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Abstract

Purpose Oxidative stress and antioxidant

status were determined in forty healthy men

and postmenopausal women aged 50–70 years

(F25, M15), who underwent concurrent eye

examinations.

Methods Blood samples were collected for

analysing major well-known antioxidants by

HPLC systems with UV and ECD detectors,

total antioxidant performance using a

fluorometry, lipid peroxidation determined by

malondialdehyde using a HPLC system with a

fluorescent detector and by total

hydroxyoctadecadienoic acid (HODE) and

F2-isoprotanes (8-iso-PGF2a) using GC-MS.

Results Twenty-seven (F17, M10) of the 40

subjects were diagnosed to have early cataracts

at the onset of the study, which were regarded

as age appropriate lens opacities. There was no

significant difference in plasma major

antioxidants, total antioxidant performance,

and lipid peroxidation determined by

malondialdehyde as well as 8-iso-PGF2a

between the groups with and without early

cataract. However, isomers of 9- and

13-(Z,E)-HODE levels were significantly higher

in subjects with early cataract as compared with

those of non-cataract subjects (Po0.05).

Conclusion Our data suggest that subjects

with early cataract are under increased

systemic oxidative stress, which can be

identified by a sensitive biomarker of lipid

peroxidation, such as isomers of HODE.
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Introduction

Cataract is an opaqueness of the lens that causes

decreased visual acuity.1 Cataract becomes more

common with increasing age and is one of

the leading causes of blindness and visual

impairment among the elderly population

throughout the developing world.2 Thus,

identification of factors that could delay or

prevent cataract development would be

important both for increasing the well-being of

older adults and for reducing medical care costs.

Multiple factors, such as genetics, sunlight

exposure, and cigarette smoking are suggested

to be involved3–9 in the progression of lens

opaqueness. In particular, oxidative stress is

thought to have a major function in the aetiology

of age-related cataract.9–13 Lens opaqueness is

generally considered to be a common age-related

progression and ages above 50 years have

increased risk of developing all types of

cataract.14 Therefore, oxidative stress

and antioxidant status in forty men and

postmenopausal women aged 50–70 years, who

underwent eye examination, were determined.

Materials and methods

Subjects

Forty non-smoking men and postmenopausal

women aged 50–70 years (M15, F25) were

enrolled in this study. All of the study subjects

were in good health, as determined by a

medical history questionnaire, physical

examination, and normal results of clinical

laboratory tests. None of the study subjects

had a history of cardiovascular, hepatic,

gastrointestinal, or renal diseases, none were

alcoholic, all were non-smokers and none used

exogenous hormones. Subjects were not

permitted to take any supplemental vitamin or

carotenoid for more than 6 weeks before the

start of the study and were limited to drinking

less than two cups of tea per day during this

6 week period. The study protocol was

approved by the Institutional Review Board

of Tufts Medical Center and Tufts University
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Health Sciences, and written informed consent was

obtained from each study subject.

Fasting (14-h) blood samples were collected in

evacuated containers containing EDTA. Plasma samples

were divided into aliquots and stored at �801C for

subsequent biochemical analyses. Subjects underwent

eye examination at the New England Eye Center. The

lens opacities were classified by a single ophthalmologist

using slit lamp photographs of the nucleus and

retroillumination lens photographs of both eyes and the

grading system was 0¼no cataract, 1¼mild cataract,

2¼moderate cataract, 3¼ severe cataract view to the

fundus impaired, and 4¼no red reflex.

This study protocol was designed primarily to

examine the effect of antioxidants on macular pigments,

but this paper focuses on antioxidant status and

oxidative stress status in relation to early cataract.

We certify that all applicable institutional and govern-

mental regulations concerning the ethical use of human

volunteers/animals were followed during this research.

Chemicals and reagents

All-trans-�-carotene (type II), lycopene, a-tocopherol,

glutathione (GSH), ascorbic acid, uric acid, human serum

albumin, and soybean phosphatidylcholine were

purchased from Sigma Chemical Co. (St Louis, MO,

USA). Lutein was purchased from Kemin Industries (Des

Moines, IA, USA). The fatty-acid analogue 4,4-difluoro-5-

(4-phenyl-1,3-butadienyl)-4-bora-3a,4a-diaza-s-indacene-

3-undecanoic acid (BODIPY 581/591) was purchased

from Molecular Probes (Eugene, OR, USA). The

lipophilic radical initiator, 2,20-azobis(4-methoxy-2,4-

dimethylvaleronitrile; MeO-AMVN), and 2,20-azobis

(2,4-dimethylvaleronitrile (AMVN) were purchased from

Wako Chemicals (Richmond, VA, USA). Delipidized

human serum was purchased from SeraCare Life

Sciences Inc. (Oceanside, CA, USA). All HPLC solvents

were obtained from JT Baker Chemical and were

filtered through a 0.45-mm membrane filter before use.

Dietary assessment

Fruits and vegetable intakes were assessed with Fred

Hutchinson Food Frequency Questionnaire15,16 and

calculated using Nutrition Data System for Research

software version 4.04 32, developed by the Nutrition

Coordinating Center, University of Minnesota, MN, USA.

The questionnaires were self administered and reviewed

for completeness by a research dietician.

Plasma carotenoid and tocopherol analyses

Plasma carotenoid concentrations were measured by

an HPLC system as previously described with minor

modification.17 Plasma samples (200ml) were extracted

with 2 ml of chloroform : methanol (2 : 1) followed by

3 ml of hexane. Samples were dried under nitrogen and

resuspended in 75 ml ethanol : methyl tert-butyl ether

(2 : 1) of which 25 ml was injected onto the HPLC. The

HPLC system consisted of a Waters 2695 Separation

Module, 2996 Photodiode Array Detector, a Waters

2475 Multi-l Fluorescence Detector, a C30 carotenoid

column (3 mm, 150� 3.0 mm, YMC, Wilmington, NC,

USA), and a Waters Millenium 32 data station. The

mobile phase was methanol : methyl tert-butyl

ether : water (85 : 12 : 3 by volume with 1.5% ammonium

acetate in water, solvent (A) and methanol : methyl

tert-butyl ether : water (8 : 90 : 2 by volume with 1%

ammonium acetate in water, solvent (B). The gradient

procedure has been reported earlier.17 Results were

adjusted by an internal standard containing echinenone

and retinyl acetate. The CV for interassay (n¼ 25) was

4% and intraassay was 4% (n¼ 9). Recovery of the

internal standard averaged 97%.

Measurement of total antioxidant performance (TAP)

The fluorescent probe BODIPY 581/591 was

incorporated into the lipid compartment of

plasma at a final concentration of 2 mmol/l, as

reported previously.18,19 Samples were then diluted

1 : 10 (v/v) with PBS and incubated at 371C with

MeO-AMVN (2 mM). The lipid oxidation kinetics

were monitored by the measuring the green

fluorescence (lex¼ 500, lem¼ 520 nm) of the oxidation

product of BODIPY 581/591 using a multiwell

plate reader (Wallack Victor 2, PerkinElmer, Boston,

USA).

Measurements of lipid peroxidation

MDA analysis

Lipid peroxidation was assessed by the measurement

of malondialdehyde (MDA) using an HPLC system

as reported previously.20 Briefly, plasma or plasma

incubated with 5 mM of AMVN at 421C for 2 h was

treated with BHT (5% in EtOH), followed by protein

precipitation using TCA (10% w/v). The mixture was

reacted with TBA (0.4% w/v, in acetate buffer, pH 3.5)

and analysed for MDA-TBA adducts by an HPLC system

with a Pecosphere-3 C18 column (83� 4.6 mm) using a

fluorescence detector (Waters 2475 multi-l), which was

set Ex 515 nm and Em 553 nm. The HPLC mobile phase

was 20 mM potassium phosphate buffe : acetonitril

(80 : 20, by vol), and the flow rate was set at 0.8 ml/min.

The lower limit of detection is 0.2 pmol for the

MDA–TBA adduct.
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Total HODE and 8-iso-PGF2a analyses

Total HODE and 8-iso-PGF2a were measured by GC/MS

as reported previously21 with slight modification. Briefly,

plasma was reduced with an excessive amount of

sodium borohydride followed by saponification with

potassium hydroxide. The identification and

quantification of total hydroxyoctadecadienoic acid

(HODE) and 8-iso-PGF2a were determined by their

retention times and mass patterns (m/z¼ 440, 369, 225

for HODE and 571, 481 for 8-iso-PGF2a), and ions at 440

and 481 were selected for quantification for HODE and

8-iso-PGF2a, respectively, using the internal standard

8-iso-PGF2a–d4 (m/z¼ 485). The isomers of 9-(Z,E)- and

13-(Z,E)-HODE, 9-(E,E)-HODE, and 13-(E,E)-HODE

were adequately separated using this method.

Statistical analysis

All values are presented as means±SD. Comparisons

between two groups with and without early cataract

were made by Student’s t-test. When the normality test

failed, a Mann–Whitney rank sum test was performed.

Data analysis was carried out with Graph Pad Software,

Prism (Version 4.0, San Diego, CA) and SigmaStat

(Ver 3.1, Systat Software Inc., Point Richmond, CA, USA).

Results

Characteristics of study subjects with or without early

cataract are presented in Table 1. Initial clinical

laboratory test values, such as albumin, cholesterol, and

triglycerides were not significantly different between the

two groups and were all in normal range. Table 2 shows

mean plasma concentrations of water- and fat-soluble

antioxidants. No significant difference was found in

major plasma antioxidants, such as carotenoids,

tocopherol, ascorbic acid, and uric acid between the

two groups. There was also no significant difference in

total antioxidant performance between the two groups.

Among various biomarkers of lipid peroxidation, such as

MDA, isoprostanes (8-iso-PGF2a) and HODE, only

isomers of 9-(Z,E)-HODE and 13-(Z,E)-HODE showed

significantly higher values (Po0.05) in subjects with

early cataracts as compared to those of subjects without

any lens opaqueness (Table 3). It may still be noteworthy

that, although statistically not significant, both total

HODE and (E,E)-HODE observed for subjects with early

cataracts were higher than those of healthy subjects.

Discussion

Epidemiological studies consistently suggest that

oxidative damage is a primary event in the pathogenesis

Table 1 Characteristics of study participantsa

With cataract
(n¼ 27)

Without cataract
(n¼ 13)

Age (years) 60.56±6.17 59.31±6.30
Weight (kg) 74.82±11.94 69.80±13.47
BMIb (kg/m2) 26.72±4.93 24.70±3.58
Waist/Hip 0.89±0.26 0.84±0.10
Albumin (g/l) 42.7±1.8 42.4±2.1
Total cholesterol (mmol/l) 4.82±0.74 5.14±0.92
Triglycerides (mmol/l) 2.22±1.26 2.61±1.53
HDL cholesterol (mmol/l) 1.42±0.31 1.52±0.51
LDL cholesterol (mmol/l) 2.97±0.61 3.10±0.71
VLDL cholesterol (mmol/l) 0.43±0.25 0.51±0.31

aAll values are means±SD.
bBody mass index.

Table 2 Plasma antioxidant nutrient concentrations of study
participantsa

With cataract
(n¼ 27)

Without cataract
(n¼ 13)

Lutein (mmol/l) 0.20±0.09 0.24±0.01
Zeaxanthin (mmol/l) 0.03±0.02 0.05±0.02
b-carotene (mmol/l) 0.45±0.32 0.49±0.40
Total lycopene (mmol/l) 0.98±0.45 1.01±0.47
Total carotenoids (mmol/l) 1.81±0.79 2.02±0.82
a-Tocopherol (mmol/l) 31.4±6.43 34.4±7.55
Ascorbic acid (mmol/l) 52.2±21.6 55.1±21.0
Uric acid (mmol/l) 313.9±93.2 294.4±87.9

No significant difference between the two groups in all values (Student’s

t-test).
aAll values are means±SD.

Table 3 Plasma antioxidant activity and lipid peroxidation of
study participantsa

With cataract
(n¼ 27)

Without cataract
(n¼ 13)

TAP (% protection) 76.89±7.26 74.51±7.45
MDA (mmol/l) 0.51±0.10 0.54±0.13
MDA-AMVN (mmol/l) 3.84±1.37 5.23±3.58
t8iso-P (nmol/l) 2.24±2.34 2.04±1.89
9,13 ZE-HODE (nmol/l) 210.93±56.97 178.59±35.37 b,c

9,13 EE-HODE (nmol/l) 147.02±53.92 123.59±35.90
ZE/EE 1.49±0.30 1.52±0.35
tHODE (nmol/l) 358.00±102.9 302.26±58.49

MDA¼malondialdehyde; MDA-AMVN¼ 2,20-azobis(2,4-dimethyl-valero-

nitrile) induced malondialdehyde; t8iso-P¼ total 8-iso-prostaglandin F2a;

TAP¼ total antioxidant performance; tHODE¼ total hydroxyoctadecadie-

noic acid; ZE/EE¼ the ratio of stereo-isomers, 9,13 (Z,E)-HODE/9,13(E,E)-

HODE; 9,13EE-HODE¼ 9-(E,E)-HODE & 13-(E,E)-HODE; 9,13ZE-HO-

DE¼ isomers of 9-(Z,E)-HODE and 13-(Z,E)-HODE.
aAll values are means±SD.
bSignificantly different, P¼ 0.05 (Student’s t-test).
cA Mann–Whitney rank sum test was performed when a normality test

failed.
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of many forms of cataracts.3–9 In addition, biochemical

studies22,23 have revealed the increased lipid

peroxidation products, which can be diffused from the

retina to the lens through vitreous body on degeneration

of the photoreceptors,24 in human catarctous lenses.

The significantly higher plasma concentrations of (Z,E)

isomers of HODE, oxidation products of linoleic acid, in

subjects with early cataract in this study indicates that

systemic oxidative stress could have a function in the

progression of lens opaqueness. Considering linoleic acid

as the most abundant circulating polyunsaturated fatty

acid25,26 in humans, HODE may give a better sensitivity

and specificity detecting in vivo systemic lipid

peroxidation as compared to those of other biomarkers of

lipid peroxidation, such as F2-isoprostane, the oxidation

products of arachidonic acid,27 or MDA, the oxidation

end product of any polyunsaturated fatty acid.28 Even

though the ratio of stereoisomers of 9-(Z,E)-, 13-(Z,E)-,

9-(E,E)-, and 13-(E,E)-HODE was reported to be an

indicative of lipid peroxidation,19 this study suggests that

the isomeric difference does not represent systemic

oxidative stress. However, biological significance of total

HODE as well as its isomeric configuration should be

further investigated in a large study population

considering the fact that the present study showed

higher trend (P¼ 0.078) of plasma total HODE

concentrations in subjects with early cataract as

compared to those without cataract in a rather limited

study population.

Several studies have shown an inverse association

between an elevated consumption of dark green

vegetables, which are rich in lutein and zeaxanthin, and a

decreased risk of oxidative stress-associated eye diseases,

such as cataract and macular degeneration.29–35 Lutein

and zeaxanthin are the only carotenoids that have been

reported to be present in the lens and macula.36–39

Although current study showed no significant difference

in fruits and vegetable intakes between subjects with

and without early cataract (data are not shown), a large

scale (n¼ 35 274) of prospective study40 indicated that

antioxidant rich high fruits and vegetable intakes have a

modest protective effect on cataract.

Even though Knekt et al29 indicated in a case–control

study that low serum concentration of b-carotene was a

risk factor for end stage senile cataract, no significant

difference was found in the plasma concentrations of

lutein, b-carotene, lycopene, or total carotenoids in this

study. It should be noted that our study subjects were all

in a very early stage of cataract, whereas in Knekt et al’s29

study, cataract participants had mature senile cataracts

that required extraction, and that our study subjects were

in a good health except for age-related progression of eye

status. It is interesting to note the recent report41

conducted in a North Indian population, who were in

antioxidant nutrient deficient status, showing the inverse

relationship between the blood antioxidants, such as

vitamin C, lutein, b-carotene and lycopene, and cataract.

Although subjects with early cataract showed

significantly higher lipid peroxidation determined by

(Z,E) isomers of HODE than those of subjects without

cataract, plasma individual antioxidant concentrations,

such as carotenoids, tocopherol, ascorbic acid, and uric

acid were not differ between the two groups with and

without early cataract. Therefore, it is not surprising to

see no significant difference between the two groups in

total antioxidant performance, which determines the

ability of a biological system to quench free radicals

produced by an exogenous pro-oxidant, considering that

antioxidants and their interactions have an important

function in total antioxidant capacity in plasma.42

In conclusion, our study clearly indicates that although

overall antioxidant status was not significantly different

between subjects with and without early cataract,

subjects with early cataract are under systemic oxidative

stress, which can be identified by a sensitive biomarker of

lipid peroxidation, such as isomers of HODE.
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