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Abstract

Eryngium foetidum Linn.leaves (EF) have been traditionally used as a food and
medicine in South East Asia. The average consumption of EF in Thai population in each age
group is about 0.48 g/kg BW/day. EF was able to prevent colon carcinogenesis in mice
treated with azoxymethane-dextran sulfate sodium. Moreover, there was no defect observed
in colon tissues using a pathological approach. In the present study, the safety of EF at the
translational level was investigated. Total proteins from 3 groups (Group 1; control group,
Group 2; 0.8% EF and Group 3; 3.2% EF in diet) of each colon sample were analyzed by
GeLC-MS/MS. After fractionation by SDS-PAGE, the proteins bands were divided according
to their molecular weight followed by tryptic digestion and nanoLC-MS analysis. Protein
quantitation and identification were determined by Decyder MS Differntial Analysis and
Mascot softwares. The results showed significantly different levels of protein expression
between EF-treated and non-treated mice. However, no significantly different expression was
observed in 0.8% and 3.2% EF-treated mice for 15 weeks. No alteration of proteins involved
in colon carcinogenesis was observed. In addition, pathological study did not showed any
defect in colon tissues treated with EF. It can be concluded that the treatment with EF at 0.8%

and 3.2% for 15 weeks in mice was considered as safe.
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Introduction

A number of herbal products have
been studied as anticancer agents'. The
Eryngium foetidum Linn leaves (EF) also
known as "Phakchi-farang" has been used as
a traditional medicine for treatment of colds,
fits, convulsions, fainting, headaches and
malaria®®. It has been found that EF
contains essential nutrients and various
phytochemicals, such as polyphenols,
phenolic acids, terpenes, and alkaloids etc.
The main chemical components of volatile
oil in Thai EF are 3-dodecen-1-al (67.25%),
dodecanal (7.49%), nor-copaanone (7.13%),
and eugenol (4.30%)*. The health benefits of
EF are mainly imposed due to antioxidant
and anti-cancer properties. The antioxidant
components of EF are Vitamin C, vitamin E,
carotenoid, xanthophil, tannin, phenolic and
flavonoid compounds’. There are several
reports about the properties of EF in
induction of cancer cell apoptosis. The
phenolic compounds in volatile oil of EF
showed the highest inhibition activity for
mammary (MCF-7)
28.30 pg/ml)*. Other studies

human carcinoma
(ED50 =
reported that the major components in EF
(alpha-choloesterol, brassicasterol,
campesterol and stigmasterol) had anti-
inflammatory activity when studied on
chronic and acute inflammation in mouse
models®.

Proteomics is the large-scale study of
proteome  to

comprehensively  map

biological processes, such as the molecular
mechanisms of carcinogenesis’. It should be
noted that proteomics not only focus
exclusively on the identification and
quantification of these proteins, but also
investigates their location, their
modifications, their interactions and their
functions®.

Previously, the preventive and
suppressive effects of EF were shown on
colon carcinogenesis. EF (3.2% in diet) was
able to prevent colon cancer in mice induced
with azoxymethane (AOM) and dextran
sodium sulfate (DSS) in comparison with
control group’. No clastogenicity was found
in mice after receiving 0.8%, 1.6% and 3.2%
EF contained diet for 2 weeks prior to the
both

administration  of direct-acting,

mitomycin C (MCC, 1 mg/kg body weight,

1.p) and indirect-acting, 7,12-
dimethylbenz(a)anthracene (DMBA, 40
mg/kg body weight, 1.g) clastogens.

However, their anticlastogenic potential
against both direct- and indirect-acting types
of clastogens were found in mice'’.
However, the long-term consumption for
24-weeks in mice received EF should be
avoided due to chronic toxicity. EF diet at
1.6% and 3.2% showed the adverse effects
on some biochemical parameters (increased
blood urea nitrogen) and histopathology
(tubular degeneration of kidney) in mice
after 24 weeks of treatment''. However,

there was no report on the protein
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expression profile in any organs of mice

treated with EF. Therefore, shotgun
proteomic approach was used to investigate
the changes in mouse colon proteome after
treated with EF for the safety concern of 15
weeks consumption.

World Health Organization (WHO)
described that the incidence of colorectal
cancer (CRC) is rapidly rising in various
regions within countries such as China,
Japan, Korea and Singapore. The increase in
the number of new cases of CRC per year is
witnessed in both men and women.
However, not all countries in Asia witness
the same degree of rise in incidence of CRC,
for example, in East Asian countries, such as
Indonesia, Thailand, Vietnam and India'*.
CRC in Thailand is the third most common
type of cancer in men and the fifth most
common type of cancer in women. The
annual incidence per 100,000 persons in
2010-2012 of male and female were 14.4
and 11.2, respectively'®. Early detection of
CRC can therefore significantly reduce the
mortality for this malignancy. However,
current screening methods including faecal
occult blood test (FOBT), sigmoidoscopy,
virtual

colonoscopy  and computed

tomography scanning either lack the
required sensitivity and specificity or are
costly and invasive'*. Some biomarkers such
as the circulating carcinoembryonic antigen
(CEA) levels and tumor-associated gene

mutations have only shown some prognostic

or predictive value'”. Therefore, there is an
urgent need for developing new screening
tests and identifying new biomarkers to
diagnose, predict, and monitor the progress
of CRC, and eventually find more efficient

drug targets for this disease.

Materials and Methods
Eryngium foetidum Linn. leaves (EF)
collection and preparation

The EF samples were collected from
4 different cultivation areas in Thailand. All
samples were pooled and preparations were
made according to method described by
Promtes et al’. Briefly, edible part of the EF
was washed with both tap water and
deionized water, drained, and air-dried and
then cut into small pieces. Then, the EF
samples were quickly frozen, ground, sifted,
and stored at -20°C until used. Then aliquots
of each EF sample were pooled and the
AIN-76 diet was supplemented with 0.8%
and 3.2% of freeze-dried EF before giving

to mice.

Tissue specimens
The animal care and wuse was

reviewed and approved by the National

Thailand

Cancer Institute,

(AE.N0.241/2011). Colon sample
preparations were obtained from the study
of Promtes et al’. The scheme for mice

treatment is shown in Figure 1.
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Sample preparation and GeLC-MS/MS

analysis
Colon samples were used for
proteomics  analysis by using the

combination of one-dimension SDS-PAGE
and LC-MS/MS (GeLC-MS/MS)'’. Briefly,
proteins from colon tissues were extracted
using 0.1% SDS (w/v), then equal amount of
extracted proteins were fractionated on 12.5
% SDS-PAGE. The running condition was
20 mA/gel for approximately 90 minutes or
until tracking dye reached the bottom of the
gel. Electrophoresed gel was stained with
silver staining'’. To extract the proteins
from gel, the in-gel digestion was performed
according to Paemanee et al'. The LC-
MS/MS  analysis was performed as

triplicated and described previously by

Paemanee et al'®.

Protein identification and Gene ontology
categories

Decyder MS Differntial Analysis
software (GE Healthcare) was used to
quantify the differentially expressed peptide

in all samples'®. The data obtained from

Decyder MS was submitted to Mascot and
searched against Musmusculus database for

protein identification.

Gene ontology annotation and
quantification of the change in protein
analysis

The protein information  was

obtained from the online database
especially, uniprot  knowledge  base
database. All of the gene ontology

information contained biological process.
Proteins that showed a significantly altered
expression level in the hierarchical
clustering were identified by the multi
experiment viewer (MEV) software'®. To
analyze the changes in the protein between
control and treatment groups, the t-test
significance of p < 0.05 and Pearson
correlation  were  employed'®.  Other
information including protein categorization
and biological function were analyzed

according to protein analysis through

evolutionary relationships (Panther) protein

. .
classification'’.
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Period of AIN-76 diets (normal rodent diet)
Period of AIN-76 containing 0.8% EF diets
Period of AIN-76 containing 3.2% EF diets

Figure 1 The experimental design of toxicity of EF in ICR mice (Promtes et al. 2013).
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Results and Discussion

The differentially expressed protein in

mouse colon treated with and without EF
Hierarchical clustering analysis of

these proteins was performed to reveal the

protein expression patterns.  Comparing

between mouse colon treated with and

without EF, 1,856 differentially expressed

proteins.

Analysis of peptide functions using gene

ontology (GO)
The online PANTHER (Protein
Analysis Through Evolutionary

Relationships) was used to classify function

of identified proteins. They  were
categorized into 14 groups according to their
GO based functional annotation at the
mouse genome annotation project (Fig. 2A-

Q).
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Figure 2 The functional distribution of 1856 proteins significantly differentially expressed in

mouse colon after treated with and without 0.8% and 3.2% EF mixed AIN-76 diet

for 15 weeks.
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The data showed that the protein expression
patterns of mouse colon in three sample
groups (Group 1; control group, Group 2;
0.8% EF and Group 3; 3.2% EF in diet)
were the same as shown in Figure 3, albeit
at different levels of expression. This
indicates that EF may affect the level of
protein expression, but not for cellular
et al.?

integrity. In support, Promtes

reported that EF does not induce colon

carcinogenesis in mouse’s colon after

treatment with 0.8% and 3.2% EF for 15

weeks. However, a pathological study of
mice treated with 1.6% and 3.2% EF in diet
for 24 weeks displayed a mild grading on
gut-associated lymphoid tissue (GALT) of
small and large intestine''. Considerably,
long-term treatment of EF more than 15
weeks should be considered for toxicity. The
possibility of the adverse effect might be
due to chronic consumption of high dietary
fiber that may provoke inflammation in the

. . 21
large intestine” .
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Figure 3 The proteins expression in mouse colon treated with and without 0.8% and 3.2% EF

mixed AIN-76 diet for 15 weeks.
neg : Negative control group
0.8% EF
3.2% EF

: Group of mice received AIN-76 containing 0.8% EF diets
: Group of mice received AIN-76 containing 3.2% EF diets
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The differences of protein expression
between control and EF- treated mice were
further examined. When compared with the
control group, the EF-treated mice (0.8%
and 3.2%) showed either increasing or
decreasing of protein expression.  The
PANTHER showed that proteins involved in
immune

system process, response to

stimulus and metabolic process were
dramatically increased (Fig. 4 and Table 1).
On the other hand, the proteins involved in
biological regulation, localization and
developmental process were reduced (Fig. 4
and Table 2).

It is possible that the induction of
some proteins playing role in immune
system process, response to stimulus and
metabolic process might be due to the
activation  of  biotransformation  and
antioxidant enzymes, such as phospholipid
hydroperoxide

(PHGPx). It has been reported that PHGPx

glutathione  peroxidase
reduces product of lipid peroxidation and

suppresses cell apoptosis.  Moreover,
PHGPX appears to activate a defense
mechanism in order to reduce pro-
inflammatory stimuli which is in line with
the finding that NLRCS5, a probable
regulator of the NF-KB, was increased after
EF treatment®”. Conversely, the reduction of

some proteins that function in biological

regulation, localization and developmental

process was observed. However, no
pathological defect has been reported in the
same group of mice treated with EF?’. Thus,
this suggested that reduction of these
proteins might not contribute to typical
cellular functions. Moreover, although the
different levels of protein expression in
mouse colon after EF treatment were not
similar to control group, no alteration of
proteins involved in colon’s oncogenesis
was detected.

The consumption of EF (0.8 and
3.2% in diet) did not alter protein expression
pattern in  mice within 15 weeks.
Furthermore, the long-term use of EF at
high dose should be avoided as the previous
study illustrated its adverse effect on kidney

. . .11
function in mice .
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Figure 4 The change of proteins expression in mouse colon treated with and without 0.8%

and 3.2% EF mixed AIN-76 diet for 15 weeks.
N : Negative control group
L-N : Quantity of protein in (0.8% EF group — negative control)
H-N  : Quantity of protein in (3.2% EF group — negative control)
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