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Preface

Following our 1st BIBMC (Bandung International Biomolecular Conference) in 2010, 2nd BIBMC in
2012 and 3rd BIBMC in 2014, the 4th BIBMC is organized in conjunction with the 2nd ACMM (ASEAN
Congress on Medical Biotechnology & Molecular Biosciences) following the 1st ACMM in Bangkok in
2015. We are grateful to Mahidol University, University of Philippines & University Science Malaysia for
supporting Padjadjaran University to hold this joint scientific meeting in Bandung, West Java, Indonesia.
In line with our new regional commitment to the SDGs (Sustainable Development Goals) the theme of
4th BIBMC & 2nd ACMM is ‘Medical innovation & translational research to ensure healthy lives & pro-
mote well-being for all at all ages’.

Preceeding this joint scientific meeting on 4th-6th October 2016 at Trans Luxury Hotel, we conducted
laboratory workshops at our Faculty of Medicine, Padjadjaran University Campus on (1) Thalassemia
Diagnostic (2) Flowcytometry & ELISA (3) HE & Immunochemistry Staining (4) 3-D Cell Culture (5)
RNA Isolation, RT PCR, DNA Isolation. The joint meeting covers various sessions on Infection, Oncol-
ogy, Tuberculosis, Genetic, Thalassemia, Nutrition, Cardiovascular, Wound Healing & Endocrinology.
The sessions consist of 30 invited speakers covering various countries e.g. Malaysia, Singapore, Philip-
pines, Thailand, Japan, Netherlands, Germany, Colombia, Indonesia. Additional free sessions are com-
prised of 16 oral and 76 poster presentations representing 31 domestic & overseas higher education &
research institutions. Our national vaccine institute, Bio Farma hosted a luncheon seminar on Vaccine
Currrent Update.

We are very grateful to distinguished international speakers: Dr Badrul Hisham Yahya , Prof Bladimiro
Rincon-Orozco, Dr Brijesh Kumar Singh, Prof Carmencita Padilla, Dr Chong Pei Nee, Prof Dean Nizetic,
Dr Edward Rob Aarnoutse, Prof Harry Surapranata, Dr Jin Zhou, Dr Marc Hubner, Prof Noriyuki Koi-
buchi, Dr Oraphan Sripichai, Prof Paul Yen, Prof Prasert Auwewarakul, Dr Rohit Sinha, Prof Suthat
Fucharoen, Prof Toshiharu Iwasakai & Prof Zilfalil Alwi for their state of the art lectures.

This 4th BIBMC & 2nd ACMM Joint Meeting wouldn’t be possible without generous supports from
Prof Akmal Taher (Staff to Indonesian Minister of Health), Prof Tri Hanggono Achmad (Rector of Pad-
jadjaran University), Prof Sangkot Marzuki (Chairman, Indonesian Academy of Sciences), Prof Amin
Subandrio (Director of Eijkman Institute), Dr Yoni Fuadah (Dean of Faculty of Medicine, Padjadjaran
University) & IDI (Indonesian Medical Association).

Special appreciation goes to CRC Press/Balkema of the Taylor & Francis Group for publishing
‘ADVANCES IN BIOMOLECULAR MEDICINE, Proceedings of 4th BIBMC & 2nd ACMM’ Sub-
mitted for indexing to Scopus & Thomson Reuters with generous recommendations by Prof Noriyuki
Koibuchi (Gunma University) , Prof Robert Hofstra (Erasmus MC University) & Prof Suthat Fucharoen
(Mahidol University).

We are grateful to our internal reviewers Dr Bachti Alissjahbana, Dr Rovina Ruslami, Dr Edhyana
Sahiratmadja, Dr Andri Rezano, Dr Afiat Berbudi, Dr Fathul Huda, Dr Astrid Feinisa Khaerani, Dr
Hasan Bashari & Dr Alvinsyah Adhityo Pramono for their hard work in the selection of the papers to be
presented at 4h BIBMC & 2nd ACMM.

We are also very grateful to our generous sponsors: Biofarma, Medco Group, Santosa Hospital, Prodia
Clinic Laboratory, The Trans Group, Sentra Diagnostik Dinamika, Batik Komar, Hasan Sadikin Hospi-
tal & National Eye Centre—Cicendo Eye Hospital.

We hope that through 4th BIBMC & 2nd ACMM we keep improving our capacities in advancing bio-
molecular medicine, medical biotechnology & molecular biosciences in ASEAN Countries and beyond as
part of our global commitment to the sustainable development goals.

January 2017

4th BIBMC & 2nd ACMM Committee

Prof Ramdan Panigoro, Dr Rizky AA Syamsunarno,
Dr Nur Atik, Dr Ronny Lesmana

vil
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Iron overload intolerance in Balb/c mice

N. Anggraeni

Department of Biochemistry and Molecular Biology, Faculty of Medicine, Universitas Padjadjaran, Bandung,
West Java, Indonesia

Medical Laboratorium Technologyst of Bakti Asih School of Analyst, Bandung, West Java, Indonesia

M.R.A.A. Syamsunarno, R.D. Triatin, D.A. Setiawati, A.B. Rakhimullah, C.C. Dian Irianti,
S. Robianto, F.A. Damara, D. Dhianawaty & R. Panigoro

Department of Biochemistry and Molecular Biology, Faculty of Medicine, Universitas Padjadjaran, Bandung,
West Java, Indonesia

ABSTRACT: The iron—diabetes hypothesis has been supported by a number of epidemiological stud-
ies showing that body iron deposits are positively associated with blood glucose levels. The underlying
pathological interactions between iron and glucose homeostasis are not well understood. A recent study
used C57BL/6 mice that were injected with a high dose of iron to establish an iron overload mouse model.
However, in Indonesia, most of the experiments involving mouse models use the Balb/c strain instead
of C57BL/6. The objective of this study was to validate the effects of iron overload in Balb/c mice. Mice
were intraperitoneally injected with iron dextran (10 mg/uL per day, iron overload group). Fasting blood
glucose level, body weight, and liver weight were measured after 7 days of treatment. After 7 days, only six
out of 12 mice survived. The body weights of the iron overload group were 18.5% lower than that of the
control group, with liver enlargement and lower blood glucose levels. In conclusion, our study indicated

that Balb/c mice are intolerant to excessive amounts of iron.

1 INTRODUCTION

Repetitive blood transfusions in patients with a
chronic disease such as thalassemia will inevitably
lead to iron overload that cannot be actively removed
from the body (Eliezer A. Rachmilewitz & Patricia J.
Giardina, 2011). Iron overload is the major cause of
morbidity in thalassemia patients. Even non-trans-
fused patients develop iron overload secondary to
increased intestinal absorption of dietary iron. Iron
overload is a leading cause of mortality and organ
injury (Borgna-Pignatti C & Gamberini MR, 2011).

The heart, along with the liver and the endo-
crine glands, is the main organ affected by excess
iron accumulation, and thus iron-loading condi-
tions are primarily manifested as cardiac dysfunc-
tion and failure, liver dysfunction and cirrhosis,
and endocrine abnormalities including hypothy-
roidism, hypogonadism, and diabetes mellitus, as
well (Galaris, D. & Pantopoulos, K. 2008).

Iron deposits in thalassemia patients, who have
received multiple blood transfusions, can exceed
the storage and detoxification capacity of ferritin.
Moreover, the excess iron produces fully saturated
transferrin. Consequently, “free” iron (or non-
transferrin boundiron, NTBI) begins to accumulate
in tissues and blood. This “free” iron can catalyze
the formation of very toxic compounds, such as the

hydroxyl radical (-OH), from compounds such as
hydrogen peroxide, which are normal metabolic by
products (Fenton reaction) (Andrews, N.C, 2005).
The resulting oxidative stress is associated with the
damage of cellular macromolecules, tissue injury,
and disease (Wang, Jian. & Pantopoulus, Kostas,
2011, Moon, Se Na. et al, 2011).

Epidemiological studies have shown that body
iron stores are positively correlated with serum
insulin and blood glucose levels, which supports the
iron—diabetes hypothesis (Jia, Xuming. et al, 2013).
The high prevalence of type 2 diabetes observed in
individuals with hereditary hemochromatosis (HH)
further supports the idea that systemic iron load-
ing is associated with impaired glucose metabolism
(Gujja, P.etal, 2010, Hatunic M, et al.). However, the
underlying pathological interactions between iron
and glucose homeostasis are not well understood.

A recent study used C57BL/6 mice that were
injected with a high dose of iron to establish an
iron overload mouse model (G. Ramey et al. 2007,
Moon, Se Na. et al. 2011). However, in Indone-
sia, most of the experiments involving mouse
models use the Balb/c strain instead of C57BL/6.
The objective of this study was to validate the
effects of iron overload in Balb/c mice to better
understand the relationship between iron metabo-
lism and glucose homeostasis.



2 MATERIALS AND METHODS

2.1  Animals

Male Balb/c mice (Animal Laboratorium, Depart-
ment of Pharmacology and Therapy, Faculty of
Medicine, Universitas Padjadjaran, Bandung,
Indonesia) were fed ad libitum with a standard
chow diet. Mice were divided into two experimen-
tal groups. The first group was intraperitoneally
injected with saline (100 uL per day, control group;
MERCK, USA) for 7 days, and the second group
was intraperitoneally injected with iron-dextran
(10 mg/uL per day, iron overload group; SANBE,
Indonesia) for 7 days from 8 weeks of age.

2.2 Measurement of body weight

Body weight was measured with the Nagata Scale
(Japan) every 3 days, starting from the first day of
the study.

2.3 Measurement of fasting blood glucose levels

After 3 days of injection, blood was collected
after 6 hours of fasting for glucose determination.
Blood glucose level was measured through the tail
tip using the GlucoDr Super Sensor AGM 2200
(Allmedicus, Japan). Fasting blood glucose level
was measured every 3 days for 1 week.

2.4  Measurement of liver weight

After 7 days, mice were killed by cervical dislo-
cation, and liver weight was measured using the
Nagata Scale (Japan).

3 RESULTS

3.1 Intolerance of Balblc mice to iron overload

After 7 days of injection, six out of the 12 mice
died in the iron overload group. This shows that

8
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control iron overload
Figure 1. The average body weight of the control group

and the iron overload group.

the mortality of Balb/c mice intolerant to iron
overload is 50%. We suggest that intolerance of
Balb/c mice to iron overload is caused by hypogly-
cemia and organ damage.

3.2 Weight loss of iron overload group

Body weight of mice was measured every 3 days,
starting from the first day of the study. The iron
overload group had lower body weight after 3 days
of injection.

The average body weight of the iron overload
group was 18.5% lower than that of the control
group (Figure 1). This difference can be attributed to
the increased metabolic rate (Andrews, N.C, 2005).

3.3 Iron overload group had a hypoglycemic
condition

The average fasting glucose concentration of the
iron overload group was 104.7 md/dL, which was
lower than that of the control group. Our study,
together with the data reported in the literature,
suggests that, for some unknown reasons, mice are
resistant to the toxic effects of iron-induced organ
damage (Hentze, M. W,, et al, 2010).
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Figure 2. The average fasting glucose concentration of
the control group and the iron overload group.
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Figure 3. Liver weight of the iron overload group and

the control group.



3.4 Liver enlargement in the iron overload group

Our study showed that liver weight in the iron over-
load group was larger (9.5%, hypertrophy) than the
control group (Figure 3). The average liver weight
of the iron overload group was 1.69 g and that of
the control group was 1.53 g.

4 DISCUSSION

Iron is an essential nutrient that plays a role in
important cellular and tissue functions including
oxygen transport, nucleotide synthesis, mitochon-
drial respiration, and host defense. It is absorbed
from the diet by duodenal enterocytes that release
iron into the plasma through ferroportin, the only
known cellular iron exporter (Brissot P et al, 2012).
However, iron is also potentially toxic, because,
under aerobic conditions, it catalyzes the production
of ROS (reactive oxygen species) and the generation
of highly reactive radicals (e.g. the hydroxyl radical)
through Fenton chemistry (Koppenol, W. H, 1993).

Iron is a biologically essential element, acting
as a cofactor for many enzymes involved in the
oxidation-reduction process and other types of
metabolism (Oudit GY, 2006). In our study, it was
observed that the body weight of the iron overload
group was lower than that of the control group,
which we presume is caused by the increased meta-
bolic rate (Andrews, N.C, 2005).

In the state of iron overload, non-transferrin-
bound iron moves in and out of the cells by diffu-
sion and generates free iron, forming reactive oxygen
species that result in cell or tissue damage (Crichton
RR. et al, 2002). Particularly, it damages the liver
and heart, resulting in complications such as liver
failure and cardiomyopathy, of which cardiac fail-
ure is most fatal (Mamtani M & Kulkarni H, 2008).

The control of iron homeostasis by hepcidin
represents a classical endocrine regulatory system.
Hepcidin regulates iron, and in turn, hepcidin
production is regulated by iron in the circulation
and in liver stores (Ramos E. et al, 2011): when
iron is abundant, hepcidin production is increased
to limit dietary iron absorption and release from
the stores; when iron is required, a decrease in
hepcidin production allows iron to enter the plasma
to meet the iron demand (Kautz L. et al, 2014).

Our study shows liver enlargement in the iron
overload group, which may represent a compensa-
tory mechanism of iron overload.

Typically, iron loading is associated with insu-
lin resistance. Some studies have reported insulin
resistance as a primary consequence of iron over-
load, while others have suggested that both insulin
deficiency and insulin resistance contribute to glu-
cose intolerance (Kim CH, et al, 2011, J. Arezes &

E. Nemeth, 2015). In contrast, our study shows that
Balb/c mice injected with a high dose of iron dextran
had a hypoglycemic condition (Figure 2). The study
suggests that, for some unknown reasons, mice are
resistant to the toxic effects of iron-induced diabetes.

5 CONCLUSION

Our study indicated that Balb/c mice are intoler-
ant to excessive amounts of iron, which may be
associated with liver damage and hypoglycemic
condition.
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Mapping of health care facilities in the universal coverage era at
Bandung District, Indonesia

N. Arisanti, E.P. Setiawati & I.LF.D. Arya
Department of Public Health, Faculty of Medicine, Universitas Padjadjaran, West Java, Indonesia

R. Panigoro
Department of Biochemistry, Faculty of Medicine, Universitas Padjadjaran, West Java, Indonesia

ABSTRACT: The implementation of Universal Health Coverage should be accompanied by increas-
ing and distributing health resources such as human resources, infrastruture, etc in primary health center
and hospitals. In this UHC era, Government of Bandung District has made various efforts to strengthen
health systems in order of fulfillment the number of health personals. The purpose of this study was
to identify health care facilities according to the number, status, type, accreditation, partnership with
National Health Insurance (BPJS) and map the distribution.

The method was descriptive study. The data of registered health care facilities was collected from Dis-
trict Health Office and Professional Organization, categorized according to the number, type, location,
status, accreditation, and the mapping was performed using the software. The research was conducted in
Bandung District, from October to December 2015.

There are 1027 health care facilities in 31 sub-districts. A total of 59.5% is private health care facilities
and majority is midwives (28.7%). There are only 5 health care facilities accredited and all are general hos-
pitals. Health care facilities that have formed a new partnership with BPJS reached 29.8%. From 31 sub-

districts, Rancaekek is the sub-districts with the highest number of health care facilities.

Keywords:

1 INTRODUCTION

The access to health care facilities is a necessary
condition to achieve Universal Health Coverage.
UHC aims to meet population needs for quality
health care, remove financial barriers to health
care access, reduce incidence of catastrophic health
expenditures, attain national and internationally
agreed health goals, and ultimately contribute to
poverty alleviation and development. (Sambo et al.
2014) Many efforts in the implementation of the
UHC to meet the goal should be accompanied by
increasing and equitable distribution of resources
such as human resources for health, health care
facilities and infrastructure, affordability of drugs,
medical supplies in health. Equal and proper dis-
tribution of health and human services is an effort
that can support the achievement of UHC and
help in maximizing accessibility, thereby helping
government and stakeholders save cost on provid-
ing infrastructure for the entire population and
most importantly optimize delivery of health care
goals. (Ayuba et al. 2016)

As one of the largest archipelagos in the world,
Indonesia facing problem on geographical access

distribution, health care facilities, mapping

to health care and unevenly distributed health care
facilities. Doctor could not reach the whole popula-
tion in the working area and visa versa. Their ineq-
uitable distribution over space is of concern and has
brought about the issue of provision and effective
utilization of the facilities. The regular monitoring
of access to health care facilities is often a weak
component of country and global monitoring the
performance of health system. Annual reviews of
health sector progress and performance at national
and subnational levels, based on a broad set of indi-
cators that cover all areas of performance, should
include up-to-date and accurate information on
service delivery. There is continuing discussion in
Indonesia about the need for improved information
on resources for health at the district level where pro-
grams are actually delivered. Research by Heywood,
et al in 2009 describes the distribution of health care
facilities and personnel in the 15 Districts in Java
in 2007. The result of this study was about half of
the third group of professionals (doctors, nurses,
midwives) is a Public Servant. The private sector as
the main work is very important for doctors (37%)
and more important for midwives (10%). For those
who work in the government sector, two-thirds of



the doctors and nurses working in health care facili-
ties, while most midwives working at the village
level facilities. (Heywood et al. 2009) With UHC,
government of Indonesia plans to cover the entire
population in 2019. It was widely anticipated that
there would be a significant increase in demand for
health services in line with the implementation of
this program. Although UHC is a program of the
central government, its implementation occurred in
districts/cities and at the level of fulfillment of the
facility through the efforts of the health system in
the public and private sectors. Bandung District as
one of the districts in West Java has made various
efforts to strengthen health systems through improv-
ing infrastructure and fulfill of health personnel in
various government health care facilities and private
sector. In order to improve fulfill the health care
facilities in district, it is necessary to identify and
map the distribution of health care facilities. Map-
ping enables professionals to understand complex
spatial relationships visually so as to plan effectively
and efficiently. Previous study estimated that nearly
80% of the information need of local health system
decision and policy makers involves geographical
positioning. (Heywood et al. 2009) The purpose
of this study was to identify health care facilities
according to the number, status, type, accreditation,
partnership with National Health Insurance (BPJS)
and map the distribution.

2 METHOD

This was a descriptive study to analyze data regard-
ing the number, status, type, accreditation, part-
nership with BPJS and distribution of health care
facilities in Bandung District. The type of health
care facilities included in the study was primary
and secondary care both public and private as well
as military/police and state firms, doctor, dentist
and midwife’s practice. The data of registered
health care facilities was collected from District
Health Office and Professional Organization.

The data was analyzed and presented in frequency
distribution table. The map of health care facilities
was generated by identifying and locating their loca-
tions using the software. The study was conducted
in October to December 2015 in Bandung District.

3 RESULTS

3.1 Health care facilities

The study covers 31 sub-districts in Bandung Dis-
trict with total area coverage of 1.767,93 Km? and
population of 3.470.393. From the data obtained,
there are 1027 health care facilities. Most of health
care facilities (59,5%) are private sectors (Table 1).

Based on Figure 1, private midwife is the larg-
est group in the primary level. To support the suc-
cessful implementation of UHC private midwife
should be encourage to collaborate with primary
physician as a gate keeper.

There are only 5 health care facilities accred-
ited and all are general hospitals, while all primary
health cares have not been accredited. Health care
facilities that have formed a new partnership with
BPIJS reached 29.8%.

3.2 Mapping of health care facilities

From the 31 sub-districts, Rancaekek is a sub-
district with the highest number of health care
facilities, followed by Cileunyi and Baleendah
(Figure 2). When compared to population in each

Table 1. Distribution of health care facilities based on
owner status.

Type of health care facilities Number Percentage
Government 406 39,5
Private 611 59,5
Military 8 0,8
Provincial state 1 0,8

Other 1 0,1

Total 1027 100

Figure 1. Distribution of health care facilities based on
type of health care.

Figure 2. Mapping of health care facilities based on
sub-district in Bandung District.



sub-districts, it is correlated with the number of
population in those sub-districts. Provider density
(number of doctors, nurses and midwives/1000
population) was low by international standards.

4 DISCUSSION

Reliable and timely information about resources
for health is important to envisioning a health
system that can respond to the health challenges.
Such information will provide the data indicated
that the health system and the health needs of the
population are changing and that government
must modify policies in response to these changes.
In Bandung District, most of health care facilities
are private sectors. There is an increasing number
of private sectors who do not work for the gov-
ernment at all, and the government has little infor-
mation about them as well. There is great concern
about the lack of attention to human resources in
the health sector globally, especially that many gov-
ernments do not have even basic information about
their most important resource: how many health
professionals, their age and sex, or how they are
distributed. (Heywood et al. 2011) Private practice
as the most health care facilities and health person-
als is now quite important, especially for doctors,
and increasingly so for midwives. Previous studies
indicated a growing private sector, working either
for private facilities (private hospitals, clinics) or in
their own private practice without an appointment
with the government. (Heywood et al. 2009)

Based on type, most of health care facilities
are private midwives. Previous study in Indone-
sia stated that solo practice of outpatient services
comprises 86% of all the health facilities—they are
all private. At the sub district level there is a pub-
lic health center, the satellite health centers, and a
much larger number of solo-provider outpatient
facilities through which doctors, nurses and mid-
wives operate their afterhours private practices.
Village midwives located in many villages also
operate private practices. (Heywood et al. 2009)
Thus, the private practices became an important
source of healthcare facilities.

Based on the Table 2, there are only 5 health
care facilities accredited and all are general hospi-
tals, while all primary health cares have not been
accredited. This indicates that the health service in
primary health care is not standardized yet. Band-
ung District Health Office had to work hard to
be able to make the all health care facilities in the
region accredited in 2019. With more than 1000
health care facilities and length of the average of
250 health care facilities must be accredited per
year achieved in 4 year. Health care facilities that
have formed a new partnership with BPJS reached

Table 2. Distribution of health care facilities based on
accreditation status and partnership with BPJS.

Accreditation status  Partnership with BPJS

Number Percentage Number Percentage

Unknown 1 0,1 157 15,3
Yes 5 0,5 306 29,8
No 1021 99,4 564 54,9
Total 1027 100 1027 100

29.8%. In general that have not established part-
nerships with BPJS is primary health care. BPJS
needs to encourage primary health care as a part-
ner in health care delivery.

Access to health facility is critical to health
service and distribution as well to meet goal of
UHC. (Ayuba et al. 2016) It was agreed that to
achieve better access, health care facilities needed
to be distributed among the people and the facili-
ties needed to be adequately staffed. (Kumar et al.
2013)

This study identified the available of health care
facilities in the study area using the secondary data
and presented on map of Bandung District indicat-
ing health care facilities’ positions. Mapping ena-
bles professionals to understand complex spatial
relationships visually so as to plan effectively and
efficiently. (Abbas et al. 2014 & Bukhari et al. 2013)
The evenly distribution of health care facility will
be effective and efficient in delivery health service
to the people. From the map of Bandung District, it
shows that the higher population in sub districts the
higher density of health care facilities. Those areas
are close to the capital of West Java Province.

As conclusion, in Universal Health Coverage
era, the government should anticipate the increas-
ing demand for services significantly in line with
the implementation of this program. Bandung
District Health Office in collaboration with BPJS
needs to encourage private health care facilities to
collaborate and cooperate with BPJS in order to
achieve the universal coverage.
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ABSTRACT: Hypercholesterolemia is one of the risk factors of cardiovascular diseases. To elucidate the
correlation between hypercholesterolemia and deficiency of phosphatidylcholine, animal experimental study
was conducted. Wistar rats aged 8 weeks were randomly distributed into three groups: control group (stand-
ardized normal diet), high-fat diet group, and phosphatidylcholine-supplemented high-fat diet group. Total
plasma cholesterol and SHMT activity were measured in the liver of rats by using spectrophotometry.
After 8 weeks, total plasma cholesterol was 72.77 mg% and SHMT activity was 68.93 units/mg in the
control group. In the high-fat diet group, total plasma cholesterol was 94.72 mg% and SHMT activity was
150.07 units/mg. After supplementation of phosphatidylcholine, total plasma cholesterol was 78.47 mg%
and SHMT activity was 80.97 units/mg. From these results, it can be concluded that phosphatidylcholine

supplementation can protect rats from high-fat diet induced-hypercholesterolemia.

Keywords:

1 INTRODUCTION

Dyslipidemia is a condition in which there is an
increase in cholesterol and triacylglycerol levels that
exceed the normal range, and it is one of the risk fac-
tors of atherosclerosis (Assman, 1982; Assman 1993;
Askandar, 1994, Nelson et al., 2000). A study con-
ducted in Framingham (Gordon et al., 1977) and Hel-
sinki (Manninen et al., 1992) has proved that the risk
of atherosclerosis is closely related to high- and low-
density lipoprotein levels. Low-Density Lipoprotein
(LDL) is positively correlated, whereas High-Density
Lipoprotein (HDL) is negatively correlated with the
incidence of atherosclerosis (Nelson et al., 2000).
Lipoprotein is made up of lipids (triacylglycerol,
cholesterol, and phospholipid) and certain proteins
such as apoprotein (Assman, 1993; Harper, 1995;
Nelson et al., 2000). HDL is composed of 3-6%
triacylglycerol, 14-18% cholesterol ester, 45-50%
protein, and 20-30% phospholipid. The highest
fraction of phospholipid in HDL is phosphati-
dylcholine (74.6%) (Assman, 1983). Plasma HDL
plays an important role in cholesterol homeostasis
both in the cell and plasma. Its function is to trans-
port cholesterol back to the liver from the periph-
ery, fibroblast, and arterial smooth muscle to be
later broken down into bile acid and used in the
digestive tract (Assman, 1993, Nelson et al, 2000).

Hypercholesterolemia, phosphatidylcholine, Serine hydroxymethyltransferase enzyme

In the cholesterol “reverse transport” process,
phosphatidylcholine (lecithin) is required as a
cofactor and substrate of Lecithin Cholesterol Acyl
Transferase (LCAT). Phosphatidylcholine also acts
as the activator of Cholesterol Ester Hydrolase
and as the inhibitor of Acyl-CoA Cholesterolacyl-
transferase (ACAT) (Howard and Patelski, 1976).
Both enzymes are important for intracellular cho-
lesterol metabolism. There is a positive correlation
of LCAT and ACAT with plasma lipids (Patelski
et al., 1976). An increase in LCAT activity during
plasma lipid metabolic disturbance has shown the
importance of phosphatidylcholine.

In the plasma HDL of a healthy individual, the
phosphatidylcholine and sphingomyelin ratio is 4:1
(Peeter, 1976). Furthermore, it has been established
that in individuals with hypercholesterolemia, this
ratio changes with an increase in phosphatidylcho-
line and a decrease in sphingomyelin. This leads
to the need for increasing phosphatidylcholine in
patients with hypercholesterolemia.

In mammals, there is a close correlation
between glycine metabolism and biosynthesis of
phospholipids. Glycine is made from choline or
serine (Harper, 1995, Voet and voet, 1995). Serine
hydroxymethyltransferase (SHMT) is an enzyme
(Lehninger, 1985; Harper, 1995) that is required
for the interconversion of glycine and choline.



This enzyme needs pyridoxal phosphate (PLP)
and tetrahydrofolate (FH4) as coenzymes. FH4
helps catalyze the reaction of glycine—serine inter-
conversion and the formation of the C1 unit (sin-
gle carbon unit) in the form of N5,N10-metilen
FH4. This reaction is the main source of Cl in
mammals. Cl units are very important in the
biosynthesis of various elements, one of which
is choline. In a study conducted by Sutadipura
(1996), it has been found that SHMT activity is
increased in hypercholesterolemia induced by a
high-fat diet. This shows that under such a condi-
tion, glycine—choline metabolism and biosynthesis
of phospholipids are increased.

The purpose of this study is to determine the
influence of phosphatidylcholine on hypercholeste-
rolemia. To address this problem, phosphatidylcho-
line was administered to Wistar rats with or without
high-fat diet-induced hypercholesterolemia.

2 MATERIALS AND METHODS

2.1

Wistar rats aged 4 to 5 weeks old were used in this
study. Rats were housed in a temperature-controlled
environment under a 12-hour light/12-hour dark
cycle, and given free access to water and standard
chow. The animals were divided into three groups:
control group, High-Fat Diet (HFD) group and
phosphatidylcholine-supplemented HFD group. The
treatment was started after 7 days of acclimatization.
The control group was given standard chow and the
HFD group was given a mixture of 1% cholesterol,
1% palmitic acid, 5% yolk, 1% butter, and standard
chow up to 100%. Phosphatidylcholine supplemen-
tation was given 90 mg/100 g of body weight. After
8 weeks of treatment, the rats were euthanized and
blood from the heart and liver was collected.

Rats and sample collection

2.2 Measurements of plasma cholesterol
and SHMT activity

Plasma was collected from blood, and total plasma
cholesterol was measured by the Liebermann—
Burchard procedure as described previously (Wood
et al., 1980). SHMT activity was measured from the
liver as described previously (Omura dan Sato, 1964).

2.3 Statistical analysis

One-way ANOVA was performed for three sam-
ples, and Bonferroni’s post hoc multiple compari-
son tests were performed to evaluate the difference
between the control and experimental groups. A p
value of less than 0.05 was considered as statisti-
cally significant.
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Figure 1. Plasma cholesterol after 8§ weeks of experi-
ment. *p < 0.05. HFD = high-fat diet; sup = phosphati-
dylcholine supplementation.
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Figure 2. SHMT activity after 8 weeks of experiment.

*p < 0.05. HFD = high-fat diet; sup = phosphatidylcho-
line supplementation.

3 RESULTS

After 8 weeks, total plasma cholesterol in the con-
trol, HFD, and phosphatidylcholine-supplemented
HFD groups were 72.77 mg%, 94.72 mg%, and
78.47 mg%, respectively (Figure 1). SHMT activity
was two times higher in the HFD group, but the
activity reduced to 50% after phosphatidylcholine
supplementation (Figure 2).

4 DISCUSSION

High-fat diet can cause high blood cholesterol lev-
els. Plasma cholesterol, mainly LDL, is taken up by
tissues. When intracellular cholesterol levels exceed
the normal range, it can trigger: 1. inhibition of
de novo cholesterol synthesis by the inhibition of
Hydroxymethylglutaryl-CoA reductase (HMG
CoA-reductase), 2. activation of ACAT that plays
a role in the intracellular esterification process of
cholesterol, 3. inhibition of LDL receptor synthe-
sis at the RNA level.



The aforementioned three events are the main
cause of the variant responses of individual experi-
mental animals to a high-fat diet. The reduction of
total plasma cholesterol in rats fed with a high-fat
diet after phosphatidylcholine supplementation
can be explained by: 1. the increase in the activ-
ity of intracellular cholesterol ester hydrolase that
hydrolyzes the storage of cholesterol ester into free
cholesterol that effluxes from the cell (Howard and
Patelski, 1976), 2. the inhibition of ACAT that
plays a role in the esterification of cholesterol, 3. the
activation of LCAT that plays a role in cholesterol
reverse transport (Assman, 1976; Harper, 1999).

LCAT plays a role in the esterification of HDL-
cholesterol, and phosphatidylcholine acts as the
source of fatty acids in the process. Cholesterol
ester is transported to the liver to be metabolized
into bile acid. So, the phosphatidylcholine acts on
LCAT, ACAT, and cholesterol ester hydrolase to
control the plasma cholesterol level.

The reduction of total plasma cholesterol in
rats with HFD-induced hypercholesterolemia by
supplementation of phosphatidylcholine shows
that there is a deficiency of phosphatidylcholine in
the HFD group. One of the cholesterol synthesis
parameters is SHMT activity.

We showed that under the conditions of HFD-
induced hypercholesterolemia, SHMT activity was
increased in the liver of rats. This indicated the
correlation between hyperlipidemia and increas-
ing SHMT activity, probably by increased glycine—
choline metabolism that resulted in excess choline.

Phosphatidylcholine supplementation in rats fed
with a HFD showed reduced cholesterol levels and
SHMT activity. This clearly showed that there is a
deficiency of phosphatidylcholine under the con-
ditions of HFD-induced hypercholesterolemia.

5 CONCLUSION

Phosphatidylcholine supplementation can pro-
tect rats from hypercholesterolemia and reduce

SHMT activity after high-fat diet-induced-
hypercholesterolemia.
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ABSTRACT: Dhahran (DHA)-1 is an inducible plasmid-mediated AmpC beta-lactamase gene,
which was reported as the most frequent cause of escalating morbidity and mortality rate among
patients with infectious diseases. The aim of this study was to determine the prevalence of blay,,, , gene
in Enterobacteriaceae clinical isolates in Indonesia. A total of 85 Enterobacteriaceae clinical isolates,
including E. coli, Klebsiella. pneumoniae, E. cloacae, K. oxytoca, E. aerogenes, and Proteus mirabilis, were
included in this study. The samples were collected from several private hospitals and clinical laboratories
in Bandung, Indonesia, during a period between July 2014 and April 2015. The molecular detection of
blayy,, gene was carried out by PCR assay. We found that 32.9% of Enterobacteriaceae clinical isolates
carried blay,, , gene, which was predominantly found in K. pneumoniae (75%) followed by K. oxytoca
(50%), E. cloacae (28.6%), and E.coli (14%). These results revealed a higher frequency of blay,,, , gene
detected in Enterobacteriaceae clinical isolates in Indonesia compared with those in surveillance studies
conducted worldwide. To our knowledge, this is the first molecular epidemiology report from Indonesia
that showed the high prevalence of blay,,, , gene in Enterobacteriaceae clinical isolates.

Keywords:  AmpC Beta-Lactamase; DHA-1; Enterobacteriaceae; PCR; Indonesia

1 INTRODUCTION in hospitalized patients.* This enzyme is poorly
inhibited by many common beta-lactamase inhibi-
Inadequate regulation of antibiotic therapy for tors, such as clavulanic acid and sulbactam, but
many infectious diseases in most Asian countries, can only be inhibited by AmpC inhibitors, such as
including Indonesia, may increase resistance spec-  cloxacillin or 3-aminophenylboronic acid.??
trum of gram-negative bacteria to beta-lactam Detection of AmpC beta-lactamase enzyme is
antibiotics.! With the increasing use of beta- important to improve the clinical treatment for
lactam antibiotics and various inhibitor combi-  patients with infection due to Enterobacteriaceae.
nations, such as amoxicillin-clavulanic acid or  Recently, several phenotypic tests for detection
sulbactam, production of AmpC beta-lactamase  of this enzyme are being developed with varying
enzyme by gram-negative bacteria have emerged.>  degrees of success, such as AmpC Disk Test,
This enzyme can hydrolyze and inactivate the third ~ 3-Aminophenylboronic Acid Disk Test, and
generation of beta-lactam antibiotics, including  Three-Dimensional Test.>® However, there is no
oxyimino-cephalosporins (cefotaxime, ceftazidime,  specific phenotypic test to confirm the presence of
and ceftriaxone), monobactam (aztreonam), and ~ AmpC beta-lactamases in clinical isolates which
cephamycins (cefoxitin and cefotetan).’ AmpC  has been validated by Clinical Laboratory Stand-
beta-lactamase enzyme has been mainly detected  ards Institute (CLSI).” Therefore, there is a need to
in Enterobacteriaceae family of gram-negative bac-  conduct an examination using PCR (Polymerase
teria and frequently causes severe infection cases  Chain Reaction) as the gold standard method to
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detect the presence of AmpC beta-lactamase gene
in Enterobacteriaceae clinical isolates.>’

The AmpC beta-lactamase gene (bla,,..) con-
sists of 6 families: ACC, FOX, MOX, DHA, CIT
and EBC. These are encoded either in chromosome
or plasmid.*® The expression of bla,, . chromo-
somal gene can be triggered by the presence of
beta-lactam antibiotics, especially cefoxitin.>” The
plasmid-mediated bla,, . gene is derived from the
bla,,,.c chromosomal gene or can be transferred hor-
izontally between plasmids of Enterobacteriaceae.>>
DHA-1isasubfamily of DHA, aninducible plasmid-
mediated bla,, . gene, which has been reported as
the most frequent cause of escalating morbidity and
mortality rate among infected patients compared
with other families of plasmid-mediated bla,,, .
gene.'"? Bla,,,, gene was originated from the
chromosomal bla,,, . gene of Morganella morganii,
which the expression can be induced by the presence
of beta-lactam antibiotics. Thus, the increasing use
of beta-lactam antibiotics in many of infection cases
may induce the expression of blay,,, , gene among
Enterobacteriaceae clinical isolates.>1%!!

At present, there has not been any molecular
epidemiological data in Indonesia that report the
prevalence of blay,, , gene in Enterobacteriaceae.
Therefore, this study was designed to detect the
presence of blayy,,, gene in Enterobacteriaceae
clinical isolates in Indonesia by using PCR assay.
The results will make health care providers to be
more careful in administering antimicrobial ther-
apy for infected patients to decrease the occurrence
of antimicrobial resistance and the expansion of
resistance spectrum of Enterobacteriaceae to beta-
lactam antibiotics.

2 MATERIALS AND METHODS

2.1 Bacterial isolates

Ninety two Enterobacteriaceae clinical isolates
were collected from several private hospitals and
clinical laboratories in Bandung, Indonesia, during
a period between Juli 2014 and April 2015.

These isolates were taken from patient’s speci-
mens, including blood, urine, abdominal pus,
vaginal swab, etc. The organisms were grown on
nutrient agar plates and biochemical tests were
carried out to identify the bacterial species of the
Enterobacteriaceae clinical isolates. Eighty five
Enterobacteriaceae clinical isolates were included
in this study, including Escherichia coli (n = 50),
Klebsiella pneumoniae (n = 24), E. cloacae (n = 7),
K oxytoca (n=2), E. aerogenes (n=1), and Proteus
mirabilis (n = 1). Seven unknown or non-specific
isolates were, such as Klebsiella sp., Serratia sp., or
rod-shaped gram-negative bacteria, were excluded
from the study.
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2.2 Plasmid DNA isolation

Plasmid DNA from Enterobacteriaceae clinical iso-
lates were isolated using the Xprep Plasmid DNA
Mini Kit (PhileKorea Technology Inc., Seoul, Korea)
according to the manufacturer’s instructions.

2.3 PCR amplification of bla,,, , , gene

The oligonucleotide primers used for PCR assay
were DHAM-forward (F) (5-AAC TTT CAC
AGG TGT GCT GGG T-3) and DHAM-reverse
(R) (5-CCG TAC GCA TAC TGG CTT TGC-3),
which were designed by Pérez-Pérez FJ® and synthe-
sized by Integrated DNA Technology, Inc., Lowa,
USA. Reactions were carried out in a MasterCy-
cler Gradient™ (Eppendorf Inc., Hamburg, Ger-
many) in 12.5 pL of mixtures containing 6.25 uL
of DreamTaq Green PCR Master Mix™ (Thermo
Fisher Scientific Inc., MA, USA), which consists
of DreamTaq DNA polymerase, 2X DreamTaq
Green Buffer, dNTPs, and 4 mM MgCl,; 0.125 uLL
of 10 uM DHAM-F Primer; 0.125 uL of 10 uM
DHAM-R Primer; 5.5 pL of nuclease-free water;
and 0.5 puL of isolated plasmid DNA.

The PCR condition used in this study was;
1 cycle of initial denaturation at 95°C for 2 min-
utes, followed by 30 cycles of 95°C for 30 seconds,
58°C for 1 minute and t72°C for 1 minute and then
a final extension at 72°C for 10 minutes.

2.4  Electrophoresis

12 uL of PCR products were resolved on 1% agar-
ose gels, which was made by 3 mg of TopVision™
Agarose Gel (Thermo Fisher Scientific Inc., MA,
USA). For negative control, 12 uL of PCR prod-
uct without isolated plasmid DNA was added
to the well. The ladder used containing 8 pL of
nuclease-free water, 2 UL of loading dye, and 2 uLb
of GeneRuler™ 1kb molecular size DNA Ladder
(Thermo Fisher Scientific Inc., MA, USA). The
electrophoresis process runs at 80 V for 30 minutes
using PowerPac™ Basic Power Supply (Bio-Rad
Laboratories, Inc., USA). The gel was then visu-
alized with Ultraviolet Trans illuminator (UVDI,
Major Science Inc., USA). The positive result of
blay,,, gene detection was shown by presence of
405 bp band in electrophoresis gel (Figure 1).

2.5 Data analysis

Data were statistically described in terms of fre-
quencies (number of cases) and relative frequen-
cies (percentages) of blapy, , gene detected among
Enterobacteriaceae clinical isolates. All statistical
analysis was performed using computer program
Microsoft Excel 2010 (Microsoft Cooperation,
NY., USA).
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Figure 1. PCR assay for inducible plasmid-mediated
blayy,., gene (405 bp); (M): GeneRuler™ 1kb molecular
size DNA ladder, (-): negative control, (+): positive clini-
cal isolates.

2.6  Ethical considerations

This study was reviewed and approved by the
review boards of The Health Research Ethics
Committee Faculty of Medicine Universitas
Padjadjaran, Bandung, Indonesia, on 23th
September 2014, as a part of the study entitled
“Detection of Genes Encoding Extended Spectrum
Beta-Lactamase in Enterobacteriaceae Isolates by
Using Loop-Mediated Isothermal Amplification
(LAMP)”. The project identification code is 533/
UNG6.C2.1.2/KEPK/PN/2014.

3 RESULTS AND DISCUSSION

Generally, the expression of plasmid-mediated
AmpC beta-lactamase gene cannot be induced by
the presence of beta-lactam antibiotics; however,
DHA-1 is exceptional.!®!! The expression of
blayy,,., gene in the bacterial plasmid was regu-
lated by AmpR gene, which was linked to its
inducible characteristic, same with chromosoma-
lly-mediated AmpC beta-lactamase gene.>!! The
increasing use of beta-lactam antibiotics in many
of infection cases may lead to an overexpression
of blay,,, gene in the plasmid of Enterobacte-
riaceae which can be horizontally transferred to
other bacterial plasmids. This mechanism was cor-
related to the occurrence of antimicrobial resist-
ance in Enterobacteriaceae clinical isolates which
may cause treatment failure and increase of mor-
bidity and mortality rate of infected patients.>!*-12
Thus, the detection of blay,, , gene in the plasmid
of Enterobacteriaceae clinical isolates is important
to improve the clinical treatment of the infected
patients.

In this study, PCR was used as a gold standard
method to detect the presence of blay,, , gene in
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Table 1. Prevalence of blay,,, , gene among Enterobac-
teriaceae clinical isolates.
Number Percentage
Total of isolates  of isolates
number of  with with
Bacterial clinical PDHA-1 PDHA-1
species isolates gene (+) gene (+)
E. coli 50 7 14%
K. pneumoniae 24 18 75%
E. cloacae 7 2 28.6%
K. oxytoca 2 1 50%
E. aerogenes 1 0 0%
P. mirabilis 1 0 0%
Total 85 28 32.9%

Enterobacteriaceae clinical isolates.>” The amplicon
size of PCR product for this gene was 405 base pairs.®
As shown in Table 1, PCR amplification revealed
a prevalence of 32.9% for blay,,, gene encoded
among the total eighty five Enterobacteriaceae clin-
ical isolates tested in this study. Of these, blay,,
gene was predominantly found in K pneumoniae
(75%) followed by K. oxytoca (50%), E. cloacae
(28.6%), and E. coli (14%).

To our knowledge, this is the first report from
Indonesia about the prevalence of blayy, , gene
among Enterobacteriaceae clinical isolates. The
prevalence found in this study were higher than
those in molecular epidemiological reports pub-
lished worldwide. In Korea, blap,, , gene have been
detected in 17.7% of E. coli and K. pneumoniae
clinical isolates,'* which similarly with the results of
study in India (17.8%)." In Singapore, 21% of E.
coli and K. pneumoniae clinical isolates have been
reported carrying blayy,, , gene in the plasmids.”
Compared to those reports, the studies from most of
non-Asian countries showed the low prevalence of
blayy,, gene in Enterobacteriaceae clinical isolates.
From the surveillance studies in United Kingdom,
United States, and Egypt, blay,,, , gene have been
reported in 2.22%, 6.97%, and 6.67% of Enterobac-
teriaceae clinical isolates, respectively.'¢'8

Among Enterobacteriaceae clinical isolates
tested in in this study, K. pneumoniae (75%) was
the most prevalent clinical isolates carrying blapy,
gene in the plasmid, which is consistent with most
of surveillance studies worldwide. However, the
frequency of the blayy, , gene detected in K. pneu-
moniae clinical isolates found in this study was the
highest number compared with most of previous
studies.”*™® The high prevalence of blay,, , gene
in Enterobacteriaceae clinical isolates in Indonesia
was thought as a consequence of irrational use of
beta-lactam antibiotics in many of infection cases
which may induced the expression and spreading



of inducible plasmid-mediated blayy,, , gene from
one infected patient to others.

4 CONCLUSIONS

The presence of blay,,, , gene in the bacterial plas-
mid has an important mechanism of treatment
failure among patients with Enterobacteriaceae
infection cases.!? This study was the first report
of the high prevalence of blay,,, gene among
Enterobacteriaceae clinical isolates in Indonesia.
The inducible plasmid-mediated blayy,, , gene was
detected in 32.9% of Enterobacteriaceae clinical
isolates, which was predominantly found in K.
pneumoniae clinical isolates. The results found in
this study should increase awareness of health care
provider in administering the rational and appro-
priate antibiotic to their patients. Alternatively,
when the presence of inducible plasmid-mediated
blay,, .., gene is detected in the plasmid of infec-
tion causal agent, the physician should avoid the
use of the third generation of beta-lactam antibi-
otics and prescribe the fourth generation of beta-
lactam antibiotics and/or carbapenems. Therefore,
the occurrence of antimicrobial resistance and the
expansion of resistance spectrum to beta-lactam
antibiotics among Enterobacteriaceae could be
minimized.

However, this study had certain limitations.
1) This study did not use a positive control of
organism carrying blay,,, gene for the electro-
phoresis process; 2) The information about the
sources of each clinical isolate used in this study is
limited; 3) A relatively small number of Enterobac-
teriaceae clinical isolates included in this study may
limit the power of our statistical analysis; 4) The
samples used in this study were taken from patients
in Bandung local area, which could not represent
the prevalence of blay,, , gene among Enterobac-
teriaceae clinical isolates in all Indonesian areas.
Thus, further studies from other areas in Indonesia
may be required to provide additional molecular
epidemiology reports about the presence of blay,,,
gene in Enterobacteriaceae clinical isolates.
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ABSTRACT: The aim of this study was to investigate the correlation between NIS and c-fos expression
in breast cancer cell lines as a basis for radioiodine treatment. NIS and c-fos mRNA expressions were
analyzed by reverse transcription PCR and their proteins were detected by immunocytofluorescence. We
found an inverse correlation between NIS and c-fos expressions. NIS protein and mRNA were found only
in SKBR-3 cells line. The protein was expressed in cytoplasm and membrane of cells. The copy number
of mRNA NIS was 0.7 £ 0.01. C-fos protein and mRNA were found exclusively in MCF-7 cells. The copy
number of mRNA c-fos was 1.13 + 0.02. Our data suggest that SKBR-3 cell line seems to be suitable to
receive radioiodine treatment. As c-fos expression can only be found in MCF-7, this finding has raised an
assumption that c-fos may not be appropriate as a marker of proliferation in breast cancer.

1 INTRODUCTION

Natrium Iodide Symporter is a sodium/iodide co-
transporter. It brings two sodium ions (Na*) and
the iodide (I") ion from the outside into the cell.
(Oh, JR 2012 & Kogai, T 2012) Radioiodine has
been used as adjuvant therapy for well-differenti-
ated thyroid cancer. In addition to thyroid cancer,
NIS expression is found mainly in invasive breast
cancer cases that have poor prognosis. (Tazebay,
UH 2011) Thus, they are likely to receive radioiod-
ine as adjuvant therapy as seen in thyroid cancer.
The mechanism of NIS expression in breast
cancer is still unclear. Several studies reported that,
there were strong correlations between NIS expres-
sion and malignant transformation of human
breast tissues. (Unterholzner, S 2006 & Tazebay,
UH 2000) Cell proliferation is controlled by intra-
cellular signaling pathways. Aggravation of the
pathways is linked to malignant transformation.
(Wagstaff, SC 2000) Furthermore, the prolifera-
tive signals are responsed by immediate early genes
such as c-fos. It is a proto-oncogen and is regulated
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by intracellular signals events at multiple levels.
Gee et al. study reported, there was correlation
between increased c-fos expression and elevated
cells proliferation and poor prognosis in breast
cancer diseases. (Lu, C & Shen, Q 2005)

The objectives of this study were to investigate
NIS and c-fos expressions in SKBR3 and MCF7
breast cancer cell lines and to determine the cor-
relation between them. It can be used as a basic
concept for radioiodine treatment in breast cancer.

2 MATERIALS AND METHODS

2.1

SKBR3 and MCF7 cell lines were used in this
study. SKBR3 was obtained from the American
Type Culture Collection (ATCC). MCF7 was
kindly provided by Dr. Ahmad Faried from Fac-
ulty of Medicine, Universitas Padjadjaran, Band-
ung-Indonesia. MCF7 was cultured in RPMI
1640 medium. SKBR3 was cultured in Mccoy’s
5A medium. Both cell culture mediums were

Cell lines culture



supplemented with 10% fetal bovine serum, 1%
Penicillin, 1% Streptomycin and 1% amphoter-
icin B. The cells were incubated at 37°C and were
supplied with 5% of carbon dioxide (CO,) until
80% cell confluence.

2.2 RNA extraction

The cells were harvested at the appropriate time
points by trypsinized, and then followed by cen-
trifuge at 1000 rpm for a period of 4 minutes. The
total RNA was isolated by using RNeasy mini kit
(Qiagen #74106) according to the manufacturer’s
instructions and it was quantified using Nanodrop
2000.

2.3 Quantitative real-time reverse
transcriptase—PCR (qRT-PCR)

Reverse transcription PCR was done on a Rotor
Gene. Five ng of mRNA was reverse transcribed
and analyzed by one step real-time quantita-
tive PCR. (Quantitect probe RT-PCR Qiagen #
204443). NIS was amplified with forward primers:
5’-CCATCCTGGATGACAACTTGG-3’, reverse:
5’-AAAAACAGACGATCCTCATTGGT-3,
probe:  5-AGAACTCCCCACTGGAAACAA-
GAAGCCC  (Presta  2005). C-fos was
amplified with forward primers: GCGGACTAC-
GAGGCGTCAT, reverse: GGAGGAGACCA-
GAGTGGGC, probe: 5-/56-FAM/CTC CCC
TGT/ZEN/CAA CAC ACA GGA CTT TTG
C/31ABKFQ/-3 (Proudnikov 2003). Housekeeping
gene (beta actin) was run parallel with the tested
genes that were amplified with forward prim-
ers: 5-ACCGAGCGCGGCTACAG-3, reverse:
5-CTTAATGTCACGCACGAT TTC C-3, probe:
5-/56-FAM/TTCACCACC/ZEN/ACGGCCGAG
c/31 ABkKFQ/-3. Three independent qPCR assays
were performed in triplicate. The expressions of
the genes were reported as copy numbers.

2.4 Immunocytofluorescence

The cells were seeded on coverslips in 24-wells
culture plates, then were fixated by 4% parafor-
maldehyde for 15 minutes. This was followed by
incubation with protein blocking agent fluores-
cein-isothiocyanate (FITC) for 15 minutes. The
cells were rinsed twice with an ice-cold PBS and
followed by an overnight incubation with 2 pg/ml
of rabbit polyclonal antibody anti-NIS (ab83816)
and 5 pg/ml of rabbit polyclonal antibody anti-cfos
(ab7963) at 4°C. Next, the cells were rinsed three
times with PBS and incubated at room tempera-
ture with Goat anti-Rabbit IgG polyclonal second-
ary antibody, with dilution 1:1500 (ab 6716) for
one hour. Again, the cells were rinsed three times
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with PBS. The coverslips were placed over and
mounted with fluoroshield containing DAPI. The
slides were inspected under immunofluorescense
microscope (Olympus BX51) with 200x magnifi-
cation. The cells which were only incubated with
secondary antibody were used as negative control.

2.5 Statistical analysis

Data were shown as mean of three individual
experiments and presented as mean + SD. Pearson
correlation was used to test the correlation between
NIS with c-fos expressions.

3 RESULTS

3.1

The expressions of NIS mRNA were only detected
in SKBR-3. Meanwhile, c-fos mRNA was detected
solely in MCF-7 cells as show in Figure 1.

RNA extraction

3.2 mRNA expressions of NIS and c-fos

We analyzed the expressions of NIS mRNA in
SKBR3 and MCF-7 cell lines. We observed that
NIS expression only shown in SKBR-3 cells, with
the copy number of NIS mRNA was 0.7+0.01. We
cannot identify its expressions in MCF-7 cells. On
the other hand, we detected c-fos mRNA expres-
sion in MCF-7 cells but not in SKBR-3 cells. The
copy number of mRNA c-fos was 1.13 £ 0.02.

3.3 NIS and c-fos protein

Results of immunofluorescence showed that NIS
proteins were expressed in SKBR3 cell line as
shown in Figure 2. The NIS expressions were pre-
dominantly seen at cytoplasm instead of at cell
membrane. On the other hand, we cannot detect
NIS protein expressions in MCF7 cell lines. This
finding has an agreement with qRT-PCR results.

In contrast to NIS protein, c-fos is expressed
only in MCF7 cells and seen at nuclei as shown in
Figure 3.

MCF7 SKBR3

C-fos NIS Beta actin

Figure 1. Expressions of c-fos in MCF-7 and NIS in
SKBR-3 cells were investigated by qRT-PCR. A pre-
dicted 231-bp c-fos, 100-bp NIS and 80 bp beta actin
PCR products were quantified by Nanodrop.
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Figure 2. Immunocytofluorescence stains show NIS
protein (green) mainly in cytoplasm (arrow) and mem-
brane (head arrow). Nuclei is (blue) at 200x magnifi-
cation from SKBR3 cell line. (a) merge FITC+DAPI.
(b) DAPL. (c) FITC.

a.

Figure 3. C-fos protein expressions at nuclei showed
as green staining by FITC and nuclei as blue staining by
DAPI at 200x magnification in MCF-7 cells.

3.4 Correlation between NIS with c-fos
expressions

SKBR3 cell lines has NIS expression. It represents
HER?2 subtype. In contrast with NIS expression,
c-fos is expressed in MCF7 which represents lumi-
nal A subtype. From this study, we found an inverse
correlation between NIS and c-fos expressions.

4 DISCUSSION

The expression of NIS in extra-thyroid tissues
has been reported in some previous studies. These
findings have been considered for radioiodine
therapy in extra-thyroid tumor, including breast
cancer. A study by Tazebay et al, reported that
NIS was expressed in more than 80% of invasive
breast cancer tissues. (Tazebay, UH 2011) Another
study by Wapnir et al, reported that the expression
was found in 76% of invasive breast cancer tissues.
(Wapnir, IL 2003) Studies by other groups reported
that 34% out of 44 breast cancer tissues expressed
NIS and was also reported that 65.5% out of 23
triple negative breast cancer tissues expressed NIS.
(Reiner, C 2009)

In this study, we found that NIS mRNA and
protein expressions were identified only in SKBR3
cell. SKBR3 is a breast cancer cell line with HER2
receptor positive (HER2), estrogen and proges-
terone receptors negative (ER7/PR-). (Holliday,
DL 2011 & O’Brien, KM 2010) Furthermore,

21

the expressions of NIS were not detected in
MCF7 cells. This cell line is luminal A type of
breast cancer model, with estrogen and proges-
terone receptors positive (ER*/PR*) and HER2
receptor negative (HER2"). (Holliday, DL 2011 &
O’Brien, KM 2010) The previous studies reported
that, Retinoid Acid (RA) treatment is mandatory
to induce NIS expression in MCF7 cell. (Dohan, O
2006 & Kogai, T 2006) Thus, it is assumed that
NIS expression in MCF7 is RA dependent. Fur-
thermore, the efficacy of radioiodine therapy for
breast cancer will be likely depended on the level
of NIS expression.

It is important to determine molecular breast
cancer subtypes to be a candidate for radioiodine
treatment. Radioiodine seems to be a promising
adjuvant treatment for breast cancer, mainly for
cases which are unresponsive to the treatment.
Several agents are used to increase NIS expression,
such as retinoic acid, hormones and proliferative
agents. (Kogai, T 2012 & Jung, KH 2008 & Arturi,
F 2005)

A study by Tazebay et al reported, that there
was a correlation between NIS expression and
malignant transformation of human breast tis-
sue. (Unterholzner, S 2006 & Tazebay, UH 2000)
Furthermore, our study showed SKBR3 cell lines
which represent HER2 subtype were expressing
NIS endogen. This leads us to assume that increas-
ing of cell proliferation will up-regulate NIS
expressions in breast cancer.

C-fos is a proto-oncogene. It plays a critical
regulator in response to the proliferative signals.
(Mahner, S. et al. 2008 & Middle-langosch, K
2004 & Wagstaff, SC 2000) It is used as a marker
of proliferation. (Jimeno, A 2006) Furthermore,
c-fos also has control in breast cancer cells growth
regulation. (Lu, C & Shen, Q 2005) In our study,
we found c-fos mRNA and protein expressions
only in MCF 7 cells. Conversely, the expressions
were absent in SKBR3 cells. The growth of Estro-
gen Receptor (ER) positive breast cancer cells are
effectively inhibited by Tam67 but not the ER
negative breast cancer cells. It can be hypothesized
that an absence of c-fos expression in SKBR3 cells
are related to ER negative cell lines type. (Lu, C &
Shen, Q 2005)

5 CONCLUSIONS

The expression of NIS varies among breast cancer
cell lines. In contrast to SKBR3 which represents
a HER2 subtype, MCF7 cell lines that represent
a luminal A subtype do not expressed NIS. The
correlation of expression between NIS and c-fos
is inverted. This finding has raised an assumption
that c-fos may not be an appropriate marker of



proliferation in breast cancer. As SKBR3 cell lines
has NIS expression, therefore, radioiodine could
be potential for breast cancer adjuvant therapy,
particularly for HER2.
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Fat mass profile in early adolescence: Influence of nutritional
parameters and r$9939609 FTO polymorphism
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Faculty of Medicine, Padjadjaran University, Bandung, Indonesia

ABSTRACT: Fat mass is one of the important parameters for metabolic risk screening in adolescents.
A genetic variant of FTO, such as rs9939609, is predisposed to higher fat mass. Nutritional intake in
adolescence is an important factor to optimize growth spurt and maintain health status. The objective of
this study was to identify the characteristics of fat mass associated with rs9939609 FTO polymorphism,
macronutrient intake, and nutritional status parameters in early adolescence. A total of 192 early
adolescents aged 10-14 years were genotyped for rs9939609 polymorphism, underwent body composition
and anthropometric measurements, and were asked about their eating pattern of macronutrients.
A bivariate analysis showed significant differences in fat mass based on gender (p: 0,003), height (p: 0,05),
and body mass index (p: 0,00), and non-significant differences based on rs9939609 FTO polymorphism
(p: 0,89), energy intake (P: 0,94), and protein intake (p: 0,2). The result indicated that gender, BMI, height,
and protein intake had an influence on fat mass. Hormonal influence in early adolescence increased fat
deposition in females. Body height affected body composition because of differences in skeletal and muscle
mass. There was no influence of the rs9939609 FTO gene variant between races, although FTO had the
highest risk allele among other genetic factors predisposed to fat deposition. Genetic and environmental
factors had an influence on fat mass. As a result, it became important to analyze other obesity-related
genetic and environmental factors because many indirect correlations were found between chronic disease,
genetic characteristic, adolescent sedentary lifestyle, and long-term comorbidity.

Keywords: fat mass, early adolescence, height, BMI, nutritional intake, 9939609 FTO polymorphism

1 INTRODUCTION during growth, especially during the catch-up

growth, correlates with the occurrence of short
Body fat mass describes adequate nutrient reserve,  stature. Low intake of nutrients can occur pri-
optimal growth, metabolic conditions, disease sus-  marily due to the lack of nutrition or secondarily

ceptibility, and various risk factors."* because of increasing need, for example, in chil-
Fat mass is influenced by genetic and envi-  dren with chronic infection.!*!3
ronmental factors. Thus, it is important to assess The problem of malnutrition occurs in all age

whether genetic factors can increase risk factors  groups, including teenagers and adolescents. For
associated with adolescent body composition.®  example, the data from Riset Kesehatan Dasar
Fat mass obesity (FTO) gene is a gene that encodes  (RISKESDAS) showed that nutrient intake pro-
the FTO protein.®” This protein functions as a co-  files in West Java are still low. Mean energy and
substrate of 2-oxoglutarate which is an intermedi-  protein intake in West Java is still below the recom-
ate protein in the citric acid cycle.”® The FTO gene  mended levels.!*
interacts with other genes that affect food intake The objective of this study was to identify the
by regulating hunger and satiety. Various studies  characteristics of fat mass associated with rs9939609
have suggested that FTO has a significant role in ~ FTO polymorphism, macronutrient intake, and
fat mass increase and BMI.’ nutritional status parameters in early adolescence.

FTO gene polymorphism tends to increase body
fat mass. A study on SNP rs9939609 polymorphism
of the FTO gene conducted in Pakistani women
showed a significant association with increased
BMI and the risk of obesity.!*!!

The adequacy of energy and protein intake  The present cross-sectional study was conducted
is important to maintain the continuity of tissue  from September 2014 until April 2015 in Sub-
hyperplasia and hypertrophy. Lack of nutrition  district Jatinangor, which is a semi-urban area in

2 MATERIALS AND METHODS

2.1 Sample
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West Java province with high dynamic changes in
lifestyle. A total of 192 subjects, aged between 10
and 14 years, were selected from three elementary
schools and four junior high schools.

2.2 Anthropometric measurements

All the children underwent a series of
anthropometric measurements, which included
height, weight, BMI, and body composition.
The measurements were taken according to the
standard protocols. Standing height, without
shoes, was measured (to the nearest 0.1 cm) with
a stadiometer (Leicester Stadiometer, Seca). Body
weight, in light clothing, was measured (to the near-
est 0.1 kg) with a mechanical floor scale (Tanita).
The BMI was calculated as weight (in kilograms)
divided by the square of height (in meters).

2.3 Body fat mass

Fat mass was measured by using a bioimpedance
analyzer (Tanita SC 240 MA). The procedure for
measuring weight and body fat is as follows: turn
on the scale, set the date of birthday, select female
or male, press specify height and then press the set
button. Next, step on to the scale and measure the
weight and body fat after “0.0” is shown on dis-
play within 30 seconds. The readings will be shown
for 40 seconds. The unit will then shut off and the
readings will be stored in the memory.

2.4 Measurement of food intake

Food intake was collected using the 2 x 24 hour
recall. Subjects were asked to report all of the foods
eaten or drunk on the previous day in an uninter-
rupted free flowing list. For each item of food or
drink in the quick list, the respondents were asked
to provide additional details, including: the time
at which the food or drink was consumed, a full
description of the food or drink, including brand
name where available, any food likely to be eaten
in combination, e.g. milk in coffee, the quantity
consumed, based on household measures and food
model of different portion sizes of food, or actual
weights from labels or packets. The interviewer
reviewed all of the food eaten and drunk in chrono-
logical order, prompting for any additional eating or
drinking occasions and food or drinks consumed.

Nutrient composition was analyzed according
to the Indonesian Food Composition Table (SPSS,
and Excel Program from Microsoft).

2.5 DNA extraction and genotyping

Genomic DNA was extracted from whole
blood using a genomic DNA purification kit
(Fermentas, USA). Genotyping of 1rs9939609

polymorphism at the F7O locus was carried out
by the Polymerase Chain Reaction—Restriction
Fragment Length Polymorphism assay (PCR-
RFLP). A DNA fragment containing rs9939609
polymorphism was amplified using specific prim-
ers (forward primer sequence: AACTGGCTCTT-
GAATGAAATAGGATTCAGA and reverse
primer sequence: AGAGTAACAGAGACTATC-
CAAGTGCAGTAC). The PCR was carried out
using a thermocycler (Icycler 5; BioRad, USA)
under optimized conditions. In a 25 uL reaction,
PCR components consisted of 50 ng DNA, 1X
Taq buffer, 2 mM MgCl,, 200 uM of each dNTP,
10 pmol of each primer, and 1U 7ag DNA polymer-
ase. Thermal cycling was performed as follows:
initial denaturation at 95°C for 4 min, followed
by 35 cycles of denaturation at 94°C for 30 sec,
annealing at 58°C for 30 sec and extension at 72°C
for 1 min, and then a final extension step at 72°C
for 10 min. Amplified products were digested with
the restriction enzyme Scal (Favorgen, Taiwan) to
analyze polymorphism by RFLP assay.

2.6  Statistical analysis

Data were analyzed using SPSS software (version
20, SPSS). Quantitative traits (height, weight, BMI,
fat mass, and nutrient intake) were analyzed by uni-
variate analysis of variance. Age and sex were used
as covariates when appropriate. Descriptive statis-
tics were used to determine the mean and Standard
Deviation (SD) of age- and gender-specific anthro-
pometric indicators. Fisher’s exact test was used
to determine the significant difference between fat
mass and another variable. The level of significance
was set at P < 0.05. Table 1 presents the means and
SD and t-ratios of absolute body mass and body
composition of both the normal and malnourished
groups of children aged 3 to 11 years.

3 RESULTS

A total of 192 early adolescents participated in the
study. The characteristics of the subjects including

Table 1. Anthropometric characteristics of the subjects.
Distribution
Variable (n: 192)
Gender
Male 41,14%
Female 58,86%
Age (mean, SB) 12,02 (1,22)
Height (mean, SB) 143,40 (9,40)
Weight (mean, SB) 37,05 (9,42)
BMI (mean, SB) 18,54 (3,24)




age, gender, height, weight, and BMI are listed in
Table 1. Their anthropometric characteristics are
presented in Table 1.

Among the gender characteristics, male early
adolescents were more frequent than female ado-
lescents. The height and weight data showed a wide
distribution range.

The characteristics of fat mass given in Table 2
describe the wide distribution range from 0,8 to
31 kg.

Furthermore, Table 3 reports the characteristics
of the FTO rs9939609 polymorphism. It shows
that the frequency of homozygote and heterozy-
gote mutants is less than the homozygous wild
type (17, 17%).

The characteristics of the subjects based on
total energy intake (kcal), protein (g), fat (g), and
carbohydrates (g) presented in Table 4 show large
variation, although the repetition of the 24 hour
recall showed a homogeneous meal pattern.

Association between fat mass and each variable.

A bivariate analysis showed significant differ-
ences in fat mass based on gender, height, and
body mass index, and non-significant differences
based on rs9939609 FTO polymorphism, energy
intake, and protein intake.

Overall, the result from the multivariate analy-
sis indicated that gender, BMI, height, and protein
intake could predict fat mass. Age, gender, body

Table 2. Fat mass characteristics of the subjects.

Distribution (n:192)
Mean (SD) 7,17 (5,45)
Median (min-max) 6,3 (0,8-31)

Table 3. FTO rs9939609 polymorphism geno-
type characteristics of the subjects.

Genotype Frequency (n:192)
AA/AT 33 (17,18)
TT 159 (82,81)

Table 4. Nutrient intake characteristics of the subjects.

Variable Mean Median
(n:192) (SD) (min-max)
Energy (kcal) 1616,83 1518,86

(598,68) (461,94-3597,71)
Protein (g) 44,71 43,47

(18,37) (10,88-101,19)
Fat (g) 60,03 49,85

(81,83) (2,75-111,70)
Carbohydrate (g) 872,2 235,29

(117,44) (393-1627,60)
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Table 5. Association between fat mass and variables.
Variable Mean (SD) P
Gender** 0,003
Male 41,14%
Female 58,86%
Height* 143,40 (9,40) 0,04
BMI* 18,54 (3,24) 0,0001
Energy* 1616,83 (598,68) 0,94
Protein* 44,71 (18,37) 0,2
Fat* 60,03 (81,83) 0,36
Carbohydrate* 872,2 (117,44) 0,43
Polymorphism** 0,89
AA/AT 33(17,18)
TT 159 (82,81)

*Chi square; **Fisher’s exact.

Table 6. Association between fat mass and variables.

Variable p R2
Height 0,47
Gender 0,17
Age 0,02 0,4
BMI 0,00
Protein intake 0,03

height, BMI, and protein intake could predict fat
mass with moderate power.

4 DISCUSSION

In early adolescence, hormonal influence increased
fat deposition in females. The reason is that this
condition may occur due to differences in the influ-
ence of reproductive hormones in the age range
of 10 to 14 years, and the growth rate difference
between boys and girls."?

Body height affects body composition because
of differences in skeletal and muscle mass.'

BMI was in the borderline normal range, and a
clinical significant distribution of nutritional sta-
tus is lacking.

The result of fat mass distribution shows consid-
erable variation. This would likely influence repro-
ductive hormones that differ in male and female
early adolescents, because in male adolescents, the
focus is on the growth of fat-free mass, while in
women, higher fat mass deposition supports the
maturation of the reproductive function.'*

Furthermore, the results indicated that this gene
isassociated with the control of energy metabolism,
physical activity, and eating behavior. Research on
mice showed a statistically significant association
between the FTO gene and increased expression of



the protein intake. FTO rs9939609 gene polymor-
phism showed that the frequency of polymorphism
is not as high as other races such as the research on
the profile of the rs9939609 FTO gene polymor-
phism in Europe and Japan. There is no influence
of the rs9939609 FTO gene variant with the high-
est risk allele among other genetic factors on fat
deposition.'

Although FTO alleles have the highest fre-
quency among other genes that affect fat deposi-
tion, it does not support adequate nutrition as a
substrate for fat deposition.'

The distribution of the nutrition profile reported
that nutritional intake is lower than the Indonesian
reference nutrient intake. These characteristics are
similar to some research conducted in developing
countries that show a correlation between nutri-
tion and retarded linear growth.'¢

Multivariate analysis with linear regression
shows that several factors affect fat deposition. In
this study, age is inversely correlated with fat mass.
However, it is necessary to study other factors that
affect fat deposition due to the effect of growth
hormones on fat mass and fat-free mass, especially
against smaller mass with older age.

Body height correlates with increased fat mass,
which is different from the results of previous stud-
ies where the height is inversely associated with fat
mass; however, other factors that affect fat deposi-
tion need to be considered.

There is a relationship between fat mass and
BMI, which is in line with other studies, and it can
be predicted that BMI and fat mass have the same
predictive clinical interpretation of the risk factors
for diseases associated with fat mass.

Adequate protein intake decreases fat deposi-
tion. Protein intake analyzed in this study can be
considered as a possible risk factor for excess fat
deposition. This study has several strengths. First,
this survey is comprehensive and measures a broad
range of nutrition-related parameters.

Second, it provides a valuable database and adds
to the scanty literature on the regional nutritional
status.

A limitation of this study is that due to the dif-
ferent sampling protocol, our study was sampled
at the school and not at the household level.

Another limitation is the overestimation of por-
tion sizes in dietary assessment, as the 24-hour
recall was proxy-reported by the parents of the
subjects. Some subjects had difficulty in estimating
the portion sizes of the foods consumed.

5 CONCLUSION

This study provided a significant amount of data
on the nutritional status and variables related to
early adolescence.
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Collectively, the findings of the present study
reveal that there is an association between envi-
ronmental factors and fat mass but no association
with 1s9939609 FTO gene polymorphism.

A strategy for improving the normal deposition
of fat mass is to increase nutritional intake, espe-
cially protein intake.

Many multifactorial genetic and environmental
factors have influenced fat mass. Therefore, it is
important to analyze, for example, physical activ-
ity and morbidity status, and another genetic fac-
tor because many indirect correlations have been
found between chronic disease, genetic character-
istic, trend of adolescent sedentary lifestyle, and
long-term comorbidity.
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A study of the palatal rugae pattern as a bioindicator for forensic
identification among Sundanese and Malaysian Tamils
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West Java, Indonesia
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ABSTRACT: The use of human palatal rugae has been suggested as an alternative method for forensic
identification, especially if teeth are lost due to any reason. This study was conducted to identify and com-
pare the palatal rugae pattern of Sundanese and Malaysian Tamil students at the Faculty of Dentistry,
Universitas Padjadjaran Indonesia. A total of 60 subjects comprising 30 Sundanese and 30 Malaysian
Tamils aged between 18 and 25 years were included in this study. Rugae patterns were analyzed based on
the Thomas and Kotze classification. The chi-square test was used to study the statistical significance.
Sundanese had more wavy pattern (70%), which was significantly higher in proportion (P < 0.05) when
compared with Malaysian Tamils (20%), while Malaysian Tamils had predominantly a curved pattern
(66.7%) and showed significant differences in proportion (P < 0.05) when compared with Sundanese
(16.6%). The difference in the palatal rugae pattern between the two different ethnic groups can be used
as a bioindicator for population identification.

Keywords: Palatal rugae pattern, population identification, Sundanese, Malaysian Tamils

1 INTRODUCTION Palatal rugae are guarded by other oral struc-
tures such as the teeth, bone, buccal pad, cheek,
In forensic identification, establishing a person’s  tongue, and lips. Owing to its internal position in
identity can be a very difficult process. Finger-  the oral cavity, palatal rugae are protected from
prints, DNA profiling, and odontology are the trauma, high temperatures, and decomposition
most common techniques used to make a positive  after death up to 7 days (Segelinck et al. 2005,
human identification. As it cannot be always used =~ Mutsuhubramanian et al. 2005, Acharya et al.
in several situations, other techniques can be suc-  2007).
cessfully used as an alternative in human identifi- Palatal rugae pattern may also be specific to
cation. The use of human palatal rugae in forensic ~ racial groups, allowing population identification.
dentistry has been suggested to establish a person’s  Studies have shown that certain palatal rugae pat-
identity. It can be considered as an alternative terns are particular to different populations. Kapali
method in human identification if teeth are lost et al. (1997) studied rugae patterns in different
due to any reason, the most common of which is  ethnic groups of Australian Caucasians and Abo-
trauma and also in edentulous cases (Caldas et al.  rigines, and revealed a statistically significant asso-
2007, Bansode & Kulkarni 2009). ciation between rugae shapes and ethnicity. Shetty
Palatal rugae are the anatomical folds that are et al. (2005) carried out a comparative analysis of
located in the anterior third of the palate behind  palatal rugae pattern in Mysorean and Tibetan
the incisive papilla. It is formed in the early intrau-  populations, and revealed a difference in the length
terine life from the hard connective tissue covering  and shape of rugae between the two tribes. Thus,
the palatal bone (Bansode & Kulkarni 2009). The  the uniqueness to different ethnic groups, stability,
patterns are formed by the third month of prenatal  postmortem resistance, and additionally low utili-
life and remain stable throughout the person’s life.  zation cost makes palatal rugae useful for popula-
Once it is formed, it only changes in length due to  tion identification in forensic dentistry (Nayak
normal growth. et al. 2007).
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This study was conducted to identify and compare
the palatal rugae pattern of Sundanese and Malay-
sian Tamil students at the Faculty of Dentistry,
Universitas Padjadjaran Indonesia. These groups
were selected for the study due to racial differences.
Sundanese are ethnic groups native to the western
part of the Indonesian Island of Java. Racially, Sun-
danese belong to the Southern Mongoloid. While
Malaysian Tamils are Tamil people born in or immi-
grated to Malaysia. Tamils are Caucasoid, a part
of Dravidian branch, which is largely a part of the
Mediterranean branch of the Caucasoid race.

2 MATERIALS AND METHODS

In this study, 60 subjects were randomly selected
from Faculty of Dentistry Universitas Padjadjaran
Indonesia students, comprising 30 Sundanese and
30 Malaysian Tamils aged between 18 and 25 years.
Before conducting the study, the subjects were
informed about this study and informed consent
was obtained from each participant. The study
protocol was reviewed and approved by the Ethical
Committee of the Institution.

Subjects with any palatal abnormalities and
deformity such as cleft palate, bony protuberances,
scars and palatal asymmetries, previous history of
any trauma and surgery involving palate, allergic
to impression material, having active lesions in the
palate, wearing partial dentures, and orthodontic
appliance were excluded.

From each subject, an alginate impression of the
maxillary arch was made using an appropriate tray,
and the cast was prepared using Type III dental
stone. The palatal rugae patterns were highlighted
using a black graphite pencil on the dental cast (see
Figure 1) and were analyzed according to Thomas

Figure 1.
cast of subjects.

Palatal rugae pattern analysis using dental
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Figure 2. Palatal rugae classification by Thomas and
Kotze.

and Kotze classification (Paliwal et al. 2010) (see
Figure 2). This classification divided the palatal
rugae pattern into four types based on its shape:
straight, curved, wavy, and circular. Straight type
ran directly from their origin to termination in a
straight line. The curved type had a simple crescent
shape which curved gently. Wavy rugae had a slight
curved at the origin or termination and rugae that
formed a definite continuous ring formation were
classified as circular.

All the identifications were carried out by a
single examiner. The association between palatal
rugae pattern and ethnicity was tested using the
chi-square analysis.

3 RESULTS

The major palatal rugae patterns in the total sub-
jects of Sundanese and Malaysian Tamils are pre-
sented in Table 1. The more common pattern was
wavy (70%), followed by curved (16.6%), straight
(6.7%), and circular (6.7%) in the Sundanese popu-
lation, whereas in the Malaysian Tamil population,
curved (66.7%) pattern was more common fol-
lowed by wavy (20%), straight (10%), and circular
(3.3%).

The most common patterns in both ethnic
groups were wavy and curved forms, whereas
straight and circular types were least common.
Overall, there was a statistically significant associa-
tion between the palatal rugae pattern and the eth-
nicity (chi-squared value = 17.87 with three degrees
of freedom, P < 0.05) (see Table 1). In Sundanese
population, the most common pattern was the
wavy one followed by the curved one. On the other
hand, the most predominant pattern in Malaysian
Tamil students was the curved one followed by the
wavy one.

The Sundanese had a wavier pattern with per-
centage values of 70%, which is significantly higher
in proportion (P < 0.05) when compared with the
Malaysian Tamils with percentage values of 20%,
while Malaysian Tamils proved to be curved pre-
dominant with percentage values of 66.7% and
showed significant difference in proportion (P <
0.05) when compared with the Sundanese with
percentage curve values of 16.6%.



Table 1. Distribution of different palatal rugae patterns
in total subjects of Sundanese and Malaysian Tamils*.

Malaysian
Sundanese Tamils
Shapes n (%) n (%)
Curved 5(16.6) 20 (66.7)
Wavy 21 (70) 6 (20)
Straight 2(6.7) 3(10)
Circular 2(6.7) 1(3.3)

* Chi-squared value = 17.87 with three degrees of free-
dom, P <0.05.

4 DISCUSSION

Palatal rugae first appeared in an anatomy text-
book by Winslow in 1732, and was first illustrated
by Santorini in 1975 (Shetty et al. 2005). The use
of palatal rugae was first suggested as a method
of human identification by Harrison Allen in
1889 (Caldas et al. 2007). Since then, many have
attempted to study the palatal rugae in order to
establish the identity of an individual.

The palatal rugae are irregular and asymmetri-
cal anatomical fold that are located in the ante-
rior third of the palate behind the incisive papilla
and across the anterior part of the median pala-
tal raphe. It is formed in the early intrauterine life
from the hard connective tissue covering the pala-
tal bone and its formation is under genetic control
(Bansode & Kulkarni 2009).

Many researchers hypothesize that, once it is
formed, the palatal rugae pattern is distinct to an
individual. Its design and structure are unchanged
and are not altered by chemicals, physicals, thermal
factors, or diseases. It does not change throughout
the person’s life, except for an increase in length
due to normal growth.

The potential of palatal rugae in forensic iden-
tification has advantages because of its simplic-
ity, cost-effectiveness, and reliability (Nayak et al.
2007). There are several techniques for analyzing
the palatal rugae. The study of dental cast for rugae
pattern is the most simple and reliable method.

This study was conducted to identify and com-
pare the palatal rugae pattern in two different pop-
ulations. Rugae patterns were analyzed according
to Thomas and Kotze classification. This method
was simple to perform and less time-consuming.
The total numbers of palatal rugae in the Sun-
danese and Malaysian Tamil groups were found
to be different from one another and they show
statistically significant difference. These findings
were consistent with those of previous studies con-
ducted by Hauser et al. (1989) in Swazi and Greek
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populations, by Kapali et al. (1997) in Australian
Caucasians and Aborigines also by Shetty et al.
(2005), and Paliwal et al. (2010) among Indian
population. These various authors found definite
differences in the palatal rugae patterns between
two populations.

Analysis of the palatal rugae pattern showed the
wavy pattern to be more prevalent in Sundanese
population, followed by the curved one, whereas
the curved pattern was found to more prevailing in
Malaysian Tamil population followed by the wavy
one. It was also noticed that straight and circular
types were least common in both populations. Our
results are concordant with the data revealed by
various authors in the similar studies conducted
earlier (Kapali et al. 1997, Shetty et al. 2005). Pree-
thi et al. (2007) also reported similar findings on
Western and South Indian populations, where
circular types were few in number (Nayak et al.
2007).

The significant differences in palatal rugae pat-
terns among Sundanese and Malaysian Tamils
have stated the fact that certain patterns are more
common in certain populations, which emphasized
its importance in population identification.

5 CONCLUSIONS

This study concludes that the wavy pattern was
more common in Sundanese, whereas the curved
pattern was more common in Malaysian Tamils.
The fact that certain patterns are more common in
certain populations emphasized that it can be used
as a bioindicator for population identification.
The difference in the palatal rugae pattern between
two different ethnic groups may be factored on
wide genetic and geographic separation. However,
the role of genetics in rugae pattern needs to be
evaluated.
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Effect of acrylamide in steeping robusta coffee (Coffea canephora var.
robusta) on memory function and histopathological changes of brain
cells in male rats (Rattus norvegicus)
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ABSTRACT: Coffee is known to contain acrylamide, a carcinogenic substance, that will lead to changes
in the chemical structure of DNA, resulting in the degeneration of brain cells. It also contains caffeine,
melanoidin, chlorogenic acid, and flavonoids that have been predicted to improve memory function. Objec-
tive: to evaluate the effect of steeping robusta coftee (Coffea canephora var. robusta) on memory function
using the Morris water maze test and on histopathological changes of brain cells in male rats (Rattus
norvegicus). Methods: this research is a true experiment with the posttest only control group design. The
samples were divided into five groups. Group 1 received no treatment (normal control); groups II, IIL, TV,
and V received steeping robusta coffee (Coffea canephora var. robusta) at different doses (0.36 ml, 0.72 ml,
1.44 ml, and 2.16 ml) for 28 days. Results: for memory function, the one-way ANOVA test showed signifi-
cant effects (sig =0.000, p < 0.05). Tukey’s test showed a significant value of p < 0.05 in the groups treated
with doses of 0.36 ml, 0.72 ml, 1.44 ml, and 2.16 ml, which differed significantly from the normal control
group, but the group treated with the dose of 0.36 ml was not significantly different from the negative
control group. Pearson’s correlation test showed a value of 0.953, which means that when a higher dose of
steeping robusta coffee is given, a higher time is required to find a &idden platform. For histopathological
changes, the one-way ANOVA test showed p < 0.05, which means that there is a significant effect. Tukey’s
test showed a significant value of p <0.05 in the treatment group. The strength of the relationship shows
that steeping robusta coffee increases the number of edema cells in the brain (92.2%). Conclusion: steep-
ing robusta coffee can cause a decrease in the memory function and histopathological changes of brain
cells in male rats.

Keywords:  Acrylamide, coffee robusta, memory function, brain cells

1 INTRODUCTION histopathological changes of the brain cells in male
Wistar rat strains (Rattus norvegicus).

Coffee is a drink that is very popular in the public

because of its taste and flavor. Based on studies,

coffee has been found to have acrylamide content 2 METHODS

and high organic acid content. Acrylamide is a

known free radical in animals and in humans, and  This research is a true experiment using the post-

its specific doses can be toxic to the nervous sys-  test only control group design. Changes in the

tem of animals and humans.! Acrylamide has the = memory function in male Wistar rat strains were

potential to exert neurotoxic effects, which affect  assessed using the Morris water maze test, and

catecholamine levels and several enzyme activities  the histopathological changes in the brain in male

in the brain.? On the other hand, coffee also con-  Wistar rats were also assessed.

tains caffeine, which in small doses can improve the This study used 25 healthy male rats (Rattus

memory function.’ On the other hand, coffee also  norvegicus Wistar strain) aged 10-12 weeks and

contains chlorogenic acid, a highly antioxidant weighing 180-250 grams. Rats were divided into

compound, that can break the chains of free radi-  five groups with each group containing a total of

cals caused by acrylamide. five rats. Group 1 (negative control) consisted of
Coffee has both positive and negative effects  rats that were fed with BR-1 and were not given

depending on the content, and this makes the any treatment. Groups 2, 3, 4, and 5 are consisted

author to examine the effect of steeping cof-  of rats that were given steeping robusta coffee

fee in graded doses on the memory function and  (Coffea canephora var. robusta) at different doses
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(0.36 ml, 0.72 ml, 1.44 ml, 2.16 ml) for 28 days.
Prior to the treatment on rats, the process of adap-
tation to water maze was conducted for 3 days and
then the water maze was tested for 28 days to deter-
mine the memory function in each group of rats by
observing the average time taken by a rat to find
the hidden platform. After treatment, the rats were
examined to assess the histopathological changes in
the brain. Histopathological changes were assessed
by the presence of glia cells that were edematous,
characterized by the piknotik cell nucleus, and the
vacuolated cytoplasm (halo). Observations were
made in five visual fields at 400x magnification.

3 RESULTS

Based on the results, the difference in the median
time from administration of varying doses of
robusta coffee (Coffea canephora var. robusta) to
the time when rats find a hidden platform. There
is a tendency that the higher dosage of brewed

Table 1. Effect of steeping robusta coffee (Coffea
canephora var. robusta) on the average time required to
find a hidden platform (seconds) as well as the average
amount of cell edema.

Average time required The mean number
to find a hidden of cells edema

Treatment  platform (seconds) (5 visual fields)
K1 65,5525 18

K2 64,5375 19.45

K3 66,7850 22.8

K4 69,5700 27.3

K5 71,8750 29

Figure 1.
acrylamide with HE staining (400x objective). Red arrow
indicates cell edema.

Microscopic images of brain cells induced by

robusta coffee (Coffea canephora var. robusta) will
increase the average time needed to find the hid-
den platform. Except for group 2, there occurred
a slight decrease in the average time from the nor-
mal group. From the amount of edema in the brain
cells of rats, we obtained that the greater the dose
of coffee, the more the number of glial cells that
experienced edema.

Recapitulation data analysis one-way ANOVA
test well to changes in memory function as well as
the number of cell edema indicates that the value
of sig=0.000 (p < 0.005). It can be concluded that
there is a significant relationship between admin-
istration of steeping robusta coffee and changes
in memory and histopathological functions of the
brain in male Wistar rats.

4 DISCUSSION

In this study, the assessment of memory function
obtained different results with research done by
Angelucci (2002) and Nehlig (2010), evidenced
by data such as the average time required to find
a hidden platform in the normal group and the
treatment group. Factors that distinguish this
study from previous research studies conducted by
Angelucci (2002) and Nehlig (2010), where pure
caffeine preparation was used, is the use of steep-
ing robusta coffee (Coffea canephora var. robusta),
because the Indonesian people consume more
steeping coffee of the pure caffeine.>*

Based on the statistical test to the average time
needed to find a hidden platform that shows the
memory function of Wistar rat strains during
28 days, it was found that the normal control group
had the average number of times higher than the
group treated with Award steeping robusta cof-
fee (Coffea canephora var. robusta) 0.36 ml dose
of 131-220 mg caffeine, although the statistics
showed no significant results. This shows that the
administration of steeping robusta coffee at a dose
of 0.36 ml equivalent to one cup of coffee may
improve the memory function.

In the normal group, the average number of
times is lower than that in the treatment group
with steeping Award robusta coffee (Coffea
canephora var. robusta) at different doses (0.72 ml,
1.44 ml, 2.16 ml) containing caffeine (262-440 mg,
524-880 mg, 786-1320 mg). This indicates that
administration of doses of robusta coffee steeping
(0.72 ml, 1.44 ml, 2.16 ml) or its equivalent (2, 4,
and 6 cups of coffee) can reduce the memory func-
tion of rats, determined by calculating the aver-
age number of times needed to find the hidden
platform.

The results of this study have less in common
with the results of Han et al (2007) on the effect of



pure caffeine administration at a dose of 300 mg
on the memory function of rats for 28 days. The
study showed that there are significant differ-
ences in the mean time between the normal con-
trol group and the treatment groups. In the normal
group, the average number of times is lower than
that in the treatment group administered with a
dose of 300 mg of pure caffeine. This shows that
the administration of pure caffeine in high doses
can reduce the memory function.’

Additionally, steeping robusta coffee contains
acrylamide, which is the end product in the proc-
ess of roasting coffee, appears as a clear crystal,
is odorless, easily soluble in water, and present in
many other organic solvents, but insoluble in ben-
zene and heptane. A cup of coffee contains acry-
lamide at a concentration ranging from 0.32 to
1.46 g/30 mlin 6 g of coffee. Acrylamide is a harm-
ful substance that has the potential to cause cancer
in about 2% of cases each year in the world. Acry-
lamide is usually found in foods that are processed
using high temperatures above 150°C. Acrylamide
is not formed at a temperature below 120°C.¢

Acrylamide is a compound containing ammo-
nia, a compound that affects brain metabolism
through increased synthesis of glutamine and
ketoglutarate; these two ingredients affect Kreb’s
cycle, leading to the loss of ATP molecules. This
resulted in impaired cell oxidation process. The
release of calcium ions from this mitochondrial
homeostasis results in disruption in the beginning
of the death of the cell, so that it can reduce the
memory function.

Acrylamide has the potential to exert neuro-
toxicity that results in the central and peripheral
nervous system damage, autonomic, which in turn
can cause fatigue, dizziness, sleepiness, and diffi-
culty in remembering. The results of clinical trials
show that acute exposure to high doses of acryla-
mide triggers the signs and symptoms of central
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nervous disorders. Exposure to smaller doses of
acrylamide for a long term can trigger disturbances
in the peripheral nervous system.’

The use of excessive coffee in high doses
(> 500 ml), equivalent to two cups of coffee, can
cause cardiovascular system disorders, such as
increased heart rate and blood pressure. Hence, in
circumstances where a person consumes too much
coffee, there will be increased heart rate, which will
result in anxiety, and therefore, it is difficult to
learn and concentrate.’

This study is the beginning of the influence of
robusta coffee (Coffea canephora var. robusta),
where there are several limitations of the coffee
used only method brewed with hot water instead
of using pure caffeine or acrylamide purification
extract and the dose is too large in this study.
Therefore, further research should be conducted
using pure caffeine or steeping robusta coffee with
a lower dose.
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ABSTRACT: Retinol-Binding Protein 4 (RBP4) is a vitamin A transport protein that plays a role in
metabolism. The aim of this study was to analyze the effect of aerobic exercise and a high-carbohydrate
diet on the immunoexpression of RBP4 in the skeletal muscle of rats. A total of 28 male rats were divided
into four groups: normal diet, sedentary (K 1); high-carbohydrate diet, sedentary (K2); normal diet, exercise
(K3); and high-carbohydrate diet, exercise (K4). The rats in the exercise groups were subjected to running
on a treadmill 5 days per week for 16 weeks with a speed of 15-23 m/min for 30 minutes. At the end of
the study, RBP4 immunoexpression in the skeletal muscle of rats was examined. The results revealed that
the RBP4 immunoexpression levels of all the groups were not significantly different. However, there was
a weak correlation of body weight and exercise with the immunoexpression of RBP4.

Keywords: diet, aerobic exercise, RBP4

1 INTRODUCTION liver and muscle. High carbohydrate consumption
for a long period increases the risk factor of insu-
Indonesia is one of the developing countries whose  lin resistance (Alapatt et al. 2013). Retinol-Binding
population growth rate increases rapidly. The  Protein 4 (RBP4)is a vitamin A transport protein,
increasing population growth is accompanied by  which is also one of the potential indicators of
increasing welfare needs. The increase in welfare  insulin resistance (Kotnik et al. 2011). RBP4 is a
needs changes the lifestyle. The Ministry of Health ~ adipocytokine that is secreted mainly from the liver
stated that the incidence of diabetes in Indonesia  and adipose tissue. Some studies have revealed that
increases every year (RI 2013). Diabetes mellitus ~ serum RBP4 levels correlated with the metabolic
or diabetes type 2 is a metabolic disease caused  syndrome. Therefore, RBP4 levels could be used to
by multi—factorial changes, including genetic and  detect insulin resistance.
unhealthy lifestyles. Exercise training has an important role in
The main carbohydrate source in the Indonesian ~ changing the metabolism activity in skeletal mus-
diet is rice. High carbohydrate intake can increase  cle. Exercise activates atypical Protein Kinase C
the risk factor of diabetes mellitus. Increased blood ~ (aPKC), which then increases glucose uptake in
glucose can induce insulin release from pancreatic  skeletal muscle. Another study has suggested that
B-cells. Insulin mediates glucose uptake in periph- ~ GLUT4 expression is increased 3-24 hours after
eral tissues such as muscle, adipose tissue, and  exercise. Thus, regular exercise maintains high
kidneys (Ma et al. 2016). The increasing glucose = GLUT4 protein expression and subsequently
concentration can induce glycogen storage in the  improves the control of blood glucose levels.
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The aim of this study was to analyze the effect of
aerobic exercise and a high-carbohydrate diet on
RBP4 expression in rat skeletal muscle (Kawaguchi
R., YulJ., Honda J, et al. 2007).

2 MATERIALS AND METHODS

This study was approved by the ethical committee
of the Universitas Padjadjaran Bandung.

2.1  Animals

Atotal of 28 male rats were divided into four groups:
normal diet, sedentary (K1); high-carbohydrate
diet, sedentary (K2); normal diet, exercise (K3);
and a high-carbohydrate diet, exercise (K4). The
rats were placed in individual cages with ad libitum
access to food and water.

2.2 Diet

The high-carbohydrate diet consisted of a mixture
of complex carbohydrates (70%) and simple car-
bohydrates (10%) (Table 1). The high-carbohydrate
diet was given to the rats in the K2 and K4 groups
for 16 weeks (Table 1).

Table 1. Diet composition.
Total
Weight weight Weight Calorie
(® (€3] (%) (keal)
Normal diet
Carbohydrate 600 60 2460
Simple 500
Complex 100
Protein 250 25 1025
Fat 150 15 1395
Water (ml) 100 100
Vitamin (ml) 5
Total 4880
High-carbohydrate diet
Carbohydrate 800 80 3280
Simple 100
Complex 700
Protein 150 15 615
Fat 50 5 465
Water (ml) 100 100 100
Vitamin (ml) 5
Total 4360
Explanation:

for 1 kg diet

1 g carbohydrate = 4.1 calorie

1 g fat =9.3 calorie

1 g protein = 4.1 calorie
Source: Whitney.
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2.3 Aerobic exercise

The rats were habituated for 5 days before
subjected to physical exercise. Habituation of
rats was measured by the Dishman Score. After
the habituation period, the rats were subjected to
the exercise intervention. They ran on a treadmill
for 30 minutes/day at a speed of 15-23 m/min for
16 weeks. The rats were killed 24 hours after the
last exercise. Gastrocnemius muscle was dissected
and stored in buffer formalin solution.

2.4  Measurement

Rat body weight was measured every four weeks.
Blood samples were taken from the periorbital
sinus to measure blood glucose every 4 weeks.

2.5 Immunohistochemistry

At the end of the exercise period, the rats were
killed by anesthesia and cervical dislocation. Gas-
trocnemius muscle was dissected and embedded
in paraffin wax. The paraffin-embedded tissue
blocks were cut using a microtome and processed
for immunohistochemistry. After deparaffiniza-
tion, the muscle was incubated with RBP4 primary
antibody (BIOSS, US). After washing, the muscles
were incubated with an appropriate secondary
antibody. The slides were mounted, coverslipped,
and examined under a light microscope.

3 DATA ANALYSIS

Data are expressed as means = SD for each
group. Using SPSS software, data were ana-
lyzed using two-way ANOVA followed by a post
hoc test. The chi-square test was used to analyze
immunohistochemistry.

4 RESULTS AND DISCUSSION

The results indicated that there were no significant
differences in body weight between the groups
(Table 2). The body weight of the K1 group
(control) was the highest among the other groups.

Table 2. Average body weight.

Groups Average body weight (gram) = SD
K1 254,04 + 56,42
K2 220+32,92
K3 245,17 £ 57,53
K4 222,04 £ 37,26




However, the difference in body weight between the
K1 and K3 groups (normal diet, exercise), was not
significant. The rats in the high-carbohydrate diet
group (K4) had a lower body weight than those in
the normal diet group (K1).

The immunohistochemical analysis of RBP4
was carried out at the end of the study (Figure 1).
The chi-square analysis showed that the histo-
score of each group was not significantly differ-
ent (Table 3). Nevertheless, there was a tendency
towards a positive correlation between the expres-
sion of RBP4 and body weight.

This study shows that aerobic exercise can
decrease RBP4 expression in the skeletal muscle of
rats. Lim et al. (2008) explained that physical exer-
cise can decrease RBP4 levels. However, the exact
role of RBP4 is still unclear. Some studies have
revealed that RBP4 is correlated with blood glu-
cose levels, and other studies reported that RBP4
is correlated with body weight, obesity, and insu-
lin resistance (Pullakhandam et al. 2012; Hoggard
et al. 2012; Kotnik et al. 2011; Esteve et al. 2009).
Janke et al. (2006) found that RBP4 expression is
correlated with obesity and GLUT4 as has been
observed from mRNA RBP4 in adipose tissue.

Under normal conditions, glucose entry into adi-
pocytes is mediated by GLUT4, which suppresses

Figure 1. RBP4 expression in the skeletal muscle of rats.
A: Gastrocnemius of the K3 group (negative); B: Gastro-
cnemius of the K2 group (positive weak); C: Gastrocnemius
of the K3 group (medium weak). Each image was taken
at a magnification of 100x. Description of the symbols:
1 nucleus; A cytoplasm; % positive RBP4 expression.

Table 3. Immunohistochemical score of RBP4 expression.
Groups Average immunoexpression score + SD
K1 2+2

K2 1.167£1.63

K3 1.33£1.65

K4 0.83+£1.32
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the expression of RBP4. In animal studies, RBP4
expression has been shown to be positively cor-
related with GLUT4 expression in adipose tissue
(Janke et al. 2006). Aerobic exercise significantly
improves insulin resistance and decreases RBP4
levels in rats (Lim et al. 2008). It has been shown
that RBP4 gene expression in the liver, adipose tis-
sue, and muscle was higher in diabetic rats than in
other groups (Sanchez et al. 2009). Chavez et al.
(2009) reported that plasma RBP4 is elevated
in diabetes mellitus type 2 and associated with
impaired glucose tolerance but not associated with
insulin resistance. Numao et al. (2012) reported
that the levels of circulating RBP4 can be increased
by exercise and may be associated with Triglyceride
(TG) concentration in obese men.

5 CONCLUSION

Our data showed that there was no correlation
between RBP4 expression in rat skeletal muscle
and fasting blood glucose level. However, there
was a weak positive correlation of body weight
and exercise with RBP4 expression in the skeletal
muscle of rats.

ACKNOWLEDGMENTS

We thank the Animal Laboratory Pharmacology
Universitas Padjadjaran and Immunohistochem-
istry Laboratory Hasan Sadikin Hospital for their
technical support. This study was supported by grant
from DIKTI KLN to Ronny Lesmana (2014).

REFERENCES

Alapatt, P. et al., 2013. Liver retinol transporter and recep-
tor for serum retinol-binding protein (RBP4). Journal of
Biological Chemistry, 288(2): 1250-1265.

Chavez, A.O.etal., 2009. Retinol-binding protein 4 is associ-
ated with impaired glucose tolerance but not with whole
body or hepatic insulin resistance in Mexican Ameri-
cans. Am J Physiol Endocrinol Metab. 296: 758-764.

Esteve, E., Ricart, W. & Fernandez-Real, J.M., 2009. Adi-
pocytokines and insulin resistance: the possible role of
lipocalin-2, retinol binding protein-4, and adiponectin.
Diabetes care, 32 Suppl 2: 5363-5367.

Hoggard, N. et al., 2012. Serum levels of RBP4 and adipose
tissue levels of PTP1B are increased in obese men resi-
dent in northeast Scotland without associated changes
in ER stress response genes. International Journal of
General Medicine, 5: 403-411.

Janke, J. et al., 2006. Retinol-binding protein 4 in human
obesity. Diabetes, 55(10): 2805-2810.

Kawaguchi R., YuJ., Honda J., et al. A membrane receptor
for retinol binding protein mediates cellular uptake of
vitamin. Science. 2007; 315(5813): 820-825.



Kotnik, P, Fischer-Posovszky, P. & Wabitsch, M., 2011.
RBP4: A controversial adipokine. European Journal of
Endocrinology, 165(5): 703-711.

Lim, S. et al., 2008. Insulin-sensitizing effects of exercise
on adiponectin and retinol-binding protein-4 concentra-
tions in young and middle-aged women. Journal of Clin-
ical Endocrinology and Metabolism, 93(6): 2263-2268.

Ma, X. et al., 2016. RBP4 functions as a hepatokine in the
regulation of glucose metabolism by the circadian clock
in mice: 354-362.

Numao, S. et al., 2012. Effects of Exercise Training on
Circulating Retinol-Binding Protein 4 and Cardiovascu-
lar Disease Risk Factors in Obese Men. The European
Journal of Obesity: 845-855.

40

Pullakhandam, R. et al., 2012. Contrasting effects of type 2
and type 1 diabetes on plasma RBP4 levels: The signifi-
cance of transthyretin. /[UBMB Life, 64(12): 975-982.

Ri, B.P. dan PK. kementerian K., 2013. Riset Kesehatan
Dasar [RISKESDAS].

Sanchez, O. et al., 2009. Skeletal muscle sorbitol levels
in diabetic rats with and without insulin therapy and
endurance exercise training. FExperimental diabetes
research, 2009: 737686.

Whitney EN RS. Understanding Nutrition. 12th ed. USA:
Wadsworth Publishing; 2010.



Advances in Biomolecular Medicine — Hofstra, Koibuchi & Fucharoen (Eds)
© 2017 Taylor & Francis Group, London, ISBN 978-1-138-63177-9

Correlation of physical activity and energy balance with physical fitness
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ABSTRACT: Background: Physical inactivity is the fourth leading cause of death in the world. It may
lead to the development of degenerative diseases. Objective: to examine the correlation of physical activity
and energy balance with physical fitness among the professors of Unpad. Methods: Professors of Unpad
undertook a questionnaire from ALG (Academic Leadership Grant) for 1 month. A total of 142 elderly
professors (females (n = 34) and males (n = 115)) were selected in this study. They were classified into four
groups: pre-elderly (= 50-60 years), young elderly (= 60-70 years), old elderly (= 70-80 years), and very
old elderly > 80 years. The professors were administered a questionnaire on physical activity that is called
the GPAQ (Global Physical Activity Questionnaire), which included 24-hour food intake recall, TEE, and
a physical fitness test consisting of walking in 6 minutes. Results: Data were analyzed by descriptive sta-
tistics, ANCOVA analysis (p < 0,05), and logistic regression. Conclusion: Physical activity with moderate
intensity is effective for the elderly.

Keywords: Professor of Padjadjaran ALG, GPAQ, 24-hour Food recall, TEE, six-minute walking test

1 INTRODUCTION must be nurtured and directed to stay healthy, fit,
happy, prosperous, and productive, and be able to
1.1  Overview meet the needs so that it does not become a bur-

den on other communities. The elderly were divided
into pre-elderly .> 50-60 years old, young elderly
.2 60-70 years, old elderly .> 70-80 years, and very
old elderly .> 80 years. According to a report by the

The elderly are otherwise healthy adults who expe-
rience a number of changes in physiological proc-
esses. Based on a report by the Central Bureau

of Statistics in 2016, the number of elderly aged WHO and MOH in 2009, elderly people aged 65

65 years and above in Indonesia amounted to . A
14 2%3 177 people. The fairly large number of eld- ;ggj{)s]\;vﬂl represent 16% of the total population in

erly and the growing number of health care need
to stay productive for a healthy life. In this regard,
the government passed a law (article 138 of Law
36/2009), which makes mandatory that: the elderly
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The decline of function in physical condition
is settled, and reflected as a physiological profile
in the form of fitness criteria, including 6-minute



walking test and elderly physical activity ques-
tionnaire GPAQ (Global Physical Activity Ques-
tionnaire). In addition, a decline in the physical
condition can also be reflected by excessive or less
food intake in the elderly. The decline in the physi-
cal condition of the elderly is closely related to an
impaired balance between food intake and energy
expenditure.?

The calculation of this questionnaire is done by
counting the number of metabolic equivalent turn-
over/week/min/physical activity. Physical activity
was observed in the form of work, leisure, travel,
and sitting down. The study was conducted among
the professors of the University of Padjadjaran
with questionnaires GPAQ to measure the physical
activity for 1 week.

In addition, research was also conducted on the
correlation of physical activity with physical fitness
test (6-minute walking), and the energy balance
consisting of 24-hour food intake recall and the use
of energy (total energy expenditure) with a physical
fitness test of 6-minute walking, namely the abil-
ity to perform activity to the maximum and thus
improve health and avoid periods of inactivity.**¢

1.2 GPAQ: The physical activity questionnaire
in the elderly

Weekly physical activity in the elderly was measured
using the GPAQ. Here are four areas of coverage of
exposure to physical activity: activity on weekdays,
namely physical activities that require more energy
than that expended each day. Physical activity and
exercise outside of work are leisure time activities,
which are often interpreted differently by society
and called inactivity/lazy. Various types of physical
activity, among others by using the transport way,
like cycling require a lot of energy.®’®

GPAQ was developed by the WHO for physi-
cal activity surveillance in many countries. It col-
lects information on physical activity participation
in three settings (or domain) as well as sedentary
behavior, comprising 16 questions (P1-P16). The
domains are: activity at work, travel to and from
places, and recreational activities.

GPAQ MET was used in the calculation, as
given in Table 1.°

The equation of total physical activity
MET-minute/week is = (P2 x P3 x 8) + (P5 x
P6x4)+ (P8 x P9 x4)+ (P11 xP12x8)+ (P1
4xPl5%x4).°

1.3 Physical fitness in the elderly

A 6-minute walking test was conducted to measure
the level of fitness in healthy people, by evaluat-

Table 1. Level of activity measurement and value-based

GPAQ MET (metabolic equivalent turnover).

DOMAIN MET

Work — Moderate MET =4
— Strenuous MET =8

Transportation Cycling and Walking

MET =4
Recreation — Moderate MET =4

— Strenuous MET =8

Source: GPAQ, WHO.

30m
(100f)

1 FullLap =
60m (200 ft) Path

of
Walk
Forms walk test field for 6 minutes

Figure 1. The road test field for 6 m.
Source: Insight PAH, Gilead Sciences, 2016.

ing the entire system during exercise. The results of
the physical fitness test of 6-minute walking were
grouped into four categories: low, moderate, good,
and excellent according to age group, namely
> 40-49 years, > 50-59 years, > 60-69 years, and
> 70-80 years (Figure 1).1°

1.4 Food intake in the elderly

Food intake in the elderly must be considered to
avoid excess and malnutrition. Many elderly peo-
ple in Indonesia consume bread, bananas, choco-
late, ice cream, instant noodles, sweet coffee along
with cream, milk, and sweet tea that have a glyc-
emic index, which is moderate to high, but not par-
ticularly a good nutritional value, and there was an
increase in calories from adding creamer, milk, and
sugar. Intake of all kinds of food and beverages by
an individual is called a 24-hour recall method.

Food intake in the elderly is grouped according
to the level of intensity in kcal/day and the category
includes intake on sedentary activity, the activity
of low intensity and moderate-intensity activities
by weight based on the three age groups, namely
31-50 years, 51-70 years and .> 71 years.!!

1.5 Energy expenditure in the elderly

1.5.1 BMR in the elderly

BMR is the minimum caloric requirement needed
to survive when the condition of the body is at
rest. BMR calculation is done using the formula of
Harris Benedict.



Based on height, weight, gender, and age, BMR
describes 45-70% of total daily energy expenditure
by the Harris Benedict formula:

Men = 66 + (13.7 x Weight) + (5 x Height)
— (6.8 x age),
Women = 65.5 + (9.6 x Weight) + (1.8 x Height)
— (4.7 x age).

1.5.2  Total Energy Expenditure in the elderly
Total Energy Expenditure (TEE) is defined as RMR
plus energy consumed during activity (4AEE) and
Diet-Induced Thermogenesis (DIT). TEE compo-
nent consists of RMR, metabolism during activity,
and metabolism of food. The formula to calcu-
late the total energy expenditure, among others:
TEE = BMR x factor stress factor X activity.!>!?

2 METHODS

The University of Padjadjaran consists of 142
people given ALG (Academic Leadership Grant)
for 1 month. Professors of Unpad have fulfilled
the inclusion and exclusion criteria and gave
informed consent. A total of 34 females and
115 males, undertook the questionnaires GPAQ,
24-hour food intake, and physical fitness meas-
uring 6-minute walking test at different elderly
groups, namely pre-elderly > 50-60 years ( n =25),
young elderly > 60-70 years (n = 52), old elderly
> 70-80 years (n = 55), and very old elderly > 80
years (n = 10).

The data are then processed to a unit of meas-
urement GPAQ MET (Metabolic Equivalent
Turnover)/min/week. Then, it is converted into
units of calories.

Measurement of food intake by 24-hour food
recall calories is done by interviewing the amount
of food for 24 hours, and the professors were asked
to remember the kind of food that is consumed on
the previous day.

TEE measurement is a measurement of energy
balance. Before obtaining TEE, BMR calculation is
done in advance using the formula of Harris Ben-
edict. Physical fitness measurement by 6-minute
walk test was conducted by professors with a fast

walk or his/her best, and the distance traveled by
a professor was recorded by a team of enumera-
tors ALG in meters and then put in the category of
physical fitness.'*1>

This study used ANCOVA to determine the rela-
tionship between variables, namely physical activ-
ity and physical fitness, and energy balance and
physical fitness in different age groups of profes-
sors of the University of Padjadjaran.'t

The relationship between physical activity and
energy balance with physical fitness was deter-
mined using linear regression. In addition, the
minimum value of OR was significantly set at 2.7

3 RESULTS

ALG questionnaire measurements have been
conducted by 142 professors of Unpad, grouped
according to the age group of the elderly. Meas-
urement of physical activity, namely GPAQ in the
elderly is measured by MET/min/week and activ-
ity energy expenditure (Table 2). Measurements
showed professor by the MET did not reach 50%
and category light. While based on the activity
energy expenditure professor reached above 50%
in light category. ANCOVA analysis is used in the
measurement of physical activity MET/minutes/
week, which has a closer relationship than the
other independent variables with physical fitness.
Based on logistic regression with regard to con-
founding factors, TEE is significantly more than
other variables, namely OR .> 256515

In Table 3, based on the food intake of more
than 50% of professors, they were categorized
as fair and ANCOVA analysis p value is less sig-
nificant than other variables. Based on logistic
regression, food intake is closely linked to physical
activity. If the energy expenditure of professors
was more than 50%, they were in the moderate
category and have meaningful ANCOVA analysis
p <0.05, as well as logistic regression p < 0.001.
The results of the test measurements of 6 minutes
more than 50% are in the poor category. In Fig-
ure 2, the total value of the TEE, and the sum of the
activity energy expenditure, resting metabolic rate,
and thermal effect of food are shown. The meas-

Table 2. Percentage between physical activity MET and AEE, and ANCOVA analysis between physical activity and
physical fitness of 6-minute walking test. P significant < 0,05.

Category Very light Light Moderate Heavy Strenuous P CI95%

MET GPAQ 24% 32% 18% 20% 6% 0,26 313 111,067
Energy activity 0% 57% 43% 0% 0% 0,76 61,803 81,894
With food intake 0,32 182,953 187,970
With TEE 0,35 1083,634 715,621




Table 3.

TEE test to physical fitness. P significant at < 0,05.

Percentage between food intake, TEE, six-minute walking test, and ANCOVA analysis between food intake,

Category Poor Fair Moderate Good Very good P
Food intake 0% 76% 24% 0% 0% 0,9 69,153
TEE 0% 28% 72% 0% 0% 0,05 -7,605
SMWT 63% 27% 7% 3% 0% 0,048
3500
3000
2500
2000
1500 :
1000
500 I I I
o nfl_ I‘ I i l _
>50-60 >60-70 >70-80
B GPAQ (MET) mTEE (CAL) ®m6MWT (M) = AEE (CAL)
B TEF (CAL) ®RMR (CAL) mBMR (CAL) mBMI
Figure 2. Graph of total energy expenditure and GPAQ with six-minute walking test.
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Figure 3. Graph of Total BMR and BMI based on age groups with six-minute walking test.
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Table 4. Regression between physical activity to food intake and TEE. Regression between six-minute walking test to

AEE. P significant at < 0,05. 95% CI significant > 2.

Logistic regression P OR CI95%

Food intake 0,001 1,6 0,197 1,26
Energy activity 0,05 1,96 0,7 3,69
TEE 0,01 0,52 1,145 7,248
6-minute walking test 0,823 1,06 0,629 1,790

urement results of TEE, AEE, TEF, RMR, GPAQ,
and 6-minute walking test decreased successively
in the age group of .> 80 years, .> 70-80 years,
.= 60-70 years and .= 50-60 years. This was caused
by a decrease in BMR and BM]I in Figure 3.12

4 DISCUSSION

The results in Table 2 show that the MET are in
the category of light 32%, very light 24%, heavy
20%, moderate 18%, and strenuous 6%. M ET/min/
week of professors are in the light category, which
means that the professors are more active, 32%
lighter (activity energy expenditure in the light cat-
egory). In this category of physical activity, it has
a value of <3 METS. MET is the unit of measure-
ment in the measurement of the absolute intensity
of physical activity, i.e., shopping, running to the
office, sitting in front of a computer, clean bed, eat-
ing, preparing food, and washing dishes. A half of
them were in the moderate category, with a MET
value .> 4. Activities of moderate intensity showed
maximal oxygen consumption in a variety of
activities, e.g., sweeping the floor, walking briskly,
dancing, dusting house, wiping the windows, and
playing basketball. Vigorous-intensity activity has
a MET value of .> 8, and the activities include run-
ning, swimming, playing ball, jumping rope, and
carrying heavy objects. While the activity energy
expenditure describes the amount of energy dur-
ing exercise and is a determinant of metabolism in
the overall activities carried out day-to-good either
planned or not. The better the value of activity
energy expenditure was getting better at prevent-
ing weight gain and obesity.>!4!3

The results in Table 3 show the food intake of
professors of Padjadjaran in the category quite
76% and was 24% with a value of p = 0.9. Food
intake has less correlation when compared with
TEE variables, namely moderate category 72% and
sufficient 28%, p < 0.05. The 6-minute walking test
has a close correlation with the intake of food and
TEE, namely p < 0.048 in the following categories:
poor 63%, fair 27%, good 7%, and very good 3%.
The 24-hour recall method is described as obtain-
ing data about the number of calories (energy) to
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record the type and amount of food consumed in
periods of 24 hours the previous day.

With the degenerative process, the needs of most
nutrition for the elderly are reduced, but the needs
of most nutrients increase. The nutritional require-
ments are affected by the range of basal metabolism,
which decreases with age accompanied by a decrease
in energy needs per kilogram of body weight, result-
ing in weight loss of lean body mass. In the measure-
ment of resting metabolic rate needed to maintain
energy homeostasis by 60-80% TEE calculations.
The other components are: activity energy expendi-
ture of about 15% per day. While the Diet-Induced
Thermogenesis (DIT) is 10% of the sum of REE +
AEE, A decrease in total energy expenditure at the
age of 60-90 years has decreased by 675 kcal in men
and 459 kcal in women. In men, the reduction is
10% per year and it is 8% for women after the age
of 60 years. Pursuant p-value ANCOVA analysis
significantly results in value MET GPAQ p = 0.26,
food intake and TEE p = 0.35 and AEE p = 0.78
with physical fitness. The results of the analysis of
physical activity with food intake p = 0.9 and TEE
significant p < 0.05. While based on the 6-minute
test, the significance is p < 0.05. This means that the
TEE and the 6-minute test have a closer relationship
than food intake in the category fair.

In Table 4, based on logistic regression food
intake, TEE, AEFE has a positive regression, p <
0.001 and p < 0.05. The 6-minute walking test has
less regression with physical activity. This means
that the variable is vital to physical activity food
intake and TEE with CI 95% .> 2 on the TEE and
the AEE. Physical activity plays a role in energy
balance, the TEE and the intake of food. The
6-minute test has a predictive role in physical activ-
ity. Figure 2 shows a graph of total energy expendi-
ture at different age groups. The graph is based on
components of energy expenditure, namely RMR
plus energy consumed during activity (4EE) and
Diet-Induced Thermogenesis (DIT). TEE compo-
nent consists of RM R, metabolism during activity,
and metabolism of food. The graph is divided into
four age ranges as follows: .> 50-60 years, > 60—70
years, > 70-80 years, and > 80 years.

The graph shows the average TEE, GPAQ, and
6-minute walking test per age group. Basal meta-



bolic rate is decreased by 1-2% per year (400 kJ/
day began to decline predicted by the age of 20-70
years with an increasing age), and it is a major
component of energy expenditure and consists
of 50-70% of total energy expenditure. The aging
process correlates with food intake and expenditure
as well as the balance of energy intake arrangement
and also expenditure. Elderly disruption balance
food intake, due to delay absorption of macronu-
trients by a decrease in the ability of the sense of
smell, taste, hormones, and mediators metabolism.
Impaired balance of food intake either overeating
or eating less will affect the increase and decrease
in energy expenditure and metabolic range."?

5 CONCLUSION

Overall, correlations of physical activity and energy
balance with the physical fitness test 6-minute
walking test have been obtained through research
by ALG. According to the research, there is a cor-
relation between physical activity and physical
fitness among the different groups of elderly pro-
fessors of the University of Padjadjaran. There is
a correlation between physical activity and food
intake among the different groups of elderly pro-
fessors of the University of Padjadjaran. There is
a correlation between physical activity and energy
expenditure among the different groups of elderly
professors of the University of Padjadjaran. The
factor that largely contributes to physical fitness is
physical activity. Moreover, physical activity with
moderate intensity is effective for the elderly. Food
intake and TEE have a role in physical activity.
The results of the study indicate that professors
of the University of Padjadjaran are expected to
increase regular physical activity, programmed,
and planned, so as to increase to a maximum cat-
egory. In this study, there are limitations, namely
lack of compliance in the 6-minute test run.
We recommend that research results can be com-
bined with cognitive function to a larger scale in
various age groups.'’
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Molecular biology of irreversible pulpitis: A case report

D. Prisinda & A. Muryani
Faculty of Dentistry, Universitas Padjadjaran, Bandung, West Java, Indonesia

ABSTRACT: Objective: Molecular biology provides opportunities to develop new strategies or agents
for the treatment of a wide variety of diseases. The overall response of the tooth to injury represents the
complex interplay between injury, defense, and regenerative processes. Methods: One-visit endodontic
treatment was initiated on tooth 11 with irreversible pulpitis due to trauma. Result: Direct damage caused
by injury or via exotoxin produced by microbes leads to the release of mediators that increase vascular
permeability. Growth factors play a pivotal role in signaling the events of tissue formation and repair
in the dentin—pulp complex. In our case study, the patient presented with irreversible pulpitis and no
complaint was made after the treatment. Conclusion: Before the selection of treatment, it is important to
know about the molecular biology of the diagnosis. Therefore, one-visit endodontic treatment on tooth
11 with a proper diagnosis can give the best result.

Keywords: molecular biology, irreversible pulpitis, acute inflammatory, one-visit endodontic

1 INTRODUCTION and the pain subsided. Nevertheless, he wanted his
tooth to be treated due to pain and compromised
The ideal number of visits for root canal treatment  appearance.
is still being debated. A Japanese study has shown The results of the objective examination showed
that the result of successful one-visit endodontic  a fracture on tooth 11 with 1/3 left incisor crown
treatment is 86% after 40 months. While Sjogren  and exposed pulp (Figure 1). Cold tests and Elec-
showed an opposite result, the success rate of  tric Pulp Tester (EPT) showed positive responses.
which is small (approximately 68%).! Examination of percussion and the press showed
One-visit endodontic treatment is not done on  negative responses, and the palpation test was also
the teeth with the case of the sinus tract, anatomical ~ negative. Mobility examination showed a negative
anomalies, acute apical periodontitis, and repeated  response. A good oral hygiene was maintained.
root canal treatment.>* Cases recommended for Radiographic examination showed an intact
one-visit endodontic treatment are those that lamina dura, with no abnormalities in the periapi-
require a fast treatment, non-acute teeth, a simple  cal region (Figure 2). The patient was diagnosed
anatomical shape of the root canal, and that the
pulp disease be not spread to the periapical area,>*
for example in the case of trauma that results in an
anterior tooth crown fracture involving the pulp as
in our case. This case report will discuss one-visit
root canal treatments on the first maxillary right
incisor.

2 CASE REPORT

A male patient aged 24 years old visited the
PPDGS clinic, which was part of Operative Den-
tistry Department RSGM FKG UNPAD, on
December 13, 2011, with a complaint of fracture
on the right upper anterior tooth and pain four
days earlier. Pain was severe when the tooth was
exposed to cold air, and when drinking cold water  Figure 1. Clinical profile of a 1/3 incisor fracture on
or eating sweet food. The patient took painkillers  tooth 11.
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Figure 2. Photograph of early diagnosis.

with irreversible pulpitis tooth 11 with crown frac-
ture. Prognosis was good. The treatment plan was
one-visit treatment and follow-up with fiber post
and all porcelain crowns.

3 CASE MANAGEMENT

Rootcanaltreatment on tooth 11 begins with aseptic
actions in advance by rubbing the povidone iodine
solution on the labial and palatal sides. Thereafter,
anesthesia infiltration is injected into the labial
and palatal areas with an anesthetic solution of
0.5 cc on each side. Once the tooth is anesthetized
and gingiva is pale, then isolation can be put on
tooth 11 by using a rubber dam (Figure 3a), and
then access is made on the palatinal side of tooth
11 using a small round. Widening orifice is done
using Z- and X-Gates endodontic burs (Dentsply
Maillefer, Switzerland) (Figure 3b).

After properly opened, the pulp chamber is
cleaned, extirpation of the pulp tissue is done
inside the root canal, irrigation with 2.5% NaOC]l
(sodium hypochlorite), and then the canal is dried
using paper points. (Figure 4) The working length
is determined by the initial file no. 15 (K-files,
Dentsply) using apex locator (Propex, Dentsply),
with the result being 22 mm. Then, the root canal
preparation is performed with a crown down
technique according to working length using a
ProTaper rotary needle (ProTaper, Dentsply) and
15% EDTA (Glyde, Dentsply, DeTrey, Switzerland)
as a lubricant gel. Root canal preparation begins
with a needle size of Sx, S1, S2, and FI1-F5.
Irrigation is done on each needle permutation with
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Figure 3. Tooth isolation with a rubber dam, cavity
access opening.

Figure 4. Pulp tissue extirpation using an extirpation
needle.

2.5% NaOCIl. After the last irrigation using 2.5%
NaOCl, a root canal is dried using paper points.

Photo trial is done according to the working
length using gutta percha #F5. Radiographic result
reveals the length of gutta percha in accordance
with the working length (Figure 5). Root canals
are filled with endomethasone sealer using a len-
tulo needle in the counterclock direction driven by
a low-speed contra angle and gutta percha mate-
rial filler #F5 as well as additional gutta percha
# 15. The low-speed contra angle in the opposite
direction (clockwise) and fillers gutta percha F5
numbers and additional gutta percha # 15 and
# 20 are inserted into the root canal.

Filling is first done with the lateral condensation
technique and then a radiographic image is taken to
see the filling result. The radiographic image illus-
trates hermetic filling and is in accordance with the
working length. Then, reduction of gutta percha
as much as 2 mm below the orifice is done using a
heated sterile excavator, and glass ionomer cement
is put on top of it (GC, Gold-Label). It is then
covered with a temporary restoration (Figure 6).
The patient was asked to return 1 week later to do
photo controls.



Figures 5a,b. Clinical and radiographic trial photograph.

Figures 6a,b. Photograph of clinical and radiographic
filling.
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Figure 7. One week control after filling.

Control is done 1 week after filling. There was
no complaint of pain. Percussion and pressure
test are negative. The palpation test is negative
and tooth mobility test is also negative. From the
radiographic examination, hermetic filling is seen
and there are no abnormalities in the periapical
area (Figure 7).

Follow-up is planned for fiberpost preparation,
fiberpost installation, and all porcelain crown
making. The patient returns 19 days after instal-
lation. No complaints are addressed. Percussion
and pressure tests give a negative result. Incisal
contact under occlusion and functions shows no
abnormalities. Crown adaptation to the tooth is
good. No abnormalities are found on the gums.
The patient had no complaints and is satisfied with
the final result.

4 DISCUSSION

One-visit endodontic treatment has several advan-
tages, namely the shorter treatment time, preferred
by the patient, reducing the risk of flare ups and
can prevent recontamination of the root canal.
However, one visit treatment has disadvantages
and limitations as follows, (1) long treatment time,
especially affecting patients with TMJ disorders,
(2) In the event of a flare-up, it cannot be drained
easily, (3) In tough cases such as multiple or calci-
fied roots, one visit treatment cannot be done.'”?
In one-visit endodontic treatment, there is no
active infection after the contamination associated
with the exposure of the pulp to the oral cavity,
as the clinicians often extirpated the pulp, enlarged
the canal, and sealed it in one visit. The key issue
is thorough debridement of the root canal. If
the patient is young and the tooth has minimal
amounts of restoration, access to the canal system
and complete debridement can be accomplished



and then the root canals may be obturated.
There are many additional factors that determine
whether the canals can be sealed in a single visit,
such as tooth anatomy, presence of calcification in
the canal, access to the tooth and its canals, patient
management, and degree of discomfort.®

The selection of one-visit root canal treatment
on tooth 11 with a diagnosis of irreversible pulpitis
is based on the absence of a complaint from the
patient, the vitality of the tooth, the absence of
periapical abnormalities, and the involved tooth
with a single root and single root canal. All these
reasons lead to the selection of one-visit treatment,
therefore providing a good prognosis. Another
thing that underlies the selection of this treatment
is a good oral hygiene as well as the patient’s desire
for the treatment to be completed immediately.®”’

The acute inflammatory is a response to cell
injury and is a sequence of events that is similar
following injury caused by invading microbes or by
physical mechanisms. Thus, direct damage by injury
or via exotoxin produced by microbes leads to the
release of mediators such as prostaglandins and
leukotrienes that increase vascular permeability.
The pivotal cell in an acute inflammatory response
is the mast cell. This can be activated to release
inflammatory cytokines such as TNF-o by binding
microbes through pattern receptors, or to release
inflammatory mediators such as histamine is an
explosive exocytosis when the activation is via com-
plement components that are a result of activation
by microbes to the three pathways. IgE/allergen
complexes and neuropeptides can also activate mast
cells to release pharmacological mediators.

Microbial endotoxins activate macrophages to
produce IL-1 and TNF-o, which have vasodilatory
properties. The outcome of the abundant local
mediator release is to loosen endothelial tight
junctions and increase the adhesion of PMNs and
monocytes and their migration into the surrounding
tissues with which they come into contact and
are able to phagocyte microbes. Fluid containing
fibrinogen and antibodies is released into the area
from the bloodstream, and thus edema protects the
damaged area during repair.®”’

Invasion of bacteria or bacteria-derived fac-
tors into the pulp is a major etiologic factor in the
inflammation of pulp tissues. This invasion can be
initiated by, for example, caries or tooth fracture as
shown in this case report (Trowbridge 2002). Pul-
pal nerve fibers react to inflammation by sprouting
terminal branches and by altering their production
of neuropeptides such as Calsitonin Gene-Related
Peptide (CGRP) (Byers et al. 2003). Sensory nerve
fibers play an important role in promoting the
infiltration of immunocompetent cells into the
pulp tissue. The initial infiltrating inflammatory
cells are lymphocytes, macrophages, and plasma
cells with a small amount of neutrophils.”
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Acute pulpal inflammation, with the migration
of abundant amounts of neutrophils toward the
lesion, starts only when bacteria invade the repara-
tive dentin formed under the lesion (Trowbridge
2002). The acute inflammatory response largely
consists of a vascular reaction. Mediators released
by various cells (e.g. serotonin, histamine, and neu-
ropeptides such as substance P, CGRP, neurokinin
A, and somatostatin) lead to alterations in pulp
blood flow and increase the capillary permeability.
Thus, plasma proteins and neutrophils gain bet-
ter access to the inflamed area and can neutralize
or phagocytose the irritant (Trowbridge 2002).
Different types of T-lymphocytes (CD4+ helper,
CDS8+ cytotoxic), macrophages, neutrophils, den-
dritic cells, and plasma cells can be found in the
inflamed pulp tissue, and their numbers increase
with the progression of the disease (Jontell et al.
1998). Dendritic cells and also CD3+ (memory)
T-lymphocytes accumulate under the lesion, while
the accumulation of other immunocompetent cells
is minor, suggesting that dendritic cells and mem-
ory T cells are critical in triggering immunological
reactions of the pulp (Jontell et al. 1998). Severe
pulpal inflammation may lead to an increased
interstitial tissue pressure, which in turn will cause
necrosis, since the pulp is enclosed inside rigid
mineralized structures and thus it indicates a non-
compliance environment.® 1

In this case study, root canal preparation is done
with the crown down technique because it can
remove more debris and microorganisms toward
the coronal and maintain apical constriction,
which can prevent the debris from being pushed
to the apical region. The irrigating solution used
is 2.5% NaOCI because it has an anti-microbial
effect and can break the chains of proteins and
damage bacterial DNA synthesis activity, as well
as enhance lubrication. The use of 15% EDTA
solution is effective in eliminating the smear layer,
particularly inorganic components.'!!2

In this case study, a lateral condensation root
canal filling procedure was adopted using last
number (F5) gutta percha with an additional
small gutta percha #15 to provide hermetic filling.
The filling is performed using gutta percha and
endomethasone sealer containing corticosteroid
that reduces pain and paraformaldehyde that
inhibits bacterial growth and invasion.!3 1

5 CONCLUSION

Before the selection of treatment, it is important to
know about the molecular biology of the diagnosis.
Therefore, in our case study, the selection of one-
visit root canal treatment on tooth 11 with a diag-
nosis of irreversible pulpitis is based on the absence
of a complaint from the patient, the vitality of the



tooth, the absence of periapical abnormalities, and
the involved tooth with a simple root canal, and
this treatment can give the best result.
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ABSTRACT: Radiotherapy or radiation therapy is one of the most effective therapies for cancer. Differ-
ent doses of radiation are needed to kill different types of cancer cells. The aim of this study was to investi-
gate the application of different doses of X-ray irradiation on noncancerous (CHEK-1 cells) and cancerous
human esophageal cells (TE-8 cells). CHEK-1 cells and TE-§ cells were cultured using RPMI medium.
Different doses of X-ray irradiation (0-8Gy) were applied. The clonogenic assay was performed to assess
the survival of both cells. Plating efficiency (PE) and surviving fraction (SF) were calculated. SF between
the control and irradiated groups was statistically significantly different (P < 0.05). SF between the non-
cancerous and cancerous cells was not statistically significantly different (P > 0.05), except for 2Gy X-ray
irradiation (P < 0.05). X-ray irradiation starting with a dose of 2Gy can decrease the survival rate of both
noncancerous and cancerous cells. Therefore, 2Gy can be used as an irradiation dose for further study.

1 INTRODUCTION

Radiotherapy or radiation therapy is one of the
most effective therapies for cancer (Puspitasari et al.,
2014). The types of radiation used for cancer treat-
ment are X-rays, gamma rays, and charged particles
(National Cancer Institute). Radiation doses for
cancer treatment are measured in a unit called gray
(Gy), which is a measure of the amount of radiation
energy absorbed by 1 kg of human tissue (National
Cancer Institute). Different doses of radiation are
needed to kill different types of cancer cells.

The clonogenic cell survival assay determines
the ability of a cell to proliferate indefinitely,
thereby retaining its reproductive ability to form a
large colony or a clone. This cell is then said to be
clonogenic (Anupama Munshi, 2005).

Clonogenic cell survival is a tool that was
explained in the 1950s for the study of radiation
effects (Anupama Munshi, 2005). Although clono-
genic cell survival assays were initially used to study
the effects of radiation on cells and have played an
essential role in radiobiology, they are now widely
used to determine the effects of potential agents for
clinical applications (Anupama Munshi, 2005).

The aim of this study was to investigate the
effect of different doses of X-ray irradiation on

53

noncancerous (CHEK-1) cells and cancerous
human esophageal (TE-8) cells.

2 METHODS

2.1

The CHEK-1 cell line was kindly provided by Dr
H. Matsubara (Abdulah et al., 2009) and TE-8
cell line was obtained from RIKEN BRC, Iba-
raki, Japan. Both cell lines were maintained in
RPMI medium (Wako, Osaka, Japan) with 10%
fetal bovine serum (HyClone; GE Healthcare Life
Sciences, Logan, UT, USA) and 1% penicillin—
streptomycin (Gibco; Thermo Fisher Scientific,
Waltham, MA, USA) at 37°C in a humidified
chamber with 5% CO,.

Cell culture

2.2 Irradiation

Irradiation was performed using an X-ray irra-
diation machine (Titan-225S; Shimadzu Corpora-
tion, Kyoto, Japan) at a rate of 1.3 Gy/min. The
doses of irradiation were 2 Gy, 4 Gy, 6 Gy, and 8
Gy based on the common fractionation dose for
radiotherapy.



2.3 Clonogenic assay

Clonogenic assay was performed to assess the sur-
vival of both cells. Cells were cultured in a 10 cm
culture dish at a density of 1 x 10° cells/10 ml
medium. After the cells had reached 80% conflu-
ence, CHEK-1 cells and TE-8 cells were irradiated
with 2 Gy, 4 Gy, 6 Gy and 8 Gy doses of X-ray
irradiation. Immediately following irradiation, the
cells (500 cells/4 ml medium) were seeded in 25 cm?
Falcon tissue culture flasks. Following 14 days of
culture at 37°C and 5% CO,, the cells were washed
with PBS (Phosphate Buffer Saline), then fixed
with 99.5% ethanol, and stained with 0.5% crystal
violet in H,O: methanol (1:1) for 30 min at room
temperature. The cells were then washed with tap
water and air-dried. The total number of colonies
containing >50 cells was counted using a binocular
light microscope (Olympus Corporation, Tokyo,
Japan). The Plating Efficiency (PE) and Survival
Fraction (SF) were calculated using the follow-
ing equations (Buch et al., 2012, Franken et al.,
2006):

_ Number of colonies formed

PE x 100%

Number of cells seeded

Number of colonies formed post irradiation
Number of cells seeded x PE

SF

x100%

2.4  Statistical analysis

Data are presented as the mean + standard error
of the mean from three independent experi-
ments. The differences between multiple variables
were analyzed by one-way analysis of variance
(ANOVA) with Dunnett’s pairwise comparison for
the post-hoc analysis. The difference between two
means was analyzed by the t-test. A probability of
p < 0.05 was considered significant. All statistical
analyses were performed using the EZR statisti-
cal software, an open-source statistical software
program that is based on R and R commander
(Kanda, 2013).

3 RESULTS

3.1 Survival of CHEK-I cells

Figure 1 presents the SF of CHEK-1 cells treated
with X-ray irradiation of doses 0 Gy, 2 Gy, 4 Gy,
6 Gy, and 8 Gy.

The percentages of SF were 100%, 67%, 34%,
12%, and 1%, respectively. The SF between the
control (0 Gy) and irradiated groups is statistically
significantly different (p < 0.05).
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3.2 Survival of TE-8 cells

Figure 2 shows the SF of TE-8 cells treated with
X-ray irradiation of doses 0, 2 Gy, 4 Gy, 6 Gy,
and 8 Gy. The percentages of SF were 100%, 86%,
36%, 7%, and 3%, respectively. The SF between the
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control (0 Gy) and irradiated groups is statistically
significantly different (p < 0.05).

3.3 SFbetween CHEK-1 and TE-8 cells

Figure 3 shows the SF between CHEK-1 and
TE-8 cells. SF is not significantly different between
the two cells (p > 0.05) except for 2Gy X-ray irra-
diation (p < 0.05).

4 DISCUSSION

This was a preliminary study to observe the
effect of different doses of irradiation on non-
cancerous and cancerous cells. The results indi-
cated that X-ray irradiation starting with a dose
of 2 Gy can decrease the survival rate of both
noncancerous and cancerous cells, which is sta-
tistically significant (P < 0.001). These results are
in accordance with the common fractionation
dose for cancer treatment with radiation that
used 2 Gy as a fractionation dose for the therapy
(Fowler, 2010).

Esophageal cells are one of the cells that have
fairly high radiosensitivity (Rubin and Casarett,
1968, Murat Beyzadeoglu, 2010); hence, we used
these cells for investigating the survival of cells
with different doses of irradiation.

The percentage of surviving fraction with a
dose of 2 Gy X-ray irradiation for noncancerous
cells was lower than that for cancerous cells (67%
vs 87%) (P < 0.05). It indicates that cancerous
cells are stronger than noncancerous cells against
irradiation.

X-ray irradiation starting with a dose of 2Gy
can decrease the survival rate of both noncan-
cerous and cancerous cells. Therefore, 2 Gy can
be used as an irradiation dose for further study
such as the study of radioprotective agents that
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protect noncancerous cells during radiation treat-
ment or the radiosensitizer study that is intended
to enhance the killing of cancer cells while having
much less effect on normal tissues.
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ABSTRACT: The damage in pancreatic B cells can be repaired by Mesenchymal Stem Cells (MSCs)
because of their differentiation and paracrine potential. The purpose of this study is to find the effect of
mouse umbilical cord MSCs ((mUC)-MSCs) on the endothelial cells of pancreatic tissues. The study was
conducted on a total of 18 male mice (Mus musculus) that were injected with streptozotocin to induce dia-
betes, and then they were randomly divided into three groups. The treatment group was intraperitoneally
injected with MSCs at doses of 1.5 x 10° and 3.0 x 10°, named as T1 and T2 (treatment groups 1 and 2),
while the control group was injected with PBS. The analysis was carried out after 44 days. The results of
the analysis revealed that the number of endothelial cells of pancreatic tissues in the treatment groups was
4.40 = 1.43 and 6.10 £ 2.33 (T1 and T2 groups), respectively, while that in the control group was 1.27 +
0.84. The difference was significant (p < 0.05) between the treatment groups and the control group, but no
significant difference was found between the T1 and T2 groups. It can be concluded that (mUC)-MSCs
has an effect on the endothelial cells of pancreatic tissues in diabetic mice.

1 INTRODUCTION mesenchymal stem cells, which are the subpopula-
tion of multipotent cells that can differentiate into
Diabetes mellitus is a condition where insulin pro-  other cell types, including pancreatic B endothelial
duction is decreased or a decrease in tissue sensitiv-  cells (Jones et al. 2007).
ity to insulin might cause hyperglycemia and lead MSCs are characterized by their fibroblast-like
to serious complications, especially in blood vessels  appearance, and have the ability to differentiate into
and nerves, as well as causing damage to pancre-  a specific cell, have colony-forming unit capacity,
atic B cells via Toll-Like Receptors (TLRs 2 and  and can adhere to plastic surfaces (Dominici et al.
4). Until now, to keep blood glucose levels under ~ 2006). MSCs express surface molecules, including
control and to reduce the complication of diabetes, = CD90, CD73, CD105, CD29, CD44, and CD166,
only insulin or an anti-diabetic agent has been used, = but do not express endothelial or hematopoietic
but they are only a temporary remedy and reduce  markers, including CD31, CD45, CD43, CD14,
the symptom (Bluestone et al. 2010). Treatment is ~ CD11b, major histocompatibility complex (MHC)
needed to repair the damage of pancreatic tissues  class I molecule, and costimulatory proteins such as
by activating the surrounding cells or the cells of  CD80, CD86, and CD40 (Dominici et al. 2006; Lv
pancreatic tissues itself into pancreatic f cells. et al. 2014).

Islet cell transplantation has been explored as an MSCs have been used in both experimental mod-
effective treatment for type 1 diabetes by producing  els and in the clinical setting as an immunosuppres-
new f cells for controlling blood glucose (Ashcroft &  sive treatment and as catalyzers of endothelial cell
Rorsman. 2012). However, this technique has dis-  sprout formation (Johansson et al. 2005). How-
advantages such as lack of sufficient donors and  ever, the effect of MSCs, particularly derived from
the instant blood-mediated inflammatory reaction  the mouse umbilical cord, on the endothelial cells
(IBMIR) which can lead to the damage of pancre-  of pancreatic tissues still remains unclear. The pur-
atic [ cells of islets (Bennet et al. 2000). Thus, new  pose of this study is to find the effect of umbilical
alternative sources for transplantable islet B cells cord MSCs on the amount of vascular endothelial
should be explored. Many studies have focused on  cells of pancreatic tissues.
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2 MATERIALS AND METHODS

2.1 Isolation of (mUC)-MSCs

Mouse umbilical cord (mUC)-MSCs was obtained
from the umbilical cord of pregnant female mice
(19 days old). Briefly, after the collection of all the
UC samples, the samples were rinsed by repeated
immersion in Phosphate-Buffered Saline (PBS)
(GIBCO, Invitrogen). UC vessels were cleared off
and minced finely (0.2-0.5 cm?) by sterile scissors
in a tissue culture dish, and then placed in a 60 mm
tissue culture dish with an array of dots spread
evenly on the surface of the tissue culture dish con-
taining DMEM low glucose (Sigma-Aldrich, St
Louis, MO) supplemented with 10% FBS and 100
IU/ml penicillin/streptomycin (GIBCO, Invitro-
gen), with the culture medium being changed every
3 days, and then the medium was incubated at 37°C
with 5% CO,. The efficiency of the medium was
evaluated by the time required for adherent cells to
appear and then reach 80% confluence. All proce-
dures were approved by the Ethics Committee for
Animal Research of the Unissula Medical School.

2.2 Induction of experimental diabetes

A total of 18 male mice (Mus musculus) aged 10
weeks were intraperitoneally injected with 40 mg/kg
streptozotocin (STZ; Sigma-Aldrich) for 5 con-
secutive days to induce diabetes. STZ was diluted
in sodium citrate buffer (pH 4.5). Blood samples
were taken from the tail vein of non-fasting mice,
and glucose levels were determined with a glucom-
eter system Accu-Chek Active (Roche Diagnostics,
Abbott Park, IL, USA). Mice were considered dia-
betic when blood glucose levels exceeded 250 mg/dl
in two consecutive determinations. All animal pro-
cedures were approved by the Ethics Committee for
Animal Research of the Unissula Medical School.

2.3 Invitro osteogenic differentiation

To differentiate into the osteogenic cell, at passage
3/5, putative cells were seeded in a six-well culture
plate at a density of 5 x 10%1 x 10* cells/well in
24-well plates and cultured in DMEM for 24 h to
allow cell adhesion. The adhered cells were treated
with an osteogenic induction medium supplemented
by 10 mmol/L of B-glycerophosphate, 0.1 uM dex-
amethasone, 50 umol/L of ascorbate-2-phosphate
(all purchased from Sigma-Aldrich, St Louis, MO),
and 10% (v/v) FBS in DMEM. Osteogenic differen-
tiation was confirmed by Alizarin Red staining after
21 days of induction for detecting calcium deposi-
tion. In brief, cells were rinsed with PBS and fixed
to incubate in ice-cold 70% ethanol (v/v) for 1 h at
Room Temperature (RT), and rinsed with distilled
water three times. Then, 1 ml of 2% (w/v) Alizarin
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Red S (pH 4.1-4.3) solution was added and incu-
bated at RT for 30 min, and subsequently removed
and rinsed with distilled water four times.

2.4  Immunophenotyping of (mUC)-MSCs

Characterization of (mUC)-MSCs was carried
out by immunocytochemistry using MSC-positive
markers. Briefly, expanded (mUC)-MSCs were
passaged after reaching 60 to 80% confluency, and
grown on glass coverslips, and then fixed with 4%
paraformaldehyde in 90% ethanol for 15 minutes
at 4°C. Subsequently, cells were incubated with
primary antibody CD 73 and CD 105 (1:100; BD
Pharmingen, San Diego, CA USA) for 60 min at
room temperature, washed with PBS for 10 min,
labeled with secondary antibody (1:2500 dilution)
for 15 min at room temperature, counterstained
with DAB (Santa Cruz Biotech), and then visual-
ized by a phase-contrast microscope.

2.5 (mUC)-MSC injection

Diabetic mice (n = 6/group) in the treatment groups
were injected intraperitoneally (intrasplenic)
with MSCs at doses of 1.5 x 105 and 3.0 x 10 for
20 days, and the control group received an intras-
plenic injection of PBS (n = 6). For peritoneal
injections of MSCs or PBS, mice were anesthetized
with a mixture of ketamine (Ketamine, Brazil)
and xylazine (Dopaser, Brazil) and then received
a single dose of 70 ul MSC-containing solution
or PBS microinjection. Bleeding was controlled
using cotton swabs and by the local application of
fibrin sealant. Intraperitoneal injections of trama-
dol hydrochloride (30 mg/kg, Brazil) were used for
pain relief every 12 hours for 3 consecutive days.
Non-fasting glucose was monitored every 5 days
by using the glucometer system Accu-Chek Active
(Roche Diagnostics). Mice were killed 35 days
after receiving MSC or PBS injection, and the
pancreatic samples were collected and histological
samples were prepared to determine the number of
vascular endothelial cells in pancreatic tissues.

2.6 Histological analysis

For histological analysis, pancreatic tissue was
removed, fixed in 10% neutral buffered formalin,
embedded in paraffin, the sections (5 um) were
stained with hematoxylin and eosin (H&E), and
analyzed under a light microscope.

2.7 Statistical analysis

Data are presented as mean *+ Standard Deviation
(SD). Statistical comparisons were made by one-
way analysis of variance with Tukey’s post hoc test.
P < 0.05 was considered as significant.



3 RESULTS

To characterize MSCs, we evaluated cell morphol-
ogy, the expression of surface markers, and the in
vitro differentiation potential. MSCs appeared as
typical monolayers of spindle-shaped fibroblast-
like cells (Figure 1a), with the ability to adhere to
plastic surfaces during in vitro expansion. MSC
samples presented typical MSC phenotypes of
CD73 (Figure 1a) and CD105 (Figure 1b). To eval-
uate the in vitro osteogenic differentiation poten-
tial, MSCs were cultured for 21 days with a specific
medium to induce differentiation into adipocytes.
Cytoplasmic lipid vesicles were detected by Ali-
zarin Red Staining (Figure 2).

Figure I. MSCs appeared as spindle-shaped fibroblast-
like cells (a). MSCs presented typical MSC phenotypes
of CD73 (a) and CD105 (b). In vitro osteogenic differ-
entiation, marked in red color, was detected by Alizarin
Red staining (c).

Figure2. Endothelial pancreatic islet cells of the control
group (a) and the treatment groups at a dose of 1.5 x 10°
(b) and at a dose of 3.0 x 10° (2¢). The difference between
the control and treatment groups is shown by the increase
in endothelial pancreatic islet cell proliferation.
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Figure 3. Graph showing endothelial cell proliferation

in pancreatic cells. The treatment groups differed signifi-
cantly from the control group (p < 0.05), but there was no
significant difference found between the T1 (MSCs at a
dose of 1.5 x 10°) and T2 (MSCs at a dose of 3.0 x 10°%)
groups.
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After the 7th day, mice were killed for histopatho-
logical examination. We found that the number of
vascular endothelial cells in the pancreatic tissues
of the treatment groups was 4.40 = 1.43 (T1) and
6.10 + 2.33 (T2) compared with the control group,
which was only 1.27 + 0.84 (Figure 3). These results
indicated that all the mean values of the treatment
groups were significantly different from that of the
control group, showing that the mesenchymal stem
cell has the ability to improve vascular endothelial
cells in the pancreatic tissues of diabetic mice.

4 DISCUSSION

MSCs have been considered as a promising thera-
peutic approach for inflammatory diseases and
Autoimmune Diseases (AIDs) due to their immu-
nomodulatory properties. The ability of MSCs to
suppress the immune response suggests a possible
role of these cells in promoting tolerance to AID,
and supports their application in the treatment of
TI1D (type 1 diabetes mellitus).

In our study, MSCs appeared as fibroblast-like
cells, expressed surface markers, i.e. CD73 and
CDI105, and had the osteogenic differentiation
potential, which are consistent with the results of
previous studies (Dominici et al. 2006; Lv et al.
2014). The results of this study showed that admin-
istration of MSCs was able to increase the amount
of vascular endothelial tissues in the pancreas in
all the treatment groups compared with the con-
trol group. However, there was no difference found
between the T1 and T2 groups, showing that the
doses of MSCs did not correlate with the prolifera-
tion of endothelial cells in pancreatic tissues.

Theoretically, MSCs has a tendency to migrate
to areas of injury and has the multi-differentiation
potential, particularly differentiating into vascular
endothelial cells, which is in line with our study. In
addition to differentiation, MSCs are thought to
release some growth factors, particularly Vascu-
lar Endothelial Growth Factor (VEGF) (Gnecchi
et al. 2008) as a mediator of the secretion signal of
pancreatic B cells to endothelial cells and as a main
molecule for inducting the formation of capillary tis-
sues in the islets of Langerhans (Konstantinoval &
Lammert. 2004).

The role of MSCs is as follows: they would first
enter the bloodstream in advance and produce
hematopoietic cells, and bind with E-selectin for
rolling and adhesion, and then they migrate and
penetrate into endothelial cells and toward the
damaged area of pancreatic B cells, thereby dif-
ferentiating, replicating, and trans-differentiating
through a paracrine mechanism in the injured area
(Ezquer et al. 2012; Korbling & Estrov. 2003; Wan
et al. 2013).



5 CONCLUSION

This study indicated that (mUC)-MSCs have
the potential to increase the amount of vascular
endothelial cells in pancreatic tissues.
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ABSTRACT: The effects of selenium on Selenoprotein P (SePP) and apolipoprotein B-100 (apoB-100)
expressions were observed in Human Primary Hepatocytes (Hc cells) under basal state condition, to rep-
resent the human liver in healthy conditions. The Hc cells were cultured in a medium supplemented with
0-200 nM sodium selenite. The effects of sodium selenite supplementation on SePP and apoB-100 genes
were measured by real-time PCR, respectively. mRNA expressions of SePP and apoB were up-regulated
after treatment with sodium selenite, and reached the optimum effects at the same dose (50 nM). These
results suggest that sodium selenite supplementation might play a role in SePP and apoB-100 production
in Hc cells under basal state condition.

1 INTRODUCTION also present in many other tissues, suggesting that
SePP is widely expressed (Hoffmann et al., 2007).
Selenium is an essential micronutrient for  Base on this fact, production of SePP by hepa-
human health, which exists in various chemical tocytes is vital to selenium homeostasis in the
forms, and the physiological effects of the differ-  organism (Hill et al., 2012).
ent chemical forms vary considerably. Sodium Cholesterol in the blood is mainly carried by
selenite, an inorganic selenium form, is used as  Low-Density Lipoprotein (LDL) and most sig-
a supplement; recently, it is being increasingly  nificantly associated with atherosclerotic plaque
consumed by healthy people to delay the onset or ~ formation (Gouni-Berthold and Sachinidis, 2004).
progression of age-related degenerative diseases,  Apolipoprotein B (apo B) is correlated with LDL
including cardiovascular disease (Actis-Goretta  particles, a study by Dhingra and Bansal, 2005
et al.,, 2004). Selenium functions for human demonstrated that in mice, selenium deficiency
were through selenoproteins (Brenneisen et al., caused increased of apo B expression during
2005). Selenoprotein p (SePP) is the main sele-  experimental hypercholesterolemia and Selenium
nium transport form in plasma (Burk and Hill, supplementation leads to down-regulation of apo
2009), tissues collect “long isoform” SePP from  Bexpression (Dhingra and Bansal, 2005). Apolipo-
plasma by apoER2-mediated endocytosis and  protein B 100 (apo B-100) is apo B that is consists
use its selenium for the synthesis of selenopro-  of the ligand-binding domain for binding of LDL
teins (Kurokawa et al., 2012). The main source  to LDL-R site (Segrest et al., 2001). Several stud-
of plasma SePP is in the liver (Schweizer et al.,  ies proposed that apoB-100 levels might be a better
2005), even though lower amounts SePP mRNA  indicator than total or LDL cholesterol levels for
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measuring the concentration of atherogenic lipo-
protein particles (Davidson, 2012) because most
of the studies demonstrated that one molecule of
apo B-100 exists per lipoprotein particle, hence the
quantity of apo B-100 in fasting plasma predicts
the sum of LDL and VLDL particles (Vega and
Grundy, 1990, Harper and Jacobson, 2010). Based
on this facts, there was lacking data for the efficacy
of selenium supplementation for suppressing Apo
B-100 in the healthy human.

Hence in view of all the above-stated findings,
the present study is aimed to explore the effect of
selenium supplementation on SePP and apo B-100
expressions in Human Primary Hepatocytes (Hc
cells) under basal state condition. We used non-
malignant cells for a better representation of the
human liver in healthy conditions, to mimic healthy
individuals receiving selenium supplementation in
an in vitro system. We hypothesized that sodium
selenite supplementation would up-regulate SePP
and down-regulate apo B-100 expressions in the
normal human liver.

2 MATERIAL AND METHOD

2.1

The Hc cells were kindly provided by Prof. Takeaki
Nagamine, who purchased them from the Applied
Cell Biology Research Institute (Kirkland, WA).
The cells were maintained as described in a pre-
vious study (Hayakawa and Nagamine, 2014) and
incubated on dishes coated with type I collagen.
For the experiments, cells were seeded at a concen-
tration of 1.5 x 10° cells per 100-mm dish and incu-
bated for 0-72 h. Hc cells were cultured under the
same conditions for the selenium-supplemented
groups, except that sodium selenite was added to
the medium at the specified concentrations.

In our previous research, the selenium concentra-
tion in FBS was measured and determined it to be
257.65 nM. Hence, the selenium concentration of
the culture medium with 10% FBS was 25.76 nM.
The concentrations of selenium in the experiments
are the supplemented concentrations to the selenium
contained in the FBS. Therefore, the culture medium
of the control group (0 nM) contained 25.76 nM of
selenium from the FBS (Putri et al., 2014).

Cell culture

2.2 Quantitative real-time polymerase chain
reaction analysis

After incubation in various concentrations of
sodium selenite (0, 25, 50, 100, and 200 nM) for
72 h, total RNA was isolated from Hc cells using
TRIzol reagent (Invitrogen, CA, USA). RNA was
prepared by reverse transcription using oligo-dT
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Table 1. Primers for quantitative real-time PCR.

Primer Sequences

hApo B-100 TCGCCTGCCAAACTGCTTC (F)
CATTGTGCCTGTGTTCCATTC (R)

hGAPDH ACCACATCCATGCCATCAC (F)
TCCACCACCCTGTTGCTGTA (R)

hSePP TTCGGGCAGAGGA-GAACA (F)

CTGGCACTGGCTTCTGTG (R)

*hApo B-100, human apolipoprotein B-100; hGAPDH,
human glyceraldehyde-3-phosphatase dehydrogenase;
hSePP, human selenoprotein P; F, forward; R, reverse.

and dNTP, and each sample was processed with
the RT-PCR kit (TAKARA, Japan). Quantitative
real time-PCR was performed using the SYBR
Green PCR Master Mix (Applied Biosystems, CA,
USA) according to the manufacturer’s instruc-
tions, and then evaluated using the Light Cycler
480 Real-Time PCR system (Roche, CA, USA).
The expression level of the target gene was normal-
ized against GAPDH mRNA levels. The sequences
of primers for quantitative real-time PCR used in
this study are listed in Table 1.

2.3 Statistical analysis

Statistical analysis was performed using 1-way
analysis of variance with Dunnett’s posthoc mul-
tiple comparison tests to compare between “no
treatment” as the control group and each experi-
mental group. A p-value < 0.05 was considered sta-
tistically significant. The statistical analysis of the
data was performed with IBM SPSS (version 21.0
for Windows, IBM, NY, USA).

3 RESULT AND DISCUSSION

Based on a previous study (Hoefig et al., 2011)
we used 72 h as the optimal incubation time for
sodium selenite supplementation. Selenium has a
very narrow therapeutic dose window (Rayman,
2008); therefore in our previous research we con-
firmed the selenium dose and associated cell via-
bility using a Methyl Thiazolyl Tetrazolium assay
(MTT) assay, the Hc cells showed no inhibition of
cell proliferation after 72-h incubation with doses
<200 nM (Putri et al., 2014).

In this study, we demonstrated that in Hc cells,
sodium selenite supplementation significantly
increased mRNA expressions of SePP and apo
B-100 (Figure 1), suggesting that selenium induced
SePP and apo B-100 expression from the transcrip-
tion level. Interestingly, both reached the peak at
the same dose of sodium selenite (50 nM)
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by real-time PCR.

Our result of increasing mRNA expression of
SePP after sodium selenite supplementation in
Hc cells was in agreement with the previous study.
Hill, et.al, 2012 demonstrated that selective dele-
tion of SePP in hepatocytes decreased plasma
SePP concentration in mice fed a selenium-
adequate diet leads to major changes in whole-
body selenium metabolism. Those changes in
metabolism disrupt selenium supply to extra-
hepatic tissues were deteriorated in dietary sele-
nium deficiency. (7). The liver has a greater supply
of the element than do other tissues, this makes it is
well appropriate to regulate whole-body selenium
metabolism (Kato et al., 1992). Sodium selenite,
an inorganic form of selenium, is well established
as a dietary supplement, and its consumption has
increased over the past few years (15).

Next, our study showed sodium selenite supple-
mentation significantly increased mRNA expres-
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sions of apo B-100 in Hc cells, and reached the
saturation at 50 nM sodium selenite. There was a
previous study that during experimental hypercho-
lesterolemia, selenium deficiency caused increased
of apo B expression and Selenium supplementation
leads to down-regulation of apo B expression (9).
Combination with our present result, it suggest-
ing that in the healthy human, supplementation of
sodium selenite will induce apo B-100 concentra-
tion and to suppress this gene may need a stronger
transcriptional suppressor, such as hypercholes-
terolemia. The mechanism why apo B-100 was
induced by selenium in normal human liver cells
is still unexplained. Further in vivo studies are
necessary to explore potential roles of selenium
especially in healthy condition.

4 CONCLUSION

In Hc cells that represent normal human liver cells,
selenium supplementation up-regulated SePP and
apo B-100 expressions.
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ABSTRACT: Our previous experiments have shown that exercise increases cyclic Adenosine Mono-
phosphate (CAMP) levels followed by activated Protein Kinase A (PKA) and the downstream target of
PKA including phosphorylation of LKB-1 and CREB. The purpose of the present study was to examine
whether the effect of the PKA inhibitor H89 abolishes the effect of curcumin on the regulation of mito-
chondrial biogenesis. Male Wistar rats aged 8 weeks were randomized into two groups: exercise group
and non-exercise group. They were further divided into the following groups: Control group (DMSO),
curcumin group (100 mg/kg-BW/day), H89 group (20 mg/kg-BW/day), and curcumin + H89 group (intra-
peritoneally injected for 3 days). The exercise regimen was swimming for 2 hours/day for 3 days. Western
Blot (WB) and Immunoprecipitation (IP) analyses were carried out to assess protein and enzyme activi-
ties. We found that the administration of curcumin alone and in combination with exercise increased the
phosphorylation of LKB-1, CREB, and COX-IV expression. However, interestingly, H89 abolished these
effects. The present results indicate that inhibition of cAMP synthesis abolishes the impact of curcumin
administration in the skeletal muscle of rodents.

1 INTRODUCTION tein (CREB) and Liver Kinase Bl (LKB-1), which
induces PGC-1a to regulate mitochondria biogen-
Skeletal muscle is a highly malleable tissue, capable  esis (Than et al., 2011, Veeranki et al., 2011).
of considerable metabolic and morphological adap- Several polyphenols have been shown to acti-
tations in response to repeated bouts of contractile ~ vate cAMP, which are being deeply investigated as
activity (i.e. exercise). It is well established that  potential inducers of mitochondrial biogenesis (Park
chronic contractile activity, in the form of repeated et al., 2012, Chowanadisai et al., 2010). Curcumin
bouts of endurance exercise, usually interspersed  is a polyphenolic compound with medicinal proper-
with recovery periods, results in the altered expres- ties found in Curcuma longa L., turmeric, a popular
sion of a wide variety of gene products, leading to  culinary spice used in both vegetarian and non-
an altered muscle phenotype with improved fatigue  vegetarian foods. Our previous results have shown
resistance. This improved endurance is highly cor-  that curcumin have the ability to increase mito-
related with the increase in muscle mitochondrial — chondrial biogenesis. Furthermore, when combined
density and enzyme activity, referred to as “mito-  with endurance training, curcumin increases mito-
chondrial biogenesis” (Nourshahi et al., 2012).  chondrial biogenesis in skeletal muscle. This study
The ubiquitous second messenger cyclic AMP  suggested that cAMP may play an important role
(cAMP) and its cellular effector Protein Kinase A in the effect of curcumin on the induction of mito-
(PKA) constitute one of the most widely studied  chondrial biogenesis in skeletal muscle; however, it
signaling cascades. In both mammalian cells and  remains unknown whether the molecular mechanism
yeast, the regulation of mitochondrial biogen- of cAMP is involved in the regulation of mitochon-
esis clearly involves the cAMP signaling pathway  drial biogenesis. H89 is identified as a selective and
(Yoboue et al., 2012). Protein Kinase A (PKA), potentinhibitor of Protein Kinase A (PKA). PKA is
also known as the cAMP-dependent enzyme, is a  a ubiquitous cellular kinase that phosphorylates ser-
well-studied, downstream effector of cCAMP and is  ine and threonine residues in response to cAMP. It is
activated only in the presence of cCAMP. Activated  well established the PKA signaling cascade is more
PKA phosphorylates a number of other proteins  important for cellular function and accounts for the
including cAMP Response Element Binding pro-  profound interest in a specific high-affinity inhibitor.
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In the present study, we investigated whether cAMP
plays an important role in the effect of curcumin,
alone or in combination with exercise, on the regu-
lation of mitochondrial biogenesis in gastrocnemius
skeletal muscle. We predicted that the effect of cur-
cumin administered alone and in combination with
exercise on the induction of mitochondrial biogen-
esis through the synthesis of cAMP will be abolished
by the PKA inhibitor H89.

2 MATERIALS AND METHODS

2.1

A total of 36 male Wistar rats (body weight
282-390 g) aged 10 weeks were used in this study
(six rats per group). The animals were housed in an
air-conditioned room and exposed to a 12-h light—
dark photoperiod. They had ad libitum access to a
standard diet (Oriental Yeast, Tokyo, Japan) and
water. The animals were randomly divided into
two groups: exercise group and non-exercise group.
Subsequently, the two groups were further divided
as follows: control group (only DMSO), curcumin
group, H89 group (PKA inhibitor), and curcu-
min + H89 group. All animals were injected intraperi-
toneally (i.p.) once per day for 3 days with curcumin
(100 mg/kg-BW/day) dissolved in dimethyl sulfoxide
(DMSO) or in the same volume of DMSO (vehi-
cle alone) and H89 (PKA inhibitor, 20 mg/kg-BW/
day). The exercise training group swam 2 h/day in
four 30-min bouts separated by 5 min of rest. After
the first 30-min bout, a weight equal to 2% of body
weight was tied to the body of the rat. The rats swam
with the attached weight in the remaining three
exercise bouts. All rats swam in a barrel filled to a
depth of 50 cm with a swimming area of 190 cm?
rat (Kawanaka et al., 1997). The rats performed the
above swimming protocol once per day for 3 days.

Animal experiments

2.2 Nuclear fraction preparation

Animals were anesthetized with 50 mg pentobarbi-
tal sodium per 100 g of body weight at 1 hour after
the last endurance exercise session. For biochemical
studies, gastrocnemius muscle was isolated. Nuclear
proteins were isolated using a modified version of
the protocol established by Blough (Blough et al.,
1999) and divided into 1-ml PBS aliquots.

2.3 Immunoprecipitation and western blotting

Lysis buffer (20 mM Tris-HCI [pH 7.4], 50 mM
NaCl, 250 mM sucrose, 50 mM NaF, 5 mM sodium
pyrophosphate, 1 mM DTT, 4 mg/l leupeptin,
50 mg/1 trypsin inhibitor, 0.1 mM benzamidine, and
0.5 mM PMSF) was used for immunoprecipitation.
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Dynabeads (Invitrogen, CA, USA) were added to the
samples of nuclear proteins, and incubated at 4°C for
1 h. Dynabeads were then collected using magnets,
and normal mouse immunoglobulin G (nlgG; Santa
Cruz Biotechnology, CA, USA) was added to the
supernatants and incubated at 4°C overnight. The
samples were centrifuged for 30 s x 7000 g at 4°C,
and aliquots of this supernatant were incubated with
primary antibodies against PGC-1c. and mouse IgG
at 4°C overnight. Dynabeads were then added and
incubated at 4°C for 2 h. The pellets were collected
using magnets and washed with PBS. The final pellet
from immunoprecipitation (IP) was visualized and
the expression of proteins was compared by west-
ern blotting. Western blot analysis was performed
as described previously (Furuichi et al., 2010).
Briefly, equal amounts of protein samples were
loaded onto SDS-PAGE gel and transferred onto
a polyvinylidene fluoride (PVDF) membrane. The
membrane was then incubated in blocking buffer,
and subsequently with COX-IV (1:1000 dilution;
Abcam, Cambridge, England), Phospho LKB-1
(S 428) (1:500 dilution; Abcam, Cambridge, Eng-
land), LKB-1 (1:500 dilution; Abcam, Cambridge,
England), Phospho CREB (Ser 133) (1:500 dilution;
Abcam, Cambridge, England), CREB + CREM
(1:500 dilution; Abcam, Cambridge, England),
anti-B-actin (1:1000 dilution; Abcam, Cambridge,
England), GAPDH (1:1000 dilution; Abcam, Cam-
bridge, England), and lamin (1:1000 dilution; Santa
Cruz Biotechnology, CA, USA). The signal intensity
was quantified using imaging software (Image J, ver-
sion 1.46; NIH, Maryland, USA).

2.4 Statistical analysis

One-way ANOVA was used to assess the effect of
curcumin administered alone and in combined with
exercise on the phosphorylation of LKB-1, CREB,
and COX-IV expression. The Tukey—Kramer post
hoc test was used for analysis to identify of dif-
ference between the low-dose and high-dose cur-
cumin groups. All data are expressed as mean +
Standard Deviation (SD). The level of significance
was established at P < 0.05.

3 RESULTS
3.1 PKA inhibitor (H89) diminished the effect of
curcumin treatment on the phosphorylation of
LKB-1 and CREB

In order to determine whether cAMP plays an
important role in the effect of curcumin on the
induction of mitochondrial biogenesis, we exam-
ined the downstream target proteins of cAMP-
dependent protein kinase (PKA) by using the



PKA inhibitor H89. The present result indi-
cated that curcumin without exercise increased
the phosphorylation of LKB-1 and CREB
(Figs. 1 and 2) in gastrocnemius skeletal muscle,
but H89 abolished this effect. Furthermore, our
result showed that curcumin treatment increased
the effect of exercise that in turn increased the
phosphorylation of LKB-1 and CREB (Figs. 2
and 3), but H89 abolished this effect. These
results suggested that the administration of cur-
cumin alone and in combination with exercise
increased the downstream target of PKA includ-
ing phosphorylation of LKB-1 and CREB, and
when the rats were treated with the PKA inhibi-
tor (H89), the effect of curcumin was abolished.

3.2 PKA inhibitor (H89) inhibited the effect of
curcumin on the mitochondrial marker COX-1V

In order to determine the effect of curcu-
min on the mitochondrial marker, we examine
the effect of curcumin treatment on COX-IV
expression. Indeed, our result indicated that the
administration of curcumin alone and in combina-
tion with exercise increased the protein expression
of COX-IV, but H89 abolished this effect (Fig. 3).
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Figure 1. PKA inhibitor H89 abolishes the effect of cur-
cumin treatment on the phosphorylation of LKB-1 (Ser
428) in gastrocnemius skeletal muscle. Values are mean +
SD (n = 6 per group). DMSO = control. CD 100 = curcu-
min 100 mg/kg-BW/day in DMSO. *: significantly differ-
ent from the DMSO without exercise group (P < 0.05). #:
significantly different from the DMSO + exercise group
(P < 0.05). {: significantly different from the curcumin
without exercise group (P < 0.05). i: significantly differ-
ent from the curcumin with exercise group.
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Figure 2. PKA inhibitor H89 abolished the effect of
curcumin treatment on the phosphorylation of CREB
(S-133) in gastrocnemius skeletal muscle. Values are
mean + SD (n = 6 per group). DMSO = control. CD
100 = curcumin 100 mg/kg-BW/day in DMSO. *: signifi-
cantly different from the DMSO without exercise group
(P < 0.05). #: significantly different from the DMSO +
exercise group (P < 0.05). 1: significantly different from
the curcumin without exercise group (P < 0.05). I: signifi-
cantly different from the curcumin with exercise group.
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Figure 3. PKA inhibitor H89 abolished the effect of
curcumin treatment on COX-IV expression in gastrocne-
mius skeletal muscle. Values are mean + SD ( n = 6 per
group). DMSO = control without exercise. CD 100 = cur-
cumin 100 mg/kg-BW/day in DMSO. *: significantly dif-
ferent from the DMSO without exercise group (P < 0.05).
#: significantly different from the DMSO + exercise
group (P < 0.05). {: significantly different from the cur-
cumin without exercise group (P < 0.05). i: significantly
different from the curcumin + exercise group.



This result also indicated that curcumin treatment
alone increased COX-IV expression, and the addi-
tive effect of curcumin in combination with exer-
cise increased COX-IV expression. Furthermore,
the PKA inhibitor (H89) abolished this effect.

4 DISCUSSION

cAMP serves as a second messenger within a cell. Our
previous result indicated that curcumin increases the
cAMP levels in gastrocnemius skeletal muscle (Ray
Hamidie et al., 2015). A previous study has shown
that curcumin inhibits PDE in endothelial cells
(Abusnina et al., 2009) and pancreatic B cells (Rouse
et al., 2014). Furthermore, Another polyphenol (res-
veratrol) increases CAMP levels, not by increasing
cAMP production, but by inhibiting cAMP PDEs,
which hydrolyze cAMP to AMP (Chung et al,
2012). This result shows that the polyphenol more
preferably inhibits PDE to increase the cAMP levels.
Furthermore, we are also interested to examine the
effect of curcumin treatment in combination with
exercise. As predicted, our result indicated that the
additive effect of curcumin treatment and in com-
bination with exercise increased the cAMP levels in
skeletal muscle (Fig. 1). Exercise increases the levels
of glucagon and catecholamines, which bind to their
receptors and increase cCAMP production by activat-
ing adenylate cyclase (Chung et al., 2012). Based on
this evidence, we speculated that the magnitude of
cAMP elevation influenced by the additive effect of
curcumin treatment in combination with exercise is
associated with the increase in adenyl cyclase activity
and the inhibition of PDE.

The most common downstream effector of cAMP
is Protein Kinase A (PKA) (Tasken and Aandahl,
2004). When a molecule of PKA binds to four mol-
ecules of cAMP, the PKA molecule releases two
subunits to induce enzyme activity on target proteins
(Skalhegg and Tasken, 2000), including phosphoryla-
tion of LKB-1 and CREB. Indeed, our result indi-
cated that curcumin administered alone as well as
the additive effect of curcumin in combination with
exercise have the ability to increase the phosphoryla-
tion of LKB-1 and CREB in gastrocnemius skeletal
muscle (Figs. 1 and 2). Our result is consistent with
that of the previous study that examined the effect
curcumin in diabetic rats, showing that curcumin
increases the phosphorylation of LKB-1 in the skel-
etal muscle of rats (Na et al., 2011) and increases the
phosphorylation of CREB in the cerebral cortex of
rats (Kumar et al.,, 2010). LKB-1 is the upstream
target from AMPK that can act as an energy sensor
of the cell, and works as a key regulator of mito-
chondrial biogenesis. However, it has been reported
that PKA is associated with the increased phospho-
rylation of LKB-1 (Collins et al., 2000). Since PKA
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activity is dependent on cAMP, we suggested that
cAMP induced the phosphorylation of LKB-1 in
skeletal muscle. In contrast, CREB localized in the
nucleus plays an important role in the regulation of
mitochondrial biogenesis due to its ability to increase
PGC-1a as the master regulation of mitochondrial
biogenesis (Wu et al., 2006b). To verify this hypoth-
esis, we examined the effect of H89 (PKA inhibitor)
in order to determine the effect of curcumin treat-
ment on the regulation of mitochondrial biogenesis
in skeletal muscle. Indeed, our result indicated that
HS89 abolished the effect of curcumin treatment on
the phosphorylation of LKB-1 and CREB. Further-
more, the additive effect of curcumin treatment in
combination with exercise increased the phospho-
rylation of LKB-1 and CREB, but H89 abolished
this effect. These findings indicated that PKA plays
an important role in the regulation of mitochon-
drial biogenesis in skeletal muscle via the LKB-1 and
CREB pathway. Our result is also consistent with
that of another previous study suggesting that resver-
atrol-stimulated AMPK activity is abolished in LK B-
1-deficient neurons (Dasgupta and Milbrandt, 2007).
Indeed, our result also indicated that H89 had the
ability to abolish the effect of curcumin treatment on
the phosphorylation of LKB-1 (Fig. 1). In the other
pathway, CREB has the ability to increase mitochon-
drial biogenesis in muscle cells through PGC-1a. (Wu
et al., 2006a). Furthermore, H89 inhibits the effect
of CREB. The result of that study is consistent with
ours which showed that H89 inhibits the effect of
exercise on the phosphorylation of CREB in the skel-
etal muscle of rodents (Fig. 2). The result of a study
conducted in human skeletal muscle after 3 weeks
of exercise indicated that CREB phosphorylation at
Ser!3* was higher in the skeletal muscle of both legs
after training. Evidently, our result indicated that the
PKA inhibitor H89 abolished the effect of curcumin
treatment alone and in combination with exercise on
the phosphorylation of LKB-1 and CREB that is
associated with mitochondrial biogenesis in skeletal
muscle (Figs. 2 and 3). Based on the above result, we
suggested that the PKA inhibitor H89 inhibits the
phosphorylation of LKB-1 and CREB associated
with the effect of curcumin administered alone and
in combination with exercise in skeletal muscle.
However, our result indicated that H89 abolished
the effect of curcumin treatment alone and in com-
bination with exercise on the protein expression of
COX-IV (Fig. 3). Based on this result, we speculated
that deacetylation of PGC-la is not necessarily
associated with the effect of curcumin on the regula-
tion of mitochondrial biogenesis in skeletal muscle.
On the one hand, our experimental result indicated
that 30 days of endurance exercise (€TR) increased
the deacetylation of PGC-loo for regulating
mitochondrial biogenesis (Ray Hamidie et al., 2015),
and on the other hand, it was found that 3 days of



exercise did not sufficiently decrease the acetyla-
tion of PGC-o. Another reason is that this condi-
tion occurs due to curcumin treatment to increase
mitochondrial biogenesis through different pathway
beside the LKB-1 and CREB pathway. Future study
is necessary to describe the associated effect of cur-
cumin on PGC-1a for regulating mitochondria.

5 CONCLUSION

In conclusion, curcumin treatment together with
exercise increased the downstream target of PKA,
including the phosphorylation of LKB-1, CREB,
deacetylation of PGC-la, and COX-IV expres-
sion in the skeletal muscle of rodents. However, the
PKA inhibitor H89 was able to abolish the effect
of curcumin treatment together with exercise on
cAMP levels and the downstream target of PKA
including the phosphorylation of LKB-1, CREB,
and COX-IV expression which are associated with
the regulation of mitochondrial biogenesis in skel-
etal muscle. Collectively, our data suggest that inhi-
bition of cAMP synthesis abolishes the effect of
curcumin administration in the skeletal muscle of
rodents.
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Effect of Monosodium Glutamate (MSG) on spatial memory in rats
(Rattus norvegicus)
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ABSTRACT: Monosodium Glutamate (MSG) is a commonly used flavor enhancer in food. Several
studies have shown that high doses of MSG act as a neurotoxic or excitotoxic agent for cells in the central
nervous system. This study aimed to determine the effect of MSG on spatial memory function. A total of
25 albino male rats of Sprague-Dawley strain (aged 8-10 weeks, weighing 150-200 g) were divided into
five experimental groups (two control groups and three treatment groups that received 2 mg/g, 4 mg/g,
or 6 mg/g oral MSG, respectively, for 30 days). Spatial memory test was performed using water-E maze
before MSG administration and every week (5 times). After the last administration of MSG, all rats were
killed. The data were analyzed by one-way ANOVA followed by the Least Significant Difference (LSD)
post hoc test. The water-E maze test showed an increase in the number of errors made by the treatment
group that received 4 mg/g and 6 mg/g of MSG, as well as an increase in time span to complete a memory
test when compared with the control group after consumption of MSG for 30 days. In conclusion, this
study showed that high MSG doses lead to a reduction in spatial memory function in rats.

Keywords: Monosodium Glutamate (MSG), flavor enhancer, spatial memory, rat, water e-maze

1 INTRODUCTION to the cells in the central nervous system, resulting
in various abnormal histological patterns of the

Monosodium Glutamate (MSG) is a chemical cerebral cortex and hippocampus, cerebral cortex
commonly used as a flavor enhancer in food. MSG  layer depletion, damage to neurons in the primary
has been used in many countries including Indo-  sensory area of neonatal rat cerebral cortex, dam-
nesia, and has become a research topic in toxicop-  age to the paraventricular nucleus of the hypotha-
harmacology (Sukmaningsih et al., 2011; Rangan  lamus arcuatus, and the nucleus of neonates whose
& Barceloux, 2009). MSG, when dissolved in water ~ parents are fed with MSG. MSG has the ability
or saliva, dissociates into free salt and becomes the ~ to penetrate the placenta—blood barrier and the
anion of glutamate (glutamic acid) (Sukmaning-  brain-blood barrier (Cekic et al., 2005; Zarate
sih et al., 2011). Glutamate is also produced by the et al., 2001; Yuliana, 2012; Briliantina, 2012).
human body bound with other amino acids that Based on previous studies and high rates of
make up the protein structure as well as those pro-  consumption of Monosodium Glutamate (MSG)
duced by neurons as a neurotransmitter. Glutamate  in the community, we determined whether MSG
is the major excitatory transmitter in the central  affects nerve cell function in the hippocampus and
nervous system of mammals. Glutamate is abun-  produces negative effects on the nervous system
dant in the cerebral cortex, hippocampal gyrus  when administered in excess.
dentatus, and striatum, indicating that it plays an
important role in cognitive functions including
learning and memory (Setiawati, 2008). 2 MATERIALS AND METHODS

However, the presence of excessive glutamate
can lead to overstimulation of receptors that  This study was approved by Health Research Eth-
leads to irreversible cell damage or even cell death  ics Committee, Faculty of Medicine Universitas
(Murrah, 2011). Various studies in the early life = Indonesia/Cipto Mangunkusumo Hospital. This
period have shown that administration of high in vivo experimental study used 25 male rats of
concentrations of MSG may act as a neurotoxicor ~ Sprague-Dawley strain, 8-10 weeks old, with the
excitotoxic agent. Furthermore, it causes damage  weight of 150-200 g. We used MSG in the form of
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Sodium L—glutamate monohydrate (C;H,NNaO,)
produced by Merck, Germany. Spatial memory
examination was performed by the water-E maze
test.

Experimental animals were placed 2 weeks install
with stable conditions for acclimation. The study
group consisted of five groups: pure control group
(K1), solvent control group (K2), MSG treatment
group of 2 mg/g BW/day (P1), MSG treatment
group of 4 mg/g BW/day (P2), and MSG treatment
group of 6 mg/g BW/day (P3).

The spatial memory test using water-E maze
was performed at the beginning before treatment,
then at the end of every week. Each animal test
consisted of three repetitions performed one after
another with no break between them. We used the
stair as a platform. Both the time required for each
animal to reach the target (stair), and the number
of errors made on each trial were recorded.

Data were analyzed using parametric statisti-
cal test: one-way ANOVA, repeated ANOVA, and
subsequent test with 95% confidence intervals. We
stated p < 0.05 as significant. The Least Significant
Difference (LSD) method was used as a post hoc
test.

3 RESULTS

We found a significant difference in memory test
errors between control and MSG treatment groups

of 4 mg/g BW and 6 mg/g BW (Table 1). There
was a tendency of increase in errors shown after
consumption of MSG for four weeks, while errors
in control group tend to decrease.

A significant difference was found in the time
span between the control group and all MSG
treatment groups. It was shown (Table 2) that the
time span to complete the memory test was get-
ting shorter every week in all groups. The control
group was shown to have shorter average time to
complete the test.

4 DISCUSSION

As shown in the present study, MSG has an influ-
ence on spatial memory in rats after 4 weeks of
use. MSG decreases the ability of spatial memory
assessed by an increasing number of mistakes as
well as having a long duration of time required
to complete the memory test. As errors were
increased, it showed that experimental animals are
not able to remember exactly the route that has to
be followed to quickly reach the target in the form
of a ladder to remove themselves from the water-E
maze.

It is known that the hippocampus is an area that
plays an important role in learning and memory,
especially spatial memory (Collison et al., 2010;
Frieder & Grimm, 1984; Carlson, 2013). Gluta-
mate itself plays an important role in learning and

Table 1. Average number of errors in memory test.
Average number of errors (times/test)

Memory
test K1 K2 Pl P2 P3
0 1.00 £ 0.30 1.26+0.29 1.32+0.25 1.00 £ 0.30 1.00 £0.30
1 1.08 £ 0.62 1.20+0.54 1.00 +£0.30 1.20+0.37 1.20+0.58
2 0.66+0.41 0.60 +0.30 0.80+0.37 0.94+0.25 0.94+0.26
3 0.60 +0.30 0.68 +0.25 1.06 +0.25 0.68 £0.25 0.80+0.37
4 0.60 +£0.30 0.68 £ 0.25 1.00 £ 0.30 1.20 £ 0.37* 1.28 £ 0.54*
Note: Data expressed as mean * SD.
Table 2. Average time span in the memory test.

Average time span (seconds)
Memory
test K1 K2 Pl P2 P3
0 39.40+7.92 35.46+15.52 39.80+8.54 37.58 £10.61 45.54 + 14.11
1 31.26£17.17 29.26 +10.87 38.80 £ 12.52 29.74 +10.47 36.00+ 11.58
2 30.32+8.77 23.48+9.19 23.40 +5.50 30.86 +5.00 29.40 + 6.23
3 27.14+4.92 24.54 +4.37 29.34 +3.37 27.26+8.42 23.00 +4.36
4 1594 +2.14 13.27+2.53 20.52 + 2.60* 20.86 +2.96* 19.58 + 4.05*

Note: Data expressed as mean + SD.



memory especially in the formation of Long-Term
Potentiation (LTP), which allegedly is a process that
is responsible for synaptic changes during learning
process taking place through the activation of the
ion channel receptors, the NMDA receptor t in
the hippocampus (Collison et al., 2010; Frieder &
Grimm, 1984; Scheetz & Constantine, 1994).

However, if there is an excess of glutamate lev-
els more than normal conditions, resulting in the
accumulation of glutamate in the number of abun-
dance in the synaptic cleft, then this will only be
excitotoxic to nerve tissues (Ardyanto, 2004). This
accumulation will lead to overstimulation of gluta-
mate receptors, especially the NMDA receptor
which activates multiple ways that will eventually
cause damages and even death of neurons. These
damages to the structure of neurons certainly
affect the function of neural nerve tissues (Murrah,
2011; Purves et al., 2004; Siegel & Sapru, 2011).

Research of Onaolapo OJ et al (2012) showed
that the use of MSG at doses of 1 and 1.5 mg/kg
for 14 days induces a tendency of decreased abil-
ity of spatial learning and memory in mice in the
treatment group compared with the control group
tested with the Y-maze although there were no sta-
tistically significant differences (Onaolapo et al.,
2012). Research by Narayanan et al (2010) also
showed that MSG significantly affected the behav-
ioral performance in young adult rats which also
increased anxiety and memory retention that is
assessed through passive avoidance test (Narayan
etal., 2010). Yu L et al. (2011) also proved that the
administration of MSG reduced the learning abil-
ity and memory retention ability that was assessed
using the Y-maze.

Pavlovic et al (2007) mentioned that the death
of neurons that occurs as a result of the use of
MSG is most likely due to the effects of glutamate
excitotoxicity triggered by elevated levels of Ca?
in the cytosol and is mediated through the process
of necrosis and apoptosis mechanism of neuronal
excitotoxicity, which occurred from a variety of
factors (Pavlovic, 2007). The existence of excessive
stimulation of glutamate receptors will be able to
initiate a variety of potential cascade to induce cell
damage and death. NMDA receptors activated by
glutamate molecules cause an influx of calcium
ions (Ca?") in bulk, accompanied by sodium ions
(Na*) through AMPA receptors. Moreover, it can
also activate metabotropic glutamate receptors
causing increased release of Ca?* ions stored in
the endoplasmic reticulum (Erdmann et al., 2006).
This condition can trigger a variety of pathways
that will eventually cause damage to the synapse
and cell death, which can be either apoptosis or
necrosis.

In this study, the mechanisms described above
may play a role in nerve cell damage in specific

73

brain areas associated with spatial memory func-
tion, especially in the hippocampus area. The hip-
pocampus also has a role in navigation capabilities,
so that if the hippocampus is not functioning
properly, then the individual cannot remember the
path/route to his destination or path/route to the
place it belongs (Bear et al., 2007). Treatment with
MSG affects the appearance or animal ability in
completing the memory test after administration
of MSG with a duration of 4 weeks.

5 CONCLUSION

The result of this study showed that high MSG
doses lead to a reduction in spatial memory func-
tion in rats after consumption of MSG for four
weeks.
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ABSTRACT: Pulmonary TB is a chronic infectious disease that has become a global health burden.
The aim of this study is to understand the role of bacterial load and plasma rifampicin concentration
as risk factors of sputum conversion failure in pulmonary TB. This is a quantitative study with a cross-
sectional design conducted on 102 subjects. The study was conducted at the RSP Faculty of Medicine,
Universitas Padjadjaran. Plasma rifampicin concentration was measured using UPLC, sputum conversion
was examined by Ziehl-Neelsen staining, and statistical analysis was performed using SPSS version 20.
The results indicate that the baseline Mycobacterium tuberculosis (M.tb) load was significantly different
between the groups (p = 0.04), and high M.tb load was the risk factor of sputum conversion failure
(POR =2.97 CI 95% =1.23-7.15, p = 0.015). In conclusion, M.tb load was found to be the risk factor of
sputum conversion failure, not the plasma rifampicin concentration.

1 INTRODUCTION Sputum smear microscopy has been the primary

method for the diagnosis of pulmonary tubercu-
Pulmonary TB is a chronic infectious disease caused ~ losis in low- and middle-income countries, where
by Mycobacterium tuberculosis (M.tb), which has  about 95 per cent of TB cases and 98 per cent of TB
become a global health burden. M.tb typically affects ~ deaths occur. It is a simple, rapid, and inexpensive
thelungs (pulmonary TB) aswell asany otherorganof ~ technique that is highly specific in areas with a very
the body (extra-pulmonary TB). The disease spreads  high prevalence of tuberculosis. It also identifies the
when individuals with pulmonary TB expel bacte- most infectious patients and is widely applicable in
ria into the air, for example, by coughing. Overall, a  various populations with different socio-economic
relatively small proportion (5-15%) of the estimated  levels. Hence, it has been an integral part of the glo-
2-3 billion people infected with M.tb will develop the ~ bal strategy for TB control. However, sputum smear
TB disease during their lifetime. In 2015, an estimated ~ microscopy has significant limitations in its per-
number of 10.4 million new (incident) TB cases were ~ formance. The sensitivity is grossly compromised
reported worldwide, of which 5.9 million (56%) were ~ when the bacterial load is less than 10,000 organ-
among men, 3.5 million (34%) among women, and  isms/ml sputum sample (Desikan 2013). A previous
1.0 million (10%) among children. Six countries  study has revealed that bacterial load is association
accounted for 60% of new cases: India, Indonesia, =~ with sputum conversion failure at 2 months after
China, Nigeria, Pakistan, and South Africa. There initiation of treatment. Some studies have reported
were an estimated 1.4 million TB deaths in 2015. TB  that one of the risks of a persistent positive smear
remained one of the top 10 causes of death world-  at 2 months was greater in patients with a bacterial
wide in 2015. In the same year, 6.1 million new TB  load >3+ (Mota et al. 2012). Without appropriate
cases were reported to national authorities and the  treatment, the death rate from TB is high. Studies of
WHO. One of the diagnostic tests for TB is sputum  the natural history of the TB disease in the absence
smear microscopy. This diagnostic technique for  of treatment with anti-TB drugs (which were con-
tuberculosis was developed more than 100 years ago.  ducted before drug treatments became available)
Sputum samples are examined under a microscope to  have found that about 70% of people with spu-
determine whether bacteria are present. In the cur-  tum smear-positive pulmonary TB died within 10
rent case definitions recommended by the WHO, one  years, as did about 20% of people with culture-pos-
positive result is required for a diagnosis of smear- itive (but smear-negative) pulmonary TB. Effective
positive pulmonary TB (WHO 2016). drug treatments were first developed in the 1940s.
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The currently recommended treatment for new
cases of drug-susceptible TB is a 6-month regi-
men of four first-line drugs: isoniazid, rifampicin,
ethambutol, and pyrazinamide (WHO 2016).

Rifampin is considered to be the cornerstone in
the current treatment of TB. Rifampin inhibits the
B-subunit of the RNA polymerase, a multi-subunit
enzyme that transcribes bacterial RNA. Rifampin
exhibits concentration-dependent activity that cor-
relates best with the AUC/MIC ratio, as has been
shown in a mouse model. The AUC is an important
parameter for concentration-dependent killers such
as the rifamycins. It indicates total exposure to the
drug over a certain time period. Results from an effi-
cacy study in mice predicted one-third reduction in
the TB treatment duration when the rifampin dose
was increased by 50%. Only a few data are available
on the efficacy of regimens based on a higher dose
of rifampin in human subjects. A short regimen of a
high dose of rifampin (1,200 mg daily or every other
day) combined with a high dose of isoniazid (900 mg)
and streptomycin (1,000 mg) daily yielded almost
100% sputum culture conversion after 3 months
(Boogaard et al. 2009).

Generally, first-line treatment of drug-suscepti-
ble tuberculosis (TB) is highly effective. However,
a number of patients do not respond adequately
to the treatment, and develop drug resistance or
experience a relapse of TB after completion of
treatment. Inadequate exposure to anti-TB drugs
may constitute one of the factors underlying a
suboptimal treatment response. Some studies have
reported associations between low concentrations
of anti-TB drugs and poor treatment responses,
although this has not been found in other studies
(Burhan et al 2013).

The role of bacterial load and the efficacy of
rifampicin as a primary drug of TB should be
explored to understand the disease and for thera-
peutic improvement. The aim of this study is to
understand the role of bacterial load and plasma
rifampicin concentration as risk factors of sputum
conversion failure in pulmonary TB.

2 MATERIALS AND METHODS

2.1

We conducted a case control study among TB
patients who visited the Teaching Hospital (RSP)
Faculty of Medicine, Universitas Padjadjaran,
Bandung, for treatment between April 2014 and
April 2015. Patients were included in the study if
they had a positive Acid-Fast Bacilli (AFB) smear,
were undergoing treatment with anti-TB drugs
according to the direct observed treatment short
course (DOT) strategy, and gave informed con-
sent. Patients were excluded from the study if they
were pregnant, below 18 or above 65 years of age,

Study design and recruitment of subjects
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had chronic diarrhea, and impaired liver or renal
function. Drug dosing was according to WHO-
recommended weight bands. The anti-TB drugs
were administered in fixed dose combinations that
were approved by the Indonesian national program
based on bio-equivalence studies. Anti-TB drugs
were taken without food.

2.2 Blood sampling, bioanalysis, and
pharmacokinetic data analysis

Patients refrained from food at least 8 h before
drug intake at the pharmacokinetic sampling day.
Plasma drug concentration collected from blood
2 h after administration of drugs (C2 h) was used
as the estimated peak plasma concentration (Cmax).
Drug sampling took place at 4 weeks after inclusion
in the study because of the expected steady state
in the pharmacokinetics of TB drugs at that time.
Plasma was separated and stored at 80°C immedi-
ately until analysis. Plasma rifampicin concentra-
tions were measured with a validated method such
as liquid-liquid extraction, followed by ultraper-
formance liquid chromatography with UV detection
(Burhan et al 2013). Sputum smears were examined
for AFB by fluorescence microscopy and/or Ziehl-
Neelsen staining and graded by standard criteria and
equivalence: 1-9 AFB/100 fields (1+); 1-9 AFB/10
fields (2+); 1-9 AFB/field (3+); and >9 AFB/field
(4+) (Mota et al 2012). Sputum smears were done
at the first subject examination and at the end of the
initial treatment phase (at the 8th week) to determine
smear conversion. Subjects with conversion failure
were categorized as the case group and those with
conversion were categorized as the control group.
Statistical analysis was performed using the
SPSS version 20.0 software (SPSS Inc., Chicago,
Illinois, USA). All probabilities were two-tailed
and p values < 0.05 were considered as significant.

3 RESULTS

A total of 102 patients with pulmonary TB were
recruited for the study. Sputum examination was per-
formed by the Ziehl-Neelsen method to determine
the baseline M.tb load. Plasma rifampicin concen-
tration was measured by using UPLC. After treat-
ment with oral anti-tuberculosis, as recommended by
the WHO, for 8 weeks, 72 subjects had negative M.tb
sputum smear (conversion group) and 30 subjects
had positive M.tb sputum smear (non-conversion
group). The mean age of the subjects in the conver-
sion and non-conversion groups was 35.3 (SD 11.5)
years and 34.5 (SD 13.6) years, respectively. Of the
total subjects, 59.7% in the conversion group and 50%
in the non-conversion group were male (Table 1).
The results indicated that baseline M.tb load
was significantly different between the conversion



Table 1. Subject characteristics.

Subject Conversion Non-conversion
characteristics (N =72) (N =30) p
Sex, n (%)
Male 43 (59.7%) 15 (50%) 0.37*
Age (yrs)
Mean (SD) 35.3(11.5) 34.5(13.6) 0.751**
Baseline
M.tb load
Scanty 11(15.3%) 1(3.3%) 0.04
+1 20 (27.8%) 4 (13.3%)
+2 19 (26.4%)  8(26.7%)
+3 22 (30.6%) 17 (56.7%)
Rifampicin
conc., n (%)
Mean (SD) 8.9 (4.12) 7.9 (4.45) 0.287%*

*p value obtained using chi-square test.
**p value obtained using z-test.

Table 2. Multivariate analysis of baseline M.tb load
and plasma rifampicin concentration.

Crude Adj
Variable OR CI9%% P OR CI95% P
Rifampicin 1.6 (0.68— 0.28 1.78 (0.64- 0.27
conc. 3.77) 4.95)
High baseline 2.97 (1.23- 0.015 5.08 (1.72- 0.03
M.tb load 7.15) 15.04)
(+3)

and non-conversion groups (p = 0.04). In the non-
conversion group, 56.7% had high M.tb load (+3).
However, in the conversion group, 30.6% had high
M.tb load (+3). There was no significant differ-
ence between the conversion and non-conversion
groups in relation to plasma rifampicin concentra-
tion (8.9 mg/L vs. 7.9 mg/L, p =0.287) (Table 1).
Multivariate analysis indicated that only high
baseline M.tb load (+3) is the risk factor of sputum
conversion failure (POR =2.97 CI 95% = 1.23-7.15;
p=0.015) (Table 2). Subjects with high baseline M.tb
load had 2.97 times risk for sputum conversion failure
compared with those with low baseline M.tb load.

4 DISCUSSION

In this study, most of the subjects in the conversion
group were male, and in the non-conversion group
the number of male and female subjects was equal.
TB is more a disease of men than of women, and
gender is an important aspect of TB epidemiology.
The difference between men and women appears to
be larger in Asia, especially in the SEARO region
and to a lesser extent in the WPRO region, than in
sub-Saharan Africa (AFRO region). It is unclear
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why male—female differences in tuberculosis preva-
lence appear to be larger in many Asian surveys
than in those from Africa (Borgdorff et al. 2006).

The results indicated that baseline M.tb load was
significantly different between the conversion and
non-conversion groups (p = 0.04). A previous study
has reported that patients with high pre-treatment
smear grade (3+/4+) were less likely to have conversion
than patients with low pre-treatment grade (1+/2+).
Persistent smear positivity was associated with higher
pre-treatment grade due to the initially high myco-
bacterial burden (Mota et al. 2012). Another study
in Indonesia has reported that baseline bacterial load
(+3) is associated with very low sputum conversion
percentage (Triyani et al. 2007). Knowledge of the
risk factors associated with delayed conversion helps
identify highly infectious patients who require the
most medical resources and prolonged respiratory
isolation, and necessitates a cautious interpretation
of sputum smear results (Mota et al. 2012).

Rifampicin plasma concentration in the con-
version and non-conversion groups was 8.9 mg/L
and 7.9 mg/L, respectively. This concentration was
measured at 2-hour after drug administration.
Targeted peak rifampicin concentration was 8§ to
24 g/ml after a 600 mg dose. Recommendation
of the dose is increased if the peak is less than
6 g/ml (Peloquin 2002). A pilot study in Indone-
sian patients was performed to compare a higher
dose (600 mg) and the standard dose (450 mg or
10 mg/kg, considering the body weight of Indone-
sian people) of rifampin. It showed that 78% of
the patients in the higher-dose arm versus 48% of
those in the standard-dose arm achieved a peak
(2-hour) plasma rifampin concentration above a
reference value of 8 mg/liter (Ruslami et al. 2007).

A 2-hour post-dose sample can be collected to
estimate the peak concentration. Given the variabil-
ity of oral absorption, a single time point may miss
the actual peak concentration. Therefore, a second
sample, typically 6 hours post-dose, allows one to
capture information on the rate and completeness
of absorption. It can also provide information
regarding the elimination of drugs that have short
half-lives, such as isoniazid and rifampicin, provided
that absorption is completed by 2 hours post-dose. If
the 2-hour and 6-hour values are roughly the same,
perhaps somewhat below the expected ranges, or if
the 6-hour values are higher than the 2-hour values,
then delayed absorption is most likely. Delayed but
normal concentrations do not require dose adjust-
ment, but malabsorption, especially Cmax values
less than 4 g/ml, should prompt a dose increase.
This allows one to take better advantage of the dose
response of rifampicin (Peloquin 2002).

A pharmacokinetic study of rifampicin in Peru
revealed very low levels of rifampin at 2 h in 68.6%
of patients, which is in accordance with data from
other studies. Moreover, 36 patients (34.3%) had



undetectable levels at 2 h, when a peak concentra-
tion is theoretically reached after oral administra-
tion. Wilkins et al. previously reported considerable
interindividual variability in rifampin pharmaco-
kinetics in South Africa, and suggested that highly
variable rates of absorption could significantly
impact the Cmax values as slow absorption could
lead to low peak plasma concentrations. In this
study, 61 patients had higher levels of rifampin at
6 h than at 2 h, which we attributed to a delay in
absorption (Mendez et al. 2012).

Slow absorbance could be associated with
genetic variations such as human genetic polymor-
phisms of drug influx and efflux transporter genes
(anion-transporting polypeptides [SLCOIBI and
SLCO1B3] and P-glycoprotein [MDRI]). A study
by Weiner et al. concluded that lower rifampin
exposure was associated with the polymorphism
of the SLCOIBI c.463C_A gene (Weiner et al.
2010).

In this study, rifampicin plasma concentration
was not significantly different between the con-
version and non-conversion groups (8.9 mg/L vs.
7.9 mg/L, p=0.287). A previous study on isoniazid,
rifampin, and pyrazinamide plasma concentra-
tions in relation to treatment responses in Indone-
sian pulmonary tuberculosis patients has reported
that there was no association between drug con-
centrations and 8-week culture conversion. This
condition can be explained by the fact that it is not
the C2 h or Cmax of TB drugs but the total drug
exposure (AUC) that is related to the response.
C2 h was used as a surrogate of Cmax instead of
using a precisely estimated Cmax derived from
repeated sampling at different time points. Nev-
ertheless, C2 h correlated well with Cmax and/or
AUC in this and other studies. Cmax/MIC or AUC/
MIC could be related to the response, but not the
Cmax or AUC. However, the MIC for the various
drugs was not determined. Another explanation is
that the response to rifampin may better correlate
with protein-unbound (free) concentrations than
with total (protein-unbound plus bound) concen-
trations. Drug concentrations would ideally be
measured at target locations, e.g., in the epithelial
lining fluid instead of plasma. In addition to drug-
related factors such as patient and bacterial factors,
many other factors also determine the response in
an individual patient (Burhan et al. 2013).

The main limitations of this study are the small
sample size, one point measurement of plasma
rifampicin concentration, and non-follow-up of the
subjects every week to determine the time of sputum
conversion. These limitations could have affected
the result of this study, which indicated that plasma
rifampicin concentration was not significantly dif-
ferent between the conversion and non-conversion
groups, and also that it was not an associated risk
factor of sputum conversion failure.
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5 CONCLUSION

This study showed that M.tb load was the risk
factor of sputum conversion failure in pulmo-
nary TB, not the plasma rifampicin concentration.
More attention needs to be given to pulmonary TB
patients with high baseline M.tb load because the
risk of sputum conversion failure was higher than
that in patients with lower baseline M.tb load.
Adherence, treatment supervision by families and
health workers, and upgrading of nutritional and
health status should be maximized to achieve suc-
cessful treatment and avoid drug resistance.
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ABSTRACT: Inflammation is one of the important processes in the pathogenesis of Acne Vulgaris (AV).
Although clinically comedones are non-inflammatory lesions, microscopically the inflammation is active.
Induction of immunological responses to Propionibacterium acnes (P. acnes) is the main important factor
in the development of AV. P. acnes is capable of inducing T-helper (Th)-17, the main function of which is
to produce Interleukin (IL)-22 that acts as a pro-inflammatory cytokine. We compared IL-22 serum lev-
els between the papulopustular type (inflammatory lesions) and the comedonal type (non-inflammatory
lesions) in AV patients. Blood samples were collected from 12 patients for each group of papulopustular
and comedonal types of AV, and measured the IL-22 serum level using the ELISA technique. The mean
IL-22 serum level in the papulopustular group was 18.18 pg/ml, whereas in the comedonal group, it was
16.87 pg/ml (p > 0.05). The detection of IL-22 serum in the comedonal group supports the theory that the
inflammatory process begins with comedones.

1 INTRODUCTION According to the clinical and therapeutic impor-
tance, AV is usually classified based on severity
Acne Vulgaris (AV) is a common chronic inflam-  and predominant lesion types such as comedonal,
matory disorder of pilosebaceous units (Zanglein  papular, pustular, and conglobata (Oschendorf.
et al. 2003). In the USA, it affects 40-50 million  2009). Nevertheless, the exact shifting mechanism
individuals every year, with the highest incidence  from non-inflammatory lesions such as comedones
occurring in young adults (85%) at the age of 12-24  to inflammatory lesions such as papulopustules is
years (Zanglein et al. 2003; James et al. 2006). yet unclear (Saurat. 2015). Although clinically a
The pathogenesis of AV is multifactorial and  comedo is a non-inflammatory lesion, microscopi-
not yet clearly understood (Kim et al. 2002; Pawin  cally the inflammation has been found to occur
et al. 2004). Inflammation is one of the important  (Jeremy et al.1996).

processes in the pathogenesis of AV (Koreck et al. A study on the assay of IL-22 serum levels in
2003). It leads AV into more than a skin-deep dis- AV patients based on the lesion type is still lacking.
ease (Ayer et al. 20006). Therefore, in this study, we proposed that IL-22

Induction of immunological responses to Propi-  has a role in the inflammatory process in AV.
onibacterium acnes (P. acnes) is the main important
factor in the development of AV (Koreck et al.2003).
A recent study has shown that P acnes stimulates 2 MATERIALS AND METHODS
inflammation by producing IL-17 from human .
peripheral blood mononuclear cells (PBMCs), as ~ 2-1 Patients
well as by producing other cytokines such as IL-1, A total of 24 patients with AV aged above 14
IL-6, and TGF-f, which induce the differentiation  years were selected by consecutive admission
of T CD4* cells into Th17 cells (Agak et al. 2014).  from Cosmetic Dermatology Outpatient Clinic,
Th17 produces 1L-22 abundantly, which acts as a  Dr. Hasan Sadikin Hospital. They were classified
pro-inflammatory cytokine, which is also expressed  into two groups, with each group consisting of 12
together with IL-17 A and IL-17F during its dif- comedonal type grade 2 or more and 12 papulo-
ferentiation (Dessinoti et al.2010). pustular type grade 2 or more, respectively. The
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exclusion criteria were: 1) patients who underwent
systemic antibiotic (tetracycline, clindamycin,
minocycline,doxycycline,anderythromycin)andanti-
inflammatory (steroid) therapy within a period of 4
weeks before the start of the study; 2) patients who
were suspected or already diagnosed with other
inflammatory skin diseases (psoriasis, leprosy,
atopic dermatitis, contact allergy) and systemic
diseases (diabetes mellitus, asthma, tuberculosis of
the lungs, Systemic Lupus Erythematosus (SLE))
based on the history and physical examination.

This study was approved by the Health Research
Ethics Committee, Faculty of Medicine, Univer-
sitas Padjadjaran—Dr. Hasan Sadikin Hospital,
Bandung, Indonesia. Written informed consent
was obtained from each participant after oral
explanation about the study.

2.2 Classification of AV

We classified the subjects clinically based on the
most predominant lesion types and severity using
Plewig and Kligman Criteria (1975) based on
lesion counts. The comedonal AV grades are as
follows: grade 2, 10-25 comedones; grade 3, 26-50
comedones; and grade 4, > 50 comedones. More
than 5 papules and pustules should not be counted
on one side of the face. The papulopustular AV
grades are as follows: grade 2, 10-20 papules and
pustules; grade 3, 21-30 papules and pustules; and
grade 4, >30 papules and pustules on one side of
the face (Oschendorf. 2009).

2.3 Enzyme-linked immunosorbent assay
(ELISA) for IL-22

The serum IL-22 levels were measured from the
peripheral blood of the subjects using the Human
IL-22 Test Kit (eBioscience®, Vienna, Austria),
according to the manufacturer’s instructions. The
serum IL-22 levels (pg/ml) in each patient were
used for data analysis.

2.4  Statistical analysis

Results are expressed as means £ SD. A p value
less than 0.05 was considered as statistically sig-
nificant. The Mann-Whitney analysis was used
to determine the differences in serum IL-22 lev-
els between the two groups (comedonal type and
papulopustular type).

3 RESULTS

Table 1 provides the characteristics of the subjects
enrolled in this study. We enrolled 16 male patients
with 10 papulopustular and 6 comedonal types of
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Table 1. Characteristics of the patients.

Papulopustular Comedonal

AV AV

(n=12) (n=12) Total
Gender
Men 10 (83.3%) 6 (50%) 16 (66.7%)
Women 2(16.7%) 6 (50%) 8(33.3%)
Age
15-19 years 3 (25%) 5(41.7%)  8(33.3%)
20-24 years 5 (41.7%) 4(33.3%)  9(37.5%)
25-29 years 3 (25%) 1(8.3%) 4(16.7%)
30-34 years 1(8.3%) 2(16.7%) 3 (12.5%)
Table 2. Serum IL-22 levels in the papulopustular and
comedonal types of AV.

Papulopustular ~ Comedonal
AV AV

1L-22 level
(pg/ml) (n=12) (n=12) p*
Mean (SD)  18.18 (10.96) 16.87 (5.82)
Median 15.08 15.08 1,000
Range 38.86 21.48

* p value was obtained using the Mann—Whitney test.

AV and 8 female patients with 2 papulopustular
and 6 comedonal types of AV.

Nine subjects (37.5%) were at the age of 20-24
years, and 8 subjects were at the age of 15-19
years.

Table 2 summarizes the result of serum IL-22
levels found in the two groups. The mean serum
IL-22 levels in the papulopustular and comedonal
types of AV were 18.18 pg/ml and 16.87 pg/ml,
respectively, but the difference was not statistically
significant (p = 1.000).

4 DISCUSSION

Inflammation that occurs in AV is mainly induced
by immunological reactions against P acnes
(Koreck et al. 2003). P. acnes can trigger inflam-
matory responses and induce monocytes to secrete
several pro-inflammatory cytokines such as IL-17
and IL-22 (Agak et al. 2014).

There was a significant increase in the number of
P, acnes in patients with AV compared with non-AV
patients. Moreover, this bacteria can be found in
papules and pustules (inflammatory lesions) and
comedones (non-inflammatory lesions) (Shaheen
et al. 2011). P acnes was found in larger num-
bers in inflammatory lesions compared with non-
inflammatory lesions, because inflammatory



lesions provided a suitable environment and more
nutrients for the colonization of P. acnes that led to
the inflammation process (Shaheen et al. 2011).

Serum IL-17 levels increased in patients with
inflammatory AV compared with the normal subjects
(Sugisaki et al. 2009). A study for measuring serum
IL-22 levels in patients with AV based on severity
and predominant lesion types is still lacking.

In this study, there was no difference in the serum
1L-22 levels between the papulopustular and come-
donal types of AV. These results indicate that inflam-
mation had already occurred in the comedonal type
of AV. Comedones are a non-inflammatory lesions
clinically, but this lesion has been observed as
inflammatory lesions microscopically, firstly by the
discovery of the pro-inflammatory cytokine IL-1c
in comedonal lesions (Jeremy et al. 1998).

5 CONCLUSION

The results of the study indicated that the serum
1L-22 level in the papulopustular type of AV is not
different from that in the comedonal type of AV,
which strengthens the theory that inflammatory
events are already active in comedonal lesions.
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Pharmacokinetic optimization of the treatment of TB meningitis
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ABSTRACT: Tuberculous Meningitis (TBM) is the most severe form of TB with high mortality and
morbidity. The treatment of TBM is not evidence-based, but is similar to the treatment of pulmonary TB.
As a key drug in the treatment of TB, rifampicin—a concentration-dependent antibiotic—has a low pen-
etration into the CSF. The current dose of rifampicin is very low and a higher dose of rifampicin might
improve the treatment outcome. A series of studies have been conducted to determine whether a higher
dose of rifampicin would give a better pharmacokinetic profile, be tolerated by patients, and improve the
treatment outcome in TBM patients. This work is the result of collaborative research, funded by different

research grants, both national and international.

1 INTRODUCTION

Tuberculous Meningitis (TBM) is the most severe
manifestation of TB, leaving up to 50% of patients
dead or neurologically disabled (Ganiem et al.,
2009). The current treatment of TBM is similar
to the treatment of pulmonary TB, although its
underlying pathogenesis and organ involved are
different from pulmonary TB. Rifampicin is an
important drug in the treatment of TB; however,
it has a low penetration into the blood-brain bar-
rier (Donald, 2010). There is little evidence about
the existence of other TB drugs for the treatment
of TBM. Furthermore, the potency of other new
anti-TB drugs for TBM has not yet been explored.
For example, moxifloxacin, a very potent qui-
nolone for Mpycobacterium tuberculosis (M.tb)
(Shandil et al., 2007), has a good penetration into
the CSF (Kanellakopoulou et al., 2008).

With regard to the optimization of the treatment
of TBM, there are two ways of approach: non-
pharmacological and pharmacological approach. The
non-pharmacological approach involves early detec-
tion and diagnosis of TBM, or finding a better diag-
nostic tool. The pharmacological approach involves
either finding new drugs that have the potency to kill
M. tb and the ability to penetrate into the blood—
brain barrier or optimizing the use of available drugs
(e.g. rifampicin, isoniazid, pyrazinamide).

2 RIFAMPICIN FOR THE TREATMENT
OF TBM

Rifampicin is the cornerstone for the treatment
of TB. This drug has been used for almost half a
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decade. Owing to its limited penetration into the
brain, it has been suggested that the current dose
of rifampicin may be too low for TBM patients.
Rifampicin is a concentration-dependent antimi-
crobial drug; its higher concentration in plasma as
well as in the Cerebrospinal Fluid (CSF) is expected
to be more effective.

A higher drug concentration in plasma can be
achieved by either using intravenous administra-
tion that ensures good bioavailability, or increasing
the dose, or both. By understanding the pharmaco-
logical property of rifampicin, we hypothesize that
a higher dose of rifampicin given intravenously
will give a better pharmacokinetic (PK) profile of
rifampicin that is still safe and may lead to a better
outcome in TBM patients.

3 HIGHER DOSE OF L.V. RIFAMPICIN IN
TBM PATIENTS

To test the hypothesis, we conducted an open-label,
randomized, phase 2, clinical trial with factorial
design (NCT 01158755) in 60 adult TBM patients
admitted at Hasan Sadikin General Hospital,
Bandung. Eligible subjects were first randomly
assigned to receive 600 mg of i.v. rifampicin or
450 mg of oral rifampicin for 14 days. In the sec-
ond randomization, they were allocated to receive
400 mg and 800 mg of moxifloxacin, or no moxi-
floxacin (but given ethambutol). INH and pyrazi-
namide were given to the subjects. The results
indicated that increasing the dose of i.v. rifampicin
by 1/3 (from 450 mg (aboutl0 mg/kg in Indone-
sian patients) to 600 mg (about 13 mg/kg)) led to
a three-fold increase in the exposure to rifampicin



Table 1. Pharmacokinetic data of rifampicin (n = 52).

600 mg, i.v. (n = 26) 450 mg, oral (n =26) Ratio of i.v. to oral p
PLASMA
AUCO0-6 (mg.h/L) 787 (71-0-87-3) 26-0 (19-0-35-6) 3.0 (2-2-42) < 0-0001*
Cmax (mg/L) 22-1(19-9-24-6) 6-3 (4-9-8-3) 3-5(2:6-4-8) <0-0001*
Cmax (= 8 mg/L) 26 (100%) 13 (50%) - < 0-00011
Tmax (h; median, range) 2(1-2) 2 (1-6) - 0-048%
CSF
Cmax (mg/L)§ 0-60 (0-46-0-78) 0-21 (0-16-0-27) 2:92(2:03-4-20) <0-0001*

Values are numbers (%) or geometric means (95% CI), unless otherwise indicated. Rifampicin concentrations were
measured in samples obtained during the first 3 days of treatment to determine plasma AUCO0-6 and CSF Cmax.
Assessment of plasma AUC0-24 values was difficult in 41 patients because rifampicin concentrations at C24 were
below the limit of quantification. Estimation of C24 based on the last measurable concentration and the elimina-
tion rate constant were not possible because the elimination rate for rifampicin could not be assessed reliably with
sampling at 2 h, 4 h, and 6 h after dose. For this reason, only the data of AUCO0-6 is given. AUC0-6 = area under the
time—concentration curve up to 6 h after dose; AUC0-24 = area under the time—concentration curve up to 24 h after
dose; Cmax = maximum plasma concentration. Tmax = time to Cmax; CSF = cerebrospinal fluid; C24 = rifampicin
concentration at 24 h after dose. ¥*Independent-samples t test after log transformation. Ty2 test. {Wilcoxon rank-sum
test. §CSF samples were obtained from 25 patients on 600 mg of i.v. rifampicin and 25 patients on 450 mg of oral
rifampicin; in one and 16 patients, respectively, rifampicin concentrations in the CSF were below the limit of quantifi-
cation of the assay (0-26 mg/L) and were set at half the limit of quantification (0-13 mg/L) to enable the comparison of

exposures in the CSF (Ruslami et al., 2013).

(AUC) and maximum concentration (C,,) of
rifampicin in the plasma and CSF (Table 1) (Rus-
lami et al., 2013).

The distribution of safety/tolerability data, in
particular hepatotoxicity data, was equal among the
groups. Half of the subjects died within 6 months,
and 73% were in the first month of treatment. The
cause of death is mainly respiratory failure and
neurological deterioration. Surprisingly, mortality
was much lower in the high-dose rifampicin arm
(adjusted HR 0.42 (95%CI 0.2-0.87, p = 0.0193),
as shown in Figure 1. However, there was no addi-
tional effect of moxifloxacin use, either standard or
high dose, in TBM patients (Ruslami et al., 2013).

These findings indicate that by a simple modi-
fication in the use of rifampicin (i.e. increase in
the dose and change in the route of administra-
tion (intravenous)) in the first 2 weeks of treat-
ment, a better PK profile of rifampicin (AUC
and C,_, in plasma and concentration in the CSF)
can be achieved with similar drug-related adverse
events, and patient survival can be improved. This
is the first evidence of using a higher dose of i.v.
rifampicin in TBM patients.

Data obtained from pharmacokinetic/phar-
macodynamic (PK/PD) analysis revealed that for
patient survival, the minimum target of rifampicin
AUC, 4, is ~70 mg.h/L (AUC, ,,, of ~116 mg.h/L)
and C_, is ~22 mg/L (Te Brake et al., 2015).

Furthermore, from these data, we tried to find
the optimal doses of rifampicin for pediatric
TBM patients using the model-based approach.
To achieve the target exposures of rifampicin,

84

A
100+ — High-dose intravenous rifampicin
. Standard-dose oral rifampicin
1
804) ¢
R S
1 — y
60

404

Survival (%)

204

Adjusted hazard ratio 0-42 (95% C1 0-20-0-87); p=0-0193

v T T T T T T
0 30 60 90 120 150 180
Number at risk
Highdose 29

Standard dose 31

1w—h‘

804"

23
19

22
14

20
13

20
13

20
12

19
1

60 ‘

Survival (%)

40 |

204
Adjusted hazard ratio 0-32 (95% 0 0-11-0-92); p=0-0342

/] T

0 30

T T T T T
60 90 120 150 180
Ti
Number at risk e (cvs)

Highdese 16
Standarddose 15

w i

15
10

Figure 1. Survival rates after treatment with rifampicin
in all the 60 patients (A) and in 31 bacteriologically
proven cases of tuberculous meningitis (B) (Ruslami et al.,
2013).



children require a daily dose of at least 30 mg/kg
oral rifampicin or 15 mg/kg i.v. rifampicin (Savic
et al., 2015).

4 HIGHER DOSE OF ORAL RIFAMPICIN

A higher dose of i.v. rifampicin seems promising
to achieve a better outcome of TBM treatment.
However i.v. rifampicin is not easy; it is invasive,
impractical, more expensive than oral drug, and
not widely available. For this reason, first, we need
to find an alternative for intravenous rifampicin
that gives the same effect, i.e. a higher oral dose
of rifampicin (i.e. 15 or 20 mg/kg, or even higher)
with a similar PK/PD and safety profile to those
of i.v. rifampicin. Rifampicin is a widely used drug
and tolerated well by patients. In addition, it has
been shown that a higher oral dose of rifampicin
up to 35 mg/kg is well tolerated in African pulmo-
nary TB patients (Boeree et al., 2015).

Second, we need to find a replacement for i.v.
rifampicin with a similar effect. An exploratory
PK study (open-label, phase 2, randomized con-
trol trial) was performed in 30 adult TBM patients
to explore the PK of higher oral dose of rifampicin
(750 mg and 900 mg, ~17 and 20 mg/kg in Indo-
nesian patients, respectively) in comparison with
i.v. rifampicin (600 mg, ~13 mg/kg) for 14 days.
The results indicated that oral rifampicin at doses
of 750 mg and 900 mg had less optimal PK pro-
file than i.v. rifampicin at a dose of 600 mg (C,_,
14.3, 16.2, and 24.7 mg/L, respectively) (Yunivita
et al., 2016). Based on the achieved target rates in
plasma (AUC, ,,, ~116 mg.h/L) (Savic et al., 2015)
and rifampicin concentrations in the CSF, follow-
up studies have found that even higher doses of
rifampicin is needed.

In the next dose-finding study (phase 2b rand-
omized, double-blinded, control trial), we examined
the PK of a higher dose of oral rifampicin (twice
and thrice that of the standard dose) in 60 adult
TBM patients (NCT 021169882). Subjects were
randomly assigned to receive 900 mg, 1350 mg, or
450 mg of oral rifampicin for 30 days. The study
outcomes were PK data, safety/tolerability and
efficacy (clinical response). In that study, we also
collected information to investigate the inflamma-
tory response, the neuroradiology response, and the
role of gene-expert for TBM. The study is ongoing.
We hope that the findings of that study will help
us to understand TBM better and to provide valid
evidence for the management of TBM.

5 FUTURE (POSSIBLE) RESEARCH

Finding the optimal dose of rifampicin is only one
of the several strategic approaches in optimizing
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the treatment of TBM. Several questions can be
addressed with respect to the available TB drugs.
INH has a good penetration into the CSF (Don-
ald, 2010); what is the PK profile of the current
dose of INH in TBM patients (in plasma and in
the CSF)? Is a higher dose of INH also needed
in subjects with fast acetylator status? The same
can be applied for pyrazinamide; this drug passes
freely into the CSF (Donald, 2010). Data show
that a higher dose of pyrazinamide might give a
better outcome, but what is the risk of hepatotox-
icity with higher dose of pyrazinamide in TBM
patient?

Adjunctive therapy that involves the use of
herbal medicine for TBM is one of the potential
areas to be explored. The mechanism could be by
enhancing the delivery of drugs to the CSF, inhib-
iting drug transporters (efflux pump) that play a
role in low drug concentration in the CSF (Begley,
2004). Finding new drug(s) that have the ability to
kill M. tb with an excellent ability to penetrate the
blood-brain barrier and that are proved to be safe
is the ultimate destination in drug discovery for
TBM patients.

6 CONCLUSION

TBM is a real and devastating clinical problem.
This disease kills patients and leave survivors with
sequelae. Finding a better treatment of TBM is
urgently needed to achieve a better treatment out-
come. By understanding the pharmacokinetics of
TB drugs, we show the evidence that the current
dose of rifampicin, the backbone of TB treatment,
is simply too low. A higher dose of rifampicin
improved rifampicin exposure and tolerated by
TBM patients, and it might improve treatment
outcome. More research is needed to explore other
innovative ways of optimizing TBM treatment.
In doing so, it is important to build and maintain
good inter-departmental and inter-faculty collabo-
ration, both locally and internationally. Research
roadmap is also very much important to keep us on
track and to bring us to the eventual endeavor, i.e.
a better patient care.
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ABSTRACT: Thisstudy aims to obtain the effective dose of sappan wood extract (Caesalpinia sappan L.)
that serves as a herbal chelating agent. An experiment with a Completely Randomized Design (CRD) was
conducted on 21 male rats of 8 weeks old. The rats were given oral iron dextran and sappan wood extract
at different doses for 15 days. Iron-related blood parameters were measured. The result revealed that a
sappan wood extract dose of 200 mg/kg body weight had a chelating effect, showing a decline in ferritin
levels (55.6%), a reduction in serum iron levels by 60%, and a reduction in transferrin saturation levels
(84.7%). We also found an increase in transferrin levels (66.2%), and TIBC levels (62%) compared with
rats given iron dextran injection alone. In conclusion, our study showed that a sappan wood extract dose
of 200 mg/kg body weight has an ability to chelate excess iron in rats under conditions of iron overload.

1 INTRODUCTION Deferoxamine medication often causes pain in
patients with thalassemia, especially children, and
Thalassemia is a hereditary disease characterized  hence, the compliance is low and it is quite dif-
by disturbances in the chain synthesis of hemo- ficult to apply. The other oral chelators such as
globin or globin chains (Guyatt et al., 1990).  Deferiprone and Deferasirox are rated impractical,
The red blood cells in patients with thalassemia  uncomfortable, and are very expensive.
are short-lived, only about 1-2 months, so that Sappan wood (Caesalpinia sappan L; Secang) is
the production of red blood cells is unbalanced  a plant that has high flavonoid content, which may
and causes anemia due to impaired production of  be potential as a natural iron chelator of herbal
hemoglobin. In order to overcome this thalassemia,  origin. Organic components such as flavonoids
patients receive blood transfusions continuously. = may function as a metal chelator for their one-
There is no process to remove excess iron in the  carboxyl group and an adjacent phenolic group

body, which can be toxic (Guyatt et al., 1992). reacts with metal ions to form a stable complex
An iron chelator is needed in patients with tha-  (Aleem et al., 2014).
lassemia to deal with the excess iron in the body. Iron In this study, the sappan wood extract was given

chelator is a chelating agent that can bind to excess  at doses of 100, 200, and 400 mg/kg body weight
iron and then excrete them from the body (Aleem  to see the chelation ability of iron compared with
et al., 2014). Iron chelators that are commonly used ~ another chelator, Deferiprone at a dose of 75 mg/kg
by patients with thalassemia are Deferoxamine (Des- ~ body weight. The aim of this study is to investigate
feral), Deferiprone, and Deferasirox. Deferiprone  the potential role of sappan wood extract as an
and Deferasirox are active iron-binding agents when  iron-chelating agent in rats (Rattus norvegicus L.)
given orally. However, Deferoxamine medication is ~ with excess iron condition. We proposed sappan
not convenient for patients with thalassemia, asitis ~ wood extract as an iron chelator for patients with
given by subcutaneous infusion (below skin). thalassemia.
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2 MATERIALS AND METHODS

2.1

The equipment used in the study are: Atomic
Absorption Spectrophotometry (AAS) variant
types AA240FS, surgical equipment, hemocytom-
eter, hemoglobinometer, oral syringes, microtiter
plate reader (Biomerius), micropipette, Sartorius
balance scales, pipette multi-channels, pipette
capillary coated with heparin, rotary evaporator,
centrifugator (Heraeus), and a spectrophotometer
(Spectronic Genesys 8).

Materials used in the study are: distilled water,
Deferiprone (Ferriprox), 96% ethanol, serum Fe
Kit (Randox, Cat. No. SI 257), concentrated HCI,
iron dextran, sappan wood, chloroform, feed pellet-
type mice CP-551, PGA (Powder Arab GoM),
rat Ferritin Kit (Abnova, Cat. No. KA 0211), rat
Transferrin Kit (Abnova, Cat. No: KA 0510),
TIBC Kit (Randox, Cat. TI 1010), and 21 male
Wistar rats aged 8 weeks with an average weight of
200 g as test animals.

Instrument and materials

2.2 Preparation of sappan wood extract

The pieces of sappan woods were dried in the open
air sheltered from direct sunlight and then pulver-
ized to obtain crude drug sawdust. A wooden cup
of powder weighing as much as 2.5 kg was fed into
a Buchner funnel and then macerated using etha-
nol for 24 hours and repeated thrice. The macer-
ate was filtered, and concentrated using a rotary
evaporator at 40°C to obtain a thick extract. The
viscous extract was then dried using a freeze dryer
to obtain an extract in the form of crystalline
powder.

2.3 Treatment provision

This study was approved by the Animal Care and
Experimentation Committee in Faculty of Medi-
cine, Padjadjaran University. Male rats that were
8 weeks old and weighing 200 g on average were
used. Before commencing treatment, rats
were acclimatized for a week. Acclimatization
was done so that rats accustomed to the labora-
tory environment. During the acclimatization,
rats were fed with the type of CP-551 laboratory
chow and allowed to drink ad libitum. Rats were
maintained in 12-hour light:12-hour darkness
cycle and to keep the cage clean, reimbursement
chaff was done 2 times a week.

Test compounds were administered orally using
a gavage needle. Any substance that is given in
advance is made in the form of a solution. Iron
Dextran and Deferiprone first dissolved in distilled
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water, while sappan wood extract dissolved in the
PGA. Treatment was given for 15 days, and iron
dextran administered during an interval of 3 days.
During the experiment, food and drink were avail-
able ad libitum.

The combination of treatment for animal test-
ing is shown as follows (n = 3/group):

1. P0O. Rats were given only distilled water (nega-

tive control)

P1. Rats were given only PGA (Powder Gum

Arab)

. P2. Rats were given only iron dextran at a dose
of 60 mg/kg body weight (positive control)

. P3. Rats were given only iron dextran at a dose
of 60 mg/kg/ body weight and Deferiprone at a
dose of 75 mg/kg/ body weight

. P4. Rats were given only iron dextran at a dose
of 60 mg/kg body weight and sappan wood
extract at a dose of 100 mg/kg body weight

. P5. Rats were given iron dextran at a dose of
60 mg/kg body weight and sappan wood extract
at a dose of 200 mg/kg body weight

. P6. Rats were given iron dextran at a dose of
60 mg/kg body weight and sappan wood extract
at a dose of 400 mg/kg body weight

2.

On day 16, all the test animals were killed using
ketamine lethal dose, and blood samples were col-
lected to measure ferritin, transferrin, iron levels in
the liver, Total Iron Binding Capacity (TIBC), and
iron levels in the serum. Blood was collected asep-
tically through the blood vessels in the neck. Blood
sample (1.5 ml) was centrifuged at 1500 rpm for
15 minutes. The serum was taken and placed in a
new microtube. Serums were stored at —20°C until
used. As for the measurement of liver iron con-
centration (Hepatic Iron Concentration/HIC), the
liver was isolated from rats aseptically and weighed
freshly. Furthermore, it was inserted into the bottle
containing physiological NaCl and stored at —20°C
until use.

Ferritin levels were measured using Ferritin Kit
(Catalog No. KA 0211), using the ELISA method.
Transferrin levels were measured using Transfer-
rin Kit (Catalog No. KA 0510), using the ELISA
method. Examination of the liver iron content was
conducted by AAS.

The level of TIBC and serum iron levels were
examined using a spectrophotometer at a wave-
length of 595 nm, using a kit from Randox (Labo-
ratories, Cat. No. SI 257). However, before being
tested with the kit, for the measurement of TIBC
sample to be tested must be prepared in advance
using a kit from Randox Laboratories, Cat. TI
1010. The measurement of serum levels of iron (Fe
serum) was performed using a kit from Randox
Laboratories, Cat. No. SI 257.



3 RESULTS AND DISCUSSION

3.1

Administration of irondextranatadose of 60 mg/kg
body weight produced the highest ferritin levels at
3.92 ng/ml (Figure 1). Iron dextran increased fer-
ritin levels by 65.6% compared with the control
(distilled water treatment), suggesting iron over-
load condition. High ferritin levels indicate a high
amount of iron stores in the body. Increased fer-
ritin levels may occur due to liver cells damaged so
much out of ferritin into plasma. This condition is
in line with a previous study, that low ferritin lev-
els indicate iron deficiency states, whereas ferritin
levels have been found in circumstances such as
hemochromatosis, thalassemia (repeated transfu-
sions), and liver disease (Sheftel et al., 2009).

Rats with iron overload and Deferiprone
at a dose of 75 mg /kg body weight showed an
effect on lowering ferritin levels in rats under
iron overload condition compared with a group
with administration of iron dextran alone. This
suggests that Deferiprone can effectively chelate
iron. Deferiprone enters the cell and binds to
the iron, which is then brought into the plasma.
Deferiprone is an iron chelator bidentate (DFP
takes three molecules to bind one iron atom),
are lipophilic, uncharged, and has low molecu-
lar weight (MW = 212). Besides binding free iron
in plasma, Deferiprone can easily penetrate cell
membranes and bind iron in various intracellular
organs compared with Deferoxamine (Hoffbrand
et al., 2012).

Generally, it is known that sappan wood extract
can reduce ferritin levels, which means that sap-
pan wood extract can chelate iron. It can be seen
through the sappan wood extract at 100, 200, and
400 mg/kg body weight dosage produces similar
ferritin levels. Furthermore, the provision of PGA
produces ferritin levels equal to sappan wood

Serum ferritin levels

Ferritin level (ng/ml)
CHNWaWLO

Treatment

Figure 1. Ferritin levels (ng/dl) in rats that were given
sappan wood extract under iron overload condition.
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extract and distilled water intake. Giving sappan
wood extract at 100 mg/kg body weight dose is
effective as an iron chelator, as seen from the decline
in serum ferritin. However, a decline in serum fer-
ritin levels of rats that were given sappan wood
extract at 200 mg/kg body weight dose is 55.6%
lower than the administration of iron dextran so
that the levels of ferritin are at 1.74 ng/ml. Low
ferritin levels in sappan wood extract at 200 mg/
kg body weight dose indicates that the extract can
effectively have the ability to chelate iron that is
better than Deferiprone.

Sappan wood extract has capabilities as an iron
chelator allegedly because it has a high flavonoid
content. Some flavonoids are efficient in chelating
metal ion. Metals such as iron ion-free and copper-
free can increase the formation of Reactive Oxygen
Species (ROS) as seen in the formation of OH radi-
cals in the following reaction: H,0,+ Fe?* (Cu*) —
OH-* + OH- + Fe3* (Cu*). Metal ion binding sites
in flavonoids are the catechol group existing in ring
B (Cao et al., 1997).

3.2 Transferrin levels

There was no difference between the levels of trans-
ferrin within test animals that were given distilled
water with PGA (Figure 2). Rats that were given
distilled water have transferrin levels of 4.44 ng/ml
equal to rats given Deferiprone. In Deferiprone
intake, there was an increase reaching 40.40% of
the iron dextran. Provision of iron dextran to rats
results in lowering of transferrin levels than the
control given distilled water which is 3.82 ng/ml.
The percentage decline reached 14%. This indi-
cates that the rats in this study had sufficient iron
level resulting in decreased levels of transferrin.
Free iron in plasma will catalyze the formation
of free radicals. when they are not bounding with
transferrin. Transferrin binds to receptors on the
membrane of intestinal epithelial cells, and then

Transferrin (ng/mi)

Control PGA fronDextran  Dextran+  lron Dextran + Iron Dextran + Iron Dextran +
Deferiprone  SWE 100 mg/ SWE 200 mg/ SWE 400 mg
ke kebh ke'bb

Treatment

Figure 2. Transferrin levels (ng/ml) in rats with excess
iron condition that were given sappan wood extract.



absorbed into the epithelial cells and released into
the blood plasma in the form of plasma transferrin.
Transferrin which had been pulled off the iron will
come out through the receptor that will further cap-
ture the new iron, and so on (Dunn et al., 2003).

Rats that were given Deferiprone have transfer-
rin levels close to the levels of transferrin in con-
trols that were given distilled water at 6.41 ng/ml.
Transferrin levels increase by 40.4% from the
administration of iron dextran. High transferrin
levels indicate that the iron is circulating in the
plasma in very small amounts. This indicates that
the administration of Deferiprone in this study
is effective as an iron chelator in mice with the
increased levels of transferrin.

Sappan wood extract at 100 mg/kg body weight
dose produce transferrin levels as low as 3.14 ng/ml.
This indicates that the extract sappan wood at
100 mg/kg body weight dose did not effectively
bind iron; it was characterized by low levels of
transferrin same as transferrin levels in the admin-
istration of iron dextran. Furthermore, the level
of transferrin in rats that were given sappan wood
extract at the dose of 400 mg/kg body weight is
66.2% higher than the administration of iron dex-
tran at 11.29 ng/ml. Thus, the sappan wood extract
at the dose of 400 mg/kg body weight in rats has
the ability to chelate iron under iron overload
conditions that can be seen from the rat transfer-
rin levels, showing a reduction in high free iron in
plasma.

3.3 Hepatic iron levels

Figure 3 shows that the administration of iron
dextran, Deferiprone, and sappan wood extract
altogether at 100, 200, and 400 mg/kg body weight
doses produces high levels of iron in the liver. Rats
injected with iron dextran at 60 mg/kg body weight
dose had the highest iron content (102.3 ppm) and
rats injected with distilled water had the lowest iron
level (24.51 ppm). Injection of iron dextran can
increase the iron content of the liver by 76.04%.
This is supported by Bacon (1998) that liver is
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Figure 3. Liver iron levels (ppm) in rats that were given

sappan wood extract under iron overload conditions.
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the main storage area of the body iron reserves
(Bacon, 1998). The ability of iron to be involved in
redox reactions can cause toxicity. This can occur
if the body’s iron storage capacity is exceeded.

In this study, Deferiprone showed the same
ability to sappan wood extract administration
at variation doses in lowering levels of hepatic
iron in rats, which indicates that the Deferiprone
chelates iron effectively in rats, both in plasma and
tissue. Deferiprone has a function of iron chela-
tion because it can penetrate the cell membrane,
act as intracellular iron chelator, and can bind to
free iron in plasma. In patients with thalassemia,
Deferiprone is the first option because it is more
practical, comfortable, and cheaper (Hoffbrand
et al., 2012).

The intake of sappan wood extract at 100, 200,
as well as 400 mg/kg body weight doses resulted
in liver iron levels that are the same as the rats
given iron dextran. Sappan wood extract at dose
400 mg/kg body weight reduced liver iron content
by 24.01%. The higher dose of the sappan wood
extract that was given to rats can reduce liver iron
concentration indicating that SWE can effectively
have the ability to chelate iron. Sappan wood
extract contains flavonoids, which are the larg-
est group of phenolic compounds. Shahidi (1995)
mentioned that the flavonoids contained in sappan
wood extract have capabilities to reduce or prevent
the formation of hydroxyl free radical, superoxide
anion, peroxyl radicals, and hydrogen peroxide
(Shahidi et al., 2008). Selvaraj et al (2014) added
that in addition to having antioxidant activity, fla-
vonoids also have an ability to bind metal (Selvaraj
et al., 2014).

The results of serum iron levels in Table 1 indi-
cate that neither the Deferiprone, nor the varia-
tion doses of sappan wood extract (100, 200 and
400 mg/kg body weight) produce the same levels
of serum iron. However, the administration of iron
dextran produces the highest serum iron amounted
to 842.01 mg/dl, an increase of 24.6%, much higher
than the levels of serum iron in controls (distilled
water). Iron overload rats with Deferiprone admin-
istration reduced iron levels by 57% from iron
dextran-injected rats only. Iron dextran can also
increase levels of serum iron and transferrin satu-
ration. This was confirmed by Del Vecchio (2005)
who stated that in patients with beta thalassemia
major result of the destruction of erythrocytes
stored iron in the cells of the Reticuloendothelial
(RE), so the longer the time, the more the number
of iron stored and RE cells’ ability to store iron
reduced. Therefore, iron will be separated into
plasma which is then transported by transferrin
(Del Vecchio et al., 2005).

Measurement of Total Iron-Binding Capac-
ity (TIBC) is one of the parameters that used to



Table 1.

Mean of iron serum levels, Total Iron-Binding Capacity (TIBC), and transferrin saturation on rats with iron

overload condition. The letters are different in one column indicating significant differences among treatments by the

Duncan test (95%).

Parameters
Treatments Serum Iron (ug/dl) TIBC (ug/dl) Saturation tf (%)
PO; Control 634,99t 570,582¢ 111,29®
P1; PGA 388,04 392,55% 98,85%®
P2; iron dextran 842,01¢ 262,212 321,12¢
P3; iron dextran + Deferiprone 362,4* 474,86 76,32
P4; Dextran + SWE 100 mg/kg 338,8% 690,130 49,092
body weight
P35; Dextran + SWE 200 mg/kg 460,42 677,75 67,93
body weight
P6; Dextran + SWE 400 mg/kg 580,93 442,36 131,32°
body weight

see the capacity of iron bound in serum. When
increase in serum iron happened under iron over-
load condition, TIBC levels will be declined.
Table 1 shows that the administration of iron
dextran, PGA, Deferiprone, distilled control, and
sappan wood extract at 400 mg/kg body weight
dose had the same levels of TIBC. Levels of TIBC
in test animals decreased with the administration
of iron dextran by 57.01% compared with the
control.

TIBC is considered as a measure of Transfer-
rin levels (Tf) in serum or plasma. TIBC (Total
Iron-Binding Capacity) is the ability of transferrin
to bind iron. Iron carried in the blood is attached
to a protein called transferrin. Almost all of the
iron in the serum binds to proteins, i.e., transfer-
rin to TIBC indirectly showed levels of transferrin,
which will increase the state of iron deficiency and
decreased in the state of high serum iron or in a
state of excess iron.

Transferrin saturation is calculated from the
ratio between the concentrations of serum iron to
TIBC expressed in percent (%). High transferrin
saturation indicates high body iron reserves. Trans-
ferrin saturation values reached the highest in rats
injected with iron dextran (312.12%). Iron overload
rats with sappan wood extract at dose 100 mg/kg
body weight dose had significant effects.

In Table 1, high iron level in serum, TIBC, and
transferrin saturation due to iron dextran injection
can be reduced by giving sappan wood extract from
100 to 400 mg/kg body weight dose. The optimum
dose of sappan wood extract to reduce levels of
serumironand transferrinsaturationisat 100 mg/kg
body weight. It can be concluded that intake of
sappan wood extract can reduce excess of iron
even at low doses, suggesting the potential effect of
Secang as an iron chelator.
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4 CONCLUSIONS

Sappan wood extract (Caesalpinia sappan L.) can
be used as an iron chelator with the ability to reduce
ferritin by 55.6%, hepatic iron levels by 24.01%,
serum iron levels by 60%, transferrin saturation
by 84.7%, as well as increasing transferrin levels
by 66.2% and TIBC by 62% in rats under condi-
tions of iron overload. The dose of 200 mg/kg
body weight has been found to be the effective dose
of sappan wood extract as an iron chelator in rats
under conditions of iron overload.
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ABSTRACT: The aim of the research is to determine the levels of IFNo macrophages and fibronectin
fibroblast after adding S. aureus and L. plantarum. The research used rat peritoneal macrophages and
fibroblast dermal cell cultures. Heat killed S. aureus and L. plantarum was made a suspension at dosages
of 10, 107, 10® cells/mL. The macrophages was exposed to SA for 6 hours, continued with SALP treat-
ment, and LP for 24 hours, and then supernatant was separated for treatment in fibroblast for 24 hours
before measured by ELISA. The data was analyzed using ANOVA and Duncan MRT at a CI of 95%.
In general, SA exposure increased IFNo and fibronectin (p < 0,000) greater than LP, while LP expo-
sure decreased fibronectin in proportion to the increases in dosage. It could be concluded that high dose
S.aureus increased fibronectin greater than L. plantarum. Both S. aureus and L. plantarum increased
IFNoa.. Conversely, exposures of S.aureus with L. plantarum simultaneously decreased it.

Keywords: immunomodulator, IFNa, fibronectin, L. plantarum, S.aureus

1 INTRODUCTION Microbial Surface Components Recognizing Adhe-
sive Matrix Molecules (MSCRAMMs), which
Atopic Dermatitis (AD) is a chronic skin disease  recognize Extracellular Matrix (ECM) proteins in
characterized by barrier dysfunction and skin  human. It was known that the MSCRAMMs fam-
inflammation. The skin of AD patients is highly ily is bonded specifically to ECM proteins such as
prone to bacterial colonization, and Staphylococcus ~ Fibronectin and collagen, thus involving the protein
Aureus-(SA) is the most frequently found bacterium.  as a potential ligand for the bonding of S.aureus
S.aureus infection apparently plays a significant role  to the skin of an individual with DA.(Cho et al.
in the pathogenesis of disease, both as the causeand ~ 2001a., Cho et al. 2001b., Faunholz et al. 2012).
as exacerbation of skin inflammation. The advan- Fibronectin is a glycoprotein of a high molecu-
tage of combined antibiotic-corticosteroid therapy  lar weight that is present in an extracellular matrix,
against S.aureus is often temporary in nature and  bonded to a membrane protein receptor called
resistance may come to be a serious problem in  integrin. In addition to integrin, fibronection is
long-term therapy. Therefore, further microbiologi-  bonded to numerous other host molecules, as well as
cal analyses are needed to find an adequate, effective ~ non-host molecules, such as fibronectin binding pro-
approach. (Cork et al. 2009., Pascolini ez al. 2011.,  teins bacterial-derived (e.g., FBP-A, FBP-B, domain
Birnie et al. 2008., Cogen et al. 2008). N-terminal). (Williams et al. 2002., Collona. 2007).
A current research on S.aureus strain expressed 1L4, a proinflammation cytokine, also increases
a different structure of surface protein, known as  the fibronectin deposit of suprabasal epidermis
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area. It affirms a selective mechanism where Th2
response can increase S.aureus bond to skin by
inducing fibronectin production, providing an
inflammation environment to atopy and mediat-
ing the increase of S.aureus attachment to skin.
(Collona. 2007., Haileselassie et al. 2013).

A research found that probiotics may reduce
inflammation and ameliorate atopic dermatitis.
Manipulation of the amount and activation of
inflammatory cells can be made as an approach to
controlling during inflammatory and healing proc-
esses. Various cytokines that immune cells produce
exert a deep effect on fibroblast migration, prolif-
eration, and production of matrix extracellular.
Earlier, an in vitro research had found that an inter-
action between inflammatory cells and fibroblast
can modulate some fibroblast functions, including
collagen and fibronectin productions. (Williams
et al. 2002., Lebeer et al. 2012., Prince et al. 2012).

Probioticmechanism of Lactobacilliand S.aureus
on IFNa and Fibronectin secretion in pathogen-
esis and atopic dermatitis healing process is not
fully understood. Therefore, the present research
was aimed to determine the levels of macrophage-
produced IFNo and that of fibroblast cell-produced
fibronectin after adding L.plantarum and S.aureus.

2 MATERIALS AND METHODS

2.1

An ATCC25923-derived S.aureus was cultured in a
Mueller Hinton and incubated at 37°C for 24 hours
in an aerobic condition. An ATCC8014-derived
L.plantarum was cultured in a MRS medium and
incubated at 37°C for 24 hours in an anaerobic
condition. The cultures were harvested at a mid-log
phase and then a bacterial suspension was made by
comparing it against McFarland standard, adjusted
till reached 10°,107,10° cfu/mL (S-aureus-SA) and
104,107,108 cfu/mL (L. plantarum-LP), and confirmed
by spectrophotometer. Furthermore, a killing proc-
ess was done by a heat-killed process, by heating in
a waterbath at 70°C for 30 minutes, and then left at
room temperature and stored at 4°C until its use.

S. aureus and L. plantarum cultures

2.2  Peritoneal macrophages culture

Macrophage cells obtained from Wistar rats, were
washed 3 times, counted, and their viability was
assessed with Trypan blue. Afterward, the mac-
rophages was cultured in RPMI + 3% FCS in an
incubator 5% CO, at 37°C for 45 minutes to allow
macrophages attaching to the plate; then mac-
rophages was displaced into a number of wells,
0.5 x 10° cells/well. The treatment may begin
4-24 hours after plating.
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2.3 Stimulation of macrophage cells with
S.aureus and treatment of L.plantarum

The overnight incubated peritoneal macrophages
cell culture was then treated by SA at dosages of
106,107,108 cells/mL for 6 hours. Supernatant was
removed and washing was done by RPMI twice,
and then LP was added at dosages of 10, 107, 108,
cells/mL, incubated for 24 hours. Then, the super-
natant was transferred into an ELISA plate for the
measurement of the macrophages cytokine levels.

2.4 Skin dermal fibroblast culture

A sample of Wistar rat skin that has been minced
2-3 mm? in size was transferred into a plate that
contained DMEM + 10% FCS; the fibroblast cells
attached were cultured in an incubator 5% CO,;
at 37°C till achieved confluence. The third pas-
sage fibroblasts that have assesed the viability of
which has been examined was then transferred in a
number of wells, 0.5 x 10° cells/well, and now ready
to do treatment with the supernatant of macro-
phages culture for 24 hour. Then, the supernatant
was separated for measuring its fibronectin levels.

3 RESULTS

Based on the research result as presented on Fig. 1,
the highest treatment dosages of both S.aureus
and L.plantarum exposures (SA3-1a and LP3-1c,
respectively) increased IFNo. levels, where the most
significant were SA3 by 51.40 pg/dL and LP3 by
33.97 pg/dL (p < 0.000). However, the exposure of
high-dosage combined S.aureus and L.plantarum
(SALP3-1b) decreased significantly the levels of
IFNo macrophages (17.50 pg/dL).

Whereas an increase in fibronectin levels due to
higher dosage SA (1d) causes an increase in the lev-
els of fibronectin (from 82.50 ng/dL to 92.84 ng/dL),
an exposure of LP (1f) to skin dermal fibroblast cell
culture by a high dosage causes the decreasing lev-
els of fibronectin fibroblast (from 86.98 ng/dL to
76.08 ng/dL) (p < 0.000). Meanwhile, the exposure
of combined SALP (le) caused a lower increase of
the levels of fibronectin fibroblast compared by LP
and SA exposure respectively.

4 DISCUSSION

In this study, increasing dosages of SA exposure
to macrophages cell culture caused the increase
of IFNo in proportion to the increase of dosage.
The highest levels of interferon was yielded by an
exposure of high dosage SA, 51.40 pg/dL. This
espoused the findings of some similar researches on



Q
—~

* %k 3k

o o

[FNa pg/dL
w s
& o

N
o

=
o

RPMI SA1l SA2 SA3

b)
* k%

30

25

20

dL

pg

[FNo

SALP1

RPMI SALP2  SALP3

RPMI LPA LP2 LP3

Figure 1. (Continued).

the modulation of immune system due to S.aureus
colonization, by CpG molecules to be recognized
particularly by TLR2, which then induces the
productions of proinflammation cytokines such
as TNFoa, IL6 by macrophages through MyDS§8-
dependent signaling pathways that stimulates IRF7
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Figure 1. IFNo macropages levels (a, b, and c), and

Fibronectin fibroblasts levels (c, d, and f); activation
with S.aureus-SA (SA and SALP) and without activation
with SA (LP). 24 h supernatant harvested from macro-
phages and fibroblasts cultures, IFNa macropages and
Fibronectin fibroblasts measured in supernatants from
triplicate cultures in one represantative of six experi-
ments. Bars represent means and SEM ***p < 0.000 dif-
ferent from medium control.



(IFN-regulatory factor-7) and finally induces
IFNo pathways.(Pascolini et al. 2011).

Moreover, an increase in LP dosage also
increased IFNa levels by 33.97 pg/dL, probably
due to an increase of antigen presentation in form
of CpG molecules through TLR4 and TLRY on
macrophages cell surface, which then increased
the releases of proinflammation cytokines and
inductions of type-I IFN secretion like IFNo., that
might prevent infection in health cells. (Pascolini
et al. 2011., Cogen et al. 2008., Cho et al. 2001).

Innate immunity system represented by mac-
rophage cells enhanced defense against patho-
genic infection in the increasing levels of IFNo
that served to stimulate p53 activity and hence
cell apoptosis, playing a role in preventing infec-
tion of health cells. Other function of interferon
is to increase the regulation of MHC I and MHC
IT molecules, in addition to increasing immuno-
proteasome activity. The high expression of MHC
I increases the presentation of antigen to cyto-
toxic T cells, while immunoproteasome processes
the loading of antigen to MHC I molecules, thus
enhancing the recognition of antigen and killing
infected cells. Meanwhile, the high expression of
MHC II also increases the presentation of antigen
to helper T cells, in turn increasing the releases of
various cytokines such as various interferons and
interleukins that promote signaling and coordinate
other immune cells. The increase of IFNo levels
by the exposure of L.plantarum is less than that of
IFNo levels by the exposure of S.aureus.

It is apparently disadvantageous given that
IFNo is very needed in the apoptotic process of
microbe-infected cells. In other side, however,
because L.plantarum is not phagocyted by cells, the
presence of a high IFNa levels is not a requirement.
(Cogen et al. 2008., Cho et al. 2001a., Cho et al.
2001b).

Conversely, in the exposure of combined SALP,
high dosage caused a decreasing content of IFNa,
to be 17.50 pg/dL. This may resulted from excessive
presentation of antigen due to the protein origi-
nated from both microbes (CpG), which activating
different signaling pathways, eventually increas-
ing the contents of anti-inflammatory cytokines
like TGFp and IL10 by macrophages that caused
decreases in the releases of inflammatory cytokines
including IFNo. It indicated that S. aureus exposure
simultaneously with L.plantarum to macrophage
cells may be beneficial. Therefore, the administra-
tion of L.plantarum as a probiotic therapy in over-
coming skin inflammation cases such as in AD
patients may be investigated further. (Cho et al.
2001a., Cho et al. 2001b., Faunholz et al. 2012).

Fibronectin. The highest increase of fibronectin
levels due to SA exposure was at the highest dosage,
SA3. It was probably because S.aureus colonization
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increased the presentation of antigen by macro-
phage cells which in turn promoted proinflamma-
tion cytokines like IL4 and anti-inflammatory
cytokine like TGF[ due to high dosages of patho-
gens (108 cells/dL). Both 1L4 and TGFf have some
extensive function to fibroblast cells, i.e., to pro-
mote fibronectin synthesis. (Williams ez al. 2001).

Unlike SA, LP exposure to macrophages cell culture
decreased the levels of fibronectin yielded by fibroblast
in proportion to the increases in dosage (LP3 caused
the lowest fibronectin synthesis). It was likely due to
increases in either TGFB antiinflammation or IL10,
thus causing a down-regulation leading to decreases
in immune activity and hence releases of proinflam-
matory cytokines. Inflammatory process began
decreasing and hence the production of fibronec-
tin by fibroblast cell culture. In addition, decrease
in fibronectin levels might also be caused by the far
lower pathogenity nature of L.plantarum than that
of S.aureus. The pathogenity of a microbe antigen
are caused by several things, among others ‘strange-
ness’ of an antigen. The more strange an antigen, the
higher the immune response is activated, hence very
likely the higher the cytokine released. The strange-
ness of an antigen molecule can be recognized by
among others unmethylated CpG DNA which is
often present in the DNA of bacteria. Genus Lacto-
bacilli falls into a category of low CpG, meaning low
content of CpG molecule. That makes possible for
the lower immune system activation of L.plantarum
than that of S.aureus. The low capacity of immune
cell (macrophages) activation causes equally low pro-
duction and secretion of proinflammatory cytokine,
and hence low secretion of fibronectin levels. High
levels of fibronectin is actually disadvantageous for
both the course of AD disease and its healing proc-
ess, because a high fibronectin, especially for long
time, deteriorates inflammatory process resulting
from fibronectin as a potential ligand on S.aureus
surface antigen. (Colonna. 2007., Haileselassie ez al.
2013., Lebeer et al. 2012., Prince et al. 2012).

An exposure of combined SALP increases the
fibronectin levels of fibroblast. However, compared
to the increase of fibronectin due to SA and LP
respectively, the increase of fibronectin by SALP
is the lowest. It seems that there is a mechanism
that makes it possible for obstructing the activa-
tion of immune system by either anti-inflammatory
cytokines or a new signaling pathways that may sup-
press the production of fibronectin due to the expo-
sure of the two microbes. The earlier researches by
some experts have found that Lactobacilli may stim-
ulate the secretion of anti-inflammatory cytokine
such as TGFP and IL10, eventually decreasing
the production of fibronectin by fibroblast and
fibronectin deposit in skin epidermis. Based on our
research, it seemingly possible for further research
on an application of probiotic therapy particularly



L.plantarum in dealing with AD patients. (Cho et
al. 2001b., Lebeer et al. 2012).

S.aureus; L.plantarum; Fibronectin, IFNo, and
atopic dermatitis. The high levels of fibronectin due to
SA exposure in our research led to increasing coloni-
zation of SA on the skin of AD patients, deteriorating
the condition of inflammation that already existed in
AD. This espoused the findings of earlier researches
concerning the effect of SA infection on the progres-
siveness of AD disease. High fibronectin levels also
increases the induction of autophagy by the non-
professional cells of phagocyte such as fibroblast,
keratinocyte, epithelium, and endothelium that may
cause the persistence of S.aureus in cells and is able to
avoid apoptosis. (Faunholz et al. 2012).

On the other side, the exposure of LP in the
present research reduced fibronectin synthesis by
the culture of fibroblast cells, and increased IFNa.
synthesis by the culture of macrophage cells. This
could prevent the persistent infection of intracellu-
lar S.aureus by the high levels of IFNa capable of
increasing the apoptotic process of infected cells,
and prevent increase of fibronectin caused the
obstruction of autophagy by cells, and thus there
was no intracellular infection, and also prevent per-
sistence of bacteria on skin. (Soong et al. 2015).

Other interesting finding was that the increase
of fibronectin production by fibroblast result-
ing from exposure of combined SA and LP was
lower than that of SA and LP respectevely. It indi-
cated the role of LP in inhibiting the increase of
fibronectin production. The decreasing fibronec-
tin synthesis by the exposure of LP in the present
research came to be a new hope for further in
vivo research relating to the application of LP to
shorten the phase of inflammation on patients
with atopic dermatitis.

5 CONCLUSION

Based on our research, it could be concluded that
the exposure of L.plantarum caused a lower increase
in the levels of fibronectin fibroblast than the expo-
sure of S.aureus. Both L.plantarum and S.aureus
respectively, increased the synthesis of IFNo mac-
rophages, while the exposure of S.aureus together
with L.plantarum decreased the levels of IFNo mac-
rophages. Therefore, the use of L.plantarum as a pro-
biotic therapy in cases of skin inflammation such as
atopic dermatitis, could be further investigated.
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Exon globin mutation of B-thalassemia in Indonesian
ethnic groups: A bioinformatics approach
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ABSTRACT: HbVar (http://globin.bx.psu.edu/hbvar/) and HOPE (http://www.cmbi.ru.nl/hope/) are
relational databases for genetic disorders, especially hemoglobinopathies. Genetic variants of thalassemia
have impacts on its severity. Here, we report exon B-globin mutations in Indonesian ethnic groups, includ-
ing structural and functional analysis. HbVar identified three codons, namely Cd 15 (G>A), Cd 17 (A>T),
and Cd 30 (AGG>AGC), with transition and transversion mutations. Structural and functional altera-
tions were analyzed using HOPE. Mutants mainly result in hydrophobicity alteration. Functionally, heme,
iron, and oxygen binding of globin depend on the type of mutation. Some databases provide information
about thalassemia and its related aspects. Updates of inter-related databases depend on later mutation
found in populations, which will be useful for research, diagnostic, and therapeutic purposes.

Keywords: HbVar, HOPE, B-thalassemia, Indonesian ethnic groups

1 INTRODUCTION all types of thalassemia and hemoglobinopathies
(Giardine, B., et al., 2014). Phenotypic descrip-
Thalassemia is one of the major hemoglobinopa-  tions, associated pathology, and ethnic occur-
thies among the population all around the world.  rences, accompanied by mutation frequencies and
It is considered as the most widespread genetic  references, are included in this database. Results
mutation (Ablahad, A., 2013). According to the obtained from HbVar can be analyzed by other
World Health Organization (WHO), 1.5 to 7% of  databases, such as FINDbase (http://www.find-
the world population are carriers of this disease.  base.org), Leiden Open-Access Variation database
Moreover, about 60,000-400,000 new cases have  (http://www.lovd.nl), PhenCode (http://phencode.
been reported each year. This mutation prevents  bx.psu.edu/), and HOPE (http://www.cmbi.ru.nl/
the production of any or some B-globin. The lack  hope/). HOPE is a free-access automatic program
of B-globin impels to minimize the amount of  that analyzes the structural and functional effects
operative hemoglobin and excessive crushing of  of point mutations in the protein-coding region of
red blood cells, which can lead to anemia (Sarnaik,  the human genome. HOPE helps life scientists and
S.A., 2005). Thalassemia has become a major pub-  biomedicists to understand how mutation affects
lic health issue in Indonesia. It has been estimated = human physiology by displaying readable 3D
that up to 10% of the population carries a gene  mutant structures (Vanselaar, et al., 2010). In this
associated with B-thalassemia (Widyanti, et al.,  study, we report structural and functional altera-
2011). The number of individuals suffering from  tions of B-globin mutations of B-thalassemia in
this severe, life-shortening disorder is increasing.  Indonesian ethnic groups.
Thalassemia is common in Indonesia, where 13
mutations of B-thalassemia have been identified,
of which the most prevalent are the HbE, IVS-nt5, 2 METHODS
and Cd 35 mutations (Setianingsih, et al., 1998). In
this paper, we focus on the transition and transver-  Data of exon B-globin mutations in Indonesian eth-
sion mutations of the exon B-globin in Indonesian  nic groups were collected from HbVar (http://globin.
ethnic groups. bx.psu.edu/hbvar/, accessed in July, 29th 2016).
HbVar (http://globin.bx.psu.edu/hbvar)isoneof =~ A number of columns on query page were filled
the oldest and most appreciated locus-specificdata-  according to the objective (Fig. 1). Variants with
bases launched in 2001 by a multi-center academic  transversion and transition mutations were selected
effort to provide timely information on genomic  to be analyzed for structural and functional altera-
alterations leading to hemoglobin variants and tions using HOPE (http://www.cmbi.ru.nl/hope/,
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Figure 1.

accessed in July, 30th 2016). Results were described
descriptively.

3 RESULTS AND DISCUSSION

3.1

The point mutations causing [-thalassemia
result from single-base substitutions, inser-
tions or deletions of a few bases within introns
or exons might affect the splicing pattern of the
pre-mRNAs (Thein, 1998; Thein, 2004). Accord-
ing to the results of our study, there were 5 exon
mutations of B-thalassemia in Indonesian ethnic
groups, but only 3 codons were with transversion
and transition mutations (Fig. 2). Cd 15 and Cd
30 were transition mutants, whereas Cd 17 was a
transversion mutant. Those three mutations were
B°-thalassemia.

Based on the HbVar database, Cd 15 was the
highest occurrence (6.78%), followed by Cd 17
and Cd 30 (each 1.69%). Cd 15, Cd 17, and Cd 30
were common mutations of B-thalassemia in Asia
(Yatim, 2014; Datkhille, 2015; Sultana, 2016). Lie-
Enjo (1989) showed that there were a number of
common [-thalassemia mutations in Indonesia,

Exon globin mutation of f-thalassemia
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Query page in HbVar to find some information about thalassemia and other hemoglobinopathies.

including HbE (Cd 26 GAG->AAG), 1VS-1 nt5
(G->C), IVS-2 nt654 (C->T), Cd 41/42 (dele-
tion CTTT), codon 17 (AAG->TAG), 1VS-1 ntl
(G->T), IVS-1 ntl (G->A), Cd 15 (TGG->TAG),
Cd 30 (AGG->ACG), and Cd 35 (deletion C).

3.2 Structural and functional alteration
of mutant globin

Structural and functional alterations were analyzed
using HOPE. This database collects information
from a wide range of information sources including
calculations on the 3D-coordinates of the protein
using WHAT IF Web services, sequence annotations
from the UniProt database, conservation scores
from HSSP, and predictions by a series of Distrib-
uted Annotation System (DAS) services. When pos-
sible, homology models are built with YASARA.
Data are stored in a database and combined in a
decision scheme to identify the effects of a muta-
tion on the protein’s 3D structure and its function.
The report will be shown at the same website and
is illustrated with figures and animations, showing
the effects of the mutation (Camilli, F,, et al., 2011).
Globins are heme-containing proteins that are
best known for their roles in oxygen (O,) transport
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Query Results
There are 5 matches to your query

Query description: category = Thalassemias AND type of thal in (beta0) AND location in (exon) AND ethnic background in (Indonesian) AND chain in (beta)

Name

Codon 15 (G->A); TGG(Trp)->TAG(stop codon)
beta0

beta 15(A12) Trp>Stop

Codon 17 (A->T); AAG(Lys)->TAG(stop codon)
beta0

beta 17(A14) Lys>Stop

Codon 30 (AGG->AGC) [IVS-1-130 (+1)] beta0 beta 30(B12) Arg>Ser

Codon 35 (-C); TAC(Tyr)->TA- beta

Leu-Met-Leu-Leu- Trp-Ala-Thr-Leu-(59)Arg-COOH
Codons 41/42 (-TTCT); TTCTTT(Phe-Phe)->- -
=TT betad

beta 41 - 42 (-TTCT); modified C-terminal sequence

Figure 2.

and storage. Globin gene mutations affect hemo-
globin (Hb), the major blood oxygen (O,) carrier.
These mutations are broadly subdivided into those
that impair globin protein subunit production
(thalassemia) and those that produce structurally
abnormal globin proteins (Hb variants). Naturally
occurring Hb mutations cause a range of bio-
chemical abnormalities, some of which produce
clinically significant symptoms (Thom, CS., et al.,
2013). Some structurally abnormal B-globin-chain
variants are also quantitatively reduced, with a
phenotype of B-thalassemia, in which case they are
referred to as “thalassemicemoglobinopathies”.
Deletions or insertions of entire codons allow the
reading frame to remain in phase, and the remain-
ing amino acids are normal. In all cases, no trace
of abnormal hemoglobin could be detected by
the standard techniques of IEF, HPLC, or heat
stability tests. One mechanism that could explain
the lack of detection of these structural B-globin-
chain variants is that the affected amino acids are
involved in al Bl contacts (Thein, SL., 2013).
Definitive hemoglobin identification can be per-
formed by protein sequencing, DNA analysis, and
HPLC combined with electrospray mass spectrom-
etry in a specialized reference laboratory (Mubeen,
H., etal., 2016).

The mutant residue is smaller than the wild-
type residue. The wild-type residue was positively
charged, and the mutant residue is neutral. The
mutant residue is more hydrophobic than the wild-
type residue. The wild-type residue forms a hydro-
gen bond with glutamic acid at position 122. The
difference in hydrophobicity will affect hydrogen
bond formation. The wild-type residue forms a
salt bridge with glutamic acid at position 122. The
difference in charge will disturb the ionic interac-
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beta 35 (-C); modified C-terminal sequence: (35)Tyr-Leu-Gly-Pro-Arg-Gly-Ser-Leu-Ser-Pro- Leu-Gly-Ile-Cys-Pro-Leu-

Mutation, HGVS

Mutation
nomenclature

HBB:c 47G>A

HBBc 52A>T
HBB:c.93G>C

HBB:c.110delC

HBB:c.126_129delCTTT

B-Thalassemia with exon globin mutations in Indonesian ethnic groups.

tion made by the original, wild-type residue. The
mutated residue is located on the surface of a
domain with unknown function. The residue was
not found to be in contact with other domains,
the function of which is known within the used
structure. However, contact with other molecules
or domains is still possible and might be affected
by this mutation.

The mutant structure of CD 15 is shown in
Figure 3.

The mutant residue is smaller than the wild-type
residue. The mutation will cause an empty space
in the core of the protein, mutating the wild-type
residue into a residue type that is considered non-
natural. The mutated residue is located in a domain
that is important for binding of other molecules
and in contact with residues in a domain that is
also important for binding. The mutation might
disturb the interaction between these two domains
and as such affect the function of the protein. This
domain is annotated with the following Gene-
Ontology terms to indicate its function oxygen and
heme binding.

Figure 4 shows the structure alteration of CD 17.

The wild-type residue was positively charged,
and the mutant residue is neutral (Fig 5). The
difference in hydrophobicity will affect hydrogen
bond formation. The wild-type residue forms a salt
bridge with glutamic acid at position 27. The dif-
ference in charge will disturb the ionic interaction
made by the original, wild-type residue. The muta-
tion introduces a smaller residue at this position.
The new residue might be too small to make mul-
timeric contacts. A more hydrophobic residue is
introduced here. Any hydrogen bond that could be
made by the wild-type residue to other monomers
will be lost now and affect the multimeric contacts.



Codon 15 (G->A4); TGG(Trp)->TAG(stop codon)

Figure 3.

(b)

Mutant globin codon 15 (G->A) in the 3D-structure. (a) Overview of protein in ribbon-presentation. The

protein is indicated by colored according to elements: o-helix is blue, B-strand is red, turn is green, 3/10 helix is yellow,
and random coil is cyan. Other molecules in the complex are colored grey when present. (b) Overview of protein in
ribbon-presentation. The protein is colored grey, the side chain of the mutated residue is colored magenta and shown

as small balls.

Codon 17 (A->T); AAG(Lys)->TAG(stop codon)

(©)

(d)

Figure 4. Mutant globin codon 17 (A->T) in the 3D-structure. (c) Overview of the protein in ribbon-presentation.
The protein is colored by element; o-helix = blue, B-strand = red, turn = green, 3/10 helix = yellow, and random coil =cyan.
Other molecules in the complex are colored grey when present. (d) Overview of the protein in ribbon-presentation.
The protein is colored grey, the side chain of the mutated residue is colored magenta and shown as small balls.

The mutated residue is not in direct contact with
a ligand; however, the mutation could affect the
local stability which in turn could affect the ligand
contacts made by one of the neighboring residues.
The wild-type residue forms a hydrogen bond with
glutamic acid at position 27. This residue is part
of an Interpro domain named hemoglobin B-type.
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This is a strong indication that the residue is indeed
in contact with other proteins. The mutated residue
is located in a domain that is important for binding
of other molecules and in contact with residues in
a domain that is also important for binding. The
mutation might disturb the interaction between
these two domains and as such affect the function



Codon 30 (AGG->AGC) [IVS-I-130 (+1)]

Figure 5.

®

Mutant globin codon 30 (AGG->AGC) in the 3D-structure. (e) Overview of the protein in ribbon-

presentation. The protein is colored by element; o-helix = blue, B-strand = red, turn = green, 3/10 helix = yellow, and
random coil = cyan. Other molecules in the complex are colored grey when present. (f) Overview of the protein in
ribbon-presentation. The protein is colored grey, the side chain of the mutated residue is colored magenta and shown

as small balls.

of the protein. This domain is annotated with the
following Gene-Ontology (GO) terms to indicate
its function: heme, oxygen, and iron ion binding.

Preventive diagnosis and follow-up would reduce
infant mortality by preventing the development of
severe anemia as well as dangerous complications.
Bioinformatics approaches show the mutations in
the HBB gene. Protein sequence analysis shows vari-
ous domains in selected sequence. Studying sequence
variations and analyzing these at the molecular level
can help overcome many genetic disorders.

4 CONCLUSION

‘We found three codons with transition and transver-
sion mutations in -thalassemia in Indonesian eth-
nic groups. These mutated residues result in different
sizes from the wild type and mainly disturb protein
activity by structural alteration. A complete spec-
trum of genetic lesions affecting the B-globin gene
that gives rise to a spectrum of phenotypic severity
has been described. Some databases provide infor-
mation about thalassemia and its related aspects.
Updates of inter-related databases depend on later
mutation found in populations, which will be useful
for research, diagnostic, and therapeutic purposes.
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Serum immunoglobulin-E level correlates with the severity
of atopic dermatitis
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ABSTRACT: The Immunoglobulin E (IgE) plays an important role in Atopic Dermatitis (AD) patho-
genesis, in principle, it could serve as a marker for AD. Though, in some studies, showed no evidence
of their correlation. The severity of AD is commonly evaluated using the Scoring Atopic Dermatitis
(SCORAD).This study aim was to assess the correlation between serum IgE levels and severity of AD.
Serum from 20 AD outpatients was collected and their IgE levels were evaluated using Enzyme-Linked
Immunosorbent Assay (ELISA) technique. The SCORAD assessments were also performed. There were
significant differences serum IgE levels between AD and control group (p < 0.05). Furthermore, the cor-
relation analysis result between serum IgE level and SCORAD was significant (r = 0.73; p < 0.05). The
result showed that the increased of IgE level indicated the increasing of SCORAD.We suggest serum IgE
level proved to be a useful tool in assessing the severity of AD.

Keywords:  atopic dermatitis, immunoglobulin E, SCORAD

1 INTRODUCTION 2 MATERIALS AND METHODS

Atopic Dermatitis (AD) is a chronic, relapsing, 2.1 Patients
inflammatory skin disease characterized by ecze-
matous skin lesions, with itchy sensations (Leung
et al. 2008). This disease affects 20-30% of children
and 5-10% of adults in industrialized countries.

Scores to assess the severity of many skin dis-
eases are important, particularly for evaluation of
treatments and classification purposes (Stalder &
Taieb 1993). Scores of AD have been developed to
determine disease severity through an evaluation
of lesion characteristics such as erythema, indura-
tion, and scaling in relation to the affected body
surface area(Bieber 2008, 2010). The most widely
used assessmentfor AD severityis the Scoring
Atopic Dermatitis (SCORAD) (Stalder & Taieb
1993).

The Immunoglobulin-E (IgE), IgE-mediated
mast cell, and eosinophil activationcontribute to
AD pathogenesis, but direct evidence supporting
this mechanism is still unclear (Liu et al. 2011).Typ-
ically, AD patients tend to have greatly elevated lev- . . ..
els of IgE (Bieber 2008) and IgE could be a marker 2.2 Scoring Atopic Dermatitis (SCORAD)
for AD. However, some studies showed no evidence =~ An SCORAD analysis from the European Task
ofa correlation between IgE elevated levels and the ~ Force on Atopic Dermatitis was used to deter-
degree of severity in AD (Gerdes 2009). mined the AD severity based on clinical symptoms

Thus, in this study, we tried to analyse the (Stalder & Taieb 1993). Classification of the SCO-
correlation between serum IgE levels and severity =~ RAD scores are mild (<15), moderate (15-40), and
of AD. severe (>40) (Liu et al. 2011).

Twenty AD patients were enrolled using a consecu-
tive sampling from Dermatology Clinic, Dr. Hasan
Sadikin Hospital and fulfilled the Hanifin and
Rajka criteria. The 20 healthy subjects were chosen
as a control group. The subjects were excluded from
the study when they used systemic and/or topical
corticosteroids, antibiotics, and other immunosup-
pressive agents, such as cyclosporine, tacrolimus,
azathioprine, etc. within the last two weeks before
the study was started. They were also excluded if
atopic manifestations exist, such as asthma, aller-
gic rhinitis, or hay fever.

The study was approved by the Health Research
Ethics Committee, Faculty of Medicine, Univer-
sitas Padjadjaran—Dr. Hasan Sadikin Hospital,
Bandung, Indonesia. Oral explanation about the
study was done and subsequently written informed
consent was obtained from each participant.
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2.3 Enzyme-Linked Immunosorbent Assay
(ELISA) for IgE

The IgE level was measured from subject’s periph-
eral blood by ELISA sandwich method using anti-
human IgE monoclonal antibodies conjugated
with peroxidase (Enzygnost-IgE monoclonal)
(BioM¢érieux, France) according to the manufac-
turer’s instructions. The levels of the IgE in IU/ml
in each patient were used for data analysis.

2.4  Statistical analysis

Results were expressed as mean £ SD and statis-
tically significant differences were defined as a
p value less than 0.05. The Mann-Whitney analysis
was used for determination of differences of IgE
level in the AD and control group. The Pearson
correlation test was applied for correlation analysis
of IgE with SCORAD.

3 RESULTS

Figure 1 showed the mean level of serum IgE in AD
patients was 2,666.31 + 2230.51 IU/ml, and in the
control group was 247.85 + 364.86 1U/ml. There
were statistically significant differences between
serum Ig levels AD and control group (p < 0.05).

The mean serum IgE level in mild, moderate,
and severe AD patient based on SCORAD were
536.83 £ 282.08 TU/ml, 1,975.19 £ 1,235.98 1U/ml,
and 4,566.26 + 2482.3 TU/ml, respectively (Fig. 2).
Furthermore, the correlation analysis result
between serum IgE level and SCORAD was
r=0.73 and p < 0.05. These results suggested that
the increased of IgE level indicated the increasing
of SCORAD (Fig. 3).
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Figure 1. The level of IgE in AD and control group

showed a significant difference using Mann-Whitney anal-
ysis. The data represent the averages + SD. *p < 0.05.

8000-
E 6000-
=)
5 4000
>
K
“_é; 2000+
o-
> )
N ¥ &
N o o
éo
SCORAD

Figure 2. The level of IgE in AD patients with mild,
moderate, and severe SCORAD. The data represent the
averages + SD.
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Figure 3. Correlation of IgE and severity of AD score
showed a significant result (r = 0.73; p < 0.05).

4 DISCUSSION

The assessment of severity of AD validated scores
has been established. For AD, the SCORAD is
most commonly used. Besides these, many clini-
cal instruments have been made to establish serum
markers for disease severity and activity in AD
(Bunikowski et al. 1999).

The activation of immune cells, especially T
lymphocytes, B lymphocytes, eosinophil, and
mast cells, and their migration to the skin have
an essential role in the AD pathogenesis (Werfel
et al. 2016). A study suggested that patients with
AD showed increasing serum IgE levels (Laske
& Niggeman 2004). Our results also indicate
a correlation between the severity of AD and
serum IgE levels.In our study, serum IgE level in
AD patients was higher than the control group
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(Fig. 1).These results were similar with Campbell
et al. study, that total IgE levels were 4,434 TU/ml
with a range of 60-54,296 IU/ml in 74 AD patients
(Campbell & Kemp 1998). Novak et al. (2005)
also showed that the average levels of total IgE
in 225 AD patients was 1,399 KU/L. Other stud-
ies also reported that serum IgE of AD patients
have a higher value relatively with the control (Aral
et al. 2006, Brenninkemeijer et al. 2005, Orfali et al.
2009, Chernyshov 2009).

According to minor aspects of Hanifin-Rajka
criteria, the increase in total serum IgE is a minor
sign of AD, although it has no predictive value for
long-term prognosis (Orfali et al. 2009). A com-
plex interaction between genetic, environmental,
skin barrier, pharmacologic, and immunologic
factors, have contributed to the pathogenesis of
AD. Many studies showed the increase of inter-
leukin (IL)-4, IL-5 and IL-13 cytokines, while lev-
els of IFN-y decrease in the peripheral blood of
AD patients (Novak & Bieber 2008). Hence, 1L-4
and IL-13 induce the production of IgE by B cells
(Kang et al. 2003, Novak & Bieber 2008). Most
people with AD have increased eosinophilia and
serum IgE levels (Liu et al. 2011).

In the previous study, total serum IgE levels
were reported to be associated with AD and sever-
ity of the disease, thus being a possible marker of
AD activity (Dhar et al. 2005, Jones et al. 1975).
Increased IgE serum levels were found in indi-
viduals with more severe AD (Iju 1985, Laske &
Niggemann 2004). Therefore, it fits well that we
observed a higher and statistically highly sig-
nificant correlation between IgE and SCORAD
(Fig. 3).

5 CONCLUSION

In conclusion, our results suggest that serum IgE
levels correlate with the degree of severity in AD
and serum IgE level might be a useful tool in
assessing the severity of AD.
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Fatty liver in fasted FABP4/5 null mice is not followed by liver
function deterioration
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ABSTRACT: We have recently found that deletion of Fatty Acid-Binding Protein-4 and -5 (FABP4/5)
resulted in a marked perturbation of metabolism in response to fasting, including fatty liver. The purpose
of our study was to investigate liver function in FABP4/5 null mice (DKO mice) with fatty liver after
prolonged fasting. Wild-Type (WT) and DKO mice were fed and fasted 24 hours and 48 hours. Liver
was collected and preserved for Hematoxylin and Eosin (HE) and Masson’s Trichrome (MT) staining.
To analyze liver function, serum was collected to determine Aspartate Transaminase (AST) and Alanine
Transaminase (ALT) levels. After 48 hours of fasting, there was no increase in fibrosis in the liver of DKO
mice. The serum level of AST was lower in DKO mice while that of ALT was comparable after 48 hours
of fasting, suggesting that liver damage in DKO mice was modest. In conclusion, the study shows that
massive lipid accumulation in fasted DKO mice is not accompanied by liver function deterioration.

Keywords: FABP4, FABPS, fasting, liver function, fatty liver

1 INTRODUCTION sari et al., 2009). The first hit is insulin resistance
leading to fatty liver disease, followed by the sec-
The emerging problem of fatty liver has become  ond hit, the condition which involved oxidative
a major concern in research. The prevalence  stress, determining lipid peroxidation, increased
of fatty liver is 10 to 24% in general popula- cytokine production, and inflammation leading
tion and the number increases from 57 to 74%  to NASH. It is well known that the susceptibility
in obese people (Angulo, 2002). Fatty liver is  of advanced fibrosis or cirrhosis leads to death
associated with metabolic disorder, including in patients with fatty liver (Tessari et al., 2009,
hypertriglyceridemia and insulin resistance. The = George and Liddle, 2008).
pathophysiology of fatty liver into inflammatory Fasting can promote triglyceride accumulation
stage, Non-Alcoholic Steatohepatitis (NASH), in the liver, suggested as an adaptive mechanism
has been proposed in “two hits” hypothesis (Tes-  in response to the lack of energy source (Teusink
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et al., 2003). The liver is a central organ of energy
metabolism to control the energy balance. In the
fasting condition, when the intake of carbohy-
drates is diminished, the first line of energy source
is glucose derived from liver glycogen. Then, fatty
acid is released from the adipose tissue and utilized
by the liver or peripheral organs, such as heart and
skeletal muscle. FA should be transported to the
liver for beta-oxidation or partially oxidized to
produce ketone bodies.

The protein carrier facilitates fatty acid trans-
port from the vascular lumen through the endothe-
lium into the extracellular matrix tissue. Fatty
Acid-Binding Proteins (FABPs) family are small
fatty acid-binding molecules that exert an influ-
ence on the physiology function after interacting
with the transcription factor gene or the regula-
tor gene (See review in (Furuhashi et al., 2011)).
Among those FABPs families, FABP4 (adipocyte-
FABP/aP2) is distributed in adipocyte and macro-
phage, while FABP5 (Keratinocyte-FABP/Mall)
is widely distributed in various cells including
keratinocyte and macrophage. Both FABPs show
similar expression in some cells, suggesting that
they have an interaction under particular circum-
stances. Indeed, when FABP4 function is dimin-
ished, FABPS expression is highly increased as
a compensation function. Therefore, FABP4/5
Double-Knockout (DKO) model is necessary to
gain deep understanding of the function of these
FABPs. Fasting FABP4 knockout mouse showed
triglyceride accumulated in the liver (Baar et al.,
2005).

In our previous study, we have showed that
FABP4/5 was expressed in muscular capillary
endothelial type of cells and serve to facilitate
fatty acid transport from vascular lumen into the
extracellular matrix (Iso et al., 2013). Deletion
of FABP4/5 resulted in a marked perturbation
of metabolism in response to prolonged fasting,
including hyperketotic hypoglycemia, hepatic stea-
tosis, and inability to maintain body temperature
under cold exposure (Syamsunarno et al., 2013,
Syamsunarno et al., 2014). The purpose of the cur-
rent study is to investigate whether massive trig-
lyceride accumulation in fasted DKO mice could
induce liver function disturbance.

2 MATERIALS AND METHODS

2.1 Mice and sample collection

Mice deficient for both Fabp4 and Fabp5 (DKO
mice) were generated from an intercross between
Fabp4(-/-) and Fabp5(-/-) mice, as described previ-
ously (Maeda et al., 2005). The background strain
of the wild-type and knockout mice was C57BL6J.
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The Institutional Animal Care and Use Com-
mittee (Gunma University Graduate School of
Medicine) approved all study protocols. The mice
were housed in a temperature-controlled room in
a 12-hour light/12-hour dark cycle and had unre-
stricted access to water and standard chow (CE-2,
Clea Japan, Inc.). Mice from both genotypes that
were 12 to 18 weeks old were used. Fasting experi-
ments were conducted as described previously
(Syamsunarno et al., 2013). Mice were individually
housed and food was withdrawn for 24 or 48 hr;
water was provided ad libitum. The liver was proc-
essed for histological examinations and blood was
collected from the inferior vena cava and centri-
fuged at 1,500xg for 15 minutes at 4°C to separate
the serum.

2.2 Liver histology

Liver samples were fixed with 4% paraformal-
dehyde and embedded in paraffin. The liver
was stained with Hematoxylin and Eosin (HE)
and Masson’s trichrome, as described elsewhere
(Sunaga et al., 2013).

2.3 Aspartate aminotransferase and alanine
aminotransferase test

Serum levels of Aspartate Aminotransferase
(AST) and Alanine Aminotransferase (ALT) were
enzymatically measured by using L-Type Wako
AST-J2 and ALT-J2, respectively (Wako Chemical,
Osaka).

2.4 Statistical analysis

Statistical analysis was performed using ANOVA
for three samples or more and Bonferroni’s post
hoc multiple comparison tests were performed
to evaluate differences between the control and
experimental groups. Significant difference was
determined as P<0.05. Data are presented as
means + S.E.

3 RESULTS AND DISCUSSION

Lipid accumulation in the liver might reflect
inflammation and potentially deteriorates liver
function. However, neither inflammatory cell infil-
tration nor increase in fibrosis was observed in the
liver of DKO mice after prolonged fasting (Fig-
ures 1 and 2). The serum level of AST was lower
in DKO mice while that of ALT was comparable
after 48 hours of fasting (Figures 3 and 4). These
results suggested that liver damage in DKO mice
was modest.
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Figure 1. Representative HE staining of the liver of
WT and DKO mice. Scale bar = 100 um.
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Figure 2. Representative Masson’s trichrome staining
of the liver of WT and DKO mice. Scale bar = 100 pm.
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Figure 3. Serum levels of AST before and after fasting
(0 or 48 hours). n = 8/group. *p < 0.05.
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Figure 4. Serum levels of ALT before and after fasting
(0 or 48 hours). n = 8/group. *p < 0.05.
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4 DISCUSSION

The liver has a capacity to store the excess of fatty
acids in triglyceride form. Then, these fatty acids
will be oxidized or exported back into the main
vascular system in the Low-Density Lipoprotein
(LDL) form. There are two main functions of fatty
acid oxidation. First, to generate energy that will be
used to sustain hepatocyte function and gluconeo-
genesis. Second, fatty acid will be partially oxidized
to produce ketone bodies, where 3-hydroxy-3-
methylglutaryl-CoA synthase 2 (HMGCS2) is a
key regulator gene.

In our previous study, the accumulation of trig-
lyceride in the liver of DKO mice after prolonged
fasting was higher compared with the liver of WT
mice (Syamsunarno et al., 2013). Additionally, fatty
liver condition in DKO mice is reversible after re-
fed with normal chow (Syamsunarno et al., 2013).
In the current study, fibrosis sign or increased AST
and ALT are not detected. These findings indicate
that remarkable lipid accumulation in the liver of
DKO mice is not accompanied by inflammation
and severe destruction of hepatocytes.

5 CONCLUSIONS

This study shows that massive lipid accumulation
in the liver of FABP4/5 DKO mice after prolonged
fasting is not accompanied by liver function
deterioration.
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ABSTRACT: Stuntingis a failure to achieve optimal growth. Seluang fish (Rasbora spp.) contains a high
amount of protein and calcium needed for bone growth. The purpose of this study was to provide evidence
that seluang fish can be a source of nutrition to prevent stunting. The study was conducted on Rattus
norvegicus that were divided into three treatment groups: C (control), P1 (rats fed with a low-protein and
low-fat meal), and P2 (rats fed with a seluang formula). The treatments were given for 8 weeks. Then, the
rats were dissected, and blood and bone samples were obtained to measure bone calcium concentration,
bone length, and serum IGF-1 level. Statistical analysis was carried out with ANOVA followed by Tukey’s
honestly significant difference test at the 95% confidence level. The analysis revealed that there were
significant differences in bone length (2.92 vs 2.71 vs 2.94 cm, p < 0.01), bone calcium level (1.68 vs 0.84 vs
1.34 mg/g, p < 0.01), and serum IGF-1 level (70.37 vs 91.37 vs 112.97 pg/mL, p = 0.02) among the C, P1,
and P2 groups. In conclusion, the study indicates that seluang fish has the potential to prevent stunting.

Keywords: stunting, IGF-1, bone calcium, seluang fish (Rasbora spp.)

1 INTRODUCTION Stunting is a chronic malnutrition or growth
failure and used as an indicator of long-term
There are many nutrition problems in Indonesia,  malnutrition among children. Children who have
including protein and energy deficiency, anemia, = moderately poor or poor nutritional status and
Vitamin A Deficiency (VAD), iodine deficiency, short or very short stature are at risk of having a
and overweight. One outcome of the deficiency lower Intelligence Quotient (IQ) by 10-15 points
of protein and energy is stunting. Stunting is a  (Kementerian Bappenas, 2011). Many factors are
failure to achieve optimal growth, which is meas-  associated with stunting in children, such as lack
ured by the height-for-age index. The Indonesian  of energy and protein, chronic diseases, feeding
Basic Health Research conducted in 2013 (Riskes-  mistake, and poverty. The prevalence of stunt-
das 2013) reported that the prevalence of stunt-  ing increases with age. The increase occurs in the
ing in infants was 37.2% (an increase from 35.6%  first two years of life when the growth of children
in 2010). The prevalence of severe stunting only  reflects the standards of nutrition and health.
slightly decreased from 18.5% in 2010 to 18.0% in One of the factors that directly determines the
2013, while that of stunting increased to 19.2%.  nutritional status of infants and toddlers is inade-
In addition, among the 33 provinces in Indone-  quate nutrition that does not meet the amount and
sia, 20 provinces had prevalence rates of stunting  composition of the required nutrients, especially
above the national average. South Kalimantan was  in the first 1,000 days of life. A crucial period in
ranked as the fifth highest province in the preva-  the development of metabolism and cognition in
lence rate of stunting (about 40%) (Kemenkes infants occurs during the first 1,000 days of life. This
RI, 2013). These data showed that the problem of  period can be divided into three phases: pregnancy
malnutrition, especially stunting, in South Kali- (9 months), exclusive breastfeeding (6 months), and
mantan has not yet been solved. complementary feeding (18 months). Good nutrition
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during pre-pregnancy, pregnancy, lactation, and com-
plementary feeding is the main factor that determines
the nutritional status of infants, which can be antici-
pated early by using resources and local wisdom.

South Kalimantan is one of the provinces in
Indonesia that had an increase in the number of
short toddlers (stunting) in 2013 (43%) compared
with 2010. This rate remained above the target of
the Medium-Term National Development Plan
(RPJMN) in 2014 (32%). National Development
Planning Agency (Badan Perencanaan Pembangu-
nan Nasional, Bappenas) found that South Kali-
mantan is included in stratum 3 group that had the
prevalence rate of stunting children under five years
old of >32% and the proportion of the population
with food insecurity of <14.47%, while 39.3% of
the population had energy consumption rate below
the minimum and 28.0% had protein consumption
rate below the minimum (Kemenkes RI, 2010). It
is an irony, because South Kalimantan has abun-
dant food resources. One source of food in South
Kalimantan is the freshwater (rivers) that contains
various types of fish. According to the data from
the Department of Fisheries and Marine in South
Kalimantan in 2010 (Dinas Perikanan dan Kelau-
tan, 2010), the level of fish consumption by South
Kalimantan population was 36.84 kg/person/
year. This estimate is higher than the national fish
consumption (33.89 kg/person/year), but it is still
below that of Malaysia (55.4 kg/person/year) and
Singapore (37.9 kg/person/year).

Fish is a good source of protein and calcium,
especially fish with edible flesh and bones. Seluang
fish (Rasbora spp.) is a river fish that is widely con-
sumed by the population in South Kalimantan and
included as a type of fish endemic to Borneo and
Sumatra. Nutrient content per 100 g of type of fish
amounts to 361 kcal, 10 g protein, 3.2 g fat, 80 mg
calcium, 224 mg phosphorus, and 4.7 mg iron
(Komunikasi edukasi dan Jaringan Usaha, 2013).
However, the contents of essential amino acids and
essential fatty acids are still unknown. The content
of these nutrients may differ between the regions
of the origin of the fish. Therefore, we conducted
a research on the potential of seluang fish with an
effort to address the nutritional problems prevail-
ing in Indonesia. This study aimed to determine
whether seluang fish in South Kalimantan can be
a source of nutrition to prevent stunting by using a
rat model (Rattus norvegicus).

2 MATERIALS AND METHODS

This study used female white rats (Rattus norvegicus)
as models. This study was approved by the Animal
Care and Experimentation Committee (Ethical
Committee), Faculty oh Medicine Lambung
Mangkurat University).
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White rats were maintained for 1 week before
treatment, to provide an equal physical and psy-
chological condition. During maintenance, white
rats were given distilled water and the same food as
needed (ad libitum).

Fresh seluang fish (Rasbora spp.) was minced
and made into raw fish porridge. The porridge was
steamed with hot steam for 1 hour, and then dried
in an oven until the moisture content reached 8%.
Seluang fish was grinded again to break down the
clots or bone particles. After it became dry grain,
the seluang fish meal was made into pellets and
used as rat feed.

Rats were classified into three treatment groups:
Control (C) group, where mice were fed with a stand-
ard diet; treatment group 1 (P1), where mice were fed
with a low-protein and low-fat meal; and treatment
group 2 (P2), where mice were fed with a seluang
fish meal. Feeding was started at 4 weeks of age
and given ad libitum until 12 weeks. The P1 group
was fed with pellets of nasi karak (dry spoiled rice),
equivalent to a 4% low-protein feed (Illiandri, 2010).
The P2 group was fed with the seluang fish meal,
containing 25% standard feed mixed with 75% fish
meal, and then and made into pellets.

Blood samples were obtained from the heart,
and then the samples were centrifuged at 3000
rpm for 10 minutes to obtain serum. Serum was re-
centrifuged at 6000 rpm for 10 minutes to obtain
the supernatant. The supernatant was then used to
measure the levels of IGF-1. Serum IGF-1 levels
were measured using ELISA, according to the man-
ufacturer’s instructions. Absorbance was measured
using an ELISA reader at a wavelength of 450 nm.

Long bones (femurs) were also obtained to
determine calcium levels in the bones. Left femur
bones were crushed and homogenized, and cal-
cium levels were measured by using the titrimetric
method. Scales and caliper were used to measure
the right femur bone length. It was measured from
the femoral head to the distal of the femur.

The normal distribution of the data was tested
using the Shapiro-Wilk normality test. Despite
data transformation, some data were still not nor-
mally distributed and not homogeneous. For non-
normally distributed data, the differences between
the groups were analyzed by the Kruskal-Wallis
test, followed by the Mann—Whitney test. For nor-
mally distributed data, one-way ANOVA was used
to assess the differences, followed by Tukey’s Hon-
estly Significant Difference (HSD) test. All analyses
were conducted at the significance level of 5%.

3 RESULTS

After 8 weeks of treatment, the rats were killed,
and the blood and bone samples were collected.
The results of the measurement of body weight,



long bones, bone calcium levels, and serum IGF-1
levels are respectively shown in Figures 1 to 4.

As shown in Figure 1, there is a difference in
the average body weight among the three groups,
in which the average weight gain in the P1 group
was smaller than that in the other groups. The
Kruskal-Wallis test showed a significant difference
in body weight among the groups (p < 0.01). Sub-
sequently, the Mann—Whitney test showed that the
body weight of the P1 group was significantly dif-
ferent from that of the C group (p =0.01) and the
P2 group (p = 0.02), but no significant difference
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Figure 1. Average body weight after 8§ weeks of treat-
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Figure 4. Average IGF-1 levels after 8 weeks of treat-
ment (p < 0.05). C = control group, P1 = low-protein and
low-fat diet, P2 = seluang formula diet.

was found between the C group and the P2 group
(p = 0.42). These results indicate that the seluang
formula has the same amount of energy as the
standard feed. Thus, seluang feeding did not lead
to weight loss. The low-protein and low-fat diet
contained less energy than the standard feed.

The femur length of rats in each treatment group
is shown in Figure 2. It shows that the bone length
in the P1 group is shorter than that in the other
groups. The average femur length in the P2 group is
not significantly different from that in the C group.
The ANOVA test showed that there were significant
differences in the average femur lengths between the
treatment groups (p < 0.01). A post hoc analysis with
Tukey’s HSD test revealed that there were significant
differences between the P1 group and the C (p=0.02)
and P2 (p = 0.01) groups. The average femur length
of rats in the P2 group was not significantly different
from that in the C group (p = 0.96). This indicated
that the P1 group had nutrient deficiency, especially
calcium for bone growth, whereas the P2 group had
a sufficient intake of nutrients, especially calcium, so
that the average bone length in the P2 group was not
significantly different from that in the C group.

Bone growth depends on nutritional factors.
Intake of calcium and protein will lead to denser
and stronger bones. In this study, the average bone
calcium levels after administration of treatment for
8 weeks are shown in Figure 3. The average bone
calcium levels in the P1 group were lower than that
in the other groups. The Kruskal-Wallis test showed
that there were significant differences between the
treatment groups (p < 0.01). The Mann—Whitney
test showed that the bone calcium levels between
the C, P1, and P2 groups were significantly different
(p<0.05). The P1 group had the lowest bone calcium
levels. This is due to the low calcium content present
in the feed. Meanwhile, the P2 group had bone cal-
cium levels lower than those fed with the standard
feed. This is because the standard feed consisted of
various mixtures of feed materials, while seluang
feed content was purely derived from seluang fish.



IGF-1isagrowth factor that hasa similar structure
to that of insulin. The average level of IGF-1 meas-
ured in each group is shown in Figure 4.

The ANOVA test showed significant differ-
ences among the treatment groups (p = 0.02).
A subsequent analysis with Tukey’s HSD test
showed that the IGF-1 level in the C group was not
significantly different from that in the P1 group
(p=0.30), but was significantly different from that
of the P2 group (p = 0.01). Meanwhile, the IGF-1
level in the P1 group was not significantly different
from that in the P2 group (p = 0.29). Nevertheless,
there was a tendency that the IGF-1 level in the
P2 group was the highest among the three groups.
This suggested that the intake of nutrients from the
seluang meal may increase IGF-1 synthesis, which
plays a role in bone growth.

4 DISCUSSION

Stunting is a failure to achieve optimal growth,
which is measured by the height-for-age index.
The most effective intervention for stunting is a
combination of handling the infection and nutri-
tional programs. Multisectoral cooperation is also
needed, namely agriculture sector for food pro-
curement, health sector by giving supplements to
pregnant women and children up to the age of
S years, accompanied by the evaluation of the
physical growth of children, and education sector
by providing information to the communities. All
of these can be carried out properly if they are sup-
ported by a good infrastructure (Remans, 2011).

We conducted a study to determine the potential
of the existing food, seluang fish, as a source of nutri-
ents to prevent stunting in South Kalimantan. Fish
is a good source of protein and calcium, especially
fish with its whole flesh and bones that are edible.
Seluang fish are well known as a river fish and widely
consumed by the population in South Kalimantan,
which is included as the fish endemic to Borneo and
Sumatra. The study by Noor suggested that each
100 g of seluang fish from Barito River contains
18 g protein, 20 g fat, 52 g water, and 10 g ash (Noor,
1993). The specific nutrient content analyzed by
Yunanto et al. in seluang fish from South Kaliman-
tan are presented in Table 1 (Yunanto, 2014).

Based on this analysis, it can be observed that
the nutrients in seluang fish are complete, includ-
ing essential fatty acids and essential amino acids.
Calcium in seluang fish from South Kalimantan is
about 1.8 g/100 g or 180 mg/100 g dried seluang
fish. It can be used as a source of calcium for
bone growth, especially in childhood. The calcium
content is higher than that present in the same
fish species in other areas. Calcium is one of the
essential nutrients that is needed for various body
functions. Calcium functions as a nutrient essential
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Table 1. Nutrients in seluang fish from South Kaliman-
tan, per 100 grams.
Content Content
Nutrients (%, wiw) Nutrients (%, wiw)
Ca 1.6 Histidine 1.82
Fe 19.9 ppm Arginine 3.05
P 1.67 Threonine 2.15
Zn 122.7 ppm  Alanine 2.83
11.77 Proline 1.92
Linoleic acid ~ 7.33 Valine 2.41
DHA 1.04 Methionine 0.48
Aspartate 3.71 Isoleucine 2.07
Glutamate 4.98 Leucine 3.62
Serine 1.94 Phenylalanin ~ 2.37
Glycine 3.06 Lysine 4.81
Histidine 1.82 Cysteine 0.32
Tyrosine 1.62

for growth, contributing to the development of
optimal motor function. The bones and teeth con-
tribute up to 99% of the total calcium body, and
the rest is found in the blood. When blood calcium
level decreases, it will be replaced by bone calcium
to maintain the calcium level in the blood (Suptijah
et al, 2012; Logesh et al, 2012).

This was proven in this study. The bone lengths
of the group given seluang fish were longer than
that of the group fed with a low-protein and low-
fat meal; however, it was not significantly differ-
ent from the group fed with the standard feed. The
bones of seluang fish are edible, so the fish can
meet the calcium requirement. Consumption of
calcium with vitamin D from sunlight may enhance
the growth of the long bones (arms and legs) and
optimize the bone health. Bone health is character-
ized by a larger bone cell size, density, and better
bone remodeling (Prentice et al, 2006).

In this study, we also measured calcium levels in
the bones. In people with calcium intake deficiency,
the bone density is reduced. This occurs through the
regulation of blood calcium levels. When calcium
intake is low, the blood calcium level decreases,
and there is an immediate response by the pitui-
tary by stimulating the parathyroid glands to pro-
duce Parathyroid Hormone (PTH). Parathyroid
hormone stimulates the formation of cytokines,
namely Interleukin-1 (IL-1), Interleukin-6 (IL-6),
and Tumor Necrosis Factor (TNF), in the bones.
Cytokines activate osteoclasts to stimulate the
absorption of calcium in the bones and release
into the blood. Their absorption of calcium from
the bones will lead to a decrease in bone density,
a condition called osteoporosis (Siki, 2009).

This study showed that the group with low-
protein and low-fat intake had the lowest bone
calcium content, while there was not much differ-
ence in bone calcium content between the group fed



the standard feed and the group fed with the seluang
meal. Bone density is determined by a dynamic bal-
ance between bone formation and resorption proc-
esses. When the linear growth and the highest volume
of bone mass have been reached, the process of
remodeling aims to maintain bone mass (Ganong,
2008; Kurniawan, 2012). Bone tissue growth and
development are influenced by genetic factors, nutri-
tion, and hormonal functions that affect the rate of
bone growth, shape, and size (Ganong, 2008).

During the growth period, there is a specialized
separation area at the end of each long bone (epi-
physeal) from the shaft of the bone by a plate of
cartilage that actively proliferates, the epiphyseal
plate. With the new bone placed at the ends of the
bone’s shaft by these plates, the length of the bone
increases. The width of the epiphyseal plates equals
to the speed of bone growth. The widening of the
bone is influenced by a number of hormones, but
most prominently by the pituitary growth hormone
and Insulin-like Growth Factor 1 (IGF-1). Bone
growth alignment may occur during the epiphyseal
bone separation from the shaft, but it is stalled after
the epiphyseal growth fusion with the shaft (epiphy-
seal closure). Epiphyseal growth plate closure begins
in a regular order, and the final epiphyseal closure
occurs after puberty. The process of bone develop-
ment begins with the formation of bone, which is an
increase in the number of the basic cell substance.
At the same time, the size of the cell increases, as a
polyhedral shape, and then they are interconnected
through a number of processes of adjacent cells. At
this stage, these cells are known as osteoblasts. They
will prepare the surface layer of the bone. Bones
become thicker by the addition of a matrix layer
produced by osteoblast activity (Ganong, 2008).

In this study, we also measured the IGF-1 levels
in each treatment group. IGF-1 levels in the group
fed with seluang fish were higher than that in the
other groups. This suggested that the protein in
seluang fish is able to increase the synthesis of
IGF-1 that plays a role in the bone formation and
growth. A study conducted by Wan Nazaimon
et al. (1997) reported that children who were mod-
erately or severely malnourished had lower IGF-1
levels compared with those administered with nor-
mal nutrition. The study also found a correlation
of IGF-1 levels with the body height and weight in
the period before puberty. Malnutrition is known
to cause interference rearrangement on the axis of
GH/IGF-1, causing an increase in GH levels and a
decrease in IGF-1 levels. The study reported a pos-
itive and a very significant correlation between the
IGF-1 level and its receptor IGFBP3, indicating
that both IGF-1 and IGFBP3 simultaneously affect
malnutrition. In addition, it has been reported that
in terms of malnutrition and growth failure, there
was a relationship between the increasing age and
IGF-1 levels (Wan Nazaimon et al, 1997).
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IGF-1 is one of the peptide hormones or growth
hormones that is synthesized in the liver and other
tissues, locally acting as a paracrine or autocrine hor-
mone (Puche & Castilla-Cortazar, 2012). These hor-
mones affect the growth and differentiation of cells,
including bone cells. Nutritional status affects the
serum concentration of IGF-1. The lack of energy
and protein causes a resistance to growth hormone.
This condition is associated with the failure of a
growth hormone signaling receptor, which decreases
the synthesis of IGF-1 in the liver. Moreover, the
growth hormone and IGF-1 are anabolic hormones,
while malnutrition causes catabolism. In a state of
catabolism, IGF-1 concentration is low, which will
inhibit the growth hormone (Roith, 1997).

During bone growth, IGF-1 is required for
osteoblast maturation and function. Through
the PI3K pathway, IGF-1 reduces the apopto-
sis of osteoblasts and triggers osteoblastogenesis
through the stabilization of B-catenin, increasing
Wnt activity. This effect is associated with com-
plete mitogenic activation, causing an increase in
the number of osteoblasts, and increases osteob-
lastic function and bone formation. IGF-1 induces
the synthesis of Receptor Activator of Nuclear
Factor k¥ B Ligand (RANK-L) and improves the
function of osteoclasts. IGF-1 also induces the
expression of Vascular Endothelial Growth Factor
(VEGF) in skeletal cells, and VEGF angiogenesis
processes integrate with endochondral formation
of bone and osteoblastic differentiation and func-
tion (Ahmed & Farquharson, 2010).

IGF-1 synthesis in the liver and other tissues
needs some essential amino acids. Seluang fish has
complete essential amino acids and thus can meet
the requirements of essential amino acids, which is
about 12% of the total energy needs. This was evi-
dent in the group of rats fed with a low-protein and
low-fat diet that had lower levels of IGF-1, short
long bones, and low calcium levels. Meanwhile, in the
group fed with seluang fish, there were high IGF-1
levels, long bones, and high calcium levels. Thus, it
is apparent that there is a correlation between the
levels of IGF-1, long bones, and calcium levels.

Physical growth disturbance is associated with
the bone health; therefore, the nutrition provided
should include nutrients for bones. If bone health is
not optimal, there is a risk of suffering from stunted
growth, among other things. Nutrients consumed
should be started from the intrauterine period, so
pregnant women should consume vitamin D, pro-
tein, fat, Ca, P, Mg, K, vitamin C, Cu, Zn, and folic
acid. After birth, nutrition through breastfeeding
and complementary micronutrients after receiving
solid foods should be provided. These nutrients can
increase the length of the bone, which is reflected
in the body height and bone health, and can reduce
the risk of fracture. The function of these nutrients
is affected by the amount consumed, absorption,



and excretion by the body (Prentice et al, 2013).
Growth and body size in childhood are correlated
with bone mass in the late adolescence phase. Fur-
thermore, the duration of exclusive breastfeeding
and bone turnover in the first 6 months is positively
correlated with the mass of the spine at the age of
17 years (Molgaard et al, 2011). Thus, the entire
community, especially pregnant women, should
be encouraged to eat fish. Seluang fish has been
shown to have the potential to prevent the inci-
dence of stunting, so it can be used as a functional
food ingredient from South Kalimantan.

5 CONCLUSION

Rats fed with seluang fish had significantly longer
femur lengths compared with those fed with a
low-protein and low-fat diet. Bone calcium lev-
els in the group fed with seluang fish were higher
than those in the group fed with a low-protein
and low-fat diet, but were lower than those in the
group fed with the standard feed. The group fed
with seluang fish had higher IGF-1 levels than the
group fed with the standard feed and the group fed
with a low-protein and low-fat diet. Thus, it indi-
cates that seluang fish has the potential to prevent
stunting.

Future research on the potential of seluang fish
is necessary. The health sector can collaborate with
other sectors such as the Ministry of Maritime
Affairs and Fisheries and the Ministry of Trade to
promote the potential of seluang fish, so that it can
be used as a functional food ingredient from South
Kalimantan.
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ABSTRACT: One of the problems of using high concentrations of cryoprotectants for sperm vitrification
is the cytotoxic effect that affects sperm recovery after warming. Therefore, in this study, we determined
the recovery rate after vitrification with and without cryoprotectants. Ejaculates with progressive motility
and viability above 50% were used as samples. The samples were divided into two groups: (1) samples were
mixed with a basic solution (2) samples were mixed with a vitrification solution. Sperm were vitrified by
direct plunging into LN2. Sperm motility and viability were observed to evaluate the quality of sperm
before and after vitrification. Overall, the sperm samples vitrified with cryoprotectants had a significantly
higher proportion of sperm motility (56%) and viability (58.15%) compared with those vitrified without
cryoprotectants (35% and 48%, respectively, p < 0.05). However, vitrification of human sperm without
cryoprotectants could be recommended for routine assisted reproductive technology.

Keywords: sperm vitrification, cryoprotectants, sperm motility, sperm viability

1 INTRODUCTION vitrification is the cytotoxic effect (Ozkavukcu
and Erdemli, 2002), which affects sperm recovery
Vitrification is known to establish a glass-like solid ~ rates after the vitrification process. Therefore, it is
state during the cooling process. It also has an eco-  particularly detrimental to patients who have low
nomic advantage compared with the slow freezing  counts of sperm.
method such as a lack of ice crystal formation due The use of cryoprotectants in the vitrification
to an increase in the speed of temperature conduc-  of human sperm requires further study because
tion, which provides a significant increase in cool-  sperm is gamete cells having an intracellular matrix
ing rates. This rapid cooling process circumvents  with high viscosity that may function as an internal
the ice crystalline formation phase by converting  cryoprotectant. Moreover, sperm has a compact
solutions or water into a glass-like amorphous  structure and a small number of cytosols. This
solid (Dinnyes et al., 2007). Vitrification conditions  structure determines whether the sperm requires
can be achieved by using high concentrations of  a small amount of intracellular cryoprotectants
cryoprotectants. The high concentration of cryo-  or not. The aim of this study was to observe the
protectants and extremely rapid rates of cooling recovery rate of human sperm that were vitrified
are responsible for the formation of the solid state,  using different methods: (1) with cryoprotectants
thereby preventing the formation of intracellular  and (2) without cryoprotectants. Furthermore, this
ice crystals. One of the disadvantages of using  study determined whether the use of toxic intracel-
high concentrations of cryoprotectants for sperm  lular cryoprotectants for sperm vitrification can be
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avoided and whether sperm vitrification without
cryoprotectants can be suitable for use in assisted
reproductive technology.

2 MATERIALS AND METHODS

2.1 Sample

Ejaculates were obtained from 20 men as donors by
masturbation after 2-7 days of sexual abstinence.
The ejaculates were selected after liquefaction for
30 minutes, and those having a concentration of
15 million or more sperm/ml and showing at least
50% progressive sperm motility and viability were
used as samples. Semen analysis was performed
according to the published guidelines by the World
Health Organization (2010). Each ejaculate was
divided into three equal parts. Part 1 (P1) was the
control group. Part 2 (P2) and part 3 (P3) were
diluted with Earle’s Balanced Salt Solution (EBSS)
medium, and then centrifuged at 600 g for 10 min to
remove seminal plasma. After centrifugation, sperm
pellets were diluted with 500 ul EBSS medium. The
suspended sperm was again diluted (1:1) with a
vitrification medium containing (P2) EBSS (with-
out cryoprotectants) and (P3) EBSS + 0.25 M
sucrose + 1% Human Albumin Serum (HAS).

2.2 Vitrification and warming

After dilution, the P2 and P3 groups were allowed
to equilibrate at room temperature for 10 minutes
before vitrification, and then sperm motility and via-
bility were assessed. Afterwards, each specimen was
loaded into a 0.25 ml plastic straw using a syringe
and then sealed. The straws were vaporized in liquid
nitrogen for 5 seconds, and then plunged into lig-
uid nitrogen directly and stored until 24 hours. The
straw was taken out from liquid nitrogen, warmed
at 37°C water for 5 seconds, and then the tip of the
straw was cut, and the sample was put into a micro-
tube. Sperm motility and viability were evaluated.

2.3 Evaluation of sperm motility and viability

Sperm motility was evaluated immediately after
liquefaction, dilution with the vitrification
medium, and after warming the samples. Here, we
used two different categories of sperm motility,
i.e., ‘a’ category for motile sperm and ‘b’ category
for immotile sperm. Sperm viability was observed
under a microscope using eosin—nigrosin staining.

2.4  Statistical analysis

Statistical analysis was performed using Minitube
version 14. Data were analyzed using ANOVA and
Tukey’s test with a significance level of p < 0.05.

Table 1. Sperm motility during the vitrification process.

Stage of Sperm motility (%)

vitrifi-

cation Pl P2 P3

Equili-  100.0 £0.0%?" 88.50 £ 6.30%* 94.20 + 3.40%"
bration

Warming 100.0 £ 0.0%" 56.90 £ 4.38%¢ 35.00 £ 10.30%¢

*Values for the same volume with different letters are
significantly different (P < 0.05).

**P1: control, P2: EBSS (without cryoprotectants),
P3: EBSS + 0.25 M sucrose + 1% HAS (with
cryoprotectants).

Table 2. Sperm viability during the vitrification process.

Stage of  Sperm viability (%)

vitrifi-

cation P1 P2 P3

Equili-  100.0 £0.0%* 92.1+5.50%* 95.90 £ 2.00%?
bration

Warming 100.0 £ 0.0%* 58.15+4.70%" 48.06 + 3.20%¢

*Values for the same volume with different letters are
significantly different (P < 0.05).

**P1: control, P2: EBSS (without cryoprotectants),
P3: EBSS + 0.25 M sucrose + 1% HAS (with
cryoprotectants).

3 RESULTS

The results of sperm motility and viability during
the vitrification process are summarized in Table 1
and Table 2. Sperm quality after vitrification was
decreased in both methods compared with the
control group. Overall, the sperm samples vitrified
with cryoprotectants had a significantly higher
proportion of sperm motility (56%) and sperm
viability (58.15%) compared with those vitrified
without cryoprotectants (35% and 48%, respec-
tively, p < 0.05).

4 DISCUSSION

There are two types of cryoprotectant: intra-
cellular cryoprotectant that will cross the cell
membrane to buffer the intracellular salt, and
extracellular cryoprotectant that has an impor-
tant role in the cell dehydration process. Human
sperm contains a large amount of protein, sugar,
and other components that make the intracellu-
lar matrix highly viscous. As a result, it can be
speculated that we can achieve intracellular vitri-
fication for human sperm (Best, 2015, Isachenko
et al., 2004). The high protein content in the cells
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leads to high viscosity, so it is highly sufficient
to achieve intracellular vitrification. Thus, high
concentrations of cryoprotectants are necessary
for extracellular vitrification than intracellular
vitrification.

In our study, vitrification of sperm using 0.25 M
sucrose and 1% HAS as cryoprotectants showed
higher recovery rates of sperm than that without
cryoprotectants because sucrose and HAS act as
extracellular cryoprotectants that stabilize sperm
membrane during the vitrification process. Extra-
cellular cryoprotectants have a size that is too large
to diffuse into cells, but they help water vitrifica-
tion and devitrification, inhibiting the extracellular
space. Sucrose is a type of sugar that cannot dif-
fuse into the plasma membrane. Therefore, sucrose
will produce an osmotic pressure that induces the
dehydration process and reduces the formation
of intracellular ice crystals. Sucrose also interacts
with phospholipids in the plasma membrane, so
that sperm membranes will reorganize the survival
rate during freezing. High viscosity will increase
the glass transition temperature in the cytosol of
sperm.

Based on Table 1 and Table 2, human sperm
vitrification without cryoprotectants can still be
applied, because human sperm contains a large
number of proteins, sugars, and other components
that make the intracellular matrix highly viscous
and to have compartments that enable the func-
tion as natural cryoprotectants (Isachenko et al.,
2004b). These results are supported by (Isachenko
et al., 2004a), indicating that frozen sperm motil-
ity without the use of cryoprotectants in the vitri-
fication method showed a decrease of about 40%
when compared with conditions before freezing.
A previous study has reported a novel vitrifica-
tion method for a single spermatozoon using the
Cryotop method. The vitrification and warming
techniques were simple, and the recovery rate of
sperm after warming was relatively high (Endo
et al., 2011). The size of the sperm also plays a role
in the success of vitrification without cryoprotect-
ants. The sperm is smaller than the embryo, so it
is less likely that intracellular ice nucleation is fol-
lowed by the growth of crystals during the freezing
stage, or recrystallization during the warming stage
(Isachenko et al., 2003).
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5 CONCLUSION

Vitrification of human sperm can be achieved
without intracellular cryoprotectants. Moreover,
vitrification by directly plunging into liquid nitro-
gen without cryoprotectants was effective and
could be recommended for routine assisted repro-
ductive technology.
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ABSTRACT: Trigona propolis is known to contain a wide range of substances that are beneficial to
humans. However, there are no data on the effect of Trigona propolis on hemorrhagic gastritis. This study
aims to understand the mucoprotective effect of Trigona propolis against hemorrhagic lesions in the rat’s
stomach. The study used 21 male rats that were divided into three experimental groups. Group 1 was given
propylene glycol, group 2 was given Trigona propolis (300 mg/kg BW), and group 3 was given ranitidine
(50 mg/kg BW). All rats were also given ethanol 99.5% (1 mL) one hour later. On the 3rd day, the rats were
dissected, the stomach was incised, and the characteristics of hemorrhagic lesions were recorded. The
average lengths of hemorrhagic lesions in the three groups were 8§1.86 £ 15.52 mm, 43.29 + 9.23 mm, and
60.14 £ 12.88 mm, respectively, and the differences were significant between the groups (p < 0.05; one-way
ANOVA). This study showed that Trigona propolis has a mucoprotective effect and therefore can be used
as a preventive treatment for hemorrhagic gastritis induced by ethanol 99.5%.

1 INTRODUCTION One disease that has the potential to develop
into peptic ulcers is gastritis. Symptoms of gastritis
Peptic ulcers are sores in the mucous lining of the  are less severe than those of peptic ulcers. How-
lower esophagus, stomach, or proximal duodenum  ever, it should not be taken lightly since symptoms
that reach the muscularis mucosae layer. Peptic  that are left untreated can and will develop a form
ulcer is defined as an imbalance between acid and  of gastritis known as erosive gastritis or better
pepsin secretion, and the digestive tract is unable = known as hemorrhagic gastritis. Severe forms of
to protect itself from damage (Syam, Sadikin, hemorrhagic gastritis can lead to ulcer formation
Wanandi, & Rani, 2009). Some factors can increase  in certain cases (Rugge et al., 2011).
the risk of developing peptic ulcer resulting from The medical field has always aimed to improve
regular consumption of anti-inflammatory drugs  the quality of human life. This is why the testing
(NSAIDs) and infection by Helicobacter pylori  of new remedies is always welcomed. Natural rem-
(Sung, Kuipers, & El-Serag, 2009). edies are a well-known therapy of various diseases
Peptic ulcer disease was considered a rare dis- among older generations, enabling health profes-
ease in the 1800s, but its prevalence has increased  sionals to believe that there may be benefits from
since the first half of the 20th century (Bertleff &  treatment with natural substances. Concerning
Lange, 2010). Through the years of medical expe-  peptic ulcer disease, propolis stands out as a poten-
rience, many therapies have been developed for the  tial natural remedy; moreover, since hemorrhagic
treatment of peptic ulcers in the hope of lowering  gastritis is generally treated with same medications
mortality rates due to peptic ulcer disease. Gener-  that are used in the treatment of peptic ulcers,
ally, the treatments for peptic ulcers aim to neutral-  propolis is relevant even in this aspect (Pillai, Kan-
ize acid in the stomach, block acid production by  daswamy, & Subramanian, 2010). According to
blocking histamine release or inhibition of proton-  the Roman scholar Plinius (23-79 A.D.), propo-
pump, protect the mucus lining by forming a bar-  lis can relieve pain and heal sores that appeared
rier between the ulcer and the acidic environment,  impossible for physicians to correct at that time
and increase mucus production (Sung et al., 2009).  (Bogdanov, 2014).
However, these drugs tend to cause a fair amount Propolis is a strong adhesive viscous material
of side effects and adverse effects. that is collected by bees from various plant sources.
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In Indonesia, one of the bee species from which
propolis is obtained is the Trigona species. This spe-
cies is commonly found in Asia and Africa. Trigona
is a stingless bee and the smallest in size among other
honey-producing bees. Their nests are usually found
in tree hollows, wooden tables, holes in the wall, and
even on steel supports. Trigona is known as a good
propolis producer (Kustiawan et al., 2015).

Generally, propolis contains more than 300 com-
ponents depending on its geographical origin. Each
component works together for the health and pro-
tection of the beehive. The active components of
propolis have also been proven effective in the health
of the human body. Until now, the administration
of propolis to mice and humans has not shown any
side effects (Bogdanov, 2014; Pillai et al., 2010).

Propolis has many beneficial effects, and one
of them is its anti-ulcer (stomach, skin, buccal)
effect. Other studies have shown that some chemi-
cal compounds found in propolis, such as polyphe-
nols, flavonoids and caffeic acid, have the ability to
exert an anti-ulcer effect (Bogdanov, 2014). These
compounds lead to the esterification of membrane
phospholipids that will produce arachidonic acid
that forms the enzyme Cyclooxygenase (COX)
which stimulates the production of prostaglandins
(precisely prostaglandin-E,). This will inhibit the
acid-secreting parietal cells present in the stomach,
resulting in decreased gastric acid secretion (Pillai
et al., 2010). A decrease in gastric acid secretion
can be the factor for the prevention of hemor-
rhagic gastritis and, in the long run, avoiding the
occurrence of peptic ulcers. Therefore, this study
aims to investigate whether propolis has a protec-
tive effect against the occurrence of hemorrhagic
gastritis in order to be used as a natural remedy for
peptic ulcer.

2 MATERIALS AND METHODS

2.1

Trigona propolis extract (300 mg/kg BW) was
obtained from the Laboratory of Food Engineer-
ing, Faculty of Food Industry Technology, Uni-
versitas Padjadjaran. Propylene glycol used in the
extraction process of propolis as well as ethanol
99.5% were obtained from PT. BRATACO, Band-
ung and Ranitidine was from PT. Nicholas Labo-
ratories Indonesia, Jakarta, Indonesia.

Drugs and chemicals

2.2 Experimental animals

A total of 21 healthy, male rats of the Wistar strain
(weighing 150-200 g) were used in this study. The
rats were obtained from Pusat Antar Universitas
Institut Teknologi Bandung (PAU ITB) through the
Animal Laboratory of Pharmacology and Ther-
apy, Faculty of Medicine, Padjadjaran University,
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Bandung. The study was approved by the Inde-
pendent Ethics Committee of Faculty of Medicine
of Universitas Padjadjaran (Bandung, Indonesia).
The rats were randomly divided into three experi-
mental groups, with seven rats per group. The
animals were housed in cages, and had ad libitum
access to a standard pellet diet and water.

2.3 Study of the effect of Trigona propolis using
an ethanol-induced ulcer model

The rats were fasted for 12 hours before the experi-
ment. Group 1 was given 1 mL propylene glycol,
group 2 was given Trigona propolis extract (300 mg/
kg BW), and group 3 was given ranitidine (50 mg/
kg BW). At 1 hour later, the rats were given 1 mL
ethanol 99.5% by orogastric intubation to induce
gastric ulcers, according to the method described
previously by Pillai et al. (2010) with slight modifi-
cation. All pretreatments were administered orally.
Then, the rats were given food and water as usual.
The above treatment procedure was carried
out for 3 days. On the 3rd day, one hour after
the administration of ethanol, all the rats were
killed by cervical dislocation. A midline incision
was made across the abdomen of the rat and the
stomach was moved to the exterior of the body.
The stomach was then opened by an incision along
the greater curvature and gently rinsed with water,
pinned flat on a wood plate and fixed in 10% for-
malin for 24 hours. The stomach was examined
under a microscope and all hemorrhagic lesions
were counted and measured (in mm) with a ruler
(Dugani, Auzzi, Naas, & Megwez, 2008).

2.4 Determination of hemorrhagic lesions

Ulcers found in the gastric mucosa appeared as
elongated bands of hemorrhagic lesions parallel
to the long axis of the stomach. The stomach was
examined under a microscope, and the number of
hemorrhagic lesions was counted and the length of
the hemorrhagic line (in mm) was measured with a
ruler (Dugani et al., 2008).

2.5 Statistical analysis

All values are reported as means + SD. The statisti-
cal significance of differences between groups was
assessed using one-way ANOVA. A probability
value of p < 0.05 was considered to be statistically
significant.

3 RESULTS AND DISCUSSION

Based on the outcome of the study, the mean
value was calculated for the number of hemor-
rhagic lesions and the length of the hemorrhagic



line induced by ethanol in the rat’s stomach. The
data were evaluated to ensure normal distribution
and homogeneity of the variance. Since the data
showed a normal distribution (p > 0.05) and a
homogeneous variance (number of hemorrhagic
lesions: p = 0.557, length of the hemorrhagic
line: p = 0.482), the ANOVA test was performed
to determine the significance of data between the
groups. Then, a Bonferroni post hoc test was done
to compare the effect of each group, assuming
homogeneity of the variance.

The results obtained for the number of hemor-
rhagic lesions and the length of the hemorrhagic
line are summarized in Table 1.

From Table 1, it can be seen that group 2 admin-
istered with 7Trigona propolis had the smallest aver-
age number of hemorrhagic lesions (4 + 1.160,
p = 0.062), with no significant difference between
the three groups.

The length of the hemorrhagic line in the group
that received Trigona propolis revealed the lowest
value (43.29+9.23, p<0.001), as shown in Figure 1.

Table 1. Comparison of stomach hemorrhagic lesions
between the groups.

Trigona
propolis Ranitidine
Propylene 300 mg/kg 50 mg/kg
glycol + BW + BW +
ethanol ethanol ethanol
99.5% 99.5% 99.5%
(n=7) (n=7) (n="7) p
Number 5.57+1.13 4+1.16 529+1.38 0.062
of
lesions

Length  81.86+15.52 43.29 +9.23 60.14 + 12.88 <0.05
of the
line
(mm)

One-way ANOVA test.
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Distribution of the length of the hemorrhagic
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ANOVA test revealed a significant difference
between the groups. The Bonferroni post hoc test at
a 95% confidence interval revealed that the length
of the hemorrhagic line was significantly different
between the groups that received 7Trigona propolis
or ranitidine and propylene glycol (p < 0.05). The
length of the hemorrhagic line was not significantly
different between the groups that received Trigona
propolis and ranitidine. Destruction of mucosal
lining occurs as a result of an imbalance between
aggressive factors such as acid and pepsin produc-
tion, and defense mechanisms, like mucus and
bicarbonate production, blood flow, and mucosal
turnover. Ethanol 99.5%, a form of alcohol, causes
irritation in the stomach mucosa that can lead to
hemorrhagic gastritis. Gastric damage due to etha-
nol can be associated with stasis of blood flow that
results in hemorrhage, one of the aspects of tissue
injury (Pillai et al., 2010). Studies have suggested
that ethanol had a direct toxic effect by making
disruption of the vascular endothelium result-
ing in increased vascular permeability, reducing
secretion of bicarbonates, and production of the
mucus (Abdulla, AL-Bayaty, Younis, & Abu Has-
san, 2010). As demonstrated in this study, ethanol
was used to induce mucosal damage. The results
showed that the control group had the highest
average number of hemorrhagic lesions as well as
the highest average length of the hemorrhagic line.
This indicates that ethanol 99.5% does cause irrita-
tion in the gastric mucous.

Ranitidine is a commonly used gastrointestinal
drug that is used for the prevention of peptic ulcer
(Yeomans, Svedberg, & Naesdal, 2006). Therefore,
ranitidine was used in this study to compare the
effect of propolis with this drug. The result from this
study revealed that the average length of the hemor-
rhagic line in this group was significantly lower than
that of the control group (group 1). This indicates
that ranitidine has a preventive effect, in which it
reduces the length of the hemorrhagic line.

Studies of propolis conducted in various coun-
tries such as Brazil and India have suggested that
propolis has a mucoprotective effect (Massignani
et al., 2009; Pillai et al., 2010). To test propolis
from Indonesia, the rats in group 2 were given
Trigona propolis 300 mg/kg BW followed by etha-
nol 99.5% one hour later. The results showed a sig-
nificant protective effect towards ethanol-induced
mucosal irritation, in which the average number of
hemorrhagic lesions and the length of the hemor-
rhagic line were 4 = 1.16 and 43.29 * 9.23, respec-
tively. This is consistent with the result of the study
conducted on Indian propolis (Pillai et al., 2010).
Compared with the group fed with propylene
glycol, it can be observed that Trigona propolis
has an anti-ulcerogenic effect related to its cyto-
protective activity, since it significantly reduced
ethanol-induced ulcers. This effect was similar to



the effect of ranitidine. From this study, it is found
that Trigona propolis also has a comparatively
similar effect to ranitidine in preventing hemor-
rhagic gastritis. Many studies have suggested that
phytochemicals such as flavonoids and phenolic
compounds, which are well known for their anti-
ulcer activity and other antioxidant compounds,
could be active in this experimental model to pro-
duce an anti-ulcerogenic effect (Pillai et al., 2010).
Therefore, the observed ulcer preventive and ulcer
curative effect of Trigona propolis may be partially
due to its relative antioxidant activity.

A limitation of this study is the relatively small
number of animals in each experimental group.

4 CONCLUSION

This study proves that Trigona propolis, a type
of propolis in Indonesia, has a mucoprotective
effect against hemorrhagic lesions induced by
ethanol 99.5% in the rat’s stomach, and it could
be a good therapeutic agent for the development
of a new phytotherapeutic medicine for the treat-
ment of gastric ulcer. Further studies are needed
to explore the mucoprotective effects of chronic
administration of Trigona propolis in the etha-
nol model of stomach hemorrhagic lesions and
in other models, such as indomethacin-induced
ulcers, using the ulcerative lesion index and histo-
logical evaluation.
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