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ABSTRACT: Currently, alternatives to prebiotics for skin treatment are receiving much interest. However, little is known
about the efficacy of topically applied prebiotics in skin anti-aging. This study was conducted to observe the anti-aging ef-
fects of DuOligo, which is composed of lactulose and galactooligosaccharides (GOS). We investigated wrinkle-related pa-
rameters by quantitative and qualitative skin evaluation in healthy women who consumed DuOligo for 8 weeks. The dou-
ble-blind, randomized, and placebo-controlled study included subjects who were divided into two groups (Placebo: dex-
trin 4.5 g/d, n=14, 51.50 y vs. DuOligo: DuOligo 4.5 g/d, n=14, 52.65 y). The DuOligo group showed a reduction in
mean wrinkle length and depth measured via quantitative skin evaluation after 8 weeks, whereas the Placebo group
showed slight increases in these parameters (P<0.001). The wrinkle severity rating scale in the DuOligo group was de-
creased after 8 weeks, but it increased in the Placebo group (Placebo group: 0.14 vs. DuOligo group: —0.86, P<0.001).
The global aesthetic improvement scale for the DuOligo group was significantly higher than that for the Placebo group at
week 8 (P<0.001). In conclusion, our findings suggest that oral consumption of DuOligo is beneficial to the skin, and
present the possibility of new nutritional strategies for wrinkle care.
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INTRODUCTION

Prebiotics are non-digestible, selectively fermented diet-
ary fibers. Prebiotic research has largely focused on two
major carbohydrates, lactulose and galactooligosaccha-
rides (GOS), which have been successfully used as food
ingredients to stimulate the growth of health-promoting
bacteria in the gastrointestinal tract (1,2). Prebiotics
promote the growth of one or more bacterial genera in
the gastrointestinal tract and thus provide health bene-
fits to the host (2). It has been found that, similarly to
the gut microflora, the skin’s microbiota plays a benefi-
cial role (3). New applications for prebiotics in anti-aging
could be to inhibit the formation of fragmented elastin
fibers, scavenge free radicals, and activate dermal micro-
circulation (4).

Currently, alternatives to prebiotics for skin treatment
are receiving much interest. However, there are not many
studies regarding the use of prebiotics for skin care, and

in this context, their clinical use is controversial. Espe-
cially, little is known about the efficacy of topically ap-
plied prebiotics in skin anti-aging. In this study, we in-
vestigated whether the consumption of DuOligo, com-
posed of lactulose and GOS, has anti-aging effects on the
skin and whether it could represent a novel approach for
skin care. Lactulose [B-(1—4)-galactosyl-fructose] is a
synthetic disaccharide, produced by isomerization of lac-
tose in basic media or enzyme-catalysed synthesis, with
a significant impact on human digestion (5,6). Lactulose
is among the most studied prebiotics and the first one
successfully used as a food ingredient to stimulate the
growth of health-promoting bacteria in the gastrointes-
tinal tract (1). Galactooligosaccharides (GOS), considered
non-digestible carbohydrates which are mainly consti-
tuted by galactose units, also belong to the group of pre-
biotics (7). Currently, there is a great interest in obtain-
ing new prebiotic carbohydrates with improved proper-
ties. To this end, we investigated the wrinkle-related pa-
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rameters by quantitative and qualitative skin evaluation
in healthy women who consumed DuOligo for 8 weeks.

SUBJECTS AND METHODS

Preparation of DuOligo

The DuOligo used in this study was provided by Neo
Cremar Co., Ltd. (Seoul, Korea). Lactose 400~ 600 g was
added to 500 mL of distilled water, and dissolved to a fi-
nal sugar content of 45°brix with constant stirring. The
1% (w/w) sodium carbonate was added to the amount
of lactose added, followed by stirring for 60 min at 75 to
80°C. After completion of the reaction, the reaction mix-
ture was cooled to 60°C, and the pH was adjusted to 6.5
for the enzyme reaction. B-galactosidase (0.1%) (w/w)
was treated for 24 h. Ion exchange treatment was carried
out for the removal of byproducts. The reaction mixture
was finally filtered through a 0.22 um filter and concen-
trated to 75°brix. The DuOligo was composed of lactu-
lose (51.67%), GOS (15.80%), lactose (14.22%), a mix-
ture of glucose and galactose (12.32%), and other in-
gredients (12.32%).

Subjects

Subjects were recruited through advertisements in a lo-
cal newspaper. Thirty healthy Korean women, aged 40 ~
60 years, with fine wrinkles at the outer corner of their
eyes, called lateral canthal lines, were chosen for this
study. The exclusion criteria were Fitzpatrick skin types
I or IV, allergies, photosensitivity, tanning sunburns, in-
fections, pregnancy, and breastfeeding. Also excluded
were subjects who had undergone wrinkle removal or
peeling procedures within the previous 6 months.

Table 1. Scales for qualitative skin evaluation on wrinkles

Study protocol

The study was approved by the Jeonju University, and all
subjects gave written informed consent (jjIRB-160415-
HR-2016-0608). The double-blind, randomized, and pla-
cebo-controlled study included subjects who were div-
ided into two groups (Placebo and DuOligo groups) by
stratified block randomization. For 8 weeks, the DuOligo
group was asked to take a DuOligo 4.5 g tablet once a
day. This dosage was selected based on the findings of a
preliminary study (8). The Placebo group consumed on-
ly the vehicle (100% dextrin), which was the same size
and color tablet as DuOligo. The subjects were asked to
not change their diet or lifestyle during the study.

Skin evaluation

Wrinkle length and depth were measured using a replica
method at baseline and week 8. The crow’s foot area was
wiped with ethanol and was measured in a room at 20~
25°C and relative humidity of 30~40%. After an adhe-
sive paper (diameter, 11 mm) was attached, translucent
silicon was mixed in a cup containing two components,
a basic substance and a catalyst (Courage+Khazaka elec-
tronic GmbH, Koln, Germany). A layer of the silicone
mixture was spread over the restricted area of the adhe-
sive paper and left to dry for 5 min. Then the skin repli-
ca was analyzed using a Skin-Visiometer SV 600 (Cour-
age+Khazaka electronic GmbH) (9).

Clinical efficacy was assessed by the wrinkle severity
rating scale (WSRS) and global aesthetic improvement
scale (GAIS) at baseline and week 8 (10). The WSRS is a
photograph-based outcome instrument that is designed
specifically for quantifying facial wrinkles. Wrinkle se-
verity scoring is based on a visual assessment of wrinkle
length and depth (Table 1). The GAIS is a relative, rath-
er than absolute, scale: the investigator grades the over-

Score Rating

Description

WSRS (wrinkle severity rating scale)

Extremely deep and long folds, detrimental to facial appearance; 2- to 4-mm visible V-shaped fold when
Very long and deep folds: prominent facial feature: less than 2-mm visible fold when stretched; significant
Moderately deep folds; clear facial feature visible at normal appearance but not when stretched; excellent

Shallow but visible fold with a slight indentation; minor facial feature; implant is expected to produce

5 Extreme
stretched: unlikely to have satisfactory correction with injectable implant alone
4  Severe
improvement is expected from injectable implant
3 Moderate
correction is expected from injectable implant
2 Mild
a slight improvement in appearance
1 Absent No visible fold; continuous skin line

GAIS (global aesthetic improvement scale)
4 Very much
improved

3 Much improved

Optimal cosmetic result for the implant in this patient

Marked improvement in appearance from the initial condition, but not completely optimal for this patient.

A touch-up would slightly improve the result

2 Improved
No change
0 Worse

—_

Obvious improvement in appearance from the initial condition, but a touch-up or retreatment is indicated
The appearance is essentially the same as the original condition
The appearance is worse than the original condition
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all improvement in wrinkles by comparing the subject’s
appearance at follow-up against a photograph taken be-
fore treatment (Table 1). After week 8, adverse effects in-
cluding erythema, edema, bruising, and altered pigmen-
tation were assessed by questioning subjects and observ-
ing skin responses.

Statistical analysis

All statistical analyses were performed using the Statisti-
cal Package for Social Sciences version 12.0 (SPSS Inc.,
Chicago, IL, USA). Differences between the two groups
were statistically evaluated by t-tests. Paired t-tests were
used to assess the differences in the changes from base-
line within groups. All data were two-sided at the 5%
significance level and were reported as mean=standard
error of the mean (SEM).

RESULTS

Subjects

Thirty women were selected for participation in this
study. Of them, two were withdrawn from the trial as
follows: one failed to complete the study and one was
noncompliant. As a result, 28 participants met the study
requirements. None of the participants withdrew from
the study protocol because of DuOligo treatment-related
adverse effects. No adverse effects were experienced by
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the subjects, and none of the withdrawals were consid-
ered to be due to the study products (data not shown).
The Placebo (mean age: 51.50 y) and DuOligo groups
(mean age: 52.65 y) ultimately consisted of 14 women
each. The Placebo and DuOligo groups had similar re-
sults regarding the wrinkle-related parameters. The ini-
tial values of all the variables did not significantly differ
between the two groups (data not shown).

Skin evaluation

Fig. 1 presents the changes in wrinkle length and depth
measured by a replica method at baseline and week 8.
The DuOligo group showed a reduced mean wrinkle
length and depth after 8 weeks, whereas the Placebo
group showed slight increases in these parameters. The
differences in the changes of mean wrinkle length and
depth between two groups were significant (P<0.001).
As shown in Table 2, the results of the clinical efficacy
assessments for qualitative skin evaluation also revealed
that participants’ wrinkles were improved by the oral
treatment of DuOligo. The WSRS in the DuOligo group
was decreased after 8 weeks, whereas it was increased in
the Placebo group (Placebo group: 0.14 vs. DuOligo
group: —0.86, P<0.001). The photographs of subjects
who consumed DuOligo for 8 weeks showed that wrin-
kles in the crow’s feet region were markedly improved
compared with the baseline (DuOligo group WSRS, base-
line: 4.01 vs. Week 8: 3.14, P<0.01). The GAIS for DuOl-
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Fig. 1. Effects of DuOligo on wrinkle-related parameters by quantitative skin evaluation (A, wrinkle mean length; B, wrinkle mean
depth). P-value indicates a significant difference between changes (from baseline to week 8) in the two groups as determined
by t-test. Each box plot is composed of five horizontal lines that display the 10th, 25th, 50th, 75th, and 90th percentiles, respectively.
All values above the 90th and below the 10th percentile are plotted separately.

Table 2. Effects of DuOligo on wrinkle-related parameters by qualitative skin evaluation

Placebo group DuOligo group

P-value

Baseline Week 8 Change Baseline Week 8 Change
WSRS 3.86+0.29 4.02+0.23 0.14£0.18 4.01£0.31 3.14£0.29 —0.86+0.21** <0.001
GAIS 1.14£0.14 2.57+0.23 <0.001

WSRS, wrinkle severity rating scale; GAIS, global aesthetic improvement scale.

P-value indicates a significant difference between changes (from baseline to week 8) in the two groups as determined by #-test.
**Significant difference in the changes from baseline within groups determined by paired #-test at ~<0.01.

All data were two-sided at the 5% significance level and were reported as means+SEM.
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igo-treated subjects (DuOligo group) was significantly
higher than that for DuOligo-non-treated subjects (Pla-
cebo group) at week 8 (P<0.001).

DISCUSSION

The role of prebiotics in the function of epidermal tight
junctions and lipid lamellae between corneocytes may
represent a new application for skin health (4). Prebio-
tics can be applied to the skin microbiota directly to se-
lectively increase the activity and growth of beneficial
normal skin microbiota (11). Normalization of intestinal
microflora with the use of prebiotics has a positive effect
on several skin conditions (12). Recent studies demon-
strate the successful development of a prebiotic cosmetic
approach to balance the composition of the cutaneous
microflora. It is generally feasible to improve the compo-
sition of the skin microflora, i.e., to limit or reduce the
growth of pathogenic species and simultaneously pre-
serve or even stimulate the growth of beneficial bacteria
(13). As such, the relationship between the skin and its
microflora provide the basis for developing prebiotic
strategies for skin care (12). In a preliminary study (14),
researchers found that in hairless mice exposed to ultra-
violet B irradiation, GOS administration suppressed in-
creases in transepidermal water loss (TEWL) and con-
comitant decreases in skin hydration, which reflect bar-
rier function perturbation. GOS administration also in-
creased gene expression of CD44, which was associated
with maintenance of hyaluronic acid homeostasis (15).
Additionally, the TEWL and wrinkle area percentage of
healthy adults who consumed DuOligo, composed of lac-
tulose and GOS, decreased significantly compared with
these values in adults given placebo (8). These results
suggested that DuQligo treatment improves skin param-
eters and has potential as a functional cosmetic material.
Our results indicate that DuOligo improved wrinkle-re-
lated parameters in healthy women compared with wom-
en given placebo. In conclusion, our findings support
that the oral treatment of DuOligo is beneficial not only
to the intestines but also to the skin and present the
possibility of new nutritional strategies for skin care.
However, further research is necessary to fully under-
stand the effects of DuOligo on skin health and to un-
derstand in detail how ingested prebiotics might influ-
ence the skin through intestine-mediated changes. In or-
der to determine the effect of wrinkles, the experimental
period of 8 weeks was rather short. The effects of wrin-
kles on long term follow-up studies should be inves-
tigated, and the mechanism of wrinkle effects should be
studied.
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