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Astaxanthin Inhibits Proliferation of Human Gastric Cancer Cell Lines by
Interrupting Cell Cycle Progression
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Background/Aims: Astaxanthin is a carotenoid pigment that
has antioxidant, antitumoral, and anti-inflammatory properties. In this in vitro study, we investigated the mechanism of
anticancer effects of astaxanthin in gastric carcinoma cell
lines. Methods: The human gastric adenocarcinoma cell
lines AGS, KATO-III, MKN-45, and SNU-1 were treated with
various concentrations of astaxanthin. A cell viability test,
cell cycle analysis, and immunoblotting were performed. Results: The viability of each cancer cell line was suppressed by
astaxanthin in a dose-dependent manner with significantly
decreased proliferation in KATO-III and SNU-1 cells. Astaxanthin increased the number of cells in the G0/G1 phase but
reduced the proportion of S phase KATO-III and SNU-1 cells.
Phosphorylated extracellular signal-regulated kinase (ERK)
was decreased in an inverse dose-dependent correlation
with astaxanthin concentration, and the expression of p27kip-1
increased the KATO-III and SNU-1 cell lines in an astaxanthin
dose-dependent manner. Conclusions: Astaxanthin inhibits
proliferation by interrupting cell cycle progression in KATO-III
and SNU-1 gastric cancer cells. This may be caused by the
inhibition of the phosphorylation of ERK and the enhanced
expression of p27kip-1. (Gut Liver 2016;10:369-374)
Key Words: Astaxanthin; Human gastric adenocarcinoma;
Proliferation; Extracellular signal-regulated kinase; p27kip-1

INTRODUCTION
Astaxanthin is a pinkish-orange carotenoid pigment that belongs to the xanthophylls family. It comprises the color of the
crustacean, salmonid, and algae. Astaxanthin has antioxidant,

photo-protective, antitumor, anti-inflammatory, and cardioprotective properties, with potential benefits for humans.1,2
Astaxanthin is obtained from the green microalgae Haematococcus pluvialis , the red yeast Phaffia rhodozyma , and crustacean byproducts such as crab, shrimp, and lobster. Synthetic
astaxanthin is commercially available as a chemical substance.
It is commercially available as a dietary supplement.2
Free radicals and highly reactive oxygen species are produced
after stimulation by air pollution, physiological stress, exposure to harmful chemicals, or exposure to ultraviolet (UV) light.
These stresses can damage DNA, protein structures, and lipid
membranes. This drives aging, inflammation, and carcinogenesis. Astaxanthin may have protective effects against diseases
caused by oxidation.3,4
Effects of astaxanthin in gastric inflammation have been
reported. In Helicobacter pylori infected mice, astaxanthin treatment can reduce the bacterial load and gastric inflammation
by shifting the T lymphocyte response from the Th1-response
to the Th1/Th2-response. Significant upregulation of CD4 and
downregulation of CD8 in astaxanthin treated patients with H.
pylori infection has been described.3,5-7
Previous investigators studied the effect of astaxanthin on
various types of cancers in mammals. Astaxanthin inhibits
carcinogenesis of the urinary bladder cancer.8 In another study,
rats fed with astaxanthin along with carcinogen had a significantly lower incidence of cancer in their oral cavity than the
group of rats fed only with carcinogen.9 Astaxanthin reportedly
decreases the incidence of colon cancer in rats.10 Dietary astaxanthin is also effective against breast cancer.11 Astaxanthin
could suppress cellular growth of prostate cancer by inhibiting
the action of 5-α-reductase, and it also may attenuate liver
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metastasis induced by stress in mice through the inhibition of
lipid peroxidation.12 Overall, the basis of the anticancer activity
of astaxanthin might be that carotenoid slows growth of cancer
cell by affecting cell communication at gap junction and by the
modulation of immune systems.
There has been no research concerning the anticancer effect
of astaxanthin in human gastric adenocarcinoma. This study
was performed to evaluate the effect of astaxanthin on the
growth of gastric cancer cell lines and to investigate the mechanism of anticancer properties of astaxanthin.

MATERIALS AND METHODS
1. Cell culture and reagents
Human gastric adenocarcinoma cell lines AGS, KATO-III,
MKN-45, and SNU-1 were purchased from Korean Cell Line
Bank (Seoul, Korea). All four cell lines were maintained in
RPMI-1640 (Invitrogen, Carlsbad, CA, USA) supplemented with
10% fetal bovine serum (Invitrogen), 100 U/mL penicillin G
and 100 μg/mL streptomycin, and were maintained at 37oC in
a humidified atmosphere of 95% air and 5% carbon dioxide.
Astaxanthin was purchased from Sigma-Aldrich (St. Louis, MO,
USA) and was dissolved in dimethyl sulfoxide (DMSO) solution
and stored at 4oC.
2. Assessment of proliferation of cancer cell lines
The effect of astaxanthin on cell viability in gastric cancer cell lines was investigated with 3-(4,5-dimethylthiazol2-yl)-2,5-diphenyl-tetrazolium bromide (methyl-tetra-zolium,
MTT; Sigma- Aldrich).13 Cells were washed with antibiotic-free
culture medium in wells of a 96-well plate. Each cell line was
exposed to 0, 10, 50, and 100 μM astaxanthin in 1% DMSO for
24 hours in the culture medium. After the removal of culture
medium, 50 µL of MTT solution (2 µg MTT per 1 mL phosphate
buffered saline) was added to each well and incubated for 4
hours at 37oC. The absorbance was indicated on an enzymelinked immunosorbent assay reader at 490 nm. Cell viability (%)
was calculated using the following formula:
% Survival=(sample optical density [OD]–total OD)/
(spontaneous OD–total OD)×100
3. Flow cytometric analysis of cell cycle status
The cell lines were serum-starved for 24 hours and then incubated in culture medium with 0, 10, 50, or 100 μM astaxanthin
for 24 hours. All gastric cancer cells were reversibly blocked
with aphidicolin and subsequently rinsed and replated. Cells
were sampled and incubated with propidium iodide and RNAse
(Cycle Test Plus; Becton Dickinson, Franklin Lakes, NJ, USA).
Cell cycle distribution was analyzed using a flow cytometer
(Becton Dickinson). Cytofluorometric analysis was carried out
using CellQuest software (Becton Dickinson). The percentage of
cells in G0/G1, S and M phases was determined using Modfit

software version 2.0 (Becton Dickinson).14
4. Assessment of cell cycle machinery protein by immunoblotting
Specific primary antibody to phospho-extracellular signalregulated kinase (p-ERK, sc-7383), phospho-serine/threoninespecific protein kinase (p-Akt, sc-135650), p27Kip-1 (sc-528),
phospho-retinoblastoma protein (p-Rb, sc-169028) and cyclin
D1 (sc-753), and horseradish peroxidase IgG as the secondary
antibody were purchased from Santa-Cruz Biotechnology (Santa
Cruz, CA, USA). Each cultured cell line was lysed on ice in 0.5
mL of a solution containing 50 mM Tris-HCl (pH 7.5), 150 mM
NaCl, 1 mM ethylenediaminetetraacetic acid, 5 mM NaF, 1%
Nonidet P-40, 0.5% sodium deoxycholate, 0.1% sodium dodecyl
sulfate (SDS), 1 mM Na3VO4, and 1% protease inhibitor cocktail. The lysates were centrifuged at 15,000 g for 15 minutes
at 4oC. The resulting supernatants were subjected to 10% SDSpolyacrylamide gel electrophoresis. The separated proteins were
transferred to a nitrocellulose membrane, which was exposed to
a blocking buffer (20 mM Tris-HCl [pH 7.4], 5% skim milk, and
0.1% Tween 20) for 1 hour at room temperature. The separated
proteins were incubated overnight with antibody to p-ERK, pAkt, p27Kip-1, p-Rb or cyclin D1 diluted 1:1,000 in blocking
buffer. The membrane was rinsed with washing buffer (20 mM
Tris-HCl [pH 7.4] and 0.1% Tween 20), incubated for 1 hour at
room temperature with horseradish peroxidase-conjugated IgG
secondary antibody diluted 1:1,000 in blocking buffer, washed
again, incubated with electrochemiluminescence plus detection
reagent (PerkinElmer, Waltham, MA, USA) for 5 minutes, and
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Fig. 1. Cell proliferation assay using gastric cancer cell lines. The cells
were starved for 24 hours and then exposed to the vehicle or to 1, 10,
50, or 100 μM astaxanthin for 48 hours. The rate of cell proliferation was measured by a modified 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide (MTT) assay. Preincubation with astaxanthin resulted in a dose-dependent inhibition of cell proliferation in
KATO-III and SNU-1 cells. However, there was no significant effect
on cell viability in AGS and MKN-45. *p=0.046; †p=0.038; ‡p=0.041;
§
p=0.031, versus vehicle alone.
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Fig. 2. Cell-cycle progression analysis. (A) KATO-III, (B) SNU-1, (C) AGS, and (D) MKN-45 were serum starved for 24 hours and then preincubated
with astaxanthin for 48 hours. The cells were collected and stained with 0.5 mg/mL propidium iodide, and the cell fluorescence was measured
with a FACScan apparatus. Compared with the control cells, the cells exposed to astaxanthin showed an increase in the number of cells in the G0/
G1 phase and a decrease in the S phase at higher concentrations (50 and 100 μM). Preincubation with astaxanthin decreased the number of cells
in the S phase, which indicated the induction of cell-cycle arrest at G0/G1. *p=0.015; †p=0.010; ‡p=0.046; §p=0.021, versus vehicle alone (each
group for n=3 experiments).
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exposed to film.15

proliferation at the S phase in KATO-III and SNU-1 (Fig. 2).

5. Statistical analysis
Statistical significance was investigated by the Mann-Whitney U test. Differences were considered statistically significant
at a p-value <0.05.

RESULTS
1. Astaxanthin inhibits proliferation of KATO-III and SNU-1
cells
The gastric cancer cell lines were cultured in the presence of
different concentrations of astaxanthin. A modified MTT assay
was performed to examine the effects of astaxanthin on cell
proliferation. The ratio of proliferation of gastric cancer cells in
medium with astaxanthin depended on the sensitivity of cancer
cells and the concentration of the drug. Dose-dependent inhibition of proliferation of KATO-III and SNU-1 cells was evident.
Astaxanthin at 50 and 100 μM significantly suppressed cell
proliferation as compared with control, although it could not
reach IC50 even under 100 μM. Viability of AGS and MKN-45
cells was unaffected (Fig. 1).
2. Astaxanthin induces cell cycle arrest in the G0/G1
phase in KATO-III and SNU-1 cells
Fluorescence activated cell sorting analysis was done to ascertain the cell cycle distribution of each cell line. In KATO-III
and SNU-1 cell, the percentage of cells arresting in the G0/G1
phase increased with higher concentrations of astaxanthin (50
and 100 μM). However, astaxanthin did not affect cell cycle of
AGS and MKN-45 cell lines. From these results, we considered
that cell cycle arrest had occurred at the G0/G1 phase in KATOIII and SNU-1 cell lines, and that astaxanthin suppressed cell

3. High concentrations of astaxanthin modulate p-ERK
level in KATO-III and SNU-1 cells
ERK and Akt have key roles in cell proliferation and survival
of cells including human gastric cancer. We evaluated the level
of p-ERK and p-Akt in KATO-III and SNU-1 cells according to
the concentration of astaxanthin, to determine whether astaxanthin could influence the intracellular signaling pathway. The
proliferation of KATO-III and SNU-1 cells was significantly
suppressed by astaxanthin administration in a dose-dependent
manner. Astaxanthin at 100 μM inhibited the p-ERK level, indicating the inhibition of protein synthesis and suppression of cell
proliferation.16 However, p-Akt was unaffected by astaxanthin
treatment (Fig. 3).
4. Astaxanthin regulates p27Kip-1 protein level in a dosedependent manner in KATO-III and SNU-1 cells
KATO-III and SNU-1 cells were incubated with vehicle or 10,
50, 100, or 200 μM astaxanthin for 24 hours. The protein level
of p27Kip-1, an inhibitor of cyclin dependent kinases, increased in
a dose-dependent manner in both cell lines. However, p-Rb and
cyclin D1 were not influenced by astaxanthin (Fig. 3).

DISCUSSION
Chemoprevention using materials from natural products may
be an ideal treatment modality of cancer due to their relatively
inexpensive cost, ready availability, and decreased toxicity.
Preexisting experimental studies using antioxidants or extracts
from plants have shown blockade of specific pathways involving carcinogenesis, but clinical data and large scale cohort
studies have proven disappointing.17 Organic foods appear to
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Fig. 3. Effects of astaxanthin on the cell proliferative and cell cycle machinery profiles. KATO-III and SNU-1 cells were treated with and without
astaxanthin (0, 10, 50, 100, and 200 μM) for 24 hours. Western blots showed decreased p-ERK at 50 and 100 μM in both cell lines. Nevertheless,
the lack of effect of astaxanthin on the activation of p-Akt was observed in both cell lines. Astaxanthin upregulated p27kip-1 in dose-dependent
manners in both cell lines. The cyclin D1 and p-Rb protein levels were not affected by astaxanthin (each group for n=3 experiments).
p-Akt, phospho-serine/threonine-specific protein kinase; p-ERK, phospho-extracellular signal-regulated kinase; p-Rb, phospho-retinoblastoma
protein; DMSO, dissolved in dimethyl sulfoxide.
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possess many tumor suppression mechanisms of organic foods;
the mechanisms of chemoprevention through analysis of cell
signaling pathways have been studied. Most of the studies have
aimed to discover the tumor suppression effect using natural
products. However, the structural diversity makes it difficult
to assess the exact mechanism.18 From these natural products,
many important dietary antioxidants including vitamin C, E,
carotenoid, and selenium have been identified and studied. The
results concerning cancer prevention have been inconsistent.
Still, developing antitumor agents with these natural substances
would carry the advantage of reduced side effects compared to
chemical compounds.
Astaxanthin has various effects including antioxidation,
protection from UV light, anti-inflammation, and anticancer
activities.19,20 The anticancer property of astaxanthin has received much attention. Several previous studies demonstrated
that astaxanthin could prevent carcinogenesis of colon, urinary
bladder, prostate, breast, and oral cavity.8-12 However, the exact
mechanism of carcinogenesis remains unknown. This study
focused on the effect of astaxanthin on the proliferation and
survival of gastric cancer cells from four cell lines.
Other carotenoids including lycopene and canthaxanthin
decrease growth of tumor cells by modulating cell cycle progression.13,21-23 Astaxanthin could inhibit cell growth related to
cell cycle arrest and also induce apoptosis in cancer cells. Colon
cancer cells treated with H. pluvialis exhibited a dose-dependent
decrease of cyclin D1 and a dose-dependent increase in p53,
p21WAF-1/CIP1, and p27Kip-1. These results proved the blockage of
cell cycle in G1/G1 phase.10 Moreover, H. pluvialis extract could
induce apoptosis of tumor cells by decreasing expression of Bcl2 and Bcl-XL.10 The present data are consistent with these prior
findings. Astaxanthin downregulated p-ERK and upregulated
p27Kip-1 protein level by dose-dependent manner in two gastric
cancer cell lines. Though H. pluvialis extract was able to modulate p-Akt pathway, pure astaxanthin did not decrease p-Akt in
gastric cancer cell lines. More research will be needed.
The possible mechanism of the anticancer effect of astaxanthin is as follows. Cyclin D, the extracellular signal, is the first
cyclin produced in the cell cycle, which binds to cyclin-dependent kinase 4 (CDK4) and becomes active. Cyclin D/CDK4 complex phosphorylates Rb and p-Rb separates from the E2F/DP1/
Rb complex. Activation of E2F results in transcription of cyclin E,
which binds to CDK2 and drives cells from G1 to S phase. The
mitogen-activated protein kinases/ERK pathway communicates
an extracellular signal from a receptor on the cell surface to the
DNA in the nucleus. Astaxanthin downregulates p-ERK level
in tumor cells, inhibiting the cyclin D1/CDK4 complex. On the
other hand, increased p27Kip-1 by astaxanthin induces suppression of cyclin E/CDK2 complex. These processes could cause cell
cycle arrest at the G1/G0 phase.24
This study showed inconsistent results in the four gastric
cancer cell lines. One reason is that each gastric cancer cell line
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has different characteristics. AGS and SNU-1 originated from
primary human gastric adenocarcinoma, KATO-III from a specimen of pleural metastasis and MKN-45 from a liver metastatic
tissue. They express different histologic cell types and also have
different molecular characteristics including genetic and epigenetic changes in tumor suppressor genes, oncogenes, cell cycle
regulator genes, growth factors, and their receptors. For example, both AGS and MKN-45 have the wild-type P53 gene. SNU1 also expresses P53 . On the other hand, gross genetic deletion
of P53 is evident in KATO-III dells.25-28 Furthermore, KATO-III
does not express P16 although no genetic alteration was detected. Presently, astaxanthin suppressed p-ERK but enhanced the
p27Kip-1 protein level in KATO-III and SNU-1 cells. The following
findings may be associated with the results of our experiments.
MKN-45 induces moderate elevation of p21 and relatively low
level of CDK2 and cyclins. p-Rb is also detected in MKN-45, but
not in KATO-III. In MKN-45, there is the rearrangement or a
polymorphism of P27 gene.29
There are several limitations in this study. First, astaxanthin
could act as a cellular growth inhibitor at high concentration.
The concentration of astaxanthin was four to 10 times higher
than used in other studies. We did not use a natural product but
rather a semi-synthetic compound, which was more oxidized
than the natural one. Therefore, semisynthetic astaxanthin
might show weaker oxidative power than natural one. A recent
clinical study administered astaxanthin to heavy smokers; each
subject was given daily either 5.0 (low dose), 20.0 and 40.0 mg
of astaxanthin (high dose). There was no significant toxicity
or side effects from the 21-day astaxanthin supplementation.30
According to this research, high-dose oral astaxanthin may be
given safely. Second, several pivotal proteins involved in cell
cycle progression, survival and apoptosis, such as p53 and p21,
were not evaluated in this study. It will be supplemented in additional experiment.
We have demonstrated that astaxanthin acts as a potential inhibitor of cellular growth in gastric cancer cell lines. It may mediate anticancer effect through decreasing p-ERK and increasing
the p27Kip-1 protein level. Although additional experiments are
mandatory, our data support an adjuvant role of astaxanthin as
a chemotherapeutic agent.
In conclusion, astaxanthin inhibits the proliferation of KATOIII and SNU-1 gastric cancer cells, which is explained by the
findings that astaxanthin suppresses p-ERK and increases
p27Kip-1 in a dose-dependent manner. Our data also suggest that
astaxanthin could affect cell cycle machinery proteins, resulting
in inhibition of the growth of gastric cancer cells.

CONFLICTS OF INTEREST
No potential conflict of interest relevant to this article was
reported.

374

Gut and Liver, Vol. 10, No. 3, May 2016

ACKNOWLEDGEMENTS

ity and lactate dehydrogenase release using MTT. Neurosci Res
2000;38:325-329.

This research was a part of Jung Ha Kim’s doctoral dissertation (Korea University School of Medicine) and was financially
supported by a Korea University Grant (K1032121).

14. Grosjean J, Kiriakidis S, Reilly K, Feldmann M, Paleolog E. Vas-

REFERENCES

15. Pai R, Lin C, Tran T, Tarnawski A. Leptin activates STAT and ERK2

cular endothelial growth factor signalling in endothelial cell
survival: a role for NFkappaB. Biochem Biophys Res Commun
2006;340:984-994.
pathways and induces gastric cancer cell proliferation. Biochem

1. Guerin M, Huntley ME, Olaizola M. Haematococcus astaxanthin:
applications for human health and nutrition. Trends Biotechnol
2003;21:210-216.
2. Hussein G, Sankawa U, Goto H, Matsumoto K, Watanabe H.
Astaxanthin, a carotenoid with potential in human health and nutrition. J Nat Prod 2006;69:443-449.
3. Curek GD, Cort A, Yucel G, et al. Effect of astaxanthin on hepatocellular injury following ischemia/reperfusion. Toxicology
2010;267:147-153.
4. Otton R, Marin DP, Bolin AP, et al. Astaxanthin ameliorates the
redox imbalance in lymphocytes of experimental diabetic rats.
Chem Biol Interact 2010;186:306-315.
5. Mansour N, McNiven MA, Richardson GF. The effect of dietary

Biophys Res Commun 2005;331:984-992.
16. Lin S, Sun L, Hu J, et al. Chemokine C-X-C motif receptor 6 contributes to cell migration during hypoxia. Cancer Lett 2009;279:
108-117.
17. Meyskens FL Jr. Coming of age: the chemoprevention of cancer. N
Engl J Med 1990;323:825-827.
18. McCullough ML, Giovannucci EL. Diet and cancer prevention. Oncogene 2004;23:6349-6364.
19. O’Connor I, O’Brien N. Modulation of UVA light-induced oxidative stress by beta-carotene, lutein and astaxanthin in cultured
fibroblasts. J Dermatol Sci 1998;16:226-230.
20. Kritchevsky SB. beta-Carotene, carotenoids and the prevention of
coronary heart disease. J Nutr 1999;129:5-8.

supplementation with blueberry, alpha-tocopherol or astaxanthin

21. Amir H, Karas M, Giat J, et al. Lycopene and 1,25-dihydroxyvita-

on oxidative stability of Arctic char (Salvelinus alpinus) semen.

min D3 cooperate in the inhibition of cell cycle progression and

Theriogenology 2006;66:373-382.

induction of differentiation in HL-60 leukemic cells. Nutr Cancer

6. Bennedsen M, Wang X, Willen R, Wadstrom T, Andersen LP.

1999;33:105-112.

Treatment of H. pylori infected mice with antioxidant astaxanthin

22. Palozza P, Sheriff A, Serini S, et al. Lycopene induces apoptosis

reduces gastric inflammation, bacterial load and modulates cyto-

in immortalized fibroblasts exposed to tobacco smoke condensate

kine release by splenocytes. Immunol Lett 1999;70:185-189.

through arresting cell cycle and down-regulating cyclin D1, pAKT

7. Andersen LP, Holck S, Kupcinskas L, et al. Gastric inflammatory

and pBad. Apoptosis 2005;10:1445-1456.

markers and interleukins in patients with functional dyspepsia

23. Palozza P, Maggiano N, Calviello G, et al. Canthaxanthin induces

treated with astaxanthin. FEMS Immunol Med Microbiol 2007;50:

apoptosis in human cancer cell lines. Carcinogenesis 1998;19:373-

244-248.

376.

8. Tanaka T, Morishita Y, Suzui M, Kojima T, Okumura A, Mori H.

24. Adachi S, Natsume H, Yamauchi J, et al. p38 MAP kinase controls

Chemoprevention of mouse urinary bladder carcinogenesis by the

EGF receptor downregulation via phosphorylation at Ser1046/

naturally occurring carotenoid astaxanthin. Carcinogenesis 1994;
15:15-19.
9. Tanaka T, Makita H, Ohnishi M, Mori H, Satoh K, Hara A. Chemoprevention of rat oral carcinogenesis by naturally occurring xanthophylls, astaxanthin and canthaxanthin. Cancer Res
1995;55:4059-4064.
10. Palozza P, Torelli C, Boninsegna A, et al. Growth-inhibitory effects
of the astaxanthin-rich alga Haematococcus pluvialis in human
colon cancer cells. Cancer Lett 2009;283:108-117.
11. Nakao R, Nelson OL, Park JS, Mathison BD, Thompson PA, Chew
BP. Effect of dietary astaxanthin at different stages of mammary
tumor initiation in BALB/c mice. Anticancer Res 2010;30:21712175.
12. Kurihara H, Koda H, Asami S, Kiso Y, Tanaka T. Contribution of
the antioxidative property of astaxanthin to its protective effect on
the promotion of cancer metastasis in mice treated with restraint
stress. Life Sci 2002;70:2509-2520.
13. Abe K, Matsuki N. Measurement of cellular 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) reduction activ-

1047. Cancer Lett 2009;277:108-113.
25. Park JG, Frucht H, LaRocca RV, et al. Characteristics of cell
lines established from human gastric carcinoma. Cancer Res
1990;50:2773-2780.
26. Matozaki T, Sakamoto C, Matsuda K, et al. Missense mutations
and a deletion of the p53 gene in human gastric cancer. Biochem
Biophys Res Commun 1992;182:215-223.
27. Takahira K, Sano M, Arai H, Hanai H. Apoptosis of gastric cancer
cell line MKN45 by photodynamic treatment with photofrin. Lasers Med Sci 2004;19:89-94.
28. Yokozaki H. Molecular characteristics of eight gastric cancer cell
lines established in Japan. Pathol Int 2000;50:767-777.
29. Akama Y, Yasui W, Kuniyasu H, et al. Genetic status and expression of the cyclin-dependent kinase inhibitors in human gastric
carcinoma cell lines. Jpn J Cancer Res 1996;87:824-830.
30. Kim JH, Chang MJ, Choi HD, et al. Protective effects of Haematococcus astaxanthin on oxidative stress in healthy smokers. J Med
Food 2011;14:1469-1475.

