Radiographs showed an osteolytic lesion,
destruction of the bone, and sometimes, soap
bubble appearance [3]. Magnetic resonance
imaging (MRI) showed expansive soft tissue mass
of the patella, and also some evidence of
adjacent tissues and sclerotin [8]. On GCT
patient, the chest x-ray is necessary to determine
a possibility of lung metastasis and also bone
scintigraphy for metastasis on other bones.

A fine needle or incisional biopsy are
recommended to establish the diagnosis.
Microscopically, GCT featuring multinucleated
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giant cells, a few mitotic spindle-shaped short
cells, and bone tissue calcification should be
distinguished from a chondroblastoma or an
aneurysmal bone cyst. An aggressive GCT
histologically showed a nuclear atypia with
compact stroma, hyperchromatic, frequent
mitotic figures, and the unevenly distributed
giant cells [7].

Curettage that combines with cryosurgery
may be the choice in the early stage of patellar
GCT with the risk of recurrence about 35% [10].
For Enneking stage 2 GCT, the therapy should be
partial patellectomy or curettage intralesional
with bone substitution and extensor mechanism
reconstruction is the first choice in the
management of patellar GCT. But for Enneking
stage 2 to 3 GCT, patellectomy combined with
adjuvant  treatment  for  metastasis s
recommended [8]. In the advanced cases, only
treatment left that offers best functional results
is resection [2]. Novel treatment includes using
osteoarticular grafts for reconstruction after
patellar resection in advanced cases may be a
feasible option [10].

CONCLUSION

Patellar GCT can be mistaken for other
tumors of soft tissues and bone. Fine needle or
biopsy would be diagnostic if an adequate
specimen is obtained and canal so confirms with
immunohistochemical staining. In the early stage,
curettage accompanied with bone substitution
and cryosurgery may be attempted, and
patellectomy for the late stage. For future
reconstruction procedure, osteoarticular grafts
can be used after resection that may be a
feasible option for the advanced cases.
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Abstract

Heated food is a source form of various types Advanced Glycation Endproducts (AGEs). One of which is N-
carboxymethyl-lysine (CML) that is often used as a sign of the formation of AGEs in the diet. The accumulation of AGEs
in the brain can trigger neurodegenerative conditions. It also accelerates the accumulation of Amyloid B and
proinflammatory cytokines which exacerbate neurodegeneration. Hibiscus sabdariffa L or rosella known to have
antiglication, antioxidant, and anti-inflammatory effects. This study aims to prove the effect of food heating to the
increasing levels of CML serum and evaluate the effects of daily intake of Rosella extract IL-6 levels and Amyloid B in the
Wistar rats’ brain given a diet high of AGEs. This experimental study with post test only control group design was
conducted using 25 white male rats Wistar strain (Rattus novergicus) which were divided into 5 groups namely positive
control, negative control, the treatment group with rosella dose 200 mg.kgBW-1, 300 mg.kgBW-1, and 400 mg.kgBW-1.
The high diets of AGEs are given for 12 weeks, and it was added to the rosella extract with various doses on the 9t to
12th weeks. The examination of CML serum level, interleukin 6 brain level, and Amyloid B of the brain was carried by
ELISA. This study found differences between CML serum level of rats which fed a standard diet and the one that was
given a heated diet (p= 0.0001). It also found that rosella flower extract can prevent the increasing levels of interleukin
6 and Amyloid B in the brain tissue of rats which were given a heated diet, and both effective doses were on 200
mg.kgBWL,

Keywords: Advanced Glycation End products, Amyloid B, Interleukin 6, N-carboxymethyl-lysine, Rosella.

INTRODUCTION

Over the last few decades, the consumption
of highly processed foods and the ones that
contain high sugar and fat has increased
dramatically [1]. Changes in diet patterns have
resulted in the increased of Advanced Glycation
Endproducts (AGEs) which is formed in foods
during a warm-up process. AGEs is a Maillard
reaction product, where the component of
sugars in food react with proteins, causing cross-
reaction protein, and produce a brownish color
with the formation of flavor and aroma
components. Various forms of AGEs were
produced during the process of heating food [2].
One of which is N-carboxymethyl-lysine (CML)
that is often used as a sign of the formation of
AGEs in the diet [3].

In the decade of the 80s, Monnier and
Cerami, the pioneer in aging process with the
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theory of glycosylated non-enzymatic, revealed
the presence of crosslinks between the long-lived
protein, which is mediated by AGEs, that led to a
decrease in the function of cells and tissues inthe
natural aging process [4]. The role of AGEs in the
aging process in the brain or neurodegenerative
first revealed in the mid-1990s [5]. Distribution of
AGEs are also found in various compartments
and parts of the human brain and led to
allegations of links between AGEs with
neurodegenerative disorders [6].

In the brain, AGEs can disrupt neuronal cells
through the formation of covalent bonds directly
with the substrate. AGEs extracellular can affect
the neurons through its surface receptor namely
RAGE. RAGE is a member of the immunoglobulin
superfamily that can bind to a large group of
ligands such as AGEs and amyloid 3 (AB) [7]. The
interaction of the ligand-receptor activates signal
transduction pathways that are mediated by
receptors and affected the cell function [6].

The accumulation of AGEs will also accelerate
the accumulation of AB [7]. A study also showed
there is an activation of the pathway of mitogen-
activated kinase protein (MAPK) in response to
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the AB fibrils in the aftermath of inflammatory
signals of kinase-dependent tyrosine on
microglia. Microglial cells exposed to AR will
secrete inflammatory mediators, one is
interleukin 6 [8]. Therefore, AGEs known to play
an important role in the development of
neurodegenerative diseases [7]. The biggest
problem posed by the effects of
neurodegenerative disorders is very damaging,
but until now, its success rate of treatment is low
[9].

Over the past few vyears, the derived
flavonoids have been found helpful in the
treatment of neurodegenerative diseases [10].
Flavonoid is a component of polyphenols found
in plant food and is divided into six groups:
flavonols, flavones, isoflavones, flavanones,
flavanols, and anthocyanins [11].

Anthocyanin is a polyphenol in the group of
flavonoids that are known as antioxidants [12].
Anthocyanins inhibit glycation and scavenging
activity against DPPH and anion superoxide.
Anthocyanin resistance mechanism against
glycation occurs through barriers against auto-
oxidation of monosaccharides [13]. Anthocyanin
also hinder the process of glycation and AGEs
binding to its receptor as well as the prevention
of lipid peroxidation and inhibition of polyol
pathway [14].

Hibiscus sabdariffa L. known as Rosella is
known to contain phenolic acid compounds such
as hibiscus acid and anthocyanins as delphinidin-
3-sambubioside and cyanidin-3-sambubioside
[13]. Research conducted by Peng et al. in 2011
found that Rosella was also able to reduce lipid
peroxidation in mouse models of diabetes [15].
Later, research carried by Ademiluyi et al. in 2013
found an anthocyanin content of 121.5 mg.100g™
Rosella [14]. This study aims to prove the effect
of heated food on elevated levels of CML and
determine the effect of daily intake Rosella
extract on the levels of IL-6 and Amyloid B in
wistar rats’ brain which given a heated diet.

MATERIAL AND METHOD
Subject

This research was experimental study, using
post test-only control group design. The animals
that were used were white male rats (Rattus
norvegicus) Wistar strain, 10-12 weeks of age
with 150-180 grams baseline weight. The animals
obtained from the Laboratory of Animal
Physiology, Faculty of Science and Technology,
Maulana Malik Ibrahim State Islamic University
Malang. There were 25 animals as samples which
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were calculated based on the Federer formula.
The whole animal was treated in accordance with
the provisions of the Helsinki Convention. Ethical
Clearance was obtained from the Research Ethics
Committee of Health Research Ethics Faculty of
Medicine, the University of Brawijaya, issued
number 278/EC/KEPK/ 07/2016.

The rats were placed in the individual cages
with an area of 500m? in a well-ventilated room
and sufficient lighting, where the light-dark cycle
was set every 12 hours. Its room temperature
ranged from 20-26°C. The cages were cleaned
regularly and the husks were replaced every day.
After the rats were adapted for one week in a
research environment, it then divided into five
groups with 5 rats each group that was selected
randomly. The negative control group (KN) was
given a standard diet BR1 (21-23% protein, 5%
fat, 40-45% starch, 5% crude fiber) which was not
heated. Positive control group (KP) were given a
high AGEs diet, such as BR1’s feeds which was
heated using an oven with the temperature of
150°C for 15 minutes. R1 was a group of rats fed a
high AGEs diet and rosella flower extract ethanol
at a dose of 200 mg.kgBW™. R, was a group of
rats fed a high AGEs diet and ethanol extracts of
rosella a dose of 300 mg.kgBW. Rs was a group
of rats fed a high AGEs diet and extract ethanol
of rosella flower at a dose of 400 mg.kgBW™. The
Rosella was obtained from Materia Medika Hall
Batu City.

During the first 8 weeks, KP, Ri, R2 and R3
groups were given BR1 heated feed diet only,
while KN was fed by BR1 which was not heated.
Next, in the 9™ week, the levels of N-
Carboxymethyl-lysine (CML) serum in all groups
was measured. Then, the KN group was fed by
not heated BR1 diet, while the R1, Rz, R3 groups
were fed BR1 heated and ethanol extract of
rosella various doses orally, and the KP group
was only fed by BR1 heated only. The treatment
was held for 4 weeks.

At the 13™ week, the rats were fasted for 8
hours, then terminated by cervical dislocation
method. Next, the organ removal was done from
the brain directly. Surgery was performed in the
cranial area that is on the skull, the brain was
separated and the third medial or part of the
cerebrum was taken. Then, the brain tissue was
put in a pot filled with Phosphate Buffer saline-
azide (PBS-azide) pH 7.4.

Data Collection
After 8 weeks feeding of a high AGEs diet,
then the levels of N-Carboxymethyl-lysine (CML)
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serum in all groups was measured at the 9%
week. Measurement of serum CML aimed to
examine the differences between each group and
to ensure increasing of CML serum level before
starting treatment with an extract of rosella. At
the 9" week, the rat’s blood was taken through
the medial canthus orbita using a hematocrit
micropipette. Blood was collected in 2 mL tube.
Furthermore, it was centrifuged at 3000 rpm for
20 minutes. Next, take the supernatant and
perform protocol conformance checks CML ELISA
Kit (BT Laboratory catalog no.E1374Ra). Rats that
had taken blood was returned to the cage and
continued its research procedures.

The measurement of interleukin 6 (II-6) and
amyloid B of the brain tissue were performed
using  ELISA method. After the rats were
terminated at week 13™ and the brain was
taken, then was examined for levels of
Interleukin 6 and amyloid [ in the tissue. Sample
preparation was done by taking 0.5 gram of brain
tissue then ground it up, then added with 300 uL
mixture PIC and RIPA buffer solution, then the
mixture is homogenized by vortex and incubated
at 37°C for 10 minutes, and the supernatant was
taken. The supernatant was obtained to examine
levels of interleukin 6 according to the protocol
of ELISA Kit IL-6 (BT Laboratory catalog
no.E0135Ra) and the protocol ELISA Kit AB (BT
Laboratory catalog no.E0O093Ra).

Data analysis

Data were analyzed statistically. Data
normality was tested by the Shapiro-Wilk test.
Homogeneity of data was tested by Levene's
test. CML levels to compare the differences
between the groups fed standard diet and high
AGEs diet conducted independent t-test. Effect of
Rosella extract on levels of IL6 and 3 Amyloid in
the brain was tested by ANOVA followed by
Tukey HSD Post Hoc test. The significance level
used more than 95% (p-value <0.05).

RESULT AND DISCUSSION
Levels of serum CML

The measurements of serum levels of CML in
mice fed with standard diet and the group fed
high AGEs diet showed that serum levels of CML
in the group fed with heated diet are higher than
those fed standards. The average serum levels of
CML in the group fed which was heated by 159 +
8.23 ng.mL?%, whereas in the standard feed group
51.6 + 33.66 ng.mL, as shown in Figure 1. In the
independent t-test obtained by value t-count -
6930 with p-value 0.001. A P-value less than 0.05
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(P <0.05) shows that there are significant
differences between the CML levels of rats that
were fed with oven-heated diet and the non-
heated diet. So there is an increased level of
serum CML of rats that given oven heated diet.

— 180
@ >
3 160
— 140
ST 120
EE 100 £1- £ 4
S 516+
sE B0 33.662
c 60
s 40
= 20

0

Standard Oven Heated
Feed Diet

Figure 1. The Mean of CML serum levels

Description: Standard is group that given non heated
BR-1 diet, oven heated is group that given
oven heated BR-1 diet

Brain tissue levels of Interleukin 6

Measurements result of interleukin 6 levels in
rat brain tissue showed that KP group is higher
than other groups, while the R3 group showed
the lowest results. The average levels of
interleukin 6 from each group is KN 2.21 + 3.602
ng.mL?, KP 14.8 + 7.08 ng.mL?, Ry 4.014 £ 0.513
ng.mL?, Rz 2.402 + 0.763 ng.mL! and R3 2.002
0.639 ng.mLl. Overview of Mean interleukin 6
levels in the brain tissue of mice shown in Figure
2.

Based on the results of the ANOVA test, was
obtained p-value of 0.000, less than a = 0.05 (p
<0.05). So it can be concluded that there is a
significant influence on the administration of
Rosella extract with several different doses on
levels IL-6 in the brain tissue of mice.

Since the administration of rosella flower
extract has a significant effect on brain levels of
IL-6, then continued with Post hoc testing by
comparing with other groups to seek which dose
is most effective. Based on the test results Tukey
HSD known that the decrease of brain levels of
IL-6 was significantly demonstrated in all groups
that were given rosella flower extract, either a
dose of 200 mg.kgBW?, 300 mg.kgBW?, or a
dose of 400 mg.kgBW™. Groups of rats given the
extract of Roselle at all doses had average levels
of the IL-6 brain did not differ significantly with
the negative control group mice. This shows that
the rosella extract can reduce levels of the IL-6
brain to near rats given feed without heating.

On the correlation between changes in the
rosella extract dose levels of IL-6, -0.649

ISSN. 2087-2852
E-ISSN. 2338-1655



Rosella Extract Prevent Increasing of IL-6 & Amyloid-f

in Rat Brain Tissue (Ratna et al)

correlation coefficient with p-value 0.002 (p
<0.05). This suggests a significant association
between changes in the rosella extract dose
levels of IL-6. -0.649 Correlation coefficient
indicates the level of the relationship is strong
enough, where the negative sign indicates the
opposite relationship. This means that increasing
doses of the rosella extract will be followed by a
decrease in the levels of IL-6 and vice versa.

25 14.23752
7.082

20

362221 = 4.0125% 3 44
c R o 310
5 I “vﬂJ 0.764° + 0.63¢
; "B

Mean Interleukin 6 Level
(ng.mL?)

KN KP R1 R2 R3

Feed Diet and
Rosella Treatment

Figure 2. Mean of Interleukin 6 Levels of Brain Tissue

Description:

KN = negative control (standard feed, without extract)

KP = positive control, fed with heated-food without
extract

R1 =treatment group 1 (fed with heated food + Rosella
flower ethanol extract 200 mg.kgBW-1)

R, =treatment group 2 (fed with heated food + Rosella
flower ethanol extract 300 mg.kgBW-1)

Rs =treatment group 3, (fed with heated food + Rosella
flower ethanol extract 400 mg.kgBW-1)

Amyloid B levels of brain tissue

Measurement of amyloid [ levels in rat brain
tissue KP group showed a higher level than other
groups, while the R3 group showed the lowest
results. The average levels of Amyloid b from
each group was KN 21.3 + 4.655 pg.mL?, KP 93.
454 + 4,024 pg.mL?, R1 23.04 + 2.364 pg.mL?, R2
20.18+ 1.556pg.mL* and R3 15.54+ 2.77 pg.mL™.
Mean level of amyloid 3 in the brain tissue of rats
shown in Figure 3.

Based on the results of the analysis using
ANOVA, obtained p-value of 0.000, less than a =
0.05 (p <0.05), so that can be concluded that
there is a significant influence on the
administration of rosella extract with several
different doses on amyloid  levels in rats brain
tissue.

As  the administration of rosella flower
extract had significant effect on amyloid f levels.
then continued with Post hoc test by comparing
with other groups to seek which rosella extract
dosage is most effective. Based on the test
results Tukey HSD known that decreased levels of

J.Exp. Life Sci. Vol. 8 No. 2, 2018

122

Amyloid b significantly demonstrated in all
groups were given a rosella flower extract, either
a dose of 200 mg.kgBW?, 300 mg.kgBW? body
weight, or a dose of 400 mg.kgBW. Groups of
rats given the rosella extract at all doses had
average levels of amyloid B brain did not differ
significantly with the negative control group rats.
This shows that the rosella extract can lower
brain levels of amyloid B to nearly rats given
feed without heating.

On the correlation between changes in the
rosella extract dose levels of amyloid B, the
correlation coefficient was — 0.837 with p-value
0.000 (p <0.05). This suggests a significant
association between changes in the rosella
extract dose levels of Amyloid [. -0.649
Correlation coefficient indicates the level of the
relationship is strong enough, where the negative
sign indicates the opposite relationship. This
means that increasing doses of the extract of
roselle will be followed by decreased levels of
Amyloid b and vice versa.

50 40.24 +
ZE. as 3.454
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- 1.856 1554+
s 20 B 2371
-
E 15 =) 1)
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c 10
2 5
=

0

KN Kp R1 R2 R3

Feed Diet and
Rosella Treatment

Figure 3. Mean levels of Amyloid 3 of brain tissue

Description:

KN = negative control (standard feed, without extract)

KP = positive control, fed with heated-food without
extract

Ry =treatment group 1 (fed with heated food + Rosella
flower ethanol extract 200 mg.kgBW-1)

R, =treatment group 2 (fed with heated food + Rosella
flower ethanol extract 300 mg.kgBW-1)

Rs =treatment group 3, (fed with heated food + Rosella
flower ethanol extract 400 mg.kgBW-1)

DISCUSSION

This study aims to prove the effect of food
heating on the increase of circulating AGEs,
especially CML. It also evaluates the effect of
ethanol extract of roselle flowers on levels of
interleukin 6 and amyloid 3 in the brain tissue of
rats were given a high AGEs diet. Animals used
were white rats (Rattus novergicus) male Wistar
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strain by the age of 10-12 weeks. Selection of the
rats as a research subject is because rats are the
experimental animals were easily controlled and
blood or tissues can be collected in relatively high
amounts. In addition the study treatment is given
orally, then the use of rats is very helpful,
because the presence of stomach valve, that
make rats can’t vomit [25]. The age of rats of 2-3
months can be analogized as adolescence in
humans [16].

Animals were fed heated BR1. BR1 feed
compositions containing 21-23% protein, 5% fat,
40-45% starch and 5% crude fiber. Heating was
conducted using the oven for 15 minutes at
150°C. The heating method draws on previous
research, in which the heating of the meat by
baking at a temperature of 150°C for 15 minutes,
which is able to increase CML doubled compared
with the controls [1].

The feeding was carried out for 8 weeks, then
the experimental animals treated with rosella
flower extract for 4 weeks, while still given
heated diet. Rosella extract is done in three
doses of 200 mg, 300 mg, and 400 mg. The range
of doses taken based on the results of previous
research, which is known the dose of extract
rosella 288 mg.kgBW! able to demonstrate an
anti-inflammatory effect on the rat model of
diabetes induced by Streptozotocin [17]. The
feeding for 12 weeks analogous to exposure to
food processed by heating in humans during 6.5
years. Known comparison of the human years
equal to 13 days in rats [16]. Long-term exposure
of heated food potentially be a source of AGEs
for humans, accumulation of AGEs is higher in
tissues and circulation, has the potential to be
pathogenic, which will develop into a variety of
chronic diseases [18].

In this study, we found that the CML serum
level of the group that given oven heated food is
higher than the standard group (p= 0.0001). N-
carboxymethyl-lysine (CML) is often used as a
marker of the formation of AGEs in the diet. CML
can be formed from Amadori product that is
fructolysin, produced an unstable intermediate
and then oxidized to form CML [3]. The process
of formation of Amadori product in the Maillard
reaction occurs during the processing of meal by
heating. The reaction will turn food into a
brownish color, aroma onset, as well as produce
better taste. When the food is heated at high
temperatures, a chemical reaction between an
amino acid group with a reducing sugar which
will improve the taste and gives a brownish color.
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This reaction is used in the food industry to
change the flavor, color, and aroma of food [19].

Heated diet in this study aims to improve the
content of AGEs, in this case, the CML. AGEs are
formed during the cooking process such as
roasting, frying or baking. Food processing
involving high temperatures will lead to the
accumulation of AGEs in the body increases
dramatically [20]. Dietary AGEs are known to be
important resources for the overall amount of
AGEs in the body. Methods of cooking with dry
heat can increase levels of dietary AGEs. The
increase in AGEs in the method can achieve a
100-fold compared with raw foods [2].

Once consumed, 10% of AGEs or also known
as glycotoxin will be absorbed into the
circulation, 2/3 will remain in the body, and only
1/3 that excreted through renal after 3 days of
consumption [21]. Unexcreted glycotoxin will
react with cells and tissues, it’s also active and
causes pathological effects. Total accumulation
of exogenous glycotoxin may exceed endogenous
glycotoxin [22]. This explanation is consistent
with the findings obtained in this study, where
the average level of CML serum of rats fed a diet
high in AGEs, which are induced by heated diet,
almost 3-fold higher compared to the group
standard diet.

In this study, after rats were induced by
administration of a high AGEs diet from the
heated food, then the rats were treated with the
rosella extract (Hibiscus sabdariffa L). Then we
explored the effect on the levels of interleukin 6
(IL-6) in the brain tissue of rats were given high
AGEs diet. The results showed a significant effect
on the extract of Roselle with several different
doses of the levels of IL-6 on brain tissue of rats,
which was obtained p-value of 0.000 (p <0.05).
Results of post hoc test showed a dose of 200 mg
is an effective dose for lowering the levels of
brain IL-6. While the correlation test obtained a
strong relationship between the provision of
roselle extract with decreased levels of IL-6.

Rosella has many active compound content
which is able to act as anti-oxidants. Rosella
contain flavonoids, anthocyanins, alkaloids, b-
sitosterol and ascorbic acid [22]. Per 100 grams
of rosella contained 140.13 mg of ascorbic acid
and total anthocyanins as much as 622.91 mg. It
is known that anthocyanins have antioxidant
effects that high compared to other antioxidants,
such as vitamin E, ascorbic acid and B-carotene
[23].

Anthocyanins, such as cyanidin and
delphinidin, is able to inhibit the expression of
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inflammatory mediators [23]. Delphinidin 3-
sambubioside (DP3-Sam), one of Hibiscus
anthocyanin which is derived from Hibiscus
sabdariffa petals. In cell models, DP3-Sam and
delphinidin  (Dp) can reduce levels of
inflammatory mediators such as iNOS, NO, IL-6,
MCP-1 and TNF-a induced by LPS, via down
regulation of pathways signal NF kB and MEK1/2
— ERK1 / 2 [24]. In the study conducted Mardiah
et al, 2015, found that the extract of roselle
288mg / day can reduce the inflammation in rats
induced by streptozotosin, through the
mechanism of barriers to free radicals [17]. This
is consistent with recent research that indicate a
significant influence of rosella extract on levels of
IL-6 brain.

The results of this study also found that there
is a significant influence on the awarding of
rosella flower extract with several different doses
to levels of amyloid B (APB) of the brain. Known p-
value of 0.000 (p <0.05). Results of post hoc test
show an effective dose is in the dose of 200
mg.kgBW™.In addition correlation coefficient was
-0.837 with p-value 0.000 (p <0.05). This suggests
a significant relationship between dose changes
rosella extract with AR levels. Where the rosella
extract dose increase will be followed by
decreased levels of AP.

Neurodegeneration induced by oxidative
stress that is associated with the increasing of
the AB deposits. AR will attach to the neuron
membrane or glial cell and generate oxygen-
dependent free radicals which then cause lipid
peroxidation and protein oxidation. AP causes
the release of lipid membranes of neurons,
resulting in disruption of homeostasis and loss of
neuronal function. The loss of membrane
integrity that caused by free radicals generated
by AB leads to dysfunction of cellular, such as the
inhibition of ion-motive ATPase inhibition
retrieval systems glutamate from Na*-dependent
glial cells as a consequence of excitatory neuron
receptors N-methyl-D-aspartate (NMDA) which
can cause a loss of synapses in neurons, loss of
calcium homeostasis, loss of transporter protein
function, impaired signaling pathway, and
activation of nuclear transcription factors and
apoptotic pathways [25].

Anthocyanins can protect neurons from
damage induced by the accumulation of AP.
Anthocyanins are  known to  maintain
homeostasis of calcium (Ca?*) intracellularly.
Disruption of homeostasis of Ca?* itself apart will
disrupt membrane integrity and function of the
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synapse and triggers activation of apotosis
mediated by mitochondrial disorders [26]. Other
studiy also found that the disruption of
homeostasis of Ca?* is also responsible for the
increased production of peptide AB, resulting in a
cycle of degenerative which resulted in increased
apoptosis and impaired function of the synapse.
Anthocyanin is a free radical scavenger potent
and able to detoxify the oxidative damage by
reducing ROS and or strengthen the work of
enzymatic antioxidants [27]. the results of these
studies support the results of recent research
which shows that rosella extract has significant
effect on brain levels of AB.

CONCLUSION

This study concluded that the heated diet
may increase the CML serum levels by 3 times
compared to the non-heated diet. It also found
that Rosella flower extract at a dose of 200
mg/day effectively prevent the increasing of
interleukin 6 and Amyloidf} leveles in the brain
tissue of rats that were given a high AGEs from
the heated feed.
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This article discussed a dynamical analysis on a model of predator-prey Leslie-Gower with omnivores which is modified
by Lotka-Volterra model with omnivore. The dynamical analysis was done by determining the equilibrium point with its
existing condition and analyzing the local stability of the equilibrium point. Based on the analysis, there are seven points
of equilibrium. Three of them always exist while the four others exist under certain conditions. Four points of
equilibrium, which are unstable, while the others three equilibrium point are local asymptotically stable under certain
conditions. Moreover, numerical simulations were also conducted to illustrate the analytics. The results of numerical

simulations agree with the results of the dynamical analysis.

Keywords: local stability, omnivore, predator-prey models, the equilibrium point.

INTRODUCTION

Lotka-Volterra model was firstly introduced
Lotka in 1925 and Volterra in 1926 [1]. Lotka-
Volterra’s study has produced a simple model of
predation or interaction between two species in
an ecosystem. They also have introduced classi-
cal Lotka-Volterra model, which is currently de-
veloped by researchers [2].

In 1948, Leslie discussed Lotka-Volterra mod-
el and found impossibility in a model, which is
infinity in predator growth [3]. Therefore, Leslie
and Gower introduced a new name’s predator-
prey model, which is modification of Lotka-
Volterra’s model. The model is known as Leslie-
Gower Predator-Prey Model. Leslie-Gower have
modified Lotka-Volterra’s predator-prey model
by assuming that the predation of predator is
limited, which means that the predation of pred-
ator will not more carrying capacity of prey.
Leslie-Gower two dimension models as:

dx

ar =(n —a,y—bxlx

ay ¥

o= (el (1)

with x(t} state the population density of prey
and y(t) state the population density of preda-
tor.

In 2015, Andayani and Kusumawinahyu [4] a
three species predator — prey model, the third

%
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species are omnivores. This model is constructed
by assumming there are just three species in such
an ecosystem. The first species, called as prey
(rice plant), the prey for the second and the third
species. The second species, called as predator
(carrion), only feeds on the first species and can
extinct with prey. The third species, namely om-
nivores (mouse), eat the prey and carcasses of
predator. Consequently, omnivores of predator
only reduces the prey population but does not
affect the predator growth. Assumed that the
prey population grow logistically and any compe-
tition between omnivores [5]. Based on these
assumption, the mathematical model represent-
ing those growth density of population rates by
nonlinear ordinary differential equation system,
namely

dx

Ez_r{l.—y—z—bx].

'T— il —

n‘t_J{ €+ x) 2)
% 2)
dt—z—§+f.r+gj — B=).

In this model, x (£}, ¥(t} and z(t) the density
of prey, predator, and omnivore populations,
respectively. All parameter of model (2) are posi-
tive. The death rates of the predator and omni-
vore are denoted by ¢ and &, respectively. The
parameter f rivalry toward prey that effect in-
creases of omnivore population, while the pa-
rameter g rivalry toward prey that effect in-
creases of omnivore population. Parameter & and
B carrying the capacity of the prey and omni-
vore, respectively [5]. The aim of this study is a
dynamical analysis on a model of predator-prey
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Leslie-Gower with omnivores which is modified
by Lotka-Volterra model with omnivore.

MATERIAL AND METHOD

In this study, predator-prey model by Leslie-
Gower with omnivore. This model is constructed
by assumming the third species are omnivores.
This model is constructed by assumming there
are just three species in such an ecosystem. The
first species, called as prey (rice plant), the prey
for the second and the third species. The second
species, called as predator (carrion), only feeds
on the first species and can extinct with prey. The
third species, namely omnivores (mouse), eat the
prey and carcasses of predator. Consequently,
omnivores of predator only reduces the prey
population but does not affect the predator
growth. Assumed that the prey population grow

logistically and any competition between
omnivores.
Literature Study

Literature study related to the research pro-
cess, such as the literature discussing the Leslie-
Gower model, Lotka-Volterra model, omnivore,
and forward-backward sweep method [7-12]. We
also used other supporting references in problem
solving in this study. In the Lotka-Volterra
predator-prey model with omnivore, namely:

dx

? =x(1l —y—z— bx),

n’_Jt = _j'{—c-l—.r:l.

d=

i z{—e + fx + gy — B=z).

on this system has only five equilibrium point’s,
namely:

E, = (0.0.0)

E (1 nn)
LTy

E, = (&1 - be.0)

E, (H'E.n.f_bg)
f+8bh f—fb
. (Cl.ﬂil—brﬂ—(fc—9)|3('1—56)+f(fc—9))

s gt g g+g

To accommodate biological meaning, the
existence conditions for the equilibria require

that they are nonnegative. It is obvious that Ej
dan E, always exist, E; exist if be << 1, E; exist if
f = be and E; the densities of omnivores and
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predators 1 — bc has to be positive. Then, E,
existif be < Land 0 < fc —e = B(1 — be).

While, predator-prey model by Leslie-Gower
with omnivore has seven equilibrium points (Ta-
ble 1). So the predator-prey model by Leslie-
Gower model with omnivores is more concrete in
this case.

Table 1. Equilibrium Points of predator-prey model by
Leslie-Gower with omnivore

Equilibrium . .
. Existence Requirement
Points

E, = (0.0.0) -
kg -
E, = (u. .n)
83
r -
E, = (—l.n.n)
'[Jl

E—l- = [U'y_;'z-l-)
E. = (x;.ﬂ.z;j
Eg = [xs-J‘E,-U)
E. = [_r;.j‘f.z;)

cykry = a0
ricy = oy
a7y = bk

&

.
':-1:'"1 + I:'lb3 = _1 (b:ﬁ'_j_ + IJ-.
£3

c3)

MATHEMATICAL MODEL

This study constructs Lotka-Volterra’s preda-
tor-prey model with omnivore (2). This model is
developed by modify the predator that previous-
ly used Lotka-Volterra’s form to Leslie-Gower’s,
which was examined by Leslie-Gower. This is
based on the fact that predator depends on the
available number of prey to establish. Therefore,
the model is stated to be in the following equa-
tion system (3):

6

e xlr — byx — Boy — baz),

dy s

E_j(rz_x+kj)' (3)
dz

E = z{—cj_+ CaX + 03V — c4z]

with x = x(£), y = y(t), and z = z(t) state the
population density of prey, predator, and omni-
vore. All of the parameters are positive in value.

Parameters *; and *; respectively show intrinsic
growth of prey and predator. by is the coeffcient
of competition between prey, &5 is the predator
interaction coefficient between predator to prey
and by is a predatory interaction between
omnivores against prey. Whereas @; is an
interaction parameter between predators and
parameter & is a parameter of protection against
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predators. Parameter £ is omnivorous natural
death, s partially omnivorous predictor

&

coefficient to prey, 3 as predator coefficient of

predator carcass, £y is competition between
(a,y)
omnivorous population. While, tribal form - "_}
La+k
can be interpreted as scarcity of prey may
stimulate predators to replace foot sources with
other alternatives. Therefore, it is assumed that
predators depend not only on prey, but
predators can eat other than prey in the prey
environment. So in this article it is modeled by
adding a positive constant & to the division.

RESULT AND DISCUSSION

All parameters of Equation (3.1) in this study
are assumed positive in value. Parameters 1; and
1= consecutively show intrinsic growth of prey
and predator. B, is the competition coefficient
among preys, I is the predation interaction co-
efficient between predator and prey, and &3 is
the predation interaction between omnivore and
prey. Meanwhile, @ is the interaction parameter
among predators, and parameter k is the protec-
tion parameter against predator. Parameter c; is
the natural death of omnivore, 2 is the preda-
tion coefficient of omnivore on prey, ¢z is the
predation coefficient on the carcass of predator,
and ¢, is the competition among omnivore popu-
lations.

Equilibrium Point and Existence
The point of Equilibrium (3) is solution for
sytem:

xlr —byx — b,y — byzl =0,
j‘(:'"- i j‘) =10
© x4
z{—c, + cax + 03y — g4z} = 0.

The system has seven points of equilibrium,

namely E, =(0.0.0), E = (U:—ﬁﬂ) and

E, = (?un] in which the three points exist
1

unconditionally, equilibrium point

ok carak—cqaa . . .
E, = (Dc—ht‘—n') exists with the condi-
tion of 31k = a.c, , equilibrium point
ricg+bye cafy—cy B . .
E. = ( =L g, 2L '_') exists if
Caby+CgDy Caba+Cgy
Z = gay = ooyby, equilibrium point
naz—brak malrg+b k) . .
EE,:('_' _"".'_'_"‘.U) exists if
Q04 +03F; Qa0 +037;
a1y = bokr. Equilibrium

point E,— = ':_1'.—._‘_|‘.—.Z.—:] with
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a1y + e by — kb, — mleghy
Xy =

Gabyey + Bacoby + 1abacy + 1ighy
_ ralrycy + €yby + kb, ¢, + keyby)
¥1= a bycy +axcaby + robacy + racghy

ry ety +F@aba+byrokey—byaac —baroc —Barakea

- = " - " "
' FaDa Cg+TalgDz+a ;0 Cg+a0;03

exists if ¢y + byey = E_I':I’:ﬁ'.t + by ).
3

Stability Analysis
The local stability of system (3) for each
equilibrium point is as follows.
a) E, = (0,0,0)is unstable

b) E. = {U.E.U) is stable if 1y a: < bk
2 az
and cyin k = €04
c) E; = (%, l:l,l:l) is unstable

i’:k fgi’:k—fﬂ::

d) E4:{EI. ] is stable if

2’ Cgllz

cyty +opby < %{b:c4+ bycq)

ricg+Bac CaFy—CqBy ™ .

e) Eg ={ = g, 22 '_') is unstable
Calz+Cgly Cabg+Cgy
ri@z—barsk ralrp+b K .

f) Es ={' e S .EI) is unstable
QaDy+03217 Qa0 +D03T3

g) E = ':.r_—._j‘_—.z_—].

This stability analysis uses the criteria of
Routh-Hurwitz A* + A1* L+ BA4+ € =0. The
characteristic equation will have negative
roots if and only if A = 0, =0 and AE = C.
Therefore, it can be concluded that
AE —C =0, If the condition is met, the equi-
librium point of E- will be stable.

Proof
i Jacobi matrix system (3) for E; is
n 0 0
JIE} = [U mo 0 ] The three Eigen
00 —g

values of the matrix I{EL] are positive,
so E, is unstable.

ii. Jacobi matrix E, = (U.E.D) is
2 o
r bk 0 0 7
?’]_ - ﬂ:
1t
= — -1 0
iz
cqra ke
':I ':I _I:]_‘l'
which _has eigen va-\lues
i, = rL—%. Ao= -1, Ay =
L L

]
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. The equilibrium point {E:) stable, if
ras < bomkand ez k = 66,
Jacobi matrix on equilibrium point

E, = (:—:nn] is

r b 1 by
- —— _Lts
b by
0 s 0 .
0 0 Ca®y
—y + —
1t b,
has eigen values
A==, A=, A= —.::'L-I—% N9
1
E; unstable.
Jacobi matrix on equilibrium point
_ i"-r. f;i"—-h &8z
E4—([] P — )IS
1, —Bayy — bz, O 0
e
I= -— -1 0
a;
€Iy €3Iy
because x=0mn E—:_y =0, and
- X+K

—c;+ 2% + o3y — 32 = 0. so E; sta-

ble if

A,=n
T o BCy

r scy — bakrscy — By kr—cg + baa.cy

GaCy

e
E‘d_?"]_ + I'.:'ng <= _-{b:f:i + bgl:'g:].

vi.

—£; — 2042, + £33,

———(kney —a.c,) =0,

129

The equilibrium point E:  result

A, = = 0 sounstablel.

Jacobi matrix on the equilibrium
. ry@x—Barak ralry +Bby R
pomtEE:('_' e — )
Qa01+0;TF2 QB4 +0373
n—2bxg— by —haxg —byxg
azy” 2a,y
(E) = - T 0
& (x +K)° 'tk
0 0 —€) + oo + €3V
with,

n=bx—by—biz=0=n—-bx;- Ifzj’s =0,

0 _ ? _ L. b _ Ta
r:x+k3'_U:’x+k_g_:_’(x+k) T 4
z=10
SO

—-byx; —b.x —byx
3 a ¥y
E =] =— — s
J(E) . P 0
0 0 —c; + caxg + 63y
—byxg— 4 —bax —bgx
T ay
E )=l = - - -
|7 (E5) -l . Pt
0 0 Jos — 4
vy bam
=(Jy -1 ][u‘l'blf](i‘Fﬂ)‘l'ﬂ_";] 0,
) &y byay
=y -+t — )l —+—x[ =0
U J[ +(lx+ ]+ +k+ xl

result 4; <= 0, with used characeristic as
follow A4;4-=0A 1,4+ 1, <0 proven
that E; unstable.

Jacobi matrix on the equilibrium point vii.  Jacobi  matrix  on  equilibrium
E. = ({i’lfﬁﬁ'zfl 0 f:i’l-fuih:l point E; = (x7,y5,2;)

s aba+oydy” T Gaba+eaby by, —bax,  —Dbgx,

L Ebl‘rs' - '[JEZE- —IJ:I _'!J!-r Jf E ] ﬂnjr: Eﬂ-jr
= 0 n 0 74 = — i = 0 L

J(Es) = . : c+k)? Cxtk

. €I C3Zg —Cp — 20425 + C2Xg ¢r2- €277 —eyzy
Wlth’ —IJJ_J.'_—. —IJ:.ZC _ng
?’]_—IJJ_I—IJ:_‘J-‘—IJ33=U :':' ?‘L—IJLIE—IJEZE,:U, rﬂ:
¥y = D,. Jir{E":I = f;_ — ¥ 0 .
—atex ey —r=0= —otoxs—azn =0 N A
so

—b —b, —b
— s 2 gx Same of characteristic with use cofactor
JlEs) =| © r 0
; €.Z5 €325 —C4fs I expansion second line,
—byxe—1 —b.x —byx
|_,f':55] — Al = 0 1 — A 0 , —bli-.:—Jl —byx; —byx;
€225 £3Z5 —C3%5 — 4 bE) -al=| = - 0
s
B i B €y Eg E3Zg —cyz; — 4
—byxs — —bgx
=l —4,) L : = 0.
- €2Zg —£,z5 — 4
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?":: —b.x- —bgx; —byx,—4 —byx;
=—— - — ) =0
g, | c32; —ecpz;—4 €227 —c;z;— 4
= ——(a.bcygdxrz; + o byoyma,z, 4 as by, Az, + 6 by x4
i
+hacyrntxz: + byegmtxoz + an by At xs + @by A xg + aacy Atz
ta,c Az, + badn iy +a, AP + a, A ),
With declaration as:
F+ar+Bi+c=0
with,
A=z + bhyay + 1 = 0,
B =bycyx2: + bycox-z; + bymxg + oz, + aarntx, = 0,
c asby ey x 2 + A bgeamnx 2. + Baeytn xoz; + byegntxoz;
Based on criteria Routh-Hurwitz, the equilibrium
point E; local asymptotically stable if
A=0 C=0andAB —-C =10,
Numerical Simulation £y 8y = c3kry, Parameter being used

Numerical simulations are performed to see
the validity of numerical analysis using the
fourth-orde Runge-Kutta method to ilustrate the
results of the analysis. There are several cases
that are simulated in the discussion of this study,
as follows.

Simulation |
Simulation | (Fig. 1) show E; exists, and con-
ditions of stable E; are rja; < bykr; and

v =05, b =003 by =06 b =0L r, =
07,8, =02 k=03 ¢ =09 ¢ =025
e3 =02 ¢ =02

Thus, the equilibrium points of E; exists, E; exist,
E; exists, and E; exists. The numerical simulation
to equilibrium point E; = (0,1.05.0). This is rel-
evant to the analysis result which states that
equilibrium &4 is stable.

y(®)

X(t)

Figure 1. Portrait Phase System Equation 3.1 for simulation |

Simulation Il
Simulation Il, the stability conditions of E; are

Changed into J"iﬂ: = [J:k?": and I:'iﬂ: = C']k:"‘:.

parameter
r, =08,b, = 0.4,b, = 0.1,b, = 0.05,r, =
0.7. a; = 0.2,k = 0.3.¢, = 0.3,¢, = 0.25,

J.Exp. Life Sci. Vol. 8 No. 2, 2018

£y = 0.6.cy = 0.2, Thus, it produces E; exists,
E. exists, E; exists. Then, E; exists and is stable
toward equilibrium point, so the initial value
shows that E; is stable.
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()
V()

Figure 2. Portrait Phase System Equation 3.1 for Simulation Il

Simulation Il ry =088, =048,=01L5 =005r, =
The stability conditions in simulation Il of E; 0.7,a, = 0.2,k = 0.3,¢; = 0.9, ¢, = 0.25,

are changed into @, = bkr;  dan ¢; = 0.2, ¢, = 0.2. Thus, itproduces E,

£y8y = cykry, parameter exists, E; exists, E; exists, E; exists, and Eg ex-

ists, but, in this case, it does not go to any point,
so it exists but is unstable.

\
|

1V |
NS

- —(~

AR

K<\

- ) e EB=(7.14304429)
T E2=(0,1.050) o - i
E6=(0263L.867,0) — ES=(16,00) —

\BI=(0:0,0) @

I

50

y(t) x(t)
Figure 3. Portrait Phase System Equation 3.1 for Simulation IlI

Simmulation IV ry = 07,8, =02,k =03,¢, =03, ¢, =

The stability conditions in simulation IV, of Ey 0.23,
are  changed into 7y a; < bykr;  dan c; = 0.6.cy; = 0LZ. Thus, it produces E; exists,
€1@; < c3hTy, parameter E, exists, E; exists, E; exists, and E: exists and
ry, =058, =06 b; =0Lbk =005 unstable.

T E4=(0,07234.(
N :455,:;’7321’@ 1.

y(® x(t)
Figure 4. portrait phase system equation 3.1 for simulation IV
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Simulation V:
Stability condition

ok
eyt +oyby = — (byc, + bycy). the fifth sim-
ulation is conducted to show the stability charac-
teristics of equilibrium point E;. Based on the
existence condition and the stability of equilibri-

um point E,. parameter

y(® °

132

v, =058, =040b; =015 =005,r =
09,8, =02,k =0.5¢ = 03¢ =025

£y = 0.6.cy; = OLZ. Thus, it produces E; exists,
E, exists, E; exists, E; exists, and E; exists to-
wards equilibrium point E;. This is relevant to the
analysis result which states that the equilibrium
point is stable.

1000

x(t)

Figure 5. Portrait Phase System Equation 3.1 for Simulation V

CONCLUSION

The conclusions that are drawn based on the
discussion of the thesis are as follows. Predator-
prey model by Leslie-Gower with omnivore is
obtained in a form of common differential
equation system. There are seven equilibrium
points in the model, there are three of them, i.e.
E,.E, and E;, unconditionally exist and the other
four, i.e. E;. Ez, E; and E5, conditionally exist. Of
the seven equilibrium points, three of them, E,.
E,.E, dan E5, have stability condition.
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First abbreviation typed in colon after the
abbreviated phrase.

Author must use International Standard Unit
(SI). Negative exponent used to show the
denominator unit. Example: g I, instead of g/I.
The unit spaced after the numbers, except
percentage [4]. Example: 25 g I}, instead of 25g!
1. 35% instead of 35 %. Decimal typed in dot (not
coma). All tables and figures should be
mentioned in the text.

RESULT AND DISCUSSION (Calibri 10 Bold, Left, Capslock)

This section contains the results of the
analysis and interpretation or discussion of the
results of the analysis. Describe a structured,
detailed, complete and concise explanation, so
that the reader can follow the flow of analysis
and thinking of researchers [5]. Part of the results
study should be integrated with the results of the



analysis and the results and discussion are not
separated.

Table

Table should be submitted within the
manuscript and in separated file of Microsoft
Excel (xls.). Table whould not exceed 8 cm (one
column) and 17 cm (two columns). Table should
be embedded in different page after references.

Table should be numbered in sequence. Table
title should be brief and clear above the table,
with uppercase in initial sentence. Vertical line
should not be used. Footnote use number with
colon and superscripted. Symbol of (*) or (**)
was used to show difference in confidence
interval of 95 and 99%.

Table 1. Example of the Table (Calibri 8.5 Left)

No Point (Calibri 8.5 Justify) Description

A WN PR

5
Sources: Journal of PPSU

B (Calibri 8.5 Left)

Figures

Figures should be in high resolution and well
contrast in JPEG or PDF with the following
conditions:

e Monochrome image (line art), figures of black
and white diagram (solid/no shades of gray),
resolution 1000-1200 dpi (dot per inch).

e Combination Halftone, combine figure and
text (image containing text) and coloured
graphic or in grayscale format. Resolution
600-900 dpi.

e Halftone, coloured figure or grayscale format
without text. Resolution 300 dpi.

height requirement is adjustable

Running Title (Last Name of First Author, et al.)

e Black and white figure should be in
the grayscale mode, while coloured figures
should be in RGB mode.

e Figure should not exceed the width of 8 cm
(one column), 12.5 cm (1.5 columns) or 17 cm
(two columns).

e Figures title typed clearly below the figure.

e Figure with pointing arrow should be grouped
(grouping).

e Figures were recommended in black and
white.

e Legend or figure description should be clear
and complete. If compressed, the figure
should be readable.

e Statistic graphic should be supplemented with
data sources.

e If the figures come from the third party, it
should have the copyright transfer from the
sources.

height requirement is adjustable

width of 66mm, similar to column width

Figure 1. lllustration of Dimensional Figure of one column
width. Figure dimension adjusted to the width of

one column. Name the figure (diagram) written

below the image. (Calibri 8.5 Justify)

width of 137 mm, fit to right and left margins

Figure 2. . lllustration of Dimensional Figure of two column width. Figure dimension adjusted to the width of two columns (137

mm). Figure were align top or bottom of the page.

(Calibri 8.5 Justify)
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References

1. Primary references include journal, patent,
dissertation, thesis, paper in proceeding and
text book.

2. Avoid self citation.

3. Author should avoid reference in reference,
popular book, and internet reference except
journal and private ana state institution.

4. Author was not allowed to use abstract as
references.

5. References should been published (book,
research journal or proceeding). Unpublished
references or not displayed data can not be
used as references.

6. References typed in numbering list (format
number 1,2,3,...), ordered sequentially as they
appear in the text (system of Vancouver or
author-number style).

7. Citation in the manuscript typed only the
references number (not the author and year),
example: Obesity is an accumulation of fat in
large quantities which would cause excessive
body weight (overweight) [1]. Obesity is a risk
factor of diabetic, hypertension dan
atherosclerosis [2].

CONCLUSION (Calibri 10 Bold, Left, Capslock)

Conclusion of the study's findings are written
in brief, concise and solid, without more
additional new interpretation. This section can
also be written on research novelty, advantages
and disadvantages of the research, as well as

recommendations for future research.(Calibri 10
Justify)
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