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Abstract
Exposure to environmental stressors, such as UV radiation, pollution, and thermal stress, can lead to skin hyperpigmentation, resulting in 

uneven skin tone and dark spots. Nutraceutical skin lightening treatments have become a topic of increasing interest as individuals aim to reduce 
skin hyperpigmentation, particularly the use of botanical extracts. The current study investigated the potential of apple mint extract as a natural skin-
brightening solution. In vitro experiments demonstrated that the extract stimulates genes involved in cellular stress response, including superoxide 
dismutase 3, and inhibits melanin synthesis in human melanocytes. A randomized, double-blind, placebo-controlled clinical trial involving 110 
healthy female subjects showed that oral supplementation with apple mint powder significantly increased skin lightness, improved skin tone 
evenness, and reduced melanin variation after 84 days. These findings suggest that apple mint extract may be an effective and safe natural ingredient 
for skin brightening and depigmentation, offering a promising alternative to synthetic skin-lightening agents.
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Introduction 

Being continuously exposed to the environment, the human 
skin is particularly susceptible to external factors, which can 
lead to premature skin-aging such as skin hyperpigmentation 
and age spots [1]. As such, skin lightening treatments have 
become a topic of increasing interest as individuals aim to reduce 
skin hyperpigmentation to achieve a more radiant, even-toned 
complexion [2,3]. Skin pigmentation and melanin synthesis are 
influenced by various factors, including ultraviolet (UV) exposure, 
genetics, hormonal changes, and skin injuries (post-inflammatory 
hyperpigmentation) [4,5]. Melanin pigment production occurs in 
specialized cell organelles termed melanosomes, which are located 
within the melanocytes in the basal layer of the epidermis [6].  

 

The melanogenesis process begins with the enzyme tyrosinase 
catalyzing the oxidation of the amino acid tyrosine to L-DOPA and 
then to dopaquinone [7]. Dopaquinone then undergoes further 
chemical reactions to form the two primary types of melanin: 
eumelanin (black and brown pigments) and pheomelanin (red and 
yellow pigments) [8]. Tyrosinase, being the rate-limiting enzyme 
in this pathway, plays a central role in melanin synthesis and skin 
pigmentation [9]. Once melanin is synthesized, melanosomes are 
transferred along the dendrites of melanocytes to neighboring 
keratinocytes where they are distributed around the nucleus, 
providing protection against (UV) radiation by absorbing and 
dissipating UV energy [10].
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Increased melanin synthesis, driven primarily by the 
upregulation of tyrosinase activity, can lead to hyperpigmentation 
and the appearance of age spots or discoloration [1,9]. 
Dysregulation of this enzymatic pathway is often triggered by 
stress factors such as UV exposure [11] and inflammation [12]. 
Additionally, UV-induced ROS can contribute to oxidative stress, 
further exacerbating pigmentation issues and accelerating signs of 
aging [13]. Addressing both the regulation of melanin synthesis and 
the management of oxidative stress presents a promising strategy 
to combat skin hyperpigmentation. While topical skincare products 
have long been the focus of research and development in this area, 
there is growing recognition that nutritional supplements may also 
play a critical role in improving the appearance and overall health of 
the skin [2]. Dietary supplements, particularly those derived from 
natural sources, are being investigated to target skin pigmentation, 
counteract oxidative stress, and promote a more youthful, vibrant 
complexion from within [14-16]. These supplements can provide 
a complementary approach to topical treatments, potentially 
offering additional benefits for skin health and appearance. In 
addition to skin brightening, nutritional supplements have shown 
promise in addressing a wide range of skin concerns, such as signs 
of aging, inflammation, and overall skin barrier function [16-18]. As 
the scientific understanding of the skin-related benefits of dietary 
compounds continues to evolve, the use of nutraceuticals as part of 
a comprehensive skin care regimen is likely to become increasingly 
prevalent.

A bioactive compound that has garnered significant attention 
in this regard is glutathione, a powerful antioxidant that has been 
extensively studied for its potential to enhance skin brightness 
both topically and systemically [19-21]. However, the stability and 
bioavailability of glutathione can be challenging [22,23], leading 
researchers to explore alternative sources of skin-brightening 
actives, including botanical extracts. Such botanicals often 
contain an array of bioactive compounds that may target various 
aspects of skin health, including pigmentation, oxidative stress, 
and inflammation. One such botanical is the apple mint (Mentha 
suaveolens Ehrh.), a member of the mint family (Lamiaceae), native 
to Eurasia and Northern Africa [24]. It is further cultivated in various 
regions in Europe, including Switzerland and Austria. Mint species 
are generally rich in antioxidant polyphenols (rosmarinic acid, 
salvionalic acid) and flavonoids such as luteolin [25]. Particularly 
salvionalic acid is known for its antioxidant and anti-aging effects, 
moreover it has demonstrated brightening properties [26,27]. 
In line with this, apple mint has demonstrated a wide range of 
effects including antioxidant, anti-inflammatory and antimicrobial 
[28,29]. In vitro, protective effects of an aqueous extract of apple 
mint was observed against oxidative stress-induced damages 
in human keratinocyte cells [30]. Further, an apple mint extract 
protected human dermal fibroblasts from heat-shock induced 
damages and demonstrated anti-aging effects [28]. Given the well-
documented biological activities of mint phytochemicals, the apple 
mint is a promising candidate for a dietary supplement aimed at 
skin brightening. To address this, the following study investigated 
the effects of daily oral supplementation with apple mint extract on 
reducing skin pigmentation. 

Materials and Methods

Apple mint extract preparation

The apple mint extract was obtained from the dried leaves of 
the plant (Österreichische Bergkräutergenossenschaft, Hirschbach, 
Austria). The process began with a water-ethanol extraction 
with 32.5% ethanol at 52–57°C for 2 hours by maceration. After, 
the solution was filtered and centrifuged to remove solid plant 
debris, and the clarified extract solution was subjected to vacuum 
evaporation, with 30% maltodextrin (Glucidex19, Roquette, France) 
added as a carrier. After ultra-high temperature (UHT) treatment 
at 120°C, the extract was spray-dried to obtain the finished plant 
extract powder. All studies were performed using the described 
powder extract (“apple mint extract”, MintyBright™ Nu, provided 
by Mibelle Group Biochemistry, Buchs, Switzerland).

Keratinocyte culture and treatment

Primary normal human epidermal keratinocytes (NHEK, 
(31)) were cultured in culture medium consisting of Keratinocyte-
SFM (serum-free media, GibcoTM, Thermo Fischer Scientific, USA) 
supplemented with human recombinant epidermal growth factor 
(rEGF, 50 mg/L, GibcoTM) and bovine pituitary extract (5 µg/L, 
GibcoTM), in a humidified incubator at 37 °C and 5 % CO2. Prior 
to the gene expression analysis, the cells were seeded to 24-well 
plates and cultured for 24 hours in culture media. The cells were 
then cultured for further 24 hours in assay medium consisting 
of Keratinocyte-SFM without growth factors or antibiotics. The 
medium was then replaced by assay medium containing or not 
(control) 0.4 mg/mL apple mint extract and the cells incubated 
for 24 hours. After exposure, the cells were washed in phosphate 
buffer saline (PBS) and immediately frozen at – 80 °C.

Gene expression analysis

Gene expression was evaluated with reverse transcription 
quantitative real-time PCR (RT-qPCR). Total RNA was extracted 
from each cell sample using TriPureTM isolation reagent (Roche, 
Switzerland) according to the manufacturer’s instructions. RNA 
quality was assessed using capillary electrophoresis (Bioanalyzer 
2100, Agilent Technologies, USA) and the quantity determined 
using a spectrophotometer (Synergy H1, BioTek Instruments, USA). 
cDNA was synthesized by reverse transcription of total RNA with 
oligo(dT) primers and Transcriptor Reverse Transcriptase (Roche). 
The SYBR Green I qPCR was performed with 25 ng cDNA per 
sample on a LightCycler® system (Roche Molecular Systems, USA) 
with primers for HSPB1, HSPA6, SOD3, DCN and GAPDH. Data was 
normalized to GAPDH, and fold changes were calculated based on 
the comparative ΔΔCt method [32].

Melanocyte culture and treatment

Primary human melanocytes were isolated from neonatal 
foreskin following circumcision surgery [33], seeded to 96-well 
plates and cultured in melanocyte growth medium (PromoCell, 
Germany) until confluency.  For the melanin content evaluation, the 
cells were then incubated for 72 h in the presence of 0.02 mg/mL 
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apple mint extract or glutathione (GSH, G6013-5G, Sigma-Aldrich, 
USA). 

Melanin content assay

After the incubation period cells were lysed in 1M NaOH. A 
fraction of the lysate was used to determine total protein content 
[35]. The absorbance of the melanocyte lysates was then measured 
at 405 nm using a spectrophotometer (Agilent Technologies) and 
total melanin content was calculated against a melanin standard 
curve ranging from 1.25 μg/ml to 80 μg/mL. Total melanin content 
was then normalized to total protein content, and results expressed 
as ng / μg protein.  

Clinical Study

Participants

154 healthy female volunteers were screened of which 110 
female healthy subjects, aged 25 – 60 years, presenting mild to 

moderate fine lines and wrinkles, mild to moderate skin spots and 
phototype III – V according to the Fitzpatrick phototyping scale, 
were included in the clinical study (Table 1). Main exclusion criteria 
were smoking, males, medical history of systemic diseases or 
dermatological conditions, damaged facial skin, performed major 
skin treatments (i.e. peelings, microderm abrasion, depigmenting 
treatments, retinoids) 30 days prior or with intent to perform during 
the trial, pregnancy, an occupation or lifestyle with excessive sun 
exposure, evidence of drug and/or alcohol abuse, intake of any kind 
nutritional supplements (vitamins, antioxidant, herbal), or intake 
of medication that might affect the study outcome. All participants 
were informed of the purpose of the study prior enrolment and 
included participants provided written and informed consent. 
The standard protocol and test conditions were submitted to and 
approved by the Ethical Committee of Inovapotek Pharmaceutical 
Research and Development Lda (Code number P016C23) and 
registered in the database for Protocol Registration and Results 
System ClinicalTrials.gov PRS (NCT06453837).

Table 1: Baseline characteristics of the participants

Group Placebo (n=55) Apple Mint extract (n=55)
Age (y), mean ± SD 47.0 ± 7.3 48.5 ± 7.7

Gender Female Female
Daily sunlight exposure (n)  

Frequent 0 0
Sporadic 50 47

Rare 5 8
Null 0 0

Pollution exposure (n)  
Frequent 2 2
Sporadic 23 19

Rare 27 32
Null 3 2

Study design and product intake

The study was performed in a monocentric, double-blind, 
randomized, and placebo-controlled design. Participants attended 
an environmentally controlled facility for the evaluation of skin 
parameters. A 2-week washout period was performed if subjects 
had taken any supplements prior to study start (Figure 1). 
Following baseline determination (T0) of the skin parameters 
defined in the sections below, the subjects were randomly divided 
into two groups and instructed to ingest the test product (150 
mg apple mint extract) or the corresponding placebo (150 mg 
maltodextrin) by oral intake once a day, in the morning, for 84 
days. The treatments were provided as capsule preparation 
(hydroxypropylmethylcellulose) in neutral plastic flasks. Skin 
parameters were measured before treatment (T0) and after 
84 days (T1). All participants were instructed to refrain from 
excessive sunlight exposure for the duration of the study and to 
apply sunscreen 15-30 mins before sun exposure. Subjects were 
requested to keep a diary and note sun exposure, SPF usage, 
protocol deviations, and any observed reactions or discomfort. The 

study was performed under dermatological surveillance.

Efficacy Evaluations

All skin parameters were measured before (T0) and after 84 
(T1) consecutive days of product intake. Skin brightening was 
determined by measuring skin lightness (L*) with Antera 3D 
(Miravex, Ltd., Ireland). Skin colour was evaluated by measuring 
the Individual Typology Angle (ITA°) with a Colorimeter® 
CL400 (Courage+Khazaka electronic GmbH, Germany). Skin tone 
evenness was evaluated by assessing the melanin variation (MV) 
with Antera 3D (Miravex, Ltd., Ireland). The melanin variation 
is inversely proportional to the uniformity of the pigment, with 
a lower melanin variation corresponding to a higher degree of 
uniformity (more homogeneous skin tone). Further, standardized 
macrophotographs are taken with Visia-CR (Canfield Scientific 
Europe, Netherlands). Mean differences of each parameter were 
determined by subtracting the baseline results (T0) to the results 
obtained after 84 days (T1). Results were calculated as changes in 
absolute values and as % change compared to baseline, individually 
calculated for each participant. All study procedures were carried 
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out under controlled conditions, with the room temperature set at 
23.0 +/- 1.0 ºC and relative humidity at 50 +/- 10 %. A 20-minute 

acclimatization period of the subject’s exposed area was respected 
before the evaluations.

Statistical analysis

Statistical analyses were performed using GraphPad Prism 
8 software (GraphPad, USA). Preclinical data was tested using 
unpaired Student’s T-test. Results are depicted as mean ± SD. The 
clinical data was tested for normality (Shapiro-Wilk) to assess 
normal distribution. If normal distribution, the data was verified 
with paired-sample T-tests to compare results obtained for each 
skin parameter before (baseline) and after treatment. Independent 
t-tests were applied to compare the differences to baseline obtained 
with the investigational product treatment versus the placebo. For 
non-normal distributions, Wilcoxon-tests were applied to compare 
the results obtained for each skin parameter before (baseline) and 
after treatment. Mann-Whitney U tests were applied to compare the 
differences to baseline obtained with the investigational product 
treatment versus placebo. Results are depicted as mean ± SEM. P 
values < 0.05 were considered statistically significant.

Results

Apple mint extract stimulates genes involved cellular 
stress response

Treating normal human epidermal keratinocytes with the apple 
mint extract significantly upregulated genes critical in oxidative 
and cellular stress responses, such as heat shock protein family 

B (small) member 1 (HSPB1, 2.50, p<0.01), heat shock protein 
family A (Hsp70) member 6 (HSPA6, 2.27, p<0.05), and superoxide 
dismutase 3 (SOD3, +7.63, p<0.001) (Figure 2). SOD3 has been 
shown to inhibit UVB-induced melanogenesis (4), therefore 
its increased production by keratinocytes may have inhibitory 
effects on environmental stress-induced skin pigmentation. In 
addition, decorin (DCN), a proteoglycan of the extracellular matrix 
(ECM) with strong anti-inflammatory and antioxidant properties 
(5), was strongly upregulated (+ 25.65, p<0.01). As such, these 
findings highlight the potential of apple mint extract in systemic 
nutraceutical applications aimed at skin brightening. 

Extract treatment reduces melanin synthesis in vitro 

The inhibitory potential of the apple mint extract on melanin 
synthesis was assessed with a melanin content assay with primary 
human melanocytes. Glutathione (GSH) was used as a positive 
control at equivalent concentrations as apple mint extract. 
Compared to control, treatment with 0.02 mg/mL apple mint extract 
significantly inhibited melanin synthesis (p<0.01), comparable to 
the positive control kojic acid (Figure 3). In contrast, 0.02 mg/mL 
GSH moderately inhibited melanin content, the results were non-
significant. This suggests that the apple mint extract demonstrates 
nearly equivalent potency in promoting skin brightening as 
compared kojic acid, and even outperformed the benchmark GSH 
in this assay.

Figure 1: Quantitative RT-PCR of genes involved in oxidative stress response.
Fold change of mRNA expression of HSPB1, HSPA6, SOD3 and DCN after treatment with 0.4 mg/mL apple mint extract, compared to 
untreated controls. N=3, mean ± SD, *p<0.05, **p<0.01 and p<0.001 versus control.
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Figure 2: Melanin content in normal human melanocytes.
Total intracellular melanin content in melanocyte lysates after treatment with 250 µm kojic acid, 0.02 mg/mL apple mint extract or 0.02 mg/mL 
GSH for 72 h, compared to untreated controls. N=3, mean ± SD, *p<0.05, **p<0.01 and p<0.001 versus control.  

Figure 3: Study design and flow chart.
N=110 healthy female volunteers were recruited. Ater a 2-week washout period, where no supplements were ingested (antioxidants, vitamins, 
nutraceuticals) the participants randomized to placebo (n=55) and apple mint extract (n=55). Subjects ingested the supplement in capsule 
preparation for 84 days, with baseline data collected at T0 and at the end of the study (T1, 84 days). Of the 110 enrolled, 99 completed the 
study.
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Clinical compliance and subject characteristics

The clinical study was conducted from June 21st, 2023, until 
March 8th, 2024. After a two-week washout, the 110 enrolled 
subjects were randomized into two groups, with the verum group 
supplementing 150 mg apple mint extract (n=55) in a capsule 
preparation daily, or the placebo group with 150 mg maltodextrin 
(n=55). In the placebo group, 2 subjects were lost due to non-
compliance, 1 withdrew due to mild erythema on the belly area, and 
2 withdrew due to sleep problems. In the verum group with apple 

mint extract, 2 subjects were lost due to non-compliance, 3 subjects 
withdrew consent for personal reasons (travel plans, vacation, 
relocation) and 1 subject withdrew due to sleep problems (Figure 
2). A comparison of the baseline characteristics (age, gender, daily 
sunlight and pollution exposure) and across treatment groups is 
summarized in the table (Table 1) below. No significant differences 
were observed between the treatment groups for the baseline 
characteristics. The product was in general well tolerated with no 
subjects reporting any serious adverse events.

Skin brightening effects of apple mint extract supplementation

Table 2: Changes in lightness (L*), individual typology angle (ITA°) and melanin variation (MV) after 84 days supplementation of placebo or apple 
mint extract

Placebo Apple mint extract

L*   

Day 0 62.84 ± 0.47  61.98 ± 0.42 

Day 84 63.79 ± 0.45 63.46 ± 0.48

ΔL* 0.673 ± 0.278
*

1.48 ± 0.27
***, #

% change 1.12 ± 0.45
*

2.41 ± 0.44
***, #

ITA°   

Day 0 31.00 ± 1.52 30.28 ± 1.38

Day 84 32.84 ± 1.33 33.75 ± 1.29

ΔITA° 1.82 ± 0.86 3.37 ± 0.82
***

% change 3.07 ± 8.96 15.78 ± 3.94
***

MV   

Day 0 0.043 ± 0.0013 0.042 ± 0.0013

Day 84 0.042 ± 0.0013 0.040 ± 0.0012

ΔMV -0.0005 ±0.00059 -0.0015 ±0.00064
*

% change -0.79 ± 1.36 -3.14 ± 1.48 *

*p<0.05, ***p<0.001 versus baseline Day 0 #p<0.05 versus placebo Day 84

Figure 4: Clinical effects of Apple Mint extract supplementation on skin parameters.
Mean differences in skin lightness L*, ITA° and melanin variation, compared to initial conditions in %, after daily supplementation of placebo 
or apple mint extract for 84 days. N= 50 (placebo) and n= 49 (apple mint extract), mean ± SEM, *p<0.05, ***p<0.001 versus baseline (T0) 
and #p<0.05 versus placebo.
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The nutritional supplementation of apple mint extract had 
beneficial effects on skin brightening. The numerical values of the 
evaluated skin parameters at baseline, after treatments, as well as 
the delta and % changes are depicted in Table 2. After 84 days, a 
significant increase in L* was observed, in comparison to both 
baseline (p<0.001) and placebo (p<0.05) (Figure 4). Furthermore, 
the apple mint extract supplementation led to a significant increase 
in mean ITA° (p<0.001), whereas the placebo showed no effect. 
Compared to baseline, apple mint extract supplementation led 
to a mean increase of ITA° of 15.78 ± 3.94 % (Figure 4). Melanin 
variation (MV), a parameter to determine skin tone evenness, was 
evaluated to yield additional insight into the skin depigmenting 
effects. After 84 days of apple mint extract treatment, a significant 
decrease of melanin variation was observed compared to baseline 
(p<0.05). In contrast, the placebo treatment showed no effect. 
This indicates that the apple mint extract can improve skin tone 
evenness, leading to a more even complexion. The skin brightening 
clinical effects were also visible in the images taken (Figure 5).

Discussion

Environmental stress, including UV irradiation, oxidative stress 
and pollution, can lead to increased skin pigmentation [35]. This 
is accomplished in part through the activation of melanogenic 
proteins such as the enzyme tyrosinase or oxidative-stress 
induced skin damage, which can further affect skin colour and 
tone [11,13,36]. This study highlights the anti-oxidative and anti-
melanogenetic effects of an apple mint extract in cell models. The 
observed antioxidant properties demonstrated by the extract 
suggest it may be effective in neutralizing free radicals and reactive 
oxygen species, thereby reducing oxidative stress-induced skin 
damage and discoloration. As such, the preclinical observations 

were confirmed in the placebo-controlled clinical study, where 
the apple mint supplementation resulted in decreased melanin 
variation and overall increased skin lightness in volunteers with 
Fitzpatrick III-V skin tones. These findings align with previous 
research on the potential skin-related benefits of botanical extracts, 
which have been attributed to their diverse phytochemical profiles. 
Several studies have implicated that providing natural extracts 
rich in antioxidants can combat oxidative stress and help prevent 
melanin synthesis [14,15,37,38]. For example, previous research 
on oral supplementation with a pine bark extract (Pinus pinaster) 
demonstrated its skin lightening effects after 56 days [39]. Further, 
a formulation containing liquorice and grape (seed and pomace) 
extracts has been shown to inhibit tyrosinase activity and reduce 
melanin production, leading to improved skin lightness and 
reduced dark spots over 12 weeks [37]. Similarly, the carotenoids 
lutein and zeaxanthin, extracted from dried marigold flowers, have 
been found to increase skin tone and lightness (L*), after 12 weeks 
daily supplementation [14]. Furthermore, colourless carotenoids 
like phytofluene and phytoene, known to be present in white 
tomato extracts, are reported for their potential to reduce skin 
pigmentation and melasma [40], but at higher applicated dosages in 
comparison to the flavonoid-based apple mint extract investigated 
in this study.  Flavonoids are very promising nutraceuticals for 
melanogenesis inhibition, based on detailed knowledge about 
potentially underlying molecular mechanisms and their multi-
target properties [41]. These findings emphasize the strength of 
natural botanicals in addressing skin hyperpigmentation, offering a 
promising alternative to synthetic skin-brightening actives.

Both intrinsic and extrinsic factors can drive pigmentary 
changes, especially in the aging skin. Increasing evidence is 
establishing a role of skin aging in hyperpigmentation [42]. 

Figure 5: Visual effects of apple mint extract supplementation.
Representative images of volunteers supplementing placebo (150 mg maltodextrin) or apple mint extract (150 mg). Images were taken with 
Visia-CR at baseline (T0) and after 84 days (T1).
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Interestingly, despite decreased melanocyte activity during aging, 
older exposed skin is predominantly characterised by increased 
pigmentation, including localized hyperpigmentation such as age 
spots (lentigo senile, solar lentigo) and melasma [43,44]. Such 
localized areas of hyperpigmentation are related to increased 
epidermal melanin synthesis and deposition, most commonly 
triggered by prolonged UV exposure [45]. Furthermore, melasma 
have distinct histopathologic features that are similar to photoaged 
skin, such as decreased elasticity, increased vascularization and 
basement membrane changes [46]. UV-induced oxidative stress and 
cellular damage can in part be mitigated by antioxidant enzymes, 
such as superoxide dismutase (SOD). Among them, the extracellular 
superoxide dismutase (SOD3) has been implicated in regulating 
melanocyte homeostasis. In a murine melanocyte cell line, SOD3 
inhibited UVB induced ROS production and melanogenesis [47]. 
Furthermore, overexpression of SOD3 in mice prevented UVB-
induced skin pigmentation [47]. As such, the observed significant 
stimulation of SOD3 by the apple mint extract may promote the 
skin’s stress response against UV-exposure, thereby preventing 
excessive skin pigmentation. 

In addition to UV radiation, thermal stress plays a significant 
role in skin aging. The human skin is frequently exposed to 
considerable amounts of infrared (IR) radiation and visible light 
from sunlight, which can increase the skin temperature and induce 
skin aging [48,49]. As such, heat stress due to IR and visible light 
from sunlight has been shown to affect melanogenesis in vitro 
[50] and pigmentation clinically [51,52]. Several in vitro and ex 
vivo have demonstrated that exposure to increased temperature 
can affect skin pigmentation. A study on human skin explants 
found enhanced pigmentation when cultured at 39 °C and 41 °C, 
compared to 37 °C [53]. Furthermore, conditioned media from 
heat-treated HaCaT cells (39 °C, 41 °C, 43 °C versus 37 °C control) 
promoted melanogenesis in a melanoma cell line MNT1 [53]. Heat 
shock proteins (HSPs) play a crucial role in the cellular response 
to thermal stress, impacting both thermal aging and pigmentation. 
HSPs, such as HSP70 (heat shock 70kDa protein) and HSPB1 
(heat shock protein beta-1, also known as HSP27), are induced 
by heat and other stressors, functioning as molecular chaperones 
to maintain protein homeostasis and protect cells from damage 
[54]. In the context of thermal aging, HSPs help reduce the harmful 
effects of heat on skin cells by preventing protein denaturation 
and aggregation, thereby maintaining cellular integrity and 
function [55]. Additionally, HSPs are involved in the regulation of 
melanogenesis. For instance, HSP70 has been shown to influence 
the activity of melanocytes, the cells responsible for pigment 
production, thereby affecting skin pigmentation [56]. The dual 
role of HSPs in protecting against thermal damage and regulating 
pigmentation underscores their importance in maintaining skin 
health under thermal stress conditions.

Our in vitro evidence demonstrated that the apple mint extract 
stimulated the gene expression of HSPB1 (heat shock protein beta-
1) and HSPA6 (heat HSP70 member 6). In response to environmental 
stress, the encoded protein of HSPB1 translocates to the nucleus 
and functions as a molecular chaperone to prevent aggregates and 
promote correct protein folding [57]. Similarly, HSPA6 is essential 

for cell survival when exposed to increased temperatures [58]. 
By enhancing the skin’s natural defence mechanisms through the 
upregulation of HSPs, the apple mint extract may offer a novel 
approach to prevent heat stress-induced skin pigmentation. Indeed, 
a study of Son et al. demonstrated that apple mint leaf extract 
has activity against thermal aging in human dermal fibroblasts 
[28]. The extract demonstrated significant antioxidant activities, 
prevented the expression of MMPs, as well as the formation of 
ROS, and suppressed the activity of the mitogen-activated proteins 
kinases (MAPKs) that were induced by heat shock treatment. These 
findings highlight the importance of considering thermal stress 
responses in developing effective skin-brightening solutions and 
further position the apple mint extract as a promising candidate for 
this approach.

Conclusion

In conclusion, this study highlights that apple mint extract could 
be an effective skin-brightening solution due to its antioxidant and 
anti-melanogenic properties. Aside from sun exposure and UV 
radiation, the impact of thermal stress on skin pigmentation is an 
interesting and emerging avenue to explore when addressing skin 
brightening pathways. Exploring the molecular mechanisms behind 
the extract’s action further could provide additional insights into 
its skin brightening potential. This study evidences that botanical 
extracts can be utilized as natural, safe and effective actives to 
combat hyperpigmentation and enhance overall skin health.
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