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Abstract: Geraniin is the major compound in Nephelium lappaceum peel and exhibits signifi-
cant immunomodulatory effects. So, this study aimed to evaluate the anti-inflammatory
effects of Nephelium lappaceum peel extract and geraniin through in vitro experiments and
clinical trials. In vitro, inflammatory responses were induced using UV, IR, SDS, LPS,
and RA, followed by treatment with the Nephelium lappaceum peel extract and geraniin.
The results demonstrated significant reductions in inflammatory cytokines, indicating
potent anti-inflammatory properties. Based on these promising results, clinical trials were
conducted to assess the effects of the Nephelium lappaceum peel extract on skin barrier
function using various irritants, including IR, UV, SDS, Retinol, and tape stripping. Mea-
surements of transepidermal water loss and erythema were performed to evaluate the
extract’s protective effects. The results indicated that Nephelium lappaceum peel extract
effectively mitigated skin barrier damage and reduced erythema, confirming its potential
as a skin-soothing and anti-inflammatory agent. This study suggests that Nephelium lap-
paceum peel extract, rich in bioactive compounds such as geraniin, can be utilized in the
development of cosmetic products aimed at reducing skin inflammation and protecting
against environmental irritants.

Keywords: anti-inflammatory; Nephelium lappaceum; geraniin; transepidermal water loss;
retinoic acid; sodium lauryl sulfate; lipopolysaccharides; infrared radiation

1. Introduction
Skin is the largest organ of the human body, making up about 15% of the body’s

weight [1]. First, its function is to prevent the loss of moisture and fluids inside the body. It
also protects against physical and chemical damage and biological factors such as viruses
and bacteria. Finally, it regulates body temperature by sensing sensations such as touch,
cold, and heat [2,3]. When the skin barrier function is damaged due to various external
stimuli, transepidermal water loss (TEWL), inflammation, and chronic skin diseases may
occur [4,5].

Retinol, also known as vitamin A1, is a member of the fat-soluble retinoid group,
which includes retinol, retinal, and retinyl esters. It is commonly found in foods and used
as a dietary supplement. It is one of the most discussed factors in the cosmetic industry
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recently. Retinol stimulates collagen synthesis, inhibits MMP activity, reduces oxidative
stress, regulates gene expression, and improves both intrinsic and extrinsic signs of aging
such as wrinkles, fine lines, and uneven pigmentation [6,7]. However, topical application
of retinoids often causes severe local irritation, resulting in sensations of burning, itching,
erythema, peeling, or dryness [8]. Although the mechanisms causing retinoid side effects
are not fully understood, retinoic acid (RA) therapy has been demonstrated to impair
barrier function as assessed by TEWL measurements [9]. Other external irritants such
as UV radiation and sodium lauryl sulfate (SLS) could also induce skin inflammation
by stimulating the nuclear factor kappa B (NF-κB) pathway, leading to the secretion of
cytokines such as tumor necrosis factor-alpha (TNF-α), interleukin-1 alpha (IL-1α), and
IL-6, IL-8 [10,11]. UV-B exposure of the skin leads to the production of reactive oxygen
species (ROS) and reactive nitrogen species (RNS). The increased production of ROS has
been shown to phosphorylate Jun N-terminal kinases (JNKs) and p38 mitogen-activated
protein kinases (MAPKs). That activates the transcription factors NF-kB and activator
protein 1 (AP-1). These transcription factors regulate the release of cytokines such as TNF-a,
IL-6, and IL-8, which contribute to cell inflammation and cell apoptosis [12–17]. SLS is
one of the most irritating surfactant ingredients with strong cleansing and degreasing
abilities. SLS is used in detergents, shampoos, shower gels, etc. However, due to its strong
degreasing power, it disrupts the barrier function of the stratum corneum, inducing the
infiltration of epidermal inflammatory cells and releasing cytokines such as TNF-α, IL-1α,
and IL-8, causing skin inflammation [18,19]. Infrared is an electromagnetic wave with a
wavelength of 780 nm to 1000 nm that primarily transmits heat and because it penetrates
deep into the skin, it has multiple effects [20]. Excessive exposure to heat can increase
heat damage, photoaging, and oxidative stress, and can result in increased TEWL and
inflammatory cytokines due to damage to the skin barrier [20,21]. Lipopolysaccharides
(LPS) mediate an inflammatory response by binding to Toll-like receptor 4 (TLR4) and
activating the transcription factor NF-κB or the MAPK signaling pathway, and the process
induces inflammatory cytokines, including TNF-α, the IL-1 family, and IL-6, resulting in a
strong immune response [22].

Madecassoside is a major triterpenoid component derived from Centella asiatica that is
well known for its anti-inflammatory and skin barrier-strengthening properties [23]. In pre-
vious studies, madecassoside has been reported to reduce skin inflammation and support
regeneration through mechanisms such as inhibition of the NF-κB pathway, reduction of
cytokines (TNF-α, IL-1β), and stimulation of collagen synthesis [24,25].

Prolonged exposure to a variety of physical and chemical irritants, such as masks,
UV radiation, particulate matter, and surfactants, can lead to persistent skin inflammation
that not only causes cosmetic stress but can also worsen into chronic inflammation [26,27].
Therefore, cosmetics that can relieve skin irritation by using natural compounds such as
madecassoside are increasing recently [28,29].

Nephelium lappaceum, also known as rambutan, is a medium-to-large tropical fruit of
the Sapindaceae family, native to Southeast Asia. In addition to Southeast Asia, it is grown
in many other countries, including India, Sri Lanka, Africa, Central America, and Indonesia.
The fruit has a hairy and stiff outer shell that contains white, translucent flesh about 3 to
5 cm long [30]. Nephelium lappaceum peel extract, rich in polyphenolic compounds such as
ellagitannins, has been shown to possess strong antioxidant, antipyretic, and antidiabetic ac-
tivities [31–34]. Geraniin, a major dehydro-ellagitannin found in Nephelium lappaceum peel,
exhibits significant immunomodulatory effects, suppressing TNF-α and NF-κB activation
in various in vitro and in vivo models [35,36]. Although Nephelium lappaceum peel is often
discarded as waste, it is rich in ellagitannins, including geraniin. Therefore, we considered
that it could be a cost-effective ingredient for cosmetic formulations. To date, the anti-
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inflammatory potential of Nephelium lappaceum peel has not been well documented. Based
on this, we hypothesized that Nephelium lappaceum peel may exert anti-inflammatory effects
against various stimuli. We subsequently investigated the efficacy of Nephelium lappaceum
peel extract and geraniin as novel natural anti-inflammatory agents with skin-protective
properties comparable to madecassoside through both in vitro and clinical studies.

2. Materials and Methods
2.1. Materials

Retinoic acid, sodium lauryl sulfate, lipopolysaccharides (O55:B5) were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Geraniin was purchased from Cayman Chemical.
Retinol was obtained from Invivotec Co., Ltd. (Seongnam-si, Republic of Korea). Standard
geraniin (Aktin Chemicals, Inc., Chengdu, China), corilagin (GLPBIO, Montclair, CA, USA),
ellagic acid (Thermo Fisher Scientific, Waltham, MA, USA), gallic acid (Sigma-Aldrich,
St. Louis, MO, USA), demineralized water (Duksan, Ansan-si, Republic of Korea), and
ethanol (Daejung, Siheung-si, Republic of Korea), betaine (Danisco, Copenhagen, Denmark),
glycerin (Missy Woman, Seongnam-si, Republic of Korea), xylitol (Bubblebank, Dong-gu,
Daegu, Republic of Korea), 1,2-Propanediol (Bubblebank, Republic of Korea), sorbitol
(Bubblebank, Republic of Korea), L-Proline (Wuxi Jinghai Amino Acid, Wuxi, China),
acetonitrile (Daejung, Republic of Korea), HPLC water (Daejung, Republic of Korea),
phosphoric acid (Duksan, Republic of Korea) were obtained.

2.2. Preparation of Extracts
2.2.1. Extraction of Nephelium lappaceum Peel

The peel of Nephelium lappaceum was manually separated from the flesh, washed
thoroughly with distilled water, dried completely, and pulverized into fine powder using
a laboratory blender. For conventional extraction, 100 mg of the peel powder was mixed
with 10 mL of either 50% ethanol or distilled water and subjected to ultrasonic-assisted
extraction at 80 ◦C for 1 h. The extract was then filtered and used for further analysis.

2.2.2. Preparation of Natural Deep Eutectic Solvents (NADESs)

Natural deep eutectic solvents (NADESs) were prepared by combining betaine (a
hydrogen bond acceptor, HBA) with 1,3-propanediol (a hydrogen bond donor, HBD) at a
molar ratio of 1:2. The mixture was heated and sonicated at 80 ◦C until a homogeneous
transparent liquid was obtained. Distilled water was then added to the NADESs at a 1:1
(v/v) ratio, resulting in a final water content of 50%. For extraction, 100 mg of peel powder
was added to 10 mL of the diluted NADESs and sonicated at 80 ◦C for 1 h. The extract was
then filtered and used for ellagitannin quantification.

2.2.3. Ellagitannin Quantification by HPLC

Ellagitannin quantification was conducted using a modified HPLC method based on
the protocol [37]. Samples (100 µL) were mixed with 900 µL of 0.5% phosphoric acid in
water: acetonitrile (97:3, v/v), vortexed, and filtered through a 0.45 µm syringe filter. A
10 µL aliquot was injected into the HPLC system equipped with UV detection at 270 nm.
The mobile phase consisted of solvent A (0.5% phosphoric acid in water) and solvent B
(acetonitrile) at a flow rate of 1 mL/min. The gradient was as follows: 97% A and 3% B
(0–2 min), 86% A and 14% B (2–5 min), 87% A and 13% B (5–30 min), with isocratic elution
at 87% A and 13% B from 30 to 60 min. Geraniin, corilagin, gallic acid (10–1000 µg/mL),
and ellagic acid (1–500 µg/mL) were used as external standards for quantification. The
geraniin, corilagin, gallic acid, and ellagic acid contents in the extract were determined by
comparing the area under curve (AUC) with standards. The linear regression equations



Cosmetics 2025, 12, 117 4 of 20

were obtained and used to calculate geraniin, corilagin, gallic acid, and ellagic acid in each
extract, as follows:

(1) For geraniin content: Y = 37122X + 50,051 (with R2 = 0.999);
(2) For corilagin content: Y = 32631X + 76,360 (with R2 = 0.999);
(3) For gallic acid content: Y = 31305X + 121,233 (with R2 = 0.999);
(4) For ellagic acid content: Y = 73567X + 138,411 (with R2 = 0.999).

2.3. In Vitro
2.3.1. Preparation and Storage of Reagents

Retinoic acid (RA) was dissolved in chloroform and stored at −20 ◦C. Sodium lau-
ryl sulfate (SLS) was dissolved in distilled water and stored at room temperature (RT).
Lipopolysaccharide (LPS) was dissolved in distilled water and stored at 4 ◦C. Geraniin was
dissolved in dimethyl sulfoxide (DMSO) and stored at −20 ◦C until use.

2.3.2. Cell Culture

Human HaCaT keratinocytes were cultured in a DMEM medium supplemented with
10% fetal bovine serum (FBS), 100 U/mL penicillin, 100 µg/mL streptomycin (p/s; Welgene,
Republic of Korea) at 37 ◦C in a humidified atmosphere 5% CO2.

2.3.3. Cell Viability Assay

Ez-Cytox assay kit (Daeil Lab Servie Co Ltd., Seoul, Republic of Korea) was used
to assess cell viability. A 96-well plate was seeded with HaCaT keratinocytes. At 24
h following sample treatment, cell viability was measured. After adding 10 µL of Ez-
Cytox solution to each well, the 96-well plates were incubated in a 5% CO2 incubator
for 1 h at 37 ◦C. Cell viability was measured at 490 nm (Tecan, Mannedorf, Switzerland).
By expressing the cell viability as a percentage, relative cytotoxicity was calculated. All
experiments were performed in triplicate.

2.3.4. Sample Treatment

HaCaT cells were seeded at a density of 2.5 × 105 cells per well in 2 mL of 10% DMEM
in 6-well plates. The cells were then washed with DPBS and incubated in serum-free (0%)
DMEM for 24 h (1 mL/well) to induce starvation. Subsequently, each sample was serially
diluted in 2% DMEM (2 mL/well) and applied to the cells in triplicate. For the control
group, each solvent used to dilute the samples was added to 2% DMEM and applied to
the cells.

2.3.5. Quantitative Real-Time PCR (qPCR)

To precipitate RNA, HaCaT cells were lysed using RNAiso Plus (TRIzol; Takara,
Shiga, Japan). The precipitated RNA was measured by NanoDrop2000 (TECAN) to
determine the purity and amount. For cDNA synthesis, the precipitated RNA was
mixed with Oligo d(T)15 (ELPIS Biotech Inc., Daejeon, Republic of Korea), Rever-
tAid Reverse Transcriptase (Thermo Fisher Scientific Inc.) and dNTP Mix, 2 mM
each (Thermo Fisher Scientific Inc.). For measurement of mRNA expression lev-
els, CFX Connect Real-Time PCR Detection System (Bio-Rad, Hercules, CA, USA)
and TOPreal™ SYBR Green qPCR PreMIX were used. The primers used were 5′-
CACAGTGAAGTGCTGGCAAC-3′ (Forward) and 5′-ACATTGGGTCCCCCAGGATA-
3′ (Reverse) for TNF-α, 5′-TGAAACCTCTAAAACATCCAAGCTT-3′ (Forward) and 5′-
TTCAGAACCTTCCCGTTGGT-3′ (Reverse) for IL-1α, 5′-CCGCAAGGAACCATTCTCACT-
3′ (Forward) and 5′-ATCAGGAAGGCTGCCAAGAG-3′ (Reverse) for IL-8, 5′-GCTGTGATC
TTCAAGACCATTGTG-3′ (Forward) and 5′-TGGAATCCTGAACCCACTTCTG-3′ (Re-



Cosmetics 2025, 12, 117 5 of 20

verse) for MCP-1, 5′-GAAGGTGAAGGTCGGAGTC-3′ (Forward) and 5′-GAAGATGGTGA
TGGGATTTC -3′ (Reverse) for GAPDH.

2.4. Clinical Trial
2.4.1. Study Design and Participants

The study period was from 23 December 2024 to 10 January 2025 (IRB Number:
MDSRC-2400 PR-183, 14). This study selected a minimum of 20 healthy male or female
participants who met the selection criteria. The purpose, methodology, expected benefits,
and potential adverse reactions of the study were explained to the selected participants.
Those who agreed to participate provided written informed consent before enrolling in the
study. All evaluations were conducted after participants cleansed the measurement sites
and remained in a stable, controlled environment for 30 min under constant temperature
and humidity conditions (22 ± 2 ◦C, 50 ± 5%) with no airflow or direct sunlight and under
consistent lighting. The measurement sites were randomly assigned to the left and/or right
cheek, forearm, or upper arm. The experimental group (treated group) was treated with 2%
Nephelium lappaceum peel extract, while the control group did not receive the extract. The
non-treated group was not exposed to any sample.

The criteria for selecting participants were as follows:

• Healthy male or female volunteers aged 19 to 60 years without facial flushing and
without wounds or scars on the forearm or upper arm.

• Volunteers without a history of photosensitivity or tape allergies.
• Individuals who have received a thorough explanation from the researcher regarding

the study’s purpose, content, and potential adverse reactions, have been given suffi-
cient time for consideration, and have voluntarily provided written informed consent
for participation.

• Individuals who agree to avoid activities that may environmentally or physically affect
the test area (e.g., sauna, scrubbing, swimming) during the study period.

• Individuals who can visit at designated times and are available for follow-up during
the study period.

2.4.2. Induction of Skin Damage

Skin damage induced by external infrared radiation was performed using an infrared
irradiator (INFRALUX-300, Dae-kyung Co., Pocheon-si, Republic of Korea). The left
and right facial areas of each participant were designated as the test and control groups,
respectively. With the eyes protected by safety goggles, infrared radiation was applied to
the test area from a fixed distance of approximately 30 cm for 15 min to induce skin damage.
(2) Skin damage caused by physical irritation was induced using the tape stripping method
with cellophane tape (3M Scotch™ Multi-Purpose Tape, 3M Co., St. Paul, MN, USA). Three
areas on the inner forearm (left or right) of each participant were designated as the test
group, control group, and non-treated group. The stratum corneum was damaged by
repeated stripping with cellophane tape. (3) For chemical irritation-induced skin damage,
three areas on the inner forearm (left or right) of each participant were designated as the test
group, control group, and non-treated group. A 20 µL solution of 1.5% SLS (sodium lauryl
sulfate) was applied and occlusively patched for 24 h. After removing the patch, the area
was washed with warm water, and after 30 min, skin damage was assessed under constant
light conditions. For evaluating protection against chemically induced skin damage, the
same procedure was applied after 14 days of product use. (4) Skin damage induced
by UV radiation was performed using an artificial UV irradiation device (Multiport UV
Solar Simulator (601–300 W; Solar Light Co., Philadelphia, PA, USA)). Based on literature
research and previous internal studies, the average minimal erythema dose (MED) for
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Korean participants was determined to be 30.1 mJ/cm2. Three areas on the inner upper
arm (left or right) of each participant were designated as the test group, control group,
and non-treated group. A UV dose corresponding to 2MED (60.2 mJ/cm2) was applied
to the test area. Skin irritation was confirmed by assessing erythema reactions 16 to 24 h
post-irradiation. (5) Skin damage induced by external chemical stimulation (retinol) was
conducted using 1% retinol (provided by INVIVOTECH Co., Ltd. (Seongnam-si, Republic
of Korea) with 15% retinol stock solution). Three areas on the inner forearm (left or right) of
each participant were designated as the test group, control group, and non-treated group. A
20 µL solution of 1% retinol was applied and occlusively patched for 24 h. After removing
the patch, the area was washed with warm water, and after 30 min, skin damage was
assessed under constant light conditions.

2.4.3. Transepidermal Water Loss (TEWL) Assessment

Transepidermal water loss (TEWL) refers to the amount of water evaporating through
the skin. TEWL was measured using the Vapometer® (Delfin, Kuopio, Finland), which
calculates TEWL (unit: g/m2·h) based on the relative humidity (RH) increase within
the probe, utilizing the principle of water diffusion. TEWL was measured once at each
assessment time point on the test site of each participant. Skin barrier images were captured
using the Visioscan® VC20 Plus.

2.4.4. Skin Redness Image Analysis (a* Value Analysis)

Skin redness (a* value) was evaluated using the ANTERA 3D® CS (Miravex, Ireland),
a non-contact three-dimensional skin analysis device based on optical and mathematical
algorithms. This device extracts and quantifies data from 3D images to observe skin
changes over time. It also measures various skin parameters, including roughness, fine
wrinkles, and wrinkle depth and width. Furthermore, multispectral analysis allows for
the quantification of melanin and hemoglobin levels. Images were captured using the
Visioscan® VC20 Plus at each assessment time point and a designated analysis area was
selected. Filters were applied to analyze the a* value, representing skin redness.

2.5. Statistical Analysis

All data were analyzed for statistical significance using the SPSS® Package Program ver.
20 (IBM, Armonk, NY, USA). The Paired t-test, One-way ANOVA, and Tukey HSD post hoc
test were used to determine between-group differences. Statistical analyses were conducted
based on normality assumptions for comparisons before and after treatment and between
groups. Normality was assessed using the Shapiro–Wilk test and Kurtosis/Skewness.
Normality was used to select specific statistical significance test: when the data showed
positive normality, we used the paired Student t-test, Repeated Measures Analysis of
Variance (RM-ANOVA), Independent t-test, One-way ANOVA, and Tukey HSD post hoc
test; and when the data showed negative normality, we applied the Friedman test, Mann–
Whitney U test, and Kruskal–Wallis rank sum test. Differences were considered statistically
significant when the p value was <0.05.

3. Results
3.1. Quantification of Geraniin, Corilagin, Gallic Acid, and Ellagic Acid in Nephelium lappaceum
Peel Extracts Using NADESs

The concentrations of geraniin, corilagin, gallic acid, and ellagic acid in Nephelium
lappaceum peel extract were determined by HPLC following extraction with a natural deep
eutectic solvent (NADES) composed of betaine and 1,3-propanediol at a molar ratio of
1:2, with 50% water content. As shown in Table 1, all four compounds were detected and
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quantified. Among them, geraniin showed the highest concentration, followed by ellagic
acid, corilagin, and gallic acid.

Table 1. Concentrations of geraniin, corilagin, gallic acid, and ellagic acid in Nephelium lappaceum
peel extract obtained using an NADES.

Geraniin
(µg/mg)

Corilagin
(µg/mg)

Gallic Acid
(µg/mg)

Ellagic Acid
(µg/mg)

38.06 5.71 8.38 3.49

3.2. Cytotoxicity Evaluation of Nephelium lappaceum Peel Extract and Geraniin on HaCaT Cells

We measured a cell viability assay to evaluate the cytotoxicity of Nephelium lappaceum
peel extract and geraniin on HaCaT cells. When these substances were treated on HaCaT
cells for 24 h, Nephelium lappaceum peel extract reduced cell viability by approximately 78%
at a concentration of 30 ppm (Figure 1A). Geraniin reduced cell viability by 76% at 5 µM
and 64% at 10 µM (Figure 1B). Both substances showed a dose-dependent decrease in cell
viability. Based on these results, the final concentrations for further experiments were set at
20 ppm for Nephelium lappaceum peel extract and 1 µM for geraniin.

Figure 1. The effects of Nephelium lappaceum peel extract and geraniin on the viability of HaCaT Cells.
(A) HaCaT cells were treated with Nephelium lappaceum peel extract 1, 5, 10, 20, 30 ppm for 24 h.
(B) HaCaT cells were treated with geraniin 0.1, 1, 5, 10 µM for 24 h. Values are the means ± SD from
three replicates (n = 3). Data were analyzed with t-test. ** p < 0.01, *** p < 0.001 compared with the
non-treated cells.

3.3. Nephelium lappaceum Peel Extract and Geraniin Inhibit RA-Induced TNF-α and
MCP-1 Expression

To assess the extent to which each stimulus induced cytokine expression and how
effectively Nephelium lappaceum peel extract and geraniin suppressed this expression, we
performed q-RT PCR. Treatment of HaCaT cells with RA significantly increased the ex-
pression of TNF-α and MCP-1 (Figure 2A,B). When cells were pre-treated with RA for
3 h followed by treatment with Nephelium lappaceum peel extract, cytokine expression was
suppressed in a dose-dependent manner. Although geraniin also showed a significant
inhibitory effect, it did not show a dose-dependent manner.
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Figure 2. (A) HaCaT cells were pretreated with RA 1µM for 3 h and then treated with 5, 10, and
20 ppm of Nephelium lappaceum peel extract. After 24 h, Nephelium lappaceum extract inhibited the
release of TNF-α in a dose-dependent manner. Similarly, the release of TNF-α was confirmed after
pretreatment with RA 3 h before treatment with geraniin 0.1, 0.5, and 1 µM. The release of TNF-α
was confirmed to be lower than that of RA treatment. (B) MCP-1 expression was determined by 3 h
pretreatment with RA followed by 24 h treatment with each substance. Both Nephelium lappaceum
peel extract and geraniin inhibited MCP-1. Values are the means ± SD from three replicates (n = 3).
Data were analyzed with t-test. ** p < 0.01, *** p < 0.001 compared with the RA treated. ### p < 0.001
compared with the control.

3.4. Nephelium lappaceum Peel Extract and Geraniin Inhibit UV-Induced TNF-α and
IL-8 Expression

UV-B has a wavelength of 280–320 nm and is primarily absorbed by the epidermis,
causing DNA damage and oxidative stress, which subsequently leads to inflammation [38].
This process results in the release of cytokines such as TNF-α, IL-6, and IL-8. Therefore, we
investigated the extent of cytokine induction when HaCaT cells were exposed to UV-B. Ha-
CaT cells were treated with 50 mJ of UV-B for 24 h, resulting in the induction of TNF-α, IL-6,
and IL-8 (Figure 3). Nephelium lappaceum peel extract and geraniin dose-dependently inhib-
ited TNF-α after 3 h of UV-B pretreatment (Figure 3A). For IL-8, Nephelium lappaceum peel
extract showed a greater inhibitory effect than geraniin (Figure 3B). These results suggest
that Nephelium lappaceum peel extract may have anti-inflammatory potential comparable to
or greater than that of geraniin.

Figure 3. (A) HaCaT cells were pretreated with UV 50 mJ for 3 h and then treated with 5, 10, 20 ppm
Nephelium lappaceum peel extract and 0.1, 0.5, 1 µM geraniin. After 24 h, both Nephelium lappaceum peel
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extract and geraniin inhibited TNF-α in a dose-dependent manner. (B) HaCaT cells were pretreated
with UV 50 mJ for 3 h and then treated with 5, 10, and 20 ppm of Nephelium lappaceum peel extract for
24 h. The results showed a dose-dependent inhibition of IL-8. Values are the means ± SD from three
replicates (n = 3). Data were analyzed with t-test. ** p < 0.01, *** p < 0.001 compared with UV-induced.
### p < 0.001 compared with the control.

3.5. Nephelium lappaceum Peel Extract and Geraniin Inhibit SDS-Induced IL-1α Expression

We treated HaCaT cells with 10 µg/mL of SDS for 24 h to induce the release of IL-1α
and evaluated the inhibitory effects of Nephelium lappaceum peel extract and geraniin. After
pre-treatment with SDS for 3 h, it was confirmed that Nephelium lappaceum peel extract and
geraniin inhibited the expression of IL-1α in a dose-dependent manner (Figure 4). Notably,
at the highest concentrations of both Nephelium lappaceum peel extract and geraniin, the
levels of IL-1α released were lower than those of the control group.

Figure 4. HaCaT cells were treated with 10 µg/mL of SDS for 3 h and then treated with 5, 10,
20 ppm of Nephelium lappaceum peel extract and 0.1, 0.5, 1 µM of geraniin for 24 h and analyzed by
q-RT PCR. The release of IL-α from Nephelium lappaceum peel extract and geraniin was reduced in a
dose-dependent manner compared to the SDS treatment group. Values are the means ± SD from
three replicates (n = 3). Data were analyzed with t-test. *** p < 0.001 compared with the SDS-induced.
### p < 0.001 compared with the control.

3.6. Nephelium lappaceum Peel Extract and Geraniin Inhibit LPS-Induced TNF-α and
IL-8 Expression

We evaluated the expression of TNF-α and IL-8 after HaCaT cells were treated with
LPS for 3 h, followed by treatment with Nephelium lappaceum peel extract and geraniin.
Both TNF-α and IL-8 expression levels were suppressed in a dose-dependent manner
(Figure 5A,B), and a significant inhibitory effect on cytokines was observed even at the
lowest concentration. These results suggest that Nephelium lappaceum peel extract may have
anti-inflammatory potential comparable to or greater than that of geraniin. The in vitro
results showed that both Nephelium lappaceum peel extract and geraniin exhibited anti-
inflammatory effects against various external stimuli. To further validate these findings,
we conducted clinical trials to assess their efficacy in real-world application.
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Figure 5. HaCaT cells were treated with LPS and the release of TNF-α and IL-8 was determined
by q-RT PCR. (A) LPS was treated 3 h before treatment with Nephelium lappaceum peel extract and
geraniin, and TNF-α release was determined by 24 h treatment with 5, 10, and 20 ppm of Nephelium
lappaceum peel extract and 0.1, 0.5, 1 µM of geraniin. Both substances decreased in a dose-dependent
manner. (B) The release of IL-8 was determined by the same treatment. The results showed a dose-
dependent decrease, similar to TNF-α. Values are the means ± SD from three replicates (n = 3). Data
were analyzed with t-test. *** p < 0.001 compared with LPS-induced. ### p < 0.001 compared with
the control.

3.7. Analysis of TEWL and Redness Assessment of UV-Induced Damaged Skin Barrier

When compared to the after-UV irradiation condition, the product application for
3 days and 14 days significantly reduced TEWL compared to the control group and the
non-treated groups (Figure 6A). TEWL decreased in a dose-dependent manner with longer
application periods of 3 days and 14 days. In the non-treated group, TEWL after UV irra-
diation was 13.79, which decreased to 13.38 after 3 days and 13.06 after 14 days, showing
an improvement rate of 2.97% after 3 days and 5.29% after 14 days. In the control group,
TEWL after UV irradiation was 13.79, which decreased to 12.05 after 3 days and 10.22%
after 14 days, with improvement rates of 12.62% and 25.89%, respectively. In the treated
group, TEWL after UV irradiation was 13.77, which decreased to 11.47 after 3 days and
8.71 after 14 days, showing significant improvement rates of 16.7% after 3 days and 36.75%
after 14 days. In terms of skin redness, the treated group showed a significant reduction
compared to the control and non-treated groups. This is an image of the change in redness
(a* value) of skin damaged by external stimuli (UV light) due to product use (Figure 6B). In
the non-treated group, skin redness after UV irradiation was 12.37, decreasing to 11.68 after
3 days and 11.44 after 14 days, with improvement rates of 5.58% and 7.52%, respectively
(Figure 6C). In the control group, skin redness after UV irradiation was 12.49, decreas-
ing to 11.34 after 3 days and 10.71 after 14 days, with improvement rates of 9.21% and
14.25%. In the treated group, skin redness after UV irradiation was 12.33, decreasing to
10.39 after 3 days and 9.84 after 14 days, resulting in improvement rates of 15.73% and
20.19%, respectively.
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Figure 6. To induce skin damage through ultraviolet (UV) exposure, an artificial UV irradiation
device (Multiport UV Solar Simulator, 601–300 W; Solar Light Co., Philadelphia, PA, USA) was used.
A dose of 60 mJ/cm2 was applied to the left or right medial sides of the participants’ upper arms.
Skin irritation was confirmed through a skin redness reaction within 16 to 24 h post-irradiation.
Afterwards, each evaluation item was measured using the product for 3 and 14 days. (A) TEWL
was measured once at each test site on the study participants at each evaluation point (before and
after stimulation, after 3 days of product use, and after 14 days of product use) using a Vapometer®

(Delfin, Finland). (B) This is an image showing the measurement of TEWL in the control, non-treated,
and treated areas of one of the participants. (C) Skin redness was assessed using ANTERA 3D® CS
(miravex, Ireland). At each evaluation point, the participant’s test area was photographed, filters
were applied, and a* values representing skin redness were analyzed. Values are the means ± SD
from three replicates (n = 20). Data were analyzed with RM-ANOVA. * p < 0.05 compared with after
UV irradiation. † p < 0.05 compared with 3 days after treated on the non-treated group. # p < 0.05
compared with 14 days after treated on the non-treated group. $ p < 0.05 compared with 3 days after
treated on control group. ‡ p < 0.05 compared with 14 days after treated on control group.

3.8. Analysis of TEWL and Skin Redness After Retinol Patch Application

Next, TEWL and skin redness were evaluated after application of retinol to the skin.
After retinol patch application and product use for 3 and 14 days, all groups showed a
dose-dependent decrease in TEWL (Figure 7A). The treated group showed a significant
reduction in TEWL compared to both the non-treated and control groups. The highest rates
of improvement after 14 days of product use were observed in the treated group (46.52%),
followed by the control group (27.95%) and the non-treated group (9.21%). In addition
to TEWL, skin redness was also assessed and changes in skin redness are visualized
(Figure 7B). The treated group showed a significantly greater reduction in skin redness
compared to the non-treated and control groups (Figure 7C). The maximum improvement
rates in skin redness after 14 days of product application were 35.22% for the treated group,
20.53% for the control group, and 13.01% for the non-treated group. These results indicate
a significant improvement after 14 days of product use.
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Figure 7. Retinol (1%) was applied to the inner forearm of the participants’ left or right arms in three
designated areas (control, non-treated, and treated). A 20 µL aliquot of 1% retinol was dispensed
into a chamber and occlusively applied for 24 h. After 24 h, the chamber was removed, and the
application site was gently cleansed with lukewarm water. After an additional 30 min, the presence
or absence of skin damage was assessed under standardized lighting conditions. The retinol used
in this study was provided by InvivoTech Co., Ltd. as a 15% retinol formulation and was used to
induce skin damage. (A) TEWL was measured once at each test site on the study participants at
each evaluation point (before and after stimulation, after 3 days of product use, and after 14 days of
product use) using a Vapometer® (Delfin, Finland). (B) This is an image showing the measurement of
TEWL in the control, non-treated, and treated areas of one of the participants. (C) Skin redness was
assessed using ANTERA 3D® CS (miravex, Ireland). At each evaluation point, the participant’s test
area was photographed, filters were applied, and a* values representing skin redness were analyzed.
Values are the means ± SD from three replicates (n = 20). Data were analyzed with RM-ANOVA.
* p < 0.05 compared with after retinol treated. † p < 0.05 compared with 3 days after treated on the
non-treated group. # p < 0.05 compared with 14 days after treated on the non-treated group. $ p < 0.05
compared with 3 days after treated on control group. ‡ p < 0.05 compared with 14 days after treated
on control group.

3.9. Analysis of TEWL and Skin Redness After SLS Patch Application

SLS-induced irritation was evaluated using two different methods. First, TEWL and
skin redness were assessed after applying SLS patches followed by product use for 3
and 14 days. The highest improvement rates in TEWL after 14 days of product use were
observed in the treated group (52.52%), followed by the control group (26.32%) and the
non-treated group (8.88%) (Figure 8A). The treated group showed a significant reduction in
TEWL compared to the control and non-treated groups, with a dose-dependent decrease
observed in all groups. Next, skin redness was assessed, and representative images of SLS
patch application are shown (Figure 8B). Skin redness values were analyzed before and
after product use for 3 and 14 days. The maximum improvement rates for each group were
32.1% in the treated group, 18.18% in the control group, and 5.84% in the non-treated group
(Figure 8C).
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Figure 8. To induce a form of chemical damage using SLS, 20 µL of 1.5% SLS was dispensed into a
chamber and applied to three sites (control, non-treated, treated) on the inner forearm (left or right)
of the participants for 24 h. After 24 h, the patch was removed, and the site was gently washed
with lukewarm water. After 30 min, the presence or absence of skin damage was assessed under
standardized illumination conditions. (A) TEWL was measured once at each test site on the study
participants at each evaluation point (before and after stimulation, after 3 days of product use, and
after 14 days of product use) using a Vapometer® (Delfin, Finland). (B) This is an image showing
the measurement of TEWL in the control, non-treated, and treated areas of one of the participants.
(C) Skin redness was assessed using ANTERA 3D® CS (miravex, Ireland). At each evaluation point,
the participant’s test area was photographed, filters were applied, and a* values representing skin
redness were analyzed. Values are the means ± SD from three replicates (n = 20). Data were analyzed
with RM-ANOVA. * p < 0.05 compared with after SLS treated. † p < 0.05 compared with 3 days after
treated on the non-treated group. # p < 0.05 compared with 14 days after treated on the non-treated
group. $ p < 0.05 compared with 3 days after treated on control group. ‡ p < 0.05 compared with
14 days after treated on control group.

3.10. Analysis of Skin Damage Protective Effects and Redness Assessment Against SLS

The second method for evaluating SLS-induced irritation involved assessing the
protective effects of the product after 14 days of use, followed by SLS application. The
analysis revealed a significant increase in TEWL at the time of SLS patch application after
14 days of product use (Figure 9A). The increase in TEWL was highest in the non-treated
group (186.1%), followed by the control group (133.51%) and the treated group (103.85%).
In addition to TEWL, skin redness was also evaluated. See image of a representative patient
who applied SLS 14 days after product application (Figure 9B). A significant increase in
skin redness was observed in all groups, with the highest increase in the non-treated group
(53.12%), followed by the control group (34.39%) and the treated group (19.45%) (Figure 9C).
These results suggest that Nephelium lappaceum peel extract strengthens the skin barrier and
reduces the damage caused by irritants such as SLS.
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Figure 9. To protect against skin damage caused by SLS, 1.5% SLS was added dropwise in 20 µL
to the chamber and applied for 24 h after 14 days of product use. (A) TEWL was measured once
at each test site on the study participants at each evaluation point (14 days after treated, after SLS
treated) using a Vapometer® (Delfin, Finland). (B) This is an image showing the measurement of
TEWL in the control, non-treated, and treated areas of one of the participants. (C) Skin redness was
assessed using ANTERA 3D® CS (miravex, Ireland). At each evaluation point, the participant’s test
area was photographed, filters were applied, and a* values representing skin redness were analyzed.
Values are the means ± SD from three replicates (n = 20). Data were analyzed with t-test. * p < 0.05
compared with 14 days after use.

3.11. Analysis of TEWL and Skin Redness After Infrared Heating

The infrared experiment analyzed TEWL and skin redness in the control and treated
groups when infrared heating was applied and the product was used once. After infrared
heating, the TEWL of the treated group was 14.89, while that of the control group was
12.03. After a single product application, the TEWL of the treated group decreased to 9.4,
whereas the control group’s TEWL remained at 12.03 (Figure 10A). Both values significantly
decreased, with the treated group showing an improvement rate of 36.87% and the control
group 18.11%, approximately twice the improvement observed in the control group. The
skin redness experiment also demonstrated a significant difference between the control
and treated groups. A visible improvement was observed, as seen in the representative
patient’s photo, where the redness in the treated group was further reduced (Figure 10B).
Skin redness was significantly reduced in both groups, with an improvement rate of 13% in
the treated group and 6.53% in the control group (Figure 10C).
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Figure 10. Skin damage induced by external infrared radiation was performed using an infrared
irradiator (INFRALUX-300). The left and right facial areas of each participant were designated as the
test and control groups, respectively. With the eyes protected by safety goggles, infrared radiation
was applied to the test area from a fixed distance of approximately 30 cm for 15 min to induce skin
damage. (A) TEWL was measured once at each test site on the study participants at each evaluation
point (after IR irradiation, after use) using a Vapometer® (Delfin, Finland). (B) This is an image
showing the measurement of TEWL in the control, non-treated, and treated areas of one of the
participants. (C) Skin redness was assessed using ANTERA 3D® CS (miravex, Ireland). At each
evaluation point, the participant’s test area was photographed, filters were applied, and a* values
representing skin redness were analyzed. Values are the means ± SD from three replicates (n = 20).
Data were analyzed with t-test. * p < 0.05 compared with after IR irradiation. # p < 0.05 compared
with control group.

3.12. Analysis of TEWL and Skin Redness Induced by Tape Stripping

To induce physical external irritation to the skin, tape stripping was performed to
damage the stratum corneum. After tape stripping, it was divided into three groups:
non-treated, control, and treated groups. The extent to which TEWL decreased following
a single application of the product was measured (Figure 11A). Compared to post-tape
stripping levels, TEWL significantly decreased in all groups, with improvement rates
ranked as follows: treated group (26.78%) > control group (12.92%) > non-treated group
(2.26%). Next, skin redness was assessed by comparing images taken before and after tape
stripping and after product application (Figure 11B). A significant reduction in skin redness
was observed in all groups, with improvement rates ranked as follows: treated group
(27.3%) > control group (14.93%) > non-treated group (4.14%) (Figure 11C). By integrating
all clinical trial data, these findings suggest that a single or repeated application of a
product containing 2% Nephelium lappaceum peel extract reduces TEWL and skin redness in
response to physical and chemical external stimuli, thereby strengthening the skin barrier.
These results indicate that Nephelium lappaceum peel extract is an effective ingredient for
anti-inflammatory, irritation-soothing, and skin barrier-enhancing applications.
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Figure 11. Physical irritation was induced using the tape stripping method with cellophane tape
(3M Scotch™ Multi-Purpose Tape). Stripping was performed on three sites (control, non-treated,
treated) on the inner side of the left or right forearm of the participants to induce damage to the
stratum corneum. (A) TEWL was measured once at each test site on the study participants at each
evaluation point (after IR irradiation, after use) using a Vapometer® (Delfin, Finland). (B) This is an
image showing the measurement of TEWL in the control, non-treated, and treated areas of one of
the participants. (C) Skin redness was assessed using ANTERA 3D® CS (miravex, Ireland). At each
evaluation point, the participant’s test area was photographed, filters were applied, and a* values
representing skin redness were analyzed. Values are the means ± SD from three replicates (n = 20).
Data were analyzed with t-test. * p < 0.05 compared with after tape stripping. # p < 0.05 compared
with after use on the non-treated group. † p < 0.05 compared with after use on the control group.

4. Discussion
Inflammation is a key response to external stressors, mediated by pro-inflammatory

cytokines such as TNF-α, IL-1α, and IL-8 [26,39]. The activation of NF-κB and MAPKs
plays a critical role in the inflammatory response induced by environmental stressors [40].
Previous studies have demonstrated that SLS, UV radiation, LPS, and RA can activate these
inflammatory pathways, contributing to skin barrier dysfunction [41–44].

In recent years, natural compounds with anti-inflammatory and antioxidant properties
have gained attention as potential therapeutic agents for maintaining skin homeostasis [45].
This study demonstrates the potential of Nephelium lappaceum peel extract and geraniin as
effective anti-inflammatory agents for mitigating skin barrier damage induced by various
environmental stressors. It is known that HaCaT cells exposed to SDS, UV radiation, LPS,
and RA exhibited significant upregulation of pro-inflammatory cytokines, including TNF-α,
IL-1α, and IL-8. However, treatment with Nephelium lappaceum peel extract and geraniin
effectively suppressed the expression of these cytokines, suggesting that these compounds
inhibit inflammatory signaling pathways (Figures 2–5). This aligns with previous reports
highlighting geraniin’s ability to modulate NF-κB and MAPK pathways [35].

In the clinical trial, TEWL measurements and skin redness evaluations further sup-
ported the protective role of Nephelium lappaceum peel extract and geraniin. Exposure to UV,
IR, SDS, Retinol, and tape stripping resulted in significant increases in TEWL and erythema,
indicative of skin barrier disruption and inflammatory responses [46]. However, topical
application of Nephelium lappaceum peel extract and geraniin led to a notable reduction
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in both TEWL and skin redness, suggesting that these compounds enhance skin barrier
integrity and alleviate inflammation (Figures 6–11).

These results suggest that the protective effects of Nephelium lappaceum peel extract and
geraniin are likely attributed to their potent antioxidant and anti-inflammatory properties.
By scavenging ROS generated by UV and IR radiation, these compounds may prevent
oxidative stress-mediated damage to skin cells. Additionally, their ability to downregulate
inflammatory cytokines and modulate NF-κB activity suggests that they can mitigate
inflammatory responses triggered by chemical and mechanical irritants.

Despite these findings, several limitations must be considered. The in-vitro exper-
iments were conducted using HaCaT cells, which, while widely used as a keratinocyte
model, do not fully replicate the complexity of in vivo skin responses. Additionally, while
the clinical trial provided valuable insights into the efficacy of Nephelium lappaceum peel
extract and geraniin, further studies with larger sample sizes and long-term assessments
are necessary to confirm their benefits and mechanisms of action.

This study provides compelling evidence that Nephelium lappaceum peel extract and
its major active component, geraniin, can effectively mitigate inflammation and restore
skin barrier function following exposure to environmental stressors. Consequently, the
results suggest that Nephelium lappaceum-derived compounds have potential applications
in dermatological formulations aimed at protecting the skin from irritants and enhancing
its resilience against environmental damage.
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TEWL Transepidermal water loss
RA Retinoic acid
SLS Sodium lauryl sulfate
NF-κB Nuclear factor kappa B
TNF-α Tumor necrosis factor-alpha
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IL-1α Interleukin-1 alpha
IL-6 Interleukin-6
IL-8 Interleukin-8
ROS Reactive oxygen species
RNS Reactive nitrogen species
JNKs Jun N-terminal kinases
MAPKs Mitogen-activated protein kinases
AP-1 Activator protein 1
LPS Lipopolysaccharides
TLR4 Toll-like receptor 4
IR Infrared radiation
NADESs Natural deep eutectic solvents
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