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High Serum Carotenoids Are Inversely Associated with Serum Gamma-glutamyl-
transferase in Alcohol Drinkers within Normal Liver Function

Minoru Sugiura,* Mieko Nakamura,? Yoshinori Ikoma,* Masamichi Yano,' Kazunori Ogawa,*
Hikaru Matsumoto,' Masaya Kato,"' Makoto Ohshima,* and Akihiko Nagao.?

BACKGROUND: Many studies have reported that the consumption of alcohol induces the generation of
free radicals. Moreover, recent studies suggest that serum gamma-glutamyltransferase (y -GTP) within
its normal range might be an early marker of oxidative stress. In this study, we tested the hypothesis
that serum antioxidant carotenoids would be inversely associated with serum y -GTP in alcohol
drinkers within normal liver function.

METHODS: A total of 266 Japanese men who had received health examination in 2003 participated in
the study. The associations of serum y -GTP and serum-carotenoid concentrations stratified by alcohol
intake levels were evaluated cross-sectionally. The participants were divided into three groups accord-
ing to their ethanol intake level (non-drinker, less than 1 g/day; light drinker, 1-25 g/day; and moderate
and heavy drinkers, 25+ g/day). The multivariate-adjusted geometric means of the serum y -GTP con-
centrations in each tertile of the serum-carotenoid concentrations were calculated after adjustment for
ethanol intake, age, body mass index, total cholesterol, triacylglycerols, current tobacco use, and habit-
ual exercise.

RESULTS: The serum y -GTP concentrations were significantly high in accordance with the ethanol
intake level. In moderate and heavy drinkers, the multivariate-adjusted geometric means of serumy -
GTP concentrations were significantly low in accordance with the tertiles of the serum lycopene, a -
carotene, 3 -carotene, and 3 -cryptoxanthin concentrations.

CONCLUSIONS: The serum antioxidant carotenoids were inversely associated with alcohol-induced

increases of serumy -GTP in moderate and heavy drinkers within normal liver function.
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It iswell known that alcohol induces the generation of free radical
species during its metabolism.** Many studies of the antioxidant
status of alcohol-induced hepatitis or cirrhosis patients have
reported on the measurement of the blood concentrations of
antioxidants or markers of oxidative stress, such as o -tocopherol,
ascorbic acid, carotenoids, or glutathione.*® These studies provid-

ed support for the hypothesis that antioxidant micronutrients may
protect against oxidative stress induced by alcohol consumption.
Although serum gamma-glutamyltransferase (y -GTP) is not a
specific indicator of liver injuries due to alcohal, it is widely used
as a screening test for alcohol-induced liver dysfunction.®
Recent epidemiologic studies have reported that serum y -GTP
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within its normal range might be an early marker of oxidative
stress.’2% |n these reports, the authors found the inverse associa-
tions of serum-carotenoid concentrations with serum y -GTP.
However, the association of serum y -GTP and serum-carotenoid
concentration with alcohol intake level has not been thoroughly
studied in subjects without liver dysfunction. Therefore, in this
study, we tested the hypothesis that serum-carotenoid concentra-
tion would be inversely associated with &l cohol-induced oxidative
stress within normal liver function. We evaluated the association
of serum y -GTP as a marker of oxidative stress induced by alco-
hol consumption and serum carotenoids: i.e., lutein, lycopene, o -
carotene, 3 -carotene, 3 -cryptoxanthin, and zeaxanthin stratified
by acohol intake level in Japanese men and women within nor-
mal liver function.

METHODS

In the present study, we used data derived from health examina-
tion of inhabitants aged from 30 to 70 years performed in the
town of Mikkabi in Shizuoka Prefecture, Japan in April and May,
2003. A total of 1,979 males and females were subjects for the
health examination. As results, 1,448 participants (73.2% of total
subjects) had received the health examination. We recruited par-
ticipants for this study and informed consent was obtained from
886 subjects (302 males and 584 females). The response rate was
61.2%. This study was approved by the ethics committee of the
National Institute of Fruit Tree Science and the Hamamatsu
University School of Medicine.

In this report, the following subjects were excluded from the
data analysis. (1) those for whose serum aspartate aminotrans-
ferase (AST) and/or aanine aminotransferase (ALT) concentra-
tions were defined as abnormalities (51+ IU/L and 46+ IU/L were
used for cutoff values of high AST and ALT, respectively); (2)
those with infected hepatic B or C virus or those who reported a
history of liver diseases, in a self-administered questionnaire; and
(3) those for whose blood samples for serum-carotenoid analysis
were not collected. Asaresult, atotal of 266 men and 557 women
wereincluded in thisanalysis.

A self-administered questionnaire was used to collect informa-
tion about life-style characteristics, including tobacco use (current
smoker, ex-smoker, or non-smoker), exercise habits (weekly par-
ticipation), and dietary habits. Diet was assessed with a validated
simple food-frequency questionnaire developed especially for the
Japanese,*"** and information about acohol consumption and the
daily intake of nutrients was obtained. In the part of the question-
naire dealing with food frequency, subjects were asked about their
consumption of various types of alcoholic beverages (sake, beer,
whisky, and others) for the previous month; daily ethanol con-
sumption was then estimated from the frequency and volume of
each acoholic beverage consumed with the ethanol content of the
corresponding beverage. The daily intakes of nutrients were esti-
mated from the food intake frequencies per month with either
standard portion size (for most of foods) or subject-specified

usua portion size (for rice, breads, and acoholic and non-alco-
holic beverages). The total energy intake (including or excluding
energy intake from ethanol) of all subjects was used in this report.

Height and body weight were measured by trained public
health nurses. The body mass index (BMI) was calculated as the
body weight (kg) divided by the height (m) squared. Blood pres-
sure was measured using an automated sphygmomanometer
Model BP-103ill (Nihon Colin, Inc., Aichi, Japan).

Blood samples were obtained in the morning after the subjects
had fasted overnight. Serum was separated from blood cells by
centrifugation and stored at -800] until serum-carotenoid analy-
ses. The concentrations of serum carotenoids, lutein, lycopene,
o -carotene, 3 -carotene, 3 -cryptoxanthin, and zeaxanthin were
analyzed by reverse-phase high-performance liquid chromatogra-
phy (HPLC) using B -apo-8-carotena as an internal standard at
the laboratory of Public Health and Environmental Chemistry,
Kyoto Biseibutsu Kenkyusho (Kyoto, Japan). After storage for no
longer than a year, serum samples were mixed with H20 and
ethanol containing B -apo-8'-carotenal and extracted into hexane.
The organic layer was removed, evaporated to dryness at room
temperature, resolved in chloroform: ethanol (1:19), and trans-
ferred to a microvia for automatic injection. The HPLC system
was Model HP-1100 (Hewlett-Packard, Toronto, Canada) fitted
with a 201TP54 reverse-phase C18 column (Grace/Vydac, CA,
USA). Six carotenoids were monitored at 480 nm in the HPLC
system. The mobile phase component was methanol: tetrahydro-
furan: H20 (94: 5: 1), and the flow rate of the phase was 0.8
mi/min. The peaks of the six carotenoids were identified by the
retention time and quantified using standard curves of authentic
lutein, lycopene, a -carotene, 3 -carotene, [3 -cryptoxanthin, and
zeaxanthin (FUNAKOSHI, Tokyo, Japan). Quality control of the
measurement of serum carotenoid concentration was maintained
using pooled serum samples from five subjects as described pre-
viously.*

Serum total cholesterol, triacylglycerols, AST, ALT, and y -
GTP concentrations were measured by an auto-analyzer using
commercial kits (Determiner TC-11 C for serum total cholesterol,
Kyowa-Medics, Inc., Tokyo, Japan; Determiner TG-11 C for
serum triacylglycerols, Kyowa-Medics, Inc., Tokyo, Japan;
Quick-auto neo AST JS R for serum AST, SHINO-TEST, Inc.,
Tokyo, Japan; Quick-auto neo ALT JS R for serum ALT,
SHINO-TEST, Inc., Tokyo, Japan; Quick-auto neo G-GT JS R
for serum y -GTP, SHINO-TEST, Inc., Tokyo, Japan). Plasma
samples were obtained in sampling vials containing sodium fluo-
ride. Fasting plasma glucose (FPG) was measured by an auto-ana-
lyzer (Glucoroder MAX, SHINO-TEST, Inc., Tokyo, Japan). All
blood measurements except for serum carotenoid concentrations
were conducted at the laboratory of Seirei Preventive Health-Care
Center (Shizuoka, Japan).

The subjects were divided into three groups stratified by
ethanol intake levels defined as non-drinker (less than 1 g of
ethanol daily), light-drinker (1-25 g of ethanol daily), and moder-
ate and heavy drinkers (25+ g of ethanol daily). In female sub-
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jects, the rate of moderate and heavy drinkers was only 1.1%.
Therefore, a total of 266 males were included in further data
analysis. Serum carotenoid concentrations, FPG, AST, ALT, y -
GTP, and triacylglycerols were skewed toward the higher concen-
trations. These values were loge (natural) transformed to improve
the normality of their distribution. Analysis of covariance adjust-
ed for age followed by Bonferroni multiple comparisons were
used to test between-group differences in ethanol intake levels.
All variables were presented as their origina scale. Associations
among continuous variables across three groups of ethanol intake
level were assessed by tests for linear trend using linear regres-
sion.

The subjects were further subcategorized into three groups
according to the tertile of serum-carotenoid concentrations after
stratified by ethanol intake levels. The multivariate-adjusted geo-
metric mean and 95% confidence interval of the serum y -GTP
concentrations by tertiles of the serum-carotenoid concentration
were calculated after adjusting for age, BMI, total cholesterol, tri-
acylglycerols, current tobacco use, and exercise habits using

analysis of covariance. In moderate and heavy drinkers, ethanol
intakes of the highest tertiles of serum concentrations of lycopene
and 3 -carotene were significantly lower than those in the lowest
tertiles; therefore, in the group of moderate and heavy drinkers,
ethanol intake was further adjusted. Differences of multivariate
adjusted geometric mean of serum y -GTP concentrations among
each tertiles of serum carotenoid concentration were tested by
Bonferroni multiple comparison.

The detection limit for serum lycopene concentration for the
method used in the study was 0.04u g/mL (0.07u mol/L), and the
values below the limit of detection of the assay were marked as
zero in the analysis. Data were analyzed using SPSS® 12.0J for
Windows (SPSS Inc., Chicago, USA).

RESULTS
Table 1 shows the characteristics of the study subjects stratified

by ethanol intake level. The serum y -GTP, AST, and systolic
blood pressure in moderate and heavy drinkers were significantly

Table 1. Characteristics of study subject stratified by ethanol intake level.

Non-drinker Light-drinker Moderate and heavy P for trend
(lessthan 1 g/day) (1-25 g/day) drinkers (25+ g/day)
n 54 102 110
Age (year) 575 (9.5) 55.5 (10.3) 57.3 (9.5 0.447
Body massindex (kg/m?) 234 31 235 (2.8) 233 (2.6) 0.768
Systolic blood pressure (mmHg) 128.4 (20.1) 128.4 (16.9) 137.3 (20.6) <0.001
Serum total cholesterol (mmol/L) 51 (0.7) 53 (0.7) 53 (0.9) 0.475
Serum triacylglycerols (mmol/L) 12 (10- 13 12 (11- 13 13 (12- 14 0.173
Fasting plasma glucose (mmol/L) 53 (51- 56) 55 (53- 57 57 (55- 6.0 0.051
y -GTP (IU/L) 231 (20.6 - 26.0) 284 (258 - 31.3) 452 (40.1 - 5090 **  <0.001
AST (1U/L) 202 (191 - 21.4) 20.1 (19.2 - 21.0) 225 (215- 235) ° <0.001
ALT (IU/L) 195 (176 - 21.7) 18.7 (175 - 20.0) 20.2 (188 - 21.7) 0.205
Highy -GTP (%)’ 1.9 6.9 30.9
Total energy intake (kcal/day)
including ethanol 1946.6 (453.7) 2151.1 (565.8) 2337.9 (567.2) <0.001
excluding ethanol 1945.9 (453.6) 2079.1 (562.9) 1991.4 (526.1) 0.682
Ethanol intake (g/day) 0.1 0.2 9.3 (6.8) 53.5 (30.7) <0.001
Current tobacco use (%) 315 255 38.2
Habitual exercise (%)* 9.3 18.8 30.0
Serum carotenoid levels (u mol/L)
Lutein 0.53 (0.47 - 0.61) 051 (0.47 - 0.56) 058 (0.54 - 0.63) 0.041
Lycopene 024 (0.20 - 0.29) 022 (019 - 0.26) 0.16 (014 - 0.19) ~ <0.001
o -Carotene 0.11 (0.10 - 0.13) 0.11 (0.10 - 0.12) 0.09 (0.08 - 0.10) ™ <0.001
B -Carotene 053 (0.46 - 0.61) 0.45 (040 - 0.51) 033 (030 - 037) * <0.001
B -Cryptoxanthin 143 (115 - 1.79) 123 (1.02 - 1.48) 092 (0.78 - 1.09) * 0.002
Zeaxanthin 023 (0.21 - 0.26) 023 (0.21 - 0.29) 024 (0.23 - 0.25) 0.328

Data are mean (standard deviation), geometric mean (95% confidence interval), or percent.

T : 60+ IU/L of serumy -GTP
¥ 1 1+ times/week

*: P<0.05, ** :P<0.01, and ***: P<0.001 vs non-drinker by analysis of covariance adjusted for age followed by Bonferroni multiple

comparison test.

y -GTP: gamma-glutamyltransferase, AST: aspartate aminotransferase, AL T: alanine aminotransferase.
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higher than those in non-drinker. Although total energy intake,
including that from ethanol, in moderate and heavy drinkers was
significantly higher than that in non-drinker, the total energy
intake, excluding that from ethanol, was not different among the
three groups. Serum lycopene, o -carotene, [3 -carotene, and 3 -
cryptoxanthin concentrations in moderate and heavy drinkers
were significantly lower than those in non-drinker.

The multivariate-adjusted geometric means of serum y -GTP
concentrations associated with the tertiles of each serum-
carotenoid concentration stratified by ethanol intake level are
shown in Table 2. In non-drinker, adjusted means of serumy -
GTP concentrations were not different among tertiles of all serum
carotenoid concentrations. In light-drinker, the adjusted means of
serum y -GTP were slightly low in accordance with tertiles of
serum 3 -carotene and 3 -cryptoxanthin concentration but the
group difference was not statistically significant. In moderate and
heavy drinkers, adjusted means of serumy -GTP were significant-
ly low in accordance with the tertiles of serum lycopene,a -
carotene, 3 -carotene, and 3 -cryptoxanthin.

DISCUSSION

This study aimed to investigate whether serum-carotenoid con-
centration would be inversely associated with alcohol-induced
oxidative stress within normal liver function. As results, we found
the inverse associations between serum lycopene, o -carotene, 3 -
carotene, and 3 -cryptoxanthin with serum y -GTP were more
evident with increased al cohol consumption.

A recent epidemiologic study has reported the inverse associa-
tion of serum y -GTP with serum-carotenoid concentrations both
cross-sectionally and longitudinally.* In this study, the inverse
associations between total serum carotenoid concentration and
serum y -GTP were examined among subgroups including race,
sex, BMI levels, tobacco use, and vitamin supplement usage.
With regard to alcohol consumption, although inverse associa-
tions between total serum carotenoid concentration and serum vy -
GTP were found in drinkers, they were not found in non-
drinkers.®* However, the associations of the serum-carotenoid
concentration and serum y -GTP with ethanol intake were not dis-
cussed in detail according to the stratification of the ethanol
intake level. Furthermore, the associations of serum concentration
of each carotenoid with serum y -GTP were not explained in
detail. In our study, the daily ethanol consumption of study sub-
jects was estimated precisely from the data obtained in the ques-
tionnaire concerning food frequency. Therefore, these data make
it possible to evaluate the detailed association of serum-
carotenoid concentrations and serum y -GTP with alcohol intake
level. As aresult, we found that the inverse associations of the
serum-carotenoid concentrations and serum y -GTP were more
evident in moderate and heavy drinkers than in light-drinker.

Gamma-GTP exists widely in various tissues, especialy in the
liver and kidneys, and it catalyses the transfer of a y -glutamyl
group from y -glutamyl peptides to other peptides, thereby pro-

viding a supply of constituent amino acids for uptake and reutili-
sation in intracellular glutathione synthesis.?? In a normal metab-
olism, this enzyme plays an important role in antioxidant defense
systems on a cellular level. The absorbed ethanol is oxidised to
acetaldehyde by acetaldehyde dehydrogenase in mitochondria. In
habitual drinkers, the microsomal ethanol-oxidising system is
increased by enzyme induction and is also responsible for the pro-
duction of acetaldehyde.** The generation of high concentrations
of free radical species during the metabolism of alcohol may
exceed the capacity of the antioxidant defence mechanisms and
cause the development of liver dysfunction.

Recent epidemiologic studies have shown that the serum con-
centration of carotenoid is well correlated with the intake of fruits
and vegetables rich in carotenoids.#% Furthermore, high correla-
tion coefficients of dietary intake of carotenoids from fruit and
vegetables with serum levels have been reported.®? It has been
reported that ingested carotenoids from foods also exist in several
human organs.®* Carotenoids are mainly accumulated in the liver
and combined into lipoprotein for release into the blood circula-
tion. It is conceivable that ingested carotenoids could participate
in an antioxidant defense system when present in high concentra-
tions of free radical species during the metabolism of acohol in
theliver.

There are several limitations in the present study. Firstly, the
data obtained here consisted of cross-sectional analyses.
Therefore, our data limits inferences on temporality and causa-
tion. Secondly, we could not evaluate the association of serum
carotenoid concentrations and serum y -GTP in heavy-drinker
(50+ g of ethanol daily) because the number of subjects in the
heavy-drinker (n=45) was too small for further subgroup analy-
ses. Thirdly, we have no data about serum levels of other antioxi-
dant vitamins such as vitamin C or o -tocopherol.

In conclusion, the inverse associations between serum
lycopene, a -carotene,  -carotene, and 3 -cryptoxanthin with
serum y -GTP were observed in moderate and heavy drinkers.
These results suggest that carotenoids may have an antioxidant
effect against alcohol-induced oxidative stress. To determine
whether serum carotenoids are effective against alcohol-related
oxidative stress, further cohort studies or intervention studies will
be required.
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