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Introduction

According to epidemiological and clinical statistics, betel 
nut chewing is strongly associated with the occurrence of 
pathological disorders, including heart disease (Lin et al., 

2008), obesity (Lin et al., 2009) and cancer (Soumitra 
et al., 1991; Gupta & Warnakulasuriya, 2002). Several 
ingredients in betel nuts have been studied in vitro and 
in vivo for establishing the connection between betel 
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abstract
Context: Statistical and clinical reports indicate that betel nut chewing is strongly associated with progression of oral 
cancer because some ingredients in betel nuts are potential cancer promoters, especially arecoline. Early diagnosis 
for cancer biomarkers is the best strategy for prevention of cancer progression. Several methods are suggested for 
investigating cancer biomarkers. Among these methods, gel-based proteomics approach is the most powerful and 
recommended tool for investigating biomarkers due to its high-throughput. However, this proteomics approach 
is not suitable for screening biomarkers with molecular weight under 10 KDa because of the characteristics of gel 
electrophoresis.
Objective: This study investigated biomarkers with molecular weight under 10 KDa in rats with arecoline challenge.
Materials and methods: The centrifuging vials with membrane (10 KDa molecular weight cut-off) played a crucial 
role in this study. After centrifuging, the filtrate (containing compounds with molecular weight under 10 KDa) was 
collected and spotted on a sample plate for MALDI-TOF mass spectrometry analysis.
Results: Compared to control, three extra peaks (m/z values were 1553.1611, 1668.2097 and 1740.1832, respectively) 
were found in sera and two extra peaks were found in heart tissue samples (408.9719 and 524.9961, respectively). 
These small compounds should play important roles and may be potential biomarker candidates in rats with arecoline.
Discussion and conclusions: This study successfully reports a mass-based method for investigating biomarker 
candidates with small molecular weight in different types of sample (including serum and tissue). In addition, this 
reported method is more time-efficient (1 working day) than gel-based proteomics approach (5~7 working days).
Keywords:  Proteomics, betel nut chewing, oral cancer, biomarkers
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nut chewing and oral cancer. Among these ingredients, 
arecoline is the most potential initiator for cancer 
progression. In order to prevent oral cancer induced by 
betel nut chewing, early diagnosis for the progression 
of cancer is necessary. Therefore, screening clinical 
biomarkers relating to the progression of oral cancer 
plays a critical role in early diagnosis of cancer.

Several methods have been reported in finding cancer 
biomarkers. Among these methods, proteomics-based 
approach is the most recommended due to its high-
throughput ability (Hu & Wong, 2007; Markridakis & 
Vladhou, 2010). In general, proteomics-based approach 
combines several core technologies, including two-dimen-
sion (2D) gel electrophoresis, gel staining, enzymatic 
digestion, mass spectrometry-based analysis and bioinfor-
mation. Once identified by proteomics-based approach, 
the protein(s) will become one of the candidate biomark-
ers for cancer.

In addition to 2D, several methods have been men-
tioned for screening biomarker in proteomics approaches, 
such as isotope-coded affinity tags (ICAT) (Gygi et al., 
1999) and surface enhance laser desorption/ionization 
(SELDI) (Wright Jr et al., 1999; Hutchens & Yip, 1993). 
Although these methods are time-efficient, the experi-
mental costs are relatively higher than 2D due to the use 
of biochips (or proteinchips) during experiments.

However, proteomics-based approach is the most 
recommended method in investigating biomarkers, 
it is usually time-consuming. Basically, a proteomics-
based approach needs five to several working days to go 
through. In addition, proteomics-based approach is suit-
able for investigating protein biomarkers with molecular 
weight above 10 KDa due to the characteristics of 2D gel 
technology. Therefore, inability to investigate biomark-
ers with 10 KDa is one of limitations for gel-based pro-
teomics approach.

This study focused on avoiding 2D gel electrophore-
sis, gel staining and enzymatic digestion procedures and 
screened low molecular weight compounds in arecoline-
treated rats by maldi-tof mass spectrometry directly. The 
use of centrifuging vials with 10 KDa molecular weight 
cut-off membrane played a critical role in this study. The 
aim of this study is shown as a flow chart in Figure 1.

Materials and methods

Chemicals and reagents
All chemicals and reagents used in this study were pur-
chased from Sigma-Aldrich Inc. (St. Louis, MO, USA).

Animal model
Eight week old male SD rats (200~250 g) were divided 
into two groups including control (n = 8, without are-
coline challenge) and treatment (n = 8, with arecoline 
challenge). The dosage of arecoline for the treatment 
group was 50 mg/kg and administrated by i.p. injection. 
All animals were sacrificed after experimental duration 
of 2 weeks.

Sample preparation
Serum or heart tissue sample (0.2 mL) was transferred 
into a centrifuging vial with 1000NMWL filter membrane 
(Amicom Bioseparation, Millipore Corporation, USA). 
Then all vials were transferred into a centrifuge (Mikro 
120, Microlitre Centrifuge, Andreas Hettichi GmbH & Co. 
KG, Germany), and the centrifuge was set at 1200g.

MALDI-TOF mass spectrometry analysis
After centrifuging, the filtrate was collected for ZipTip 
C18 treatment (Millipore Corporation, USA). The filtrate 
after ZipTip treatment was then spotted on a sample 
plate for maldi-tof MS analysis (Voyager DE STR, Applied 
Biosystems, USA).

Results

Figure 2 shows spectra for MALDI-TOF MS analysis of sera 
in rats with or without arecoline treatment. Compared to 
control (upper spectrum in Figure 2, mice without areco-
line treatment), we can find that three extra peaks were 
observed in rats with arecoline treatment (lower spectrum 
in Figure 2). The m/z values for these three extra peaks 
were 1553.1611, 1668.2097 and 1740.1832, respectively.

In addition to serum samples, similar results can be 
observed in tissue samples in rats with or without are-
coline treatment. As shown in Figure 3, compared to 
control (upper spectrum, heart tissues in rats without 
arecoline treatment), two extra peaks were presented in 
the lower spectrum for heart tissues in rats with arecoline 
treatment. The m/z values for the two extra peaks were 
408.9719 and 524.9961, respectively.

Discussion

Proteomics-based approach is a powerful and most rec-
ommended tool for screening biomarkers (Chambers 
et al., 2000); however, it is time-consuming (e.g., 2d) 
or expensive (e.g., ICAT or SELDI). In addition, this 
approach is suitable for investigating biomarkers with 
molecular weight above 10 KDa due to the character-
istics of 2D gel technology. Therefore, biomarkers with 
molecular weight under 10 KDa are usually ignored in 
gel-based proteomics approach. In order to overcome 
this limitation occurring in gel-based proteomics 
approach, we used centrifuging vials with molecular 
weight 10 KDa cut-off membranes to prepare samples. 
After centrifuging, samples were divided into two parts 
due to the 10 KDa cut-off membrane, including yogurt-
like compounds (with molecular weight above 10 KDa) 
and filtrate (containing compounds with molecular 
weight under 10 KDa). The filtrate was further prepared 
and then was spotted on a sample plate for maldi-tof 
MS analysis directly. Compared to control, we found 
that three extra peaks were presented in mass spectrum 
in rat serum after MALDI-TOF MS analysis (Figure 2). 
In addition to serum samples, this mass-based rapid 
method can be applied in analyzing tissue samples 



490 T.-S. Chen et al.

  Pharmaceutical Biology

(Figure 3). These results illustrate that the mass-based 
method reported in this study is suitable for screen-
ing biomarkers with molecular weight under 10 KDa 
for different samples (including serum and tissue 

samples). In addition, the experimental procedure for 
this mass-based method is more time-efficient than 
gel-based proteomics approach due to avoiding the 2D 
gel section.

Figure 1. General procedure for proteomics-based approach (upper flow chart) and modified procedure in this study (lower flow chart). (See 
colour version of this figure online at www.informahealthcare.com/phb)

Figure 2. Spectra for MALDI-TOF MS analysis of sera in rats without (upper spectrum) and with (lower spectrum) arecoline challenge. (See 
colour version of this figure online at www.informahealthcare.com/phb)

Figure 3. Spectra for MALDI-TOF MS analysis of heart tissues in rats without (upper spectrum) and with (lower spectrum) arecoline challenge. 
(See colour version of this figure online at www.informahealthcare.com/phb)
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In addition to gel-based proteomics approach, we 
suggest that this mass-based method may be an alterna-
tive method for screening biomarkers with molecular 
weight under 10 KDa. However, further identification 
of these biomarker candidates is necessary in future 
work. For example, de novo protein sequence by tandem 
mass spectrometry (MSn) or TOF/TOF with bioinformat-
ics should be an appropriate methodology to explore 
unknown molecules or proteins.
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