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ABSTRACT

Introduction: The natural process of aging has an impact on people's quality of life. The skin is
among the body parts that age the fastest and is affected by both endogenous and external influ-
ences. Therefore, it is necessary to study the capacity of various natural extracts to protect against
skin aging. This study aimed to evaluate the protective effects of Boesenbergia pandurata extract
(BPE) against UVB-induced skin aging in a murine model. Methods: The maceration process was
used to isolate BPE, and its stability was assessed using liquid chromatography-mass spectrome-
try (LC-MS). Balb/C mice were treated with various doses of BPE (50 mg/kg, 100 mg/kg, and 150
ma/kg) after being exposed to UVB at a rate of 300 mJ/cm? to establish a skin photoaging model.
The skin's appearance and tissue and cell morphology were evaluated using hematoxylin and eosin
(H&E) staining and Masson's trichrome staining, respectively. Results: The results showed that the
treatment groups did not exhibit any major signs of aging, such as wrinkles, dryness, or roughness,
whereas the UVB-exposed group did. Due to the cleavage of collagen fibers, Masson's trichrome
staining revealed a lack of connective tissue in the UVB-only group; additionally, H&E staining re-
vealed abnormalities in the cellular structure of the tissue. On the other hand, the treatment groups'
outcomes were consistent and comparable to those of the control group according to the H&E and
Masson's Trichrome staining results. Conclusion: Overall, our findings show that BPE, especially at
a dose of 50 mg/kg, can successfully protect skin from UVB-induced aging, providing a potential
strategy for the development of natural anti-aging products.

Key words: Aging, Skin, Bosenbergia pandurata extract (BPE), Maceration method, Liquid
chromatography-mass spectrometry (LC-MS), UVB

INTRODUCTION

UV light is a notable form of radiation that can ex-
pedite the aging of the skin. Exposure to UVB radi-
ation, a specific type of UV radiation that can harm
DNA and produce oxidative stress in skin cells, can
induce the accumulation of mutations and the break-
down of collagen and elastin filaments in the skin 2.
Research on mice with aged skin has shown that ex-
posure to UVB radiation can cause wrinkles, hang-

ing skin, and hyperpigmentation3

. To mitigate the
adverse effects of UVB, researchers have evaluated a
range of naturally occurring compounds with antiox-
idant and protective capacities. One such product
is Boesenbergia pandurata, a plant local to Southeast
Asia that has for quite some time been valued for its
therapeutic properties. Boesenbergia pandurata ex-
tract (BPE) may help treat or prevent UVB-induced
skin aging as recent research indicates that it has po-
tent anti-inflammatory and antioxidant properties*.

To simulate the impacts of UVB radiation on hu-
man skin, researchers have created a mouse model
of skin aging®. Reactive oxygen species (ROS) and

DNA damage are produced because of UVB exposure
according to studies done on mice, and these effects
can speed up the aging process of the epidermis. Ac-
cording to one study, mice exposed to UVB devel-
oped wrinkles and had lower collagen levels and more
elastin fragmentation—all signs of aging skin>.
Researchers have been able to identify numerous
substances that can protect against UVB-induced
skin damage using this model. Boesenbergia pan-
durata contains one such compound. This plant’s
extracts have been found to have antioxidant and
anti-inflammatory properties, which may help pre-
vent skin aging and UVB-induced damage®’. The
extract may have the ability to protect against UVB-
induced skin damage and have cell-reinforcing qual-
ities. Further research is needed to fully understand
the potential benefits of Boesenbergia pandurata re-
garding skin aging. Therefore, this study aimed to
evaluate its protective effects against UVB-induced
skin aging in a murine model.

METHODS

Cite this article : Nghia D M, Sinh N T, Phuc V H, Thuy T T, Phuc P V. Macerated Boesenbergia
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Experimental Animals

Male Balb/c mice, aged 6-8 weeks, with an average
weight of 23-25 g, were used in this study. The mice
were obtained from the Laboratory of Animal Care
and Usage (LACU) of the Stem Cell Institute, Uni-
versity of Science, Viet Nam National University Ho
Chi Minh City, and were housed in clean cages in
a controlled environment with food and water. The
light/dark cycle was maintained at 12/12. The exper-
imental protocol involving the animals was reviewed
and approved by the ethics committee of the Stem Cell
Institute (HCMUS, VNUHCM, VN).

Preparation of Boesenbergia pandurata

Boesenbergia pandurata plants were collected from
gardens in the Southwest region and identified at the
Southern Institute of Ecology. The extract was eval-
uated by high-pressure liquid chromatography (LC-
MS) at the central laboratory of the University of Nat-
ural Sciences, Vietnam National University, Ho Chi
Minh City (Supplement.

Boesenbergia pandurata extract prepara-
tion

The collected plant material was cleaned, dried, and
then ground into a fine powder. Five hundred grams
of powder was extracted with 1500 mL of absolute
ethanol using a macerated method for 72h with con-
stant shaking. The extract was then filtered and freez-
ing dry at condition 1 atm, -40 °C. The dry extract was
dissolved in absolute to obtain a final concentration of
50 mg/mL, 100 mg/mL and 150 mg/mL. The solution
was stored at 4 °C until use.

Mouse model of skin aging

Fifty four male Balb/c mice aged 6 - 8 weeks with
an average weight of 23-25 g were used to create a
mouse model of skin aging. The mice were housed in
a controlled environment for 2 weeks and were ran-
domly divided into six groups (Figure 1). UVB ir-
radiation was used to induce skin aging. The UVB
source had a wavelength of 275 — 380 nm, was placed
30 cm away from the mice, and had an intensity of
300 mJ/cm?. The experimental design and UVB in-
tensity were based on studies by Kim et al. (2012)8.
The mice were exposed to UVB every 3 days. The ex-
perimental and placebo groups received 10 uL of the
BPE and solvent, respectively; the agent was applied
to the skin. The mice in the negative control group
were shaved every two weeks to maintain hairlessness
but received no further treatment, while the positive
control group received only UVB irradiation.
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Experimental design

The experimental group consisted of three groups,
each comprising three randomly chosen mice, ac-
cording to the concentration of the extract used (50
mg/mL, 100 mg/mL, and 150 mg/mL) (Figure 1). The
mice were shaved every 2 weeks to maintain hairless-
ness, and the extract was applied at the designated
concentration and time for each batch at this loca-
tion throughout the experiment. In addition, the mice
were exposed to UVB simultaneously at the same in-
tensity and frequency as in the experimental setup of
the mouse model of aging.

After 4 and 8 weeks of experiments, three mice from
each group were randomly selected and evaluated for
skin aging parameters such as skin tension, wrinkles,
and skin thickness in the experimental area. The mice
were euthanized according to the animal ethics com-
mittee’s requirements by cervical dislocation, and skin

samples were collected.

Administration of macerated Boesenbergia
pandurata extract

The macerated BPE was administered topically to the
mice in the experimental groups at concentrations of
50 mg/mL, 100 mg/mL, and 150 mg/mL. The extract
was treated every three day before applied UVB on
skin designated area for 4 weeks and 8 weeks. The
mice were weighed weekly, and calipers with an error
of 0.01 cm were used to measure mouse skin thick-
ness every week. The level of skin aging of the mice

was also visually assessed.

H&E staining

Skin samples were collected from the experimental
and control groups and immediately fixed in 10%
buffered formalin solution for 24 hours. Thereafter,
the samples were dehydrated in ascending grades of
alcohol and embedded in paraffin wax. The paraffin
blocks were then cut into 5-m sections and mounted
on glass slides. The sections were then deparaffinized
in xylene and rehydrated in descending grades of al-
cohol, following which they were stained with hema-
toxylin and eosin (H&E) for 10 minutes, rinsed in wa-
ter, dehydrated, and mounted with a coverslip. The
slides were then observed under a light microscope,
and images were captured using a high-resolution
camera. The images were analyzed using Image]
software to quantify the epidermal thickness, dermal

thickness, and number of fibroblasts.


http://bmrat.org/index.php/BMRAT/article/download/806/1639/

Biomedical Research and Therapy 2023, 10(4):5654-5665

Day 0 Day 3 Day 6 Day 9 Day 12 Week 8
Group 1: Control il | e
No-UVB, No treatment
Group 2: UVB i ! ! ] | i ! |
UVB, No treatment tl
UvB
Group 3: Placebo i . . I e i i
UVB, Ethanol 0.1% i & g i g T é % é T
ét UVB Et UVB Et UVB Et UvB Et uvB

Group 4: TS50 ' i i 1 ! ! | | i v
UVB, 50 mg/mL BPE 4 ¥ G i o T i

BPE UVB BPE UVB BPE UVB BPE UVB BPE UVB
Group 5: T100 ! I o ol e o i e e
UVB, 100 mg/mL BPE ~ { T 1 T 1 T 1 T T "

BPE UVBBPE UVB BPE UVB BPE UVB BPE UvB
Group 6: T150 i — i S -
UVB, 150 mg/mlL BPE f = T + ¥ B T 3 T

BPE UVBBPE UVB BPE UVB BPE UVB BPE UvB
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experimental groups). Et: Ethanol, UVB: Ultraviolet B, BPE: Boesenbergia pandurata extract

Figure 1: Experimental design with 6 groups of mice. Mice were randomly divided into six groups. Mice in
all groups were monitored during 8 weeks. Group 1: Control: mice were not exposed to UVB as well as applying
ethanol or extract. Group 2, 3, 4, 5 and 6: mice were exposed to UBV every 3 days at 300 mJ/cm?. Group 3,4, 5
and 6: mice were exposed to UVB immediately after applying ethanol (in group 3) or extracts (in group 4, 5 and

6), respectively.

Masson'’s trichrome staining

Skin samples were collected from the experimental
and control groups and immediately fixed in 10%
buffered formalin solution for 24 hours. After that,
the samples were dehydrated in ascending grades of
alcohol and embedded in paraffin wax. The paraffin
blocks were then cut into 5-p m sections and mounted
on glass slides. The sections were then deparaffinized
in xylene and rehydrated in descending grades of al-
cohol, after which they were stained with Masson’s
trichrome stain for 10 minutes, rinsed in water, dehy-
drated, and mounted with a coverslip. The slides were
then observed under a light microscope, and images
were captured using a high-resolution camera. The
images were analyzed using ImageJ software to quan-
tify the collagen content and collagen fiber distribu-
tion.

Statistical analysis

All data were expressed as mean = standard deviation
(SD). Statistical analysis was performed using two-
way ANOVA followed by Tukey’s multiple compari-
son test. Differences were considered statistically sig-
nificant at P < 0.05. All statistical analyses were per-
formed using GraphPad Prism software (version 9.0).

RESULTS

Effects of UVB and Boesenbergia pandurata
extract on skin hydration

From week 0 to week 8, the group 1’s skin mois-
ture levels slightly increased, possibly due to cyclical
changes in the environment or a study-uncontrolled
environmental component (Figure 2A-C). However,
from week 4 to week 8, the skin moisture levels in the
UVB (group 2) (Figure 2D-F) and placebo (group 3)
(Figure 2G-I) groups both decreased. This indicates
that epidermal moisture levels in mice were adversely
affected by UVB exposure and the application of a
placebo.

At week 4, the T50 (group 4) and T150 (group 6)
groups displayed a small rise in skin hydration lev-
els, which may have been brought on by the skin hy-
dration extract’s effects (Figure 2K-M, Q-S). This im-
provement was not long-lasting, as week 8 revealed
a decline in skin moisture in both groups. Thus, the
skin hydration extract may have provided some short-

term advantages that were not sustained over time.

The T100 group (group 5) showed a consistent de-
crease in skin hydration levels over the course of the
study, indicating that a higher dose of the skin hydra-
tion extract may have had a negative effect on skin hy-
dration levels (Figure 2N-P).

5656



Biomedical Research and Therapy 2023, 10(4):5654-5665

Group 4 Group 5 Group 6
T50 T100 T150

Group 1 Group 2 Group 3
Control uvB Placebo

No-uve ||

Week 0

Week 4

Week 8

Figure 2: Skin changes in experimental mouse populations throughout time. A-C: group 1, D-F: group 2, G-I:
group 3, K-M: group 4, N-P: group 5, Q-S: group 6.
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Figure 3: Weight charts for rat groups over time (n = 3) are shown. Overall, it seems that UVB radiation initially
stimulated weight increase but had a negative impact over time. On the other hand, the plant extract doses had
no discernible impact on weight gain, with the exception of the T100 dose, which at week 8 exhibited a modest

increase in weight. P < 0.01. W: week
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Table 1: Table represents the summary of the weight of different groups of mice at
different time points (n = 3), with their respective treatments such as control, UVB,

Placebo, T50, T100, and T150

Week Control UVB Placebo T50 T100 T150

0 2244+0.66 248+24 247421 25.1+£02 248402 244409
4 28.1 £0.5 29.1+11 276+34 283+12 275+08 288+£26
8 31.4+22 299+19 302+12 31.6+06 342+08 31.7+26

The values are represented in grams with their standard deviation

Effects of UVB and extracts on mouse
weight

Table 1 and Figure 3 show that in week 0, mice in the
UVB group (Group 2) had a higher mean weight than
those in the control group (Group 1), although mice
in the treatment groups (Group 4, 5 and 6) had a mean
weight that was similar to that of the control group
(Group 1) (p > 0.05). At this starting time point, plant
extract and UVB do not show any effect on mice skin.
At week 4, the mice in the UVB group (Group 2)
continued to weigh more on average than the con-
trol group’s mice, while the weights of the mice in
the treatment groups remained practically identical to
those of the control group (Group 1). This shows that
while UVB exposure continued to affect weight, vari-
ous concentrations of plant extract did not.

While the mean weight of mice in the T100 group
(Group 5) had significantly risen in contrast with the
control group (Group 1) by week 8, the mean weight
of mice in the UVB group (Group 2) had decreased
relative to the previous week. This shows that while a
plant extract concentration of 100 mg/mL might pos-
itively affect weight over time, UVB exposure might
have adverse consequences over the long term.
Overall, it seems that UVB radiation initially stimu-
lated weight gain but had a negative impact over time.
On the other hand, the plant extract doses had no dis-
cernible impact on weight gain, with the exception of
the 100 mg/mL dose, which at week 8 induced a mod-
est increase in weight.

Effects of UVB and extracts on mouse skin
thickness

Table 2 and Figure 4 show that there were no dis-
cernible variations in skin thickness between the
treatment groups and the control group at week 0.
Even though the level of the increase in thickness
varied depending on the dose, all treatment groups
(Group 4, 5 and 6) at week 4 demonstrated increases
in skin thickness in comparison to the control group
(Group 1). In particular, the skin thickness increased
in the T50 (Group 4) and T150 (Group 6) groups by

0.08 to 0.14 mm, whereas it decreased somewhat in
the T100 (Group 5) group.

At week 4, the UVB group experienced the greatest
increase in skin thickness (0.37 to 0.1 mm). At week
8, the treatment groups (Groups 4, 5 and 6) showed
continued increases in skin thickness compared with
the control group (Group 1), with the highest increase
in the T150 group (Group 6) (0.14 £ 0.06 mm). The
T50 group (Group 4) likewise showed a significant in-
crease in skin thickness compared with the control
group (Group 1) (0.16 & 0.1 mm), while the T100
group showed no significant change in skin thickness.
Again, the UVB group (Group 2) showed the greatest
increase in skin thickness of all groups at week 8 (0.53
£ 0.1 mm). The UVB group (Group 2) showed a con-
tinuous increase in skin thickness, resulting in a two-
fold increase compared to the initial thickness after
2 months. Moreover, the UVB group (Group 2) had
skin 1.5 times thicker than that of the control (Group
1) and placebo (Group 3) groups.

Impact of UVB on mouse skin elasticity

Based on the data in Table 3 and Figure 5, we can an-
alyze the effect of the treatments on the recovery time
of mouse skin elasticity after exposure to UV radia-
tion and explore the potential of BPE to treat skin ag-
ing. The control group was not exposed to any treat-
ment or intervention, and therefore, there were no ex-
traneous factors that could have interfered with skin
recovery.

The UVB group (Group 2) consistently had the
longest recovery time at all time points. This finding is
consistent with the well-known harmful effects of UV
radiation on the skin, including the disruption of col-
lagen fibers and the breakdown of elastin, which can
lead to decreased skin elasticity and increased signs of
aging.

The groups treated with the BPE (Group 4, 5 and 6)
had recovery times that were similar to those of the
control group (Group 1) and lower than group 2 and
group 3. This suggests that the extract may have a pro-
tective effect on the skin and could potentially be use-
ful for preventing or treating skin damage caused by
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Figure 4: The graph shows the measurement of skin thickness using calipers, with a precision of 0.01 cm.
The UVB-exposed group showed a continuous increase in skin thickness, resulting in a two-fold increase compared
to the initial thickness after 2 months. Moreover, the UVB-exposed group had skin 1.5 times thicker than that of

the control and placebo groups. W: week

Table 2: Table presents a summary of the skin thickness measurements for different groups

of experimental mice

Week Control UVB Placebo T50 T100 T150
0 0.57 £0.06 0.53 £ 0.06 0.63 £ 0.06 0.63 = 0.06 0.63 £ 0.1 0.67 £ 0.1
4 0.63 £ 0.06 0.9 +0.1¢ 0.73+0.58” 0.61+£0.05 0.51 +0.07 0.61 + 0.1
8 0.73 £ 0.1 1.1+0.14 0.9 £0.1 0.73 £0.1 0.73 £0.06 0.77 = 0.06
The standard deviations are indicated as follows: *: < 0.01; ¢: < 0.0001
Table 3: Summarizes the evaluation of the recovery time of mouse skin elasticity
Week Control UVB Placebo T50 T100 T150
0 1.03+0.17 1.39£0.23 0.93 £ 0.1 0.68 £0.13  0.58 £ 0.027 0.69 £ 0.02
4 0.89+£0.11 0.83+0.04 0.81=£0.05 0.69+0.09 0.85=+0.037 0.71 £ 0.09
8 0.78 £0.07 0.98+0.18 0.88 £ 0.03 0.89 £ 0.1 0.81 +£0.057  0.77 £ 0.0391

UV radiation. The ability of the extract to improve the
recovery time of mouse skin elasticity after UV radia-
tion exposure is a promising indication of its potential
anti-aging properties.

Based on the data table provided, there appear to be
some differences in the effects of different doses of
BPE (Groups 4, 5 and 6) on skin elasticity recovery

after UV radiation exposure.
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At week 0, the baseline measurement, the T50 group
(Group 4) had a recovery time of 0.68 £ 0.13, which
was slightly lower than that of the T100 (Group 5) and
T150 (Group 6) groups (0.58 & 0.027 and 0.69 +£ 0.02,
respectively). However, it is important to note that
the differences between the groups at this time point
were not statistically significant (p > 0.05), as the con-
fidence intervals for each group overlapped with one
another.
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Figure 5: The recovery time of mouse skin elasticity. W: week

At week 4, there appeared to be a trend towards
shorter recovery times in the T100 (Group 5) and
T150 (Group 6) groups compared to the T50 group
(Group 4). Specifically, the T100 group had a re-
covery time of 0.85 £ 0.037, which was higher than
that of the T150 group (0.71 =+ 0.09). However, both
these groups had lower recovery times than the T50
group (0.69 £ 0.09). Again, the differences between
the groups at this time point were not statistically sig-
nificant (p > 0.05).

At week 8, the differences between the groups became
more apparent. The T50 (Group 4) group had a recov-
ery time of 0.89 & 0.1, which was higher than that of
both the T100 group (Group 5) (0.81 = 0.057) and the
T150 group (Group 6) (0.77 & 0.0391) (p < 0.05). In
fact, the groups 5 and 6 had recovery times that were
similar to that of the control group (Group 1) (0.78 +
0.07), indicating that these doses of BPE may be ef-
fective in promoting skin elasticity recovery after UV
radiation exposure.

A general evaluation of mouse skin aging

Table 4 and Figure 6 present the results of an experi-
ment on skin aging in which different treatments were
applied to different groups, and the effects of these
treatments were measured at different time points.
The groups included a control group (Group 1), a

group exposed to UVB radiation (Group 2), a group
treated with a placebo (Group 3), and three groups
treated with different doses of the extract (T50, T100,
and T150) (Group 4, 5 and 5, respectively).

At the initial time point (week 0), all groups had a
score of 0 for all the assessed criteria, indicating no
signs of skin aging. However, at later time points
(weeks 4 and 8), the groups began to show differences
in their skin aging scores.

The group 2 showed an increase in skin aging scores
compared to the control group (Group 1), suggest-
ing that UVB radiation accelerates skin aging. The
placebo group (Group 3) did not show any significant
changes in skin aging scores compared to the group
2, suggesting that the placebo had no effect on skin
aging.

At week 4, the T100 (Group 5) and T150 (Group 6)
groups showed improvement in some of the assessed
criteria, whereas the group 4 did not show any im-
provement. Specifically, the groups 4 and 5 showed
improvements, but not in the group 6. This suggests
that the doses of 100 mg/mL and 150 mg/mL of BPE
may be more effective than the dose of 50 mg/mL of
BPE in improving certain aspects of skin aging at an
earlier time point.

However, at week 8, all three extract-treated groups
(Groups 4, 5 and 6) showed improvement in some of

5660



Biomedical Research and Therapy 2023, 10(4):5654-5665

4 -
§3- H ok Ak
4
2
&
g2 I n A bad
4
73]
1= - vV W “ » @ e
04— T T AT W T T T & T
W0 w4 ws W0 w4 W8 W0 w4 w8 W0 w4 W8 W0 w4 w8 W0 w4 w8
Control uvB Placebo T50 T100 T150
UVB - + + + + +
BPE - - - + + +
Ethanol - - + + + +

Figure 6: Skin aging score in groups. At the initial time point (week 0), all groups had a score of 0 for all the
assessed criteria, indicating no signs of skin aging. However, at later time points (weeks 4 and 8), the groups
began to show differences in their skin aging scores. W: week

Table 4: Table represents skin aging scores in all groups at week 0, week 4 and week 8

Week Control UVB Placebo T50 T100 T150
0 0 0 0 0 0 0
4 0 2.33 +0.57 2.67 £ 0.57 1.67 + 1 1
0.57
8 0 2.67 £ 0.57 3 1 1 1

the assessed criteria. This suggests that all three doses
of extract may have a positive effect on skin aging at a
later time point.

Overall, the experiment suggests that UVB radiation
accelerates skin aging, while some doses of the plant
extract may have a positive effect on skin aging. How-
ever, further studies are needed to confirm these find-
ings and determine the optimal doses and time points
for treatment.

Histological assessment

Histological evaluation was performed to investigate
the effects of UVB and the extracts on the histological
features of mouse skin. Figures 7 and 8 show repre-
sentative images of skin sections from each group.

The control group showed normal histological fea-
tures throughout the study, with no signs of damage
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or abnormalities. The UVB (Group 2) and placebo
(Group 3) groups showed an increase in the number
of infiltrating inflammatory cells at week 8. The T50
(Group 4) and T150 (Group 6) groups showed a slight
decrease in epidermal thickness at week 8 but no in-
crease in inflammatory cells. The T100 group (Group
5) showed a significant decrease in epidermal thick-
ness and a significant increase in inflammatory cell in-
filtration at week 8. Overall, these results suggest that
both exposure to UVB and the use of the extract had
negative effects on the histological features of mouse
skin, with the T100 group experiencing the most se-
vere damage.

DISCUSSION

Aging is a natural and inevitable process that begins
sometime after birth. The skin, in particular, is the
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organ that ages the fastest since it is most exposed to
the environment. Both intrinsic and extrinsic causes
of skin aging have been identified®. Now, more and
more external factors, such as global warming and
pollution, cause skin aging, whereas internal influ-
ences are irreversible and occur over a long period
during the life of the organism. UV intensity rises in
the air. The biggest contributing component among
them is photoaging, which is brought on by prolonged
direct exposure to strong UV rays 1°. To better under-
stand and evaluate the aging process of the skin, nu-
merous aging models and methodologies have been
created. Similarly, a skin aging model using Balb/C
mice was developed in this work to assess BPE’s ca-
pacity to protect the skin, and the mice were divided
into the UVB, T50, T100, T150, and placebo groups.
Using various techniques, including imaging of the
mouse skin, calipers, and common criteria, the effects
of UVB radiation and plant extract on the mouse skin
surface, mouse weight, skin thickness, and the over-
all degree of aging were investigated. Moreover, Mas-
son’s trichrome staining and H&E staining were used
to evaluate the histology.

The assessment of mouse skin thickness revealed a
significant increase in the UVB-only group at weeks
0, 4, and 8, while the control and placebo groups
showed slight increases over time. However, the treat-
ment group maintained a stable skin thickness sim-
ilar to that of the control group, indicating the ex-
tract’s ability to protect against UVB damage. In con-
trast, the UVB group’s skin thickness was 1.5 times
higher than the control and treatment groups after 8
weeks, suggesting that UVB irradiation can substan-
tially increase skin thickness. These findings are con-
sistent with previous studies by Kim et al. (2012) and
Gyongyosi et al. (2016)11. Additionally, the eval-
uation of skin aging revealed that the extract posi-
tively contributed to protecting the skin against UVB-
induced aging, as indicated by the milder signs of ag-
ing observed in the treatment groups compared to the
UVB and placebo groups at week 8. Histological anal-
ysis of H&E images showed that the UVB and placebo
groups had less cohesive connective tissue structures
in the dermis and loose subcutaneous tissue at week
8. In contrast, the treatment group maintained dense
and tight connective tissue in the dermis and a stable
epidermis with five cell layers. Therefore, the study’s
results suggest that UVB irradiation and BPE use have
different effects on skin structure.

Similar studies have looked into the impact of herbal
extracts and UVB radiation on the structure and func-
tion of the skin. UVB light has been linked to skin
melanogenesis, cell damage, and death, according to

research by Ji et al.'2. According to additional re-
search done by Imokawa in 2009, UVB radiation plays
a role in the development of elastic fibers, which are
crucial for preserving skin integrity 3. The results of a
study conducted in 2020 by Torabian et al., which ex-
amined the effects of UVB radiation on mouse skin,
were consistent with those of the present study. That
study showed that skin thickness doubled after ex-
posure to UVB light. Moreover, compared to the
placebo and control groups, the groups that received
UV irradiation and medication had higher quantities
of collagen indicated by Masson’s Trichrome staining.
These findings are consistent with the current study
and provide more evidence that UVB radiation signif-
icantly affects the structure of rat skin 4. Listyawati et
al. (2020) showed that BPE protected the skin of hair-
less rats from UVB damage. These results imply that
BPE can be a potent therapeutic for UVB-induced
skin damage 5.

Our investigation revealed that BPE treatment plays
a significant protective role in maintaining the struc-
tural and functional integrity of mouse skin tissue.
It demonstrated that exposure to UVB radiation in-
creases skin thickness and skin aging risk. It also
showed that BPE helps to retain the skin’s structure
and integrity.

CONCLUSIONS

The present study yields valuable insights into the
potential benefits of BPE in protecting mouse skin
against UVB-induced aging. The findings demon-
strate that BPE, particularly at a concentration of
50 mg/kg, can effectively protect mouse skin against
UVB-induced aging without causing any adverse ef-
fects or weight loss. Notably, the extract can maintain
stable skin thickness, preserving tissue structure and
cells.

To further advance our understanding of the skin-
protective ability of BPE, larger-scale and longer-term
experiments should be conducted. Molecular biology
and immunohistochemistry experiments may also be
performed to elucidate the mechanism of action of the
extract. Additionally, building emulsifying formula-
tions of the extracts can lead to the development of
market-ready products based on these extracts. Fur-
ther research in these areas has the potential to yield
significant benefits for the food and cosmetic indus-
tries.

ABBREVIATIONS

BPE: Boesenbergia pandurata extract, ROS: Reative
Oxygen Species, UV: UtraViolet, UVB: UtraViolet B
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