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The responses of subjects taking a 20 mg/day lutein di-
acetate supplement were compared with that for a 20
mg/day crystalline lutein or a placebo. Ten subjects, as-
signed to each of three groups, lutein diacetate (group
1), lutein (group 2), and a placebo (group 3), were sup-
plemented for 24 weeks. Groups 1 and 2 consumed a
dose equivalent to 20 mg per day of free lutein. Serum
samples, collected at baseline, and at weeks 6, 12, 18,
and 24 were analyzed by HPLC. Macular Pigment Opti-
cal Density (MPOD) was obtained by heterochromatic
flicker photometry at baseline and weeks 6, 12, 18 and
24. Results: The average serum lutein concentrations for
weeks 6 to 24 expressed as a ratio to the baseline value
(+S.D.) were 5.52+2.88 for group 1, 4.43+1.61 for group
2, and 1.03+0.25 for group 3. The median rate of macu-
lar pigment increase (milli-absorbance units/week) for
groups 1, 2, and 3 were 2.35, 1.55, and 0.19 mAU/wk, re-
spectively. P-values for these serum and MPOD increases
are both highly significant when compared to placebo.
The average serum response was about 25% higher for
group 1 compared with group 2 and, the median MPOD
response was 52% higher for group 1 than group 2. P-
values calculated for the differences in these increases
were, p = 0.066, marginally significant, for serum, and p
= 0.09 approaching significance, for MPOD.
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INTRODUCTION

Lutein is an important nutrient with a recognized role
in providing protection of the macula from photo-oxida-
tive stress and evidence indicates that lutein protects the
retina from the on-set of age related macular degenera-
tion (Bone & Landrum, 2010; Landrum & Bone, 2001;
Mares et al., 2011; Norkus e al., 2010; SanGiovanni e/
al., 2007; Schalch ez al., 2010). Bioavailability of different
forms of lutein has been the subject of numerous studies
(Benzie et al., 2006; Bowen ef al., 2002; Chung ez al., 2004;
Mamatha & Baskaran, 2011; Roodenburg e 4/, 2000).
The principal formulations that have been commercially
available for many years include either lutein fatty acid
diesters or crystalline lutein (Bowen ez al, 2002). Typi-
cally these components are formulated as suspensions or
emulsions in vegetable oil but may also be incorporated,
using specialized formulation technologies, into agar or
gelatin microbeadlets, for example, DSM Actilease™ or

Cognis Xangold™. Since only free, unesterified lutein
is detectable in serum, it is evident that the esterase ac-
tivity readily and efficiently cleaves lutein esters during
the absorption process (Granado ¢ al, 1998). To date,
studies of the effect of esterification of lutein used in
supplements on the absorption/bioavailability has been
vatied results (Bone & Landrum, 2010, Bowen e af,
2002; Norkus e al, 2010). It has been suggested that
the more lipophilic diesters may rapidly equilibrate into
micelles formed by dietary fat and bile salts within the
gut. This study was conducted to compare responses of
human subjects to a dietary lutein formulation contain-
ing micellar lutein diacetate ester to that of a similar for-
mulation containing unesterified lutein in a vegetable oil
suspension. Lutein diacetate represents a single substrate
for absorption possessing a well defined composition in
contrast with the complex composition of extracted fatty
acid diesters present in the marigold oleoresin. It was an-
ticipated that the lutein acetate diester should differ in its
efficiency of absorption compared to unesterified lutein.
This study was conducted to test this hypothesis. The
endpoints for this study were serum lutein and macular
pigment optical density (MPOD) changes.

METHODS

The thirty volunteers who participated in this study
were recruited from the University population in ac-
cordance with the IRB guidelines. The thirty volunteers
were randomly divided into three groups of ten subjects
each and were given a 24 week supply of gel caps con-
taining lutein diacetate (group 1), lutein (group 2), or a
placebo (group 3). Neither subjects nor researchers were
informed as to which product they were consuming.
The lutein diacetate ingredient used in group 1 was pre-
pared by acetylation of free lutein with acetic anhydride
obtained after the saponification process of marigold
oleoresin which normally contains little or no diacetate.
The lutein diacetate was formulated into micelles to fa-
cilitate bioavailability (Olvera & Quiroga, 2008). Each of
the supplements contained a dose equivalent to 20 mg
of free lutein per day. Serum samples were collected at
baseline, and at weeks 6, 12, 18, and 24, and analyzed
by HPLC using methods previously described elsewhere
(Bone et al., 2003; Landrum et al., 1997). MPOD meas-
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Figure 1. Average serum lutein increases observed for each
group (black, diacetate; open, lutein; grey, placebo) normalized
relative to baseline.

Error bars represent standard deviation calculated for the re-
sponse in each group.

Table 1. Average serum concentration +S.D. at baseline and
the average increase in the concentration for each of the three

groupst.

Baseline serum Average concentration

Group lutein concentration increase (weeks 6-24)
(ug/ml) (ug/ml)

1. Diacetate 0.100+0.025* 0.458+0.061

2. Lutein 0.128+0.057 0.425+0.092

3. Placebo 0.167+0.048 0.007+0.063

*significant difference at baseline from placebo, p=0.0005; fthe differ-
ence between the average serum concentrations for weeks 6-24 and
baseline for each group.

urements were also obtained on these occasions by het-
erochromatic flicker photometry (Bone ez /., 2003).

RESULTS

The average increase in serum lutein concentrations
for the three supplementation groups at weeks 6, 12,
18, and 24 were normalized to baseline (week 0) and are
shown in (Fig. 1). Table 1 presents the baseline lutein
serum concentrations for each group and the average in-
crease in concentration for each supplement group aver-
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Figure 2. The median MPOD for the diacetate (filled circle,
dashed line) and the lutein (open circles, solid line) supplement
groups.

Table 2. Mean MPOD +S.D. at baseline (week 0) prior to supple-
mentation, and at week 24.

Mean MPOD (+S.D.)

Group

Week 0 Week 24
1. Diacetate 0.370+0.146 0.405+0.146
2. Lutein 0.354+0.108 0.387+0.124
3. Placebo 0.491+0.169* 0.485+0.162

*MPOD at baseline was significantly different from groups 1 and 2,
p>0.005.

Table 3. Rates of increase in MPOD (mAU/week) for each group,
comparing the means and the medians.

Minimum and Maximum are the range of the rates observed in
each group.

Rate of MPOD Increase Range
Group
Mean (£S.D.) Median Min Max
1. Diacetate 1.92+1.43 2.35 0.04 5.10
2. Lutein 1.69+1.75 1.55 -0.80 5.10
3. Placebo -0.75+£3.03 0.19 -8.70 1.90
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Figure 3. Mean rate of change of MPOD (represented by slopes)
pinned to baseline MPOD; diacetate (dashed line), lutein (solid
line) and placebo (dotted line).

aged between weeks six and twenty four. The average
concentration (¥S.D.) of serum lutein for weeks 6 to
24 was 5.5212.88 times that of baseline for the group
1, 4.43£1.61 times that of baseline for the group 2 and
1.03£0.25 times that of baseline for the placebo group
(group 3). As observed in previous studies, p-values for
serum increases for both lutein supplements compared
to placebo were highly significant for each week of anal-
ysis, p<10-5.

Median MPOD values for each group throughout
the supplementation period are shown in Fig. 2. Ta-
ble 2 provides the average baseline MPOD and the
average MPOD at week 24 for each of the three
groups. When expressed as the rate of change of
MPOD, milli-absorbance units/week (mAU/week)
i.e. the average of the slopes of the regression lines
through the MPOD values for each subject, mean
rates of change were 1.92 £1.43, group 1, 1.69£1.75,
group 2, and —0.75%£3.03, group 3, mAU/week, re-
spectively. See Table 3 and Fig. 3. The differences
between the MPOD responses (rate of change of
MPOD) for both the group 1, 2 and the group 3, the
placebo (single tailed #test) were highly significant but
the differences between the group 1 and group 2 did
not reach significance (two-tail 7test).
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DISCUSSION

Serum responses

The baseline serum concentration of the three groups
ranged between 0.1 and 0.167 pg/ml. The lutein con-
centration at baseline was significantly different between
group 1 and group 3 but differences between groups 1
and 2 and groups 2 and 3 were not significant. In order
to meaningfully compare the serum lutein responses ob-
tained from all three groups the data were normalized
to the baseline measurement for each as illustrated in
Figure 1. Comparison of the response to the 24 week
supplementation shows that increases in serum lutein
were about 25% higher for group 1 compared to that of
group 2. The p-value for the difference in the responses
of these two groups was 0.066 (marginally significant).

MPOD responses

The MPOD responses of both groups 1 and 2, meas-
ured as rates of increase, were positive and significant.
The median rate of increase in MPOD was 52% higher
for group 1 compared with group 2. The p-value for the
difference in the MPOD responses was 0.09 (approach-
ing significance). The mean rates of macular pigment in-
crease did not differ significantly between group 1 and
2. In a study comprised of small groups and where the
variability of the responses between subjects is inherently
relatively large, the median can provide a useful perspec-
tive on the trend. Here we note that in group 1, which
was given the diacetate formulation, the rate of increase
in MPOD for the upper half of the subjects exceeded
2.35 mAU/week and is well above the mean (1.22X)
whereas for those subjects consuming the lutein supple-
ment the median rate was below the mean (0.92X).

Many factors influence the measurement of bioavail-
ability of a lutein supplement, including the normal in-
trinsic variability of responses between human subjects
during a supplementation trial. The result is that re-
sponses of individuals are often spread over a significant
range, indeed even qualitatively different responses are
not rare, e.g. decreases versus increases in a measured
quantity (Bone e al, 2003; Bone & ILandrum, 2010).
Consequently, in studies such as the current investiga-
tion, care must be exercised to avoid over-interpretation.
This small-scale pilot study demonstrates a trend toward
larger responses for both serum lutein and MPOD to a
micelle formulation of diacetate lutein relative to a sup-
plement comprised of a crystalline suspension of lutein.
A larger study is warranted to establish whether these
responses observed here are significant and these trends
are meaningful for a broader population.
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