
Abstract. Background/Aim: Fucoxanthin (Fx) is a potent
anticancer carotenoid, demonstrated by mouse cancer
models. We recently showed the decrease of salivary glycine
could represent an attenuation of tumor microenvironment
(TME) formation in an azoxymethane/dextran sodium sulfate
(AOM/DSS) colon cancer mouse model. However, it remains
unclear whether the salivary glycine is an indicator for
continuous TME suppression of Fx in the mice. Materials
and Methods: In the present study, we time-dependently
analyzed salivary metabolites in AOM/DSS mice, and
investigated candidate markers to evaluate the continuous
inhibition of colonic TME formation and carcinogenesis in
the mice with and without Fx. Results: Fx attenuated the
incidence and/or multiplicity of colonic lesions developed in
AOM/DSS mice. The number of apoptosis-like cleaved
caspase-3high cells was significantly increased, and colonic
cancer stem cell-like CD44high/EpCAMhigh cells and cancer-
associated fibroblast-like αSMAhigh cells were significantly
decreased in colon mucosal tissue by Fx administration.

Salivary glycine at 4, 11 and 14 weeks after the final DSS
exposure in the Fx-treated mice showed successful and
consecutive decreases of 0.5-, 0.4- and 0.7-fold respectively
compared to that of control mice. Conclusion: Salivary
glycine is a valuable indicator that could evaluate sustained
efficacy of cancer chemopreventive effects of Fx in
AOM/DSS mice.

Some biological materials from cancer patients, such as
blood, saliva, urine, and tissue itself, show different
characteristics compared to those from healthy controls.
Among those samples containing low molecular weight
substances, saliva is a valuable biomarker because of easy
and non-invasive access. It has been reported that many
salivary metabolites, such as alanine, glutamic acid, glycine,
leucine, phenylalanine, proline, valine, taurine, pipecolic
acid, ornithine and lactic acid, are significantly altered in
patients with oral, breast, pancreatic and gastric cancers
compared to those in healthy controls (1-5).

Similarly, the metabolite changes have been clarified on
biological samples in cancer-burdened and unburdened
animals. For instance, metabolites in serum and intestinal
polyp in colorectal cancer model ApcMin/+ mice could be
distinguished with the serum and normal intestinal tissue in
wild-type mice, respectively (6). In addition, some
metabolite alterations were observed in plasma. Glutamic
acid, glycine, methionine, phenylalanine, threonine and
tryptophan were significantly correlated with promotion of
tumorigenesis in ApcMin/+ mice with a high-fat diet (7).
Treatment with acyclic retinoid, a promising cancer
preventive agent, in hepatic cancer model mice showed
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metabolic reprogramming in liver tissue (8). However, it
remains unclear whether salivary metabolites represent a
continuous effect of cancer chemoprevention in both humans
and rodents.

Fucoxanthin (Fx) (Figure 1), a marine allenic compound,
is abundantly contained in edible brown algae, such as
Undaria pinnatifida (wakame) and Sargassum horneri
(akamoku) (9, 10). Fx has the potential to inhibit
carcinogenesis, inflammation, obesity and diabetes in
humans and rodents (11-15). Fx is transformed in intestinal
tissue to deacetylated fucoxanthinol (FxOH), which is the
primary metabolite detected in blood and various tissues (16-
18). To date, no evidence has been provided that Fx or FxOH
exerts cancer preventive effects on healthy people or
therapeutic effects on cancer patients.

Recently, we demonstrated that Fx administration [30 mg/kg
body weight (bw) for 8 weeks (wks) after the final dextran
sodium sulfate (DSS) exposure] significantly suppressed
development of the tumor microenvironment (TME) and
colonic lesions in an azoxymethane (AOM)/DSS-induced
colon cancer mouse model. In addition, the amount of salivary
glycine was significantly decreased 0.5-fold compared to that
of control mice by Fx treatment (19). However, in this
experiment, the salivary metabolite in the Fx-treated mice was
evaluated just once after sacrifice. Thus, it remains unclear
whether the change of salivary metabolite shows continuous
predictive potential as a marker for cancer chemoprevention. 

In the present study, we showed that salivary metabolites
could be continuous indicators for suppression of TME in
AOM/DSS model mice by Fx administration for 14 wks after
the final DSS exposure.

Materials and Methods

Chemicals. Fx-oil (5.0 w/v%) comprising palm oil, minor
ingredients, and moisture was donated by Oryza Oil & Fat Chemical
Co. Ltd. (Aichi, Japan). Palm oil alone was arranged as a control
oil. Azoxymethane (AOM), a genotoxic carcinogen, and isoflurane
were purchased from Wako Pure Chemicals (Osaka, Japan). Dextran
sodium sulfate (DSS), a tumor promoter, was from MP Biomedicals
(Solon, OH, USA). Pilocarpine hydrochloride was from Sigma-
Aldrich (St. Louis, MO, USA). CD44 conjugated with Alexa Fluor
488 and EpCAM conjugated with APC antibodies were purchased
from Biolegend (San Diego, CA, USA) and eBioscience (San
Diego, CA, USA), respectively. α-Smooth muscle actin (αSMA)
and cleaved caspase-3 (Asp175) conjugated with Alexa Fluor 488
antibodies were purchased from Cell Signaling Technology
(Danvers, MA, USA). Goat anti-rabbit IgG conjugated with Alexa
Fluor 488 and 546, and ProLong Gold Antifade conjugated with
4’,6-diamidino-2-phenylindole (DAPI) were obtained from
Invitrogen (Carlsbad, CA, USA). All other chemicals and solvents
were from commercial sources.

Animal experiments. Male ICR mice (5 wks of age, Sankyo Labo
Service, Shizuoka, Japan) were randomly housed into four groups

(5 mice/cage, 10 mice per group) and were maintained in a 12-h
light-dark cycle room with controlled humidity and temperature.
The mice were given solid food and water ad libitum until sacrifice
(about 16 wks later). After a week of acclimation, mice in groups 1
and 2 received a single IP injection of AOM (10 mg/kg of bw).
Groups 3 and 4 received an IP injection of saline. One week later,
mice in groups 1 and 2 were given 1.5 w/v% DSS continuously in
drinking water for 1 week. Mice in groups 3 and 4 were allowed
normal water only through that period. Mice in groups 1 and 3 were
orally administrated Fx-oil at 30 mg/kg bw using a gastric sonde
needle on 3 times per week during the final 14 weeks. Mice in
groups 2 and 4 were given the equivalent volume of palm oil. In the
timing of 3, 6, 13 and 16 wks that implied 0, 4, 11, 14 wks after the
final DSS exposure, mice were anesthetized by using 2.0%
isoflurane (air, 2.0 l/min), pilocarpine injected (5 mg/kg, SC), and
then saliva (<500 μl) collected for 20 min (scheme in Figure 2A).
Mice were sacrificed under isoflurane inhalation at 16 wks.
Subsequently, the large intestine of each mouse was excised, cut
open longitudinally and fixed in 10% formalin/PBS for at least 48
h. Hematoxylin-eosin stained and unstained sections were prepared
by Morphotechnology (Sapporo, Japan). Histopathologic features
were analyzed in colorectal mucosa in mice. The experimental
project was approved by the Institutional Review Board for Animal
Experimentation in the Health Sciences University of Hokkaido,
performed under the Guidelines for Animal Care and Use in the
Health Sciences University of Hokkaido (identification code, 028b;
authorization, Mar 7, 2018).

Fluorescence immunohistochemistry. Formalin-fixed paraffin
embedded tissue sections were dewaxed using xylene. For the antigen
recovery, the sections were treated with 1 mM EDTA buffer (pH 9.0)
at 95˚C for 20 min. Subsequently, the sections were washed with tris-
buffer saline containing 0.1% polyoxyethylene (20) sorbitan
monolaurate (TBST) and were blocked with 5 w/v% BSA-TBST at
room temperature for 1 h. To evaluate protein expression level of
cancer-associated fibroblast (CAF)-like αSMA, sections were
incubated with anti-αSMA antibody (1:50 dilution in 5%BSA/TBST)
overnight at 4˚C and then incubated with a goat anti-rabbit IgG
conjugated with Alexa Fluor 488 (1:100 dilution in 5%BSA/TBST)
for 1 h at room temperature. To detect apoptosis-like cells, sections
were incubated with anti-cleaved caspase-3 antibody conjugated with
Alexa Fluor 488 (1:50 dilution in 5%BSA/TBST) overnight at 4˚C.
To detect colonic cancer stem cell (CCSC)-like cells, sections were
incubated with an anti-CD44 antibody conjugated with Alexa Fluor
488 and an anti-EpCAM antibody conjugated with an APC antibody
(1:50 dilution in 5%BSA/TBST) overnight at 4˚C. All sections were
rinsed with TBST and PBS and were mounted using ProLong Gold
Antifade reagent with DAPI. Immunofluorescence images were
captured on a Nikon TE2000 confocal microscope with EZ-C1
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Figure 1. Molecular structure of fucoxanthin (Fx). C42H58O6. M.W.
658.91.



acquisition software (Nikon, Melville, NY, USA). The number of
cleaved caspase-3high, CD44high/EpCAMhigh and αSMAhigh cells in
colonic adenocarcinoma and mucosal crypts were evaluated per set
tissue area (mm2).

Gas chromatography-mass spectrometry (GC-MS). N-methyl-
N(trimethylsilyl)-trifluoroacetate (MSTFA), methoxyamine
hydrochloride and 2-isopropylmalic acid (2-IPMA) were purchased
from GL Sciences (Tokyo, Japan), MP Biomedicals (Solon, OH)
and Sigma-Aldrich (St. Louis, MO, USA), respectively. Saliva from
each mouse (100 ml) was divided into a microtube. An internal
standard of 2-IPMA (0.05 μg) was added to each saliva sample. The
samples were mixed with 0.5 ml of CH3OH/CHCl3/DW (2.5:1:1,
v/v/v) and centrifuged at 16,000 g for 5 min. The upper phase was
washed with 0.5 ml of DW once and oximated with 30 μl of
methoxyamine hydrochloride solution (20 mg/ml in dry pyridine) at
30˚C for 90 min and then derivatized with 15 μl of MSTFA at 37˚C
for 30 min. Gas chromatography-mass spectrometry (GC-MS)
analysis was performed on a GC-MS QP5000 (Shimadzu, Kyoto,
Japan). The GC column was a 30 m x 0.25 mm (i.d.) Rxi-5ms fused
silica column (film thickness: 0.25 μm, Restek, Bad Homburg,
Germany). The column temperature program: 80˚C for 2 min, 80-
330˚C (62.5 min) at 4˚C/min and then 330˚C for 8 min with He as
a carrier using 15.7 kPa (0.5 mlmin); injection volume, 0.5 μl (split-
ratio mode, 33%); interface temperature, 250˚C; source
temperatures, 230˚C. Authentic standard spectra and GC-MS
reference libraries were used to identify peaks of salivary
metabolites in the mice. All metabolite contents were expressed as
picomole (pmol) metabolite per 100 μl of saliva.

Statistical analyses. All the results are expressed as mean±SE
values. Significant differences from control groups in mice were
determined by Fisher’s exact test for tumor incidence and by
Wilcoxon rank sum test for all others. Comparison among four

groups was analyzed by one-way analysis of variance (ANOVA)
with Tukey-Kramer post hoc tests. Differences were considered
statistically significant at *p<0.05.

Results

Inhibition of colorectal lesions in AOM/DSS-treated mice by
Fx. Differences of clinical signs and food intake were not
observed among the five groups for a total 16 wks, that is
after AOM, DSS and Fx administrations. No significant
differences in the body weight of mice among the five
groups were observed during the Fx treatment period except
for a limited time point between groups 1 and 2 (97 days
after AOM injection; *p<0.05; Figure 2B). Pathological
features indicated that the incidence and/or multiplicity of
colon mucosal ulcer, dysplastic crypts, adenoma and
adenocarcinoma tended to be lower in group 1 compared to
those in control mice in group 2, and did not emerge in either
group 3 or 4 (Figure 3 and Table I).

Changes of apoptosis-like cells in colon adenocarcinoma and
mucosal crypts of AOM/DSS mice by Fx administration. The
number of cells with high cleaved caspase-3 proteins in colon
adenocarcinoma and mucosal crypts were decided to be
apoptosis-like caspase-3high cells. The number of cleaved
caspase-3high cells in colon adenocarcinoma was significantly
increased at 1.8-fold by Fx administration in group 1
compared to those of group 2: group 1, 141.4±16.7; group 2,
78.3±9.1 for the number of cleaved caspase-3high cells per
tissue area (mm2) (Figure 4A and B). The number of cleaved
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Figure 2. Body weight changes in AOM/DSS-treated mice. (A) Administration protocol. The mice in groups 1 and 3 were administered Fx-oil at 30
mg Fx/kg body weight (bw) 3 times per week for 14 weeks (black arrows). The mice in groups 2 and 4 control groups were given the equivalent
volume of control-oil (gray arrows). The mice in groups 1 and 2 were treated with AOM/DSS. Saliva in mice was collected under isoflurane
anesthesia after pilocarpine injection (white arrow heads). (B) Body weight changes from the day just before AOM administration to the sacrifice
day. Means±SE (n=9-10). A significant difference was found between groups 1 and 2 (97 days after AOM injection): *p<0.05 by one-way ANOVA
with post-hoc Tukey-Kramer test.



caspase-3high cells in colon mucosal crypts was significantly
increased by 1.8-, 2.1- and 2.0-fold by Fx administration in
group 1 compared to those cells in groups 2, 3 and 4: group
1, 65.1±6.1; group 2, 35.4±4.4; group 3, 31.7±4.0; group 4,
33.1±5.5 cells per tissue area (mm2) (Figure 4C and D).

Suppressive effect of Fx on CCSCs and CAFs in colon
adenocarcinoma and mucosal crypts of AOM/DSS-treated
mice. Cells with high CD44 and EpCAM proteins were
determined to be CCSC-like CD44high/EpCAMhigh cells in
colon adenocarcinoma and mucosal crypts. The number of
CD44high/EpCAMhigh cells in colon adenocarcinoma was
significantly decreased 0.7-fold by Fx administration in
group 1 compared to cells in group 2: group 1, 29.0±2.4;
group 2, 43.9±3.0 (Figure 5A and B). The number of
CD44high/EpCAMhigh cells in colon mucosal crypts was
decreased 0.5-fold by Fx administration in group 1 compared
to those cells in group 2, and was similar to those cells in
groups 3 and 4: group 1, 50.7±8.1; group 2, 101.3±8.1;
group 3, 40.1±10.2; group 2, 36.9±7.2 (Figure 5C and D).

Cells with high stroma αSMA proteins were determined
to be CAF-like αSMAhigh cells in colon adenocarcinoma and
mucosal crypts. No significant difference in the number of
αSMAhigh cells in colon adenocarcinoma was observed
between groups 1 and 2 (Figure 6A and B). The number of
αSMAhigh cells in colonic mucosal crypts was decreased 0.6-
fold by Fx administration in group 1 compared to cells in

group 2, and was similar to those cells in groups 3 and 4:
group 1, 0.6±0.1; group 2, 1.0±0.1; group 3, 0.7±0.1; group
4, 0.8±0.1 (Figure 6C and D).

Continual observation of salivary metabolites from AOM/DSS-
treated mice. Five of the salivary metabolites were detected by
GC-MS in Fx-administrated AOM/DSS-treated mice through
the entire experimental period (Figure 7). Glycine and succinic
acid were significantly and constantly lower in group 1 than in
group 2 during the experimental period from 4 to 14 wks:
glycine in group 1, 92.8±20.4 (0 wk), 131.4±16.4 (4 wks),
139.4±38.0 (11 wks), 195.0±11.3 (14 wks); glycine in group 2,
74.1±9.9 (0 wk), 246.9±42.8 (4 wks), 335.8±49.6 (11 wks),
280.7±16.5 (14 wks); succinic acid in group 1, 65.4±13.6 (0
wk), 134.7±10.8 (4 wks), 141.0±19.2 (11 wks), 180.5±12.7 (14
wks); succinic acid in group 2, 63.3±7.4 (0 wk), 294.4±46.3 (4
wks), 465.1±61.0 (11 wks), 292.3±18.4 (14 wks) pmol
metabolite/100 μl saliva. No significant difference was
constantly observed in other salivary metabolites, such as
pelargonic, malic and aspartic acids, during the experimental
period. Of note, no significant differences were observed in the
five metabolites among the four groups at 0 wk (Figure 7).

Discussion

We demonstrated that Fx administration suppressed the
development of colonic lesions, CCSCs and CAFs, and
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Figure 3. Representative histopathological evaluation of colonic lesions. Bars are 100 μm.

Table I. Incidence (%) and multiplicity (no. of lesion/colon) of colonic lesions.

Group no. Treatment Mucosal ulcera Dysplastic crypts Adenoma Adenocarcinoma Total tumors
(high grade)

1 AOM-DSSb, 20% 0.6±0.6d 0% 20% 0.2±0.2 40% 0.6±0.4 40% 0.8±0.4
Fxc 30 mg/kg bw

2 AOM-DSS 50% 0.5±0.5 50% 1.8±1.0 50% 0.8±0.5 50% 1.8±1.0 50% 2.5±1.4
3 Fx 30 mg/kg bw 0% 0% 0% 0% 0%
4 None 0% 0% 0% 0% 0%

aDetected as mostly healed. bAOM-DSS, Azoxymethane-dextran sulfate sodium. cFx, Fucoxanthin. dAll data of multiplicity are shown as mean±SE
(n=4-5). No data showed significance for Fisher’s exact probability test, vs. AOM/DSS control mice (group 2).
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Figure 4. Immunohistochemical staining of apoptosis-like cleaved caspase-3high cells in colonic adenocarcinoma and mucosal crypts in AOM/DSS
mice with or without fucoxanthin (Fx). The nuclei (blue fluorescence) and cleaved caspase-3 (green fluorescence) were observed by confocal
microscopy. (A, D) Representative confocal images of cleaved caspase-3high cells in colonic adenocarcinoma and mucosal crypts, respectively (white
arrow heads). Long and short bars in colonic adenocarcinoma are 100 and 10 μm, respectively. Bars in colonic mucosal crypts are 50 μm. (B, D)
The number of cleaved caspase-3high cells per tissue area (mm2) was estimated in the colonic adenocarcinoma and crypts, respectively. (B)
Means±SE (n=3 and 7 in group 1 and 2, respectively). *p<0.05 by Wilcoxon rank sum test. (D) Means±SE (n=5). No significance (n.s.) by one-
way ANOVA with post-hoc Tukey-Kramer test.
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Figure 5. Immunohistochemical staining of colorectal cancer stem cells-like CD44high/EpCAMhigh cells in colonic adenocarcinoma and mucosal
crypts in AOM/DSS mice with or without fucoxanthin (Fx). The nuclei (blue fluorescence), CD44 (green fluorescence), and EpCAM (red fluorescence)
were observed by confocal microscopy. (A, C) Representative confocal images of CD44high/EpCAMhigh cells in the colonic adenocarcinoma and
mucosal crypts, respectively (white arrow heads). Long and short bars in colonic adenocarcinoma are 100 and 10 μm, respectively. Bars in colonic
mucosal crypts are 50 μm. (B, D) The number of CD44high/EpCAMhigh cells per tissue area (mm2) was estimated in the colonic adenocarcinoma
and mucosal crypts, respectively. (B) Means±SE (n=3 and 7 in group 1 and 2, respectively). *p<0.05 by the Wilcoxon rank sum test. (D) Means±SE
(n=5). *p<0.05 by one-way ANOVA with post-hoc Tukey-Kramer test.
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Figure 6. Immunohistochemical staining of cancer-associated fibroblast-like αSMAhigh cells in colonic adenocarcinoma and mucosal crypts in
AOM/DSS mice with or without fucoxanthin (Fx). The nuclei (blue fluorescence) and αSMA (green fluorescence) were observed by confocal
microscopy. (A, C) Representative confocal images of αSMAhigh cells in the colonic adenocarcinoma and mucosal crypts, respectively. White
arrowheads show particularly accumulated αSMAhigh cells. Bars are 50 μm. (B, D) The expression level of αSMA per tissue area (mm2) in colonic
adenocarcinoma and mucosal crypts (dotted line enclosed area) was estimated as -fold by calculating the relative imaging density by normalizing
to the value of the control mice (group 2), respectively. (B) Means±SE (n=3 and 7 in group 1 and 2, respectively). No significance (n.s.) by Wilcoxon
rank sum test. (D) Means±SE (n=5). *p<0.05 by one-way ANOVA with post-hoc Tukey-Kramer test.



increased apoptosis-like cells in colon adenocarcinoma
and/or mucosal tissue of AOM/DSS model mice. In addition,
amounts of salivary glycine and succinic acid in Fx-treated
AOM/DSS model mice were kept lower compared to those
of control mice during the experimental period. This is the
first report to suggest that salivary prognosticators
continuously show the suppressive effect of TME in a
carcinogenic mouse model by Fx.

Our previous study showed that Fx administration (3
times per week for 8 wks after the final DSS exposure)
significantly suppressed accumulations of CCSCs, CAFs,
tumor-associated macrophages and dendritic cells composed
of TME in AOM/DSS mice (19). In this experiment, a
salivary metabolite, glycine, was sampled just before the
sacrifice time point. Thus, changes of salivary metabolites
linked to cancer development were not assessed in mice. In
the present study, we investigated metabolite profiles,
apoptosis induction, TME development in colonic
adenocarcinoma and mucosal crypts in a time-dependent
manner in AOM/DSS-treated mice with Fx administration (3
times per week for 14 wks after the final DSS exposure) to
overcome this problem.

Fx attenuated the incidence and/or multiplicity of colon
mucosal ulcers, dysplastic crypts (high grade), adenoma and
adenocarcinoma in group 1 (30 mg/kg bw Fx administration),
compared to those of the control mice in group 2 (Table I).

Cleaved caspase-3high cells are apoptosis-like cells,
including anoikis-like cells. In the present study, cleaved
caspase-3high cells were significantly increased, 1.8-fold, and
in both colon adenocarcinoma and colon mucosal crypts by
Fx administration in group 1 compared to those of group 2
(Figure 4A-D). This suggested that the apoptosis induction
was enhanced in colonic mucosal tissue by Fx administration.
On the other hand, our previous study revealed that the
number of cleaved caspase-3high cells was remarkably
elevated 3.2- and 2.7-fold in colon adenocarcinoma and colon
mucosal crypts, respectively, by Fx administration during the
final 3 wks before sacrifice (20). Therefore, it is suggested
that the increase of apoptosis-like cells in colon mucosal
tissue depended on the dosage of Fx.

Colonic TME are composed of a variety of cells, such as
CCSCs, CAFs, tumor-associated macrophages, dendritic
cells and immune cells, and play an essential role in cancer
progression (21-23). So far, little evidence is available
regarding salivary metabolite profiles associated with TME
in human and animal CRC. In the present study, the number
of CCSC-like CD44high/EpCAMhigh cells was significantly
decreased, 0.7- and 0.5-fold in colon adenocarcinoma and
colon mucosal crypts, respectively, by Fx administration in
group 1 compared to those cells in group 2 (Figure 5A-D).
These results suggest that the apoptosis induction and/or
suppression of occurrence in cancer stem-like cells would be
caused by Fx administration in both colon adenocarcinoma

and mucosal crypts of AOM/DSS mice. In addition, the
expression of CAF-like αSMAhigh cells was decreased 0.6-
fold by Fx administration in colonic mucosal crypts of group
1 compared to those cells in group 2 (Figure 6A-D).
However, no difference of CAF-like αSMAhigh cells was
observed in adenocarcinoma between groups 1 and 2 (Figure
6A-D). We previously showed that the numbers of
CD44high/EpCAMhigh and αSMAhigh cells were decreased
by 0.6- and 0.5-fold in colon mucosal crypts of AOM/DSS-
treated mice with Fx administration at 8 wks after the final
DSS exposure compared to cells in the control mice (19).
The inhibitory effects in CD44high/EpCAMhigh and
αSMAhigh cells in the present study were both approximately
equal to those observed in the previous study (Figures 5C
and D, 6C and D). 

Several reports support our data that salivary glycine
could be a good predictor of cancer prolongation. Salivary
glycine in patients with breast and pancreatic cancer was
significantly increased 2.32-fold and 3.10-fold against
healthy controls, respectively (1). Moreover, salivary glycine
in gastric cancer patients at an early clinical stage showed a
2.0-fold higher amount than that of controls (5). As the
suppressive effect of Fx on TME development was also
observed, we expected that salivary metabolite profiles by
Fx administration would be similar to those in the previous
observation (19). As expected, salivary glycine and succinic
acid in group 2 increased until 11 wks, but decreased at 14
wks after the final DSS exposure (Figure 7). These two
metabolites were expected to correlate with cancer
progression in the mice. However, our previous study did not
show significant difference in salivary succinic acid between
DSS-treated mice with Fx administration and the control
DSS-treated mice at 8 wks after the final DSS exposure (19).
Thus, we are considering that salivary succinic acid may be
a weak predictor compared to salivary glycine.

We expected that salivary glycine could be a good
predictor representing cancer chemopreventive effects of Fx.
Fx administration decreased salivary glycine 0.5-, 0.4- and
0.7-fold at 4, 11 and 14 wks, respectively. The rate of
decrease in salivary glycine in the present study seems
similar to that of the cancer chemopreventive potential of Fx.
On the other hand, an increase (2.2-fold) of salivary glycine
by Fx administration was observed in CCSC-like spheroid
inoculated xenograft mice (24). Confirmation is needed of
the alteration of salivary metabolites in various cancer
animal models with Fx administration.

Saliva has an advantage for examining a physiological status
of cancer patients or healthy people from the accessibility,
repetition and safety (1,5). Next future, the long-term effect of
Fx or Fx-rich foods in cancer prevention in human may be able
to explain by salivary glycine. However, the reason why
salivary metabolites are changed with physiological status of
both human and animals remain elusive. The clarification of
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Figure 7. Salivary metabolite content in AOM/DSS mice with or without fucoxanthin (Fx). Mouse saliva was collected sequentially at 0, 4, 11, and
14 weeks after the final DSS exposure, and low molecular metabolites were analyzed by GC-MS. Mean±SE (n=5). *p<0.05 and no significance
(n.s.) by one-way ANOVA with post-hoc Tukey-Kramer test.



exact mechanisms altering salivary metabolite contents must
be overcome for translational research.

Taken together, our data demonstrated that Fx effectively
tended to inhibit carcinogenesis in a CRC mouse model at 14
wks after the final DSS exposure along with significant
alterations of apoptosis-, CCSC-, and CAF-like cells in colonic
mucosal tissue. Moreover, we have successfully identified
salivary glycine as an indicator for cancer chemopreventive
effects of Fx in the mice during 4-14 wks after the final DSS
exposure. Further in vivo studies are needed to confirm the
clinical utility of salivary glycine in various carcinogenic
animal models with several concentrations of Fx and with Fx-
rich foods.
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