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Abstract

Purpose

Oral cancer (OC) is considered as a public health problem that carries significant
morbidity and mortality. The disease represents a group of conditions with a range of sites and
varied etiology. Indonesia has insufficient data of epidemiology studies in relation with oral
pre-malignant disorders (OPMD) or OC prevalence and their risk factors. It is also important
to understand the knowledge of GDPs in recognizing OC risk factors, early symptoms of OC,
as well as in performing conventional oral examination. Without a comprehensive
understanding of these factors, efforts to prevent, detect and manage this disease are likely to

be ineffective in terms of outcomes and use of resources.

Hypothesis and Aim

The overall hypothesis was that Indonesia has a high prevalence of OPMD or OC that
are strongly associated with the actual found risk factors. The overall aims of the epidemiology
studies were to understand the prevalence and risk factors of OC and OPMD among
Indonesians as well as to assess Indonesian GDP’s knowledge in risk factors for OC and in
performing COE. The aims of the laboratory studies were to identify antioxidants activities and
phytochemical components of Indonesian BQ using HPLC, LCMS, and GC-MS, as well as to
know the pathobiological response of Indonesian BQ components on oral keratinocyte (OKF-

6) and oral fibroblast (MMF-1).

Materials and Methods
A cross-sectional study was undertaken using a pre and post-training questionnaire and
training intervention with both theory and practical based. The study conducted in five different

provinces of Indonesia; Aceh, Banda Aceh (BA); Bandung, West Java (WJ); special district



Jakarta, Jakarta (JKT); Pontianak, West Kalimantan (WK); and Sorong, West Papua (WP). The
local Dental Association or Faculty of Dentistry invited the GDPs to attend a one-day
standardized education program of oral malignant and OPMDs detection and 3 days hospital-
based or community service-based practice.

A cross-sectional study was undertaken in multiple geographical areas within five
Indonesian provinces, namely West Java (WJ), Jakarta (JKT), West Papua (WP), West
Kalimantan (WK) and Banda Aceh (BA) regions. Individuals attending community health
services, dental hospitals and selected villages were recruited. VVolunteer respondents answered
a previously validated extensive questionnaire that included socio-demographic factors, oral
hygiene practices, diet, adverse oral habits and frequency of dental visits. An oral examination
was undertaken using standardized WHO methodology. Data were analyzed using ANOVA,
Chi-Square, and logistic regression to assess association between risk factors and mucosal
disease.

The total phenolic content (TPC), antioxidant activity (by mean of ferric reducing
antioxidant power, FRAP), radical scavenging activity (DPPH test), phenolics profile and
arecoline content in different components of BQ which were AN, Leaf or SI, Husk, and blended
BQ (BQ mixture). BQ mixture were a blending form contained AN, Leaf or SI and slaked
lime. Samples were imported from 4 major regions of Indonesia, namely: Banda Aceh (BA),
North Sumatra (NS), West Kalimantan (WK) and West Papua (WP). The highest TPC, FRAP,
and DPPH values were detected in AN samples compared to other BQ components, while
samples from WP region were of higher values compared to the other regions. High
performance liquid chromatography - Mass Spectrometry (LC-MS) analysis was used to
identified and quantified polyphenols and arecoline.

The gas chromatography mass spectrometry (GC-MS) platform was used to analyse the

alkaloids present in betel quid originated from four different regions of Indonesia, Banda Aceh



(BA), North Sumatra (NS), West Kalimantan (WK), and West Papua (WP). Further, our study
profiled the plant metabolites present in different components of betel quid, including areca
nuts, betel leaf, stem inflorescence and betel quid as whole originated from each region.
Fluorescein diacetate assay (FDA) was used as a cell cytotoxicity test of BQ
components on oral keratinocytes (OKF-6) and oral fibroblast (MMF-1) cells. The cytotoxicity
effects of areca nut (AN), leaf of piper betle (Leaf) or stem inflorescence of piper betle (Sl),
areca husk (Husk) and whole BQ Mixture was tested on the growth of oral keratinocytes (OKF-
6) and oral primary fibroblasts (MMF-1). On the basis of their chemical characteristics, BQ

from Banda Aceh (BA) and West Papua (WP) regions were selected for in vitro testing.

Results

177 GDPs were registered in the one-day standardised training and 3 days practice. The
highest number of registered GDPs was from WJ region (n=63), followed by GDPs from BA
(n=44), JKT (n=27), WK (N=23), and WP (20) region respectively in rank. A total of 144
(81.37%) GDPs sent back their response to the post-training questionnaire 2-6 weeks after
attending the training. Female respondents predominated with 157 (88.7%) returning the pre-
training questionnaire and 126 (87.5%) returning the post-training questionnaire. Only 20
(11.3%) and 18 (12.5%) male GDPs answered the pre- and post-training guestionnaire,
respectively. Most of Indonesian GDPs demonstrated inadequate knowledge, awareness, and
confidence in performing COE. The OC training could positively increase their knowledge
and confidence of early screening.

A total of 973 respondents were enrolled (WJ 35.5%; JKT 13.3%, WP 18.3%, WK 9%;
BA 23.9%). Smoking (14.8%), BQ chewing (12.6%) and alcohol drinking (4%) varied
geographically. An OPMD was detected in 14.3% respondents and 0.2% had history of OC.

Leukoplakia was the most common OPMD (8.6%), while the prevalence of



erythroplakia/erythroleukoplakia was 0.6%, and oral submucous fibrosis (OSMF) 1.9%.
Leukoplakia was the most common type OPMD found in the survey most likely due to high
number of smoking habit related. Overall, there was a strong correlation between the
prevalence of OPMD and risk factors for OC. In particular, high use of BQ chewing in WK
and WP, related to high prevalence of OPMD. The knowledge of OC risk factors, oral hygiene
behaviour, ethnicities and low-income SES group were significantly associated with OPMD.

High performance liquid chromatography - Mass Spectrometry (LC-MS) analysis
showed that Husk contains the widest range of polyphenols, including hydroxybenzoic acids,
hydroxycinnamic acids, flavanols, flavonols and stilbenes. Catechin and epicatechin were the
main polyphenols detected in BQ, and they were present at the highest concentrations in WP-
AN sample. Arecoline was detected in all AN and BQ mix samples and was significantly
correlated with catechin and epicatechin, and significantly negatively correlated with p-
hydroxybenzoic acid. The current study is the first to extensively characterise the chemical
composition of BQ and provides insight for the interactions of BQ alkaloids and phenolics in
the development of oral submucous fibrosis and oral cancer.

Three types of alkaloids (arecoline, arecaidine, and guvacoline) were successfully
identified using GC-MS. However, guvacine could not be analysed due to low volatility. This
currently also profiled the metabolites in different BQ components and identified high
concentrations of benzenoid and terpense, in stem inflorescence samples, especially the
carcinogenic constitute, safrole. Interestingly, high concentrations of sesquiterpenes, such as
gamma-cadinene, spatulenol, alpha-copaene, linalool, alpha-gurjunene, gamma-amorphene
were also identified in stem inflorescence.

The study found that WP-AN exhibited cytotoxic effect on OKF-6 at a concentration
of 100 pg/ml, as measured by a 50% reduction of cell viability (IC50), while BA-AN exhibited

cytotoxic effect at a higher concentration (500 pg/ml) after 2 days of incubation. WP-SI also
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showed cytotoxic effect at 500 ug/ml after 2 days incubation. In contrast, the extract of Leaf,
BQ Mixture and Husk did not exhibit cytotoxic effect for up to 3 days of incubation. The
exposure of BQ components to MMF-1 showed no cytotoxicity at any concentration assessed.
Incubation of MMF-1 with BA-AN and WP-AN led to an increase of cell proliferation (1 day)
followed by a decline of cell growth (2 days) in a dose and time dependent manner. Thus, the
results of our study showed distinctive cytotoxic profiles in stromal and epithelial cells of the

oral cavity induced by BQ components.

Conclusion

A previously underestimated high prevalence of OPMD in Indonesia strongly
correlates with OC risk behaviour. There is an urgent need for primary prevention of OC
programs in Indonesia. GDP knowledge of OC risk factors and COE is important to be
addressed, as the lack of their knowledge and awareness can impact to delaying OC early
screening and diagnosis. Therefore, improving the national curriculum in Indonesia on OC is
more likely the best way for GDPs to have sufficient knowledge and confidence regarding OC
before graduation.

The ripeness of AN is directly related to the amount of both polyphenols and arecoline.
The unripe AN contained a higher concentration of polyphenols and arecoline compared to
ripe AN, suggesting that consuming the ripe AN could lower the potential of developing
OSMF. Further, our finding that safrole was detected in betel stem inflorescence (SI) as well
as husk. This finding suggests that adding betel SI and husk into BQ compound could raise the
risk of having OSMF and oral cancer even more as safrole is a possible potential human

carcinogen
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Chapter 1: Literature Review

1.1 Oral cancer

Oral cancer (OC) is ranked as the sixth most common cancer worldwide and accounts
for 3% of cancer globally (1). The disease represents a group of conditions across a range of
with varied etiology (1). The incidence of OC annually is estimated to be about 354,864 with
177,384 number of deaths in 2018 and the number is increasing (2-6). More than half of OC
incidence globally occurs in Asia where an estimated 168,850 new OC cases arise in this region
per year. Of these, approximately 11% were from South East Asia (SEA) countries such as
Indonesia (7, 6).

The disease has wide geographic variation with two-third of the disease occurring in low-
income and middle-income countries such as South and SEA, Latin America and Eastern
Europe. However, the incidence of OC continues to increase in the West (1, 8). In SEA
population, OC occurs predominantly in females, while globally it is more common in males
(7, 9, 10). The incidence and mortality ratio of OC in SEA population is among the highest in
Asia (11, 12), and it was recorded in 2012 that the mortality associated with OC in SEA was
estimated 8505 cases (9).

Globally, the most common OC risk factors are the use of tobacco, alcohol drinking,
betel quid (BQ) chewing, age, gender, and sunlight (1). However, the risk habit associated with
OC in Asia and other developing countries were mostly tobacco use, both smoking and
smokeless and BQ chewing. Whereas in the developed countries the OC associated risk habits
were tobacco use and alcohol drinking. The demographic and health surveys on tobacco use
reported that in all countries of SEA, more than 50% men aged 15-49 were tobacco user (13),

and some of these countries, notably Indonesia and Timor-Leste, are among those with the



highest smoking rates among males in the world. Respectively, 72.3% and 96.5% men smoke
in Indonesia and Timor-Leste (14, 9).

The real problem of OC is not simply related with its rising incidence, as the results of
people continue to perform OC risk habits through smoking, excessive drinking and BQ
chewing. However, a greater challenge is that OCs are not detected early enough for
successful treatment (15). The most effective means of reducing mortality due to OC by
preventing late-stage diagnosis. This could happen by increasing awareness among the
population and thus encouraging earlier presentation, or secondary prevention by screening
and early detection of OC and OPMD (16). Studies have showed that approximately 30% of
patients postpone seeking help for more than 3 months following the self-discovery of OC
symptoms (16) and 40% of patients present OC with advanced stage (stages 1l and V) (17).
The poorer prognosis of the disease has been shown to be associated with the delay in patient’s
presentation and diagnosis made by health care providers (18). Lack of awareness of the signs,
symptoms, and risk factors for oral cancer (19), as well as the absence of prevention and early
detection by health-care providers (20), are both believed to be responsible for the diagnostic
delay.

OC is therefore a public health problem which carries significant morbidity and
mortality (21). While to date Indonesia has insufficient data of epidemiology studies in relation
with OC/OPMD prevalence and risk factors. It is also important that the knowledge of GDPs
in recognizing early OC symptoms or OPMD is assessed. Without a comprehensive
understanding of these factors, efforts to prevent, detect and manage this disease are likely to
be ineffective in terms of outcomes and use of resources (22). Thus, this thesis aimed to discuss
the broad evidence base on early screening to assess the prevalence and risk factors of OC and
OPMD among Indonesians, as well as survey Indonesian GDP’s knowledge of OC. Secondly,

the laboratory studies focused on identifying antioxidants activities and phytochemical



components of BQ using HPLC, LCMS, and GC-MS, as well as determining the

pathobiological response of Indonesian BQ components on the human cell lines.

1.2 OC and OPMD Screening

A visible early transformation changes in oral mucosal almost always precede an OC,
and this visible changes namely as an oral potentially malignant disease (OPMD). The visible
OPMD will allow the practitioners to detect and effectively manage OC at an early
intraepithelial stages (23, 24).

OC screening has been defined as “the process by which a practitioner evaluates an
asymptomatic patient to determine if he or she is likely or unlikely to have a potentially-
malignant or malignant lesion” (25). The OC screening can occur as population-based
screening, opportunistic screening, and targeted screening. The population-based screening is
when a population being assessed specifically for the purpose of OC detection, ‘the
opportunistic screening’, when patients who are attending a health care provider for another
purpose are examined for signs of OC or PMD, or as ‘targeted screening’ when high risk
individuals are selected for OC screening (1). In any of these contexts, along with a visual and
tactile examination of the oral mucosa, the practitioner should ask the patient about their health
history including tobacco and alcohol use. The risk of oral cancer is increased with age, alcohol
and tobacco use and a history of upper aerodigestive tract cancer (22, 25)

The histological examination is always the gold standard for the diagnosis of oral
dysplasia, and malignant lesions (26). Conventional oral examination (COE) is considered to
be the best approach in OC screening, however, several aids for OC screening have been
suggested to clearly discriminate the lesions, to increase the sensitivity, accuracy, and

specificity of COE (26).



According to Mehrotra et al, there are two approaches for detection of OC and OPMD
(27), the firstis to undertake a program for screening OC that identify asymptomatic individual
with suspicious oral lesions and second is to use specific diagnostic tools to identify OPMD

and early OC in asymptomatic individual” (27).

1.2.1 Conventional oral examination (COE)

COE is the current accepted mucosal examination for OC and OPMD detection, this
examination has been proven to have high discriminatory ability (28). A complete mucosal
examination include visual and tactile examination, namely COE, should be part of a routine
dental examination by all GDP (28). The effectiveness of COE could be influenced by several
important factors such as practitioners’ experience and confidence, as well as the acceptance
of the patient of the procedures (22).

A standard method of COE for OC screening is using normal (incandescent) light.
Several studies have reported COE to have a relatively high degree of sensitivity, specificity
and positive predictive value (29). However in contrast, a number of studies suggested COE
may have limited value as a method for detecting OC and OPMD (30-32).

A study done for oral cancer-screening programs involving over 2300 individuals who
were examined for red or white lesions or ulcers of greater than 2 weeks duration (33, 34). A
general dental practitioner examined each individual and recorded the presence of lesions.
Independently, an oral medicine specialist also examined all individuals for a “true” clinical
diagnosis. The biopsy was done to confirm the diagnosis in patients who screen negative by
COE (clinically normal) has been deemed inappropriate and an ethically questionable practice
(35). The sensitivity and specificity of the COE was 74% and 99% respectively, indicating that
a visual oral examination can detect relevant lesions with a sensitivity and specificity similar

to that found in other screening programs.



A randomize control trial (RCT) of COE involving 130,000 individuals was carried out
in India by Kerala group (36, 37). The early results presented at 3 (37) and 6 (36) years.
Surrogate markers of improved outcome including 3-year survival, stage of presentation and
yield were all significantly greater in the intervention group compared to the control group.
However, they could not provide the evidence of reduced mortality with regard to oral cancer
(38). Kujan etal. (39), also concluded that there was no evidence to support the use of a visual
examination as a method of screening for oral cancer. Subsequently, the Kerala group reported
their results at 9 years (40). Although it showed no increase in survival for the overall
population, however, a significant increase in survival was observed among males with high-
risk habits, such as tobacco use. This result became the first clear evidence to support the
efficacy of an oral cancer screening program, as measured by reduced mortality. Further, the
broader use of oral cancer screening measures were prompted throughout the world (38).

Although COE does not identify all potentially premalignant lesions, nor does it
accurately detect the small proportion of biologically relevant lesions that are likely to progress
to cancer, however, COE may be useful in the discovery of some oral lesions for early
prevention of oral cancer (29).

A COE consists of 8 steps of examination included intraoral and extraoral visual assesment

and palpation using white light (41). The steps are as including :

1) Extraoral examination:
Inspection of the region of head and neck for asymmetry, pigmentation, tenderness or
swelling, numbness or pain. Palpation of the lymph nodes region in the submandibular,
neck and supraclavicular region, paying particular attention to size, number, tenderness
and mobility. Finally, an inspection and palpation of the lips and perioral tissues for
any abnormalities (Figure 1.1.A and 1.1.B)

2) Intraoral examination:



3)

A sound and systematically inspection and palpation all oral soft tissues, especially the
high-risk sites for oral cancer development that include the lateral and ventral aspects

of the tongue, floor of mouth and the soft palate complex (Figure 1.1C-G).

Lesion inspection:
Each lesion needs to be evaluated for specific characteristics paying particular attention
to size, colour, texture and outline. Focusing attention on predominantly indication of

white, red, red and white, ulcerated and/or indurated lesions.




Figure 1. 1 COE Steps (15)

1.2.2 Brush cytology

The Brush Biopsy (CDx Laboratories, Suffren, NY) was introduced for the first time in
1999 as a potential OC screening adjunct tool. It was designed for the low level of suspicion
for carcinoma based on clinical features, the lesion would otherwise not be subjected to biopsy
at the clinical examination (42, 43). When the brush cytology shows an abnormal result
(atypical or positive), the practitioners must follow-up with an incision scalpel biopsy to
provide a definitive diagnosis (29).

Brush biopsy is a technique of cytologically minimal invasive which obtains cells of all
epithelial layers, a special circular bristled has been designed for this purpose (44). With this
methods, even the small epithelial tissue fragments can be contained and further be embedded
in paraffin to be examined as histological specimens, this method also called “cell block
method” (45, 46). The advantages of using oral brush biopsy are that it is chair-side, easy to
perform, and painless (47).

The initial sensitivity and specificity assessment of OralCDx was undertaken in a multi-
centre US study with 945 patients, it was more than 96% of histologically evaluation
confirmed oral pre-malignant and malignant lesions (48). Although the investigators reported
that OralCDx had a sensitivity rate of 100%, the majority of the negative brush results were

not followed by incisional scalpel biopsy for diagnostic confirmation (49). Since that initial



study, conflicting data has been presented in relation to the accuracy of OralCDx (49). In
another study (50), 112 brush biopsy cases were performed and of interest the sensitivity was
only 71.4% and the specificity was only 32%. The positive predictive value of an abnormal
result was 44.1 per cent and the negative predictive value was 60 per cent. Remmerbach et al
(51), reported a sensitivity evaluation of cytologic diagnosis in oral smears for the detection
of OC was 100%, however, the specificity for the detection of non-neoplastic cells was 93%,
the positive predictive value was 91%, and the negative predictive value was 100% (51). In 25
cases, the brush biopsies were performed on suspicious oral lesions and were diagnosed
cytologically as non-malignant (tumor cell negative). Four cases were ‘‘atypical,”” 5 cases were
diagnosed as ‘suspicious for tumor cells,”” and 13 specimens were diagnosed as *‘positive for
tumor cells.”” The medical reports indicated that, in all 18 specimens that were diagnosed as
“‘suspicious’’ or ‘‘tumor cell positive’’ and in 2 of 4 specimens that were diagnosed as
““atypical,”” squamous cell carcinomas were Vverified by subsequent histopathologic diagnosis
(correctly positive) (51).

Some studies have reported its sensitivity and specificity in dysplasia and OSCC
detection (42, 48, 50, 51). However, in majority of cases, surgical biopsy still has to be
performed after brush biopsy of both innocuously-looking lesions and highly clinically

suspicious dysplasia (49, 52, 44).
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Figure 1. 2 Circular bristled for brush biopsy (53)



1.2.3 Toluidine blue staining (TBS)

TBS, which has a chemical name tolunium chloride, is a vital staining technique (29, 47).
It has been used for many decades as an adjunctive tool to identify mucosal abnormalities of
the oral cavity as well as in the cervix (29).

Vital staining is staining of living cells or tissues. It is divided into two techniques, firstly,
intra-vital staining within the living body or namely in vivo, and secondly is supra vital staining
outside the body which usually involves detached cells on slides ( In vitro) (47). TBS is an in
vivo staining technique; it is a basic metachromatic dye that potentially stain malignant
neoplasm leaving normal epithelium unstained. The increased amount of DNA and RNA in
neoplastic cells and the wider intercellular canals facilitate the dye to enter are postulated to be
responsible for TBS (54, 55). This toluidine blue dye in vivo staining is an acidophilic cationic
metachromatic dye of thiazine group that selectively binds to free anionic acidic tissue
components, such as sulfates, carboxylates and phosphate radicals belonging to DNA and RNA
that increase in dysplasia and in situ carcinoma (54, 56).

TBS method for OC screening is considered to be non-invasive, practical, rapid,
inexpensive, and effective diagnostic adjunct aids (57, 56). TBS also has been suggested as to
assist biopsy site selection, for assessment of margins of OPMD or OC and in determining
OPMD lesion at risk of progression to malignancy (57, 55, 56). While the FDA does not
approve the use of toluidine blue for OC screening technique in the United States (58), some
studies have shown evidence that TBS methods is a useful as an adjunct to COE practice for
the identification of OPMD (29). To date, however, the use of it is limited in a secondary care
environment in the hands of specialists (29).

When applying TBS, after COE is done, and if there is a suspicious lesion it should be
followed by an oral rinse of 1% acetic acid solution for 20 seconds before expectorating.

Toluidine blue (1% W/W) applied as an oral rinse for 20 seconds and then 1% acetic acid used



for to eliminate mechanically retained stain.

A complex study carried out on patients with a previous history of oral cancer and who
had been seen regularly in follow up in a specialist clinic (59). Patients were joined into a
screening program where they were re-examined and screened with TBS. Fifty out of 235
people were screened, had visible lesions that clinically detected, and a further 32 patients had
areas that retained dye without a visible lesion. All 82 lesions were biopsied and 6 out of the
32 clinically invisible lesions, showed toluidine blue-positive, and lesions proved to be
carcinomas. Of the 50 clinically visible lesions, 20 stained positively with TBS and 6 of these
were carcinomas. One of the clinically visible carcinomas was dye negative. Therefore, 6 OC
were identified out of 82 patients that would have been otherwise undetected. The overall
sensitivity and specificity were 92% and 42% respectively. This study showed that TBS had
quite good sensitivity but low of specificity (59).

A previous study undetaken by Warnakulasuriya and Johnson (60), showed 100%
sensitivity of TBS for detection of oral carcinoma. Eighteen patients have been proven to have
oral carcinoma and all of their respective malignant lesions were dye-positive with TBS. They
stained the oral mucosa of 102 patients with clinically suspicious lesions (60). However, the
overall specificity was low (62%), and the results of this study raise several issues (29), such
as; the dye-positive carcinomas were all clinically detected and would have been aimed to
biopsy in the absence of TBS; only 29 (74%) dye positive out of the 39 lesions that proved be
dysplastic in biopsy confirmation; 18 cases (50%) of oral lichen planus showed positively
stained. Thus, the overall sensitivity and specificity of the staining for the detection of dysplasia
was only 74% and 66% respectively (29). Another study by Onofre et al (61) showed that all
carcinomas were dye-positive, however, only 50% of dysplasias were dye-positive and 13 of
37 (35%) benign lesions also stained. The overall sensitivity and specificity were 77% and 67%

respectively.
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1.2.4 Light-based detection system

Light-based detection systems are based on the assumption that the changes in
mucosal structure and metabolic during carcinogenesis gives rise to distinct profiles of
absorption and refraction when exposed to different types of light or energy (62). There are
two groups of light-based detection system, the group of Chemiluminescence (ViziLite Plus;

Microlux/DL, Orascoptic-DK) and tissue fluorescence imaging (VELscope) (46).

1.2.4.1 Chemiluminescence (reflective tissue fluorescence)

The light emission of limited heat (luminescence) is called Chemiluminescence. It
produced various colours such as blue, green, yellow-green, yellow, orange, and red. The
luminol and peroxyoxalate based systems are the most common used systems of
chemiluminescence (56). This oral examination aid was proposed to improve identification,
evaluation and monitoring of OPMD (56). The field of obstetrics and gynaecology have been
used chemiluminescence as its principal for early detection of cervical cancer and pre cancer
(56). This tool, Vizilite plus consists of a 1% acetic acid solution, a capsule (which emits light),
a retractor and the manufacturer’s instructions (63, 56). The acetic acid removes all debris on
the surface, as well as exclude the glycoprotein barrier on epithelium’s surface, purportedly
allowing better light penetration. Normal mucosal cells absorb the blue light produced, and the
same colour will be reflected by cells with abnormal nuclei including dysplastic cells (64). The
reflection of light back from neoplastic cells caused by shorter wavelength light that are more
reflected via scattering by neoplastic cells. This is thought to occur as there is an increase
replication of DNA, causing DNA to take up a greater volume of cytoplasm (56). The abnormal
cells will also supposedly contain increased protein content and the light reflection commonly
observed in this state (56).

In many cross sectional studies, Vizilite (Zila Pharmaceuticals, Phoenix, Az, USA) has
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been suggested to have a high sensitivity (100%) but low of specificity (0-14,2%) and low of
positive predictive value (65, 46, 63, 62). Therefore, the combination of Vizilite with toluidine
blue has been subsequently suggested to reduce the number of false positive (62).

The use of Vizilite as COE aid has been proven to increase the sensitivity in recognizing
OPMD by GDPs, although the disadvantage of it probably could have shown to increase the
number of unnecessary referral due to false positive (66). Most of studies have shown that
chemiluminescence increases oral white lesions’ brightness and margins (65). Vizilite also can
assist to identify undetected lesion by COE (65). However, some have shown conflicting
results (65). Ram et al. found that ViziLite had 100 % sensitivity with a low (12.5%) specificity
for detecting of OPMD and OSCC (67). Rajmohan et al examined oral mucosa in normal,
precancer and cancer patients using ViziLite and found to have 77.8 % sensitive for detecting
dysplasia and 90 % sensitive for detecting OSCC (68).

In contrast, Mehrotra et al. found that Vizilite was not sensitive (0%) in detecting
dysplasia and OSCC and does not give benefit in detecting OSCC and OPMD (14). Ujaoney
et al. compared the use of chemiluminescence and toulidine blue staining (TBS) for detecting
high risk oral pre-cancerous lesions and TBS showed a better diagnostic test than
chemiluminesecence (69).

Another previous study on sensitivity and specificity of ViziLite showed 95.45% and
84.6% respectively (56). ViziLite could discover early epithelial dysplastic changes in one high
risk patient with clinically normal appearing oral mucosa. Sensitivity and specificity of
toluidine blue were also calculated to be 86.36% and 76.9% respectively. 60 patients were
enrolled to this study, and 25 patients had oral leukoplakia, 10 patients had diagnosed with
OSCC clinically and 25 high risk patients had invisible lesion clinically. All patients were
assessed using ViziLite and toluidine blue staining, and further followed by incisional biopsy

(56).
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Vizilite has various limitations as visualization adjunct such as; it needs a dark
environment to examine oral mucosa, high cost, unable to record the picture unless it is
photographed, low specificity for detecting dysplasia, it could contribute to high referral rate
and over-treatment, unable to detect some red lesions, the use of acetic acid as pre-rinse could
increases salivary flow that interferes with mucosal surface reflectance, inability to objectively
measure the visualization results. Thus, Vizilite can give one-dimension information for the
horizontal extent of the lesions. However, it cannot assess the depth of the lesion which is more

important in predicting the malignant (70).

1.2.4.2 VELscope (narrow-emission tissue fluorescence)

Approximately 30 years ago, it was observed that the autofluorescence of tissues (tissue
fluorescence) could potentially be used for cancer detection. In early 2006, a direct
fluorescence visualization device for examining oral cavity tissues was released and tested in
a pilot study (71). This device is named a Visually Enhanced Lesion Scope (VELScope). It is
a handheld device that facilitates the direct visualization of oral cavity fluorescence for the
detection of high-risk, potentially malignant and early malignant lesions. A blue excitation
light, between 400 to 460 nm, is employed to excite green-red fluorescence from fluorophores
in the oral tissues. Tissue fluorescence is viewed directly along an optical axis collinear with
the axis of excitation to reduce inter- and intra-operator variability (72, 62). The VELScope is
used to shine a light onto the suspicious lesion in oral cavity that is observed through an
attached eyes piece for colour changes. Normal oral tissue is said to omit a pale green
fluorescence while potentially early tumour or dysplastic cells appear dark green to black (73).

It has been proposed that abnormal tissue is associated with a loss of auto-fluorescence
(LAF) and appears dark in contrast to the surrounding tissue. LAF occur in dysplasia due to

alterations in the stromal architecture. Lesions that completely blanch on pressure and return
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to a normal fluorescence pattern should be considered negative for LAF. This phenomenon is

termed diascopic fluorescence (74, 73).

B

Figure 1. 3 COE of the oral cavity showing an ill-defined leukoplakia in the left soft palate
(A), and same lesion demonstrated with VELScope fluorescence imaging showing loss of

auto- fluorescence (B)(75)

Farah et al (75) assessed the efficacy of VELScope in detecting oral mucosal lesions
(75). A total of 112 patients were referred with OPMD and were examined under routine
incandescent light, and then assessed with VELScope, loss of autofluorescence and presence
of blanching were noted. Further, incisional biopsies were performed to provide definitive
histopathological diagnoses. The results showed that VELScope enhanced the visibility of 41
lesions and discover 5 clinically undetected lesions. Assessment with VELScope alone showed
30% sensitivity and 63% specificity. Its accuracy at identifying dysplasia was 55%.
The authors concluded that VELScope cannot provide a definitive diagnosis for the presence
of epithelial dysplasia. The loss of autofluorescence is not even useful in diagnosing epithelial

dysplasia in its own right without relevant clinical interpretation (75).
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McNamara et al evaluated the benefit of direct visual fluorescence examination (DVFE)
using VELSCope as adjunct tool to conventional oral examination (COE) for screening OPMD
in a general population of patients who present for dental care (76). A total of 130 patients were
examines by COE followed by VELScope. The surgical biopsy was performed to the clinically
suspicious areas examined by COE or with positive visual fluorescence loss (VFL). The results
showed 42 subjects had one or more areas of VFL, however, histologic evidence of
premalignancy/malignancy was only identified in a single individual. One lesion negative by
VELScope was found to have epithelial dysplasia. The authors suggest that COE is more valid
compared to VELScope at discriminating benign mucosal changes from premalignancy and do
not support use of DVFE as an oral cancer screening adjunct.

Awan et al (77) evaluated the accuracy of autofluorescence (VELScope) against
conventional oral examination and surgical biopsy (77). A total of 126 patients who presented
to the Oral Medicine Clinics at King’s and Guy’s Hospitals, London with oral white and red
patches suspicious of OPMD were enrolled. Following a complete COE and autofluorescence
examination (VELScope), all underwent an incisional biopsy for histopathological assessment.
Seventy patients had oral leukoplakia/erythroplakia, Of the 126 lesions, 105 (83%) showed
loss of fluorescence. Following incisional biopsy, 44 had oral epithelial dysplasia (29 mild, 8
moderate and 7 severe). The VELScope had a sensitivity of 84.1% and specificity of 15.3%.
The authors concluded that VELscope was useful in confirming the presence of oral
leukoplakia and erythroplakia and other oral mucosal disorders, however, the device was
inability to discriminate high-risk from low-risk lesions (77).

A study reported the strengths and limitations of using VELscope (78). The strengths
included non-invasive aids and simple to use, does not require consumable reagents, no
recurrent cost, provides real time results, a wide range of operator can simply operate it after

short training, variability of operator is limited, sensitivity for any oral mucosal disorder is
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considerably high (78). The limitations of using Velscope that it requires a dark environment,
high initial setting-up cost, no permanent record unless photographed, specificity for dysplasia
is low leading to high referral rate and over-treatment (78).
1.2.5 Salivary detection

Saliva is composed of multifarious components which not only preserve the oral tissue
integrity, but also allow numbers of clues of local and systemic condition to be manifested in
it. That is why saliva has been considered as a mirror of bodily health (46). Exploration of the
saliva components as general health markers has been continually done over the years (79).
The multiplex biomarker detection systems have been created through remarkable progress in
the development of lab-on-a-chip and point-of-care technologies (80). Several saliva markers
include oncogenes (e.g., C-myc, c-Fos, C-Jun), anti-oncogenes (e.g., p53, p16), cytokines (e.g.,
transforming growth factor-B1, interleukin (IL)-8, and -1p), growth factors (e.g., vascular
endothelial growth factor, epidermal growth factor, and insulin- like growth factor),
extracellular matrix-degrading proteinases (MMP1, MMP2, MMP9), hypoxia markers
(hypoxia-inducible factor-a, carbonic anhydrase-9), epithelial-mesenchymal transition
markers (e.g., E- cadherin, N-cadherin, and B-catenin), epithelial tumor factors (Cyfra 21-1),
cytokeratin (CK13, 14 and 16), microRNA molecules, and hypermethylation of cancer-related
genes (p16 and death-associated protein kinase) (46, 81).

Body fluids such as serum, urine, cerebrospinal fluid, and saliva are circulating body
fluids where tumour markers may be present as intracellular substances. The recent advance
technology in diagnosis techniques allows saliva to become a tool for diagnosis that has grown
exponentially. Saliva-based oral cancer diagnosis is a non-invasive alternative to serum testing
and has an 85% overall accuracy rate. The saliva based is an effective modality for diagnosis,

determining prognosis of oral cancer and monitoring post-therapy status (82, 83).
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Salivary mRNA is speculated to contain apoptotic bodies (84, 85) or actively released
in exosomes or micro vesicles (86, 87). The clinical accuracy of saliva was compared to blood
RNA biomarkers for oral cancer detection and it was found four RNA biomarkers that have a
sensitivity and specificity of 91% and 71%, respectively, and a collective receiver operator
characteristic value of 0.95 (88, 89). Speight and Morgan found seven mRNA molecules

significantly more frequently occur in OSCC patients rather than in healthy controls (90).
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1.3 General dental practitioner’s role in OC and OPMD screening

General dental practitioner (GDP) and other dental health care providers have an
important frontline role in the early screening of OC (91, 92, 5). However, some studies
indicated that most of the general dental practitioners (GDP) have an insufficient knowledge
of oral cancer sign and symptoms, and inadequate skill to perform a complete examination as
part of dental routine examination (93, 94). GDPs’ lack of knowledge and experience in oral
cancer examination become one of obstacles to early diagnose and treatment of oral cancer
(93, 94). In addition, inadequate GDPs’ skill, knowledge, and confidence to perform OC and
OPMD detection may also impact on an inadequate education provided to their patients (22).

A hands-on training courses and continuing education seem to be an essential strategy
to increase and maintain knowledge of healthcare provider specifically GDP and dental health
providers (91, 95). However, the study which evaluated training for continuing education of
oral cancer early screening to the GDPs and other dental health providers is very limited to
none.

A previous study aimed to implement the national project created within the framework
of the state task of the Ministry of Education and Science of the Russian Federation, namely
Development of the program of screening of cancerand precancerous diseases of
the oral mucosa and red border of the lips. A national research groups have been created at the
bases of the Department of Therapeutic Dentistry of the Moscow State Medical and Dental
University, the Tula regional dental clinic, City dental clinic in Noyabrsk City (Yamal-Nenets
autonomous district). A total 217,806 people aged 18-92 years old were enrolled to
epidemiology study of oral cancer and precancer within a period from 2015 to the first half of
2018 studied the epidemiology of cancer and precancer. Over that time, the effectiveness of

the research team increased by 8.45 times. The study also found that dentist had a low

18



awareness level of oral cancer. A training for oral cancer and precancer screening was set and
developed and 574 dentists were enrolled within continuous medical education programs (96).

Maybury et al reported the reduction of oral cancer incidences and mortalities in
Maryland from 1995 to 2009, which significantly improved the state’s ranking in the nation
(97). It suggested that the Comprehensive Cancer Control Plan developed in the state has
contributed to the success and that the Maryland approach may serve as a model for other
states. A state-wide oral cancer prevention program with emphasis on problem identification
(survey), training, and coordination is unique and effective.

Most of the studies documented the relation between the importance of educating
dentists and other health providers of oral cancer with the reduction of oral cancer incidence
and mortalities over period of time, however, they did not clearly explain what kind of training
given to the dentists and how the training impact the dentists’ and other dental health workers’

awareness of oral cancer.
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1.4 Oral potentially malignant disorders (OPMD)

Asymptomatic clinical lesions mostly preceded OC in most cases and collectively
referred to as oral potentially malignant disorders (OPMDs) (98, 99). According to the new
classification of the World Health Organization, OPMDs are defined as “clinical presentations
that carry a risk of cancer development in the oral cavity, whether in a clinically definable
precursor lesion or in clinically normal oral mucosa” (100).

OPMD has been defined as oral lesions with a predisposition to malignant
transformation (101). The OPMD definition, terminology and classifications have been
discussed and recommended in a World Health Organization (WHO) Workshop, held in 2005
(101). The classification of OPMD by WHO was separated into two subgroups as follows: “a)
premalignant lesion, a benign lesion with morphologically altered tissue, which has a greater
than normal risk of transforming into malignancy; b) premalignant condition, a disease or
patients’ habit that does not necessarily alter the clinical appearance of local tissues but is
associated with a greater than normal risk of precancerous lesion or cancer development in that

tissue” (102, 101) (Figure.1.4).
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Premalignant lesions

Premalignant conditions

Leukoplakia
Erythroplakia

Proliferative vernucous leu-
koplakia(PVL)

Viadent leukoplakia
Candida leukoplakia
Reverse smokings’ palate
Verrucous hyperplasia
Oral verrucous carcinoma
Dyskeratosis congenita
Actinic cheilosis
Keratoacanthoma

Oral submucous fibrosis

Lichen planus
Discoid lupus erythematosus

Epidermolysis bullosa

Verruciform xanthoma
Graft-versus-host-disease
Cheilitis glandularis
Xeroderma pigmentosum
Syphilis (third stage)
Plummer-Vinson syndrome
Malnutrition

Vitamin A, B, C deficiency

Immunosuppressive diseases
[AIDS]

Figure 1. 4 Oral potentially malignant disorders (OPMD) (101)

The information in regards of prevalence of OPMD in the general population is still
limited, however a commonly accepted prevalence of OPMD was reported between 1-5%
(103) OPMD mostly affected patients in average 50-69 years of age, which is 5 years before
oral cancer presentation. Unfortunately, the recent studied found 5% OPMD occurred in person
under 30 years of age. The common site of OPMD is on the buccal mucosa, followed by
gingivae, tongue and floor of the mouth (104, 105, 102). The most common OPMD that have
a high malignant transformation rate are leukoplakia, oral submucous fibrosis and
erythroplakia (103).

Beside a COE that is required for detection of OPMD, the following criteria should be

taken into consideration in terms of the importance of early diagnosis: (1) symptomatic and/or

non-symptomatic non-healing lesions of oral mucosa, (2) history of smoking, chewing tobacco,
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alcohol consumption, oral HPV infection, drug use, long-term exposure to sunlight, (3)
advanced age, (4) the presence of immunodeficiency, (5) the presence of genetic disease, and

(6) poor oral hygiene (103).

1.4.1 Oral leukoplakia

Leukoplakia is defined as “a predominantly white lesion of the oral mucosa that cannot
be characterised as any other definable lesion” (106, 101). A report by Warnakulasuriya
proposed that: “OL should be used to recognise white plaques of questionable risk having
excluded (other) known diseases or disorders that carry no increased risk for cancer” (107,
101). The prevalence of leukoplakia in the recent studies showed varies between 1.1% and
11.7%, with a mean value of 2.9% (108). Leukoplakia mostly occurs in individual under the
age of 40, however, there is possibility to occur at any age (109). Petti showed that there was
no prevalence differences between individuals aged 50 years or older and those aged less than
50 years (110). Oral leukoplakia occurs at least three times more often in males than females
(110, 111).

In the developing countries, tobacco use and areca nut chewing habit, either alone or in
combination are strongly associated with the occurrence of oral leukoplakia, whereas in the
developed countries, majority of oral leukoplakia are associated with just the use of tobacco
(112, 113).

Clinically, leukoplakia can be divided into two subtypes including homogeneous and
non-homogeneous types (107). Homogenous lesions (Figure 1.5) are characterized by
uniformly flat, thin, white in colour and shows shallow cracks of the surface keratin (109, 107).
Non-homogenous type have been defined as mix of a white and red lesion, also known as
erythroleukoplakia, either irregularly flat (speckled) or nodular (103), as can be seen in Figure

1.5.
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Verrucous leukoplakia is yet another type of non-homogenous leukoplakia (114) .
Proliferative verrucous leukoplakia (PVL), was first described by Hansen et al (114) in 1985,
is a form of verrucous leukoplakia and characterized by multifocal presentation. Malignant
transformation rate of OPL is high and resistance to treatment (107). PVL seems more
prevalent among elderly women. There may or may not be a history of tobacco use (107).

There are few studies about aetiology of PVL that tried to identify the presence of
Candida albicans and Epstein Barr Virus (EBV) (115). Silverman et al reported 19 of 38
specimens with C. albicans positivity, however, they found no correlation either between the
fungal infection and PVL occurrence or transformation to carcinoma, it might be a secondary
infection (116). Similarly, Hansen et al found that 12 of 30 patients were positive for C.
albicans (117). Differently, Bagan et al was the only one to detect EBV in a PVL group, they
found 4 of 6 patients with EBV (60%) (118). Therefore, the exact role of microbiological agents

in PVL pathogenesis have not been established yet in those studies (115).
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Figure 1. 5 Leukoplakia (115, 119).

A. Homogenous type (119), B. Non-homogenous leukoplakia (erythroleukoplakia)

(119), C. Proliverative verrucous leukoplakia (115) (PVL).

Histopathologically, leukoplakia may be seen as two distinct appearances as dysplastic
or non-dysplastic (111). Oral leukoplakia characterized by hyperkeratosis of the stratified
squamous epithelium, with or without acanthosis and/or epithelial dysplasia (111). There are
miscellaneous benign and/or OPMD that may be seen similarly white or predominantly white
appearance, this condition needs to be distinguished. Differential diagnosis of those disease
that can be considered as leukoplakia, including aspirin burn, chemical injury, oral
pseudomembranous and hyperplastic candidiasis, frictional lesions, oral hairy leukoplakia,
leukoedema, linea alba, lupus erythematosus, morsicatio buccarum, papilloma and allied

lesions, mucous patches in secondary syphilis, tobacco-induced lesions, smoker’s palate
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(nicotinic stomatitis), snuff-induced lesion, white sponge nevus, oral lichen planus, and
lichenoid reaction (109, 107).

The malignant transformation rate of leukoplakia is reported in some studies associated
with several risk factors such as female gender, long duration, leukoplakia in non-smokers
(idiopathic), location on the tongue and/or floor of the mouth, size more than 200 mm, non-
homogenous type, presence of C. albicans and epithelial dysplasia (120, 121, 107), as can be

seen in Figure 1.6.

Female gender

Long duration of leukoplakia

Leukoplakia in non-smokers (idiopathic leukoplakia)
Location on the tongue and/or floor of the mouth
Size > 200 mm’

Non-homogeneous type

Presence of C. albican

Presence of epithelial dysplasia

Figure 1. 6 Reported risk factors associated with malignant transformation of
leukoplakia (107)

In 2005, WHO Collaborating Centre for Oral Cancer and Precancer coordinated a
workshop for international working group comprising specialists in the fields of epidemiology,
oral medicine and pathology and molecular biology with a special interest in oral cancer (101).
In this meeting, they also discussed a schema in recognition of leukoplakia to avoid confusion.
The schematic flowchart (Figure 1.7) shows that after a white patch is eliminated from any
other oral mucosal diseases, leukoplakia is the provisional clinical diagnosis, and should be
followed by biopsy, and subsequently if biopsy revealed confirmation of no other disorders,

the lesion is further characterized as leukoplakia with or without dysplasia (101).
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Other known
disorder confirmed
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SN : other disease/disorder
Leukoplakia without dysplasia

Figure 1. 7 Schematic representation of the steps in diagnosis of oral leukoplakia (101).

If the possible associated risk factors are present, including tobacco, alcohol, and betel
quid use (112, 102, 101, 103), the patient needs to cease all possible risk factors, and an
observation period of not more than 24 weeks seems acceptable to observe a possible
regression after elimination of such factors. At this stage, histopathologic examination is the
gold standard for diagnostic aims, some adjunctive tools may help to assist biopsy area (107).

The treatment of leukoplakia aims to diminish the possible symptoms and as an attempt
to prevent malignant transformation, for that reason, an active treatment of leukoplakia would
appear to be a more safe practice, whether there is epithelial dysplasia or not (122). There are
various treatment modalities for leukoplakia such as surgical excision, cryosurgery, laser
surgery that includes evaporation (123, 124), administration of retinoids, either topically or
systemically (125, 126), mouthwash therapy containing an attenuated adenovirus (127, 128)
and photodynamic therapy (129). Surgical excision and laser therapy are the most commonly

used treatment for leukoplakia (107)
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1.4.2 Oral Erythroplakia

Erythroplakia is defined as “A fiery red patch that cannot be characterized clinically or
pathologically as any other definable disease” (130). This condition has been considered to
have the greatest potential malignant transformation in oral mucosal. The definition has not
changed over a period, and the definition by WHO (1978) is still widely used (130).

Clinical appearance is often appears as a flat red either with smooth or granular surface
(Figure 1.5) (131). Erythroplakias seem to be relatively uncommon to appears on their own
and often as mixed red-and-white lesions that refer as “erythroleukoplakia” (131). Prevalence
of erythroplakia varies between 0.02% and 0.83%. It mainly presence in the middle aged and
the elderly. Male gender is predominantly affected. Mostly, oral erythroplakia occurs at any
part of oral mucosa as a solitary lesion. Studies indicated that the most commonly affected
areas were soft palate, the floor of the mouth, and the buccal mucosa (132, 107). Erythroplakia
(Figure 1.8) is usually asymptomatic, but some patients may complain of a burning sensation
(133, 134). According to Shafer and Waldron (135), 51% of erythroplakias transformed into

OSCC, 40% were carcinoma in situ and 9% showed mild to moderate dysplasia.

Figure 1. 8 Erythroplakia (112)
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The exact etiopathogenesis of oral erythroplakia is unknown, however the possible
etiology of chewing tobacco and alcohol use have been reported. Furthermore, investigation
by Hashibe et al reported that in Indian population, chewing tobacco and alcohol drinking are
strong risk factors associated with erythroplakia (107).

A common finding in the histopathological examination is moderate or severe dysplasia
in lesions with erythroplakia. Malignant transformation rates is high and vary between 14-50%,
and as such the treatment of oral erythroplakia is mandatory and should be done swiftly after

initial finding (136, 131, 107). The recommended therapy for oral erythroplakia is surgery,

either by cold knife or by laser (107). In lesions with severe epithelial dysplasia or carcinoma
in situ, surgical excision may necessary to be undertaken (131).

Oral erythroplakia should be distinguished from other oral diseases which clinically
appears as red patch. Clinician may be confuse with some oral diseases that is similar to oral
erythroplakia, such as oral candidiasis, oral histoplasmosis, oral tuberculosis, atrophic OLP,
lupus erythematosus, pemphigus, pemphigoids, amelanotic melanoma, haemangioma,
telangiectasia, lingual varies, Kaposi’s sarcoma, local irritation, mucositis, drug reaction,

median rhomboid glossitis, and oral purpura may be confused with oral erythroplakia (131).

1.4.3 Oral Submucous Fibrosis (OSMF)

OSMF is a chronic and potentially malignant disorder characterized by juxtaepitelial
fibrosis of the oral cavity (137). The disease was first described by Schwartz in 1952.
Fibroelastic change of the lamina propria and epithelial atrophy occur in consequence of juxta
epithelial inflammatory reaction, and eventually develops stiffness of oral mucosa, trismus and
an inability to eat (137). A previous study in prevalence of oral submucous fibrosis which
examined 5 groups, approximately 10,000 people were enrolled in each of Indian villagers in

4 states of India. The prevalence rate varied between 0 to 4%. Clinical data are given on the 63
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cases found in the survey. Atrophy on tongue papillae were seen in 60% cases. This finding
support OSMF as premalignant condition (4).

Mostly, OSMF cases are seen in Asian population. OSMF predominantly occurs in the
second and third decade and may affected both gender (137). Rarely seen in pediatric group of
age (138-140). The malignant transformation rate has been reported between 7%-30% (137).

According to Guo et al (141), OSSC originating from OSMF occurs at a younger age
(45.8 vs. 55.9 years). OSMF was seen more common in males compared to females (male-to-
female ratio 32.1:1 vs. 2.3:1). Management of OSMF is with surgical excision, furthermore,
intralesional injections of interferon-y has been also recommended (133).

In a study from Allahabad, India, 239 OSMF patients were enrolled; 46% were in their
3rd decade of life. Buccal mucosa was found to be the most common affected site (20.8%),
followed by palate (17.7%). Patients had trismus (37.2%), burning sensations (29.5%),
excessive salivation (22.5%), and 14.2% suffered from recurrent oral ulcerations (142).

The aetiology of OSMF is not well established and thought to be multifactorial (137).
Several epidemiology and clinical studies reported the strongest risk factor associated with
OSMF is BQ chewing containing areca nut. Genetic and immunologic factors may also
contribute to OSMF development as OSMF was reported in non-BQ chewer families (143, 4,
142).

Clinical presentation of OSMF depends on the stage of the diseases (144). Initial
symptoms that mostly occur is the present of a burning sensation or intolerance to spicy food,
and vesicles may appear particularly on the palate. In later stages, ulceration and mouth dryness
is later followed by fibrosis of the oral mucosa, which leads to rigidity of the lips, tongue, and
palate, and trismus (Figure 1.9) (144). Petechiae without blood dyscrasias or systemic
disorders, are found in about 22% of OSMF patients and mostly occur on the tongue, followed

by the labial and buccal mucosa (145, 146).
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The diagnosis of OSMF is based on clinical and histological finding. Clinically, one or
more of the following symptoms should be present; A). blanching of oral mucosa defined as a
persistent, white, marble-like appearance of the oral mucosa, which may be localized, diffuse
or reticular; B) tough, leathery texture of the mucosa; C) palpable, whitish, fibrous bands.
Those clinical characterisations should be accompanied by histopathological investigations

(147).

Figure 1. 9 Clinical appearance of OSMF (147).

A. Blanching of buccal mucosa, B. Blanching of soft palate, C. Decrease of mouth

opening.

Histologically, OSMF is characterized by epithelial atrophy with loss of rete ridges and

hyalinization of the lamina propria and the underlying muscle (148). The initial stage of OSMF
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is characterized by mixed inflammation, oedema, and large fibroblasts. Later, there can be seen
collagen bundles with early hyalinization, and the lymphocyte and plasma cell infiltrate, and
occasionally resembling lichenoid mucositis (48). In more-advanced stages, the thick collagen
bands and hyalinization extending into the submucosal tissues and decreased vascularity.
Currently, there are three treatment modalities for OSMF including surgical, physical,
and medical are available. Surgical treatments may be used to improve mouth opening and
movements. Physical treatment is used to help correction for mouth opening including physical
exercise regimen, splints or other mouth opening devices, and microwave diathermy. Some
studies have reported numerous medical therapy alternatives can be used for OSMF
management such as steroids, interferon gamma, placental extracts, immunized milk,
pentoxifylline, buflomedil hydrochloride, nylidrin, isoxsuprine, p-carotene, lycopene,
vitamins, micronutriens, collagenase, hyaluronidase, chymotrypsin, and aloe vera (149, 137,

150, 151, 103).

1.4.3.1 OSMF and betel quid

The strong association between the presentation of OSMF with areca nut/BQ chewing
or pan masala has been directly related to increased OSMF, whereas chewing or smoking
tobacco does not increase the risk for OSMF (152). A case—control study from Kerala, India,
reported that BQ chewing alone increased the odds ratio for OSMF to 56.2 (153).

The ingredients of BQ differ in different countries, but the major components being
used are nut of Areca catechu L. (Figure 1.10A), leaf of Piper betle (Figure 1.10B) or stem
inflorescence (SI) of Piper betle (Figure 1.10C), and slaked lime (Figure 1.11). Tobacco

(Figure 1.12) and other spices are optional to be included into chewing practices (154-156).
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Figure 1. 10 Betel quid (BQ) From four regions of Indonesia.
A. Areca nuts, B. Betel leaf, C. Betel fruit, D. Husk, E. BQ Mixture from Banda
Aceh, F. BQ mixture from North Sumatra, G. BQ mixture from West

Kalimantan, H. BQ mixture from West Papua. (Personal documents)

Figure 1. 11 Slaked lime, A. Slaked lime in powder form, B. Slaked lime in paste form

(personal documents)

Figure 1. 12 Tobacco (personal documents)
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Areca nut (Figure 1.10A) is the seed or endosperm of the palm Areca catechu (157,
155, 158). The synonymous term of ‘betel quid’ is ‘pan’ or ‘paan’, generally a mixture contains
of areca nut, betel leaf (Figure 1.10B) or betel inflorescence stem (Figure 1.10C), and slaked
lime (Figure 1.11), some may contain tobacco. Other spices or substances are added according
to local preference, including cardamom, saffron, cloves, aniseed, turmeric, mustard or
sweeteners. The unripe areca nut has green in color, while the ripe areca nut looks yellow. In
some countries such as Taiwan and China, the unripe areca nut is mostly consumed (155),

The Piper betle leaf (Figure 1.10B) is commonly used to wrap the whole package of
areca nut, and the term betel nut has been used to describe this combination, incorrectly. To
avoid the confusing term ‘betel nut’, it was recommended by a consensus workshop held in
1996 that the term ‘quid’ should be defined as ‘a substance, or mixture of substances, placed
in the mouth (Figure 1.10. E, F, G, H). Beside a fresh betel leaf, some people in Taiwan use
the inflorescence stem (Figure 1.10.C) of Piper betle (155).

The husk (Figure 1.10.D) is the fibre pericarp outer layer of areca nut which appears
green or yellow in colour, and some people in Papua new guinea include the husk when
chewing areca nut (159).

Another most common component of betel quid is slaked lime. This is a white powder
or paste which commonly placed in small plastic bags (Figure 1.11). This slaked lime is added
to strengthen the taste of the BQ mixture. The powder or paste slaked lime could come from
coral, shell fish, and quarried lime stone (155).

In Indonesia, the BQ chewing habit has been known since the 4" century on the island
of Java, and 7" century on the island of Sumatera, whereas in Sulawesi it has been present
since 14" century at the time of King Buton V. However, there is no information when exactly
the BQ habits spread across Indonesia (160). According to Budhy et al in 2001 (161), BQ

chewing habit may be decreasing in Indonesia, however, presently many people remain
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actively participating in the habit with some starting as young as 3- 5 years in certain regions

such as Papua and North Sumatra.

1.4.3.2 OSMF and the addition of tobacco in BQ chewing

A number of studies have reported the increased risk of OSMF when tobacco is added
into BQ mixture. A relative risk for OSMF of 489 has been reported in BQ combined tobacco
chewer compared to non-users (162). The user of BQ-tobacco mixed products are often
younger individual (163, 164). The development of OSMF in the mouth is faster with a mixed
BQ-tobacco chewer reported to develop after 2.7 years of consumption, while BQ chewer
without tobacco develop OSMF after 8.6 years. Malignant transformation also appeared at an
early age (165).

Nitrosamines, reactive oxygen species, and depletion of endogenous anti-oxidant
capacity seems to be the dominant contributors for OSMF development in BQ-tobacco mixed
(166, 167). Subepithelial fibrosis of oesophagus is seen more frequently in patients who had
consumed areca nut/BQ-tobacco mixed for longer than 5 years (168).

Hosein et al (157) studied areca nuts and its derivates in a cross-sectional multi-centre
study that was conducted over 8 years. OSMF was diagnosed clinically (n = 765) from both
public and private tertiary care centres. Consumption of areca nut in different forms, frequency
of daily usage, years of chewing, degree of mouth opening, and duration of the condition were
recorded. They found that the addition of tobacco could contribute to the severity of OSMF
(moderate OSMF cases, n = 176) and betel quid without tobacco (severe OSMF cases, n =

167).
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1.4.3.3 The pathogenesis of OSMF

OSMF is essentially a collagen metabolism disease (169). There is strong evidence that
the AN has a main role in the OSMF development (Figure 1.13), but it has not been elucidated
(144, 170). However, the extracellular matrix changes seems are likely to have a key role (170).
Some studies reported an increased synthesis, or reduced degradation, of collagen, as possible
mechanisms in the OSMF development(170); there are changes in the normal collagen
metabolism at different stages.

The homeostasis of the extracellular matrix is interfered by such as alkaloids,
flavonoids, and copper which are present in AN. Four major alkaloids; arecoline (the most
potent), arecaidine, guvacine, and guvacoline have been known to stimulate fibroblasts to
produce collagen (170). Flavonoids such as tannins and catechins can inhibit collagenase,
stabilise the collagen fibrils, and render them resistant to degradation by collagenase (144,
170).

AN causes a localised mucosal inflammation results in the recruitment of activated T-
cells and macrophages that lead to an increase of cytokines and tumour growth factor beta
(TGF-B) production(169). The latter considerably increases the production of collagen by
activating procollagen genes, and upregulating procollagen proteinase enzymes and lysyl
oxidase activity (169, 171). TGF-p inhibits collagen degradation simultaneously by activating
the tissue inhibitor of matrix metalloproteinase (TIMP) genes and plasminogen activator
inhibitor (PAI) (169). The high concentration of copper in AN has been shown to stimulate
lysyl oxidase activity, an enzyme essential to the final cross-linking of collagen fibres (172,
169). Increased copper concentration has been seen in mucosa affected by OSMF, which

supports its role in fibro genesis by enhancing lysyl oxidase activity (144, 173, 174).
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Figure 1. 13 The role of areca nut in the pathogenesis of OSMF(137)

Consuming AN continuously leads to an increased activity of the masticatory muscles,
glycogen, depletion and muscle fatigue. The decreased blood supply following fibrosis further
triggers muscle fatigue and causes extensive degeneration and fibrosis in the muscles(175).

Sarode, S. C., Mahuli, A., Sarode, G. S. and Mahuli, S. (176) hypothesized that areca
nut alone cannot trigger OSMF but must include other necessary required factors such as slaked
lime and inflammation. These factors possibly make conversion into phenotypically altered
fibroblasts, which leads to increased fibrosis in the oral mucosa causing OSMF. The study done

by Thomas in 1992 (177), showed that powdered slaked lime applied to the chewed areca nut
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and betel inflorescence at the corner of the mouth in Papua New Guinea, causes the PH change
to 10, at which reactive oxygen species (ROS) are produced from betel quid in vitro. ROS
together with lime-induced cell proliferation suggested as a possible mechanism of oral
carcinogenesis (177).

Another two possible predisposition of OSMF are autoimmune factors and genetic
factors (144). The presence of circulating immune complexes, immunoglobulins, and
autoantibodies in some patients with OSMF are an evidence, as well as altered cellular and
humoral responses (144, 137, 178, 170). Genetic susceptibility is supported by increased
production of HLA-A10, -B7, and DR3 in OSMF patients compared with normal controls

(179).

1.4.4 Actinic cheilitis

Actinic cheilitis is one of OPMD that occurs on the lip caused by exposure to solar or
ultraviolet radiation. The lower lip is mostly affected due to the anatomic proximity. The
development of actinic cheilitis may also be triggered by tobacco use, lip irritation, poor oral
hygiene, and ill-fitting dentures. Man is predominance rather than woman for this disease
(180). Study by Martins-Filho et al (181),reported that there was a 16.7% prevalence of actinic
cheilitis in farmers in a semi-arid area of Brazil. The estimation of malignant transformation
rate ranging from 1.4% to 36% at 1 to 30 years interval (182).

At early stages, actinic cheilitis shows erythema and oedema, while in the late stage the
disease may show diffuse scaling, thickened epithelium with small greyish-white plagques
(known as leukoplakia), inflammatory areas (known as erythroleukoplakia), and linear fissures
(180). Biopsy should be performed to confirm diagnosis to evaluate the degree of dysplasia.

Histopathological characteristic of actinic cheilitis shows hyperplasia, acanthosis or

atrophy of the epithelium, thickening of the keratin layer, and/or dysplasia, which may range
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from mild to severe. In connective tissue, basophilic degeneration of collagen fibers known as
solar elastosis is usually detected, this solar elastosis occurs in addition to epithelial
changes(183).

The available treatment modalities for actinic cheilitis such as 5-fluorouracil, scalpel
vermilionectomy, chemical peel, electrosurgery, cryosurgery, CO2 laser, imiquimod,

photodynamic treatment, and diclofenac 0.3% gel (180, 182, 103).

1.4.5 Oral lichen planus (OLP)

OLP is a chronic inflammatory disorder demonstrating some immune pathology. It is a
cell-mediated immune condition. The exact aetiology is still unknown. In OLP T lymphocytes
production accumulate beneath the epithelium of the oral mucosa and differentiation of
stratified squamous epithelium is increase, resulting in hyperkeratosis and erythema with or

without ulceration (184).

Figure 1. 14 OLP (15)

The annual malignant transformation rate is usually well below 1%. Apparently, such

event may occur in all clinical types of OLP (185, 107): There is considerable debate as to the
potentially malignant nature of this condition (186), while some authors state that OLP carries
an unequivocal malignant potential and an unspecified risk (187). OLP and lichenoid lesions

have characteristic, but not pathognomic, clinical and histological appearances, usually
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allowing distinction from oral leukoplakia: the plaque type of lichen planus may, however,
resemble leukoplakia (Figure 1.14), emphasizing the importance of biopsy in diagnosis. There
are difficulties in distinguishing lichen planus from lichenoid lesions or lichenoid contact

lesions (188).

1.4.7 Immunodeficiency
In patients with prolonged use of immunosuppressive drugs after solid organ transplants,
human immunodeficiency virus-patients, and chronic graft versus host disease after stem cell

transplantation are the patients in risk group for oral cancer development (181).
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1.5 Betel quid carcinogenicity

Several studies have reported that a wide spectrum of therapeutic properties is
possessed by betel leaf and areca nut (189). The betel leaf has prebiously been shown to have
anti-proliferative effect towards KB and HeLa cells (190), antiplaque (191), anti-diabetic and
anti-inflammatory properties (192, 193). While Areca nut has an analgesic and anti-
inflammatory action (194), wound healing (195), antidepressant (196) and anti-HIV activities
(197). In general, the BQ components have significant therapeutic properties and it is rich in
phenolics and high antioxidant properties. This correlation has been confirmed with the
antioxidant activity being detected in the extract of betel leaf (198) and areca nut (199).

Free radicals in our body can be neutralized by consumption of antioxidant-rich foods,
thus preventing or delaying the oxidative damage of lipids, proteins and nucleic acids (200). It
has been reported that the antioxidants could reduce the mortality rate associated with
cardiovascular disease (201, 202), and protect against cancer and other chronic diseases (203).
In addition, many studies have reported that the antioxidant is highly associated with the
cytoprotective activity of plant (204, 205). However, the BQ antioxidant compounds that are
responsible for reducing the risk of chronic disease have not been identified or limited (206,
189).

While various methods are available to test antioxidant activities, however, the
commonly used methods for in vitro determination of antioxidant activity of BQ constituents
are total phenolic content (TPC), the ferric reducing/antioxidant power (FRAP) assay, and
DPPH (1,1-diphenyl-2- picrylhydrazyl) radical scavenging assay (189, 207, 208).

Sazwi et al (189), examined five samples, which were betel leaf, areca nut, gambir,
betel quid and betel quid containing calcium hydroxide. Samples were extracted in deionized
distilled water for 12 hours at 37°C. Antioxidant activities were evaluated for radical

scavenging activity using DPPH assay, ferric reducing activity using FRAP assay and lipid
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peroxidation inhibition activity using FTC assay. Total phenolic content (TPC) was determined
using Folin-Ciocalteu procedure. Among the ingredients of betel quid, gambir demonstrated
the highest antioxidant (DPPH - IC50 = 6.4 + 0.8 pg/mL, FRAP - 5717.8 £ 537.6 pumol
Fe(l1)/mg), total phenolic content (TPC - 1142.5 + 106.8 ug TAE/mg) and cytoprotective
(100.1 £ 4.6%) activities. Betel quid, when compared with betel quid containing calcium
hydroxide has high antioxidant (DPPH - IC50 =59.4 + 4.4 pg/mL, FRAP - 1022.2 + 235.7
umol Fe(Il)/mg), total phenolic content (TPC - 140.0 + 22.3 pg TAE/mg), and cytoprotective
(113.5 £ 15.9%) activities. However, for all a positive correlation was observed between TPC
and radical scavenging (r = 0.972), reducing power (r = 0.981) and cytoprotective activity (r =
0.682). The authors concluded that betel quid has higher TPC, and antioxidant and
cytoprotective activities than betel quid with slaked lime (calcium hydroxide), and samples

showed good lipid peroxidation inhibition compared to vitamin E (189).

1.5.1 Total phenolic content assay

The TPC assay is used to estimate the total phenolic content (TPC), it was initially
developed by Folin and Denis for free and conjugated phenolic compounds in urine (209) and
modified by Singleton and Rossi (210). Finally, to increase the specificity of the technique,
some modifications on the initial method were proposed (211). In TPC technique, a
phosphotungstic-phosphomolybdic reagent with added lithium sulfate and bromine, the so-
called ‘Folin-Ciocalteu phenol’s reagent’ is used together with a saturated sodium carbonate
solution to basify the reactional medium (pH 10-12) generating the phenolate anion. Thereafter,
a redox reaction takes place between the phenolate anion and Folin-Ciocalteu reagent (yellow)
in which the molybdenum undergoes reduction and the colour of the solution changes from
yellow to blue after a period of approximately 60 minutes at room temperature and in the dark

room. This colour shift from yellow is due to the development of a blue metallic complex and
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is associated with the TPC of the test sample (Figure 1.17). The maximum absorption of the

blue complex lies between 620 and 765 nm (211).

1.5.2 The ferric reducing/antioxidant power (FRAP) assay

The ferric reducing/antioxidant power (FRAP) assay is a direct test of “total antioxidant
power." Antioxidant is used as reductants in a redox-linked colorimetric method, employing
an easily reduced oxidant present in stoichiometric excess. The FRAP assay does not use a lag
phase type of measurement, which make the assay distinguishable from the many indirect
radical scavenging tests (212).

In the concept of FRAP Assay, a biological antioxidant has been defined as "any
substance that, when present at low concentrations compared to those of an oxidizable
substrate, significantly delays or prevents oxidation of that substrate."” However, unless an
antioxidant prevents the generation of an oxidizing species, for example, by metal chelation or
enzyme-catalyzed removal of a potential oxidant, a redox reaction still generally occurs, even
in the presence of an antioxidant. The difference is that the oxidizing species reacts with the
antioxidant instead of the "substrate," i.e., the antioxidant reduces the oxidant. In simple terms,
electron-donating antioxidants can be described as reductants, and inactivation of oxidants by
reductants can be described as redox reactions in which one reactive species is reduced while
another is oxidized. In this context, therefore, "total antioxidant power" may be referred to
analogously as total reducing power (212).

The principle of FRAP Assay, is at low pH, reduction of a ferric tripyridyl triazine (Fe3*-
TPTZ) complex to the ferrous form, which has an intense blue color, can be monitored by
measuring the change in absorption at 593 nm. The reaction is nonspecific, in that any half-
reaction that has a lower redox potential, under reaction conditions, than that of the

ferric/ferrous half-reaction will drive the ferric (Fe**) to ferrous (Fe?*) reaction. The change in
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absorbance, therefore, is directly related to the combined or "total” reducing power of the

electron donating antioxidants present in the reaction mixture (212).

1.5.3 DPPH (1,1-diphenyl-2- picrylhydrazyl) radical scavenging assay

The DPPH assay is a common method employed to measure antioxidant activity, its
benefit is simple and efficient technique (213). Initially, it was used to determine the
antioxidant potential of phenolic compounds (214). Moreover, the other advantage of this
method is easy, economic and rapid for the evaluation of the radical scavenging activity of
non-enzymatic antioxidants (215, 216). The radical scavenging capacity of antioxidant is

measured by donating hydrogen to the DPPH radical (214).
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1.6 Identification and quantification of BQ constituents

Several studies have identified polyphenols and alkaloid in BQ components, especially
in areca nut and betel leaf (217-221, 207). However, the information about BQ components’
constituent in more detail part as in areca nut, betel leaf/betel stem inflorescence, husk, and BQ
mixture with slaked lime is still very limited. The most common identification technique
including high performance liquid chromatography, or also known as high pressure liquid
chromatography (HPLC) and liquid chromatography mass spectrometry (LCMS) (218-221,
207). The analysis of BQ components using gas chromatography mass spectrometry (GC-MS)

is very limited to none.

1.6.1 High pressure liquid chromatography (HPLC)

This method is the most commonly used analytical methods in the pharmaceutical
industry. HPLC is mainly used for the separation, identification, qualitative and quantitative
analysis of the components in a sample mixture. Semi-volatile or non-volatile organic
compounds identification is often using HPLC (222, 223).

HPLC is a column chromatography type, however HPLC is highly sensitive and
extremely automated compared to the column chromatography. In column chromatography,
the solvent allowed under gravity through a column, while in the HPLC technique it utilizes
high pressure up to 400 atm (224, 225). Due to the high pressure and greater area of the packing
material in HPLC, it allows faster and better separation than the column chromatography which
is due to the smaller particle size accommodated. This greater surface area facilitates better
interactions between the packing material and the molecules to be separated which is the
stationary phase and also the molecules flow through the stationary phase (226, 227).

The practical technique of HPLC is complex. It involves a sampler, pump and a

detector. HPL.C uses the concept of affinity between the mobile phase which is the solvent and
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the stationary phase (228, 229). A pump is used to inject a continuous flow of solvent. Into this
solvent a dissolved sample is injected. Once the sample is in the solvent, it passes through the
column (230). The components in the sample are separated based on their affinity to the
molecules in the column. After the compounds in the sample are separated, they pass the
detectors to be identified. The software is utilized in the HPLC technique for the data analysis
(231).

There are two forms of HPLC technique, first is normal phase HPLC, this is the basic
column chromatography. It is less commonly used, the column is filled with silica molecules,
and non-polar solvent. Polar components in the mixture being passed through the column will
adhere longer to the polar silica particles than non-polar compounds (232). The non-polar
compounds will therefore pass faster through the column (232). Second, is reversed phase
HPLC, this technique is most commonly used nowadays. In reverse phase HPLC, the silica is
made non-polar by attaching long hydrocarbon chains to its surface. A polar mobile phase is
used (233). Therefore, there will be a strong adherence between the polar solvent and polar
molecules in the mixture being passed than between the hydrocarbon chains attached to the
silica and the polar molecules in the solution (234). Non-polar compounds will attract with the
hydrocarbon groups because of van der Waals dispersion forces. They are less soluble in the
solvent. Therefore, this will slow them down on their way through the column. This resulting,
the polar molecules will pass through the column quicker (234). The figure is reverse HPLC
technique form.

A study by Chavan and Singhal have developed an effective method for maximum
extraction of polyphenols with minimum arecoline, in areca nut. Several factors such as nature
of the solvent, pH (2-10), substrate concentration (6—-14 %) and extraction time (30—150 min)
under shaking conditions were evaluated. Identification of polyphenols and arecoline were

done using high-performance liquid chromatography (HPLC) (218). The results showed
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maximum extraction of polyphenols (407.47 mg GAE g~1), total tannin and its antioxidant

activity with minimum arecoline (1.73 mg g—1 of sample) was achieved by using 80% acetone
at pH 4 for 90 min with 10% wi/v substrate under shaking conditions. Solvent extraction under
optimized parameters gave maximum polyphenols with minimum extraction of arecoline, and
highest ratio of polyphenols to arecoline. The presence of catechin and epicatechin in the
extract was confirmed using HPLC and liquid chromatography—mass spectrometry results
confirmed (218).

Another study done by Yang et al investigating chemical constituents of Areca catechu
using HPLC. The results identified thirteen compounds from the 95% ethanol extract of the

Areca catechu (235). The identified chemical constituents were cathecin, ferulic acid, vanillic
acid, isorhamnetin, quercetin, liquiritigeni, B-sitosterol, cycloartenol de-O-
methyllasiodiplodin, 5, 7, 4'-trihydroxy-3', 5'-dimethoxyflavanon, 5, 8 - epidioxiergosta-

6, 22-dien-3 B -ol, stigmasta-4-en -3-one.
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1.6.2 Liquid chromatography mass spectrometry (LC-MS)

Over the past 15 years, liquid chromatography mass spectrometry (LC-MS) has
evolved from a scientific curiosity into a routinely applied technique and increasingly more
used in routine field laboratories. This has become possible largely due to the advent of the
atmospheric pressure ionization (API) methods (236). The API sources are able to produce
gas-phase ions with little or no spontaneous decomposition from delicate and high molecular
weight analytes. This, combined with the intrinsic sensitivity of mass spectrometers, has
revolutionized large areas of chemical analysis where traces of organic analytes are determined
in complex matrices. Among the ionization methods electrospray ionization (ESI) has proven
especially versatile (236, 237).

LC-MS offers additional selectivity and confirmation of identity compared to
“traditional” chromatography (i.e., chromatography with unidimensional detector, such as UV
absorbance) by determining the mass/charge ratio of the ion(s) or recording MS data (in the
broadest sense of this word) for the whole chromatogram, often resulting in three-dimensional
datasets. This has proven immensely useful in the wide range of fields where LC-MS is applied
(238, 236, 239).

A study using LC-MS was undertaken by Sazwi (189) to identify five components of
betel quid such as betel leaf, areca nut, gambir, betel quid and betel quid containing calcium
hydroxide. Samples were extracted in deionized distilled water for 12 hours at 37°C. Phenolic
composition was analyzed using LC-MS/MS. LC-MS/MS analysis revealed the presence of
quinic acid as the major compound of gambir and betel quid. They concluded that quinic acid

in betel quid may play an important role in the oral health protection.
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1.6.3 Gas chromatography mass spectrometry (GC-MS)

GC-MS platform has a vigorous and excellent separation capability and high sensitivity
as well as reproducibility (240-242). GC-MS is generally considered as a very compotent
analytical method (243). Electron ionization (EI) and chemical ionization (CI) are the two main
forms of ionization used in GC-MS (244). However, to date, most GC-MS methods in
profiling metabolomics use EI. GC-MS is considered as an easy to use device, especially for
analysis time and operating costs. Further, its capability to quantify and identify compound and
availability of several mass spectral databases/libraries corresponding to El-based GC-MS
makes it the method of choice for many analysts studies (244).

Even though a variety of ionization sources are available for different analytical
instruments used in metabolomics (244). However, electron ionization (EI) mass spectrometry
is the most common form of GC-MS detector used, this is due to El can lead to the reproducible
fragmentation of molecules into well characterized mass spectral fingerprints, which is also
considered as a ‘hard’ ionization method (244).

GC-MS will generate the raw data files comprised of a complex three-dimensional data
format that consists of retention time, m/z values and the intensity or abundance in each of the
axes (for GC x GC derived data, there is an additional dimension resulting from the second
column set) (244). This comprehensive data requires to be processed before using any
statistical techniques (244). The raw data will be translated into a two-dimensional data matrix
suitable for statistical analyses (244). This can be undertaken using software that is packaged
with the GC-MS instrument that was used to collect the data or, alternatively, raw data can
also be processed into an open standard form such as mzML (245). The conversion also can
use an open source programs such as msConvert that is part of ProteoWizard (246).

Until recently, the study in detecting betel quid’s components using GC-MS is none to

very limited. One study using GC-MS analysis documented that betel leaf (Piper betle L.) has
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been revealed thirty-three and thirty volatile compounds, representing 98.41% and 97.34% of
the optimized fresh and cured leaf essential oils. Eugenol, estragole, linalool, a-copaene, an-
ethole, chavicol, and caryophyllene were found to be highly abundant in both essential oil with
different percentages (247). Therefore, the details identification and quantification of betel quid
components for areca nut, husk, betel leaf/Sl, and betel quid mixture using GC-MS platform

has not yet been undertaken by researchers.
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1.7 Cytotoxicity effect of BQ
Cytotoxicity assay is the simplest in vitro technique that was earliest designed to

evaluate biocompatibility of materials (248). Several biological endpoints used in cytotoxicity

examination include: A) morphological assessment using histology or ultrastructural analysis
of the cells using the SEM or TEM; B) cell viability and proliferation assays such as the Alamar
blue assay, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay, neutral red
uptake, propidium iodide assay, lactate dehydrogenase assay, bromodeoxyuridine
incorporation assay, 3H-thymidine incorporation assay, and DNA or protein content
measurement and C) cell function assays such as the measurement of the release of
inflammatory markers, glutathione determination, heat-shock protein assay and apoptosis
assay (248).

Areca nut (AN) as the main component of BQ is considered to be the major etiologic
factor of oral cancer (249, 250). AN extract (ANE) contains mainly tannin and areca alkaloids
(such as arecoline, arecaidine, guvacine, and guvacoline) are a potential carcinogen.
Carcinogenic substances are released from BQ components during the period of chewing BQ,
continue to irritate the oral mucosa, and lead normal oral mucosal into malignant
transformation (251). BQ components could alter oral mucosal by causing endothelial cell
damage and dysfunction. Cytotoxicity assay is the method to see pathobiological effect of BQ
on oral mucosal, both stromal and endothelial. The data on BQ toxicity are diverse and
numerous due to differences in methods of BQ extractions as well as cytotoxicity methods used
(252, 250).

Yah-Yeh et al (251) studied C3H10T1/2 cells that were exposed to AN extract (ANE)
for 24 hours. Cytotoxicity was evaluated by colony forming efficiency. The results showed
ANE exhibited cytotoxicity to C3H10T/12 cells at concentrations higher than 320 mg/ mL as

shown by a decrease in colony numbers. Another study of the effects of arecoline, a component
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of BQ, on the growth and migration of endothelial cells (EAhy 926), and their adherence by
U937 cells were investigated. EAhy926 endothelial cells were cultured and exposed to various
concentrations of arecoline for 24 hours. Morphological changes were observed using phase-
contrast microscopy. Cytotoxic effects were analyzed using a 3-(4,5-dimethyl-thiazol-2-yl)-
2,5-diphenyl-tetrazolium bromide assay. A wound closure assay was used to evaluate the
cellular migration of EAhy926 cells. The addition of arecoline at concentrations >0.4 mM
significantly decreased cellular viability. EAhy endothelial cells showed marked
morphological changes, and cellular migration (253).

Van Wyk et al studied the effect of raw, baked and boiled areca nuts were tested on
cultured buccal mucosa fibroblasts. Cells were exposed to extract concentrations of 50,100,
150, 300 and 500 ug/ml. Arecoline and arecaidine were determine using HPLC. They observed
that areca nut extract is toxic to cultured fibroblasts and inhibits their proliferation in a
concentration-dependent manner (254).

Numerous studies have reported the cytotoxicity effect of ANE, arecoline and BQ
extracts on cultured oral keratinocytes and fibroblast separately (255-257, 253, 254, 251).
However, no one has ever undertaken cytotoxicity test of BQ components in detail being as in
AN, betel leaf/SI, husk and mixture BQ form on epithelial and stromal cell lines. Moreover,

the information of Indonesian BQ in association with oral cancer is very limited.
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1.8 Hypothesis

1. That Indonesian GDPs have inadequate knowledge of the risk of oral cancer and are
inadequate in performing COE.

2. That there will be a significant improvement in Indonesian GDPs’ knowledge of the
risk factors for oral cancer as well as in performing COE after being given one day
training for oral cancer.

3. That Indonesia has a high prevalence of OPMD or OC that are strongly associated
with the actual found risk factors.

4. That each Indonesian BQ component from the four different regions has different
carcinogenic and antimutagenic constituents identifiable using HPLC-MS or LC-MS.

5. That GC-MS can be used as an alternative method to identify carcinogenic and
antimutagenic constituents in Indonesian BQ components.

6. That BQ components from WP and BA have different cytotoxic effects on oral

keratinocytes and oral fibroblasts.
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1.9 Aims

1. To determine Indonesian GDPs’ knowledge, awareness, and confidence in oral cancer
screening.

2. To assess the impact of a one-day training on OC on Indonesian GDPs’ knowledge of
the risk factors of oral cancer as well as in performing COE.

3. To assess the prevalence type, site, and regional variation of OPMD in Indonesian.

4. To assess the most significant risk factors for OPMD or OC in Indonesia.

5. Toidentify and quantify carcinogenic and antimutagenic constituents in Indonesian BQ
components from the four different regions using HPLC-MS or LC-MS.

6. To determine the total phenolic content and antioxidant activities using the FRAP and
DPPH assays in Indonesian BQ components.

7. To assess if GC-MS can be used as an alternative method to identify and quantify
carcinogenic and antimutagenic constituents in Indonesian BQ components.

8. Toidentify and quantify other alkaloids and polyphenols in Indonesian BQ components
that previously could not be identified using HPLC-MS or LC-MS.

9. To determine whether BQ components from WP have different cytotoxic effects on

oral keratinocyte and oral fibroblast compared to BQ components from BA.
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Chapter 2: Materials and Methods

2.1  Outline study of oral cancer (OC) and oral pre-malignant disorders (OPMD)
detection among Indonesian and local GDP survey
The conceptual framework for this study shown in Figure 2.1 and outlines the two
separate but linked aspect to this study. The first is Indonesian GDPs’ knowledge in risk factors
of oral cancers and in performing conventional oral examination for early screening, and the

second is OC and OPMD detection among Indonesian; the prevalence and risk factors.

2.1.1 Ethical approval

Ethical approval was obtained from Faculty of Medicine University of Padjadjaran,
Health Research Ethic Committee, Indonesia (reference number
701/UN6.C1.3/KEPK/PN/2016), and from The University of Melbourne (Ethics reference ID:

1748812).

2.1.2 Formal approval and arrangement

The formal approval for conducting a large-scale national wide research was granted by
Indonesian Ministry of Home Affairs, Directorate General of Politic and National Affairs with
reference number 440.02/4097/Polpum followed by approval from each provincial
government, and local city government accordingly. All of these approvals were strictly
required prior to the study being conducted. Furthermore, formal arrangement was made with
Indonesian local dental association (Persatuan dokter gigi Indonesia) and the Faculty of
dentistry as to;

1. Conduct a one-day standardize education training of oral cancer for GDP, as the

Dental Association and/or Faculty or University are the only organization or
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institution who have legal permission to conduct seminars or training in Indonesia.
Sought agreement for individual health service and Dental Hospital. This agreement
was also sought by Local Dental Association or Faculty member together with

researcher for data collection both in primary health care setting and Dental Hospital.
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Oral Malignant and Pre-Malignant Disorders Detection Among Indonesian
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Figure 2. 1 Conceptual framework outlining the study of OC and OPMDs detection among Indonesian and local GDP survey
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2.2 Indonesian GDPs’ knowledge in risk factors of oral cancers and in performing
conventional oral examination for early screening

This was a descriptive quantitative and qualitative cross-sectional study using a pre-training
and post-training questionnaire and training intervention with both theory and practice.
Consecutive sampling was used as a technique in recruiting respondents, and involved
selecting all individual who agreed to participate, provided they meet pre-established criteria,

until the desired number of subjects was recruited.

Pre-training questionnaire

Theory based:
1. Astep by step COE according to guideline used in

British Columbia

2. OPMD according to Nomenclature and classification
OPMD

3. Risk Factors
Management

5. How to do referral

One-day standardise training

Practical Based:

A complete extra and intraoral examination for oral
mucosal diseases in class and in primary health
care/hospital for 3 days

Post-training questionnaire

Figure 2. 2 Outlining the study design of a one-day standardize training program in oral
cancer for GDPs in Indonesia that include both pre-training and post-training

questionnaire

2.2.1 Participant recruitment
The local Dental Association or Faculty of Dentistry invited the GDPs to attend one-day a
standardized education program of oral malignant and OPMDs detection. The GDPs who

present in the meeting obtained clear explanation about the study and given a copy of plain
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language statement (PLS) (Appendix 1). The GDPs who consented were enrolled as

participant after signing the informed consent form (Appendix 2).

2.2.2 Pre-training questionnaire

The pre-training questionnaire consisted of 44 questions developed from existing literature
and modified to suit the local situation (49, 258, 97, 95, 94). It underwent a validation process
by a panel of senior researchers based in Indonesia to critically evaluate suitability, clarity,
simplicity, understanding and sequencing of the questions (Appendix 3). Appropriate
modifications to the questionnaire were made before being utilized in the main survey. The
questionnaire contains multiple choice, open and closed question, Likert scale including GDP’s
knowledge, awareness, attitude, subjective assessment of their clinical competence for
screening of oral cancer and level of education. A pre-training questionnaire was given to
GDPs on the same day of the training. A pilot study has been conducted that consisted of 10

GDPs in Indonesia prior the survey modified.

2.2.3 One-day standardized education training program on OC and OPMDs detection

After completing a questionnaire, the GDPs undertook one-day standardise training on oral
cancer. The GDPs were given intervention by theory-based and practical-based, a training to
enhance confidence, expertise, knowledge, and ease of examination. The training was divided
into two sessions. The first session focused on theory, explaining management of oral cancer
and OPMD and how to undertake a referral, how to do a step by step conventional oral
examination(41), the update classification of oral premalignant disorders and oral malignant
(102, 101) with demonstrating more than 20 images of OPMDs and oral cancer, oral cancer
risk factors (15) (Figure.2.2). The second session was practical-based intervention,

participants were provided with intra oral mirror, hand gloves, white head lamp, and gauze,
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divided into a small group and practiced on each other to undertake a proper COE. After
adequate education for oral cancer detection, the GDPs subsequently were part of study as
research team member and were involved in data collection in community services and selected

villages under supervision of the principal researcher.

2.2.4 Post-training questionnaire
A-post training questionnaire was undertaken 6 to 12 weeks after the one-day standardized
education program. This was essentially the same as the pre-training questionnaire with several

additional questions directly related to training program (Appendix 4).

2.2.5 Location of one-day simple standardise education program for OC and OPMDs
detection
Training was done in 5 different regions located the same as the OPMDs screening region
(Figure 2.3). There were in Banda Aceh, West Java, Jakarta, West Kalimantan, and West
Papua. The venues where the training was conducted are as follows:
1. Dental Hospital of Faculty of GDPry, University of Syiah kuala, Banda Aceh.
Address: Teuku nyak arief, Kopelma Darussalam, Syiah Kuala, Kota Banda Aceh,
Aceh 23111, Indonesia. A collaboration with Faculty of GDPry, University of
Syiahwala.
2. Naripan Hotel, Bandung, West Java.
Address: Naripan No.31-35, Braga, Sumur Bandung, Kota Bandung, Jawa Barat
40111, Indonesia. A collaboration with Indonesian Dental Association Bandung
Branch and Forum Silaturahmi (Fosil), Indonesian department of Dental Health
3. Suku dinas kesehatan kota, Jakarta.

Address: Percetakan Negara No. 82, Jakarta.
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A collaboration with Indonesian Dental Association Jakarta branch
4. University of Tanjungpura (UNTAN)

Address: Prof. Dr. H. Hadari Nawawi, Pontianak, West Kalimantan

A collaboration with Indonesian association branch Pontianak, West Kalimantan
5. Indonesian General Local Hospital (RSUD) Sorong,

Address: Kesehatan no. 36 Sorong, West Papua.

A collaboration with Indonesian Dental Association branch Sorong, West Papua

2.2.6 Data analysis

Completed questionnaire data were stored in SurveyMonkey application. Data were
exported to Microsoft Excel and were re-identified and coded to allow statistical analysis using
Minitab Express® version 1.5.1. 2017 and R commander. The difference between means was
determined using multiway analysis of variance (ANOVA) followed by Chi-Square and
analysing Likert scale with logistic regression. Differences were considered significant where

P <0.05.

2.3 OC and OPMD detection among Indonesian; The prevalence and risk factors

This was a descriptive and qualitative cross-sectional study using questionnaire and a
physical assessment. The physical assessment was referred to conventional oral examination
(COE) using a step-by step guideline of British Columbia oral cancer prevention program
(BCCA) in 2008 (41) and using a review of nomenclature and classification of potentially

malignant disorders of the oral mucosa (259).
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2.3.1 Questionnaire for respondents (patients)

A questionnaire consisting of 23 questions was developed from existing literature and
modified to suit the local situation (Appendix 5) (1, 112, 18) .The questionnaire contained
multiple choice, open and closed questions including socio-economic status, demographic
information, oral health behaviour, diet, knowledge of risk factors, sun exposure, consumption
of various type of cigarettes, alcohol, and the ingredient of betel quid used together with the
frequency and duration of consumption. This questionnaire underwent a validation process by
a panel of senior researchers based in Indonesia to critically evaluate suitability, clarity,
simplicity, understanding and sequencing of the questions. Appropriate modifications to the
questionnaire were made before being utilized in the main survey.

We conducted the pilot group that consist of 10 patients in Indonesia using test and re-test
method modified. The questionnaire took 15 minutes to complete a questionnaire and 3-5
minutes to undertake COE or physical examination. Therefore, a total of 20 minutes for each

respondent was required.

2.3.2 Conventional oral examination
Whilst the gold standard for the definitive diagnosis of OPMD is histological examination,
conventional oral examination (COE) is considered to be the best approach in oral cancer
screening (26). A COE consists of 8 steps examination included intraoral and extraoral visual
assesment and palpation using white light (41). The steps are as follows :
4) Extraoral examination:
Inspection of the region of head and neck for asymmetry, pigmentation, tenderness or
swelling, numbness or pain. Palpation of the lymph nodes region in the submandibular,

neck and supraclavicular region, paying particular attention to size, number, tenderness
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5)

6)

7)

and mobility. Finally, an inspection and palpation at the lips and perioral tissues for any
abnormalities.

Intraoral examination:

A sound and systematically inspection and palpation all oral soft tissues, especially to
the high-risk sites for oral cancer development that include the lateral and ventral
aspects of the tongue, floor of mouth and the soft palate complex.

Lesion inspection:

Each lesion needs to be evaluated for specific characteristics paying particular attention
to size, colour, texture and outline. Focusing attention to predominantly indication of
white, red, red and white, ulcerated and/or indurated lesions.

Documentation:

An image of any suspected lesion is strongly recommended to be obtained at the time
of initial assessment and at each re-evaluation appointment and should examination

form be completed (Appendix 6).

After the oral cancer screening procedure is completed, patient with a suspected OPMD

should be asked to refrain from all suspected oral cancer risk factors and followed up for two
weeks. If these lesion persistent or patient is having the oral malignant and OPMD lesion at the
first appointment, then they are referred to selected referral places for further management.

This occured at different location in each of the study region as follow;

e Aceh, Banda Aceh
Patients referred to Oral Medicine Clinic of Dental Hospital, Faculty of Dentistry of
University of Syiah Kuala. Banda Aceh.

e Bandung, West Java
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Patients refered to Oral Medicine and Oral Surgery Department of Hasan Sadikin
Hospital. Bandung.

e Pontianak, West Kalimantan

Patients referred to Dental Clinic, General Hospital (RSUD) Bethesda. Sorong, West
Kalimantan

e Sorong, West Papua

Patients reffered to Government general hospital (RSUD)Sorong.

e Jakarta, Special District of Indonesia

Patients referred to Cipto Mangunkusumo Hospital (RSCM).

2.3.3 Participant recruitment

Consecutive sampling was used to recruit respondents. Respondents who attend to
community services, hospital, and or selected village were given a clear explanation about the
research, the time required to fill in the questionnaire and to be examined, the benefits and risks
of becoming participant. The participants received a copy of plain language statement form
(PLS) (Appendix 7). Those who freely consented to participate in this study were enrolled

after signing the informed consent form (Appendix 8).

2.3.4 Selected location for oral cancer screening

The Indonesian Basic Health Research undertaken in both 2010 and 2013 indicated areas
that have high level of tobacco use and betel quid chewing habit (260). According to that data,
we focused on screening patients in five of the top 10 regions outlined (261). These are: Banda
Aceh, Bandung (West Java), Jakarta (special city district of Indonesia), Pontianak (West

Kalimantan), and Sorong (West Papua) (Figure 2.3).

63



Gorontalo

Contral
Sulawes .

Southoast Papua

Sulawes

; E:st

i Sumetera
? \ . Eant
N YR R 2., Kalmarean
; - 3 West
W A v Kalimam... .
Vet Jombi_< "' Bangka “cenral AW
Sumatera N i Belung H Kllmnhn - S“ME X
Y, South Islands ; ! th .
i Sumstera e ! Kallmantan
kuu"--. Tt South
Y ' Lamgung Sulawas!
L ey Eant
( Jova ~  Java
Banlln o
Yombam - 4 wm
" Nwa
Tenggara:

Tenmn - '

Figure 2. 3 Selected location for OPMD and oral cancer screening in Indonesia. Banda

Aceh, Jakarta, Bandung West Java, Pontianak West Kalimantan, Sorong West Papua

(Mark with yellow pentagon)

2.3.5 Data analysis

Completed questionnaire were stored in SurveyMonkey application. Data were easily
exported into Microsoft Excel. Re-identified clinical data was coded manually into Microsoft
Excel to allow statistical analysis using Minitab Express® version 1.5.1. 2017 and R
commander. The difference between means was determined using multiway analysis of
variance (ANOVA), Chi-Square, T-test, and binary logistic regression analysis to assess

association between risk factors and mucosal diseases. Differences were considered significant

where P < 0.05.
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2.4 Characterization of phenolics and arecoline constituent profile in betel quid from
four regions of Indonesia

2.4.1 Chemicals and reagents

The reagents and solvents used for sample preparation and chemical assay were analytical
reagent (AR) grades. AR grade methanol, sodium carbonate anhydrous, sodium hydroxide
pellets and iron (I1) sulfate heptahydrate were supplied by Chem-Supply Pty. Ltd. (Gillman
SA, Australia). Hydrochloric acid (HCI) 36% grade AR, and iron (111) chloride anhydrous were
purchased from Thermo Fisher Scientific (Scoresby VIC, Australia). Gallic acid, 2.0N Folin-
Ciocalteu’s phenol reagent (FCR), 2,4,6,-Tris(2-pyridyl)-s-triazine (TPTZ), 2,2-Diphenyl-1-
picrylhydrazyl (DPPH), and (%)-6-Hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid
97% (Trolox) were obtained from Sigma-Aldrich (Castle Hill NSW, Australia). Acetic acid
glacial was supplied by VWR International Pty. Ltd. (Tingalpa QLD, Australia). The chemicals
and standard compounds applied in HPLC analysis were in HPLC grades. Acetic acid 50%
solution and standard compounds [gallic acid, 5-(hydroxymethyl)furfural, protocatechuic acid,
caftaric acid, p-hydroxybenzoic acid, caffeic acid, syringic acid, p-coumaric acid, trans-sinapic
acid, ferulic acid, procyanidin B1, procyanidin B2, catechin, epicatechin, epicatechin gallate,
quercetin, quercetin 3-O-galactoside, quercetin 3-O-glucuronide, guercetin 3-O-rhamnoside,
kaempferol, kaempferol 3-O-glucoside, resveratrol, polydatin were purchased from Sigma-
Aldrich (Castle Hill NSW, Australia). Acetonitrile was obtained from Merck Pty. Ltd.
(Bayswater, VIC, Australia). All water used was prepared by Milli-Q Gradient water
purification system (Millipore Australia Pty. Ltd., North Ryde, NSW, Australia). The alkaloids
analytical standards were arecoline hydrobromide 250mg (cat #31593) and guvacine
hydrochloride 250mg (cat # 6027914) from Merck Pty.Ltd. (Castle Hill, NSW, Australia).
Guvacoline hydrobromide 10 mg (cat # 17190) and arecidine hydrobromide 10 mg (cat

#AT767000) from Shappire bioscience Pty Ltd (Roshill St, Redfern, NSW).
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2.4.2 Experimental Design and sample preparations

Raw BQ components were collected from four regions of Indonesia; Banda Aceh (BA),
North Sumatra (NS), West Kalimantan (WK), and West Papua (WP). The four regions were
selected to represent the west, middle, and east part of Indonesia whose people perform a BQ
quid chewing habit. Fresh BQs were bought from local traditional market from each region
and transported to Australia. BQs were kept in the laboratory freezer (-20 °C) for 3 days to
further freeze dried. A range of variation of BQ components within the selected region is highly
possible, however we focused to study the most common BQ components as being AN of
Areca catechu, Leaf/SI of Piper betle, Husk of Areca catechu, and BQ mixture. For BA, NS
and WK regions, dried AN, Leaf, Husk, and BQ mix samples were analyzed, and the BQ mix
contains dried AN, Leaf and lime at the ratio of 80.5:12.5:7 by weight (262). For WP region,
dried AN, SI, Husk, and BQ mix samples were analyzed, and different from other regions, the
BQ from WP region contains, betel inflorescence stem (SI) that commonly named as flower,
instead of betel leaf (155). The outer cap colour differences of AN is a manifestation of the
ripeness of AN, where the unripe AN looks green (shown by An from WP and WK regions),
while the ripe AN looks yellow-orange colour (155) shown by AN from BA and NSBetel Quid
samples were collected from four regions of Indonesia; Banda Aceh (BA), North Sumatra
(NS), West Kalimantan (WK), and West Papua (WP). The four regions selected represented
Aceh (Banda Aceh), Medan (North Sumatra), Pontianak (West Kalimantan) and Sorong (West
Papua). For BA, NS and WK regions, dried areca nut, areca husk, betel leaf and mixed BQ
samples were analyzed, and the mixed BQ contains dried areca nut, betel leaf and lime at the
ratio of 80.5:12.5:7 by weight (262) (Figure 1.14). For WP region, dried areca nut, areca husk,
betel inflorescence stem, and mixed BQ samples were analyzed, and different from other

regions, the BQ from WP region contains, betel inflorescence stem commonly named as
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flower, instead of betel leaf (155). All BQ mixture contains slaked lime, the white powder or

paste that placed in the small plastic bag as can be seen in Figure 2.4. E-H.

2.4.3 Extraction of Betel quid

Extraction of dried areca hut, betel leaf, betel stem, and areca husk were performed
following published method with modifications (263). Seeds and husks of areca nut were
manually separated. All samples were freeze-dried for 72 hours using FD3 Freeze Drier
(Dynavac Engineering, Australia), and finely grinded using electronic grinder (Multigrinder 11,
model EMO0405, Sunbeam, Auckland, New Zealand). 5g of each sample powder was weighted
into a 50mL centrifuge tube prefilled with nitrogen gas (99.99% Grade 4.0, Coregas, Yennora
NSW, Australia), added with 50mL methanol as extraction solution. Extractions were carried
out at 20°C for 48hr under shaking condition at 150 rpm (Incubator shaker ZWYR-240,
LABWIT scientific, Australia). After the extraction, the samples were centrifuged at 6500rpm
for 10 minutes at 20°C. The supernatants were passed to a clean tube and evaporated at 40°C
to remove the solvent entirely using Hei-VAO Value rotary evaporator (Heidolp Instruments
GmbH & Co.KG, Schwabach, Germany), then redissolved in 10mL of LC grade methanol.
The final extract was flushed with nitrogen gas and sealed with parafilm to avoid oxidation and
storage at 4°C in darkness until analysis. The extract stock solution was filtered using 30mm
x 0.45um nylon syringe filter (Thermo Fisher Scientific, VIC, Australia) to gain a clear solution

before further analyses.

2.4.4 Determination of total phenolic content (TPC)
The sample extract total phenolic content was examined using a modified Folin-Ciocalteu
reagent (FCR) based on Singleton and Rossi (1965) method (264). TPC measurement based

on the spectrophotometric detection of chromogens established by the reaction between the
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phenols from the functional hydroxyl groups with the phosphomolybdic/phosphotungstic acid
complexes reagents. A standard calibration curve was constructed using gallic acid at
concentrations from 50 mg/L to 500 mg/L, with 50 mg/L increment. The total phenolic content
of sample was expressed as gallic acid equivalents (GAE) [mg GAE/g sample dry mass (DM)].
The assay was conducted by adding 100ul of diluted samples into clean tube containing 2.5mL
0.2N FCR (10-fold diluted 2.0N FCR with Milli-Q water). Add 2mL of saturated sodium
carbonate solution (75g/l) after 5 minutes. The blend solutions were vortexed and allowed to
react in the dark room for 1 hour. The absorbance was further quantified using Multiskan™
GO Microplate Spectrophotometer (Thermo Fisher Scientific Oy, Vantaa, Finland) at 765nm.

Technical duplicates were performed for each sample replicate.
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Figure 2. 4 Chemical reaction and UV/VIS spectra of total phenolic content of plant

extracts at different concentrations measured by the Folin-Ciocalteu method

(A), by the Prussian Blue assay (B): Modified from (265, 266), and by the Fast Blue BB
hemi zinc salt assay (C): Adapted from (265, 267).
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2.4.5 Determination of ferric reducing antioxidant power (FRAP)

The FRAP test of the sample extract was performed following the Benzie and Strain (1996)
method (268). FRAP assay uses antioxidants iron (I11) as reductants in a redox-linked
colorimetric method, employing an easily reduced oxidant system presentin stoichiometric
excess. Furthermore, Iron (1) sulfate heptahydrate was used as the standard composite to
produce the calibration curve of Fe?* standard solution with the following concentrations: 5uM
to 45uM Fe?* standard solution at 5 uM increment. Results were presented as the Fe?*
equivalents (MM Fe?* eq./g sample DM). All reagents were prepared fresh on the day of
examination. 5uL of diluted sample extract were added to 1.5mL centrifuge tube pre-filled
with 495uL water and 1000uL FRAP reagent. The solution was mixed completely with vortex
before incubation process at 37°C for 5 min. The absorbance of the solution was quantified at
593nm using Multiskan™ GO Microplate Spectrophotometer (Thermo Fisher Scientific Oy,

Vantaa, Finland). Technical duplicates were performed for each sample replicate.

2.4.6 Determination of DPPH radical scavenging capacity

The DPPH analysis was performed based on Gadow et al (1996) with modifications.
The DPPH test measured the radical scavenging capacity of antioxidant by donating hydrogen
to the DPPH radical. The standard compound using Trolox to construct the calibration curve.
The Trolox concentration were presented as: 12.5mg/L, 25mg/L, 50mg/L, 62.5mg/L, 100mg/L,
125mg/L, and 250mg/L. The result were expressed as Trolox equivalents (mg Trolox eq,/g
sample DM). 75uL of diluted sample extract was added into 1425uL pf DPPH working
solution in 1.5mL centrifuge tube, vortexed and left in a darkness for 1 hour at room
temperature to enable reactions. The absorbance then examined at 515nm using Multiskan™
GO Microplate Spectrophotometer (Thermo Fisher Scientific Oy, Vantaa, Finland). Technical

duplicates were performed for each sample replicate.
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2.4.7 Characterisation of phenolic by HPLC (High-Performance Liquid
Chromatography) analysis

The HPLC phenolic characterization was performed by separation module Waters 2690
Alliance (Waters, Rydamere, NSW, Australia), paired with Waters 2998 Photodiode Array
(PDA) detector following published protocols with modifications (218).The separation was
executed using a Synergi Hydro-RP 80A, LC Column (250mm x 4.6 internal diameter, 4um
particle size) (Phenomenex Inc., Lane Cove Wes, NSW, Australia). The segregation of
phenolics was operated at 23°C for column temperature and acquisition range of 200-600nm
with 1.25 scan/s (peak width=0.2 min) of spectral acquisition rate was placed for the

photodiode array detector (269) (Figure 2.5)

2.4.7.1 System | (Phenolic acid)

The mobile phase involved solvent A [acetic acid in Milli-Q water (2:98, v/v)] and solvent
B [0.5% (v/v)]. A gradient program was used as the following: solvent B increased from 10%
to 15% in the first 10 min followed by isocratic of solvent B at 15% for 5 min. Solvent B was
increased from 15% to 25% for 10 minutes, then further rose from 25% to 35% for 30 minutes.
Afterwards, solvent B increased from 35% to 55% within 30 minutes, then increased 55% to
100% for 1 min and kept at 100% for 5 min. After that decrease the solvent B from 100% to
10% in 4 min. The total run time was 70 min. The flow rate of the elution was maintained
constant at 1.0 mL/min. All samples were injected by volume 10uL. Synchronous detection
wavelength was performed at 280nm for hydroxybenzoic acids and 320nm for

hydroxycinnamic acids.
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2.4.7.2 System 11 (Anthoxanthins and stilbenes)

System Il used the similar composition of solvent A and solvent B as determined in System
I (Phenolic acids), with a gradient program: solvent B rose from 10% to 24% in the initial 20
min, then increased to 30% in 20 min, and eventually improved from 30% to 55% for 30 min.
Later, an increase of solvent B from 55% to 100% performed for 5 min, then kept at 100% for
5 min, finally decreased from 100% to 10% in 2 min. The total run time od elution was 82
min, and the flow rate was maintained constant at 1.0mL/min. All samples were injected by
volume 10uL. Synchronous detection wavelength was performed at 280nm for flavanols,

320nm for stilbenes, and 370nm for flavonols.

2.4.7.3 System 111 (Alkaloids)

The isocratic mobile phase composed of 50% acetonitrile and 50% of 0.01M sodium
hydrogenphosphate, adjusted at pH 7.8 by formic acid or triethylamine. The flow rate was
0.8ml/min passing through the Luna C18 column (250mm x 4.6mm internal diameter, 4um
particle size) (Phenomenex Inc., Lane Cove West, NSW, Australia). Total run time 10 minute.

The column temperature was 30°C. The UV detector was set up at 216nm (219).
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Figure 2. 5 Waters 2690 Alliance HPLC (Waters, Rydalmere, NSW, Australia). Waters
2998 Photodiode Array (PDA) detector

2.4.7.4 LC-DAD-ESIMS analysis

LC-MS analysis of polyphenols was performed with Agilent 1260 Infinity 11 LC system
(Agilent Technology, Santa Clara, United States), coupled to Agilent ESI MSD (G6125B,
Agilent Technology). Data acquisition and machine control were achieved using the Openlab
Chemstation software. Negative ion mass spectra of the column elute were analysed in
simultaneous sim/scan mode for polyphenols based on a published method (263).The scan
covered the range m/z 90-600, while the target sim ions used for individual compounds are
listed in Table S1. Nitrogen was used both as drying gas at the flow of 11.0 L/min and as
nebulizing gas at pressure of 55 psi. The nebulizer temperature was set at 350 °C. The LC
elusion program used was the same as the System I, with DAD synchronous detection

wavelength set at 280 nm, 320 nm and 370 nm (Figure 2.6)
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Figure 2. 6 Agilent 1260 Infinity 11 LC system (Agilent Technology, Santa Clara, United
States)

2.4.8 Statistical analysis

Statistical analysis was conducted using MS-Excel, Minitab 17° 2016, MATLAB® by
Mathwork, XLStat, and R software (v3.5.2 The R foundation). One-way ANOVA with Odd
Ratio test were executed at p <0.05. Group indicated with different letters showed statistically
significant difference. The results were exhibited as the means + standard deviation (SD) from

four observations of individualistic replicates.
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2.5 Metabolomic Analysis of BQ compounds by Gas Chromatography mass
Spectrometry (GC-MS)

2.5.1 Chemicals and reagents

Arecoline hydrobromide and guvacine hydrocloryde was purchased from Sigma-Aldrich,
(Castle Hill NSW, Australia), arecaidine hydrobromide and guvacoline hydrobromide were
supplied by Shappire Bioscience, Pty Ltd (Redfern, NSW, Australia). Its purity and identity
were checked by GC-MS and 1H-NMR. Methanol (HPLC grade), chloroform, sulfuric acid
and ammonia (analytical grade) were purchased from SDS (France). The hydrocarbon mixture
(C7--C30, Restek, Cat no. 31614) was supplied by Teknokroma (Spain). 4-Octanol as internal

standard (1S) and pyridine were purchased from Sigma—Aldrich (Castle Hill NSW, Australia)

2.5.2 Experimental design and sample preparation

The same as point 2.4.2 and 2.4.3

2.5.3 Standard solution

Alkaloids standards (arecoline hydrobromide, arecaidine hydrobromide, guvacoline
hydrobromide and guvacine hydrochloride) were accurately weighted into a volumetric
measuring flask of 10 mL. 40ul of 30% ammonia were added and then dissolved in 1.8 ml of
each standard (with range of concentration 100mg/ml,50mg/ml, 25mg/ml, 12.5mg/ml, and

6.25 mg/ml).

2.5.4 Gas chromatography mass spectrometry analysis
GC-MS analysis was performed following published method on alkaloid (270). Briefly, an
Agilent Technologies 6850 series Il (GC; Agilent Technologies, Santa Clara, CA) connected

to an Agilent Technologies 6973 mass selective detector (MSD) and coupled with an Agilent
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PAL multipurpose autosampler was used for volatile analysis. The instruments were controlled
using Agilent G1701EA MSC ChemStation software in conjunction with Agilent PAL
autosampler Control software B.01.04 for ChemStation. The GC was fitted with a J&W DB-
5ms column (30 m x 0.25 mm, 0.25 um film df, with helium as carrier gas (ultrahigh purity,
BOC Australia, North Ryde, NSW, Australia). The GC inlet was fitted with a borosilicate glass
split inlet liner (volume 935 pl, Agilent Technology) and held at 250 °C. 1 ul of sample was
injected to inlet in split mode at split ratio of 30:1, and a constant column flow rate of 1ml/min.
The column temperature initated at 100 °C and increased to 180 °C at 15 °C/min, held at 180
°C for 1 min, then increased to 300 °C at 5°C/min and held for 6 mins and post run at 100 °C
for 2 mins. The MS source, quadruple and transfer line were held at 230 °C, 150 °C, and 280
°C, respectively. The MS was operated in scan/sim mode (35-350 m/z) with positive El of 70
eV. The sim target ions for alkaloids quantification include: 53, 55, 69, 73, 82, 96, 126, 127,
140, 141, 155 m/z. The standard solution of arecoline, arecaidine, guvacoline and guvacine
were analyzed using the same method as samples. All standard solutions were spiked with
internal standard and analyzed as sample to generate standard curves (R?>0.99). Alkaloids were
identified by comparing the mass spectra and retention indices with the pure standard, while
other metabolites in the sample were identified using NIST library in ChemStation and
Webbook database and the standard solutions obtained. All compounds were quantified based
on the standard curve curves using target ions. Blank and internal standard were checked

regularly to check the sensitivity of GC-MSD system.

2.5.5 Statistical analysis
Statistical analysis was conducted using MS-Excel, Minitab 17° 2016, MATLAB® by
Mathwork, XLStat (2019.3.2.61308) and R software (v3.5.2 The R foundation). One-way

ANOVA with Odd Ratio test were executed at p < 0.05. Group indicated with different letters
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showed statistically significant difference. The results were exhibited as the means + standard

deviation (SD) from four observations of individualistic replicates.

2.6. Cytotoxic effect of Indonesian betel quid on oral keratinocytes and fibroblast
2.6.1. Preparation of betel quid agueous extracts

Areca nut, areca husk, betel leaf and stem were manually separated and chopped. All
samples were freeze-dried for 72 hours using FD3 Freeze Drier (Dynavac Engineering,
Australia), and finely grinded into powder using electronic grinder (Multigrinder Il, model
EMO0405, Sunbeam, Auckland, New Zealand). The extraction was done following published
method with some modification (255, 271). 5g of each sample powder (nut, leaf/stem, husk,
BQ mixture). BQ mixture contains areca nut, leaf/stem, slaked lime with comparison
80.5:12.5:7, by weight (262). The samples were suspended with 50 mL milli-Q at 37°C for
48hr under shaking condition at 150 rpm (Incubator shaker ZWYR-240, LABWIT scientific,
Australia). After the extraction, the samples were centrifuged at 6500rpm for 10 minutes at
20°C. The supernatants were passed to a clean tube and evaporated at 60°C to remove the
solvent entirely using Hei-VAO Value rotary evaporator (Heidolp Instruments GmbH &
Co.KG, Schwabach, Germany), then redissolved in 10 mL of medium culture (Dulbecco’s
modified eagle’s medium, From Merk, cat #D5796). The final extract was flushed with
nitrogen gas and sealed with parafilm to avoid oxidation and stored at 4°C in darkness until
analysis. The extract stock solution was filtered using sintered glass vacuum and 0.22 pum
Millipore nylon syringe filter (Thermo Fisher Scientific, VIC, Australia) to gain a clear solution

before further analyses.
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2.6.2. Primary fibroblast (MMF1)

Primary fibroblast (MMF1) cell line (Figure 2.7) was grown in the culture medium
containing Dublecco's Modified Eagle's Medium (DMEM, From Merk, cat #D5796) with 2
mM L-glutamine, supplemented with 10% (v/v) FBS, 100 IU/ml penicillin, and 100 pug/ml

streptomycin at 37 °C in 5% CO2 in a humidified atmosphere.

Figure 2. 7 Primary fibroblast (MMF1) after seeded for 24 hours. Picture taken with
inverted microscope (Floid cell imaging station, Life Technologies)

2.6.3. Oral keratinocytes (OKF-6)

Immortalized normal human oral keratinocytes (OKF-6) cell culture (Figure 2.8) was
used in this study. OKF-6 cells were cultured in standard cell suspending medium (CSM),
containing GIBCO Keratinocytes Serum-Free Medium (GIBCO KSFM, #17005-042)
supplemented with 25 pg/mL pituitary bovine extract (PBE), 0.2 ng/mL epidermal growth
factor (EGF), 100 IU/ml penicillin and 100 pg/ml streptomycin, and containing 10% (v/v) new
calf serum (NCS). Keratinocytes were maintained in a humidified incubator with 5% CO- at

37°C.
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Figure 2. 8 Oral human keratinocytes (OKF-6) after seeded for 24 hours. Picture taken
with inverted microscope (Floid cell imaging station, Life Technologies)

2.6.4. Preparation of betel quid solution

Sample solutions for treating cells were areca nut, leaf, husk, and BQ mixture from
West Papua and Banda Aceh. Those BQs from two region were respectively selected based on
HPLC results as the highest and lowest containing polyphenols and alkaloids. Samples were
prepared in the cell culture media containing 1% Fetal Bovine Serum (FBS) for primary
fibroblast (MMF1) and 1% containing New Calf Serum (NCS) for OKF-6. The extracts
concentrations for the cytotoxicity assay were varies, for areca nut and leaf/stem were made at
100ug/ml, 250 ug/ml, and 500ug/ml, for BQ mixture was made at Img/ml, 22.5 mg/ml, and
45 mg/ml, for areca husk was made at 1mg/ml, 15 mg/ml and 30 mg/ml. Those concentrations
were determined from an initial range previous finding study and preliminary study done by

researcher.
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2.6.5. Preparation of Fluorescein diacetate (FDA) solution:

Fluorescein diacetate (FDA) stock solution was prepared by dissolving 5 mg of FDA
(Sigma-Aldrich Co, F7378) in 1 ml of acetone. FDA solution was prepared by adding 1 pl
FDA-stock per 1 ml fresh medium without FBS and supplements (12 uM) and vortex for 1
minute with vortex mixer (Ratek, Australia). This should be done immediately before addition

to the plates to avoid precipitation (272, 273).

2.6.6. Cell cytotoxicity with FDA assay:

The assay was carried out according to the procedure reported by Gonzalez-Reyes et al
with some modifications (272, 273). 96-well Costar® microplates (Sigma-Aldrich, Australia
#CLS3603-48EA) were used and plated with 100 pl of 2x10* cells/ml of OKF-6 or 1.35x10*
cells/ml of MMF1 cell suspension. Cell viability of seeded cells was at least 90% when
determined with trypan blue stain. A humidified incubator (Thermo Scientific, Forma direct
heat, CO; incubator) was used to incubate cells and this was performed at 37 °C in 5% CO?2.
After 24 hours of seeding, plates were removed from incubator and washed with 100 pl/well
PBS and the cells treated with 100 pl/well BQ concentrations as previously prepared. Three
wells/plate were used as controls. Control wells contained cells that were incubated with 100
pl culture medium containing Dublecco's Modified Eagle's Medium (DMEM) with 2 mM L-
glutamine, supplemented with 10% (v/v) FBS, 100 IU/ml penicillin, and 100 pg/ml
streptomycin. Blank wells were placed in empty wells (without cells), with 100 ul culture
medium only. After treating cells with various BQ concentrations, the cells were incubated in
a humidified at 37 °C/5% CO2 incubator and incubated for 1 day. After 1 day, control media
or test compounds were removed, the cells were rinsed with 100 pl PBS and subsequently 100
pl of FDA solution prepared in serum free medium was added to each well. The plates were

incubated at 37 °C/5% CO2 for 40 minutes, then FDA fluorescence was measured by
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spectrometry at wavelength of 485/20 nm and 528/20 nm, respective excitation and emission,
in Synergy HTX Multi-Mode Reader (Bio-Tek, USA). The FDA stained cells were viewed by
an inverted microscope (Floid cell imaging station, Life Technologies) with fluorescence/green
or white light as required to see whether the cells were correctly stained. The steps were
repeated after treated with BQ for 2 days and 3 days of incubation. To validate the result of
spectrometry readings in Synergy HTX Multi-Mode Reader, one of BQ cytotoxic
concentration (IC50) was selected with its time point (1 time point over 3 days incubation).
Cells were seeded in a 6-well plate in triplicates for 24-hour incubation to attach and after 24-
hour, cells were treated with BQ at cytotoxic concentration (IC50) according to previous
spectrometry finding. After exposing cell to BQ components at found 1C50 and incubated for
IC50’s time point of incubation (whether the IC50 happen on day 1, day 2, or day 3 of
incubation), cells were counted with automated cells counter (Bio-Rad, Australia) and stained
previously with trypan blue to count viable cells. And if the results of IC50 consistently similar
to spectrometry reading, then the 1C50 read by spectrometry reading is correct.

The viable cells after exposed to arecoline uptake were via FDA stained and exhibited

green or white light, while non-viable cells will remain dark as can be seen in Figure 2.7.
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Figure 2. 9 OKF-1 (A) and MMF-1 (B) stained by FDA assay.

The cells were exposed to 100 pg/ml arecoline after 3 days of incubation. A. Oral Keratinocytes
(OKF-6), B. Oral Primary Fibroblast (MMF-1). Pictures were taken with inverted microscope

with 100x magnification (Floid cell imaging station, Life Technologies)

2.6.7. Statistical analysis

Statistical analysis was conducted using MS-Excel, Minitab Express® version 1.5.1.
2017 and R commander. The significance different was tested by one-way ANOVA, with
expected P-Value <0.05 and 95% CI. Tukey’s HSD post hoc test was used to see significant

differences between internal group. The cell cytotoxicity (IC50) was measured by a 50%

inhibition of cell viability.
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Chapter 3: Indonesian Dentists’ Knowledge in Risk Factors
of Oral Cancer and in Performing Conventional Oral

Examination

Abstract

The problem in managing oral cancer (OC) is not only related to the rising of its
incidence. The greater challenge is that OC are not detected early enough for successful
treatment. The most effective means of reducing mortality of OC by preventing late-stage OC,
this could happen by increasing awareness among the population and health-care providers,
specifically general dental practitioners (GDP). Therefore, our study aimed to assess GDPs’
knowledge of OC risk factors and how they perform conventional oral examination (COE) as
a complete examination that should be inseparable to routine dental examination.

Methods: This was a descriptive quantitative and qualitative cross-sectional study
using a pre and post-training questionnaire and training intervention with both theory and
practical based. The study conducted in five different provinces of Indonesia; Aceh, Banda
Aceh (BA); Bandung, West Java (WJ); special district Jakarta, Jakarta (JKT); Pontianak, West
Kalimantan (WK); and Sorong, West Papua (WP). The local Dental Association or Faculty of
Dentistry invited the GDPs to attend a one-day standardized education program of oral
malignant and OPMDs detection and 3 days hospital-based or community service-based
practice.

Result: 177 GDPs were registered in the one-day standardised training and 3 days
practice. The highest number of registered GDPs was from WJ region (n=63), followed by
GDPs from BA (n=44), JKT (n=27), WP (N=23), and WP (20) region respectively in rank. A
total of 144 (81.37%) GDPs sent back their response to the post-training questionnaire 2-6

weeks after attending the training. Female respondents predominated with 157 (88.7%)
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returning the pre-training questionnaire and 126 (87.5%) returning the post-training
questionnaire. Only 20 (11.3%) and 18 (12.5%) male GDPs answered the pre- and post-training
questionnaire, respectively. Most of Indonesian GDPs demonstrated inadequate knowledge,
awareness, and confidence in performing COE. The OC training could positively increase their
knowledge and confidence of early screening.

Conclusion: GDP knowledge of OC risk factors and COE is important to be addressed,
as the lack of their knowledge and awareness can impact to delaying OC early screening and
diagnosis. Therefore, improving the national curriculum in Indonesia on OC is more likely the
best way for GDPs to have sufficient knowledge and confidence regarding OC before

graduation.

Key words: GDPs, OC risk factors, COE, GDPs knowledge, OPMD, OC
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3.1 Introduction

The percentage of OC that arises from precursor lesions, namely oral potentially
malignant diseases (OPMDs) varies between 16 and 62% (274). Furthermore, late stage OC is
associated with significant morbidity and mortality rates. In contrast, early stage OC has a
favourable prognosis, with a five-year survival rate of 66-85% of individuals without regional
lymph node involvement (275). Disappointingly, almost half of the patients with OC
experience diagnostic delay and over 50% present with advanced stage of disease (5). Thus,
early diagnosis of OSCC is key and detection of OPMD is the single most important preventive
measure to reduce the mortality for OC (259). The estimated global prevalence of potentially
malignant disorders of the oral cavity is approximately 1-5% (276).

Several studies reported that developed countries have low rate of OC, while conversely
developing countries show a higher rates both for females and males (277, 278). It has been
shown that improved health system infrastructure has the potential to decline the worldwide
OC mortality (279, 280). The increasing number of OC cases and unimproved 5-year survival
rate, therefore, could be due to several factors, such as people’s and practitioner’s scarce
awareness of OC.

General dental practitioners (GDPs) play a vital role as a frontline in detecting oral
malignant and OPMDs. However, many GDPs fail to assess or diagnose OC and have poor
recognition of early precursor lesions. The obstacles to undertake a routine OC examination by
GDP has been recognised in some studies associated with their lack of knowledge and
experiences (93, 94). In addition, inadequate GDPs’ skill, knowledge, and confidence to
perform oral malignant and OPMD detection may also as a result of inadequate preventive
education provided to their patients (22). GDPs’ knowledge or awareness in recognising early
precursor lesion of OC, educating patients, their ability to perform a complete examination and

appropriate referral has been studied separately or together to improve diagnosis delay and
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decreased case fatality (281-284).

In the present study, we conducted a one-day standardized training intervention on oral
malignant and OPMD in diverse regions of Indonesia, namely Aceh, Banda Aceh (BA);
Sorong, West Papua (WP); Bandung, West Java (WJ); and Pontianak, West Kalimantan (WK);
and Jakarta, Central District Jakarta (JKT). The GDP were given pre and post-training
questionnaires with key points of question including their performance in OC screening

examination, knowledge on recognising risk factors and early signs of OC or OPMD.

3.2 Methods

This was a descriptive quantitative and qualitative cross-sectional study using pre-training
and post-training questionnaire and training intervention that included both theory and practice.
Consecutive sampling was used as a technique in recruiting respondents, and involved
selecting all individuals who agreed to participate, provided they meet pre-established criteria,
until the desired number of subjects was recruited. Detailed methods are reported in the section

2.2.2.
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3.3 Results
3.3.1 Demographics of GDPs who participated in the study.

The number of GDPs who enrolled in the one-day standardised training and filled in
the pre-training questionnaire was 177 (Table 3.1). The highest number of registered GDPs
was from WJ region (n=63), followed by BA (n=44), JKT (n=27), WP (N=23), and WP (20)
(Table 3.1). A total of 144 (81.37%) GDPs returned responses to the post-training
questionnaire 2-6 weeks after attending the training. Female respondents were predominant,
although male respondents’ rate percentage (90%) of returning post-training questionnaires

was slightly higher than female respondents (80.25%).

Table 3. 1 The region distribution and gender of GDPs who return the pre and post
training questionnaires

No Variable Before After Rate %
N N
1 Location BA 44 40 90.90
WP 20 18 90
JKT 27 20 74.07
WK 23 11 47.83
WJ 63 55 87.30
2 Gender Female 157 126 80.25
Male 20 18 90
Total (N) 177 144 81.36
BA = Banda Aceh (Aceh), WP = West Papua (Sorong), JKT = Jakarta, WK = West
Kalimantan (Pontianak), WJ = West Java (Bandung).
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3.3.2 GDPs’ workplace

More than half (50.28%) of the GDPs who enrolled in this study worked in community
service. The community service is the front-line health facility provided by the Indonesian
government where most of the low and middle-income Indonesians seek for primary care as
government subsidises the payment. Slightly over a quarter, 27% (N=48) of respondents work
in private dental practice, 9.6% (N=17) worked in the dental teaching hospital, and the
remainder worked in more than one location (Table 3.2).

GDPs’ workplace varied considerably depending on the region examined. In the WJ
region 93.85% GDPs who enrolled in this study worked in community service, whereas only
47.83% and 40% GDPs from WK and WP worked in community service, respectively.
Conversely, most GDPs from JKT region (62.96%) and BA (40.91%) worked in private dental

practice. (Table 3.3).
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Table 3. 2 Distribution of GDPs’ workplace

GDPs workplace Before Training | After Training
N % N %
Community service 89 50.28 55 38.19
Dental practice 48 27.12 24 16.67
Dental teaching hospital 17 9.60 25 17.36
More than one institution | 23 12.99 40 27.78
Total (N) 177 100 144 100

Table 3. 3 Distribution of GDPs’ workplace in each region studied

WK WP wWJ JKT All Regions

Workplace N % N % N % N % N % N %
Community Service | 11 47.8 8 40 59 93.7 3 11.1 8 18.2 89 50.3
Dental practice 3 13 8 40 2 3.2 17 63 18 40.9 48 27.1
Dental hospital 4 17.4 3 15 0 0 6 22.2 4 9.1 17 9.6
More than 1 places 21.7 1 5 3.2 1 3.7 14 31.8 23 13
ALL 23 100 20 100 63 100 27 100 44 100 177 100
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3.3.3 GDPs’ awareness of OC varies in different Indonesian regions

GDPs’ response towards questions related to their awareness of OC and OC training
received at dental school from each region varied considerably (Table 3.4). A large proportion
92.66% (164 out of 177) of GDPs claimed to receive insufficient training on OC. One hundred
percent GDPs from WP (N=20) responded to have insufficient training. Statistically
significantly more, 18.18% (8 out of 44) GDPs from BA than any other region felt to have
received sufficient OC training at dental school (Table 3.4).

An overwhelming majority, 81.36% of GDPs admitted that they failed to educate their
patients on OC risk factors. 18 out of 20 (90%) GDPs from WP region confessed to neglect
educating patients while 90.48% GDPs from WJ did not educate patients either.

Over the whole 5 regions only 51.41% of GDPs indicated that they did not perform a
screening on high risk patients. In each region there was some variation with 75% (15/20),
61.9% (39/63), GDPs from WP and WJ reported skipping OC screening to high risk patients.
Conversely, 65.91%, 52.17%, and 59.26% GDPs from BA, WK, and JKT regions, respectively,
did undertake OC screening in high risk patients. As already mentioned in Table 3.2, more
than half of GDPs work in the front-line at community service, however, the number of GDPs
who undertook screening was not confidently sufficient to do OC prevention.

Similar to OC screening, the percentage of GDPs who performed complete mouth
examination was 61.58% (109 out of 177). Of these, 75% (N=15 out of 20) WP GDPs admitted
skipping a complete mouth examination and rather focused on dental aspects only.
Interestingly, 70.45% GDPs from BA region did not commit a complete mouth examination,
even though 65.91% of them did screening to high risk patients. This contradictory response
makes the screening results in high risk patients questionable as they skipped the complete

examination.
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As many as 22.6% (N=40) of total GDPs choose not to refer to specialist when they
found suspicious mucosal lesions. 13% (3 out of 23) and 30% GDPs (6 out of 20) from WK
and WP, respectively, confessed not to refer the patient with mucosal lesions. Furthermore,
there were also few GDPs from urbanised regions such as WJ, BA and JKT who also elected

not to refer patients with oral mucosal lesions despite the presence.
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Table 3. 4 GDPs’ response regarding OC in selected study regions

WK WP WJ JKT BA Total P-Value
Question Response N % N % N % N % N % N %
Training OC at | Insufficient | 22 95.7 20 100 61 96.8 25 92.6 36 81.8 164 | 92.7 <0.05
Dental School
Sufficient 1 4.4 0 0 2 3.2 2 7.4 8 18.2 13 7.3
Educated No 14 60.9 18 *90 57 *90.5 23 85.2 32 72.7 144 | 814 <0.05
patient of OC
Risk factor Yes 9 39.1 2 10 6 9.52 4 14.8 12 27.3 33 18.6
Perform No 11 47.8 15 *75 39 *61.9 11 40.7 15 34.1 91 |5141| <0.05
Screening in
high risk Yes 12 52.2 5 25 24 38.1 16 59.3 29 65.9 86 48.7
patients
Perform No 8 34.78 15 *75 40 63.5 15 55.6 31 70.5 109 | 61.7 <0.05
complete
examination Yes 15 65.2 5 25 23 | 365 12 | 444 13 29.6 | 68 | 384
Refer if OPMD No 3 13.04 6 30 7 11.1 10 37.0 14 31.8 40 22.6 <0.05
or OC
observed? Yes 20 86.9 14 70 56 88.8 17 62.9 30 68.2 137 | 774
Total 23 100 20 100 63 100 27 100 44 100 177 | 100

|:| Significantly different
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3.3.4 Referral patterns

Upon questioning regarding referral patterns after the recognition of a suspected oral
mucosal lesions more than half of the GDPs (54.8%) indicated that they would refer to oral
medicine specialists if they suspected their patients had either an OC or OPMD in their oral
cavity (Table 3.5). It was disappointing to find out that 29.94% (N=54) of them do not know
where best to refer. 13.56% decided to send the patient to oral surgery and 1.13% to oral
pathologist. As high as 75% (16 out of 20) of GDPs from WP responded that they do not know
where to refer. 59.26% (16 out of 27) GDPs from JKT also responded they were confused as
to whom they have to send the patients for further treatment. Similarly, although not as high,
25% of GDPs from WJ and 26.1% from WP did not know where to refer a patient with OC or
OPMD. The response from GDPs in BA was exceptional, as all enrolled GDPs seemed to
know where to refer the patients, and most of them (90.91%) will send patients suspected with

OC or OPMD to an oral medicine specialist.
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Table 3. 5 Referral patterns

Referral WK WP WJ JKT BA All Regions P-Val
patterns N % N % N % N % N % N %
I don’t know 6 26.1 15 75 16 25.4 16 59.3 0 0 53 29.9 <0.05
Oral medicine 15 65.2 1 5 32 50.8 9 33.3 40 90.9 97 54.8
Oral surgery 2 8.7 4 20 14 22.2 1 3.7 3 6.8 24 13.6
Oral pathologist 0 0 0 0 1 1.6 1 3.7 0 0 2 1.1
Oncologist 0 0 0 0 0 0 0 0 1 2.3 1 0.6
All 23 100 20 100 63 100 27 100 44 100 177 100

| ] significantly different
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3.3.5 OC risk factors before and after OC training

The number of GDPs who had sufficient knowledge of risk factors increased after OC
training (88.6% vs 66.7%). The OC training increased the GDPs’ knowledge of OC risk factors
by 21.9%, None of the GDPs answered “do not know” after training, however, 10.4% (15 out

of 177) GDPs still showed insufficient answers distributed in all regions.

3.3.6 The comparison OPMD types listed by GDPs before and after OC training

GDPs with sufficient knowledge on OPMD types increased after OC training.
Specifically, only 21.5% GDPs (38 out of 144) had sufficient knowledge before training,
however, this percentage increased to 80.56% after training (51.06% increase). None of the
GDPs responded with blank or I don’t know answer after training, however, 19.4% (28 out of
144) GDPs still showed insufficient answers and these were evenly distributed in all regions

(Table 3.7).
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Table 3. 6 GDPs’ knowledge of OC major risk factors

OC risk Group WK WP WJ JKT BA All Regions | P-Value
factors
N % N % N % N % N % N %
Before Training
IDK | Insufficientgroup | 0 0 3 15 7 11.1 4 14.8 0 0 14 | 79 | <0.05
1RF 1 4.4 0 12 19.1 5 18.5 2 4.6 20 | 11.3
2 RF 6 26.1 1 5 10 15.9 8 29.6 0 0 25 | 14.1
3RF Sufficient group 12 522 | 14 7 26 41.3 3 11.1 2 4.6 *57 | 32.2
>3 RF 4 174 | 2 10 8 12.7 7 25.9 40 | 90.9 | *61 | 345
ALL 23 100 | 20 | 100 63 100 27 100 44 | 100 | 177 | 100
After Training
IDK Insufficient group 0 0 0 0 0 0 0 0 0 0 0 0 <0.05
1RF 0 0 1 5.7 4 7.3 1 5 1 2.5 7 4.9
2 RF 0 0 1 5.6 5 9.1 1 5 3 75 5.6
3RF Sufficient group 0 9.1 5 27.8 9 16.4 4 20 3 75 *22 | 15.3
>3RF 10 909 | 11 | 61.1 37 67.3 14 70 35 | 875 | *107 | 73.3
ALL 10 100 | 18 | 100 55 100 20 100 40 | 100 | 144 | 100

significantly different between two groups either before or after OC training.

major RF, 3RF= answer 3 major RF; >3RF= answer more 3 RF. B = Before training response, A= After training response.

IDK= I don’t know; RF = Major Risk Factors (Smoking, Alcohol drinking, Betel quid chewing);1RF = answer 1 of major RF, 2RF= answer 2

There were 2 groups; group insufficient (who answered = I don’t know, 1 and 2 risk factors) and group sufficient (who answer 3 and >3 risk

factors). Those sufficient and insufficient knowledge group GDPs were tested using a chi-square test with P Value <0.05 and the results were

[ | significantly different

95




Table 3. 7 The comparison of GDPs’ knowledge on recognizing OPMD type before and after OC training conducted

OC risk Group WK WP WJ JKT BA All Regions | P-Value
factors N % | N | % N % N % N % N %
Before Training
IDK Insufficient 9 39.1 10 50 22 34.9 10 37 0 0 51 28.8 <0.05
1 OPMD group 5 21.7 | 9 45 30 | 476 | 16 | 593 | 11 25 71 | 401
2 OPMDs 8 34.8 1 5 8 12.7 0 0 0 0 17 9.6
30PMDs | Sufficient 0 0 0 0 0 0 0 0 2 4.6 2 1.1
>3 OPMDs group 1 44 | 0 0 3 4.8 1 3.7 31 | 705 | 36 | 203
ALL 23 100 20 100 63 100 27 100 44 100 177 100
After Training
IDK Insufficient 0 0 0 0 0 0 0 0 0 0 0 0 <0.05
1 OPMD group 0 0 1 | 57 0 6 3 15 1 25 11 7.6
2 OPMDs 0 0 2 11.1 10 18.2 3 15 2 5 17 11.8
30PMDs | Sufficient 3 273 | 75 4 10 18.2 4 20 3 7.5 24 16.7
>3 OPMDs | 9Moup 8 | 727 | 11 | 611 | 29 | 527 | 10 50 34 85 92 | 63.9
ALL Total 11 100 18 100 55 100 20 100 40 100 144 100
IDK= I don’t know; 1O0PMD = answer 1 OPMD; 2 OPMDs= answer 2 OPMDs; 3 OPMD= answer 3 OPMDs; >3 OPMDs= answer more than
3 OPMDs type.
GDPs who answered I don’t know, 1 or 2 OPMDs were considered to have insufficient knowledge, while GDPs who listed 3 or more OPMDs
were considered to have sufficient knowledge. Those sufficient and insufficient knowledge group GDPs were tested using a chi-square test
(with P-value<0.05) separately before and after training.

[ ] significantly different
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3.3.7 COE steps performed by GDPs in 5 different regions before OC training
conducted

There are 8 steps of a COE to done by a GDPs for a complete examination. The number
of GDPs who claimed to perform COE steps with the majority with GDPs performing a
gingival examination (90.98%), followed by a buccal (82,49%), labial (76.27%) and lips
(76.27%) examination. Very few GDPs performed bimanual and floor of the mouth

examination (22.03%) and tongue examination (54.24%) (Table 3.8).

Table 3. 8 COE steps done by GDPs before OC training

COE Steps No Yes
N N
(%) (%)
1. Perform extra-oral examination 38 139
21.47 78.53
2. Perform lips examination 42 135
23.73 76.27
3. Perform labial examination 51 126
23.73 76.27
4. Perform buccal examination 31 146
17.51 82.49
5. Perform gingival examination 16 161
9.04 90.96
6. Perform palatal examination 43 134
24.29 75.71
7. Perform tongue examination 81 96
45.76 54.24
8. Perform bimanual and FOM 138 39
examination 77.97 2203
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3.3.8 GDPs’ perceptive in performing COE and identifying pathologic changes in oral
mucosa

The degree of confidence in performing a COE was reported by all enrolled GDPs. The
response used a Likert’s scale divided into 4 categories as follows: very confident (VC),
confident (C), not confident (NC), and really not confident (RNC). The COE steps were tested
using Chi-square with P-value <0.05, separately done before and after training to further
compared.

GDPs confidence in conducting COE steps were different and significantly improved
after OC training. Before training was given, as high as 84% GDPs felt they were not confident
both in performing bimanual and FOM examination and identifying pathologic change in
FOM. This number drastically changed after giving OC training with GDPs’ responses to both
questions was 90% feeling confident and 6% very confident. A drastic change pre- and post-
training was also seen in their perceived ability to perform a tongue examination (59% vs 80%)
(Table 3.10).

Only 6% GDPs felt really not confident in undertaking both extra-oral examination and
identifying pathologic changes in extra oral and lips examination respectively. This condition
shifted drastically into none of them (0%) felt really not confident after given OC training

(Table 3.9)

98



Table 3. 9 GDPs’ perceptive in performing COE and identifying pathologic changes in oral mucosa (Part-1)

COE Steps Training VvVC C NC RNC P-Value
N (%) N (%) N (%) N (%)

1. Performing extra-oral Before 5 3% 95 54% 66 37% 11 6% NS
examination After 9 6% 133 | 92% 2 1% 0 0% <0.05

2. ldentifying extra oral pathologic | Before 1 1% 97 | 55% | 68 38% 11 6% NS
change on extra-oral After 8 6% 132 | 92% 4 3% 0 0% <0.05

3. Perform lip examination Before 2 1% 108 | 61% 55 31% 12 7% NS
After 11 8% 131 | 91% | 2 1% 0 0% <0.05
4. ldentifying pathologic change on | Before 2 1% 91 51% 83 47% 1 1% <0.05
the lips After 9 6% 130 | 90% 5 3% 0 0% <0.05

5. Perform labial examination Before 2 1% 91 51% 84 47% 0 0% NS
After 9 6% 131 | 91% 4 3% 0 0% <0.05

6. ldentifying pathologic change on | Before 3 2% 82 | 46% 91 51% 1 1% NS
labial mucosa After 7 5% 132 | 92% 5 3% 0 0% <0.05
7. Perform buccal mucosa Before 2 1% 100 | 56% | 74 42% 1 1% <0.05
examination After 10 7% 131 | 91% 3 2% 0 0% <0.05

VC = very confident, C = confident, NC = not confident, RNC = really not confident

|:| Significantly different

99



Table 3. 10 GDPs’ perceptive in performing COE and identifying pathologic changes in oral mucosa (Part-2)

8. Identifying pathologic change on | Before 2 1% 84 | 47T% 89 50% 2 1% <0.05
buccal mucosa After 8 6% 128 | 89% 8 6% 0 0% <0.05
9. Perform gingival examination Before 3 2% 115 | 65% 59 33% 0 0% <0.05
After 13 9% 127 | 88% 4 3% 0 0% <0.05
10. Identifying pathologic change in | Before 3 2% 99 |56% | 75 42% 0 0% <0.05
gingiva mucosa After 10 7% 126 | 88% 8 6% 0 0% <0.05

11. Perform palatal examination Before 4 2% 93 53% 80 45% 0 0% NS
After 6 4% 136 | 94% 2 1% 0 0% <0.05

12. Identifying pathologic change in | Before 4 2% 86 | 49% 86 49% 1 1% NS
palatal After 4 3% 132 | 92% 8 6% 0 0% <0.05
13. Perform tongue examination Before 2 1% 70 | 40% | 105 59% 0 0% <0.05
After 12 8% 127 | 88% ) 3% 0 0% <0.05
14. Identifying pathologic change in | Before 2 1% 60 34% | 115 65% 0 0% <0.05
tongue After 9 6% 127 | 88% 8 6% 0 0% <0.05
15. Perform ventral a bimanual Before 0 0% 28 16% | 149 84% 0 0% <0.05
palpation and FOM examination | After 8 6% 129 | 90% 7 5% 0 0% <0.05
16. Identifying pathologic change in | Before 0 0% 28 16% | 149 84% 0 0% <0.05
FOM After 8 6% 129 | 90% 7 5% 0 0% <0.05

VC = very confident, C = confident, NC = not confident, RNC = really not confident.
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3.3.9 OC training performance and GDPs’ perceived awareness of OC after training

Training performance and GDPs awareness of OC after training was assessed via a
Likert’s scale. Respectively, 52% (75 out of 144) and 48% (69 out of 144) GDPs strongly
agreed or agreed that OC training provided adequate education for OC (Table 3.11)
Furthermore, 65% and 35% of GDPs strongly agreed or agreed, respectively, that OC training
is important for GDPs (Table 3.10). Further, GDPs responded with strongly agree (46%) and
agree (53%) that OC training should be conducted regularly (Table 3.11).

The GDPs strongly agreed (43%) or agreed (57%) that their awareness has increased
after receiving OC training (3.12). The GDPs’ confidence in ability to detect OC was increased
by OC training (24% strongly agree and 74% agree). The GDPs responded to always perform
a complete examination (18% strongly agree and 77% agree). 65% and 32% of the GDPs
responded agree and strongly agree respectively to always educate patient of OC risk factors,

however, 3% (N=4) of them choose neither (Table 3.12).
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Table 3. 11 Training performance after training conducted

Training performance Strongly Agree | Agree Neither | Disagree Strongly Total P-Value
N N N N Disagree N
(%) o | | @) N (%)
(%)

Training has provided adequate 75 69 0 0 0 144 <0.05
knowledge of OC 52 48 0 0 0 100
I believe this training is important 94 50 0 0 0 144 <0.05
for GDPs 65 35 0 0 0 100
This training should be conducted 66 77 1 0 0 144 <0.05
regularly 46 53 1 0 0 100

[ ] significantly different
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Table 3. 12 GDPs’ awareness of OC after training conducted

GDPs’ awareness Strongly Agree Neither | Disagree | Strongly | Total | P-Value
Agree Disagree
N N N N N N

(%) (%) (%) (%) (%) (%)
My awareness of OC increased 62 82 0 0 0 144 <0.05

43 57 0 0 0 100
My confidence in my ability to 35 107 2 0 0 144 <0.05
detect OC has increased 24 74 1 0 0 100
I will always perform a complete 26 111 6 1 0 144 <0.05
oral mucosal examination 18 77 4 1 0 100
I Will always educate my patients 46 93 4 1 0 144 <0.05
of OC risk factors 32 65 3 1 0 100

| ] Significantly different
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3.3.10 Additional information

Only 2.84% (n=5) GDPs from 5 selected provinces reported the ability to perform oral
mucosal biopsy, 1.69% (n=3) claimed to have ability in applying toluidine blue staining

procedure, and 2.26% (n=4) the use of an adjunct clinical tool in OC early detection (Table

3.13).

Most (64.97%) GDPs who enrolled in this study choose to refer without giving any
medication if they suspected patients with OC or OPMD (Table 3.14). The other respondents
prescribed gargle (21.47%), antibiotic (3.39%), and analgesic (7.91%). Finally, 2.26% GDPs

had no knowledge about what to prescribe to patients with suspected OC or OPMD in oral

cavity.

Table 3. 13 GDPs’ ability to perform biopsy and adjunct tool

NO | Additional Information Yes No
(%) (%)

1 Have ability to perform oral mucosal 5 171
biopsy 2.84 97.16

2 Have ability to perform toluidine 3 174
Blue staining 1.69 98.31

3 Have ability to use adjunct tool 4 173
Velscope® 2.26 97.74
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Table 3. 14 What will be prescribed by GDPs in initial meeting for patient with suspected

OC or OPMD
GDPs I don’t | Analgesic | Antibiotic | Gargle Only All P-Val
location | know N N N refer N (Simple
N (%) (%) (%) N (%) | regression)
(%) (%)
WK 0 7 0 5 11 23 <0.05
0 30.4 0 21.7 47.8 100
WP 0 2 2 4 12 20 <0.05
0 10 10 20 60 100
WJ 3 4 3 17 36 63 <0.05
4.8 6.4 48 27 o57.1 100
JKT 0 0 1 5 21 27 <0.05
0 0 3.7 18.5 77.8 100
BA 1 1 0 7 35 44 <0.05
2.3 2.3 0 15.9 79.6 100
All 4 14 6 38 115 177
2.3 7.9 3.4 21.8 65 100
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3.4 Discussion

In the study we have clearly demonstrated that increased education is critical for
Indonesian GDPs that appeared to have inadequate knowledge, awareness, and confidence in
performing COE as part of a complete examination. This study was able to point which COE
steps the GDPs tended to avoid, and the possible barriers for GDPs.

Initial approached to the Faculty of Dentistry and Dental Association in 5 selected
Indonesian regions to conduct a hands-on training of OC was very appreciated as they were
aware that most of the GDPs have inadequate OC knowledge and skill. It is also shown with
the number of GDPs who consent to participate in this study was considerably high.

More than half (50.28%) of the GDPs who enrolled in this study worked in community
service or primary health care. The community service is the front-line health facility that
provided by Indonesian government, where most of the middle-down economic people primary
seek for their health as government subsidise the payment. Indonesian community services
often lack good infrastructure, financial and human resources (285, 286). The training has
achieved the target to encourage COE for OC screening in primary care setting (1, 23, 287).
The dental practice and hospital are the second choice for people as they are much more
expensive rather than community service. The number of patient who come to community
service could reach 50-100 or more people in a day (286, 288). In the WJ region, the training
collaborated with the Dental Association branch of Bandung which is affiliated with a group
of GDPs who work in community service. This condition is exceptional to WJ region as not
every community service has this particular affiliation. For more remote areas, such as WP
and WK, community service also has a vital role in oral health. Most of the GDPs from JKT
region (62.96%) and BA (40.91%) work in dental practice. Only few numbers of GDPs work
in dental hospital or general hospital and work more than one institution. Dental partitioners

should remain aware of early sign and symptoms of cancer (49, 94).
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In relation to OC curriculum training that was offered at university during their dental
studies, the majority GDPs respondents in the present study felt to have received insufficient
training on OC. This should become a ‘strong alarm’ that needs to be taken into consideration.
The Indonesian Faculty of Dentistry needs to improve OC curriculum to allow GDPs to have
adequate knowledge, skill, attitude, and confidence in a routine OC examination. This
curriculum improvement on OC should be nation-wide learning. Dental practitioners should
remain aware of early sign and symptoms of cancer (49, 94) as visual and tactile examination
or conventional oral examination could detect oral carcinoma early enough (289, 290, 94).
Dental school should give adequate OC knowledge and skill before the GDPs independently
work on their own.

As part of OC prevention, educating patients regarding OC risk factors particularly the
major risk factors are absolutely important. Patients need to get adequate information about
OC risk factors especially from dental practitioners (49, 97, 94). However, our study
surprisingly revealed high rates of GDPs admitted to skip educating patient of OC risk factors.
GDPs neglecting to explain OC risk factors to patients in all selected region, could have a big
impact on OC in Indonesia. People will be unaware of the cause of OC and keep living in the
carcinogenic environment, creating many further cancer cases in the future.

More than half of total GDPs from 5 studied regions confessed to not perform screening
in high risk patients. Many GDPs work in the front-line community service, however, although
GDPs undertook screening, they reported not sufficiently confident to undertake OC
prevention. Furthermore, the number of GDPs population ratio in Indonesia was 3.4 per
100,000 people(286, 291, 288). This limited numbers of GDPs national wide in Indonesia is
already a problem in oral health system, as well as limited GDPs who work in the primary
care(285, 288). This limited number of human resources might be the main reason why GDPs

skip to perform a routine complete examination as they have to serve an abundance of patients.
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Indonesian government needs to change the public oral health system to increase oral health
index both dental and oral diseases.

Similar to performing OC screening in high risk patient, the percentage of GDPs who
inadequately performed complete mouth examination was high. This is alarming, as in a
concurrent study 43.17% of Indonesian with OPMD live in WP region, strongly associated
with BQ chewing habit. Nonetheless, the GDPs skipped to perform complete examination.
This contradictory response result in bias and invalid screening results in high risk patients as
they skip to do a complete mouth examination and left the patient improperly screened.

Almost a quarter of GDPs choose not to refer to specialist when they observed OPMD
or OC, potentially due to confusion as to where they have to refer. Remote regions in Indonesia
have highly limited of cancer health facilities and cancer related clinicians. This situation could
be understood, nevertheless, this issue should emerge into surface and get Indonesian
government attention to resolve. There were a small number of GDPs from WJ, BA and JKT
who also decided not to refer patients with OPMD or OC. This is very difficult to accept as
those regions are not considered remote and the provided health facilities could be considered
better rather than WK and WP regions. The reason could be related with lack of OC knowledge
where best to refer for further treatment that could result in diagnoses delayed. Patients very
common to come at late stage of OC due to their lack of knowledge but also another barrier for
early detection comes from GDPs who do not know how to manage suspected patient with OC
and OPMD, one of the management is how to do referral (15, 258, 95, 94).

Oral medicine specialist was the number one GDPs’ choice to refer their patient
suspected with OC or OPMD. However, the number of oral medicine specialist in Indonesia
(OMS) is highly limited, only less than 80 OMS who should serve approximately 260 million
Indonesians (292). This limited number of OMS due to lack of OMS educational institution,

that only 3 institution across Indonesia hold OMS program such as University of Indonesia in
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JKT, University Padjadjaran in WJ, and University of Airlangga in Surabaya. All of the
institutions are concentrated in Java island (292).

No OMS work in WP, either do other specialist such as oral surgery, and oral
pathologist (292). OC related health facilities such as pathology clinic are extremely limited,
all biopsy specimen need to be sent to the other islands such as Sulawesi and Java. This is very
devastating both for patient and clinicians as it is time consuming and expensive.

GDPs from JKT also reported their confusion to whom they have to refer their patients
for further treatment. This is very surprising as the number of OMS working in JKT is more
than 10 distributed in dental teaching hospital, general hospital, and private practice.
Nonetheless, the GDPs still are confused where to refer. GDPs from BA is exceptional, all
enrolled GDPs seems to know where to refer the patients, with most sending patients suspected
to have OC or OPMD to OMS, with only 2 OMS working in BA (292). OMS need undertake
more effort promoting their role in the early detection of OC and OPMD.

In general at national level, the ratio of Indonesian dental specialist was only 0.3 (286,
291), hence the government need to improve dental health system in particular to the number
of human resources.

More than a quarter of GDPs in the present study reported insufficient knowledge about
the most important aspect in preventing OC. These GDPs work at community service as front-
line in OC screening program, yet they could not educate the public on OC properly.

Some regions, such as BA demonstrated sufficient knowledge of risk factors. However,
we need to look further into their working place background as these were at dental teaching
hospital staff and academic staff.

OC training increased GDPs’ knowledge of OC risk factors. Oral diseases still
considered unnecessary by GDPs, particularly OC knowledge (293), this undeniable situation

needs to be changed together with government by creating national OC awareness.

109



Training with regard to types of OPMD’s clearly increased knowledge in the present
study. GDPs should always remain alert of early sign and symptom of OC by properly
recognising and distinguishing OPMD that appear in the oral cavity(294, 91). It will be difficult
for GDPs to decide whether to refer or just neglect if the GDPs have inadequate OPMD
knowledge.

There 8 steps of COE by visual and tactile examination is important to undertake a
complete examination and should be part of a routine examination in GDPs’ daily practice.
The present study shows that gingival examination undertaken, however, bimanual and floor
of the mouth examination were the least. Therefore, most GDPs skipped bimanual and floor of
the mouth examination and about half of them neglecting tongue examination. This is a
worrisome finding, as those two areas are high risk area where OPMD could potentially
develop into carcinoma(102, 295, 101).

GDPs’ confidence in performing COE likely directly related they undertake incomplete
examinations. The drastic increase number of GDPs who confidence in performing COE steps
after training conducted is reassuring, as they will be able to engage in prevention.

Furthermore, the GDPs’ subjective perception about their awareness, confidence to
detect OC, to perform complete examination, and to educate patients increased after receiving

OC training.
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3.5 Conclusion

GDPs have an important role in OC screening, however, most of the GDPs in Indonesia
appear not to have adequate knowledge of OC risk factors as well as inadequate knowledge,
awareness, and confidence in performing COE as a complete examination that should be
inseparable from their routine oral examination. The present study of local Indonesian GDPs
from 5 different regions clearly indicates Indonesian GDPs knowledge, awareness, and
confidence in OC screening and how OC training positively increases their knowledge and
confidence of early screening. This study also identified the most likely obstacles related to
why GDPs tend to perform incomplete COE, and what specific step the GDPs tended to avoid.
Furthermore, it is important to approach Indonesian government to improve national
curriculum on OC learning so that GDPs could have sufficient knowledge and confidence of
OC before their graduation. The strategy to prevent OC in Indonesia should also be established
by creating a national OC program, and the current OC hands-on training could possibly be

used as a training model to improve Indonesian GDPs’ awareness of OC.
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Chapter 4: Oral Premalignant Disorders Detection Among
Indonesians; The Prevalence and Risk Factors

Abstract

Assessment of oral potentially malignant disorders (OPMDs) is a key aid for early
detection of oral cancer (OC) and the consequent reduction of cancer-related morbidity and
mortality. Despite the high number of Indonesians who are exposed to well-known risk factors
such as smoking and betel nut chewing, the prevalence of OPMD in the population is still
unknown. Our aim was to investigate the prevalence of OPMD and associated risk factors in
Indonesia. Apart from that, we also aimed to investigate several OC cofounding factors such
as OC risk knowledge, oral health (OH) behaviour, ethnicities and socioeconomic status (SES).

Methods: This cross-sectional study was undertaken in multiple geographical areas
within five Indonesian provinces, namely West Java (WJ), Jakarta (JKT), West Papua (WP),
West Kalimantan (WK) and Banda Aceh (BA) regions. Individuals attending community
health services, dental hospitals and selected villages were recruited. VVolunteer respondents
answered a previously validated extensive questionnaire that included socio-demographic
factors, oral hygiene practices, diet, adverse oral habits and frequency of dental visits. An oral
examination was undertaken using standardized WHO methodology. Data were analysed using
ANOVA, Chi-Square, and logistic regression to assess association between risk factors and
mucosal disease.

Results: A total of 973 respondents were enrolled (WJ 35.5%; JKT 13.3%, WP 18.3%,
WK 9%; BA 23.9%). Smoking (14.8%), BQ chewing (12.6%) and alcohol drinking (4%)
varied geographically. An OPMD was detected in 14.3% respondents and 0.2% had history of
OC. Leukoplakia was the most common OPMD (8.6%), while the prevalence of
erythroplakia/erythroleukoplakia was 0.6%, and oral submucous fibrosis (OSMF) 1.9%.

Overall, there was a strong correlation between the prevalence of OPMD and risk factors for
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OC. In particular, high use of BQ chewing in WK and WP, related to high prevalence of
OPMD. The knowledge of OC risk factors, OH behaviour, ethnicities and low-income SES
group were significantly associated with OPMD.

Conclusion: A previously underestimated high prevalence of OPMD in Indonesia
strongly correlates with OC risk behaviour. There is an urgent need for primary prevention of

OC programs in Indonesia.

Key words: OPMD, oral cancer, prevalence early detection, risk factors.
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4.1. Introduction

OC is an increasingly global problem, being the 6" most common cancer worldwide
and accounting for 3% of all cancers. In some developing countries such as India, Pakistan, Sri
Lanka, and Taiwan , OC is the most common type of malignancy (296, 22). Whilst incidence
numbers reported by WHO are the best available, these figures are estimates that should be
used with caution. Data collection in some countries is problematic: for example,
epidemiological studies on OC with sufficient number of respondents and geographically
diverse areas have not been undertaken in Indonesia. This does not allow to draw an accurate
picture of the prevalence or incidence rate of OC in Indonesia. Additionally, only few South
East Asia (SEA) countries including Singapore, Thailand, Philippines, Vietnam and Malaysia
have population-based cancer registries, while Indonesia has not developed this public health
information system yet (7).

Several risk factors of OC have been recognized such as tobacco, alcohol, and betel
quid (BQ) use. In Western countries, the major risk factors of OC are cigarette smoking and
alcohol drinking, whereas in Asian countries, the major risk factors are smoking and betel quid
(BQ) chewing (296, 72). Similar risk factors have also been recognised for OPMD. In
Indonesia, the use of smokeless tobacco and betel nut in various forms is very popular, which
could play a role in the development of OPMD. In particular, betel quid chewing is known to
induce OSMF, which is associated with an increased risk of OC development (103).

According to data from Badan Pusat Statistik Indonesia (Indonesian Department of
Statistic Centre), the number of Indonesian population in 2017 was about 261.890.900, and
estimated to be 289.732.100 in 2027 .1t has been indicated in Indonesian basic health research
undertaken both in 2010 and 2013 that one-third of Indonesian population are smokers (about
87.3 million people). This makes Indonesia the country with the biggest number of smokers in

the world (288). Betel nut chewing habit is known as “Menginang” in bahasa Indonesia, which
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comes from the Javanese words tempat kinang (meaning betel nut’s storage). Betel nut chewing
habit has been a heritage culture passed down through many generations (7, 160). These
lifestyles potentially bring Indonesian at high risk of developing malignancy and could have a
remarkable impact on prevalence and incidence rates of OPMD and OC. Unfortunately, no
accurate data exist on the prevalence of OPMD in Indonesia.

Early transformation of oral mucosal to malignancy is almost always thought to be
precede by a clinically visible as OPMD lesion, which allows clinician to screen and treat
effectively at early intraepithelial stages of oral carcinogenesis (23, 297). Nevertheless, most
OC are diagnosed at a late stage which leads to a complex treatments, costly and poor prognosis
(23). The early detection of cancer is of critical importance because survival rates markedly
improve when the oral lesion is identified at an early stage. Therefore, detection of OPMD is
key, and this can be effectively achieved by population screening (298). According to Lingen
MW et al (2008): “Screening, in medicine, is a strategy used in population to detect a disease
in individuals without any signs or symptoms of that disease or examination of a group of
asymptomatic individuals to detect those with a high probability of having or developing a
given disease. The purpose of this is to identify disease in a community early, thus enabling
earlier intervention and management in the hope to reduce the mortality and suffering from the
disease. Given the accessibility of the oral cavity, conventional oral examination (COE) is the
most common method used for OC screening” (29). It is critically important for Indonesian
people to have oral screening not only to enable early management but also to detect the
prevalence rate and the factual risk factors for OPMDs and OC.

This present study focuses on oral malignant and OPMD detection. It was conducted in
selected diverse areas in Indonesia utilizing visual and physical clinical oral examination
namely (COE). The results of this study will provide valuable information on the number of

oral malignant and OPMD cases, risk factors, and awareness in Indonesia. This research has
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the potential to result in a wide range of benefit such as; providing accurate and valid data
regarding OPMD among Indonesian, thus encouraging government to create national programs
for oral malignant awareness; to increase awareness of Indonesian people by early detection of
oral malignancy and OPMD, and thus decrease both morbidity and mortality of OC cases; to
provide information for public, policy regarding oral malignant, OPMD, and risk factors.
Thus, this research has the potential to make enormous impact within Indonesia. This
project is long overdue and with support, it can profoundly change the health and live of many
Indonesians. Moreover, this study is likely to result in Indonesia leading significant change in

health policy and outcomes both in the local and geographic region as well as globally.

4.2 Material and methods

This was a descriptive and qualitative cross-sectional study using questionnaire and a
physical assessment. The physical assessment of COE used a step-by step guideline from the
British Columbia OC prevention program (BCCA) in 2008 (41) and using a review of
nomenclature and classification of potentially malignant disorders of the oral mucosa (259).
The detail methods for this study are prescribed in section 2.3. While not falling in any OPMD

category, non-healing oral ulcerations were also recorded.

116



4.3 Results
4.3.1 General assessment of OPMD or OC among Indonesians

Respondents enrolled to this study were 973 with a mean age of respondents was 42
(17 — 82). Female was predominant (76.9%) compared to male (23.1 %) respondents and 49%
of respondents were un-employed (Table 4.1). 30% of respondents had some knowledge of
OC; of these, 17.8 % learned about OC from a dentist and 12.2% from the Government (Table
4.2). 14.5% of respondents were smokers, 12.6% were betel nut chewers and 3.9% were
alcohol drinkers (Table 4.3). 139 (14.3 %) of the 973 had OPMD, and 2 respondents (1.6%)

presented with chronic ulceration diagnosed after biopsy as OC (Table 4.4).
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Table 4. 1 Respondents’ data, examination places and selected region for COE

n=973 (100%0) Variable Frequency | Percentage
Gender Female 748 76.9
Male 225 23.1
Occupation Government Employee 192 19.7
Non-Government Employee 302 31.0
Un-Employed 479 49.2
Examination Places Community Service (rural) 291 29.9
Community service (urban) 259 26.6
Villages (rural) 129 13.3
Village (urban) 294 30.2
Region Aceh, BA 251 25.8
Bandung, WJ 337 34.6
Special district of Jakarta, 126
12.9
JKT
Pontianak, WK 86 8.8
Sorong, WP 173 17.8
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Table 4. 2 Respondents’ reason for meeting dentist and oral cancer information

internet etc

n=973 (100%) Variable Frequency Percentage
Reason for seeking dentist Consultation 450 46.3
Dental pain 343 35.3
Missing teeth 45 4.6
Periodontal disease 75 7.7
Other 60 6.2
Healthcare professional Dentist 624 64.1
sought when having oral Medical doctor 34 3.5
problem Nurse 26 2.7
Treat themselves 164 16.9
Other 125 12.9
Diagnosed OC previously No 966 99.3
Yes 7 0.7
Diagnosed OC in extended No 960 98.7
family Yes 13 1.3
Diagnosed OC in Friends No 959 98.6
Yes 14 14
Diagnosed OC in someone No 847 87.1
else known from TV, news, Yes 126
13.3
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Table 4. 3 Respondents’ risk factors of oral cancer and oral hygiene

n=973 (100%) Variable Frequency Percentage
Smoking No 832 85.5
Yes 141 14.5
BQ chewing No 850 87.4
Yes 123 12.6
Alcohol drinking No 935 96.1
Yes 38 3.9
Eat vegetables No 370 37.8
Yes 603 62.2
Eat Fruits No 584 60.0
Yes 389 40.0
Brush teeth daily No 62 6.4
Yes 911 93.6
Brush teeth information Dentist 364 37.4
Family 78 8.0
Teacher at school 79 8.1
TV S7 5.9
Other 395 40.6
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Table 4. 4 Presence of OPMD, other lesion, distance travelled and insurance of

respondents
n=973 (100%) Variable Frequency | Percentage
OPMD or OC No 834 85.7
Yes 139 143
Another Lesion* Recurrent aphthous stomatitis 20
Frictional keratosis 28
Ulcer traumatic 5
Benign growth* 5
OPMD or OC 199
Normal 719
Easy to travel to dental No 208 48.2
Facilities Yes 765 78.6
Health Insurance Government Insurance 403 41.4
Non-Government Insurance 27 2.8
Self-Payment 292 30
Other types 251 25.8

subsequently biopsied.

*Three patients had another lesion found besides OPMD, therefore, they have more than
one lesion. *The five patients with a benign growth had an exophytic mass covered by

normal mucosa that have been present for a considerable time. These lesions were
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4.3.2 Common type of OPMD

Leukoplakia was the most common type of OPMD and accounted for 67.6% of all
OPMD (94 out of 139). The second common type was OSMF (15.8%), followed by
leukoplakia combined OSMF (7.9%). The least common type was erythroplakia, it was found
only in one person (0.7%), while erythro-leukoplakia had a higher prevalence (4.3%). Two
persons (1.4%) had a large ulcer on their tongue which have been diagnosed with OC

previously (Table 4.5).

Table 4.5 Type of OPMD or OC

OPMD/OC N (%) F M Age (SD)
Erythroplakia 1 0.1 1 0 26.8 £ 0.0
Erythro-leukoplakia 6 0.6 5 1 49.8+9.1
*Leukoplakia 94 9.7 46 48 449 +15.3
Leukoplakia + OSMF 11 1.1 11 0 49.0+13.0
OSMF 22 2.3 2 1 47.2+14.0
Lichen Planus 3 0.3 20 2 46.8 £9.2
Ulcer (OSCC) 2 0.2 2 0 45.7 +14.6
Total OPML 139 14.3 87 52 443+125
Normal 834 85.7 661 173 425+ 155
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4.3.3 Common site of OPMD

The observed OPMD mostly appeared on single site of oral mucosal regardless of the
occurrence on left or right side. The most common affected site was buccal mucosa (71.2%),
6.7 % were found on lateral tongue and 4.3% on gingiva. We found 2 (1.6%) respondents with
OPMD on all of their oral mucosal surfaces. Only 20 (14.4%) out of 139 OPMD occurred on

multiple sites of oral mucosa.
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Table 4. 6 Site of OPMD or OC

Site of affected oral Site Type | Frequenc | Percentage
mucosal y (%)
()
Single site Gingiva L 6 4.3
Hard Palate L 1 0.7
Buccal E 3 2.2
L 72 51.8
E-L 1 0.7
L- 4
OSMF 29
LP 3 2.2
OSMF 16 11.5
Buccal 99 71.2
Labial L 2 1.4
Lateral tongue L 6 4.3
U 2 1.4
OSMF 1 0.7
Lateral tongue 9 6.7
Full Mouth OSMF 2 1.4
Multiple sites Buccal + FOM E 3 2.2
Buccal + Dorsal tongue L 1 0.7
Buccal + Gingiva L 2 1.4
Buccal + Hard Palate L 1 0.7
Buccal + Lateral Tongue L 5 3.6
Gingiva + FOM L 1 0.7
Gingiva + Lateral L 1
0.7
Tongue
Labial + Buccal + L 1 0.7
Ventral '
Lateral Tongue + FOM L 1 0.7
Buccal + Lateral Tongue | OSMF 1 0.7
+ Ventral '
Buccal + Soft Palate OSMF 1 0.7
Labial + Buccal OSMF 1 0.7
Labial + Buccal + FOM | OSMF 1 0.7
Multiple sites 20 14.4
139 100

L (Leukoplakia), E (Erythroplakia), E-L (Erythro-leukoplakia)) OSMF (OSMF), U
(Ulcer), LP (Lichen planus), L-OSMF (Leukoplakia and OSMF)

124



4.3.4 The major risk factors and OPMD or OC

Table 4.7 presents the association between the actual risk factors and OPMD or OC

cases among Indonesian shown that BQ chewing (n=59) was the most frequent risk factor

compared to smoking tobacco and alcohol drinking, however, alcohol drinking was the most

causative risk factor, bearing the highest Odds ratio (OR=12.2).

Table 4. 7 The actual risk factors and OPMD or OC
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Risk factors OPMD OR (95%Cl) P-Value
Yes No

BQ (Yes) 59 64 8.9 <0.05
BQ (No) 80 770 (5.8, 13.5)

Smoking (Yes) 53 88 5.2 <0.05
Smoking (No) 86 746 (35,7.9

Alcohol Drinking (Yes) 24 14 12.2 <0.05
Alcohol Drinking (No) 115 820 (6.2, 24.3)

Significantly different




4.3.5 Geographical region and OPMD or OC
There was 60 (6.17%) of 973 respondents who had OPMD lived in WP and 79 of 973

(8.12%) of OPMD spread diversely amongst the other 4 regions (Table 4.8).
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Figure 4. 1 Regional variation in number of oral mucosal disease (OPMD or OC)

Table 4. 8 Region and OPMD or OC

Level A Level B Odds Ratio 95% CI P-Value
WP BA 19.8 (9.5, 41.2) <0.05
WP WJ 5.4 (3.3,8.7) <0.05
WP JKT 22.3 (7.7, 64.6) <0.05
WP WK 1.7 (0.9, 3) <0.05
WP ALL REGIONS 4.9 (3.3,7.2) <0.05
Odds ratio for level A relative to level B

Significantly different
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A comparison of the presence of OPMD’s across the five regions showed that people
living in WP had 22.3, 17.8, and 5.4-fold higher risk of having OPMD compared to people
living in JKT, BA, and WJ respectively, but only 1.7 times higher risk of OPMD compared to
people living in WK. This analysis of respondents showed that the highest OPMD rate occurred
in people from WP and the least number of OPMD occurred in people from JKT (Table 4.8

and Figure 1).

4.3.6 BQ Chewing and OPMD or OC

The duration and frequency of BQ consumption in those with OPMD cases showed that
respondents who had consumed BQ for more than 15 years were more likely (2.5-fold) to
develop OPMD compared to those who were BQ consumers for less than 15 years (Table 4.9).
Respondent who chewed BQ regularly had 2.5-fold increased risk of OPMD occurrence
compared to occasional users (Table 4.10).

The various ingredients of BQ consumed in different region of Indonesia significantly
differed and respondents who consumed BQ containing betel stem inflorescence (BQ-SI) had
a risk of OPMD almost 4 times higher (OR=4.2) compared to respondents who consumed BQ
containing betel leaf (BQ-L). Interestingly, BQ-SI was only consumed in WP, while BQ-L was
consumed in BA, WK and WJ. The addition of tobacco to BQ-L chewing increased the risk
(OR=10.2) compared to consuming BQ-L without tobacco. It is also shown that chewing betel
leaf alone did not cause OPMD in the oral cavity (Table 4.11).

BQ in fabricated package was associated with an increased risk of OPMD (3.6-fold)
compared to BQ non-package that was prepared ad hoc from fresh areca nut, leaf/stem

inflorescence and other spices. (Table 4.12)
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Table 4. 9 The association of duration of BQ consumption with OPMD or OC

Duration of OR (95%Cl) | P Value Frequency | Mean Age
Consumption (%) (SD)
>15 years 2.5 <0.05 67 48.2 (15)
(1.2,5.2) (54.5)
<15 years 0.4 <0.05 56 48.7 (16)
(0.2,0.8) (45.5)
Total 123
(100)

Table 4. 10 The association of frequency of BQ consumption with OPMD or OC

Significantly different

Frequency of OR (95%CIl) | P-Value Frequency | Mean Age
Consumption (%) (SD)
Regular Use 2.5 <0.05 62 47.3
(1.4, 4.5) (50.4) (18)
Occasional Use 0.2 <0.05 44 50.1
(0.06, 0.4) (35.8) (15)
Total 123
(100)

Significantly different
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Table 4. 11 The association of various BQ ingredients with OPMD or OC

Level A Level B Odds Ratio 95% CI P-Value

BQ + Tobacco BQ-L *10.2 (1.7, 62.3) <0.05

BQ-SI BQ-L *4.2 (1.5, 11.6) <0.05
BQ-SI +To BQ-L 1.3 (0.1, 10.2) NS
Betel Leaf BQ-L 0.2 (0.02, 2.4) NS
Other BQ-L 0.2 (0.019, 1.9) NS

Not Chewing BQ BQ-L 0.2 (0.09, 0.6) <0.05
BQ-SI BQ-L + Tobacco 0.4 (0.06, 2.8) NS
BQ-SI BQ-L + Tobacco 0.1 (0.01,15 NS

Betel Leaf BQ-L + Tobacco 0.0 (0.002, 0.3) <0.05

Other BQ-L + Tobacco 0.0 (0.001, 0.3) <0.05

Not Chewing BQ BQ-L + Tobacco 0.0 (0.004, 0.1) <0.05
BQ-SI + Tobacco BQ-SI 0.3 (0.04, 2.1) NS

Betel Leaf BQ-SI 0.1 (0.006, 0.5) <0.05

Other BQ-SI 0.0 (0.005, 0.4) <0.05

Not Chewing BQ BQ-SI 0.1 (0.03,0.1) <0.05
Betel Leaf BQ-SI + Tobacco 0.2 (0.01, 3.1) NS
Other BQ-SI + Tobacco 0.1 (0.009, 2.5) NS
Not Chewing BQ | BQ-SI + Tobacco 0.2 (0.03,1.1) NS
Other Betel Leaf 0.9 (0.04, 17.5) NS
Not Chewing BQ Betel Leaf 1.0 (0.1,8.9) NS
Not Chewing BQ Other 1.2 (0.1,9.7) NS

Odds ratio for level A relative to level B, NS = Not significant

BQ-L = areca nut, slaked lime, and Betel Leaf.

BQ-SI = areca nut, slaked lime, and Betel stem inflorescence (only consumed in WP).
Others = other ingredients apart from areca nut, slaked lime, betel leaf, betel stem

inflorescence and tobacco.

Significantly different

Not significantly different
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Table 4. 12 BQ package and OPMD or OC

BQ Package OR P-Value | Frequency | Mean of
(%) Age (SD)
Yes 3.6 (1.5, 8.5) <0.05 89 50.5 (15)
(72.4)
No 34 42.8 (15)
(27.6)
Total 123
(100)
Significantly different

4.3.7 Smoking and OPMD or OC

The duration of smoking habit (less than 5 years, 5-15 years and more than 15 years)
was not significantly related with OPMD (Table 4.13). However, in respondents who
consumed 10 cigarettes a day the risk of having OPMD was doubled (OR=2.7) compared to
those who consumed less than 10 cigarettes or more a day (Table 4.14).

The occurrence of OPMD was not associated with the various types of cigarettes
consumed overall. The prevalence of OPMD between non-smokers and the various types of
cigarette smoked showed non-smokers respondents had 0.3 and 0.2-times lower risk of having
OPMD compared to kretek (original Indonesian cigarette) and filtered cigarette smokers,

respectively (Table 4.15).
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Table 4. 13 Duration of smoking and OPMD or OC

Level A Level B Odds Ratio | 95% ClI P-Values
5-15 years <5 years 1.1 (0.41, 3.02) NS
>15 years <5 years 1.1 (0.42, 2.66) NS
None smokers | <5 years 0.2 (0.1,0.47) <0.05
>15 years 5-15 years 1 (0.42, 2.15) NS
Non-smokers | 5-15 years 0.2 (0.09, 0.38) | <0.05
Non-smokers | > 15 years 0.2 (0.12,0.34) | <0.05

Odds ratio for level A relative to level B

Table 4. 14 The number of cigarettes consumed daily and OPMD or OC

Level A Level B | Odds Ratio | 95% ClI P-Value

>10 <10 2.7 (1.33,5.49) | <0.05

None smokers <10 0.3 (0.18, 0.52) <0.05

None Smokers >10 0.1 (0.06, 0.20) <0.05

Odds ratio for level A relative to level B

Table 4. 15 The type of cigarette and OPMD or OC

Level A Level B Odds Ratio 95% ClI P-Value
Filter Kretek 1.2 (0.5, 2.9) NS
*Non-smokers | Kretek *0.3 (0.1, 0.6) <0.05
*Non-smokers | Filter *0.2 (0.1,0.3) <0.05

Odds ratio for level A relative to level B

Significantly different

Not significantly different
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4.3.8 Alcohol drinking and OPMD or OC

Alcohol drinkers had 12.2-fold increased risk of having OPMD compared to the non-
drinkers (Table 4.7). In relation to duration of drinking alcohol beverages, we found no
significant correlation between duration of consuming alcohol with the occurrence of OPMD
in oral mucosa. Furthermore, the amount of alcohol beverage consumed in a day was not
significantly correlated to OPMD either (Table 4.16). In addition of various type of alcohol
drinking, the different types of brands of alcoholic beverages did not correlate with risk of oral
mucosal diseases (Table 4.18). However, in comparison to the non-drinker versus various
brand type of alcohol drinkers, respondents who drank arak putih, vodka, mixed brands, and
beer, compared to non-drinker respondents had 25.2, 21.9, 15.5, and 7.6-times higher risk of
having OPMD, respectively (Table 4.18). All types of alcohol drinking could cause OPMD to

oral mucosa (Table 4.18)
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Table 4. 16 Duration of drinking alcohol and. OPMD or OC

Level A Level B Odds Ratio | 95% ClI P-Value
5-15 years <5 years 1.2 (0.09, 15.84) NS
>15 years <5 years 0.5 (0.12, 2.38) NS
Not drink <5 years 0.1 (0.02,0.21) <0.05
>15 years 5-15 years 0.4 (0.04,5.03) NS
Not drink 5-15 years 0.1 (0.005, 0.49) <0.05
Not drink >15 years 0.1 (0.05, 0.28) <0.05

Odds ratio for level A relative to level B

Table 4. 17 The amount of alcohols consumed per day and OPMD or OC

Level A Level B Odds Ratio 95% CI P-Value
2-5 bottles | 1 bottle 2.2 (0.38,12.71) NS
Not Drink | 1 bottle 0.09 (0.04, 0.21) <0.05
Not Drink | 2-5 bottles 0.04 (0.009, 0.21) <0.05

Odds ratio for level A relative to level B

Significantly different

Not significantly different
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Table 4. 18 The different brand of alcohol beverages and OPMD or OC

Level A Level B Odds 95% ClI P-Value
Ratio
Cap tikus Arak Putih 4.1 (0.17,98.77) NS
Vodka Arak Putih 1.2 (0.07, 20.52) NS
Beer Arak Putih 3.3 (0.55, 19.82) NS
Mix Arak Putih 1.6 (0.09, 28.69) NS
Vodka Cap tikus 0.3| (0.007,11.32) NS
Beer Cap tikus 0.8 (0.04, 15.14) NS
Mix Cap tikus 0.4 | (0.0099, 15.89) NS
Not drink Cap tikus 6.2 | (0.38, 100.46) NS
Beer Vodka 29| (0.22,37.99) NS
Mix Vodka 1.4 (0.046, 42.75) NS
Mix Beer 05| (0.04,6.52) NS
Vodka *Not drink *21.6 | (1.93, 247.09) <0.05
Arak Putih | *Not drink *25.2 | (5.33,119.18) <0.05
Beer *Not drink *7.6 | (2.999, 19.36) <0.05
Mix *Not drink *15.5 (1.37,176.24) <0.05

Odds ratio for level A relative to level B, NS = Not significant

Significantly different
Not significantly different
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4.3.9 Knowledge of risk factors and OPMD or OC

Respondents’ responded to question regarding their knowledge of OC risk factors
before OC screening. It appears that people who have knowledge of risk factors were more
likely not to have OPMD (OR=0.18) rather than those who do not have knowledge (Table
4.19). Only 17.78% were educated by dentist, and as high as 82.22% admitted that dentists did
not give any information about OC (Table 4.19). However, respondents that had been educated
by dentists had a significantly reduced risk (OR=0.5, 95%CI 0.27, 0.85) of OPMD whereas

those who learned about OC from other sources did not. (Table 4.19).

Table 4. 19 Knowledge of risk factors and OPMD or OC

Knowledge of OC OPMD OR (95%Cl) P-Value
Yes No

Have Knowledge (Yes) 7 191 0.2 (0.08, 0.39) <0.05
Have Knowledge (No) 132 643
Knowledge from Dentist (Yes) 14 159 0.5 (0.27, 0.85) <0.05
Knowledge from Dentist No) 125 675
Knowledge from Government (Yes) 15 105 0.8 (0.47, 1.49) 0.37
Knowledge from Government (No) 124 729

Significantly different

Not significantly different
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4.3.10 Oral health behaviour and OPMD or OC

Respondents who brush their teeth properly (OR=0.6) had a reduced risk of OPMD
compared to those who improperly brush their teeth (Table 4.20). Properly brushing teeth was
described as practising at least twice a day (in the morning and before going to bed), the teeth
were brushed for 2, and all of teeth surfaces are cleansed thoroughly. In addition, respondents
who brush their teeth twice a day could lower the risk of OPMD compared to those brushing

their teeth once a day (Table 4.21)

Table 4. 20 Oral Health Behaviour and OPMD or OC

Oral health behavior OPMD or OC OR (95%CiI) P-Value
Yes No
Brush teeth Yes 132 779 1.3 (0.6, 3.5) 0.2
No 7 55
Proper brush Yes 71 524 0.6 (0.43, 0.89) <0.05
teeth No 68 310

Table 4. 21 Frequency of tooth brushing per day and OPMD or OC

Level A Level B Odds Ratio 95% CI P-Value
Twice Once *0.6 (0.33,0.98) <0.05
Thrice or more | Once 0.7 (0.39, 1.38) NS
Thrice or more | Twice 1.3 (0.84, 2.05) NS

Odds ratio for level A relative to level B, NS = Not significant

Significantly different
Not significantly different
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4.3.11 Ethnicity and OPMD or OC

The risk of development of OPMD in various ethnicities in the survey. It shows that
Papua (WP region) and Dayak ethnic (WK region) have 23.6 and 21.3-fold higher risk rather
than Aceh ethnic (BA region). Javanese, Balinese and East Nusa Tenggaranese (ENT) have
1.1 times more likely to have risk than Aceh ethnic (Table 4.22). Whereas Sulawesi and
Maluku ethnic showed 7 times higher risk than Aceh ethnic. Some ethnicities were detected in
current survey such as Sulawesinese, Malukunese, North Sumatra ethnic, West Sumatra ethnic,
Balinese, and ENT were not the indigenous to the 5 selected OC screening regions. However,

they were immigrant and have been living in those 5 selected regions.
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Table 4. 22 Ethnicity and OPMD or OC

Level A Level B Odds 95% CI P-Value
Ratio

Dayak Aceh *21.3 | (8.81,51.64) <0.05
Papua Aceh *23.6 | (11.11,50.2) <0.05
North and West Sumatra | Aceh 1.5 (0.51, 4.61) NS

Java, Bali, ENT Aceh *2.6 (1.32,5.29) <0.05
Sulawesi and Maluku Aceh *7.0 (2.76, 17.83) <0.05
Papua Dayak 1.1 (0.51, 2.41) NS

North and West Sumatra | Dayak *0.1 (0.024, 0.22) <0.05
Java, Bali, ENT Dayak *0.1 (0.06, 0.25) <0.05
Sulawesi and Maluku Dayak *0.3 (0.13, 0.85) <0.05
North and West Sumatra | Papua *0.1 (0.024, 0.18) <0.05
Java, Bali, ENT Papua *0.1 (0.07,0.19) <0.05
Sulawesi and Maluku Papua *0.3 (0.14, 0.64) <0.05
Java, Bali, ENT North and West Sumatra 1.7 (0.66, 4.5) <0.05
Sulawesi and Maluku North and West Sumatra *4.6 (1.47,14.16) <0.05
Sulawesi and Maluku Java, Bali, ENT *2.7 (1.26, 5.58) <0.05

Odds ratio for level A relative to level B, NS = Not significant

Significantly different
Not significantly different
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4.3.12 Socioeconomic status (SES) and OPMD or OC

SES was assessed in relation to location of COE examination, occupation, health
insurance, and ease of travel to dental health facilities.

The location of COE examination was either in the community service (CS) or selected
villages (V1), both CS and VI located either at rural or urban area. Respondents who were
screened at urban-CS places had a lowered risk (OR=0.43) of OPMD or OC compared to those
screened at rural-CS (Table 4.23). Whereas, respondents screened at urban-VI also had less
risk of the case compared to those screened at rural-VI (Table 4.23). Respondents who were
screened at the rural-CS had a 2.6 times risk of OPMD compared to urban-VI. Thus,
respondents who were examined at the rural area had higher risk of OPMD or OC rather than
the respondents screened at urban area, whether it was screened in CS or VI (Table 4.23).

The occupation of respondents was grouped into government employee, non-
government employee and un-employed. The total number of un-employed respondents were
479 (Female = 422, Male = 57). The non-government employee respondents had a 3.3-fold
higher risk of OPMD, or OC compared to government employees. Low income association
with the occurrence of OPMD or OC was clearly shown (Table 4.23).

Health insurance was grouped into government insurance, non-government insurance
and self-funded. The Indonesian government insurance is strictly given to those who are in
need with many terms and conditions. The respondents who had non-government insurance
could be considered economically capable as they could purchase the insurance. Respondents
who had non-government insurance had less risk (OR=0.3) of having OPMD or OC compared
to those who had government insurance.

Traveling to the dental health facilities was measured from subjective respondents’

response whether they felt that this travel was easy or not. Interestingly there was no
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significant difference to the response questioning if it was easy or not to reach dental

facilities with the occurrence of the OPMD or OC in oral cavity (Table 4.23)

Table 4. 23 SES and OPMD or OC

SES Level A Level B Odds 95% CI P-Value
Variables Ratio
Rural-VI Rural-CS 0.9 (0.53, 1.5) NS
Urban-VI Rural-CS 0.2 (0.1, 0.33) <0.05
Location of Urban-CS Rural-CS 0.4 (0.27,0.68) | <0.05
COE Urban-VI Rural-VI 0.2 (0.1,0.41) | <0.05
Urban-CS Rural-VI 0.5 (0.27, 0.85) <0.05
Urban-CS Urban-VI 2.3 (1.19, 4.38) <0.05
Non-government Government 3.3 (1.8,5.9) <0.05
employee employee
Occupation Un-employed Government 1.5 (0.81, 2.69) NS
employee
Un-employed Non-government 0.5 (0.3,0.67) <0.05
employee
Health Non-Government Government 0.3 (0.2, 0.55) <0.05
Insurance Yourself Government 0.8 (0.5,1.164) NS
Yourself Non-Government 2.3 (1.30, 4.09) <0.05
Travel to Easy Not easy 1.6 (0.99, 2.63) NS
dental health
facilities

Significantly different
Not significantly different
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4.3.13 The relation between all risk factors with OPMD or OC

The multiple regression was carried out to analyse the relation between all risk factors
with OPMD or OC. The analysis shows that smoking, betel quid chewing, and ethnicity are
the most significant risk factors association with OPMD, or OC followed by type of health
insurance, type of alcohol, location of examination and occupation respectively, as shown in
the Table 4.24. Whilst, gender, alcohol drinking, and brushing teeth daily were found to be not

significant (Table 4.24).

Table 4. 24 All risk factors and OPMD or OC

Risk factors Coefficient | SE Coefficient 95% ClI P-Value
Constant 0.629 0.191 (0.25, 1.006) 3.3
Gender -0.02 0.0273 (-0.07, 0.04) 0.5
Age 0.001 0.000 | (-0.00003, 0.003) 0.06
Occupation -0.029 0.015 | (-0.06, -0.0007) 0.05
Health insurance -0.030 0.008 (-0.05, -0.01) 0.0005
Smoking 0.184 0.034 (0.12, 0.3) <0.0001*
Betel quid chewing 0.304 0.0338 (0.2,0.4) <0.0001*
Alcohol drinking -0.078 0.121 (-0.3,0.2) 0.5
Knowledge of oral cancer -0.068 0.028 (-0.1, -0.01) 0.02
Proper brushing teeth -0.004 0.042 (-0.09, 0.08) 0.9
Type of alcohol -0.098 0.035 (-0.2, -0.03) 0.006
Ethnicity 0.029 0.007 |  (0.02,0.04) <0.0001*
Location Of examination -0.025 0.009 | (-0.04, -0.006) 0.01

*The most significant risk factors associated with OPMD and OC development compared to

all significant risk factors for OPMD or OC that were found in this current study.

Significantly different
Not significantly different
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4.4 Discussion

The present study has shown for the first time that the prevalence of OPMD in Indonesia
was surprisingly high (14.3%). Risk factors, knowledge of risk factors, OH behaviour, ethnicity
and SES were significantly associated with incidence of OPMD. The association between those

variables will be further discussed in detail.

4.4.1 Prevalence and risk factors

In the present study, 139 (14.3%) of the 973 respondents included in this opportunistic
and targeted screening were considered clinically to have OPMD lesions. This OPMD
prevalence found was the highest compared to other similar oral screening performed in Guam,
Spain (299) and in Japan (300). It has previously been studied that the prevalence of lesions,
as well as the observed prevalence of smoking and drinking, known risk factors for oral cancer,
observed in the community dental health services probably closely represents the prevalence
of the diseases in the general population (11). This opportunistic screening in a general dental
practice setting may be a realistic alternative to population screening (301).

In the present study, the most common affected site of OPMD was buccal mucosa
(71.2%). Previous studies showed that approximately 70% of leukoplakias are found on buccal
mucosa, lip vermilion, and gingiva, and yet lesions on buccal mucosa rarely show dysplastic
or malignant change compared to lesions seen on the floor of the mouth, lip vermilion and
gingivae (102). OPMD found in the floor of the mouth (FOM) together with other sites were
found in 6 respondents (4%). The lateral tongue and floor of the mouth are known to be high
risk sites of OPMD because OPMDs in these locations are more likely to develop into
malignancy. In the present study, we found lateral tongue and floor of the mouth sites were the
second and third most common sites for OPMD. Two respondents with a large single ulcer on

lateral border of the tongue were diagnosed with oral squamous cell carcinoma (OSCC) and
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subsequently treated. Our results suggest that the risk of developing OC from OPMD is not
negligible in the Indonesian population and requires urgent management.

A strong association was observed between some risk factors and OPMD. The highest
number of risk factor was smoking cigarettes (14.5%), followed by betel nut chewing (12.6%)
and alcohol consumption (3.9%) with people who regularly drink alcohol having an increased
likelihood of having OPMD. Leukoplakia was the most common type OPMD found in the
survey most likely due to high number of smoking habit related. Thus, in addition to smoking

and BQ chewing, alcohol consumption is a significant risk factor for OPMD in Indonesia.

4.4.2 Regional variation of OPMD

Sixty (44.1%) out of the 139 respondents who had OPMD were living in WP and the
other 55.9% of OPMD spread diversely amongst other 4 regions. The highest OPMD occurred
in people from WP where there is a strong culture in BQ chewing passed down through many
generations as well as drinking traditional made alcohol beverage. This could explain why the
OPMDs were found with high prevalence in West Papua with conversely, people who live in
JKT had the lowest risk of developing OPMD, with a better understanding about OC risk
factors, good social economic status and healthy nutrition. Previous studies have also reported
that high SES had a decreased risk of having OC (302, 303). Consistently, people living in WJ
had a relatively low rate of OPMD as well. Thus, it is possible to speculate that individuals
living in urbanised regions are at a lower risk of developing OPMD compared to those living
in rural or remote areas. This may also be confounded by the fact that most of the people living
in JKT, WJ and BA are muslims and are therefore less likely to consume alcoholic beverages

(304).
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4.4.3 The association between BQ chewing and OPMD or OC

BQ chewing was the most frequent risk (n=59) factor detected in this current survey
with 8.9-fold increased risk of OPMD. Many epidemiological, clinical and laboratories studies
have reported a strong correlation between BQ chewing and OPMD or OC development,
specifically OSMF and leukoplakia development in oral cavity (157, 249, 262, 305, 142).

Further, consuming BQ for more than 15 years was shown to be associated with a 2.5-
time higher risk of having OPMD compared to a timeframe of less than 15 years. One of OPMD
caused by BQ chewing is OSMF a chronic disease known to increase with time and is
proportional to the duration of BQ use (142). In remote regions, it is common to consume BQ
from an early of age, and some reported that this habit commences in individuals as young as
10 years old (157). Respondents in the present study who chew BQ regularly everyday were
shown more likely have OPMD rather than occasional users. Consistently, the development
and severity of OSMF is known to correlate to BQ use in a dosage, frequency, and time
dependent manner (157, 262).

The various ingredients of BQ are also suspected to differentially influence OPMD
development. Most BQ are composed of areca nut, slaked lime and betel leaf or betel Sl, and
some additional spices and tobacco. Taiwanese and Melanesian commonly chose betel SI
(flower or pods part) rather than betel leaf (155). In the present study, only people living in WP
consumed BQ-SI and they are Melanesian in ethnicity. This custom of BQ-SI chewing exists
in WP due to the proximity to Papua New Guinea, and it is strongly possible they share both
culture and ethnicity. The Papua island (West Papua and Papua) is part of the New Guinea
island known as the second largest island in the world, after Greenland. The New Guinea island
has two parts, the land of Papua, which is part of Indonesia, and Papua New Guinea (PNG)
which is a separate country. The indigenous population of Papua and PNG are racially of

Melanesian heritage (306).
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Furthermore, the logistic regression analysis showed that BQ-SI chewers had 4.2 times
higher risk of having OPMD compared to BQ-L chewers. Both betel leaf and betel Sl alone
have precisely been shown to contain extensive polyphenolic as antimutagenic compounds
(155, 307, 262). We also showed that none of betel leaf chewer had OPMD in the oral cavity.
Safrole is the major phenol in betel SI and may act as carcinogen (307). Petti and Scully have
previously postulated that excessively high and monotonic intake of polyphenols could have
different effects, being cytotoxic to the oral mucosa. Further research is needed to assess
whether BQ-SI or the combination with different slaked lime causes higher risk of OPMD. The
addition of tobacco to BQ-L chewing could increase the risk (OR=10.2) compared to
consuming BQ-L alone. Several studies have shown that tobacco could indeed increase the
frequency of onset of OSMF and accelerate the OPMD development into cancerous lesion
(165, 142). One study in Pakistan found that adding tobacco into BQ increased the severity of
clinical grading of OSMF in a statistically significant manner (157).

BQ in fabricated package was associated with a 3.6-time higher risk of OPMD
compared to non-package BQ prepared by the users themselves. This “home-made”, self-
prepared BQ was composed of fresh areca nut, leaf/Sl, and additional spices and possibly
possesses more polyphenols and other antimutagenics compared to fabricated BQ packages
process by which BQ package are fabricated with heating or freeze-drying, are likely to result

polyphenols damage (157).
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4.4.4 The association between smoking cigarette and OPMD or OC

Cigarettes smokers had 5.22-time increased risk of OPMD compared to the non-
smoker’s respondents. Tobacco has been proven as one of major risk factors associated with
OPMD and OC (15, 102, 295). In SEA countries such as Indonesia, smoking and BQ chewing
are the most common risk factors associated with OC (7).

Further logistic regression analysis showed that differences in the duration of smoking
did not correlate with OPMD prevalence. However, the number of cigarettes consumed (more
or less than 10 a day) was shown to have had a significant impact (OR=2.7) on the presence of
OPMD.

The occurrence of OPMD was not significantly associated with the different type of
cigarettes consumed. However, when comparing non-smokers to individuals smoking different
types of cigarettes, non-smokers respondents had 3.8 and 5.3-times lower risk of having OPMD
compared to kretek and filter cigarette smokers, respectively.

There are two major types of cigarette in Indonesia, which are kretek and filter. Kretek
is characterised by the use of a significant amount of clove, the sun-dried flower buds of the
clove tree (Syzygium aromaticum, syn. Eugenia aromaticum), added to the tobacco since the
early 1880s. The clove content of the kretek cigarettes varies typically between 20% and 40%
(w/w). Kretek are mostly made from domestic tobaccos especially from Java, Bali, Sumatra,
and Lombok (308). There are more than 20 tobacco varieties blended in a kretek. Kretek itself
comes from the word that imitates the sound produced by object when it’s burned, the cracking
noise made by clove when it’s burned :”’kretek kretek’(309, 308). Conversely, filter cigarettes
do not contain clove but only tobaccos with lower tar and nicotine level compared to kretek
(308). Six in vitro and in vivo studies reported that Indonesian kretek cigarettes unexpectedly
showed no toxicity and exhibited a reduced of pulmonary inflammation. When assessed in

vitro the smoke from kretek showed less toxic to the cell and less mutagenic (total particulate
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matter) compared to American-blended cigarettes. In vivo experiments showed kretek cigarette
smoke had a lowered toxicity in the respiratory tract (310-312, 308). These cytotoxic studies
of kretek seems to be consistent with our current clinical study in the oral cavity. Thus, it could
be hypothesised that similar to the evidence found in the respiratory toxicity, Indonesian kretek

cigarette less cytotoxic to oral mucosal cell lines.

4.4.5 The association between alcohol drinking and OPMD or OC

In the current study, we found that alcohol drinking was the most causative factor of
OPMD. The respondents who consumed alcohol had 12.2-fold risk of OPMD compared to
non-alcohol drinkers. Studies have reported alcohol strongly correlated with OC (15, 102, 295,
103) and the risk of OC increased with greater alcohol intake, and considered no safe limit
intake to cancerous change (313).

Whilst alcohol drinkers were at a significantly higher risk of developing OPMD, the
duration of this habit did not show a significant correlation with the occurrence of OPMD. All
types of alcohol drinking brands could cause OPMD to oral mucosal. Arak putih (tuak Dayak)
is one of Indonesian traditional homemade alcohol beverage, which contains alcohol typically
near 27-34% (314). The alcohol is fermented from rice. Most of arak putih consumers in this
study are from Suku Dayak, Pontianak, WK region. On the other hand, the beer brand
consumed in this study is Saguer, this beverage is also traditionally made, and the level of
alcohol could possibly reach 70% or more. Because of the high concentration of alcohol in the
saguer, some news reported social problem in WP. Most respondents who consumed beer
(Saguer) were from WP. Saguer itself originally come from North Sulawesi’s culture and
adapted by people from surrounding islands including WP. Saguer is made from fermentation

of various palms to make sugar (314).
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4.4.6 The association between knowledge of OC and OPMD or OC

Inadequate knowledge of OC is a common obstacle for OC awareness and early
screening programs (315, 316, 18). The respondents who had knowledge of OC risk factors
had a significantly lower rate of OPMD (OR=0.2) compared to those who do not have
knowledge with 82.2% admitting that dentists did not give any information about OC. The OC
knowledge provided by Government were given through Indonesian national television and
local newspaper were insignificantly reduced risk of OPMD. Indonesian national television
has a very lower rate of viewers compared to commercial television that belongs to individual.
Even though, both are aired nationally. The local newspaper is not the best media either to
educate oral cancer information because the readers seems to prefer digital platform such as
media socials or digital news.

The lack of knowledge about signs and symptoms of OC leads to a lack of awareness
of the need for early screening. Providing written information in the primary care service has
proven to be successful to immediately increase knowledge levels of OC, thus resulting in

increased intentions likelihood of OC screening (315, 316).

4.4.7 The association between oral health behaviour and OPMD or OC

Surprisingly, 6.7% of respondents claimed to never brush their teeth and those who
confidently and properly brush their teeth (OR=0.6) were at a lower risk of OPMD.
Additionally, the respondents who brush their teeth twice a day could lower the risk of OPMD
compared to those who brush their teeth once a day. This number should be taken into
consideration when setting proper intervention strategies for raising oral health awareness. A
study in Iran reported that the good behaviour in properly maintaining oral health significantly
correlated with the behaviour in avoiding oral disease risk factors, such as tobacco use and

poor diet nutrition with those who carefully watched their oral health status mostly aware of
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their oral health in general (293). However, unfortunately, the association between oral health

status and non-communicable disease commonly is still neglected (293).

4.4.8 The association between various Indonesian ethnicity and OPMD

Many study have reported that OC in men is prominent in western and southern
Europe, south Asia, Melanesia, southern Africa and Australia/New Zealand (7, 317). In
women, it is prevalent in south-central Asia, Melanesia and Australia/New Zealand (7, 317).
Each year, there are 197 000 deaths, worldwide, from cancer of the mouth and pharynx, with
the highest mortality from mouth cancer occurring in Melanesia and south-central Asia (317).
There is growing evidence of intra-country ethnic differences; such that, a significantly higher
number of deaths from OC have been recorded in men from the Indian subcontinent in the UK,
than in the indigenous UK population, and OC appears to be most prevalent in areas with a
high Asian population (7, 317). Similarly, we have shown that Papua (Papua Island) and Dayak
(WK) ethnicities have 23.61 and 21.33-fold higher risk than Aceh ethnic (BA). Javanese,
Balinese and East Nusa Tenggaranese (ENT) groups are slightly more likely to have OPMD
than Aceh ethnic, whereas Sulawesi and Maluku ethnic shows 7.01 times of higher risk to Aceh

ethnic.

4.4.9 The association between SES and OPMD or OC

Several factors have been used for SES measurement in relation to OC development
(318). In the current study, we measured SES by the location of COE examination, occupation,
health insurance, and whether it was easy or not to travel to the dental health facilities. Some
studies reported that OC risk is associated with low SES significantly related to lifestyle risk

factors (318, 302, 303)
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The location of COE examination was in the community service (CS) and selected
village (VI1), both CS and VI located at rural and urban area. CS is the front-line health facility
provided by Indonesian government, where most of the middle and lower SES people primarily
seek health service as government subsidise the payment (285, 286). Respondents who were
screened at urban areas had a lowered risk (OR=0.43) of OPMD or OC compared to those
screened at rural areas. This is most likely due to people who living in a rural area may
commonly have a lack of hygiene, poor nutrition, bad health facilities, and poor living
conditions that may attribute to causation of OC by complex interactions (302).

Non-government employee had 3.3-fold higher rate of OPMD compared to government
employee respondents. The low and unstable income received by non-government employee
such as fishermen, traders, and farm workers are the reason for poor living conditions and
difficulty in buying good nutrition food. The un-employed respondents were insignificantly
associated with OPMD, and most of the unemployed respondents (Total n=479, Female =422,
Male =57) were home-stay mothers who depend on their husband’s income. This predominant
home-stay mother is un-employed but may not necessary mean they had no family income.

The respondents’ income also can be assessed by whether they were covered by
government insurance or purchased the insurance by themselves. The Indonesian government
insurance is strictly only given to those who are in low income status. The respondents who
had non-government insurance could be considered economically capable as they can purchase
insurance or were covered by their working company. Those respondents who had non-
government insurance had a lower risk (OR=0.33) of OPMD compared to those who had
government insurance.

The ability to access dental health facilities is also a factor thought to be associated with
SES. Most low-income population who live in remote areas had a difficulty in accessing dental

health facilities, that impacts on OC development (302, 303). However, in the current study
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analysis showed no significant difference whether it was easy or not to reach dental health
facilities with the occurrence of OPMD.

The demographic difference of OC screening can also contribute to SES measurement
in this survey. People living in WP and WK regions were found to have the highest risk of
OPMD among all respondents and these are considered very remote areas. WP and WK region
were difficulty to be reached from capital city of Jakarta. Limited small domestic flights are
available, and another long-distance trip by boat or car is required to reach the area. Thus, the

socioeconomic status would greatly different compared to WJ, JKT and BA region.

4.4.10 The relation between all risk factors with OPMD or OC

Smoking, betel quid chewing, and ethnicity were found to be the most significant risk
factors for OPMD or OC development, while alcohol drinking was found to be insignificant.
This can be understood, that not only because of the substance in smoking (15, 102, 295) and
BQ chewing (157, 249, 262, 305, 142) have been proven to associate with OPMD or OC but
also, in the present study, a large number of people who was smoking (14.5%) and BQ chewing
(12.6%), while alcohol drinker only 3.9% from total number of respondents, resulting the huge
gap in 95% CI for respondents who was alcohol drinkers (Table 4.3). Thus, in the current study,
alcohol drinking was found to be not significant compared to all significant risk factors to cause
OPMD or OC. Ethnicity itself has also been reported to associate with OPMD or OC (7, 317),
and in the current study we observed the same with ethnicity significantly related to OPMD or

OC.
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4.5 Conclusion

The prevalence of OPMD among Indonesians were of surprisingly high (14.3%), with
a female predominance. This finding is in contrast with a number of studies reporting male
predominance in OPMD prevalence. Leukoplakia was found to be the most common type of
OPMD followed by OSMF, leukoplakia combined OSMF, erytho-leukoplakia, and
erythroplakia respectively. The most commonly affected sites of OPMD were the buccal
mucosa, lateral border of the tongue, and gingiva. Lateral tongue and floor of the mouth are
known to be high risk sites of OPMD.

There was a strong correlation between the prevalence of OPMD and risk factors for
OC being smoking cigarettes (14.5%), BQ chewing (12.6%) and alcohol drinking (3.9%). The
different ingredients of BQ could well be significantly associated with different rate of OPMD
as those who chewed BQ with betel stem inflorescence (OR=4.2) were found to have a higher
risk of OPMD compared to those who chewed BQ with betel leaf. The addition of tobacco to
BQ chewing (OR=10.2) could further increased the risk of OPMD compared to respondents
who consumed BQ without tobacco.

The cofounding risk factor such as knowledge of OC risk factors, OH behaviour,
ethnicities and low-income SES group were significantly associated with OPMD occurrence.

Our results suggest an urgent need for primary prevention of OC programs in Indonesia.
Based on the results, | would suggest creating an educational program to cease risk factor habits
associated with oral cancer. In particular to cease smoking and betel quid habits which found
significantly the most impactful causing OPMD in this study. The target region for the
educational program would be West Papua, West Kalimantan and West Java. The health

community centre or primary health community would be the best place to educate the people.
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Chapter 5: Characterization of phenolics and arecoline
constituent profile in betel quid from four regions of
Indonesia

Abstract

Betel quid (BQ) is a chewing mixed package, that mainly contains areca nut (AN), betel
leaf (Leaf) or betel stem inflorescence (SlI), and slaked lime. BQ chewing is common in South
East Asia and has been strongly associated with malignant and potentially malignant diseases
of the oral cavity. Alkaloids such as arecoline are often accounted for the carcinogenic potential
of BQ, however the chemical composition of BQ has not been studied in detail. Interestingly,
BQ also contains phenolic compounds, which are commonly known for their health benefits
including anticancer effects.

Aims: we investigated the total phenolic content (TPC), antioxidant activity (by mean
of ferric reducing antioxidant power, FRAP), radical scavenging activity (DPPH test),
phenolics profile and arecoline content in different components of BQ which were AN, Leaf
or Sl, Husk, and blended BQ (BQ mix). BQ mix were a blending form contained AN, Leaf or
Sl and slaked lime. Samples were imported from 4 major regions of Indonesia, namely: Banda
Aceh (BA), North Sumatra (NS), West Kalimantan (WK) and West Papua (WP). The highest
TPC, FRAP, and DPPH values were detected in AN samples compared to other BQ
components, while samples from WP region were of higher values compared to the other
regions.

Results: High performance liquid chromatography - Mass Spectrometry (LC-MS)
analysis showed that Husk contains the widest range of polyphenols, including hydroxybenzoic
acids, hydroxycinnamic acids, flavanols, flavonols and stilbenes. Catechin and epicatechin
were the main polyphenols detected in BQ, and they were present at the highest concentrations

in WP-AN sample. Arecoline was detected in all AN and BQ mix samples and was
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significantly correlated with catechin and epicatechin, and significantly negatively correlated
with p-hydroxybenzoic acid.

Conclusion: The current study is the first to extensively characterise the chemical
composition of BQ and provides insight for the interactions of BQ alkaloids and phenolics in

the development of oral submucous fibrosis and oral cancer.

Keywords: phenolics, arecoline, BQ, oral cancer, alkaloid, HPLC

154



5.1 Introduction

The key risk factors of oral cancer have been recognized and include tobacco, alcohol,
and betel quid (BQ) consumption (22, 102). In Western countries, the major risk factors of oral
cancer are cigarette smoking and alcohol drinking, whereas in Asian countries such as
Indonesia, the major risk factors are smoking and BQ chewing (296, 72). These same risk
factors are also associated with the development of precursor lesions, overall known as oral
potentially malignant disorders (OPMD). Indonesia has a poor cancer registry with limited
studies conducted on the prevelance of oral cancer and OPMD, and their relation with BQ
chewing (319). Our recent epidemiological study, conducted in five different regions of
Indonesia (Banda Aceh, West Java, Jakarta, West Kalimantan, and West Papua), showed that
of 974 participants, 11.12% had oral potentially malignant disorders (OPMD) (320), including
submucous fibrosis. This previously underestimated prevalence of OPMD has major health
implications as these conditions have a high potential to develop into oral cancer.

AN, the endosperm of the fruit of the Areca palm (Areca catechu), is considered the
key carcinogenic ingredient of BQ due to its high alkaloid content (321). Four alkaloids,
namely arecoline (most potent), arecaidine, guvacine, and guvacoline were reported to
stimulate fibroblasts to produce collagen, thought to represents the main pathogenic
mechanism of oral submucous fibrosis (OSMF), a potentially malignant condition that found
common in Indonesia (321, 137). The mutagenic effects of constituents and extracts of the AN
have been studied extensively on cells (322). However, AN is always consumed in a BQ
package that contains additional components, most commonly betel leaf or betel stem
inflorescene (SI) and slaked lime, which can affect the carcinogenic potential of AN extracts
(323, 324, 176). Therefore, it is important to investigate the chemical composition of all BQ

ingredients.
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Polyphenols are very important plant constituents and they exert antioxidant activity by
inactivating lipid free radicals or preventing decomposition of hydroperoxides into free radicals
(325). However, polyphenols also possess pro-oxidant effect under certain conditions, such as
high concentrations, high pH and the presence of redox-active transition metals (326-328). The
pro-oxidant activity of catechins at non-cytotoxic levels have been used as chemosensitizer for
the treatment of cancer (326). However, at high concentrations, certain polyphenols, such as
catechins could exhibit cytotoxicity to health cell (329-331). Thus, moderate amounts of
polyphenols could protect against diseases associated with oxidative stress such as cancer,
coronary heart disease, inflammation via mechanisms like antioxidant activity and

neutralisation/modulation of human/bacterial/viral proteins/enzymes (332, 333).

The major polyphenols have been found in AN were catechin, flavonoids, flavan-3,4-
diols, leucocyanidins and hexahy-droxyflavans (334). Polyphenols are likely to contribute to
the toxicity of AN (335). Previously Chavan and Shinghal reported that catechin and
epicatechin were identified from the Mangalore variety of AN (218). Further study reported

catechin as the most abundant compound in AN from Malaysia (189).

AN is consumed at different stages of ripeness, in raw form or after processing in many forms
(155). It has been reported that arecoline was the major alkaloid found in the immature nut
(335) and polyphenols was also found in a higher amount in immature nut (155). Alkaloids
content in AN is affected by multifactor such as geographical location, maturity of areca fruit,
processing method and storage (335). A study by Senica et al investigated the change of
polyphenols content in elder leaves (Sambucus nigra L.), flowers, and berries induced by
different altitudes and locations (336). The result showed that polyphenols content influenced

by the altitude of plant’s growing site (336).
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Presently, there are limited studies investigating polyphenols and alkaloid composition
of different components of BQ, and their potential correlation. The current study aims to fill
this gap by exploring the polyphenols and alkaloid constitutes of areca nuts (AN) the
endosperm of the fruit of Areca catechu, betel leaf of Piper betle (Leaf), betel stem
inflorescence of Piper betle (SI), areca husk of Areca catechu (Husk) and fully packaged betel
quid (BQ mix) originated from four key BQ consuming regions in Indonesia (BA, NS, WK,
and WP). The location where BQ were imported can be seen in Figure 5.1. The current study
also aims to establish correlations between different chemical compounds in BQ, which could
inform further studies that investigate the interactions between alkaloids and phenolics in the

development of OPMD and oral cancer.
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Figure 5. 1 Betel quid imported from four key regions of Indonesia.
Banda Aceh (BA), North Sumatra (NS), West Kalimantan (WK) and West Papua (WP). Image

was produced using Google Earth (US Department of state geographer, 2018 Google, Image

landsat/Copernicus).
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5.2 Materials and methods
5.2.1 Experimental design and sample preparation

Raw BQ components were collected from four regions of Indonesia; Banda Aceh (BA),
North Sumatra (NS), West Kalimantan (WK), and West Papua (WP). The four regions were
selected to represent the west, middle, and east part of Indonesia whose people perform a BQ
quid chewing habit. BQ components were bought from local traditional market from each
selected region. A range of variation of BQ components within the selected region is highly
possible, however we focused to study the most common BQ components as being AN,
Leaf/SI, Husk, and BQ mixture. For BA, NS and WK regions, dried AN, Leaf, Husk, and BQ
mix samples were analyzed, and the BQ mix contains dried AN, Leaf and lime at the ratio of
80.5:12.5:7 by weight (262) (Figure 1.10). For WP region, dried AN, SI, Husk, and BQ mix
samples were analyzed, and different from other regions, the BQ from WP region contains,
betel inflorescence stem (SI) that commonly named as flower, instead of betel leaf (155). The
outer cap colour differences of AN is a manifestation of the ripeness of AN, where the unripe
AN looks green (shown by An from WP and WK regions), while the ripe AN looks yellow-
orange colour (155) shown by AN from BA and NS (Figure 1.10).

Extraction of polyphenols from BQ samples were performed following published
method with modifications (263). Seeds and husks of AN were manually separated. All
samples were freeze-dried for 72 hours using FD3 Freeze Drier (Dynavac Engineering,
Australia), and finely grinded using electronic grinder (Multigrinder I, model EMO0405,
Sunbeam, Auckland, New Zealand). 5g of each sample powder was weighed into a 50mL
centrifuge tube prefilled with nitrogen gas (99.99% Grade 4.0, Coregas, Yennora NSW,
Australia), added with 50mL methanol as extraction solution. Extractions were carried out at
20°C for 48hr under shaking condition at 150rpm (Incubator shaker ZWYR-240, LABWIT

scientific, Australia). After the extraction, the samples were centrifuged at 6500rpm for 10
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minutes at 20°C. The supernatants were passed to a clean tube and evaporated at 40°C to
remove the solvent entirely using Hei-VAO Value rotary evaporator (Heidolp Instruments
GmbH & Co.KG, Schwabach, Germany), then redissolved in 10mL of LC grade methanol.
The final extract was flushed with nitrogen gas and sealed with parafilm to avoid oxidation and
storage at 4°C in darkness until analysis. The extract stock solution was filtered using 30mm
x 0.45um nylon syringe filter (Thermo Fisher Scientific, VIC, Australia) to gain a clear solution
before further analyses.The detail methods in determining TPC, antioxidant activities,
identification of BQ components using HPLC, LC-MS and GC-MS can be seen in the section

2.4.
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5.3 Results
5.3.1 Total phenolics content (TPC) and antioxidant activities in betel quid samples

The highest TPC was found in AN group from WP followed by AN from BA, NS, and
WK respectively. The TPC value of WP-AN was almost 2-fold that of nut from other regions
as can be seen in Table 5.1 indicating that WP-AN contains the most abundant phenolics
among nut group.

There was a considerable reduction of TPC and antioxidant activities (FRAP and DPPH
scavenging activities) when AN was in a BQ mixture with slaked lime (AN: betel leaf/Sl:
slaked lime = 80.5:12.5:7 by weight). In the betel leaf/SI group alone, WK-Leaf had the highest

phenolics and antioxidant activities, while the least phenolics content was found in NS-Leaf.
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Table 5. 1 Total Phenolics content and antioxidant activities in AN, betel Leaf/ betel stem

inflorescence, BQ mixture and husk

TPC FRAP DPPH
Samples mg GAE g-1 | mM Fe2+ eq/g|mg TE /g

DM sample DM sample DM
BA-AN 122.2748.09c | 62.59+8.41c 277.43+9.69¢c
NS-AN 111.72+10.5cd | 60.78+3.83c 280.06+2.21c
WK-AN 108.84+8.81d | 56.61+7.34c 267.91+19.26¢
WP-AN 216.71+18.06a | 107.77+7.33a 422.53+t1.11a
BA-Leaf 26.710£1.94f | 18.24+1.62¢f 55.08+5.13fg
NS-Leaf 19.91+2 4f 15.39+1.5ef 42.67+6.499g
WK-Leaf 63.93+4.78e 31.99+3.79d 111.28+13.41d
WP-SI 59.00£3.79e 21.61+3.28e 71.73+£13.64e
BA-BQ mix 6.70+0.699 4.91+0.43h 16.45+3.19hi
NS-BQ mix 10.57+3.369 6.01+1.18g 26.86+8.72h
WK-BQ mix 27.69+3.84f 12.78+1.78fg 62.52+8.51ef
WP-BQ mix 155.09£11.13b | 94.60+8.14b 303.34+0.72b
BA-Husk 3.13+0.269 1.66+0.06h 3.63+0.64i
NS-Husk 5.14+0.54¢g 2.76£0.15h 9.62+0.82i
WK-Husk 3.05+0.24¢g 1.61+0.03h 4.69+0.48i
WP-Husk 5.36+0.20g 2.45%0.21h 8.29+0.96i

antioxidant power. DPPH = 1,1-diphenil-2- picrylhydrazyl

value, and its value decreases following the descending letter in the same column.
BA = Banda Aceh, NS = North Sumatra, WK = West Kalimantan, WP = West Papua.
AN= Areca Nut, SI= stem inflorescence BQ Mix = Areca nut + betel leaf/betel stem

Data are expressed as mean + standard deviation of triplicate experiments (n=3) with
confident interval significantly (P<0.05). Mean values in the same column followed by the
same letter do not differ significantly. An a letter besides mean values refer to the highest

inflorescence stem + slaked lime. TPC = total phenolic content. FRAP = ferric reducing
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5.3.2 Polyphenols content in betel quid components

Our study shows that phenolic acids were mostly detected in husk, leaf and SI samples,
but traced in nuts and BQ mixtures. The highest amount of phenolic acids detected were
protocatechuic acid, p-hydroxybenzoic acid and syringic acid, while gallic acid, caffeic acid,
p-coumaric acid, ferulic acid and sinapic acid were detected at low concentrations. The highest
protocatechuic acid content was observed in NS-Husk followed by WK-Husk and BA-Husk
respectively. The highest p-hydroxybenzoic acid was observed in WP-SI, followed by NS-
Leaf, BA-Leaf, and WK-Leaf respectively. NS-Leaf has the highest concentrations of syringic
acid (Table 5.2 and Figure 5.2).

Flavanols, mainly catechin and epicatechin, were the most abundant polyphenols
detected in nearly all samples except WK-leaf. Higher flavanols concentrations were observed
in nuts compared to leaf, husk and SI. Epicatechin gallate was also detected in BA-Leaf at high
concentrations, but not in other leaf samples. Flavonols, including quercetin-3-galactoside,
quercetin-3-glucuronide, quercetin-3-rhamnoside, kaempferol-3-glucoside and quercetin were
also detected in the leaf and husk samples mainly from BA, but low or absent in samples from
NS, WK and WP. Resveratrol was the only stilbene detected in BQ mainly in leaf and husk,

but absent or at low concentrations in nut samples.
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Table 5. 2 Phenolic acids in BQ samples originated from different Indonesia regions (mg/g DM)

Polyphenols BA-AN BA-LEAF BA-HUSK BA-BQ NS-AN NS-LEAF NS-HUSK NS-BQ WK-AN WK-LEAF WK-HUSK WK-BQ WP-AN WP-SI WP-HUSK WP-BQ
MIX MIX MIX MIX
Phenolic Acids
gallic acid ND ND ND ND ND 0.039 + 0.06 13.42+431 ND ND ND ND ND ND ND ND ND
5- ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
(hydroxymethyl)f
urfural
protocatechuic ND ND 0.25+ 0.037 ND ND ND 6.99 +0.223 ND ND ND 0.40+0.001 ND ND ND ND ND
acid
p-hydroxybenzoic ND 0.37+0.082 0.114 £0.09 0.005 ND 0.949 +0.75 ND ND ND 0.065 +0.014 0.43 +0.002 ND ND 1.01+0.02 0.33 +0.065 ND
acid +0.001
caffeic acid ND ND 0.004 ND ND 0.01 +0.002 0.006 ND ND 0.0037 ND ND ND ND ND ND
+0.002 +0.001 +0.001
caftaric acid ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
syringic acid ND 0.3740.015 0.324+0.27 ND ND 0.86 £0.04 0.28 £ 0.002 ND ND ND 0.02 +0.005 ND ND 0.011+ 0.094 + ND
0.006 0.003
p-coumaric acid ND ND 0.022 ND ND ND ND ND ND 0.004 +0.00 ND ND ND ND ND ND
+0.002
ferulic acid ND ND 0.0005 +0.0 ND ND ND ND ND ND 0.005 +0.002 0.015 ND ND 0.005 0.005 + ND
+0.003 +0.001 0.002
sinapic acid ND ND 0.074 ND ND ND ND ND ND ND ND ND 0.015 ND 0.008 + 0.015
+0.003 +0.0005 0.003 +0.0004
Anthoxanthins and stilbenes
procyanidin B1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Catechin 9.699:+0.96 0.364+0.02 0.276 £0.21 0.717 8.51+1.03 0.469 +0.12 0.379 +0.03 1107 £0.2 2.335t1.3 ND 0.059 1.16 24.18 0.65 +0.086 5.18 +0.39 15.95 +0.16
+0.102 +0.012 +0.21 +4.36
procyanidin B2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ND ND
Epicatechin 1.462+0.218 0.860+0.089 0.063 0.064 1.02 +0.68 0.40 £0.01 0.78 +0.026 0.061 +0.0 0.23 ND 0.11+0.007 ND 1.045 0.96 +0.12 0.123 +0.03 1.05 +0.069
+0.035 +0.007 +0.06 +0.135
Polydatin ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
epicatechin gallate ND 0.588+0.016 ND ND ND ND 0.082 + ND ND ND ND ND ND ND ND ND
0.015
Quercetin-3- 0.036 0.009 0.047 ND ND ND ND ND ND ND ND ND ND ND ND ND
galactoside +0.0005 +0.0001 +0.008
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Quercetin-3- ND 0.006 0.014 ND ND ND ND ND ND ND 0.036 ND ND ND ND ND

glucuronide +0.0001 +0.002 +0.003

Quercetin-3- ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
glucoside

Kaempferol-3- ND ND 80.66 +2.33 ND ND ND ND ND ND ND ND ND ND ND 0.08 +0.003 ND

glucoside

Quercetin-3- ND 0.005 0.028 ND ND ND ND ND ND ND 0.034 ND ND ND ND ND
rhamnoside +0.0003 +0.003 +0.004

Resveratrol ND 0.15 +0.002 0.004 ND ND 0.008 0.007 + ND ND ND 0.018 ND 0.003 ND 0.008 + 0.002

+0.001 +0.003 0.001 +0.004 +0.001 0.0004 +0.0003
Quercetin ND 0.007+0.000 ND 0.05 +0.008 ND ND 0.007 ND ND ND 0.012 ND 0.11 0.01 +0.001 0.06 +0.004 0.03 + 0.002
2 +0.0003 +0.001 +0.016
Kaempferol 0.003 ND ND 0.015+0.01 ND ND ND ND ND ND ND ND ND ND 0.01 +0.0 ND
+0.001

*Data are expressed as mean + standard deviation of triplicate experiments (n=3) with confident interval significantly (P<0.05).
BA = Banda Aceh, NS = North Sumatra, WK = West Kalimantan, WP=West Papua. AN= Areca Nut, BQ Mix = AN + betel leaf/betel inflorescence

stem + slaked lime. Sl= stem inflorescence, ND = Not Detected
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Figure 5. 2 Heat map showing arecoline and polyphenols identified in the sample.

Red colour shows the highest concentration, yellow colour shows moderate concentration
and blue colours shows the lowest concentration of constituents.

BA= Banda Aceh, NS= North Sumatra, WK= West Kalimantan, WP = West Papua.

AN= Areca Nut, Sl= stem inflorescence BQ Mix= Areca nut + betel leaf/betel stem

inflorescence + slaked lime
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5.3.3 Alkaloid content in betel quid components

Only arecoline analytical standard showed a stable peak using the current method,
while arecaidine, guvacine and guvacoline showed unstable peaks for standard curve.
Therefore, arecaidine, guvacine, and guvacoline could not be identified and quantified with
this method.

The highest arecoline concentration in the current study was observed in WP, followed
by BA, WK, and NS respectively in a nut group alone (Table 5.3). Interestingly, in the mixture
group, the concentration of arecoline in BQ from WP and WK dropped only 0.38 and 1.3 mg/g
DM, respectively, compared to arecoline concentration in their AN. However, BQ mixtures
from the other 2 regions showed a considerable reduction of arecoline concentration to more
than 50% from their nut. No arecoline was detected in betel leaf and stem inflorescence
samples. Low concentrations of arecoline was detected in husk from most regions, where husk

from BA was the only husk which does not contain arecoline.
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Table 5. 3 Identification and quantification of arecoline by HPLC analysis

Samples Arecoline (mg/g DM)
BA-AN 6.10+0.99ab

BA-Leaf ND

BA-Husk ND

BA-Mix 2.58+0.39d

NS-AN 4.11+0.22c

NS-Leaf ND

NS-Husk 0.37+0.04fg

NS-Mix 1.54+0.23e

WK-AN 4.4+0.27ac

WK-Leaf ND

WK-Husk 0.16+0.09

WK-Mix 3.11+0.15d

WP-AN 6.92+1.64a

WP-SI ND

WP-Husk 1.01+0.05ef

WP-Mix 5.57+0.66b

*Data are expressed as mean + standard deviation
of triplicate experiments (n=3) with confident
interval significantly (P<0.05). ND = Not
Detected. An a letter besides mean values refer to
the highest value, and its value decreases as
following the letter descending.

The value is significantly higher compared to another mean values

The value is significantly lower mean values
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5.3.4 Association between BQ polyphenols and arecoline contents

Principal component analysis (PCA) was performed to systematically analyse the
variations among different BQ samples in their phenolics and arecoline content (Figure 5.3).
Agglomerative hierarchical clustering (AHC) was further used to classify samples into
different groups (Figure 5.4). A total of 42.45% of variation was explained by PC 1 (24.11%)
and PC 2(18.34%). Arecoline, catechin, quercetin, kaempferol and epicatechin mainly
contributed to positive aspect of PC 1, while sinapic acid, quercetin-3-galactoside, quercetin-
3-rhamnoside, quercetin-3-glucuronide, sinapic acid, p-coumaric acid and ferulic acid
contributed to negative aspect of PC 1 and positive aspect of PC 2. Protocatechuic acid, caffeic
acid, syringic acid, p-hydroxybenzoic, gallic acid, epicatechin gallate and resveratrol
contributed to the negative aspects of PC 1 and PC 2. Catechin, epicatechin on PC 1 were
significantly positively correlated with arecoline, while p-hydroxybenzoic on the negative
aspect of PC 2 was significantly negatively correlated with arecoline (Table 5.4).

Samples were well separated long PC 1 vectors (mainly arecoline, catechin and
epicatechin) into two groups, while samples on the negative side of PC 1 would further be
divided into three groups based on vectors of PC 2 (Figure 5.3). The samples on the positive
aspect of PC 1 are mainly nuts and BQ mix samples with relatively high concentrations of
catechin, epicatechin and arecoline, while samples on the negative aspect of PC 1 were similar
for their low catechin, epicatechin and arecoline concentrations, but different in their
concentration of other polyphenols. NS-leaf and NS-husk samples were well separated from
others due to the abundant of phenolic acids, while BA-was distant from most samples due to

its relatively high concentrations of flavonols.
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Figure 5. 3 Principal component analysis (PCA) of betel quid phenolics and arecoline

content among betel quid samples from 4 key regions of Indonesia.

PC 1 explained 24.11% of total variance, while PC 2 explained 18.34% of total variance.

BA = Banda Aceh, NS = North Sumatra, WK = West Kalimantan, WP = West Papua.

AN= Areca Nut, Sl= stem inflorescence BQ Mix

inflorescence + slaked lime
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Figure 5. 4 Agglomerative hierarchical clustering analysis for the betel quid samples
based on phenolics and arecoline content.

BA= Banda Aceh, NS= North Sumatra, WK= West Kalimantan, WP = West Papua.

AN= Areca Nut, SI= stem inflorescence BQ Mix= Areca nut + betel leaf/betel stem

inflorescence + slaked lime
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Table 5. 4 Correlation (Pearson) between arecoline and phenolic compounds

Phenolics acid compounds | r-value P-value
Ferulic acid -0.407 0.166
P-hydroxybenzoic acid -0.555 0.026
Epicatechin 0.515 0.041
Syringic acid -0.481 0.059
Quercetin-3-rhamnoside -0.427 0.099
Kaempferol-3-glucoside -0.276 0.301
Catechin 0.828 < 0.0001
Quercetin 0.427 0.099
Caffeic acid -0.456 0.076
Gallic acid -0.300 0.259
P-coumaric acid -0.288 0.280
Epicatechin gallate -0.270 0.313
Quercetin-3-glucuronide -0.344 0.193
Quercetin-3-galactoside 0.024 0.931
Sinapic acid -0.080 0.767
Resveratrol -0.294 0.269
Kaempferol 0.312 0.239
Protocatechuic acid -0.2224 0.404

The phenolic acid compound is significantly correlated with arecoline

The phenolic acid compound is insignificantly correlated with arecoline

171



5.4 Discussion

We performed the first systematic thorough chemical characterisation of the individual
constituents of BQ. Our data show, for the first time, that BQ has distinct chemical features
that are mixture, and region specific. Interestingly, the alkaloid and polyphenols content as well
as antioxidant activity of individual ingredients change significantly when these are combined
into a BQ mixture.

The results of the present study as well as our previous epidemiology research (320),
indicate that BQ from WP was of particular interest. All forms of BQ from WP contain the
highest concentrations of arecoline, phenolic acid, anthoxanthins, and stilbenes which may help
explain the high prevalence of OSMF and oral cancer in that region. Further research is
required to better elucidate the association between the identified arecoline and phenolics from
four regions of Indonesia with the development of OSMF.

The highest arecoline concentration in the current study was observed in AN from WP,
followed by AN from BA, WK, and NS respectively. We highlighted the results from mixture
group, where the concentration of arecoline in WP-BQ mix and WK-BQ mix drops only 1.35
and 1.3 mg/g DM respectively. However, BQ mixtures from other 2 regions show a
considerable reduction of arecoline concentration to more than 50% from their nut with
addition of slaked lime and leaf/SI. This shows that adding slaked lime not only decreases the
concentration of polyphenols but, also, of arecoline. This might be due to extreme increases of
pH up to 10 by slaked lime as most of alkaloids are only stable in the range of pH 4 — 7 (177).
This extreme pH has been shown to damage the alkaloid (337, 338) that might lead to decreased
of arecoline concentration. However, the immature AN from WK and WP were interestingly
less affected in losing arecoline after added slaked lime, potentially due to chemical and
biological process in the mixture component (339). It could indicate that polyphenols and

arecoline have a synergic protection from pH change that preserve the inclination number of
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arecoline i.e. the more phenolics in AN, the less arecoline damage by slaked lime in BQ
mixture. However, further research is needed to clarify this hypothesis. Our current study using
methanol extraction solvent showed arecoline quantification between 0.37 — 6.9 mg/g DM. The
various concentration of arecoline identified in the present study may be due to the origin of
BQ geographical and climates growing site, and its degree of maturity (340). While all BQ
components were raw without being processed by sun drying, roasting, or boiling before
consumed. It was reported that raw AN is more harmful than the processed AN to be
comsumpted by chewers (Rao and Das, 1989). There was no storage process that can harm the
chemical in the BQ as we processed all the sample freshly and extracted using methanol solvent
and further storage of extract in airtight tube filled with N2O- to avoid oxidation.

No arecoline was detected in betel leaf and SI samples. This finding was consistent
with other studies, which reported high polyphenols contents and absence of alkaloids in betel
leaf and SI (341, 155, 307). Low concentrations of arecoline was detected in husk from most
regions, except BA-Husk. No previous study has investigated alkaloid and phenolics
composition of husk, thus the present study is the first to assess the chemical composition of
areca husk.

It has been suggested that regular and frequent polyphenols intake may be helpful to
protect against oral cancer (332). However, polyphenols can also act as pro-oxidant at high
concentrations under certain conditions (327, 328). In the present study, we found polyphenols
mainly catechin and epicatechin in high amount, especially in WP-AN sample. Polyphenols
induce cell apoptosis by triggering reactive oxygen species (ROS) through two mechanisms
(326), direct formation of labile aroxil radical or a labile radox complex with a metal cation
(342) and indirect activation of intracellular production of ROS by NADPH oxidases(343).
ROS may also interact with cellular macromolecules leading to DNA damage, lipid

peroxidation and protein oxidation, either alone or in the presence of transition metals. Cell
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culture study showed catechin-induced DNA damage when treating human leukemia HL-60
cells with epigallocatechin-3-gallate (EGCG) at 50uM(329). Further, in vivo studies show the
dose-dependent hepatotoxicity of EGCG at single dose from 750-1500 mg/kg, where 1500
mg/kg treatment reduce survival rate by 85% (331). Consistently, increasing numbers of
hepatoxicity cases in humans have been associated with intake of green tea polyphenols,
mainly EGCG (344) and in some cases, associated with liver inflammation and necrosis (345).
Despite the results of a recent study that EGCG transiently inhibits both cell proliferation and
migration of oral cavity cancer cells (346), there is limited evidence showing the pro-oxidant
effect of catechins and cytotoxicity to oral cells, which warrants further investigation.

Catechin as the main flavanol present in BQ can also act as antioxidant that has been
shown to prevent cell mutation by inhibiting the production of metalloproteases, leading to
potentially reducing invasion and migration, inducing apoptosis and growth arrest in both oral
cancer and oral leukoplakia cell lines (332). The lower concentrations of catechin and other
flavanols in mixture compared to nut observed in the current study may likely due to the
dilution effects of other BQ components. Furthermore, addition of lime can increase pH to 10
and damage the polyphenols (177). Further, the polyphenols compounds in AN have been
proven to possess many pharmacological activities (347, 348). These include antiparasitic
effects, anti-depressive effects, anti-fatigue effects, antioxidant effects, antibacterial and
antifungal effects, antihypertensive effects, anti-inflammatory and analgesic effects, anti-
allergic effects, the promotion of digestive functions, suppression of platelet aggregation,
regulatory effects on blood glucose and lipids, etc (347, 348, 333).

The large variations in BQ polyphenol contents of different Indonesian regions may be
due to various reasons, such as environment conditions, germination, variety of AN, degree of
ripeness (347, 155). The AN from WP and WK were immature, while AN from BA and NS

were mature. The immature AN showed an overall higher polyphenols content compared to

174



mature AN. BQ components were grown in the different geographical and climates condition
being from east, middle and west region of Indonesia. Thus, in the present study polyphenols
contents were affected by the geographical, climate, variety of AN and degree of ripeness.

In the current study, alkaloid and flavonoid (catechin and tannin) components were
simultaneously identified in AN. The alkaloids are considered to be the most potent component
to cause OSMF, while flavonoids have a synergistic role (321). Flavonoids could decrease
collagenase, stabilize the collagen fibrils to resistant degradation by collagenase (137).

Other polyphenols identified were ferulic acid and resveratrol that have been
previously reported in AN (348, 235), however, in the present study ferulic acid was not
detected in any nuts samples and resveratrol was only detected in nuts from WP. Further
polyphenols such as quercetin and kaempferol were also reported in AN (348, 235), these
compounds were detected in the current study and interestingly observed in leaf and husk
samples as well. Previous studies on BQ mainly reported polyphenols in the nuts (218, 349,
348, 235, 207, 208), but few study reported in husk, leaf and SI. Therefore, the phenolics that
were identified such as quercertin and resveratrol in husk, leaf and Sl reported in the current
study explain the antioxidant capacity of these samples and provided insights for future
research investigating antioxidants in BQ.

Sarode, S. C., Mahuli, A., Sarode, G. S. and Mahuli, S. (176) hypothesized that only
AN alone cannot trigger OSMF, without including other necessary required factors such as
slaked lime and inflammation. These factors possibly result in conversion to phenotypically
altered fibroblasts, which leads to increased fibrosis in the oral mucosa causing OSMF.
Previous research has shown that powdered slaked lime applied to the chewed AN and betel
inflorescence at the corner of the mouth in Papua New Guinea, causes the pH change to 10, at
which reactive oxygen species (ROS) are produced from BQ in vitro (177). This high pH

change and excessive polyphenols can alter the polyphenols to act as pro-oxidant (326). Thus,
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we hypothesise that high concentration of polyphenols in AN, especially catechin and
epicatechin, together with high pH altered by slaked lime, are the main factors triggering
OSMF. Further, our study showed that adding slaked lime into BQ mixture decreased by more
than 70% all the antioxidant potency (TPC, FRAP and DPPH scavenging activities), compared
to AN without slaked lime. However, only WP-BQ mixture showed a slight inclination of
polyphenols and arecoline concentration. In this case, consuming WP-BQ mixture results in
having BQ with high concentration of polyphenols, arecoline and high pH due to added slaked
lime. This evidence why people living in WP consuming WP-BQ mixture are more likely to
have OSMF in the oral mucosal as shown in our previous study (320). Further in vitro and in
vivo studies need to be conducted to clearly explain the association of Indonesian BQ with
pathogenesis of OSMF.

The observed high TPC value of WP-AN compare to AN from other regions could
reflect the different amount of immature nuts from this region, as unripe ANs commonly
contain more polyphenols compared to ripe AN (155). This theory is consistent with our
current study that the unripe AN from WP and WK showed the highest total phenolics content.
Further, we also found that FRAP and DPPH antioxidant activities are higher in unripe nut
rather than in the ripe AN from BA and NS. The TPC value of nut may also depend on the
region where areca catechu is grown, and its processing method (340). In present study, we
could recognize unripe AN by its green in colour, while the ripe AN looks yellow (Figure
1.10) (155). In some countries, such as Taiwan, Guam, and China, the unripe AN is mostly
consumed (155), similar to WP and WK. Whereas in BA and NS, the ripe AN is favoured
(320).

An interesting finding was that the phenolics content value and antioxidant activities
were dropped in the BQ mixture featuring slaked lime (AN: betel leaf/SI: slaked lime =

80.5:12.5:7 by weight). A previous study also reported betel quid without slaked lime had
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higher TPC, antioxidant and cytoprotective activities rather than betel quid with slaked lime
(189). It may be that slaked lime raises the pH up to 10 leading to phenolics damage (177).
TPC in BQ mixture from BA, NS, and WK dropped by 94.5%, 90.5%, and 74.5% compared
to TPC of AN alone, respectively. These results were consistent with FRAP and DPPH tests
as well. Interestingly, total phenolics content in WP-BQ mixture only dropped by 28,4% from
the amount in AN alone. This might be due to the degree of immaturity of WP-AN and the
form of slaked lime. The excessive amount of phenolics could lead to cytotoxicity instead of
exerting protective action (332). The results of our recent survey supports the theory that
consuming excessive polyphenols in BQ could be detrimental to, rather than protective for oral
health (332). Our previous study showed that 60 out of 139 participants (43.17%) who had
OPMD were living in WP region and mostly BQ consumers (320). This correlates in this
current study with BQ containing the most abundant phenolics levels. Thus, we suggest
consuming BQ containing ripe AN is better compared to consuming BQ containing unripe AN,
as ripe AN contains less arecoline, known to trigger OSMF development (137), and contains
lower polyphenols content (350, 335).

WAK-leaf had the highest antioxidant activities and the widest range of phenolic acids
among betel leaf/stem group alone. WP-SI was observed to have the highest concentration of
phenolic compounds, such as p-hydroxybenzoic acid. Previous study reported that betel SI may
contain polyphenols such as hydroxychavicol, eugenol, isoeugenol, eugenol methyl ester and
safrole (341). Safrole as the major polyphenols in betel inflorescence is also considered to be
a carcinogen (307). However, safrole was not profiled in the present study. The values of FRAP
and DPPH were consistent with TPC results in most samples, indicating that FRAP and DPPH
attributes of the samples were due to the presence of polyphenol compounds.

Some people living in Taiwan, China, Guam, and Papua New Guinea include the husk

of outer AN pericarp as part of the BQ mixture (155). This might increase the development of

177



OSMF, as our study revealed that husk from WK, NS, and WP contains 0.16, 0.37, 1.1 mg/g
DM of arecoline respectively. Further, an improper management of waste of husk could also
possess potential hazardous to environment as it contains carcinogenic properties. The recent
study suggested the use of areca husk as self-assembly of oleylamine modified nano-fibrillated
cellulose from areca husk fibers into giant vesicles formed that can have applications in storage
and delivery of drugs in topical applications (351). Thus, our findings describing the chemical
composition of areca husk is important to avoid or manage future risks. Further study is
required to clarify how husk can hazardous the environment. There betel husk should be

carefully managed to avoid entering human food chain.
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5.5 Conclusion

BQ compounds have distinct chemical features that are mixture, and region specific.
Interestingly, the alkaloid and phenolic content as well as antioxidant activity of individual
ingredients change significantly when these are combined into a BQ mixture. We observed that
BQ compounds from WP was distinctive from other regions, and that AN and BQ mixture
from this region contained the highest TPC, antioxidant activities, polyphenols and arecoline
content.

Catechin and epicatechin are the main polyphenols detected in BQ, while WP had the
highest concentrations in nut sample. The high amount of catechin and epicatechin could
change the effect of antioxidant into pro-oxidant leading to raise the potential of developing
OSMF.

Arecoline was detected in all ANs and mixture samples and was significantly correlated
with catechin and epicatechin, and significantly negatively correlated with p-hydroxybenzoic
acid. Phenolic acids and flavanols content in betel quid mixture were low, likely due to the
addition of lime, which also led to lower antioxidant activity and radical scavenging capacity
in the mixture.

The ripeness degree of AN is directly related to the amount of both polyphenols and
arecoline. The unripe AN contained a higher concentration of polyphenols and arecoline
compared to ripe AN. Thus, immature WP-AN had the highest amount of polyphenols and
arecoline. Suggesting that consume the ripe AN could lower the potential in developing OSMF.

These data provide a background for understanding the distinct pathophysiological and

pro-carcinogenic effects of different BQ mixtures and may inform health policies in Indonesia.
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Chapter 6: Metabolomic Profile of Indonesian Betel Quid

using Gas Chromatography Mass Spectrometry

Abstract

High pressure liquid chromatography (HPLC) and liquid chromatography mass spectrometry
(LC-MS) hve been commonly used for the analysis of areca nut alkaloids samples in previous
researches. This study aims to investigate the possibility of using gas chromatography mass
spectrometry (GC-MS) to analyse the alkaloids present in betel quid originated from four
different regions of Indonesia, Banda Aceh (BA), North Sumatra (NS), West Kalimantan
(WK), and West Papua (WP). Further, our study profiled the plant metabolites present in
different components of betel quid, including areca nuts, betel leaf, stem inflorescence and
betel quid as whole originated from each region. Three types of alkaloids (arecoline, arecaidine,
and guvacoline) were successfully identified using GC-MS. However, guvacine could not be
analysed due to low volatility. This currently also profiled the metabolites in different BQ
components and identified high concentrations of benzenoid and terpense, in stem
inflorescence samples, especially the carcinogenic constitute, safrole. Interestingly, high
concentrations of sesquiterpenes, such as gamma-cadinene, spatulenol, alpha-copaene,

linalool, alpha-gurjunene, gamma-amorphene were also identified in stem inflorescence.

Keywords: areca nut, arecoline, arecaidine, guvacoline, GC-MS, sesquiterpenes
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6.1 Introduction

Areca nuts contain four types of alkaloids, namely arecoline, arecaidine, guvacine, and
guvacoline (Figure 6.1), that have been reported to stimulate fibroblasts to produce collagen,
thought to be the main pathogenic mechanism of oral submucous fibrosis (OSMF) (321, 137).
The mutagenic effects of these compounds and the extracts of betel quid have been studied
extensively both in vitro and in vivo (322, 157, 249, 262, 305), which confirm their association
with oral cancer. In areca nuts consuming countries, such as Indonesia, areca nuts are usually
consumed as betel quid package that may contain the leaf of Piper betel or the stem
inflorescence of Piper betel L. and slaked lime (321). The addition of slaked lime, namely
calcium hydroxide, could facilitate hydrolysis of arecoline to arecaidine shown to be
responsible for amplified fibroblastic proliferation, increased collagen formation, and therefore
increased risk of oral cancer (323, 324, 176). Betel stem inflorescence also contains other
carcinogenic compounds, such as safrole (352-354).

Indonesia has been one of the top 10 largest producing countries of areca nut with as many
as 36,200 million tons produced in 2001 (155). The betel quid consuming habits at different
regions of Indonesia is quite different, with people in West Papua consuming more betel quid
than that of Java island and Sumatra island (320). More importantly, the betel quid consumed
at different regions of Indonesia are quite different (320). However, the detail chemical
composition of these betel quid, including alkaloids and other potential carcinogenic
compounds, has not been previous studied. Currently, the most commonly used method to
analyse areca nut alkaloid is high pressure liquid chromatography (HPLC) and liquid
chromatography mass spectrometry (LC-MS) (218, 349, 189, 207, 208). Despite some
researchers attempting gas chromatography mass spectrometry (GC-MS) to profile alkaloids
in other plant materials (355, 356), there is no research attempting to use GC-MS to analyse

betel alkaloids. Additionally, GC-MS based metabolomic could be used to profile plant
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metabolites present in betel quid, which help researches to identify other compounds
potentially related to oral submucous fibrosis.

In the current study, we established and investigated the possibility of using GC-MS to
analyse the alkaloids presented in the betel quid originated from four different regions of
Indonesia, Banda Aceh (BA), North Sumatra (NS), West Kalimantan (WK), and West Papua
(WP). Further, our study profiled the plant metabolites present in different components of betel
quid, including areca nuts, betel leaf, betel stem and betel quid as whole, for samples originated
from each region. The current study developed a method for the measurement of three main
alkaloids presented in areca nuts as well as screening the natural molecules present in different

betel quid compounds that may be relevant to oral cancer.
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Figure 6. 1 Chemical structure of betel quid alkaloids
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6.2 Methods and Experimental Design

The GC-MS analysis program used was modified from a published method on alkaloid
(270). Briefly, an Agilent Technologies 6850 series 11 (GC; Agilent Technologies, Santa Clara,
CA) connected to an Agilent Technologies 6973 mass selective detector (MSD) and coupled
with an Agilent PAL multipurpose autosampler was used for volatile analysis. The instruments
were controlled using Agilent G1701EA MSC ChemStation software in conjunction with
Agilent PAL autosampler Control software B.01.04 for ChemStation. The GC was fitted with
a J&W DB-5ms column (30 m x 0.25 mm, 0.25 um film df), with helium as carrier gas
(ultrahigh purity, BOC Australia, North Ryde, NSW, Australia) at a constant column flow rate
of 1ml/min. The GC inlet was fitted with a borosilicate glass split inlet liner (volume 935 pl,
Agilent Technology) and held at 250 °C. 1 ul of sample was injected to inlet in split mode at
split ratio of 30:1. The column temperature initiated at 100 °C and increased to 180 °C at 15
°C/min, held at 180 °C for 1 min, then increased to 300 °C at 5°C/min and held for 6 mins, and
post run at 100 °C for 2 mins. The MS source, quadruple and transfer line were held at 230 °C,
150 °C, and 280 °C, respectively. The MS was operated in scan/sim mode (35-350 m/z) with
positive El of 70 eV. The sim target ions for alkaloids quantification include: 53, 55, 69, 73,
82,96, 126, 127, 140, 141, 155 m/z. The standard solution of arecoline, arecaidine, guvacoline
and guvacine were analyzed using the same method as samples. All standard solutions were
spiked with internal standard and analysed as sample to generate standard curves (R?>0.99).
Alkaloids were identified by comparing the mass spectra and retention indices with the pure
standard, while other metabolites in the sample were identified using NIST library in
ChemStation and Webbook database as well as the standard solutions obtained. Sesquiterpenes
in the betel samples were analysed using MassFinder software with its build-in terpenes library
(Hochmuth Scientific Consulting, Hamburg, Germany) by comparing terpene RI values and

mass spectra to those of the experimental samples in accordance to our previous researche
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(357). All compounds were quantified based standard curves using target ions. The
concentration of alkaloids was presented as mg/g dry mass (DM), while other metabolites were
semi-quantified and expressed as ug/g dry mass as internal standard correspondent. Blank and
internal standard were checked regularly for the sensitivity of GC-MSD system. The detail of

this method can be seen in the section 2.5.
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6.3 Results
6.3.1 Alkaloids

A representative GC-MS chromatogram of all four alkaloids standards is showed in
Figure 6.2. All four standards have clear differences in retention time and mass spectrum
(Figure 6.3). The quantification ions and quality control ions used for each alkaloid were m/z
140, 96, 155 for arecoline (Figure 6.2A), m/z 96, 141, 140 for arecaidine (Figure 6.2B), m/z
82, 126, 53 and 141 for guvacoline (Figure 6.2C), and m/z 82, 53, 127 for guvacine (Figure
6.2D). Extremely long tailing was observed for guvacine with unstable peaks, therefore, it
could not be identified and quantified with this method. This unstable peak was likely due to
the high melting point of guvacine (306-309°C), which exceeded the highest analysis
temperature used in the current method (300°C). Thus, this method is not suitable for the
identification and quantification of guvacine. Slight tailing was also observed for other three
alkaloids standards, which were likely due to the alkaloids salt used in the current study. All
commercial alkaloids standards were only available in salt form and therefore the current study
added high concentrations of ammonia to alkaloids salt solution to release free alkaloids as

standards, which was in accordance to similar research (270).
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Figure 6. 2 Peaks of alkaloids; A. Arecoline, B. Arecaidine, C. Guvacoline, D. Guvacine
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To ensure the accuracy of the alkaloid analysis, standard curve for each of the three
alkaloids were established using serial dilutions of each standard. The actual concentration of
alkaloid in each standard were adjusted based on the molecular weight of the alkaloid and the
alkaloid salt. Each of the alkaloid standard was quantify based on the target quantification ion,
m/z 140, 82 and 96 for arecoline, guvacoline and arecaidine, respectively, and standard curves
with R?>0.99 produced for each standard (Table 6.1 and 6.2). Alkaloids were further
quantified in all betel quid samples, where arecoline was found in all samples, except in WP-
Sl and WK-Leaf (Table 6.1 and 6.2). In nut samples, arecoline was found at the highest
concentration in WP-AN (157.9 mg/g DM), followed by BA-AN (94 mg/g DM), WK-AN
(69.4 mg/g DM), and NS-AN (48.5 mg/g DM). A similar variation in arecoline content was
also observed in betel quid mixture samples among the four regions except at lower
concentrations. Areca husk from the WP region also showed the highest arecoline (66.1 mg/g
DM) compared to husk from another regions (with range <6 mg/g DM). Arecoline was detected
in the betel leaf samples from BA and NS at a very low concentration, 1.3 and 1.6 mg/g DM
respectively. Arecaidine was only detected in NS-Mixture sample at low concentration (3.9
mg/g DM), while guvacoline was detected in NS-Mixture and BA-Mixture at low

concentrations, 1.4 and 0.7 mg/g DM respectively, but not in other samples.
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Table 6. 1 Composition of alkaloids in betel quid from BA and NS regions determined by GC-MS (mg/g DM)

Peak RI Ridb Chemicals Target QC Retention Standard Banda Aceh North Sumatra
No lon lon Time Curve : -
(min) Equation Husk Leaf AN Mix Husk Leaf AN Mix
1 1237.16 | 1236 Arecoline 140 96,155 4.493 y=180.59x | 0.23+ | 0.03+0. | 4.15+ | 6.98+ | 0.24+0. | 0.05+ | 2.4+0.0 | 4.7x0.6
- 0.4982 0.01 02 0.56 0.06 03 0.02 9
2 1251.25 | 1250 | Guvacoline 82 126,53 4.606 y = 98.138x 0.04+0.
+2.7381 01
8 1279.43 Arecaidine 96 141,14 4.832 y = 370.98x 23.25+2 0.450.
0 +12.19 9 1
Table 6. 2 Composition of alkaloids in betel quid from WK and WP regions determined by GC-MS (mg/g DM)
Peak RI Rldb Chemicals | Target QC Retention Standard West Kalimantan West papua
No lon lon Time Curve : :
(mins) Equation Husk Leaf AN Mix Husk SI AN Mix
1 1237.16 | 1236 Arecoline 140 96,155 4.493 y =180.59x | 0.05+ 3.22+ | 5.4+0.3 | 3.12+0. 6.2£0.3 | 6.9+0.8
- 0.4982 0.01 0.96 3 14 2 6
2 1251.25 | 1250 | Guvacoline 82 126,53 4.606 y = 98.138x
+2.7381
3 1279.43 Arecaidine 96 141, 4.832 y = 370.98x
140 +12.19
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6.3.2 Metabolomic analysis

In addition to the 3 alkaloids detected in betel quid samples, 92 metabolites were semi-
quantified in the betel quid samples, where benzenoids, terpenes and esters were the
dominating chemical groups. A heatmap was created to illustrate the variations in these

compounds among different betel samples (Figure 6.4 and Table 6.3).

6.3.2.1 Benzenoid

Twenty benzenoids were identified in betel samples in the current study, where safrole
was one of most abundant benzenoids detected. The highest concentration of safrole was
measured in the WP-SI sample (761.6 mg/g DM). Safrole was undetected in BA-AN, NS-AN,
WK-AN, and at a very low concentration in WP-AN. Safrole was also detected in leaf and husk
samples from BA, NS, and WK regions with low to moderate concentrations. Further, safrole
was detected in all betel mixture samples with WP mixture of the highest concentration, more
than 10-fold higher compared to the be betel quid mixture from other regions. Eugenol was
also found in the betel leaf and betel SI samples, where WP-SI contained higher concentration
of eugenol compared to BA-Leaf, NS-Leaf, and WK-Leaf. Eugenol was not detected in areca
nut samples. Additionally, high concentrations of 3-Allyl-6-methoxyphenol and its derivative
3-Allyl-6-methoxyphenol-acetate were observed in betel SI and leaf samples, with WP-SI
having the highest concentration in both compounds. Other benzenoids, such as, 5-
Hydroxymethylfurfural, was found in the husk samples from BA, NS and WP regions, while

1,3,5-benzenetriol was only detected in betel leaf samples, but not in SI sample from WP.
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6.3.2.2 Terpene

Monoterpenes, sesquiterpenes and diterpenes were all detected in different betel samples. 4
types of monoterpenes were detected including, D-limonene, linalool, cis-p-terpineol and 4-
terpineol, where D-limonene was the most abundant monoterpene and mostly detected in the
nut samples from all region. Other monoterpenes were mainly detected in leaf and SI samples.
21 sesquiterpenes were detected in betel samples, such as a-copaene, a-gurinene, 3-gurinene,
B-ylangene, (E)-B-caryophyllene, a-humulene, spathulenol etc., with the majority detected in
betel leaf and SI samples. For most sesquiterpenes, their concentrations were much higher in
S| compared to leaf samples. Only 1 type of diterpene, phytol, was detected, which mainly

presented in the leaf samples of NS, WK and low in husk and SI of WP.

6.3.2.3 Others (acid, aldehyde, alcohol, ester)

In addition to the major benzenoids and terpenes detected in betel samples, other compounds
including 11 acids, 4 alcohols, 2 aldehydes and 26 esters and 2 amines were detected. Most
acids detected were long-chain fatty acids with a minimum of 12 carbons except for lactic acid.
The husk samples from BA and NS were most abundant in acids, while other samples contain
much less amount of acids. Alcohols were mainly detected in the areca husk, leaf and Sl
samples, but less abundant in areca nuts of all regions except NS, where moderate level of 2,3-
butanediol were detected. Similarly, aldehydes were mainly detected in husk and SI samples,
but low in leaf and nut samples. Majority of the esters detected were fatty acids derived esters,
except for methyl nicotinate, which was mainly detected in nuts samples, but relatively low or
absent in husk, leaf and SI samples from all regions. Amines were mainly detected in leaf

samples, but low or absent in other betel samples.
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Figure 6. 4 Heat Map of metabolites presented in betel quid.
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The heatmap was constructed based on the relative concentrations of the metabolites detected
in the betel quid samples as detailed in Supplementary Table 1. BA = Banda Aceh, NS = North
Sumatra, WK = West Kalimantan, WP = West Papua. AN= Areca Nut, SI=stem inflorescence
BQ Mix = Areca nut + betel leaf/betel stem inflorescence stem + slaked lime.
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6.3.3 Principal component analysis

A principal component analysis was performed to analyse the variations in the chemical
composition of betel samples, considering all category of compounds analysed above (Figure
6.5). PC 1 and PC 2 explained 63.04% of total variance of the samples and PC 1 was mainly
contributed by benzenoid, sesquiterpenes, monoterpenes and diterpene on the positive aspect
and by alkaloids and esters on the negative aspect, while PC 2 was mainly contributed by
alcohols, acids, aldehydes and esters on the positive aspect. WP-SI, and all leaf samples were
clearly separated from other samples on the PC 1 aspect, indicating the significant high
concentrations of benzenoids, terpenes presented in these samples. While the husk sample from
NS was clearly separated from all other samples on the PC 2 aspect, which indicated that
alcohols, acids and aldehydes were the key distinguishing metabolites in the husk sample from

NS.
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Figure 6. 5 Principal component analysis of chemical composition in betel samples. PC 1
and PC 2 explained 33.30% and 29.74% of total variance, respectively.

BA = Banda Aceh, NS = North Sumatra, WK = West Kalimantan, WP = West Papua.

AN= Areca Nut, SI= stem inflorescence BQ Mix = Areca nut + betel leaf/betel stem

inflorescence stem + slaked lime.
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6.4 Discussion
6.4.1 Alkaloids

It has been confirmed in numerous studies that areca nuts contain four types of alkaloids
including arecoline, arecaidine, guvacoline, and arecaidine (Figure 6.1)(358-360), and upon
human consumption these alkaloids can undergoing nitrosation transformating in the oral
cavity into nitrosamines, such as N-nitrosoguvacoline, N-nitrosoguvacine, and 3-
methylnitrosaminopropionitrile, which can lead to DNA damage (361-363). In previous
research, areca alkaloids were often analysed based on liquid chromatography methods. The
HPLC method to analyse all four areca alkaloids was firstly developed by Huang and McLeish
(360), who utilized a cation-exchange column and orthophosphoric acid/methanol/water based
mobile phase. More recently, reverse phase C18 column was utilized to analyse betel alkaloid
in human saliva, however only arecoline could be analysed (364). Importantly, this method
used triethylamine based mobile phase, which could interfere mass spectra detection due to
adherence to LC system and therefore was only suitable for application with UV detector, but
not with mass spectrometer detector. Later, Jantarat et al. 2013 (365) further simplified the
method and modified the mobile phase to sodium phosphate buffer-acetonitrile to achieve
arecoline quantification on C18 column, nevertheless, this method was not suitable to analyse
other alkaloids simultaneously. Further, liquid chromatography was used in conjunction with
mass spectrometry to achieve quantification of betel alkaloids and their derivatives in animal
model (366). This study continued to use C18 column with formic acid-acetonitrile based
mobile phase and time-of-flight ms/ms detector, and was able to detect both arecoline,
arecaidine and their derivatives, but not guvacoline and guvacine. The most recent method
development on areca nut alkaloids analysis was able to achieve simultaneously quantification
of these four alkaloids using UPLC-MS/MS system, where alkaloids were quantified based on

targeted m/z ion for each compound (220).
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Interestingly, none of the previous study attempted to use gas chromatography to
quantify these betel alkaloids, even though there are numerous study use GC-MS to quantify
alkaloids in other samples. For example, GC-MS was used to quantify 7 natural alkaloids in
the bulb of Leucojum aestivum (270) and 13 alkaloids in the leaf of Leucojum aestivum (270).
The same study was also able to detect 23 and 18 alkaloids from the bulb and leaf of Narcissus
confusus, respectively. Additionally, the alkaloids content of Nerium oleander and Solanum
nigrum were also characterized using GC-MS (367, 368). The current study tried to adapt the
GC-MS parameters used in a previous alkaloid research to analyse the alkaloids in betel quid
samples (270) and was able to identify three out of the four betel alkaloids compounds
simultaneously without derivatization that LC-MS failed to identify. Even though, all four betel
quid have completely separated retention time under the current experimental condition,
guvacine could not form a well peak in GC-MS due to high melting/boiling point.
Galanthamine trimethylsilyl (TMS) based alkaloid derivatization has been proven efficient in
analysing alkaloids compounds with low volatility (270). Therefore, future research may
consider converting betel alkaloids, especially guvacine, to TMS derivatives for improved
sensitivity and better quantification on GC-MS. This method was not utilized in the current
study mainly as we aimed to explore a GC-MS method able to identify betel quid alkaloid
quickly, and the derivatization process clearly reduce the efficiency of the analysis especially
when handling large quantities of betel samples.

Arecoline was found in all samples at various concentrations, except in WP-SI and
WAK-Leaf. The different levels of arecoline observed among areca nuts could be due to the
maturity of nut, the extraction and quantification methods, storage, and geographical location
(220). Arecoline level is usually high in immature areca nut and drops significantly in the
mature areca nut (369), which was consistent with our results. WP mixture had the highest

concentration of arecoline compared to all samples, even the nut sample from WP. This might
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be due to the elevated pH of slaked lime which could damage the arecoline and other alkaloids
(177). Interestingly, trace amounts of arecoline were also observed in the betel leaf samples,
which has not been reported previously. In contrast, some previous studies reported no
alkaloids in betel leaf (217, 247, 189). This could vary among betel production regions due to
agronomic parameters as only betel leaf from specific region was found to have arecoline in
the current study.

Arecaidine was only detected in NS mixture sample at low concentration, while
guvacoline was detected in both NS mixture and BA mixture. Both were not detected in either
WP mixture or WK mixture. This could be partially explained by the maturity of areca nut
samples. Previous study have demonstrated that arecoline is the main alkaloid in unripe areca
nut, while arecaidine and guvacoline mainly present in ripper areca nut (370). Areca nuts are
mainly harvested unripen in the WK and WP region, explaining the fact of high arecoline and
undetectable arecaidine and guvacoline from the betel samples of those regions. Additionally,
the arecaidine detected in NS mixture might also be due to the hydrolysis of arecoline to
arecaidine in high pH conditions triggered by the presence of slaked lime (220). A previous
study showed that the concentration of arecaidine in Pan masala and Gutka from India ranged
from 0.14 to 1.70 mg/g DM, while guvacoline ranged 0.17 to 0.99 mg/g DM, which was
consistent with our results (370). The current study further confirmed the presence of arecoline
in the areca husk originated from all studied regions, which could indicate that adding husk to
BQ might contribute to the higher risk of OSMF and oral cancer development. The habit of
adding husk is very common to people living in Taiwan, China, Guam, and Papua New Guinea

(155) and as well as the WP region (320).
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6.4.2 Metabolomic analysis
6.4.2.1 Benzenoids

Various benzenoids have been detected in the current study, especially safrole, and
eugenol, which were most abundant in the SI sample from WP. This was in accordance to
previous research on betel SI showing a high concentration of safrole, eugenol,
hydroxychavicol, isoeugenol, and eugenol methyl ester (155, 371, 247). Hwang et al reported
that safrole was the major phenolic compound presented in the betel SI from Taiwan (341).
These compounds have various impacts of human consumption with most of them having
beneficial effects to human health, such as antioxidant, antimicrobial (372) and anti-
inflammatory properties (373). In vitro studies also suggested that eugenol may have an anti-
carcinogenic effect against breast, liver and fibrosarcoma cancer (372, 374). The antimicrobial
and antioxidant property of eugenol are also well known and applied in foods, pharmaceuticals,
cosmetics industries and packaging materials (375-377).

In contrast, safrole, which was present at high concentrations in Sl, is a possible
potential human carcinogen (341, 307). A study using the nuclease P1 version of the 32P-
postlabeling technique successfully determined safrole-DNA adduct in the hepatic tissues from
patients with hepatocellular carcinoma, and further suggested that betel quid safrole might be
involved in the pathogenesis of hepatocellular carcinoma in human beings (353). Chiu-Lan
Chen et al, suggested that safrole forms stable safrole-DNA adducts in human oral tissue
following BQ chewing, which may contribute to oral carcinogenesis (352). Furthermore, cell
culture based research suggested that betel Sl extract had cytotoxicity effect on cultured
gingival keratinocytes by decreasing 20-40% cell numbers over 5 days of incubation (378).
This is also consistent to our own study, showing that SI sample from WP to have cytotoxic
effect on oral keratinocyte (OKF-6) at 500 pg/ml after incubated for 48 hours, which could be

due to the high concentrations of safrole (320). The high concentration of safrole detected in
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the WP sample in the current study might also explain the results from our previous
epidemiology study, which reported that people living in WP had the highest prevalence
number of OSMF associated with BQ chewing(320). Importantly, safrole was not only
presented in betel S1 but also in areca husk samples, which suggests that adding husk into betel

quid may lead to increasing risk of having OSMF and oral cancer.

6.4.2.2 Terpene
Terpenes have been detected in numerous plants and their fruits and these compounds
have been demonstrated to have many beneficial effects to human health, such as anti-

inflammation, anti-carcinogenesis and neuroprotection effects (379). In our current study,

terpenes were mostly detected in betel SI and leaf samples, which was in accordance to
previous research showing  estragole, linalool, o-copaene, anethole, chavicol, and
caryophyllene as the main terpenes presented in betel leaf oil (247). Previous study further
confirmed that these terpenes had antibacterial activity against Mycobacterium smegmatis,
Staphylococcus aureus and Pseudomonas aeruginosa. Up to date, there are very limited
research on betel S, and our study is the first study to ever profile betel SI using GC-MS. In
the current study, even though Sl contains the carcinogenic safrole, it also contains high
concentrations of terpenes, such as a-copaene, a-gurinene, B-gurinene, f-ylangene, (E)-B-
caryophyllene, a-humulene, spathulenol etc. Previous study reported that copaene can increase
the antioxidant capacity in human lymphocyte culture and proven to not to cause genotoxic
(380). An in vitro study using chemical (DPPH and hydroxyl radicals) and biological (Caco-2
cells) models has been shown that a-humulene has antiproliferative effect (381). D-Limonene,
the most detected monoterpene in the present study has been shown to have anti-proliferative
and apoptosis-inducing effects (382, 383), and it has been used as a chemo-preventive and

chemotherapeutic agent against multiple types of tumors (384, 385). Other components of the
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essential oil, such as a-pinene, have been shown to inhibit growth of non-small-cell lung

carcinoma cells (386).

6.4.2.3 Others (acid, aldehyde, alcohol, ester)

Ascorbic acid in the betel leaf is also shown to have antioxidant effect (387). The aroma of
betel leaf is presented by essential oils, consisting of phenols and terpenes (388, 389). The leaf
of piper betle produces an aromatic volatile oil containing a phenol called chavicol which has

powerful antiseptic properties (388, 389).

6.5 Conclusion

We have successfully established a method using GC-MS to analyse 3 types of alkaloids
in BQ components, however, guvacine could not be analysed using this method. This is the
first study using GC-MS to profile the volatile compounds in different BQ components.

Arecoline was found in a high concentration in immature areca nut such as areca nut from
West Papua and drops significantly in the mature areca nut. The very high concentration of
safrole was observed in WP-SI (761.6 mg/g DM). Further, areca husk from the WP region also
showed the highest arecoline (66.1 mg/g DM) compared to husk from another regions (with
range <6 mg/g DM). Thus, from these finding we conclude that adding immature areca nut, Sl
and husk into BQ compound could raise the risk of developing OSMF.

WP-SI contains high concentration of benzenoid and sesquiterpense, especially safrole
and terpene such as G-cadinene, spatulenol, alpha-copaene, linalool, alpha-gurjunene, gamma-
Amorphene. Other detected compounds were mainly fatty acids and esters, which mainly

contribute to the fragrance of betel quid.
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Table 6. 3 Metabolomic analysis of betel quid using GC-MS (mg per gram of sample as 4-octanol correspondent)

Retention Banda Aceh (BA) North Sumatra (NS) West Kalimantan (WK) West Papua (WP)
Compound Chemical time - - - -
Husk Leaf Nut Mix Husk Leaf Nut Mix Husk Leaf Nut Mix Husk N Nut Mix
(min)
2,3-Butanediol Alcohol 2.116 52.14#59.1 112.5¢7.8 4+6.4 9.5+0.9
L-Lactic Acid Acid 2.257 29.6%3 595.3+61.7 86.5+16.3 7.5%0.3
dl-Glyceraldehyde Aldehyde 2.267 9.8+1 85.5+8.6 1.9+15.8 8.4+0.7 1.6+0.3 0.4+0.1 11.6+0.8 28.4+1.3 6.620.7 2.340.2
2-Furanmethanol Alcohol 2.333 2.840.3 1.1+0.2 6.3+0.8 5.910.5 1.5+0.1
Glycerin Alcohol 271 33.4%1.8 27.7¢1.4 1.3+0.1 37.4%3.7 21.7¢1.8 6.620.8 1.9£0.4 6.6%4.3 7.2¢0.7 36.1+1.7 27.6x4.7 9.80.6
D-Limonene Monoterpene 3.125 2.9+0.7 3+0.7 13.843.6 2.240.6 240.2 14.3#1.3 0.3+01 340.3 5.9+1.2 13.7+1.1 0.5+0.2 7.3+0.7 9+1.4 1341 1+0.1
Benzeneacetaldehyd Aldehyde 3.238 0.9£0.1 3.5£0.2 0.6+0.1 1.320.1 3.1+0.5 3.3+0.7 0.2+0.1 1.3+04
E
Linalool Monoterpene 3.484 7.610.3 5.7+0.2 6.1+0.3 2 .61
cis-B-Terpineol Monoterpene 3.587 1.840.1 1.1+0.1 2.340.2
Phenylethyl Alcohol Alcohol 3.663 1.5£0.2 1.2¢0.1 7.7%0.9 3.440.1 1.3+0.2 0.7+0.1 0.9+0.1
Methyl nicotinate Ester 3.852 0.4+0.2 0.4+0.1 13.240.7 6.7+0.4 15.4+4.1 2.6%0.3 32.7¢1.8 1+0.1
4H-Pyran-4-one, 2,3- Benzenoid 3.88 14.5+1.8 11.3+0.3 7.7¢0.7 15.1+2.2 1.240.3 6.6+0.6 8.5¢1 11.2+0.6 13.7x14.1 46.6£1.8 9.1+0.5 86.5+3.1 3.7:0.4
dihydro-3,5-
dihydroxy-6-methyl-
5-Methoxypyrrolidin- Amine 4.021 2+0.1 25.6%2.6 34.9+2 1+0.2 6.2+0.2 4+0.3 3+0.2
2-one
1,2-Benzenediol Benzenoid 4.097 2.8+0.4 2.440.1 3.1+0.9 9.2+1.5 2.7+0.4 6.2+1.2 8.1+1.9
4-Terpinenol Monoterpene 4.181 3.4£0.2 2.1+0.1 6.2+0.3
Estragole Benzenoid 4.266 3.840.1 2.740.2
o Benzenoid 4.332 0.7+0.1 16.7+1.3 1.4+0.3 9.9+0.2 0.8+0.1 19.9+1.3 1+0.1
Dihydrobenzofuran
5- Benzenoid 4.389 15.1+2.3 0.4+0.1 92.2+11.2 18.3+1.1 0.3+0.1
Hydroxymethylfurfur
al
1,2,3-Propanetriol, Ester 4.52 23.4+2.5 34.8+2.7 54%2.5 1.520.3 21.241 19.741.6 4.74#0.9 2.542 7 .6x1.5 5.3#1.1 82.9+32.9
monoacetate
Phenol, 4-(2- Benzenoid 4.615 0.8+0.1 271.7+9.8 5.8+0.2 1.1+0.1 275.3+18. 5.5+0.2 24.5+1.4 1.2+0.1 1.5+0.2 6.840.1
propenyl)- 4

200




Safrole Benzenoid 5.04 2.740.2 3.240.5 2.1+0.4 2.1+0.2 *761.6+2 0.7+0.1 13.4+1.6
5.6
Decanoic acid, Ester 5.143 0.310.1
methyl ester
2-Methoxy-4- Benzenoid 5.172 1.6+0.2 6.910.4 5.8+0.7 3.840.1 2.1+0.2 8.2¢1.4 1.4+0.1 1.4+0.1
vinylphenol
Phenol, 4-(2- Benzenoid 5.379 147.9+12.9 17.8+0.7 1.240.7 3.840.2
propenyl)-, acetate
Eugenol Benzenoid 5.502 212.3+178.2 0.740.1 9+0.8 0.7+0.1 4+0.1 0.8+0.1 1.1+0.2 *487.8+1 14.1+1.6
8
3-Allyl-6- Benzenoid 5.634 1.1+0.1 39.5#9.9 6.210.4 1.4+0.1 252.8+16. 5.440.2 1.4+0.1 356.5+17. 8.6x1.3 1.7+0.2 3214274,
methoxyphenol 2 2 4
alpha-Copaene Sesquiterpene 5.794 9.240.2 6.8+0.7 7.1£0.5 285.2+1 340.2
Methyleugenol Benzenoid 5.841 2.140.1 1.7+0.1 1.610.1 89.2+2.8 1.1+0.1
B-Gurjenene Sesquiterpene 5.879 14+0.6 9.5+0.8 8.7+0.9 169.117.2 1.4+0.1
Methyl 5-formyl-1H- Benzenoid 5.983 0.8+0.2 1.440.4 1.6+0.3
pyrrole-3-carboxylate
a-Bergamotene Sesquiterpene 6.077 8.410.1 5+0.5 1.1+0.2
alpha-gurjunene Sesquiterpene 6.124 14.6+1.5 1.1+0.1
a-Santalene Sesquiterpene 6.153 3.6+0.1 2.1+0.3
beta-Ylangene Sesquiterpene 6.219 6.8+0.3 3.6+0.3 3.2¢0.1 23.1+0.2
(E)-B-Caryophyllene Sesquiterpene 6.266 36.611.3 24.3+2 2.1+1 1464 1.2+0.1
cis-Muurola-3,5- Sesquiterpene 6.341 9.3%0.2 5.4+0.4 4.9+0.1 35.1+0.6
diene
alpha-humulene Sesquiterpene 6.624 34.1+1.7 24.2+1.9 8.610.3 55.7+1.5
gamma-Amorphene Sesquiterpene 6.756 65.910.7 48.7+3.8 0.840.1 19.4+1 71.4+2.3
g-Cadinene Sesquiterpene 6.879 15 .55 2.3#0.1 67.9%5.1 1.140.1 57.8+2.9 0.9+0.1 54.7+8 4+0.2
2,4-Di-tert- Benzenoid 6.916 6.7+0.4 8.5+0.4 3.240.1 6.4+0.5 8.8+0.2 3.440.2 0.7+0.1 6.1+0.1 8.1+0.3 3.840.2 6.7+0.4 3+0.1
butylphenol
3-Allyl-6- Benzenoid 7.058 259.34#9.5 162.646.8 0.5£0.1 446.7%15. 1.520.4 *1158.6% 1.120.5
methoxypheny! 8 31.9
acetate
Dodecanoic acid, Ester 7.058 1.3+0.1 15.4+0.5 1.6+0.2 15.7+2.7 2.1+0.1 5.240.1
methyl ester
Isocalamenene Sesquiterpene 7.284 2.1+0.2 1.6+0.2 1.8+0.1 9543.2
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Selina-3,7(11)-diene Sesquiterpene 7.332 6.410.1 5.140.2
Dodecanoic acid Acid 7.407 1.6+0.1 0.7+0.2 0.60.1 1.5+0.3 1+0.2 0.80.2 1.440.2 1.1+0.2 0.7+0.1 1.6+0.2
w-Amorphene Sesquiterpene 7.407 0.8+0.2 0.7+0.1 24.3+0.7
Isovanillic acid Acid 7.427 2.4+0.8 0.4+0.1 1.441.6 5.5+0.2 1.4+0.4
nerolidol Sesquiterpene 7.567 1.540.2 1.2+0.2 0.8+0.1 16.9+0.2
1,3,5-Benzenetriol Benzenoid 7.775 56.2+15 6.7+4.9 55.949.7
Spathulenol Sesquiterpene 8.001 2.9+0.2 2.8+0.2 71.2+58.8 287.7+23
8.6
4-Allyl-1,2- Benzenoid 8.407 3.3#0.1 42.9+0.9 2.240.2 1.6+0.2 372.4+11. 3.620.2
diacetoxybenzene 1
unknown Sesquiterpene 8.831 2.440.1 1.540.3 2.8+0.6
sesquiterpene 1
(161, 120, 105, 204)
alpha.-Cadinol Sesquiterpene 8.963 0.6+0.1 0.5+0.1 0.4+0.3 4.6+0.4
unknown Sesquiterpene 9.029 0.7¢0.1 1+0.2 0.4+0.1 1.3+1.1
sesquiterpene 2 (43,
79, 93, 105)
unknown Sesquiterpene 9.397 1.740.3 1.140.1 12.9+4
sesquiterpene 3
(109, 91, 159, 220)
Tetradecanoic acid, Ester 9.652 26.7+1.2 0.9+0.1 27.2+4.8 9.8+0.2
methyl ester.
unknown Sesquiterpene 9.68 1.6x1.4
sesquiterpene 4 (43,
91, 123, 220)
4-((1E)-3-Hydroxy-1- Benzenoid 9.935 6.1+0.3 1.2+0.1 8.6+1.1 1.5+0.6 0.9+0.1 4.2+0.1 0.9+0.1
propenyl)-2-
methoxyphenol
Tetradecanoic acid Acid 10.076 1.320.3 0.74#0.1 1.9£0.2 1.6+0.2 1+0.2 1.8+0.4 2.1+0.2
Tetradecanoic acid, Ester 10.661 8.310.9 0.940.1 2.840.3 2.840.2
ethyl ester
Syringic acid Benzenoid 10.794 4.1+0.4 2.1+0.2 1.5+0.1 2.440.2
Pentadecanoic acid Acid 11.632 0.6£0.1 1.320.3 1x0.1
Pentadecanoic acid, Ester 12.236 2.440.2 1.7+0.2 2.240.2
ethyl ester
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Hexadecanoic acid, Ester 12.773 0.9+0.1 1.7+0.1 17.9+0.6 0.80.1 6.3+0.6 16.4+2.9 3.54£0.3 6.410.1 1+0.2 3.1+0.1 0.8+0.2
methyl ester
Methyl 3-(3,5-di-tert- Benzenoid 12.896 2+0.1 0.8+0.2 1.8+0.2 2.240.3 0.8+0.1 0.9+0.1 2.1+0.1 0.7+0.1
butyl-4-
hydroxyphenyl)propi
onate
n-Hexadecanoic acid Acid 13.282 8.7+0.4 12.4+#19 13.7+1.6 22.743.5 1.6+0.1 12.8+1.1 15.5+1.1 2.440.1 8.3+0.7 14.7+0.6 1.3+0.4
Hexadecanoic acid, Ester 13.896 39.5+3.8 3+0.1 22.3+2.4 12.1+0.8 2+1.1 1.1+0.1 89.5+4.4 2.1+0.1
ethyl ester
Heptadecanoic acid, Ester 14.443
methyl ester
Heptadecanoic acid Acid 14.952 0.5+0.2
Heptadecanoic acid, Ester 15.574 1.4+0.1 1.1+0.2 3.2+0.1
ethyl ester
8,11- Ester 15.6 0.4+0.1 8.6+0.3 1.7+#0.1 8.5¢1.6 0.5%0.1 1+0.2 0.6+0.1
Octadecadienoic
acid, methyl ester
9,12,15- Ester 15.678 1+0.1 2+0.1 0.5+0.1 3.240.4 1.740.4 1.610.2 0.6+0.1
Octadecatrienoic
acid, methyl ester,
(2,2,2)-
9-Octadecenoic acid, Ester 15.716 0.7+0.1 9.5+0.1 0.5+0.1 2.5+0.3 9.1+1.5 1.240.2 0.8+0.2 3.9+0.1 0.5+0.1 1.4+0.1 0.3+0.1
methyl ester, (E)-
Phytol Diterpene 15.848 0.7+0.1 0.7+0.1 82.4%5.1 0.7+0.1 35.2+2.6 2.8+0.3 8.1+0.3
Methyl stearate Ester 16.121 2.8+0.2 2.5+0.2 2.8+0.5 1.1+0.1
9,12- Acid 16.168 3.740.1 3.740.7 7.1+1 7.8+2.1 3.7+0.5 3.1+0.5 7.240.2 9+0.2
Octadecadienoic acid
(22)-
9,12,15- Acid 16.282 3.8+0.3 23.7+4 7.5%0.7 19.245.9 3.2#0.5 23.5%1.7 7.1+0.3 6.8+0.7
Octadecatrienoic
acid, (2,2,2)-
Octadecanoic acid Acid 16.659 0.40.4 0.3:0.1 0.2¢0.1
Linoleic acid ethyl Ester 16.697 13.4£1.3 1.7+0.1 8.5+1 5.5¢0.6 0.9+0.5 41.742.6 2.3#0.1
ester
Ethyl Oleate Ester 16.8 15.3+1.3 9.8+1 4.3+0.6 0.6+0.3 1+0.2 28.2+1.5 2.1+0.4
Octadecanoic acid, Ester 17.254 5.7+0.5 1.4+0.1 3.3+0.4 5.4+0.4 6.8+0.3 0.5£0.1

ethyl ester
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Phytol, acetate Ester 17.564 0.6£0.1 5.840.1 17.620.9 2.5¢0.1
Tetradecanoic acid, Ester 19.027 1.9+0.2 2.1+0.5
2,3-dihydroxypropyl
ester
Tetradecanoic acid, Ester 19.177 0.310.1
2-hydroxy-1-
(hydroxymethyl)ethyl
ester
Eicosanoic acid, Ester 19.442 0.310.1
methyl ester
9-Octadecenamide, Amine 19.941 4.8+2.6 6.1+0.6 0.4+0.1 4.8+0.3 8.620.5 4.6+0.3 8+1 0.9+0.2 0.3%0.1 5.6+1.2 4.4+0.6
(@2-
Eicosyl acetate Ester 20.733 0.8+0.1 3+0.2 0.5+0.1
Hexadecanoic acid, Ester 22.299 1.240.1 4.8+0.3 0.7+0.1 0.5+0.1 5.1+0.2 0.7¢0.1 0.9+0.1 6.2+0.3 1.9+0.3 1.8+3.1
2-hydroxy-1-
(hydroxymethyl)ethyl
ester
Glyceryl Ester 24.94 2+0.2 0.9+0.1 2.4+0.4 0.9+0.2 1.840.2 1.2+0.2 3.240.2
monolinoleate
B-Glyceryl Ester 25.015 2.5%0.2 1.9¢0.1 5.2¢1 2+0.5 5.9+0.3
monostearate
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Chapter 7: Cytotoxic Effects of Indonesian Betel Quid

Components on Oral Keratinocytes and Fibroblasts

Abstract

Betel quid (BQ) chewing habit has been strongly linked to the onset of oral leukoplakia,
oral submucous fibrosis and oral cancer. To explore the pathogenicity of individual
components of BQ mixtures, we investigated the effects of areca nut (AN), leaf of piper betle
(Leaf) or stem inflorescence of piper betle (SI), areca husk (Husk) and whole BQ Mixture, on
the growth of oral keratinocytes (OKF-6) and oral primary fibroblasts (MMF-1). On the basis
of their chemical characteristics, BQ from Banda Aceh (BA) and West Papua (WP) regions
were selected for in vitro testing.

Methods: Fluorescein diacetate assay (FDA) was used as a cell cytotoxicity test of BQ
components on OKF-6 and MMF-1 cells.

Results: The current study found that WP-AN exhibited cytotoxic effect on OKF-6 at
a concentration of 100 pg/ml, as measured by a 50% reduction of cell viability (IC50), while
BA-AN exhibited cytotoxic effect at a higher concentration (500 pg/ml) after 2 days of
incubation. WP-SI also showed cytotoxic effect at 500 pg/ml after 2 days incubation. In
contrast, the extract of Leaf, BQ Mixture and Husk did not exhibit cytotoxic effect for up to 3
days of incubation. The exposure of BQ components to MMF-1 showed no cytotoxicity at any
concentration assessed. Incubation of MMF-1 with BA-AN and WP-AN led to an increase of
cell proliferation (1 day) followed by a decline of cell growth (2 days) in a dose and time
dependent manner.

Conclusion: The results of our study showed distinctive cytotoxic profiles in stromal
and epithelial cells of the oral cavity induced by BQ components.

Key words: cell cytotoxic, oral keratinocytes, oral fibroblast, cell proliferation
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7.1 Introduction

Several epidemiological and case control studies in the Indian subcontinent, South-East
Asia and South Pacific islands have reported a strong correlation of betel quid (BQ) chewing
habit with oral cancer and OPMDs (157, 252, 249, 305, 142, 251). In particular, BQ chewing
is associated with an increased risk of oral submucous fibrosis (OSMF) (252, 251). The
pathophysiology of these BQ-induced mucosal changes is not well understood, and the data on
potential BQ toxicity are heterogenous due to differences in methods of BQ extraction as well
as the cytotoxicity assays utilised (252, 250).

The ingredients of BQ differ in different countries, but the major components being used
are areca nut (AN), betel leaf or betel stem inflorescence (SI) and slaked lime. Tobacco and
other spices are optional and reflect local chewing practices (154-156). Approximately 600
million individuals have been estimated to be AN chewers worldwide (154, 155).

Our phytochemistry study (Chapter 5) on Indonesian BQ components from four different
regions has successfully profiled the antioxidant properties and highlighted potentially
detrimental effects in all BQ components tested. In the present study, cytotoxicity assays were
used to investigate the pathobiological effect of BQ components on oral mucosal cells. We
selected BQ components from BA and WP regions as these had the lowest and the highest level
of antioxidants, polyphenols, and arecoline, respectively. Specifically, we aimed to investigate
whether the pathobiological effect of BQ on oral mucosal cells correlated with its
phytochemical profile.

AN is the main component of BQ and is considered to be the major aetiologic factor of
BQ-related oral cancer (249, 250). AN extract (ANE) contains mainly tannin and areca
alkaloids, such as arecoline, arecaidine, guvacine, and guvacoline, which are cytotoxic but can
also work as potential carcinogens. These substances are released from BQ components during
the period of chewing BQ and with time can dramatically alter the normal oral mucosa and
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induce pathological changes typical of OSMF (251). Previous studies have reported that ANE,
arecoline and BQ extracts were cytotoxic to cultured oral keratinocytes and fibroblasts (255-
257, 253, 254, 251), and this is partially in contrast with clinical data that imply a pro-
carcinogenic effect of BQ mixtures. Surprisingly, the potential cytotoxic effects of individual
BQ components has not been investigated so far. A detailed understanding of the effects of
single BQ ingredients could well be important to inform targeted preventive and chemo-
preventive strategies to reduce the incidence of OSMF and BQ-related oral cancer. Hence, in
the present study we aimed to assess the cytotoxic effects of various Indonesian BQs to mimic
the pathobiological changes of oral keratinocytes (OKF-6) and primary oral fibroblasts (MMF-

1) in vitro.
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7.2. Material and Methods

The assay was carried out according to the procedure reported by Gonzalez-Reyes et al
with some modifications (272, 273). 96-well Costar® microplates (Sigma-Aldrich, Australia
#CLS3603-48EA) were used and plated with 100 pl of 2x10* cells/ml of OKF-6 or 1.35x10*
cells/ml of MMF1 cell suspension. Cell viability of seeded cells was at least 90% when
determined with trypan blue stain. A humidified incubator (Thermo Scientific, Forma direct
heat, CO; incubator) was used to incubate cells and this was performed at 37 °C in 5% CO?2.
After 24 hours of seeding, plates were removed from incubator and washed with 100 pl/well
PBS and the cells treated with 100 pl/well BQ concentrations as previously prepared (section
2.6.4 and 2.6.5). Three wells/plate were used as controls. Control wells contained cells that
were incubated with 100 pl culture medium containing Dublecco's Modified Eagle's Medium
(DMEM) with 2 mM L-glutamine, supplemented with 10% (v/v) FBS, 100 1U/ml penicillin,
and 100 pg/ml streptomycin. Blank wells were placed in empty wells (without cells), with 100
pl culture medium only. After treating cells with various BQ concentrations, the cells were
incubated in a humidified at 37 °cis% co2 incubator and incubated for 1 day. After 1 day, control
media or test compounds were removed, the cells were rinsed with 100 pl PBS and
subsequently 100 ul of FDA solution prepared in serum free medium was added to each well.
The plates were incubated at 37 °C/5% CO2 for 40 minutes, then FDA fluorescence was
measured by spectrometry at wavelength of 485/20 nm and 528/20 nm, respective excitation
and emission, in Synergy HTX Multi-Mode Reader (Bio-Tek, USA). The FDA stained cells
were viewed by an inverted microscope (Floid cell imaging station, Life Technologies) with
fluorescence/green or white light as required to see whether the cells were correctly stained.
The steps were repeated after treated with BQ for 2 days and 3 days of incubation. To validate
the result of spectrometry readings in Synergy HTX Multi-Mode Reader, one of BQ cytotoxic
concentration (IC50) was selected with its time point (1 time point over 3 days incubation).
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Cells were seeded in a 6-well plate in triplicates for 24-hour incubation to attach and after 24-
hour, cells were treated with BQ at cytotoxic concentration (IC50) according to previous
spectrometry finding. After exposing cell to BQ components at found 1C50 and incubated for
IC50’s time point of incubation (whether the IC50 happen on day 1, day 2, or day 3 of
incubation), cells were counted with automated cells counter (Bio-Rad, Australia) and stained
previously with trypan blue to count viable cells. And if the results of IC50 consistently similar
to spectrometry reading, then the IC50 read by spectrometry reading is correct. The detailed

material and methods for cytotoxicity assay were reported in section 2.6.
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7.3 Results

With few exceptions, exposure of oral mucosal cells to BQ components from BA and
WP regions for over 3 days influenced cell growth in a dose and time-dependent manner (Table
7.1 and 7.2). Notably, all BQ components significantly reduced cell viability, albeit to a

variable extent.

7.3.1 Cell viability effects of BQ extracts on OKF-6

BA-AN and WP-ANE both inhibited OKF-6 growth in a dose and time-dependent
fashion, with the exception of 100 pg/ml at 2 and 3 days. The IC50 of WP-ANE for OKF-6
was 100 pg/ml (2 days), while ANE from BA region exhibited cytotoxicity at 500 pg/ml (2
days).

BA-BQ Mixture and WP-BQ Mixture (1, 15, and 30 mg/ml) induced mild cytotoxicity
during 3 days of incubation. In pilot experiments, BA-BQ Mixture and WP-BQ Mixture (100,
250, 500, and 1000 pg/ml) induced cell proliferation, hence we raised the concentration to 1,15,
and 30 mg/ml so as to clearly observe the cytotoxic effect of BQ Mixture on OKF-6.

The cytotoxic effect of WP-SI was significant at 500 pg/ml (2 days), whereas BA-Leaf
stimulated OKF-6 growth at all concentration used (100, 250, and 500 pg/ml).

The husk extract from both regions did not exhibit a significant reduction of cell
number/viability on OKF-6 at the concentration assessed (1, 22.5, and 45 mg/ml) for up to 3
days. The IC50 of arecoline was reached at 100 pug/ml after 2 days incubation. The reduction
of cell viability induced by arecoline was dose and time dependent, as shown in Table 7.1 and

Figure 7.1.
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Table 7. 1 Cell viability of OKF-6 exposed by BQ component extracts.

1 day 2 days 3 days P-Value
BQ Concentration Cell Cell Cell
Components Viability Viability Viability
(%) + SD (%) + SD (%) £ SD
Control 0 100 100 100
BA-AN 100 pg/ml 86.6 £ 3.0 68.8+4.2 75.6+7.8 <0.05
250 pg/ml 77.1+3 53.8+ 2.0 476 £44
500 pg/ml 59.9+34 21.8+1.0
250 pg/ml 80.8 +3.6 43.3+0.7 3148 £2.1
500 pg/ml 58 £4.6 244421 16.86 £ 0.5
BA-BQ 1mg/ml 83.5+6.9 95.0+31 953+ 7.7 <0.05
Mixture 15 mg/ml 86.8 £ 4.6 92814 86.0+ 8.4
30 mg/mi 88.5+1.84 89.6+2.8 89.8 £3.1
WP-BQ 1 mg/ml 97.2 £4.3 84.4+3 81.3+6.7 <0.05
Mixture 15 mg/ml 1002+25 | 90.3+42 | 823452
30 mg/mi 91.8+3 83.4+5.0 77.5+18
BA-Leaf 100 pg/ml 93.6 +84 94.7+5.7 101.2+4.3 <0.05
250 pg/ml 92.3+2.6 88.6+2.8 96.2+ 4
500 pg/ml 91.9+6.3 80.7+4.6 101.1+6.3
WP-SI 100 pg/ml 86.4 £5.3 88.33+£10.1 | 90.3+21 <0.05
250 pg/ml 89.8+3.4 70.7+6.9 85.2+4.1
500 pg/ml 65314 (IGO0 181+13 |
BA-Husk 1 mg/mi 93.4+5.8 90.7+23 102.2+1.1 <0.05
22.5mg/ml 89.8+5.0 919+7.6 101.1+4.6
45 mg/mi 96.9+2.7 86.4+1.2 95.2+5.8
WP-Husk 1 mg/ml 89.1+6.8 78.3+4.7 86.2 + 3.6 <0.05
22.5 mg/ml 90+4.9 74.8+10.6 84 +3.4
45 mg/mi 925+27 80.2+5 78.8+£5.2
Arecoline 1 pg/ml 100.5+7.9 97.4+04 80.8 +18.2 <0.05
10 pg/ml 939+11.8 51.63+1 488+ 1.5
100 pg/ml 806+84 [N 332+17 |
Tested using Tukey comparison to see significant differences between different concentration and
control in each day of incubation.
The significantly different with control value marked with different colours.

I Cytotoxic mean values (IC50) at the earliest time and lowest concentration on OKF-6
Significantly different mean values (number of OKF-6) compared to control value
Not significantly different mean values (number of OKF-6) compared to control value
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7.3.2 Cell viability effects of BQ extracts on MMF-1

None of the BQ components from any region exhibited cytotoxicity to MMF-1 at the
concentration used for up to 3 days and, importantly, arecoline failed to induce cytotoxic effects
at all concentration used (1, 10, and 100 pg/ml) for up to 3 days of incubation (Table 7.2).
Notably, all BQ components induced proliferation of oral primary fibroblasts as shown by the
increased cell viability compared to untreated controls. This cell proliferation only occurred in
the first 1 day of incubation, and the number of viable cells declined consistently thereafter

(Table 7.2 and Figure 7.2).
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Table 7. 2 Cell viability of MMF-1 treated with BQ component extracts

Legend should briefly explain the table

1 day 2 days 3 days P-Value
BQ Concentration Cell Cell Cell
Components Viability Viability Viability
(%) £ SD (%) £ SD (%) £ SD
Control 0 100 100 100
BA-AN 100 pg/ml 1234+ 2.8 1028+ 7.7 1152 +5.1 <0.05
250 pg/ml 113.8+4.1 1109+0.8 110.3+5.6
500 pg/ml 116.6 £5.7 1109+4.6 108.9+25
WP-AN 100 pg/ml 119.0+£1.0 105.7 + 3.3 94.8 +3.7 <0.05
250 pg/mi 120.0+1.1 96.7 £ 13.9 1024+ 2.4
500 pg/ml 120.4 £0.2 1044+ 2.6 96 + 3.3
BA-BQ 1 mg/ml 105.2+5.2 100.7 £ 5.6 104.2 £ 3.9 <0.05
Mixture 15 mg/ml 1145+1.3 | 98.4+45 92 +3
30 mg/ml 111.2+0.9 97.4+6.1 93.4+ 3.0
WP-BQ 1 mg/ml 1126 £ 2.7 99.1+25 95.8+6.6 <0.05
Mixture 15 mg/ml 111.2+05 | 88.4+52 86.7 £ 0.7
30 mg/ml 103+ 2.6 855+1 822+29
BA-Leaf 100 pg/ml 1144+ 3.9 109.2 £3.7 103.5+6.6 <0.05
250 pg/ml 122.4+ 8.8 1168+ 1.6 111.9+5.2
500 pg/ml 123.7+£6.5 117.7+1.2 121+ 3.7
WP-SI 100 pg/ml 1144+ 4.2 107.8+4.9 1109+ 2.6 <0.05
250 pg/ml 117.4+3.3 111.6 £0.8 119.7+2.9
500 pg/ml 1185+ 2.1 116.2+ 2.6 120.8+3.5
BA-Husk 1 mg/mi 1189+49 118.1+1.2 119.8+4.8 <0.05
22.5 mg/ml 138.7+ 2.3 1252+ 6.4 122.8+5.7
45 mg/ml 135.0+ 2.7 1276+ 7.8 127.3+£6.5
WP-Husk 1 mg/mi 118.2+34 118.8 + 2.6 125.4+0.9 <0.05
22.5 mg/mi 1285+ 0.9 123.3+24 1259+ 0.6
45 mg/ml 128.1+£9.2 130.3+2.1 1295+ 2.6
Arecoline 1 pg/ml 109.8 +2.5 116.6 +6.4 105.8 £ 5.7 <0.05
10 pg/ml 107.4+4.2 | 1065+51 | 106.9+5.3
100 pg/ml 1059+ 2.2 1155+ 3.8 97.3+5.9

Tested using Tukey comparison to see significant differences between different concentration and
control in each day of incubation.
The significantly different with control value marked with different colours

213

Significantly higher number of cell proliferation
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Figure 7. 1 Cell viability of BQ components extracts from BA and WP regions, and Arecoline on OKF6
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Figure 7. 2 Cell viability of BQ components extracts from BA and WP regions, and Arecoline on MMF-1
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7.3.3 Morphological alteration of OKF-6 following exposure to BQ components from
BA and WP regions

Morphological alterations in cultured OKF-6 following exposure to BQ components
were observed. Untreated normal OKF-6 showed ovoid, rounded or polygonal appearances
with well-defined intercellular spaces (Figure 7.3A). Exposure of OKF-6 to 500 ug/ml ANE
from BA for 1 day induced loss of intercellular space and cell shrinkage (Figure 7.3B).
Exposure of OKF-6 to 500 ug/ml of ANE from WP for 1 day showed substantial loss of
intercellular spaces, cells were rounded and shrunk, the architecture of nuclei and nucleoli was
not clearly demarcated, and some debris and dead cells were present, also intercellular
vacuolization is evident (Figure 7.3C). Thus, both WP-AN and BA-AN caused morphological
change consistent with cellular degeneration and death (Figure 7.3)

Cells exposed to BA-BQ Mixture extract (30 mg/ml) for 1 day showed polygonal
appearance, intercellular spaces were sharply well-defined (Figure 7.4A). Exposure of OKF-
6 to 30 mg/ml of BQ Mixture extract from WP over 1 day of incubation showed well-defined
intercellular spaces, no loss intercellular spaces, cells were polygonal (Figure 7.4B).
Keratinocytes exposed to 500 pg/ml of BA-Leaf extract for 1 day displayed both polygonal
and elongated appearance, some dead cells were also present (Figure 7.4C). Exposure to 500
pg/ml of SI extract for 1 day induced loss of intercellular spaces, architectural changes
including fibrastoid and shell-like appearance, and dead cells (Figure 7.4D). Exposure to BA-
Husk extract (45 mg/ml) showing polygonal and rounded cell appearance, intercellular spaces
were intact, some dead cells also present, and cell’s architecture changed (Figure 7.4E).
Exposure of OKF-6 to 45 mg/ml of WP-Husk extract for 1 day showed well-defined
enlargement of intercellular spaces. Cytologically, oral keratinocytes were polygonal with

evidence of shell-like appearance, vacuolization was evident (Figure 7.4F).
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Polygonal
cells

Cell shrinkage Dead cells
Cell Shrinkage

(B) (©) vacuolization
Figure 7. 3 OKF-6 morphology after 1-day growth in DMEM culture medium (Figure
7.3A), with addition of 500 pg/ml ANE from BA (Figure 7.3B) or WP (Figure 7.3C)
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Polygonal cells Polygonal cells

Polygonal cells (C) Rounded cells Dead cells (D) Shell-like cells

(E) (F)

Figure 7. 4 Comparative morphological alteration of OKF-6 after 1-day incubation with
DMEM culture media. 30mg/ml BQ Mixture from BA (Figure 7.4A) or WP (Figure 7.4B):
500 pg/ml of leaf extract from BA (Figure 7.4C) or WP (Figure 7.4D): 45mg/ml of husk
extract from BA (Figure 7.4E) or WP (Figure 7.4F)
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7.3.4 Morphological alteration of MMF-1 following exposure to BQ components from
BA and WP regions

Morphological alteration of oral primary fibroblast exposed by BQ components was
evident and various changes of cell characteristic were observed. The normal untreated MMF-
1 (control) showed spindle shape with well-defined intercellular spaces (Figure 7.5A). MMF-
1 was exposed to 500 pg/ml of ANE from BA for 1 day and showed stellate form, and unclear
intercellular spaces (Figure 7.5B). The morphological change of MMF-1 exposed to 500 pg/ml
of WP-ANE for 1 day showed stellate form with debris and dead cells were present, less of
intercellular spaces observed (Figure 7.5C).

Exposure of MMF-1 to 30 mg/ml of BA-BQ Mixture for 1 day showed cell architectural
changes (Figure 7.6A). Exposure of MMF-1 to 30 mg/ml of WP-BQ Mixture for 1 day showed
stellate cells form and intercellular spaces (Figure 7.6B). Exposure of MMF-1 to 500 pg/ml
BA-Leaf extract for 1 day showed epithelioid formation (Figure 7.6C). Exposure of MMF-1
to 500 pg/ml SI extract for 1 day showed epithelioid cell form, no intercellular spaces loss
observed (Figure 7.6D). Exposure of MMF-1 to 45 mg/ml of husk extract from BA over 3
days of incubation showed epithelioid form with well-defined intercellular spaces (Figure
7.6E). Exposure of MMF-1 to 45 mg/ml of husk extract from WP showed cell architecture

change into epithelioid form and no loss of intercellular spaces (Figure 7.6F)
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Spindle form

Stellate form
Debris

Dead
cells

B C
Figure 7. 5 MMF-1 morphology after 1-day growth in DMEM culture medium (Figure
7.5A), with addition of 500 pg/ml ANE from BA (Figure 7.5B) or WP (Figure 7.5C)
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Spindle form Stellate form

(B) Epithelioid form

Epithelioid form

Epithelioid form © (D)

(E) (F)
Figure 7. 6 Comparative morphological alteration of MMF-1 after 1-day incubation with
DMEM culture media. 30mg/ml BQ Mixture from BA (Figure 7.6A) or WP (Figure 7.6B):
500 pg/ml of leaf extract from BA (Figure 7.6C) or WP (Figure 7.6D): 45mg/ml of husk
extract from BA (Figure 7.6E) or WP (Figure 7.6F)
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7.4. Discussion

In the present study, we show that BQ ingredients not only induce distinct functional
and morphological effects in oral mucosal cells but, also, that these effects are mostly time,
dose, and cell type dependent. Cell viability as measured by FDA assay was performed to
investigate the basic pathobiological effect of BQ components on OKF-6 and MMF-1 cell
lines. Whilst individual ingredients of BQ were cytotoxic at the concentration used, whole BQ
mixtures induced cell proliferation and reduced cell viability only at much higher levels.
Surprisingly, the same chemical components induced transient cell proliferation in oral

fibroblasts.

7.4.1 Cytotoxicity of BA-AN compared with WP-AN on OKF-6

The different cytotoxicity seen between BA-AN and WP-AN may be due to the
different maturity of AN. BA-AN is a ripe mature AN, while WP-AN is an unripe type. Our
previous study (Chapter 5), that was consistent with previous studies, reported that unripe AN
contains more polyphenols as an antimutagenic rather than ripe AN (155). WP-AN had
antioxidants activities (TPC, FRAP, DPPH scavenging activities) almost 2-fold higher than
BA-AN, and contains more polyphenols quantification as shown in Table 5.1 and 5.2.
However, the excessive amount of phenolics could lead to cytotoxic instead of protective
effects (332). Furthermore, we also showed that arecoline quantification by HPLC was higher
in WP-AN compared to BA-AN. 250 mg/ml ANE from WP, contain 6.92+1.64 pug/ml, while
250 mg/ml ANE from BA contains 6.10+0.99 pg/ml. Arecoline is believed to be the major
alkaloid identified in ANE and has been shown to exhibit cytotoxicity on epithelial cells in
cancer cells line (378, 257, 253). Previous studies have shown that a concentration of 100 pg/ml
of an aqueous ANE contains 10 pg/ml of arecoline (390, 254). A further study reported that

ANE exhibited cytotoxicity to cultured gingival keratinocytes (C3H10T/12) at concentrations
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higher than 320 mg/ mL, as shown by a decrease in colony numbers (251). These previously
reported cytotoxic effects of AN in these studies are consistent with our current results. The
variation of IC50 of ANE may have occurred due to different methods of extraction used,

maturity of AN, and cytotoxicity assays used by researchers (155, 391, 254).

7.4.2 Cytotoxicity of BA-BQ Mixture compared with WP-BQ Mixture on OKF-6

Unlike ANE, no cytotoxic effect, as measured by 50% decreased cell viability, was
induced by BQ Mixture from both regions at any concentration used over 3 days of incubation
(Table 7.1). This can be due to the fact that BQ Mixture not only contains AN but also leaf or
Sl, as well as slaked lime which could counterbalance the effect of arecoline. Consistently, our
previous phytochemical study showed that arecoline was not detected in betel leaf and Sl
samples. This finding is in line with other studies showing that betel leaf and SI mostly contains
polyphenols without any alkaloids (341, 155, 307). Polyphenols contained in the leaf and Sl
might act as chemo-preventive compounds to oral cancer (392, 155). In particular,
hydroxychavicol could reduce oral cancer risk in people who chew BQ with tobacco (217).
Although slaked lime in the BQ Mixture could decrease the concentration of phenolics by
extreme changes of pH as well as cause direct damage (177), long-term lime exposure to oral
mucosa would be necessary to produce oral lesions. For example, previous study reported that
only long-term exposure of Chinese hamster cheek pouch to slaked lime (calcium hydroxide)
was able to create hyperplastic lesions in these animals. Further studies showed that repeated
topical application of lime also could led to oral leukoplakia (393, 250). These data suggest
that the small quantities of slaked lime in BQ would be able to induce cellular changes of the
oral mucosa only if given repeatedly and for long term. In the present study, cells were exposed

to slaked lime contained in BQ in a short-term over 3 days-time and in the presence of other

223



potentially chemo-preventive compounds such as betel leaf or SI. This might explain why BQ

Mixture showed no cytotoxic effect on OKF-6 over 3 days.

7.4.3 Cytotoxicity of BA-Leaf compared with WP-SI on OKF-6

People living in BA region tend to chew BQ by wrapping all ingredients in leaf of piper
betle, while in contrast people living in WP region pick a part of Sl piper betle to be chewed
together with other BQ components (320). The results of the current study show that BA-Leaf
resulted in growth stimulation of OKF-6. Our previous phytochemical study identified a
number of polyphenols in betel leaf and SI. Previous studies of betel leaf indicated that of
hydroxy chavicol (69.46%), 4-chromanol (24%) and eugenol (4.86%), possess antioxidant,
anti-inflammatory, anti-platelet and antithrombotic, antibacterial and antifungal activities
(371). In contrast, WP-SI showed cytotoxic effect at 500 pg/ml after incubation for 2 days.
Even though WP-SI contains a range of polyphenols that could be protective to the cell (250),
it also contains other toxic phytochemicals that could overcome the effect of polyphenols. Our
previous study using GC-MS identified safrole in high amount in WP-SI sample (Chapter 6)
and several studies have shown safrole as a possible human carcinogen (155, 307). High
concentration (15 mg/ml) of safrole has been found in Sl (6). Consequently, chewing BQ
containing SI may expose the oral mucosa to safrole and, consistently, this compound has been
shown to be present in concentrations of about 420 uM in saliva during BQ chewing (7).
Safrole is also classified as a hepatocarcinogen in mice and rats (352). A previous study
reported that betel Sl extract at concentration 100-400 mg/ml is cytotoxic on cultured gingival
keratinocytes (378). These studies support the view that SI confers cytotoxic properties to BQ

from WP.
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7.4.4 Cytotoxicity of BA-Husk compared with WP-Husk on OKF-6

The husk extract from both regions did not exhibit cytotoxic effects on OKF-6 at any
concentration used over the 3 days of incubation, although these did reduce cell viability
significantly to a different extent. Our previous study on arecoline quantification using HPLC
detected low arecoline concentrations in husk from most regions, where WP-Husk had the
highest arecoline amount and BA-Husk did not contain detectable arecoline. Arecoline’s role
in cell inhibition may be reflected in WP-Husk-induced inhibition OKF-6 growth by dose and
time fashion, while BA-Husk showed very little inhibition of cell growth. Both husks contain
several polyphenols, such as sinapic acid and 5-(hydroxymethyl) furfural, which could slow
the detrimental effect of arecoline on OKF-6. The cytotoxic effect of husk containing arecoline
could provide additional information to some countries such as Guam, China, and Taiwan that
include husk with BQ chewing habit (155). Furthermore, proper husk waste management need

to be considered to avoid ongoing environmental pollution.

7.4.5 Cytotoxicity of BA-AN compared with WP-AN on MMF-1

The increase of cell viability compared to control indicated that BA-AN and WP-AN
induced cell proliferation of oral primary fibroblasts over 3 days of incubation. Harvey et al
also recorded increased human fibroblast proliferation with areca nut and showed cytotoxicity
at 100 pg/ml in 5 days of incubation (256, 254). This result is consistent with our study that
BA-AN and WP-AN showed increased number of oral fibroblasts. In our experiments, cell
proliferation was transient and occurred primarily within the first 24 hours of incubation to

then decrease steadily during the following 2 days.
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7.4.6 Cytotoxicity of BA-BQ Mixture compared with WP-BQ Mixture on MMF-1

AN as the major ingredient of BQ Mixture is most likely to induce cell proliferation via
the action of areca alkaloids, especially arecoline (256, 254). The increase of cell viability in
oral fibroblasts incubated with BA and WP-BQ Mixture was seen on 1 day of incubation
(Table 7.2). However, the number of viable cells started to decline within 2 days, in particular
in WP-AN samples. The Mixture of BQ ingredients allows interaction between alkaloids (370,
256) and polyphenols (250) possessed by nut and leaf/SI. The polyphenols in leaf/SI and short-
term exposure of slaked lime to cells could lead to delayed cell inhibition (177) that is

consistent with the results of the current study.

7.4.7 Cytotoxicity of BA-Leaf compared with WP-SI on MMF-1

BA-Leaf and WP-SI did not exhibit cell cytotoxicity after 3 days of incubation with
MMEF-1. In contrast, cell proliferation occurred up to 3 days of incubation at all concentration
used. This cell proliferation might be due to fact that leaf/SI contain polyphenols. Our
phytochemistry study identified polyphenols in leaf and SI, such as sinapic acid and 5-
(hydroxymethyl) furfural. A previous study that reported areca nut carcinogenicity was
suppressed by the betel leaf when injected to mice (394). This areca alkaloids-antagonistic
action by betel leaf has been attributed to the antioxidative nature of phenolics, particularly of
appreciable quantities of hydroxychavicol. Antioxidative property of betel leaf has been
reported to be much more either butylated hydroxyanisole or butylated hydroxytoluene (395,

396).
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7.4.8 Cytotoxicity of BA-Husk compared with WP-Husk on MMF-1

BA-Husk and WP-Husk did not exhibit cytotoxic effect on MMF-1 up until 3 days of
incubation. The appreciable numbers of identified polyphenols and small amount of arecoline
in both husks might slow the inhibition of cell growth and rather more likely to stimulate cell

growth as shown by the increased cells number compared to control.

7.4.9 The comparison of cytotoxic effects of arecoline on OKF-6 and MMF-1

Arecoline exhibited cytotoxicity on OKF-6 at 100 pg/ml after incubation for 2 days.
Arecoline supressed growth of OKF-6 at 1 ug/ml, 10 pg/ml and 100 pg/ml respectively by
80.75%, 48.79%, and 33.16% after incubation for 3 days. However, arecoline induced cell
proliferation on MMF-1 at all concentrations used over 3 days of incubation. Several
researchers reported that arecoline supressed oral keratinocyte cell vitality at different ranges
of concentration (378, 257, 250, 253, 251). In contrast, there are well-documented reports of
proliferation and collagen synthesis in human buccal mucosal fibroblasts induced by arecoline
and arecaidine (256). Our findings are consistent with the pathogenesis of OSMF, in which
arecoline has a proliferative effect on fibroblast (397, 322, 398) and also has an anti-
proliferative and/or cytotoxic effects on epithelial, which may have further implications on the
oral mucosa and vascular function, respectively (322, 399). The effect of arecoline on
fibroblasts, keratinocytes and endothelial cells contribute to the pathogenesis of OSMF (322,

399).
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7.4.10 Morphological alteration of OKF-6 and MMF-1 after exposure to BQ
components

Gross morphological changes were present in both OKF-6 and MMF-1 following BQ
exposure. The morphological alteration differed widely and were dependent upon individual
components and cell line tested.

It was observed that ANE exposure to OKF-6 led to cell shrinkage and death as well as
intercellular space loss. Jeng et al (378) reported morphological alterations after exposure to
AN in the change of cell characterization, form, and size, consistent with our current study.
The exposure of leaf, BQ Mixture, and husk extracts to OKF-6 caused less to no intercellular
space’s l0ss.

When comparing exposure to AN from BA and WP region by the same dose and
incubation time to OKF-6, WP-AN was associated with the presence of more dead cells and a
higher loss of intercellular spaces. WP-Husk extract led to higher loss of intercellular spaces
rather than BA-Husk extract and this is more likely due to higher arecoline concentration
carried by WP-AN.

The normal spindle form of MMF-1 was altered to stellate form following exposure to
BA-AN and WP-AN. However, the loss of intercellular spaces was more prominent in MMF-
1 exposed by WP-AN compared to BA-AN. The oral primary fibroblast morphology alteration

most likely occurred due to areca arecoline in the ANE , as also reported by Abhisek et al (400).
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7.5 Conclusion

Our present study showed that BA-AN and WP-ANE had cytotoxic effects on OKF-6
over 3 days of incubation. Sl extracts were also cytotoxic to OKF-6, but to a lesser extent. In
contrast, the extract of leaf, Mixture BQ and husk did not exhibit cytotoxic effect up until 3
days of incubation. The exposure of BQ components to MMF-1 showed no cytotoxicity at any
concentrations used. BA-AN and WP-AN led to some MMF-1 proliferation after 1 day of
incubation with subsequent inhibition of growth of MMF-1 on 2 days of incubation in a dose
and time dependent manners.

Arecoline is thought to be the key component in the pathogenesis of OSMF. In our
study this compound exhibited cytotoxicity to OKF-6, with an IC50 reached at 100 pg/ml as
early as 2 days after incubation. Different findings were seen when MMF-1 was exposed to
arecoline; specifically, arecoline induced MMF-1 proliferation at all concentration used over 3
days of incubation.

Morphological changes following exposure to BQ components to OKF-6 and MMF-1
were observed. Alteration involved a range of cellular features, such as cell architecture, form,
size, loss of cell demarcation and formation of intercellular spaces.

The highest arecoline concentration in the previous study (Chapter 5) was observed in
AN from WP, followed by AN from BA region. However, in the form of mixed BQ, WP-BQ
Mixture showed the highest arecoline level, while BA-BQ Mixture had the lowest one. Both
WP-AN and BA-AN contained the high value of total phenolic content (TPC) and antioxidant
activities (Chapter 5). These findings of phytochemicals are consistent with the observed
cytotoxic effect on both cultured fibroblast and keratinocytes.

Taken together, these results suggest that unripe areca nut from WP, SI and husk might
contribute to the development of OSMF. It may well be postulated that the consumption of ripe

areca nuts, without the use of either stem inflorescence of piper betle or areca husk has potential
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to decrease OSMF development and ultimately diminish the morbidity and mortality associated

with this horrific disease.
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Chapter 8: General Discussion and Future Directions

Oral cancer (OC) is ranked as the sixth most common cancer worldwide and accounts
for 3% of cancer globally (1). The disease represents a group of conditions with a range of sites
and varied aetiology (1). The incidence of OC annually is estimated to be about 275,000
however, its incidence is increasing (3-6). More than half of OC incidence globally occurs in
Asia where an estimated 168,850 new OC cases have arisen in this region alone. Of these,
approximately 11% were from South East Asia (SEA) countries such as Indonesia (7, 6).

OC is considered as a public health problem that carries significant morbidity and
mortality (21). Presently, Indonesia has insufficient data of epidemiology studies in relation
with OPMD or OC prevalence and their risk factors. It is also important to understand the
knowledge of GDPs in recognizing OC risk factors, early symptoms of OC, as well as in
performing COE. Without a comprehensive understanding of these factors, efforts to prevent,
detect and manage this disease are likely to be ineffective in terms of outcomes and use of
resources (22). The present study consists of both epidemiology studies and laboratory studies.
The overall aims of the epidemiology studies were to understand the prevalence and risk factors
of OC and OPMD among Indonesians as well as to assess Indonesian GDP’s knowledge in risk
factors for OC and in performing COE. The aims of the laboratory studies were to identify
antioxidants activities and phytochemical components of Indonesian BQ using HPLC, LCMS,
and GC-MS, as well as to know the pathobiological response of Indonesian BQ components

on oral keratinocyte (OKF-6) and oral fibroblast (MMF-1).
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8.1 Hypothesis 1 and 2, aims 1 and 2

The first hypothesis was that Indonesian GDPs have inadequate knowledge of the risk
factors for oral cancer and are inadequate in performing COE. The second hypothesis was that
there will be a significant improvement in Indonesian GDPs’ knowledge of the risk factors for
oral cancer as well as in performing COE after being given a one-day training for oral cancer.
The first aim was to determine Indonesian GDPs’ knowledge, awareness, and confidence in
oral cancer screening. The second aim was to assess the impact of a one-day training on OC
on Indonesian GDPs’ knowledge of the risk factors for oral cancer as well as in performing
COE.

The present study showed that 92.7% GDPs (164 out of 177) claimed to have
insufficient training on OC in their dental training. All GDPs from WP region (N=20)
responded to have had insufficient training, and only 18.18% (8 out of 44) GDPs from BA who
felt to receive a sufficient OC training at dental school. These results should become a ‘strong
alarm’ that needs to be addressed. Curriculum improvement on OC training should be a
national wide learning objective for all dental partitioners.

Almost three-quarters (72.4%) of GDPs were shown to have sufficient knowledge in
recognising risk factors, one of the most important aspects in preventing OC. Surprisingly, 14
(7.9%) out of 177 GDPs did not know any risk factors of OC, and 16 only reported smoking
as a risk factor.

According to GDPs response to post-training questionnaire, the OC training
significantly increased GDPs knowledge of indicating OC risk factors. The number of GDPs
who had sufficient knowledge of risk factor increased from 66.7% (before training) to 88.6%
after training. No GDPs answered with either blank or do not know for risk factor after training.

However, 10.4% (15 out of 177) GDPs remained with insufficient answers. This may be due
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to a lack of correlation between habits and OC development in the whole community which
can only be changed with government by developing national OC awareness.

In recognising types of OPMD as early sign of OC, 28.8% GDPs did not know any type
of OPMD. Before training for OC, only 21.5% GDPs had sufficient knowledge in recognising
type of OPMD. This increased to 80.56% after training. GDPs should always remain alert of
early sign and symptom of OC by properly recognising and distinguishing OPMD that appear
in the oral cavity (294, 91).

GDPs are encouraged to perform an 8 step COE and be able to identify any pathologic
changes in oral mucosa. This complete examination should always be part of GDP’s routine
examination in daily practice. The present study showed that gingival examination was the
most frequent examination step undertaken by GDPs (90.9%), followed by a buccal
examination (82,5%), labial (76.3%) and lips (76.3%) examination. However, bimanual and
floor of the mouth (FOM) examination were the least frequent examination performed by
GDPs (22%), while tongue examination was only performed by 54.2% of GDPs. Thus, most
GDPs skipped bimanual and floor of the mouth examination and more half of them neglecting
tongue examination. This is a worrisome finding as those two areas are high risk area where
OPMD could potentially develop into carcinoma (102, 295, 101).

Measuring GDPs’ confidence in performing an 8 step COE is essential so as to assess
out why GDPs tend to do incomplete examination. Previous to the training, the most avoided
steps by GDPs was in performing bimanual and FOM examination (84%). This number
drastically changed after given OC training, GDPs’ responded to both questions with 90%
feeling confident and 6% very confident in performing bimanual and FOM examination. The
drastic increased number of GDPs whose confidence in performing COE steps after training

conducted is reassuring, as they a critical part of an OC prevention program.
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Taken together these results, indicate that the method of a one-day training for oral
cancer improves GDPs’ knowledge of risk factors as well as in performing COE. This method

can be adopted to develop an oral cancer national training in Indonesia.
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8.2 Hypothesis 3, and aims 3 and 4

The third hypothesis was that Indonesia has a high prevalence of OPMD or OC that are
strongly associated with known risk factors. The aims of the study were to assess the prevalence
type, site and regional variation of OPMD or OC in Indonesian. A further aim was to assess
the most significant risk factors for OPMD or OC in Indonesia.

The present study showed that the prevalence of OPMD in Indonesia was surprisingly
high (14.3%). The most common affected site of OPMD was buccal mucosa (71.2%). Previous
studies showed that approximately 70% of leukoplakias are found on buccal mucosa, lip
vermilion, and gingiva, and yet lesions on buccal mucosa rarely show dysplastic or malignant
change compared to lesions seen on the floor of the mouth, lip vermilion and gingivae (102).
Six (4 %) respondents had OPMD that was found in the floor of the mouth (FOM) together
with other sites. In the present study, we found lateral tongue and floor of the mouth sites were
the second and third most common sites for OPMD. Two respondents with a large single ulcer
on lateral border of the tongue were diagnosed with oral squamous cell carcinoma (OSCC).
Our results suggest that the risk of developing OC from OPMD is not negligible in the
Indonesian population and requires urgent management.

A strong association was observed between some risk factors and OPMD. The highest
number of risk factor was smoking cigarettes (14.5%), followed by betel quid chewing (12.6%)
and alcohol consumption (3.9%). Thus, in addition to smoking and BQ chewing, alcohol
consumption is a significant risk factor for OPMD in Indonesia, in a univariate analysis.

Sixty (44.1%) out of the 139 respondents who had an OPMD were living in WP and
the other 55.9% of OPMD were spread diversely amongst other 4 regions. The highest OPMD
occurred in people from WP where there is a strong culture in BQ chewing passed down
through many generations as well as drinking traditional made alcohol beverage. This could

explain why the OPMDs were found with high prevalence in West Papua with conversely,
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people who live in JKT had the lowest risk of developing OPMD, with a better understanding
about OC risk factors, good social economic status and healthy nutrition. Previous studies have
also reported that high SES results in a decreased risk of having OC (302, 303).

The various ingredients of BQ are also suspected to differentially influence OPMD
development. Most BQ are composed of areca nut, slaked lime and betel leaf or betel S, and
some additional spices and tobacco. In the present study, only people living in WP consumed
BQ containing betel SI (BQ-SI) and they are Melanesian in ethnicity. Taiwanese and
Melanesian commonly chose betel SI (flower or pods part) rather than betel leaf to be chewed
together with other BQ components (155). The logistic regression analysis showed that betel
quid containing Sl (BQ-SI) chewers had 4.2 times higher risk of having OPMD compared to
betel quid containing betel leaf (BQ-L) chewers. Both betel leaf and betel SI alone have been
shown to contain extensive polyphenolic as antimutagenic compounds (155, 307, 262). We
have also shown that none of betel leaf chewers had OPMD in the oral cavity. Safrole is the
major phenolic in betel SI and may act as a carcinogen (307). Further research is needed to
assess whether BQ-SI or the combination with different slaked lime causes a higher risk of
OPMD. The addition of tobacco to BQ-L chewing could increase the risk (OR=10.2) compared
to consuming BQ-L without tobacco. Several studies have shown that tobacco could indeed
increase the frequency of onset of OSMF and accelerate the OPMD development into
cancerous lesions (165, 142). One study in Pakistan found that adding tobacco to BQ increased
the severity of clinical grading of OSMF in a statistically significant manner (157).

The occurrence of OPMD was not significantly associated with the different type of
cigarettes consumed. However, when comparing non-smokers to individuals smoking different
types of cigarettes, non-smokers respondents had 3.8 and 5.3-times lower risk of having OPMD
compared to kretek and filter cigarette smokers, respectively. Kretek is Indonesian traditional

cigarette which characterised by the use of a significant amount of clove, the sun-dried flower
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buds of the clove tree (Syzygium aromaticum, syn. Eugenia aromaticum), added to the tobacco,
while filter cigarettes are imported cigarette that do not contain clove but only tobaccos with
lower tar and nicotine level compared to kretek (308).

Alcohol drinking was the most causative factor of OPMD that was found in the present
study. The respondents who consumed alcohol had 12.2-fold risk of OPMD compared to non-
alcohol drinkers. Studies have reported alcohol strongly correlated with OC (15, 102, 295, 103)
and the risk of OC increased with greater alcohol intake, and considered no safe limit intake to
cancerous change (313). All types of alcohol drinking brands could cause OPMD to oral
mucosal. Arak putih (tuak Dayak) is one of Indonesian traditional homemade alcohol beverage,
which contains alcohol typically near 27-34% (314). The alcohol is fermented from rice (314).
In the present study, most of arak putih consumers were from Suku Dayak, Pontianak, WK
region. On the other hand, the beer brand consumed in this study is Saguer, this beverage is
also traditionally made and the level of alcohol could possibly reach 70% or more (314). Most
respondents who consumed beer (Saguer) were from WP region. Saguer itself originally comes
from North Sulawesi’s culture and adapted by people from surrounding islands, including WP.
Saguer is made from fermentation of various palms to make sugar (314).

The respondents who had knowledge of OC risk factors had a significantly lower rate
of OPMD (OR=0.2) compared to those who do not have knowledge with 82.2% admitting that
GDPs did not give any information about OC. Inadequate knowledge of OC is a common
obstacle for OC awareness and early screening programs (315, 316, 18).

Respondents who confidently and properly brushed their teeth (OR=0.6) were at a
lower risk of OPMD. Additionally, the respondents who brush their teeth twice a day could
lower the risk of OPMD compared to those who brush their teeth once a day. A study in Iran
reported that the good behaviour in properly maintaining oral health significantly correlated

with the behaviour in avoiding oral disease risk factors, such as tobacco use and poor diet
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nutrition with those who carefully watched their oral health status mostly aware of their oral
health in general (293).

We have shown that Papua (Papua Island) and Dayak (WK) ethnicities have 23.6 and
21.3-fold higher risk than Aceh ethnic (BA). Javanese, Balinese and East Nusa Tenggaranese
(ENT) groups were slightly more likely to have OPMD than Aceh ethnic, whereas Sulawesi
and Maluku ethnic shows 7.01 times of higher risk to Aceh ethnic. There is growing evidence
of intra-country ethnic differences; such that, a significantly higher number of deaths from OC
have been recorded in men from the Indian subcontinent in the UK, than in the indigenous UK
population, and OC appears to be most prevalent in areas with a high Asian population (7,
317).

In the current study, we measured SES by the location of COE examination, occupation,
health insurance, and whether it was easy or not to travel to the dental health facilities. Some
studies reported that OC risk is associated with low SES significantly related to lifestyle risk
factors (318, 302, 303). Respondents who were screened at urban areas had a lowered risk
(OR=0.43) of OPMD or OC compared to those screened at rural areas. This may be due to
people who living in a rural area may commonly have a lack of hygiene, poor nutrition, bad
health facilities, and poor living conditions that may attribute to causation of OC by complex
interactions (302).

The low and unstable income received by non-government employees, such as
fishermen, traders, and farm workers are reason for poor living conditions and difficulty in
buying good nutrition food. Thus, non-government employees had a 3.3-fold higher rate of
OPMD compared to government employee respondents. The un-employed respondents were
insignificantly associated with OPMD, and most of the unemployed respondents (Total n=479,

Female =422, Male =57) were home-stay mothers who depend on their husband’s income. This
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predominant home-stay mother is un-employed but may not necessary mean they had no family
income.

The respondents’ income also could be assessed by whether they were covered by
government insurance or purchased the insurance by themselves. The respondents who had
non-government insurance had a lower risk (OR=0.33) of OPMD compared to those who had
government insurance. The respondents who had non-government insurance could be
considered economically capable as they can purchase insurance or were covered by their
working company.

In the current study analysis showed no significant difference whether it was easy or
not to reach dental health facilities with the occurrence of OPMD. The ability to access dental
health facilities is also a factor thought to be associated with SES. Most low-income population
who live in remote areas had difficulty in accessing dental health facilities, that may impact on
OC development (302, 303).

The demographic difference of OC screening can also contribute to SES measurement
in this survey. People living in WP and WK regions were found to have the highest risk of
OPMD among all respondents and these are considered very remote areas. WP and WK region
were difficulty to be reached from capital city of Jakarta. Limited small domestic flights are
available, and another long-distance trip by boat or car is required to reach the area. Thus, the
socioeconomic status would greatly different compared to WJ, JKT and BA region.

In the current study, alcohol drinking was found to be not significant compared to all
significant risk factors to cause OPMD or OC. Thus, here are multiple factors influencing the
risk for OPMD or OC. When all these factors were analysed collectively in a multiple logistic
regression analysis, interestingly, alcohol drinking was found to be not significantly related to
the presence of OPMD or OC. The most significant risk factors for OPMD or OC in the present

study were smoking, betel quid chewing, and ethnicity. A large number of the 973 enrolled
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were smokers (14.5%) and BQ chewers (12.6%). Ethnicity itself has also previously been
reported to associate with OPMD or OC (7, 317), and in the current study we observed the
same with ethnicity significantly related to OPMD or OC.

The future direction of our study is to urge Indonesian government for primary
prevention of OC programs in Indonesia and conduct a national survey. The risk of developing
OC from OPMD is not negligible in the Indonesian population and should be addressed
seriously. The primary prevention of OC program aimed to decrease the mortality and

morbidity rate of this disease among Indonesian.
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8.3 Hypothesis 4, and aims 5 and 6

The fourth hypothesis was that each Indonesian BQ component from the four different
regions has different carcinogenic and antimutagenic constituents identifiable using HPLC-MS
or LC-MS. The aim was to identify and quantify carcinogenic and antimutagenic constituents
in Indonesian BQs from the four different regions using HPLC-MS or LC-MS. A further aim
of this study was to determine the total phenolic content and antioxidant activities using the
FRAP and DPPH assays in Indonesian BQ components.

BQ compounds have distinct chemical features that are mixture, and region-specific.
Interestingly, the alkaloid and phenolic content as well as antioxidant activity of individual
ingredients changes significantly when these are combined into a BQ mixture. We observed
that BQ compounds from WP were distinctive from other regions, and that AN and BQ mixture
from this region contained the highest TPC, antioxidant activities, polyphenols and arecoline
content, anthoxanthins, and stilbenes which may help explain the high prevalence of OSMF
and oral cancer in that region. Further research is required to better elucidate the association
between the specifically identified arecoline and phenolics with the development of OSMF in
these regions of Indonesia.

Arecoline was detected in all ANs and mixture samples and was significantly correlated
with catechin and epicatechin, and significantly negatively correlated with p-hydroxybenzoic
acid. Phenolic acids and flavanols content in betel quid mixture were low, likely due to the
addition of lime, which also led to lower antioxidant activity and radical scavenging capacity
in the mixture. In the current study, alkaloid and flavonoid (catechin and tannin) components
were simultaneously identified in AN. The alkaloids are considered to be the most potent
component causing OSMF, while flavonoids have a synergistic role (321). Flavonoids could

decrease collagenase, stabilize the collagen fibrils to resist degradation by collagenase (137).
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Catechin and epicatechin are the main phenolic compounds detected in BQ, while WP
had the highest concentrations in nut samples. The high amount of catechin and epicatechin
could change the effect of antioxidant into pro-oxidant leading to a raise in the potential of
developing OSMF. It has been suggested that regular and frequent polyphenol intake may be
helpful to protect against oral cancer (332). However, polyphenols can also act as pro-oxidant
at high concentrations under certain conditions (327, 328). In the present study, we found the
polyphenols catechin and epicatechin in high amounts, especially in WP-AN sample.

The ripeness of AN is directly related to the amount of both polyphenols and arecoline.
The unripe AN contained a higher concentration of polyphenols and arecoline compared to
ripe AN, suggesting that consuming the ripe AN could lower the potential of developing
OSMF. The immature AN from WK and WP were interestingly less affected in losing arecoline
after added slaked lime, potentially due to chemical and biological process in the mixture
component (339). This could indicate that phenolics and arecoline have a synergic protection
from pH change that preserve the amount of arecoline i.e. the more phenolics in AN, the less
arecoline damage that occurs by slaked lime in BQ mixture.

Other polyphenols identified were ferulic acid and resveratrol that have been previously
reported in AN (348, 235). However, in the present study ferulic acid was not detected in any
nut samples and resveratrol was only detected in nuts from WP. Further, polyphenols such as
quercetin and kaempferol were also reported in AN (348, 235). These compounds were
detected in the current study and interestingly observed in leaf and husk samples as well.
Previous studies on BQ phenolic compounds mainly reported phenolic compounds in the nuts
(218, 349, 348, 235, 207, 208), but a few studies reported these compounds in husk, leaf and
SI. Therefore, the phenolics data of husk, leaf and Sl reported in the current study explain the
antioxidant capacity of these samples and provided insights for future research investigating

antioxidants in BQ.
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8.4 Hypothesis 5, aims 7 and 8

The fifth hypothesis was that GC-MS can be used as an alternative method to identify
carcinogenic and antimutagenic constituents in Indonesian BQ components. The aim of this
study was to assess if GC-MS can be used as an alternative method to identify and quantify
carcinogenic and antimutagenic constituents in Indonesian BQ components. A further aim was
to identify and quantify other alkaloids and polyphenols in Indonesian BQ components that
previously could not be identified using HPLC-MS or LC-MS.

This is the first study to use GC-MS to profile volatile compounds in different
Indonesian BQ components. We have successfully established a method using GC-MS to
analyse 3 types of alkaloids in BQ components, however, guvacine could not be analysed using
this method. Extremely long tailing was observed for guvacine with unstable peaks, therefore,
it could not be identified and quantified. This unstable peak was likely due to the high melting
point of guvacine (306-309°C), which exceeded the highest analysis temperature used in the
current method (300°C). Thus, this method is not suitable for the identification and
quantification of guvacine.

In our previous study, the undetected polyphenol using LC-MS was safrole, while in
the present study we demonstrated that safrole was detected in betel Sl, betel leaf and areca
husk samples using GC-MS. A very high concentration of safrole was found in WP-SI (761.6
mg/g DM), being more than 700-fold higher concentration of safrole compared to other
samples. Safrole was not detected in BA-AN, WK-AN, and NS-AN. This finding suggests that
adding betel SI and husk into BQ compound could raise the risk of having OSMF and oral
cancer even more as safrole is a possible potential human carcinogen (341, 307).

Eugenol was only found in the betel leaf and SI samples, and WP-SI contained the
highest eugenol concentration compared to eugenol found in BA-Leaf, NS-Leaf, and WK-Leaf.

While it was undetected in areca nuts samples. The benefit of eugenol for human health has
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extensively studied for cancer prevention, antimicrobial properties and as an antioxidant (375-
377).

Acid, aldehyde, alcohol, and ester were mostly found in the husk group, especially what
has been indicated at highest level in NS-Husk, such as 2,3-Butanediol, glycerine, L-Lactic
acid Other detected compounds were mainly fatty acids and esters, likely contributing to the
fragrance of betel quid. The WP-Husk contained hexadecanoic acid, Linoleic acid ethyl ester
and Methyl nicotinate at the highest concentration compared to other samples.

Thus, GC-MS is an extremely good alternative method for identifying carcinogenic and
mutagenic constituents. This method demonstrated very clearly the very high level of the
polyphenol such as safrole present in WP sample, 700-fold greater than other samples. Future
analyses of the carcinogenic constituents of various combinations of betel chewing components

must therefore include the use GC-MS as part of the analyses.
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8.5 Hypothesis 6, aim 9

The sixth hypothesis was that BQ components from WP and BA have different
cytotoxic effects on oral keratinocyte and oral fibroblast. The aim of this study was to
determine whether BQ components from WP have different cytotoxic effect on oral
keratinocytes and oral fibroblasts compared to BQ components from BA.

BA-AN and WP-AN extracts had cytotoxic effects on OKF-6 over 3 days of incubation.
Arecoline is believed as the major alkaloid identified in areca nut shown to have carcinogenic
potential inhibiting epithelial cell growth (378, 257, 253). Previous studies have shown this at
a concentration of 100 pg/ml arecoline as well as an aqueous areca nut extract (ANE) contains
10 pg/ml of arecoline (390, 254). A further study reported that ANE exhibited cytotoxicity to
cultured gingival keratinocytes (C3H10T/12) cells at concentrations higher than 320 mg/ mL
as shown by a decrease in colony numbers (251). These previously reported that cytotoxic
effects of areca nut in these studies are consistent with our current result.

Betel Sl extracts were also cytotoxic to OKF-6, but to a lesser extent compared with
areca nut. Even though WP-SI contains a range of polyphenols that are chemo-protective to
the cell (250), it also contained safrole as a strong toxic phytochemical. Safrole was identified
using GC-MS in high concentration in WP-SI sample (chapter 6) and several studies have
shown safrole as a possible human carcinogenic polyphenols (155, 307). A previous study also
has been shown a high concentration (15 mg/ml) of safrole in SI (6). Consequently, chewing
BQ containing SI may attribute to exposure of safrole and it has been shown that there is 420
uM of safrole in saliva during chewing (7). Safrole is classified as a hepatocarcinogen in mice
and rats (352). Further, a previous study reported that betel SI extract at concentration 100—
400 mg/ml has cytotoxicity effect on cultured gingival keratinocytes (378).

In contrast to betel Sl, the extract of betel leaf, mixture BQ and husk did not exhibit

cytotoxic effect over 3 days of incubation. Betel leaf has shown to have no alkaloids, and it
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contains polyphenols that are chemo-protective to cells. BQ mixture compose not only areca
nut but also betel leaf/betel SI and small amount of slaked lime. The mixture allows betel
leaf/betel SI to slow the cell growth inhibition that possibly caused by AN and slaked lime.
Areca husk itself has shown to contain an appreciable number of polyphenols and small
amounts of arecoline. Thus, this may explain why betel leaf, mixture BQ and husk did not
show cytotoxic effect at any concentration over 3 days of incubation.

No cytotoxicity effect was observed following the exposure of BQ components to
MMF-1 at any concentrations used. BA-AN and WP-AN resulted in some MMF-1
proliferation after 1 day of incubation with subsequent inhibition of growth of MMF-1 in a
dose and time dependent manners. Previous studies have also shown that areca arecoline
increased proliferation of human fibroblast as well as showed cytotoxicity effect at 100 pg/ml
in 5 days of incubation (256, 254).

In our present study arecoline exhibited cytotoxicity to OKF-6, with an 1C50 reached
at 100 pg/ml as early as 2 days after incubation. Different findings were seen when MMF-1
was exposed to arecoline; specifically, arecoline induced MMF-1 proliferation at all
concentrations used over 3 days of incubation. Our findings are consistent with the
pathogenesis of OSMF, and it has previously been reported that arecoline has a proliferative
effect on fibroblast (397, 322, 398) as well as an anti-proliferative and cytotoxic effect on
endothelial cells, which may have a further effect on vascular function impairment (322, 399).
Both the effect of arecoline on fibroblast and endothelial cells contribute to the pathogenesis
of OSMF (322, 399).

Morphological changes following exposure to BQ components to OKF-6 and MMF-1
were observed. Alteration involved a range of cellular features, such as cell architecture, form,

size, loss of cell demarcation and formation of intercellular spaces.
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We conclude that unripe areca nut from WP, SI and husk highly contribute to the
development of OSMF. We suggest that consuming BQ containing ripe areca nuts, without the
use of either stem inflorescence of piper betle or areca husk has the potential to decrease OSMF
development and ultimately diminish the morbidity and mortality associated with this horrific

disease
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Appendices

Appendix 1. Plain language statement form (for GDPs)
Melbourne Dental School
Faculty of Medicine, Dentistry, and Health Science

Project: Oral Pre-Malignant and Malignant Lesion Detection Among Ind¢ MfOU~E
A/Professor Nicola Cirillo (Responsible Researcher)

Tel: +61 39341 1473

Email: nicola.cirillo@unimelb.edu.au

Elizabeth Fitriana Sari [DDS, Oral Medicine Specialist] (student)

Email: esari@student.unimelb.edu.au

Introduction

Thank you for your interest in participating in this research project. The following few pages
will provide you with further information about the project, so that you can decide if you
would like to take part in this research.

Please take the time to read this information carefully. You may ask questions about anything
you don’t understand or want to know more about.

Your participation is voluntary. If you don’t wish to take part, you don’t have to. If you begin

participating, you can also stop at any time.

What is this research about?

Based on previous research finding, most of the GDP and medical practitioners are still
incapable to perform oral cancer early detection properly. Thus, this research purpose is to
assess GDP’s awareness, knowledge, and skill in performing oral cancer early detection prior
to training. The GDP who consent to participate in this study will be enrolled to a one-day

standardise oral cancer detection training.
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What will | be asked to do?

Should you agree to participate after reading this document, you will be asked to indicate your
consent by signing infromed consent form. You will than be asked to complete a questionnaire
to assess your awareness and skill of performing oral cancer early detection. To complete the
questionnaire it will take up to 10 minutes. You will than be having a one-day training of
standardised education of oral pre-malignant and malignant lesion detection. You will
subsequently be part of this study as co-researcher and involved in data collection.

A-post training questionnaire will be undertaken 6 to 12 weeks after one-day standardized
training program. This will essentially the same as the pre-training questionnaire with several
additional question directly related to training program. You will need to follow 3-days data

collection in primary health care or selected village building.

What are the possible benefits?

By participating in this study, we believe that you will have better understanding and skill on
how to perform oral cancer early detection adequately. As part of this study, you will get a free
of charge of one-day training of standardised education on oral pre-malignant and malignant
detection. In addition, you will have access to join oral cancer group consultation in social
media (Whatsapp group and Facebook). This group will be beneficial for you to disscuss any
of your oral diseases cases which might be found in your dental practice for a maximum period

of 9 months after training.

What are the possible risks?

There will no any possible risk aside of providing extra time for attending one day training and

another 3-5 days for collecting data as co-researcher.
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Do I have to take part?

No. Participation is completely voluntary. There will not any force to participate this study,
and you have the right to both reject and/or join. If you do consent, you also can withdrawl
your data in the future without any reason. If you wish to withdraw, you can contact responsible
researcher or Dr. Elizabeth Fitriana Sari  (Phone: +61404732334, email:

esari@studentunimelb.edu.au). If you decide to withdraw from the study, our research member

will contact you and discuss with you.

Will I hear about the results of this project?
For the purpose of science and contribute to public, the outcome of this study will be
published on some scientific journals, present in conferences as poster and/or oral

presentation.

What will happen to information about me?

Every collected information and all aspects in this study will be strictly confidential. Only
responsible researcher and Dr. Elizabeth Fitriana who have access to the data. We will keep all
data securely for a minimum 5 years post publication. Both digital and non-digital data will be
kept in the same secure storage or unit of my department. The digital data not intended to be
kept will be disposed of by deleting the digital data in SurveyMonkey.com. The paper based

data will also be disposed properly.

Where can | get further information?

If you would like to get more information about the project, please contact the researchers;

293


mailto:esari@studentunimelb.edu.au)

A/Professor Nicola Cirillo (Responsible Researcher)

Tel: +61 39341 1473, Email: nicola.cirillo@unimelb.edu.au

Elizabeth Fitriana Sari [DDS, Oral Medicine Specialist] (student)

Email: esari@student.unimelb.edu.au

Who can | contact if I have any concerns about the project?

This research project has been approved by the Human Research Ethics Committee of The
University of Melbourne. If you have any concerns or complaints about the conduct of this
research project, which you do not wish to discuss with the research team, you should contact
the Manager, Human Research Ethics, Research Ethics and Integrity, University of
Melbourne, VIC 3010. Tel: +61 3 8344 2073 or Email: HumanEthics-

complaints@unimelb.edu.au. All complaints will be treated confidentially. In any

correspondence please provide the name of the research team or the name or ethics ID

number of the research project.
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Appendix 2. Consent form (for GDPs)

Melbourne Dental School

THE UNIVERSITY OF

Faculty of Medicine, Dentistry, and Health Science MELBOURNE

Project: Oral Pre-Malignant and Malignant Lesion Detection Among Indonesian

AJ/Professor Nicola Cirillo (Responsible Researcher)

Tel: +61 39341 1473, Email: nicola.cirillo@unimelb.edu.au
Elizabeth Fitriana Sari [DDS, Oral Medicine Specialist] (student)
Email: esari@student.unimelb.edu.au

Name of Participant:
1.

I consent to participate in this project, the details of which have been explained to me,
and I have been provided with a written plain language statement to keep.

I understand that the purpose of this research is to investigate oral cancer cases among
Indonesian

I understand that my participation in this project is for research purposes only.

I acknowledge that the possible effects of participating in this research project have
been explained to my satisfaction.

In this project | will be required to indicate my consent by signing infromed consent
form. I will than be asked to complete a questionnaire to assess my awareness and skill
of performing oral cancer early detection. To complete the questionnaire will take up
to 10 minutes. | will than be having a one-day training of standardised education of oral
pre-malignant and malignant lesion detection. | will subsequently be part of this study
as co-researcher and involved in data collection. A-post training questionnaire will be
undertaken 6 to 12 weeks after one-day standardized training program. | will need to
follow 3-days data collection in primary health care or selected village.

I understand that my participation is voluntary and that | am free to withdraw from this
project anytime without explanation or prejudice and to withdraw any unprocessed data

that | have provided.
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7. 1 understand that the data from this research will be stored at the University of
Melbourne and will be destroyed after 5 years post publication.

8. | have been informed that the confidentiality of the information | provide will be
safeguarded subject to any legal requirements; my data will be password protected and
accessible only by the named researchers.

9. I understand that given the small number of participants involved in the study, it may
not be possible to guarantee my anonymity.

10. I understand that after | sign and return this consent form, it will be retained by the

researcher.

Participant Signature: Date:
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Appendix 3. Pre-training questionnaire for GDPs

Personal Data

Name

Qualification : GDP/ Spesialist

Date of Birth

Institution : Private clinic / Hospital/ Primary health care (Please circle)

Address

Email

Phone

* Personal data will be treated confidentially

(Please circle, and fill in the blank if others)

Please kindly answer the questions below. You may answer in Bahasa Indonesia or English.

1.

Have you ever undertaken an oral cancer screening examination?
a. Yes

b. No

Do you always perform a complete oral mucosal examination to every patient?

a. Yes
b. No

Have you ever found patients with suspected oral malignant lesions?

a. Yes, often (please roughly state the number of times each
year )

b. Yes, seldom (please roughly state the number of times each
year )

c. Never

Have you ever found patients with suspected oral pre-malignant lesions?

a. Yes, often (please roughly state the number of it in a year )
b. Yes, seldom (please roughly state the number of it in a year )

c. Never
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10.

11.

Do you regularly advise your patients about oral cancer risk factors?

a. Yes

b. No

Do you regularly encourage patients to reduce oral cancer risk factors?

a. Yes

b. No

Do you believe that you have sufficient knowledge concerning prevention of oral
cancer?

a. Yes

b. No

If not routine, do you perform oral cancer screening in high-risk patients?

a. Yes

b. No

Do you believe you have sufficient training, knowledge, and technique to perform
oral cancer detection?

a. Yes

b. No

Do you believe you have sufficient training, knowledge, and technique to detect oral
premalignant lesions or early oral cancer lesions?

a. Yes

b. No

Do you believe that you have received sufficient training on oral cancer at Dental
school?

a. Yes

b. No
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12. Please indicate below what you believe as risk factors of oral cancer.
13. Please indicate below any pathologic changes in oral cavity associated with oral
cancer.
14. Please indicate below any pathologic changes in oral cavity associated with oral
malignant lesions.
15. Do you have the required equipment to perform an oral cancer screening?
a. Bright white light (Yes/No)
b. Dental Mirror (Yes/No)
c. Gauze square (Yes/No)
16. Do you perform extra-oral examinations?
a. Perform
b. Do not perform
17. How confident are you in undertaking an extra-oral examination?
a. Very confident
b. Confident
c. Not confident
d. Very not confident
18. How confident are you in identifying pathologic changes on extra-oral?
a. Very Confident
b. Confident
c. Not confident
d. Very not confident
19. Do you perform lip examinations?
a. Perform

b. Do not perform
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20. How confident are you in undertaking a lip examination?
a. Very confident
b. Confident
c. Not confident
d. Very not confident
21. How confident are you in identifying pathologic change on lips?
a. Very Confident
b. Confident
c. Not confident
d. Very not confident
22. Do you perform labial examinations?
a. Perform
b. Do not perform
23. How confident are you in undertaking a labial examination?
a. Very confident
b. Confident
c. Not confident
d. Very not confident
24. How confident are you identifying pathologic changes on labial mucosa?
a. Very Confident
b. Confident
c. Not confident
d. Very not confident
25. Do you perform buccal mucosa examinations?

a. Perform
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b.

Do not perform

26. How confident are you in undertaking a buccal mucosa examination?

e.

a.

b.

C.

Very confident
Confident
Not confident

Very not confident

27. How confident are you in identifying pathologic changes on buccal mucosa?

a.

b.

C.

d.

Very Confident
Confident
Not confident

Very not confident

28. Do you perform gingival examinations?

a.

b.

Perform

Do not perform

29. How confident are you in undertaking a gingival examination?

a.

b.

C.

d.

Very confident
Confident
Not confident

Very not confident

30. How confident are you in identifying pathologic change on gingival?

a.

b.

Very Confident
Confident
Not confident

Very not confident
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31.

32.

33.

34.

35.

Do you perform a ventral tongue and floor of the mouth examinations?

a. Perform

b. Do not perform

How confident are you in undertaking a ventral tongue and floor of the mouth
examination?

a. Very confident

b. Confident

c. Not confident

d. Very not confident

How confident are you in identifying pathologic changes on ventral tongue and floor
of the mouth?

a. Very Confident

b. Confident

c. Not confident

d. Very not confident

Do you perform a bimanual palpation on floor of the mouth?

a. Perform

b. Do not perform

How confident are you in undertaking a bimanual palpation floor of the mouth
examination?

a. Very confident

b. Confident

c. Not confident

d. Very not confident

302



36. How confident are in identifying pathologic changes on floor of the mouth?
e. Very Confident
a. Confident
b. Not confident
c. Very not confident
37. Do you believe you have the ability to perform an oral mucosal biopsy?
a. Yes,
If yes, have you performed an oral mucosal biopsy? Please circle the answer
(Yes/No)
b. No
38. Do you believe that you have the ability to perform Toluidine blue staining?
a. Yes, where did you learn? please choose:
= Dental school
= Course

= Others, please specify

b. No
39. Do you believe that you have the ability to use the adjunct tool for oral pre-
cancer/cancer detection such as Velscope?
a. Yes, where did you learn? Please choose:
= Dental school
= Course

= Others, please specify

b. No
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40. Have you done oral diseases detection utilizing Velscope or any other tools? Please
circle

a. Yes, please specify

b. No
41. Will you refer your patients suspected to have oral malignant lesion?
a. Yes
If yes, where will you refer them to? Please circle the answer (to Oral Medicine

Specialist/Oral Surgery/Oral Pathology/ else )

b. No, as | have never suspected any of my patients to have had an oral malignant
lesion.
42. Will you refer your suspected patients with oral pre-malignant lesions?
a. Yes
If yes, where will you refer them to? Please circle the answer (to Oral Medicine

Specialist/Oral Surgery/Oral Pathology/ else )

b. No, as | have never suspected any of my patients to have had an oral pre-malignant.

43. What will you prescribe at the first appointment when you suspect a patient has an
oral malignant or pre-malignant lesion?
a. Mouthwash
b. Analgesic
c. Antibiotic
d. Antiviral
e. Do not give any medication and only do referral

f. Other, please specify
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Appendix 4. Post-training questionnaire for GDPs

Personal Data

Name

Qualification : GDP/ Specialist (Please circle, and fill in the blank if others)
Date of Birth :

Institution : Private clinic / Hospital/ Primary health care (Please circle)

Address

Email

Phone

* Personal data will be treated confidentially

Please kindly answer the questions below. You may answer in Bahasa Indonesia or English.
1. This training has provided me with adequate information and knowledge regarding
oral malignant and pre-malignant (OPL) lesions.
1. Strongly agree
2. Agree
3. Neither agree or disagree

4. Disagree

o

Strongly disagree
2. My awareness of oral malignant and OPL has increased significantly because of this
training.
1.  Strongly agree
2.  Agree
3. Neither agree or disagree
4. Disagree

5. Strongly disagree
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3. This training has increased my confidence in detecting oral malignant lesions and
OPL:
1.  Strongly agree
2.  Agree
3. Neither agree nor disagree
4.  Disagree
5. Strongly disagree
4. 1 will always perform a complete oral mucosal examination.
1.  Strongly agree
2.  Agree
3. Neither agree nor disagree
4.  Disagree
5. Strongly disagree
5. 1 'will always routinely educate my patients about oral cancer and risk factors.
1.  Strongly agree
2.  Agree
3. Neither agree nor disagree
4.  Disagree
5. Strongly disagree
6. | believe that this training is important for GDP.
1.  Strongly agree
2.  Agree
3. Neither agree nor disagree
4. Disagree

5. Strongly disagree
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7. | believe that this training should be conducted regularly.
1.  Strongly agree
2.  Agree
3. Neither agree or disagree
4.  Disagree
5. Strongly disagree

8. Please indicate below some risk factors associated with oral cancer.

9. Please indicate below any pathologic changes in oral cavity associated with oral cancer

10. Please indicate below any pathologic changes in oral cavity associated with oral

malignant lesions.

11. How confident are you in undertaking an extra-oral examination?

o

Very confident
b. Confident

Not confident

o

e

Very not confident

12. How confident are you in identifying pathologic changes on extra-oral?

o

Very Confident
b. Confident

Not confident

o

e

Very not confident
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13. How confident are you in undertaking a lip examination?
a. Very confident
b. Confident
c. Not confident
d. Very not confident
14. How confident are you in identifying pathologic change on lips?
a. Very Confident
b. Confident
c. Not confident
d. Very not confident
15. How confident are you in undertaking a labial examination?
a. Very confident
b. Confident
c. Not confident
d. Very not confident
16. How confident are you in identifying pathologic changes on labial mucosa?
a. Very Confident
b. Confident
c. Not confident
d. Very not confident
17. How confident are you in undertaking a buccal mucosa examination?
a. Very confident
b. Confident
c. Not confident

d. Very not confident
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18. How confident are you in identifying pathologic changes on buccal mucosa?
a. Very Confident
b. Confident
c. Not confident
d. Very not confident
19. How confident are you now in undertaking a gingival examination?
a. Very confident
b. Confident
c. Not confident
d. Very not confident
20. How confident are you in identifying pathologic change on gingival?
a. Very Confident
b. Confident
c. Not confident
d. Very not confident
21. How confident are you in undertaking a ventral tongue and floor of the mouth
examinations?
a. Very confident
b. Confident
c. Not confident
d. Very not confident
22. How confident are you in identifying pathologic changes on ventral tongue and floor
of the mouth?
a. Very Confident

b. Confident
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c. Not confident

d. Very not confident

23. How confident are you in undertaking a bimanual palpation floor of the mouth

examination?

a. Very confident
b. Confident

c. Not confident

d. Very not confident

24. How confident are you in identifying pathologic changes on floor of the mouth with

bimanual palpation?
a. Very Confident
b. Confident

c. Not confident

d. Very not confident
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Appendix 5. Questionnaire for respondents (patients)

Personal Data
Name

Gender

Date of birth
Ethnicity
Monthly income
Marital status
Address

*Personal data will be treated confidentially

Please kindly answer all the questions below;
1. What is the main reason you have come to the GDP today?

a. Pain
b. Bleeding
c. Hole in tooth
d. Loss teeth
e. Missing teeth
f. Sore gums

g. Other, please specify

2. How long have you had your chief complaint?
a. 1day
b. less than a week
c. between 1 and 4 weeks
d. more than a month

e. more than a year
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. When you have oral problems, where do you go?
a. GDP

b. medical doctor

C. nurse

d. others, please specify

Is it easy for you to travel to this dental health facility? Yes/No
. Who will pay for your dental health treatment?
a. you

b. insurance (Government/others )

c. other, please specify

Have you ever been diagnosed with oral cancer?
a. No

b. Yes, Specify the diagnosis

Has any of your extended family members ever been diagnosed with oral cancer?
a. No

b. Yes, Specify the diagnosis

Has any of your friends ever been diagnosed with oral cancer?
a. No

b. Yes, Specify the diagnosis

Have you ever heard of someone not known to you being diagnosed with oral cancer
from others or from online information?
a. No

b. Yes, specify the diagnosis
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10. Do you smoke?
a. No
b. Yes, please answer the questions below
= How many cigarettes do you smoke daily? please circle
(Less than 10/ between 10 and 20 / more than 20)
=  When did you start to smoke? please circle
(in the last 5 years / 5-15 years ago/ more than 15 years ago)
= What kind of smoke do you inhale? (Pease circle: Filtered / Kretek/ other,

please specify )

11. Do you have a habit of chewing betel nuts?
a. No
b. Yes, please answer the questions below
= how many times in a day do you chew? please circle (once a day, 2-5
times a day/ 6-10 times a day / more than 10 times a day)
= When did you start this habit?
(in the last 5 years/ 5-15 years ago / more than 15 years ago)
= What are the ingredients you put in your betel nuts? Please circle
(Betel leaf only / Betel leaf + areca nut + lime / Betel leaf + areca nut +

lime + tobacco / others, please specify )

= Do you prepare it by yourself? Please circle the answer: yes/no
= Ordoyou buy it in a package? Please circle the answer: yes/no
12. Do you drink alcohol?
a. No

b. Yes, please answer below questions:
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= how many times in a day do you drink? please circle (once a day, 2-5
times a day/ 6-10 times a day / more than 10 times a day)

=  When did you start this habit? (in the last 5 years/ 5-15 years ago / more
than 15 years ago)

= What kind of alcohol do you drink? please specify

13. Do you think that there might be other causes of oral cancer apart from smoking,
areca nut, and alcohol?
a. No

b. Yes, please choose (food/ viruses/ oral sex/ other )

14. Do you work mostly exposed by UV?
a. No
b. Yes, please answer below question;
= How many hours roughly in a day?
= How many days in a month do you work?
15. Do you brush your teeth on a daily basis?
a. No
b. Yes
16. How many times do you brush your teeth daily?
17. Do you know how to brush your teeth properly?
a. No
b. Yes, please answer the question below:
Where did you get the information about tooth brushing? (family

members/GDPs/teachers at school/ others, please specify )
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18. How many times do you eat in a day? Please choose: (once a day/ twice a day/ three
times a day/ more than three times a day)
19. Do you eat meat every day?
a. No
b. Yes
20. Do you eat vegetables every day?
a. No
b. Yes
21. Do you eat fruit every day?
a. No
b. Yes
22. Have you ever received any information about oral cancer from your GDP?
a. No
b. Yes
23. Have you ever received any information about oral cancer from the government?
a. No

b. Yes
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Appendix 6. Examination form

Name

Age

Gender

Doctor name

- Masticatory Mucosa

| Lining Mucosa

.| Specialized Mucosa

EXTRA ORAL EXAMINATION

A. LYMPH NODES

Lymph nodes Enlargement pain fixed Note

(+1-) (+-) (+-)

Left Submandibular

Right

Submandibular

Submental

Right Cervical

Left Cervical
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B. FACE

Symmetric/asymmetric
(Please give detail

explanation)

Other finding such as lump, enlargement, tumor,
pain, numbness, unusual pigmentation, tenderness.
Please give detail explanation about size, region,

consistency

C. LIPS
Cheilitis Bleeding, Melanosis Vermillion Other condition
(+/-) Pain, pigmentation/other border
numbness, pigmentation
crusted (+/-)
(+/-)

Please explain any finding in detail (size, region, colour, consistency, outline, etc)
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INTRA ORAL EXAMINATION:

Lesions:
1. Leukoplakia
2. Eritroplakia
3. Eritroleukoplakia
4. OSMF
5. Single ulcer
6. Multiple ulcer
7. Lichen planus
8. Candidiasis
9. Melanosis
10. Bleeding
11. Others (explain)

Oral mucosa Lesion

Site

Note

Labial superior

Labial anterior

Right buccal

Left buccal

Gingiva

Hard palate

Soft palate

Dorsum tongue

Right lateral tongue

Left lateral tongue

Ventral tongue

Floor of the mouth
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Is this patient required follow up treatment? Yes / No (please circle)?

If Yes:

1. Give patient a clear instruction to withdraw the suspected risk factors for 2 weeks

(smoke, drink alcohol, betel nut chewing)

2. Give patient instruction to be followed up after 2 weeks from initial screening to re-

examined for further treatment such as biopsy. If they required to have biopsy, please

refer to the given address of specialist for referral bellow;

Banda Aceh, Patients will be referred to Oral Medicine Department of Dental
Hospital, Faculty of Dentistry of University of Syiah Kuala. Aceh. Coordinator:
Srie Rejeki, drg, Sp.PM

Bandung, West java, Patients will be refered to Oral Medicine and Oral Surgery
Department of Hasan Sadikin Hospital. Coordinator: Yanti, drg

Pontianak, West Kalimantan, Patients will be referred to Oral Surgery Department
of RSUD Bethesda. Coordinator : Hanny Christina, drg, Sp.PM

West Papua, (waiting for confirmation ) Coordinator: Rosalin, drg

Jakarta, Patients will be referred to Cipto Mangunkusumo Hospital. Coordinator:

Syaukani, drg
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Appendix 7. Plain language statement (for patients)

Melbourne Dental School

ot
THE UNIVERSITY OF

Faculty of Medicine, Dentistry, and Health Science MELBOURNE
Project: Oral Pre-Malignant and Malignant Lesion Detection Among Indonesian

AJ/Professor Nicola Cirillo (Responsible Researcher)

Tel: +61 39341 1473, Email: nicola.cirillo@unimelb.edu.au
Elizabeth Fitriana Sari [DDS, Oral Medicine Specialist] (student)
Email: esari@student.unimelb.edu.au

Introduction

Thank you for your interest in participating in this research project. The following few pages
will provide you with further information about the project, so that you can decide if you
would like to take part in this research.

Please take the time to read this information carefully. You may ask questions about anything
you don’t understand or want to know more about.

Your participation is voluntary. If you don’t wish to take part, you don’t have to. If you begin

participating, you can also stop at any time.

What is this research about?

It is predicted that Indonesian have a high number of oral cancer cases as Indonesian people
have been exposed many years by oral cancer risk factors such as smoking cigarette, betel nut
chewing, and alcohol drinking. However, the number of oral cancer cases among Indonesian
people is still unknown. Thus, the purpose of the research project is to get factual number of
oral cancer cases among Indonesians, to assess risk factors associated with oral cancer, and to

promote awareness by detecting oral cancer early.
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What will I be asked to do?

Should you agree to participate after reading this document, you will be asked to indicate your
consent by signing infromed consent form. You will than be asked to complete a questionnaire
to assess your awareness and risk factors related with oral cancer. To complete the
questionnaire will take up to 10 minutes. The next step is, you will undergo a visual and
palpation examination on your head, neck and mouth areas to see any abnormalities. For having
a detail examination on entire tongue, we will use gauze to retract it gently. All examination

steps will not cause any pain and it will only take 5-10 minutes to complete.

What are the possible benefits?

By participating this study, we believe that you will get better understanding about oral cancer
and how to prevent it, and as part of this study you will have a free of charge examination for
oral cancer detection. Furthermore, If by examination you are suspected to have cancer or pre-
cancer condition, than we will reffer you to selected specialist in your region for futher

treatments.

There will not any cost arise to take part as participant, either to your insurance or to your own

payment. Additionally, our study will not cause any further physical complication, as it is only

a simple oral cancer detection.

After completing questionnaire and examination, as our appreciation for your participation,

you will be given tools to aid maintaining oral health such as toothbrush and dental paste.
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What are the possible risks?
There are no possible risk arise aside of spending extra 15-20 minutes longer than you usually
need for your dental treatment, as you need to fill in a questionnaire and undergo examination

prior to your dental treatment by your GDP.

Do I have to take part?

No. Participation is completely voluntary. There will not any force to participate this study,
and you have the right to both reject and/or join. If you do consent, you also can withdraw
your data in the future without any reason. If you wish to withdraw, you can contact responsible
researcher or Dr. Elizabeth Fitriana Sari  (Phone: +61404732334, email:

esari@studentunimelb.edu.au). If you decide to withdraw from the study, our research member

will contact you and discuss with you.

Will I hear about the results of this project?

The individual result of this research will be given to you straight away after all research
steps have been done completely (questionnaire and examination) together with detail
information whether you have suspected lesion or not, and whether you will need further

treatment or not.

For the purpose of science, the results of this study will be published on some journals or

media and present the results in conferences as poster and/or oral presentation.

What will happen to information about me?
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Every collected information and all aspects in this study will be strictly confidential. Only
responsible researcher and Dr. Elizabeth Fitriana who have access to the data. We will keep all
data securely for a minimum 5 years post publication. Both digital and non-digital data will be
kept in the same secure storage or unit of my department. The digital data not intended to be
kept will be disposed of by deleting the digital data in SurveyMonkey.com. The paper-based

data will also be disposed properly.

Where can | get further information?
If you would like to get more information about the project, please contact the researchers;
AJ/Professor Nicola Cirillo (Responsible Researcher)

Tel: +61 39341 1473 Email: nicola.cirillo@unimelb.edu.au

Elizabeth Fitriana Sari [DDS, Oral Medicine Specialist] (student)

Email: esari@student.unimelb.edu.au

Who can | contact if | have any concerns about the project?

This research project has been approved by the Human Research Ethics Committee of The
University of Melbourne. If you have any concerns or complaints about the conduct of this
research project, which you do not wish to discuss with the research team, you should contact
the Manager, Human Research Ethics, Research Ethics and Integrity, University of Melbourne,

VIC 3010. Tel: +61 3 8344 2073 or Email: HumanEthics-complaints@unimelb.edu.au. All

complaints will be treated confidentially. In any correspondence please provide the name of

the research team or the name or ethics ID number of the research project
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Appendix 8. Consent form (For Patient)

Melbourne Dental School »
Department of Oral Medicine iy OARVBASE OF
Faculty of Medicine, Dentistry, and Health Science e

Project: Oral Pre-Malignant and Malignant Lesion Detection Among Indonesian

A/Professor Nicola Cirillo (Responsible Researcher)

Tel: +61 39341 1473 Email: nicola.cirillo@unimelb.edu.au
Elizabeth Fitriana Sari [DDS, Oral Medicine Specialist] (student)
Email: esari@student.unimelb.edu.au

Name of Participant:
1. | consent to participate in this project, the details of which have been explained to me,

and | have been provided with a written plain language statement to keep.

2. | understand that the purpose of this research is to investigate oral cancer cases among
Indonesian

3. lunderstand that my participation in this project is for research purposes only.

4. | acknowledge that the possible effects of participating in this research project have
been explained to my satisfaction.

5. In this project I will be required to indicate my consent by signing infromed consent
form. I will than be asked to complete a questionnaire to assess my awareness and risk
factors related with oral cancer. To complete the questionnaire will take up to 10
minutes. The next step is, | will undergo a visual and palpation examination on my
head, neck and mouth areas to see any abnormality. All examination steps will not
cause any pain and it will only take 5-10 minutes to complete.

6. 1 understand that my participation is voluntary and that I am free to withdraw from
this project anytime without explanation or prejudice and to withdraw any

unprocessed data that | have provided.
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7. 1 understand that the data from this research will be stored at the University of
Melbourne and will be destroyed after 5 years post publication.

8. I have been informed that the confidentiality of the information I provide will be
safeguarded subject to any legal requirements; my data will be password protected
and accessible only by the named researchers.

9. I understand that given the small number of participants involved in the study, it may
not be possible to guarantee my anonymity.

10. I understand that after I sign and return this consent form, it will be retained by the

researcher.

Participant Signature: Date:
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Appendix 9. Ethics approval from Indonesia

o

KEMENTERIAN RISET, TEKNOLOGI DAN PENDIDIKAN TINGGI

g UNIVERSITAS PADJADJARAN FAKULTAS KEDOKTERAN
KOMISI ETIK PENELITIAN KESEHATAN
@ HEALTH RESEARCH ETHICS COMMITTEE
A Prof Eyckman No. 33 Bandung 40161
— Tep. & Fax 022-2038697 emad. kopk & unpad@gmad com

No.Reg.: 0616030303

PERSETUJUAN ETIK
ETHICAL APPROVAL

No: 701 /UNB.C1.3.2/KEPK/PN/2016

'Komisi Etik Penelitian Kesehatan Fakultas Kedokteran Universitas Padjadjaran Bandung, dalam upaya

melindungi hak asasi dan kesejahteraan subjek penelitian kesehatan dan menjamin bahwa penelitian yang
menggunakan formulir  surveifregistrasi/surveilens/EpidemiologiHumaniora/Sosial Budaya/Bahan Biologi
Tersimpan/Sel Punca dan non Klinis lainnya berjalan dengan memperhatikan implikasi etik, hukum, sosial dan
non klinis lainnya yang berlaku, telah mengkaji dengan teliti proposal penelitian berjudul:

The Heaith Research Ethics Committee Facully of Medicine Universitas Padjadjaran Bandung, in order to
protect the rights and welfare of tha health research subject, and to guaranty that the research using survey
questionnaire/registry/surveiiancaiepidemiology/Mumaniora/socialculiuralarchived  biological  matenais/stem
cellfother non clinical materials, will camied out according fo ethical, legal, social implications and other
applicable regulations, has been throughty reviewed the proposal entitied:

*ORAL PRE-MALIGNANT AND MALIGNANT LESIONS DETECTION AMONG [NDONESIANS

Nama Penelili Utama . Elizabeth Fitiana Sari

Principal Researcher

Pembimbing/Peneliti Lain . Assoc. Prof. Nicola Cirilio

Supervison'Other Researcher Prof. Michael McCullough

Nama Institusi . Program Pascasaijana

Institution Program Studi Doktor
University of Melbourne

proposal tersebut dapat disetujui pelaksanaannya.
hereby declare that the proposal is approved.

Ditetapkandi  : Bandung
Issued in

Tanggal .
Date™

129-07-2016

Kawa‘

Keterangan/noles:

Persetjuan etk ri berksku selama sads tahun seyak tanggal cletapian

This ethical clearance is effective for cne year from the due date.

Poda skhi panaitan, leporan pelaksanasan pensitan harus dsornhian ke Komisi E3k Peneitan Kesahatan

In the end of the research, progress and final summary report should be submited f the Health Research Ethvics Commiioe

Jia ads perubahan ety penyimpangan profokol danatiu perpanjangan peneltian harus kan kerbal permob knjon etk pensitan.
Hihere be any protocol modficaton or deviation andior extencion of the study, wmelhmtqdou rm»mmwmm
Jia pds kopdan senus yang tidek dinginkan (KTD) hanss segeen diapodkan ko Koevsl Etk Penelzan Kesshaten

¥ there are Sericus Adverse Everds (SAE) sheuid be immediately reported fo the Heath Research Ethics Commitee
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Appendix 10. OC training for GDP and OPMD/OC screening program

Figure 10. 1 OC and OPMD screening in Bandung, West Java

328



Figure 10. 2 OC and OPMD screening in Jakarta, Special District of Jakarta
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Figure 10. 3 OC and OPMD screening in Sorong, West Papua
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Figure 10. 4 OC and OPMD screening in Pontianak, West Kalimantan

331



Figure 10. 5 OC and OPMD Screening in Aceh, Banda Aceh
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Figure 10. 7 One-day standardise OC training for GDP in Jakarta, Special District of
Jakarta
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Figure 10. 8 One-day standardise OC training for GDP in Sorong, West Papua
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Figure 10. 9 One-day standardise OC training for GDP in Pontianak, West Kalimantan
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BAKTI SOSIAL
¢ PEMERIKSAAN DINI KANKER RON

An Oral Cancer Screening. May Just Save Your:|

Figure 10. 10 One-day standardise OC training for GDP in Aceh, Banda Aceh
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Figure 10. 11 OPMD cases found in the screening (Part-1)
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Figure 10. 12 OPMD cases found in the screening (Part-2)
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Figure 10. 13 OPMD cases found in the screening (Part-3)
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Appendix 11. Additional data

Table 11. 1 LC-MS data of phenolic compounds extracted from various Indonesian BQ

SI No Name of Compound Retention Time m/z
Phenolic Acid
1 Gallic Acid 7.187 169, 125
2 Protocatechuic Acid 12.459 153, 109
3 p-hydroxybenzoic Acid 19.92 137,93
4 Catechin 22.353 289, 245
5 Syringic Acid 26.881 197, 153/182
6 Epicatechin 28.206 289, 245
7 Trans - sinapic acid 38.006 223, 164
8 Ferulic Acid 37.005 193, 134
9 Resveratrol 52.888 227,185
10 Quercitin 64.985 301, 151
Anthoxanthins & Stillbenes
11 5-hydroxymethyl furfural 2.064
12 Caftaric Acid 13 311,179
13 Caffeic Acid 25.881 179, 135
14 p-coumaric Acid 33.518 163, 119
15 Epicatechin gallate 37.117 441, 289
16 Polydatin 38.101 389, 227
17 Quercitin 3-o0 galactoside 40.611 463, 301
18 Quercitin 3-o glucuronide 46.81 477, 301
19 Quercitin 3-0 rhaminoside 47.311 447, 301
20 Kaempferol 66.586 285, 249
21 Kaempferol 3-o0 glucoside 46.86 447, 284/285
22 Quercitin 3-O Glucoside 41.633 463.2, 301
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Table 11. 2 Samples’ weight before and after lyophilised

Sample Weight Weight Contain water

Before After (%)

Lyophilized | Lyophilized

(gram) (gram)
Areca Nut (BA) 20 18.3 8.3
Areca Nut (NS) 20 16.8 15.9
Areca Nut (WK) 20 17.1 14.5
Areca Nut (WP) 20 6.2 69.9
Betel Leaf (BA) 20 2.8 85.8
Betel Leaf (NS) 20 3.1 84.3
Betel Leaf (WK) 20 2.7 86.5
Betel Stem Inflorescence (WP) 20 5.9 70.7
Husk (BA) 20 5.3 73.7
Husk (NS) 20 5.6 72.0
Husk (WK) 20 7.6 62.2
Husk (WP) 20 51 74.0
Slaked lime — Paste form (BA) 0.8 0.4 47.8
Slaked lime — Paste form (NS) 0.8 0.4 56.7
Slaked lime — Paste form (WK) 0.8 0.4 47.8
Slaked lime — Powder form (WP) 0.8 0.8 0
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GALLIC ACID STANDARD CURVE (TPC Test)
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Figure 11. 1 Standard curve for TPC, FRAP, and TROLOX
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Standard Curve of Arecoline
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Figure 11. 2 Standard curve of arecoline (A), guvacoline (B), arecaidine (C), and
guvacine (D) in HPLC platform
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Table 11. 3 Raw data for preliminary study of cytotoxicity effect of BQ component on

OKF-6
Sample | Concentration Day 1 Day 2 Day 3
Mean SD Mean SD Mean SD
WP 100 133.2 12.7 105.9 3.7 106.0 15
HUSK
250 111.7 6.2 100.4 4.4 113.5 4.8
500 108.1 2.1 95.2 4.2 107.1 6.7
1000 101.2 12.0 113.0 10.8 120.2 5.7
WP 100 126.4 7.0 111.5 4.4 99.4 12.4
MIX
250 115.3 12.5 100.0 4.8 101.9 5.7
500 112.9 12.5 101.4 7.3 99.3 3.9
1000 117.2 13.2 108.9 35 111.1 7.3
WP- 100 99.6 1.8 715 0.3 48.1 1.0
AN
250 93.0 5.2 57.7 2.8 30.2 2.7
500 68.9 7.8 49.1 0.5 27.1 0.2
1000 66.3 6.0 45.2 2.3 23.3 1.9
WP SI 250 44.8 4.5 50.8 1.3 26.3 1.3
100 97.3 9.0 96.1 2.3 77.6 8.5
BA-AN 100 105.1 12.2 106.1 9.2 36.3 2.7
250 103.1 18.6 84.4 10.5 24.3 4.5
500 95.6 5.8 52.6 2.5 16.7 0.6
1000 55.1 9.6 38.6 1.5 22.4 11
BA 100 119.7 18.6 148.2 8.1 75.3 7.9
Mix
250 127.4 8.1 142.1 3.1 88.4 7.0
500 123.4 1.1 134.6 0.4 88.0 9.6
1000 125.2 6.0 145.8 51 88.8 8.0
BA- 100 110.4 3.6 144.4 8.9 87.1 6.8
Husk
250 119.5 4.2 120.5 8.9 82.7 5.2
500 121.1 11.0 123.8 1.2 81.0 12.7
1000 125.6 12.8 114.9 7.6 85.4 8.4
BA- 100 133.1 11.9 126.7 17.4 95.0 12.6
Leaf
250 119.4 7.7 112.6 7.3 91.8 11.3
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Table 11. 4 Number of cells counted by automated cell counter for validation

Sample Concentration Total cell Living cell CV%
ug/ml number
Banda Aceh Areca Nut 250 70100 28741 41
250 66766 32047 48
250 71767 32295 45
500 75067 25000 33.3
500 76766 26667 34.7
500 78400 20000 25.51
West Papua Areca Nut 100 91733 45100 49.2
100 95100 35000 36.8
100 115000 55350 48.13
250 151666.7 26700 17.6
250 178333.3 13333 7.5
250 166667 15000 8.9
Control 68433 63400 92.65
90336.7 80000 88.56
70100 65100 92.87
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