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intake in the aqueous humor by measuring reactive oxygen species
related parameters, including O2•- scavenging activity, H2O2 level,
and total hydroperoxides level. In this study, we analyzed the
antioxidative effects of astaxanthin in relation to age in 16 males
and 19 females (average age 71.3 and 70.6, respectively) who
underwent bilateral cataract surgery on one side before and the
other side after astaxanthin intake (6 mg/day for 2 weeks). None
of the parameters correlated with age before astaxanthin intake,
but only total hydroperoxides level was significantly correlated
after the astaxanthin intake (r = 0.4, p<0.05). Total hydroperoxides
levels were similar in younger and older patients (<70 vs ≥70
years) before astaxanthin, but decreased significantly more in
younger patients (–0.21 ± 0.18 vs –0.05 ± 0.31, p<0.05) after the
intake, resulting in significantly different levels (p<0.05). The
previously observed decrease in mean total hydroperoxides levels
following astaxanthin intake was therefore considered likely to
be attributable to a greater response in younger subjects. Given
that total hydroperoxides levels reflect general antioxidative
status, astaxanthin intake may exert a greater antioxidative effect
in younger patients. Further comparative studies involving younger
subjects and different astaxanthin doses are needed.
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OIntroduction
xidation has recently been shown to be involved in various
pathologies, leading to increasing research into antioxidative
substances.(1,2) In addition, numerous reports have described the
involvement of oxidation reactions in various ophthalmologic
pathologies, including cataract, glaucoma, diabetic retinopathy,
uveitis, and age-related macular degeneration (AMD),(3,4) and have
discussed the benefits of antioxidative agents in these conditions.
For example, the carotenoid lutein is considered to be effective
in AMD, and is recommended as a supplement in our daily
practice.(5) We have focused on the antioxidant astaxanthin (AX)
(Fig. 1), and explored its antioxidative effect from an ophthalmologic perspective.
We previously reported several findings,(6–12) including a
beneficial anti-inflammatory effect of AX after cataract surgery.(6)
AX intake also increased superoxide (O2•-) scavenging activity in
the aqueous humor in patients with diabetes,(7) and affected
hydrogen peroxide (H2O2) levels in the aqueous humor.(8,9) AX
intake lowered total hydroperoxides levels in the aqueous humor
and generally suppressed oxidation.(10) AX intake was also
suggested to have antioxidative effects on vascular endothelial
growth factor (VEGF) through enhancement of O2•- scavenging
activity and suppression of peroxide formation,(11) while VEGF
levels were related to total hydroperoxides levels in the aqueous
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humor and AX intake affected O2•- scavenging activity in
females.(12)
We reevaluated various reactive oxygen species (ROS)-related
parameters and other factors using multiple linear regression
analyses, which suggested that the antioxidative effect of AX in
the aqueous humor may be strongly related to age. In the current
study, we therefore analyzed the antioxidative effect of AX in
relation to patient age.
Subjects and Methods
Subjects. Subjects who underwent bilateral cataract surgery
(intraocular lens implantation) at Tsukuba Hashimoto Optical
Clinic were included in the study. Patients with inflammatory
diseases such as uveitis, with a high degree of refractive error (8.0
diopters or above), or who had been taking other supplements
were excluded. The study was approved by the Bioethics
Committee of Dokkyo Medical University Saitama Medical Center
(approval number: 22025). All patients provided informed consent
based on a detailed explanation of the purpose of the study.
Patients began AX (Astavita®; Fuji Chemical Industry, Toyama,
Japan) 6 mg/day immediately after undergoing surgery on one
eye, followed by surgery on the other eye 2 weeks later. Aqueous
humor samples were taken from each eye during surgery for
analysis of oxidation-related parameters (O2•- scavenging activity,
and levels of H2O2, and total hydroperoxides).(13–16)
Materials. O2•- scavenging activity was measured by nitroblue tetrazolium (NBT) reduction assay and H2O2 by titanium
colorimetry.(13,14) The NBT assay was performed with a superoxide
dismutase (SOD) test kit, (SOD Test Wako®; Wako Pure
Chemical Industries Ltd., Osaka, Japan), which measures O2•scavenging activities by various O2•- scavengers, including
reduced glutathione and L-ascorbic acid, and is not limited to
detecting SOD alone.
Total hydroperoxides was measured by microassay using the
FREE d-ROMs reagent (Diacron Srl, Grosseto, Italy).(15) N,Ndiethylparaphenylenediamine, the chromogen pigment in the
FREE d-ROMs reagent, reacts with H2O2, lipid peroxides, peroxidized nucleic acids and nucleotides, as well as peroxides of
proteins, peptides, and amino acids. The measured total hydroperoxides levels thus indicate the total amount of these peroxidized (-OOH modified) substances.(16)
Statistical analysis. The relationships between these parameters were analyzed before and after AX intake using Spearman’s
rank-correlation coefficient, and compared between younger (<70
years, n = 15) and older (³70, n = 20) subjects using Mann–
*To whom correspondence should be addressed.
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Fig. 1.

Structural formula of astaxanthin

Table 1. The correlation between age and the levels of reactive oxygen species (ROS)related parameters in human aqueous
humor before and after the astaxanthin (AX) supplement intake
Before the AX intake

Age

O2•- scavenging
activity

H2O2 level

Total hydroperoxides
level

With or
without DM

Gender

r = –0.009
p = 0.960

r = 0.228
p = 0.188

r = 0.264
p = 0.126

r = –0.097
p = 0.580

r = 0.043
p = 0.807

O2•- scavenging
activity

H2O2 level

Total hydroperoxides
level

With or
without DM

Gender

r = 0.066
p = 0.707

r = –0.092
p = 0.599

r = 0.389*
p = 0.021

r = –0.097
p = 0.580

r = 0.043
p = 0.807

After the AX intake

Age

Spearman rankcorrelation coefficient, *p<0.05.

Fig. 2. Total hydroperoxides levels before and after AX intake of
different age groups. *p<0.05, **p<0.01.

Whitney U tests. p<0.05 was considered significant. Changes
between before and after AX intake were obtained by subtracting
the respective levels.
Results
Thirty-five patients were included in the study (16 males, age
71.3 ± 6.4 years, and 19 females, age 70.6 ± 7.4 years). None of
the measured ROS-related parameters showed any relationship
with age before AX intake. However, total hydroperoxides level
after AX intake was significantly related to age (r = 0.4, p<0.05)
(Table 1). After AX intake, Total hydroperoxides levels decreased
significantly more in younger (<70 years) group (–0.21 ± 0.18)
compared with older (³70 years) patients (–0.05 ± 0.31) (p<0.05),
resulting in a significantly lower level in the younger group
(p<0.05). (Fig. 2 and 3).

170

Fig. 3. Change in the level of total hydroperoxides before and after
AX intake. Comparison between different age groups. *p<0.05.

Discussion
This study included only elderly patients (aged 58–85 years)
who underwent cataract surgery, and no young or middle-aged
patients were included. The results of the analysis revealed that
the decrease in total hydroperoxides levels in the aqueous humor
after the AX intake demonstrated in our previous study strongly
reflected the responses of subjects aged younger than 70 years.(10)

doi: 10.3164/jcbn.2087
©2021 JCBN

Fig. 4.

Fluctuation patterns of lipoprotein levels with age (adapted from published literature).

Total hydroperoxides level is an indicator of general oxidation
status, and the current results thus suggested that younger elderly
subjects may benefited more from the antioxidative effect of AX
than older elderly subjects.
We confirmed that there was no correlation between total
hydroperoxides levels and age and no significant difference in
total hydroperoxides levels between the younger and the older
groups before AX intake, and no age-related differences in general
oxidation status before AX intake. Based on this, we considered
the results in light of the absorption, function, and metabolism
of AX.
Regarding the pharmacokinetics of AX in the human body,(17,18)
Østerlie et al.(17) reported that plasma AX after oral ingestion was
mainly present in lipoproteins, with very-low-density (VLDL),
low-density (LDL), and high-density lipoproteins (HDL) contained
36–64%, 29%, and 24% of total AX, respectively. Previous
studies on age-related changes in lipoprotein levels showed that
VLDL, LDL, and HDL levels increased with aging to a peak and
then decreased.(19–21) The peak occurred at approximately 55 years
for VLDL, 65–70 years for LDL, and 65 years for HDL in the
Japanese population but varied among countries (Fig. 4). The
results of the present study were in accord with these age-related
changes in lipoproteins. Given that lipoproteins are involved in the
absorption and transfer of AX in the body, this may provide a
possible explanation for our results.
However, there are limitations to this study in interpreting our
data. Firstly, the present study does not cover all age groups but
enrolled only elderly patients who underwent cataract surgery. So,
we haven’t shown associations between total hydroperoxides
levels and age for the younger ages when VLDL, LDL, and HDL

levels are considered to increase with age. Secondly, we did not
actually measure lipoprotein levels in the specimens taken from
the subjects. Lipoprotein levels may vary by individuals or by
races depending on the content of meals which can be affected by
social backgrounds.
In this current study, we discussed the possibility that decreased
lipoprotein levels due to aging might be one of the factors of
lowering antioxidative effect of AX intake with age. For the
future, we think further studies to elucidate the intestinal digestion
and absorption, tissue functions, catabolism, and excretion of
AX are needed to explain its effects, since there is currently no
available information on age-related plasma concentrations of AX.
Comparative clinical studies including younger or middle-aged
populations and dose-ranging studies are also needed.
Abbreviations
AMD
AX
HDL
H2O2
LDL
NBT
O2•-OOH
ROMs
ROS
SOD
VEGF
VLDL

age-related macular degeneration
astaxanthin
high-density lipoproteins
hydrogen peroxide
low-density lipoproteins
nitro blue tetrazolium
superoxide
peroxidated substances
reactive oxygen metabolites
reactive oxygen species
superoxide dismutase
vascular endothelial growth factor
very-low-density lipoproteins

References
1 Hayashi M, Ishibashi T, Maoka T. Effect of astaxanthin-rich extract derived
from Paracoccus carotinifaciens on cognitive function in middle-aged and
older individuals. J Clin Biochem Nutr 2018; 62: 195–205.
2 Tominaga K, Hongo N, Fujishita M, Takahashi Y, Adachi Y. Protective
effects of astaxanthin on skin deterioration. J Clin Biochem Nutr 2017; 61:
33–39.
3 Ohira A, Ueda T, Ohishi K, Hiramitsu T, Akeo K, Obara Y. Oxidative
stress in ocular disease. J Nippon Ganka Gakkai Zasshi 2008; 112: 22–29.
(in Japanese)
4 Shimokawa T, Yoshida M, Fukuta T, Tanaka T, Inagi T, Kogure K. Efficacy
of high-affinity liposomal astaxanthin on up-regulation of age-related markers

H. Hashimoto et al.

induced by oxidative stress in human corneal epithelial cells. J Clin Biochem
Nutr 2019; 64: 27–35.
5 Moeller SM, Parekh N, Tinker L, et al. Associations between intermediate
age-related macular degeneration and lutein and zeaxanthin in the
Carotenoids in Age-related Eye Disease Study (CAREDS): ancillary study of
the Women’s Health Initiative. Arch Ophthalmol 2006; 124: 1151–1162.
6 Hashimoto H, Takahashi J, Chikuda M, Obara Y. Anti-inflammatory effects
of astaxanthin after cataract surgery. Atarashii Ganka 2007; 24: 1357–1360.
(in Japanese)
7 Hashimoto H, Arai K, Takahashi J, Chikuda M, Obara Y. Effect of
astaxanthin consumption on superoxide scavenging activity in aqueous

J. Clin. Biochem. Nutr. | March 2021 | vol. 68 | no. 2 | 171
©2021 JCBN

humor. Atarashii Ganka 2009; 26: 229–234. (in Japanese)
8 Hashimoto H, Arai K, Hayashi S, Takahashi J, Chikuda M, Obara Y. Effect
of astaxanthin consumption on superoxide scavenging activity and hydrogen
peroxide in the human aqueous humor. Folia Japonica de Ophthalmologica
Clinica 2012; 5: 119–126.
9 Hashimoto H, Arai K, Okamoto H, Takahashi J, Chikuda M, Obara Y. Effect
of astaxanthin consumption on hydroperoxides in the aqueous. Jpn J Clin
Ophthalmol 2011; 65: 465–470.
10 Hashimoto H, Arai K, Hayashi S, et al. Effects of astaxanthin on antioxidation in human aqueous humor. J Clin Biochem Nutr 2013; 53: 1–7.
11 Hashimoto H, Arai K, Hayashi S, Okamoto H, Takahashi J, Chikuda M. The
effects of astaxanthin on vascular endothelial growth factor (VEGF) levels
and peroxidation reactions in the aqueous humor. J Clin Biochem Nutr 2016;
59: 10–15.
12 Hashimoto H, Arai K, Hayashi S, Takahashi J, Chikuda M. Effects of
astaxanthin on VEGF level and antioxidation in human aqueous humor:
difference by sex. J Clin Biochem Nutr 2019; 65: 47–51.
13 McCord JM, Fridovich I. Superoxide dismutase. An enzymic function for
erythrocuprein (hemocuprein). J Biol Chem 1969; 244: 6049–6055.
14 Witerbourn CC, Garcia RC, Segal AW. Production of the superoxide adduct
of myeloperoxidase (compound III) by stimulated human neutrophils and its
reactivity with hydrogen peroxide and chloride. Biochem J 1985; 228: 583–
592.
15 Cesarone MR, Belcaro G, Carratelli M, et al. A simple test to monitor
oxidative stress. International Angiology 1999; 18: 127–130.

172

16 Alberti A, Bolognini L, Macciantelli D, Caratelli M. The radical cation of
N,N-diethyl-para-phenylendiamine: a possible indicator of oxidative stress in
biological samples. Res Chem Intermed 2000; 26: 253–267.
17 Østerlie M, Bjerkeng B, Liaaen-Jensen S. Plasma appearance and distribution of astaxanthin E/Z and R/S isomers in plasma lipoproteins of men after
single dose administration of astaxanthin. J Nutr Biochem 2000; 11: 482–490.
18 Zsila F, Fitos I, Bikádi Z, Simonyi M, Jackson HL, Lockwood SF. In vitro
plasma protein binding and aqueous aggregation behavior of astaxanthin
dilysinate tetrahydrochloride. Bioorg Med Chem Lett 2004; 14: 5357–5366.
19 The Lipid Research Clinics Program Epidemiology Committee. Plasma lipid
distributions in selected North American populations: the Lipid Research
Clinics Program Prevalence Study. The Lipid Research Clinics Program
Epidemiology Committee. Circulation 1979; 60: 427–439.
20 Lewis B, Chait A, Sigurdsson G. Serum lipoprotiens in four European
communities: a quantitative comparison. Eur J Clin Invest 1978; 8: 165–173.
21 Sekimoto H, Goto Y, Goto Y, et al. Changes of serum total cholesterol and
triglyceride levels in normal subjects in Japan in the past twenty years.
Research committee on familial hyperlipidemia in Japan. Jpn Circ J 1983; 47:
1351–1358.

This is an open access article distributed under the terms of the
Creative Commons Attribution-NonCommercial-NoDerivatives
License (http://creativecommons.org/licenses/by-nc-nd/4.0/).

doi: 10.3164/jcbn.2087
©2021 JCBN

