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tigue area F3, which is known to decrease with age and fa-
tigue, also increased with  Aloe  sterol intake. Ultrasound 
echogenicity revealed that the collagen content in the der-
mis increased with  Aloe  sterol intake.  Conclusion:  The results 
suggest that continued  Aloe  sterol ingestion contributes to 
maintaining healthy skin.  © 2017 S. Karger AG, Basel 

 Introduction 

 Dry skin is a common problem. It has an increasing 
incidence and severity with age, which is characterized by 
itching, burning, stinging, and a feeling of tightness that 
affects the quality of life  [1] . Therefore, prevention of 
transepidermal water loss (TEWL) to maintain skin 
moisture is crucial to skin health.

  The 2 types of fibers in the dermis are mostly collagen 
(97.5%) and elastin (2.5%)  [2] . Collagen fibers maintain 
the 3-dimensional structure of the skin, whereas elastin 
fibers form a 3-dimensional network between the colla-
gen fibers. Thus, damage and loss of collagen and elastin 
impair the contractile properties of the skin. In the der-
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 Abstract 

  Background/Aims:  Our previous study confirmed that  Aloe  
sterol stimulates collagen and hyaluronic acid production in 
human dermal fibroblasts. This study aims to investigate 
whether  Aloe  sterol intake affects skin conditions.  Methods:  
We performed a 12-week, randomized, double-blind, place-
bo-controlled study to evaluate the effects of oral  Aloe  sterol 
supplementation on skin elasticity, hydration, and the col-
lagen score in 64 healthy women (age range 30–59 years; 
average 44.3 years) who were randomly assigned to receive 
either a placebo or an  Aloe  sterol-supplemented yogurt. Skin 
parameters were measured and ultrasound analysis of the 
forearm was performed.  Results:  ANCOVA revealed statisti-
cal differences in skin moisture, transepidermal water loss, 
skin elasticity, and collagen score between the  Aloe  sterol 
and placebo groups. The gross elasticity (R2), net elasticity 
(R5), and biological elasticity (R7) scores of the  Aloe  sterol 
group significantly increased with time. In addition, skin fa-
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mis, heterotypic collagen fibrils contain mainly type I and 
type III collagen. The major function of type III collagen 
is associated with fibrogenesis of type I collagen  [3] . Va-
rani et al.  [4]  reported that reduced collagen synthesis in 
chronologically aged skin reflects at least 2 different un-
derlying mechanisms: aging of cellular fibroblasts and re-
duced mechanical stimulation.

  Age-related loss of cutaneous elasticity is associated 
with an increased incidence of both skin tears and pres-
sure ulcers  [5] . Ultrasonography is often used for nonin-
vasive visualization and quantification of age-related der-
mal changes. Koyano et al.  [6]  reported that the number 
of ultrasonographic subepidermal low-echogenic bands 
(LEB) is correlated with skin tears. They also indicated 
that the abundance of type IV collagen in the dermis was 
statistically lower in patients with skin tears than in those 
without. Therefore, a reduction in dermis collagen den-
sity is associated with skin fragility.

   Aloe vera  ( A. barbadensis  Miller) gel is obtained from 
the mesophyll that contains polysaccharides, amino ac-
ids, lipids, plant sterols, tannins, and enzymes and has 
been used as herbal medicine  [7, 8] .  Aloe  sterol is includ-
ed in  A. vera  gel and possess a unique efficacy  [9] . Struc-
turally,  Aloe  sterol falls into 2 groups of compounds, i.e., 
the lophenol (lophenol, 24-methyl-lophenol, 24-ethyl-lo-
phenol) and cycloartane (cycloartanol and 24-methy-
lene-cycloartanol) groups.  Aloe  sterol has the ability to 
activate the peroxisome proliferator-activated receptors 
(PPAR) of natural or pharmaceutical specific ligands 
 [10] . PPAR regulate the expression of genes that are 
mostly involved in lipid and carbohydrate metabolism, 
energy production, and anti-inflammation activities  [11] . 
Barlaka et al.  [12]  reported that a novel connection be-
tween PPAR signaling and downregulation of matrix me-
talloproteinases (MMP) in cardiac myocytes may be in-
volved in the management of oxidative stress-induced 
cardiac dysfunction. Our recent study demonstrated that 
 Aloe  sterol significantly prevented an increase in the
total protein expression of MMP-2 (active and pro) and 
MMP-9 (active and pro) in ultraviolet B (UVB)-irradiat-
ed mice  [13] .

  The whole leaf and peel of  A.   vera  are considered to 
contain anthraquinones, which generate reactive oxygen 
species in the presence of UVA light. The reactive oxygen 
species generated by UVA are associated with photodam-
age and photoaging of human skin  [14] .  A.   vera  gel is the 
leaf mesophyll, which does not include an influential 
quantity of anthraquinones.

  The application of  A. vera  has also been shown to 
shorten the recovery period and improve the skin health 

of rats with diabetes  [15, 16] . We and other groups have 
reported that intake of  A. vera  gel powder improves facial 
wrinkles  [17, 18] .

  In this study, we examined the influence of  Aloe  sterol 
intake on skin conditions (i.e., hydration, TEWL, and 
elasticity) and conducted an ultrasonographic imaging 
analysis of the dermis.

  Materials and Methods 

 Trial Registration 
 This trial was registered in the UMIN Clinical Trial Registry on 

September 15, 2015 (UMIN000019019).

  Test Samples 
 For this study, 2 drinkable yogurts were produced under estab-

lished controlled conditions and packaged in small white plastic 
containers. The  Aloe  sterol yogurt contained 40 μg of  Aloe  sterol 
per 100 g. The nutrient composition per 100 g of the yogurt was
as follows: energy, 45 kcal; fat, 0.3 g; protein, 3 g; carbohydrates, 
9.4 g; and  A. vera  gel powder, 0.5 g. The  A. vera  gel powder was 
prepared by drying the mesophyll of  A. vera  plants. In the placebo 
yogurt,   the  A. vera  gel powder was replaced with guar gum.

  Study Design 
 This study was conducted as a monocentric, double-blinded, 

randomized, placebo-controlled, supplementation study on the ef-
fects of  Aloe  sterol on skin elasticity, hydration, TEWL, and the 
collagen score after 12 weeks of daily  Aloe  sterol intake. This study 
was carried out from August 2015 to December 2015, which was 
from summer to winter in Japan.

  Subjects 
 A total of 64 healthy adult Japanese women (age 30–59 years) 

were randomly assigned to the placebo ( n  = 32) or  Aloe  sterol ( n  = 
32) group. Each participant was identified by a code that was ran-
domly selected using a computer-generated permutation proce-
dure. The codes were sequentially allocated to the participants in 
the order in which they were enrolled. After all of the measure-
ments had been completed, the randomization codes were dis-
closed to the investigators. The study participants, investigators, 
staff members, and laboratory technicians were blinded to the 
group assignment.

  Inclusion Criteria 
 The inclusion criterion was: healthy females ranging in age 

from 30 to 59 years.

  Exclusion Criteria 
 The exclusion criteria were: individuals who regularly use cos-

metics or consume food that adversely affects the skin’s condition; 
those who use cosmetics and creams, except for sunscreen, on their 
arms; those whose arms have a skin abnormality that requires 
treatment; those having allergic diseases with sleep deprivation or 
a sleep disorder; those with a skin disease; those who excessively 
consume alcohol; current smokers (smoking over 20 cigarettes/
day); those with a history of serious skin disease, liver disease, kid-
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ney damage, heart disease, lung disease, endocrine disease, or met-
abolic disease; those with a history of drug allergy or a serious food 
allergy; those who are pregnant or breast-feeding or have planned 
a pregnancy during the study period; those with simultaneous par-
ticipation in other clinical studies; those with chronic constipation 
(defecation less than 3 times/week) in the past 3 months; and those 
judged inappropriate for this study based on subject background, 
physical findings, or medical examination.

  Measurement of Skin Parameters 
 The effectiveness of  Aloe  sterol on skin moisture, TEWL, skin 

elasticity, and the collagen score was compared between the 2 
groups. The test area was the inner side of one forearm. The skin 
parameters were examined and ultrasound imaging was per-
formed using noninvasive methods at weeks 0, 4, 8, and 12 of the 
treatment period. Measurements were performed under standard 
conditions of room temperature (20–22   °   C) and humidity (45–
55%). Participants were acclimated to the room conditions for at 
least 20 min before the examination. Analysis of each skin param-
eter was performed 5 times at each time point. A Corneometer 
CM 825 device (Courage + Khazaka Electronic GmbH, Cologne, 
Germany) was used to determine the skin hydration level. A 
hand-held Tewameter TM300 device (Courage + Khazaka Elec-
tronic GmbH) was used to measure TEWL levels. Skin elasticity 
was determined using a Cutometer MPA 580 device (Courage + 
Khazaka Electronic GmbH). Measurements were taken using a 
Cutometer MPA 580 device with a 4-mm-diameter opening suc-
tion probe at 5 different locations on the inner forearm. A con-
stant vacuum of 300 mbar was applied to the skin for 2 s, followed 
by a relaxation time of 2 s. To study F3, ten repetitions of the mea-
surement cycle were performed. F3 is the area within the envelope 
curve which is determined between the second and last suction 
cycles. Viscoelastic measurements were evaluated according to 

the following parameters: R2 (gross elasticity), R5 (net elasticity), 
and R7 (biological elasticity). Furthermore, the parameter F3 
(skin fatigue area) was included as a continuous viscoelastic mea-
surement using Cutometer software. Ultrasonography evalua-
tions were performed using the Dermalab skin analysis system 
(Cortex Technology ApS, Hadsund, Denmark). The intensity of 
the reflected echoes was evaluated using a microprocessor and 
visualized as a colored image. The color scale of echogenicity was 
as follows: white > yellow > red > green > blue > black. In each 
image, the number of ultrasonographic LEB and the collagen 
score were measured using image analysis software (Cortex Tech-
nology ApS).

  Statistical Analysis 
 All data were analyzed based on the intention-to-treat princi-

ple. Skin parameters were analyzed using analysis of covariance 
with treatment effect and baseline skin parameters as covariates. 
Least-squares (LS) means of the  Aloe  sterol and placebo groups 
and the corresponding 95% CI were estimated. The difference be-
tween means before and after treatment was assessed using a  t  test 
for paired samples. Differences with a  p  value <0.05 were consid-
ered statistically significant.

  Results 

 Subject Demographics 
 A total of 64 healthy women were initially enrolled 

into this study and none were excluded. Therefore, all 64 
women were randomized to receive  Aloe  sterol or placebo 
in a double-blind manner. An intention-to-treat analysis 
was performed for all participants ( n  = 64). The baseline 
characteristics of the 2 groups were comparable ( Table 1 ). 
Furthermore, there were no significant differences in skin 
parameters between the 2 groups. No significant treat-
ment-related adverse events were reported with respect 
to blood, lipid, or biochemical parameters during the 12-
week study period (data not shown).

  Skin Hydration and TEWL (Barrier Integrity) 
 TEWL levels were higher during the test period than 

at baseline in both groups ( Fig. 1 a).  Figure 1  shows the 
skin hydration (epidermal hydration) parameters during 
the 12-week treatment period. The forearm skin hydra-
tion levels of the  Aloe  sterol group were significantly 
greater at 4, 8, and 12 weeks (26.8 ± 0.7, 26.7 ± 0.8, and 
26.4 ± 1.0, respectively) than at baseline (24.3 ± 0.6). In 
contrast, the skin hydration levels in the placebo group 
significantly decreased in a time-dependent manner dur-
ing the test period. After 12 weeks, the skin hydration 
level of the placebo group was 76% of the baseline value. 
Next, we analyzed the differences in skin hydration and 
TEWL values between the 2 groups using analysis of co-

 Table 1.  Demographic and baseline characteristics

Group Mean SD p value

Age, years Aloe sterol 44.1 6.9 0.844
Placebo 44.5 7.0

BMI Aloe sterol 20.2 2.8 0.397
Placebo 20.9 3.8

Blood pressure, mm Hg
Systolic Aloe sterol 109.6 12.7 0.883

Placebo 110.1 14.3
Diastolic Aloe sterol 70.7 9.8 0.850

Placebo 70.2 8.6

Skin hydration, AU Aloe sterol 24.3 3.3 0.652
Placebo 25.9 5.0

TEWL, g/h/m2 Aloe sterol 5.75 1.17 0.832
Placebo 5.58 1.69

F3, skin fatigue area Aloe sterol 7.476 0.740 0.438
Placebo 7.637 0.899

 AU, arbitrary units; TEWL, transepidermal water loss.
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variance ( Table 2 ). The LS means of skin hydration at 4, 
8, and 12 weeks were statistically greater in the  Aloe  sterol 
group than in the placebo group. The LS means of TEWL 
at 4 and 12 weeks were statistically lower in the  Aloe  sterol 
group than in the placebo group.

  Skin Elasticity 
 In the  Aloe  sterol group, the skin gross elasticity R2 

parameters at baseline (0.773 ± 0.006) increased at 4, 8, 
and 12 weeks (0.787 ± 0.006, 0.814 ± 0.005, and 0.820 ± 
0.005, respectively). In contrast, the R2 parameters of the 
placebo group were lower at 8 and 12 weeks (0.771 ± 0.005 
and 0.765 ± 0.005, respectively) compared to the baseline 
value (0.789 ± 0.005;  Fig. 2  a). The oral placebo yogurt did 
not affect skin fatigue (F3 parameter;  Fig. 2 b). In contrast, 
the F3 values of the  Aloe  sterol group continued to in-
crease throughout the treatment period. After 12 weeks 
of  Aloe  sterol yogurt intake, the amount of F3 was 114% 

of the baseline value. Moreover, significant differences 
were observed in the skin elasticity parameters R2, R5, R7, 
and F3 between the groups ( Table 3 ).

  Ultrasound Echogenicity 
  Figure 3  presents typical changes in the ultrasound im-

ages of 6 participants (3 from each group) before and after 
8 and 12 weeks of treatment with the  Aloe  sterol supple-
ment or placebo. As shown, there were expansions of 
high-intensity echogenicity regions (i.e., high collagen 
score regions) in the images of the  Aloe  sterol group. In 
the placebo group images, some regions with intensities 
weaker than that at week 0 were observed.

  We observed an increase in the amount of LEB at 8 and 
12 weeks in both groups ( Fig. 4 a). The collagen score was 
reduced to 76% after 12 weeks of the placebo diet com-
pared to baseline ( Fig. 4 b). In contrast, the collagen scores 
of the  Aloe  sterol group were significantly increased at 4, 
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  Fig. 1.  Transepidermal water loss (TEWL) 
( a ) and skin hydration changes ( b ) during 
the treatment period. Data are expressed as 
means ± SEM ( n  = 32).  *    p  < 0.05,  *  *    p  < 
0.001 vs. baseline values.  #   p  < 0.05,  ##   p  < 
0.001 vs. placebo group values. 

  Fig. 2.  R2 (skin gross elasticity) ( a ) and F3 
(skin fatigue area) ( b ) during the treatment 
period. Data are expressed as means ± SEM 
( n  = 32).  *   p  < 0.05,  *  *   p  < 0.001 vs. baseline 
values.  #    p  < 0.05,  ##    p  < 0.001 vs. placebo 
group values. 
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8, and 12 weeks (58.8 ± 1.1, 57.5 ± 1.0, and 59.1 ± 1.5, re-
spectively) compared to baseline (54.8 ± 1.6;  Fig. 4 b).

  The results of the covariance analysis of the collagen 
score are shown in  Table 4 . The LS means of the collagen 
scores at 4, 8, and 12 weeks were significantly higher in 
the  Aloe  sterol group than in the placebo group. There 
was no statistical difference in LEB abundance between 
the  Aloe  sterol and placebo groups (data not shown).

  Discussion 

 Maintenance of epidermal barrier function and skin 
moisture is crucial for skin health  [19] . Compromise of 
the skin barrier function and humidity retention can lead 
to onset of a disease or itching, thereby reducing the qual-
ity of life  [20, 21] .  Aloe  sterol intake induced a significant 
increase in skin hydration ( Table 2 ). Our previous study 
suggested that  Aloe  sterol stimulates hyaluronic acid pro-
duction and hyaluronic acid synthesis in human dermal 
fibroblasts  [17] . In addition, we confirmed that the hyal-
uronic acid content of the dermis of mice treated with 
oral  Aloe  sterol was higher than that of control mice ir-
radiated with UVB  [13] . In this study, we observed a re-
duction in skin moisture and an increase in TEWL levels 
in the placebo group in a time-dependent manner 
( Fig. 1 a). The atmospheric humidity gradually decreased 
because of the seasonal change in Japan during the study 
period. Therefore, the observed reduction in skin mois-
ture and the increase in TEWL levels observed in the pla-

 Table 2.  Comparison of TEWL and skin hydration values between the 2 groups

Parameter Group Week LS mean SD 95% CI p value1

TEWL, g/h/m2 Aloe sterol 4 5.92 0.18 5.56 – 6.28 0.039
Placebo 6.46 0.18 6.10 – 6.82
Aloe sterol 8 6.31 0.17 5.96 – 6.66 0.134
Placebo 6.68 0.17 6.34 – 7.01
Aloe sterol 12 5.86 0.19 5.48 – 6.23 0.001
Placebo 6.77 0.19 6.39 – 7.15

Skin hydration, AU Aloe sterol 4 27.24 0.53 26.18 – 28.31 0.000
Placebo 22.72 0.53 21.66 – 23.79
Aloe sterol 8 26.99 0.63 25.73 – 28.26 0.000
Placebo 21.50 0.63 20.24 – 22.77
Aloe sterol 12 26.64 0.73 25.17 – 28.11 0.000
Placebo 19.48 0.73 18.02 – 20.95

 AU, arbitrary units; TEWL, transepidermal water loss; LS, least-squares. p < 0.05 was considered statistically significant.
1 Analyzed using ANCOVA. 

 Table 3.  Comparison of skin elasticity parameters (R2, R5, R7, and 
F3) between the 2 groups

Group Week LS
mean

SD 95% CI p 
value1

R2 Aloe sterol 4 0.792 0.004 0.784 – 0.800 0.001
Placebo 0.772 0.004 0.764 – 0.780
Aloe sterol 8 0.817 0.005 0.808 – 0.826 0.000
Placebo 0.768 0.005 0.759 – 0.777
Aloe sterol 12 0.822 0.005 0.813 – 0.831 0.000
Placebo 0.763 0.005 0.753 – 0.772

R5 Aloe sterol 4 0.718 0.008 0.702 – 0.733 0.226
Placebo 0.704 0.008 0.689 – 0.719
Aloe sterol 8 0.776 0.008 0.759 – 0.792 0.000
Placebo 0.689 0.008 0.673 – 0.706
Aloe sterol 12 0.785 0.010 0.764 – 0.806 0.000
Placebo 0.691 0.010 0.670 – 0.712

R7 Aloe sterol 4 0.516 0.005 0.507 – 0.525 0.027
Placebo 0.501 0.005 0.492 – 0.510
Aloe sterol 8 0.558 0.006 0.546 – 0.569 0.000
Placebo 0.496 0.006 0.484 – 0.508
Aloe sterol 12 0.554 0.006 0.542 – 0.566 0.000
Placebo 0.494 0.006 0.482 – 0.506

F3 Aloe sterol 4 7.822 0.109 7.605 – 8.040 0.003
Placebo 7.349 0.109 7.132 – 7.566
Aloe sterol 8 8.361 0.111 8.139 – 8.584 0.000
Placebo 7.666 0.111 7.444 – 7.888
Aloe sterol 12 8.586 0.127 8.332 – 8.40 0.000
Placebo 7.393 0.127 7.139 – 7.646

 LS, least-squares. p < 0.05 was considered statistically signifi-
cant. 1 Analyzed using ANCOVA. 
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cebo group might have resulted from external environ-
mental conditions, particularly reduced humidity. The 
TEWL levels at 4 and 12 weeks were significantly lower in 
the  Aloe  sterol group than in the placebo group. These 

results suggest that  Aloe  sterol intake contributed to the 
improvement in skin barrier function and the subsequent 
maintenance of skin moisture. However, it is difficult to 
explain the increase in skin hydration in the  Aloe  sterol 
group only based on the change in TEWL. We confirmed 
that intake of  Aloe  sterol increases the level of both skin 
hydration and hyaluronic acid synthetase in hairless mice 
 [13] . Therefore,  Aloe  sterol may increase the level of skin 
moisture through the promotion of hyaluronic acid com-
position. Conversely, the TEWL level of this subject indi-
cated a good skin barrier function. Thus, an additional 
experiment using an appropriate subject with a low 
TEWL level reduced by nicotinate exposure is necessary 
to investigate the influence of  Aloe  sterol on TEWL.

  The elastic parameters of the skin decrease during 
chronological aging and photoaging  [22, 23] . Dobrev  [24]  
reported that, when examining skin mechanical proper-
ties with a Cutometer, the R2 and R7 parameters should 
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  Fig. 3.  Ultrasound skin images of in colla-
gen content after 8 and 12 weeks of inges-
tion of the placebo ( a ) or    Aloe  sterol-sup-
plemented yogurt ( b ). E, epidermal; D, der-
mis. Representative images of 3 subjects 
from each group are shown.                   

 Table 4.  Comparison of collagen scores between groups

Group Week LS
mean

SD 95% CI p
value1

Aloe sterol 4 59.34 0.70 57.95 – 60.73 0.000
Placebo 52.97 0.70 51.57 – 54.36
Aloe sterol 8 58.03 0.83 56.37 – 59.69 0.000
Placebo 48.68 0.83 47.01 – 50.34
Aloe sterol 12 59.58 0.99 57.60 – 61.56 0.000
Placebo 40.35 0.99 38.37 – 42.33

 LS, least-squares. p < 0.05 was considered statistically significant. 
1 Analyzed using ANCOVA. 
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be measured. Ryu et al.  [25]  showed that skin elasticity 
measurement is useful for quantitative evaluation of age-
related changes, and age was negatively correlated with 
R2, R5, and R7. A previous study reported significant in-
creases in the skin elasticity parameters R2 and R7 after 
90 days of  A.   vera  gel powder (1.2 g) intake  [18] . Simi-
larly, the results of the present study revealed that dietary 
supplementation of 0.5 g of  A. vera  gel powder, contain-
ing 40 μg of  Aloe  sterol, increased the skin parameters R2, 
R5, R7, and F3 ( Fig. 2 ;  Table 3 ). These results suggested 
that oral administration of  A.   vera  gel was beneficial to 
skin elasticity.

  Decreased skin elasticity results in greater fatigue of 
old skin than young skin, and the F3 parameter is a good 
marker of skin fragility and aging  [26, 27] . The increase 
in the F3 value after  Aloe  sterol intake ( Fig. 2 ;  Table 3 ) 
suggests improvement in the prevention of aging and fra-
gility of skin tissue. COL1A1 and COL3A1 are key en-
zymes responsible for collagen. COL1A1 produces a 
component of type I collagen, whereas COL3A1 produc-
es a component of type III collagen. The results of our 
previous study confirmed that  Aloe  sterols promote the 
production of collagen and increase the expression level 
of genes involved in the synthesis of type I and type III 
collagen in human dermal fibroblasts  [17] . These results 
indicate that  Aloe  sterol affects skin elasticity by promot-
ing collagen production. Nonetheless, further studies are 
required to examine the effects and elucidate the underly-
ing mechanisms of  Aloe  sterol on the physical properties 
of skin.

  In this study, we examined the condition of the dermis 
using noninvasive ultrasonic measurement. The mechan-
ical principle of the DermaLab is dependent on a super-

sonic wave, which has the advantage of noninvasive anal-
ysis of the skin structure. Gniadecka and Jemec  [28]  re-
ported that dermal echogenicity is valuable for in vivo 
study of chronological aging and photoaging. Previous 
studies have indicated that the increase in the number of 
LEB is correlated with biological skin aging  [29]  and sun-
exposed body sites  [30] . Moreover, histological analysis 
of photoaging in an animal model has suggested that solar 
elastosis causes, at least in part, an increase in the number 
of LEB  [31] . An increase in the number of LEB was ob-
served in both the  Aloe  sterol and the placebo groups 
( Fig. 4 a). In this study, each subject was instructed to dis-
continue the use of cosmetics, including sunscreen, at the 
measurement site (forearm) during the test period. UV 
rays cause premature aging of the skin. The characteristic 
features of photodamaged skin are dry and sallow skin 
with wrinkles, which are caused by dysregulation of the 
epidermal and dermal components  [32] . Thus, denatur-
ation of collagen fibers using UV might cause an increase 
in LEB area and decreased TEWL levels.

  Skin elasticity is an important marker of skin aging 
and overall condition. A reduction in skin collagen con-
tent is correlated with a decrease in skin elasticity and an 
increased risk of skin fragility. Moreover, collagen fibers 
are fragmented by exposure to UV light and/or aging 
 [33] . In the placebo group, the collagen score of the ultra-
sound image gradually decreased during the test period 
( Fig. 4 b). It is likely that damage to the measurement site 
caused by daily exposure to UV may be a reason for these 
results. In contrast, ultrasound imaging revealed that in-
creased light intensity was correlated with collagen den-
sity in the  Aloe  sterol group ( Fig. 4 b). There were statisti-
cal differences in collagen scores at 4, 8, and 12 weeks 
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  Fig. 4.  Low echogenic bands (LEB) ( a ) and 
collagen scores ( b ) during the treatment 
period. Data are expressed as means ± SEM 
( n  = 32).    *   p  < 0.05,  *  *   p  < 0.001 vs. baseline 
values.  #    p  < 0.05,  ##    p  < 0.001 vs. placebo 
group values. 
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between the  Aloe  sterol and placebo groups ( Table  4 ). 
Cho et al.  [18]  performed immunostaining and RT-PCR 
analyses of the buttock skin of Korean women before and 
after  A.   vera  gel powder intake. They suggested that in-
gestion of  A. vera  gel powder increases the type 1 procol-
lagen content in human skin tissue. Also,  Aloe  sterol pro-
motes collagen production and increases the synthesis of 
type I and III collagen in human dermal fibroblast  [18] . 
Our preliminary data indicated that ingested  Aloe  sterol 
reached the peripheral tissues through the bloodstream 
 [34] . Therefore, it is likely that the collagen content of the 
dermis was increased via  Aloe  sterol stimulation of fibro-
blast cells. Histologic examination of skin biopsy samples 
was conducted to directly analyze the influence of  Aloe  
sterol on skin, and future additional examination is ex-
pected.

  The results of this double-blind clinical trial demon-
strated that daily oral intake of 40 μg of  Aloe  sterol sig-
nificantly increased skin barrier function, skin moisture, 

and skin elasticity. Furthermore, ultrasonographic results 
suggested that intake of  Aloe  sterol increased skin elastic-
ity by increasing the collagen content in the dermis. Fur-
ther histological analysis is needed to elucidate the under-
lying mechanisms of the effects of  Aloe  sterol intake on 
skin health.

    Statement of Ethics 

 The study protocol was examined and approved by the institu-
tional review board of the Ceravi Shinbashi Clinic in Tokyo, Japan, 
and it was conducted in accordance with the tenets of the Declara-
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consent and were free to withdraw from this study at any time.
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