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Abstract 

Insufficient sleep can disrupt circadian organization and adversely affect skin condition. 

Perturbation of the cutaneous clock, which governs skin homeostasis, may contribute to 

this deterioration. In our study, a six-botanical mixture extract increased PER2 promoter-

driven luciferase output in HaCaT keratinocytes, and reduced IL6 and CXCL10 expres-

sion, two PER2-associated inflammatory mediators. Separately, a 4-week single-arm pilot 

study evaluated a cream containing 2.00% (w/w) of a liquid preparation of this extract, 

applied nightly by 22 women aged 40–70 years with poor sleep quality. Skin indicators, 

sleep, mood, and salivary melatonin and cortisol were assessed as changes from baseline 

at week 4. The 13 skin indicators changed from baseline across the anti-aging, barrier, 

complexion, and dark-circle categories (Cohen’s d 0.47–4.81). Sleep duration increased, 

whereas PSQI-K and PHQ-9 scores decreased; the melatonin day–night difference in-

creased (d = 0.75); cortisol measures did not change significantly. No adverse skin reac-

tions were reported. These exploratory findings do not establish product-attributable ef-

ficacy or a causal PER2-mediated mechanism; placebo, vehicle, expectancy, seasonal, be-

havioral, and regression-to-the-mean effects cannot be excluded. A randomized, vehicle-

controlled study is required, with prespecified primary outcomes, denser circadian sam-

pling, and clock activity measured directly in treated skin. 

Keywords: PER2; circadian rhythm; skin aging; skin barrier; plant extract; sleep quality; 

melatonin; dark circles; skin–brain axis 

 

1. Introduction 

Sleep is among the lifestyle factors that influence skin condition [1]. Poor sleep qual-

ity is associated with disturbances in systemic circadian organization and with deteriora-

tion in skin condition. In objective assessments, poorer sleep quality has been linked 
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consistently with reduced barrier function, elevated transepidermal water loss (TEWL), 

accelerated signs of visible aging, dyspigmentation, and periorbital changes such as dark 

circles [2–6]. In an experimental study, restricting sleep to 4 h per night for six consecutive 

nights reduced skin hydration, gloss, transparency, and elasticity and worsened desqua-

mation, texture, and wrinkles in Korean women in their forties [7]. In particular, sleep 

disturbance has been reported in association with higher circulating concentrations of in-

flammatory markers, including C-reactive protein and interleukin-6 (IL-6) [8]. Experi-

mental sleep loss also alters clock gene expression and circadian transcription in periph-

eral human tissues such as blood, indicating that sleep–wake behavior contributes to the 

temporal organization of peripheral oscillators [9–11]. In mice, prolonged sleep depriva-

tion altered core clock gene expression in skin tissue and was accompanied by impaired 

epidermal tight junctions and reduced dermal collagen [12]; sleep restriction likewise 

weakened the oscillation of the skin clock, alongside barrier damage and oxidative stress 

in the skin [13]. Direct evidence for such changes in the skin of individuals with poor sleep 

quality remains limited. The skin, however, is itself a peripheral tissue with a cell-auton-

omous oscillator, and cutaneous clock regulation therefore represents a biologically rele-

vant framework for studying skin deterioration in this population. 

A circadian clock is an endogenous timekeeping mechanism that aligns biological 

processes with the external day, so that each occurs at the time best suited to it [9]. The 

peripheral oscillator in the skin has been characterized in some detail: beyond responding 

to the central pacemaker in the suprachiasmatic nucleus (SCN), the skin is a clock-con-

trolled tissue in which the core clock genes PER1/2, CRY1/2, BMAL1, and CLOCK are ex-

pressed in keratinocytes, fibroblasts, and melanocytes [9,14,15], and in which roughly a 

tenth of the skin transcriptome oscillates over the day [16]. Studies in human skin-derived 

models indicate that clock signaling contributes to barrier function and differentiation, 

extracellular matrix turnover, epidermal renewal and antioxidant defense [17,18], pig-

mentation, and inflammatory signaling [9,14,17–19]. In cultured human keratinocytes, 

PER-associated clock signaling contributes to suppressing matrix metalloproteinase-1 

(MMP-1) expression [20], and barrier- and differentiation-related genes are transcription-

ally coupled to clock gene activity [21,22]. Cell-autonomous clock activity has been impli-

cated in restraining melanogenesis in human skin and melanocyte models [23], and in 

suppressing inflammatory mediator expression in human keratinocytes [17], consistent 

with clock–NF-κB crosstalk [19]. Loss-of-function studies in mice indicate that this regu-

lation is functionally required: keratinocyte-specific deletion of Bmal1 abolishes the time-

of-day synchronization of epidermal cell division and leaves proliferation constitutively 

elevated [24], and Bmal1-deficient animals heal epidermal wounds more slowly, with ac-

cumulation of reactive oxygen species [25]. Consistent with these cellular and molecular 

findings, the physiology of human skin is also temporally organized, with TEWL, surface 

pH, and temperature following reproducible 24 h profiles in vivo [26]. Taken together, 

these findings support the view that the skin clock temporally coordinates repair, regen-

eration, and environmental defense, and they provide a biological basis for interpreting 

the signs of aging, barrier function, complexion, and periorbital appearance assessed in 

cosmetic studies. 

The skin is not only a passive barrier but a tissue in which sensory, immune, and 

neuroendocrine signaling intersect [27]. Cytokines released by keratinocytes and immune 

cells, and neuropeptides released from activated sensory nerve endings, can engage local 

neural and humoral routes that connect the tissue to central and systemic regulatory net-

works [28–31]. Signaling also runs in the opposite direction, in that cortisol, melatonin, 

and the sleep–wake state that shapes their daily profiles act on cutaneous barrier and im-

mune function [29,30,32]. This bidirectional biology, increasingly framed as the skin–brain 

axis [33], provides a rationale for assessing sleep, mood, and salivary melatonin and 
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cortisol alongside skin endpoints. In atopic dermatitis, improvements in skin disease se-

verity and in sleep quality have been observed to occur together [34]. A topical product 

containing a fraction obtained from Melaleuca alternifolia (tea tree) essential oil has been 

reported to improve both sleep quality and signs of skin aging [35]. 

The formulation evaluated in the present study is built on a blend of extracts from 

six botanicals: hop, chamomile, ginseng, rosemary, loquat leaf, and citrus peel. Their prin-

cipal constituents—the hop bitter acids humulone and lupulone together with xanthohu-

mol, chamomile α-bisabolol, chamazulene, and apigenin, ginsenosides, rosemary rosma-

rinic and carnosic acids, loquat pentacyclic triterpenes such as ursolic acid, and citrus hes-

peretin, narirutin, and nobiletin—have documented activity in skin, including anti-in-

flammatory and antioxidant effects [36–41]. 

Drawing on these clinical, mechanistic, and botanical lines of evidence, the present 

study evaluated this blend, characterized in vitro by increased PER2 promoter-driven lu-

ciferase output, as a topical formulation in a population with poor sleep quality. We con-

ducted a 4-week, single-arm, open-label pilot trial in 22 adult women aged 40 to 70 years 

with poor sleep quality, defined as a score of 7 or higher on the Korean version of the 

Pittsburgh Sleep Quality Index (PSQI-K). The study addressed two objectives. The first 

was to characterize the changes in 13 skin indicators spanning four functional categories—

anti-aging, barrier, complexion, and dark circles—during use of the topical formulation 

in this cohort with poor sleep quality. The second was to explore whether changes in skin 

outcomes were accompanied by changes in sleep, mood, and salivary biomarkers over the 

same period. 

2. Materials and Methods 

2.1. Preparation of the Test Materials 

The test material was prepared in three stages: extraction of the six individual botan-

icals, combination of the dried extracts in fixed proportions by weight to give a six-botan-

ical mixture extract, and dissolution of that mixture extract to give the liquid preparation 

RhythmiQ Blend. 

For the individual extracts, six botanicals were used, including non-edible plant 

parts: hop flower (Humulus lupulus; K-Hops, Hongcheon, Gangwon, Republic of Korea), 

chamomile flower (Matricaria chamomilla; Herb Kingdom, Namwon, Jeonbuk, Republic of 

Korea), ginseng root (Panax ginseng; Korea Ginseng, Geumsan, Chungcheongnam-do, Re-

public of Korea), rosemary leaf (Rosmarinus officinalis; Jirion, Namwon, Jeonbuk, Republic 

of Korea), loquat leaf (Eriobotrya japonica; a local grower, Jeju, Republic of Korea), and cit-

rus peel (Citrus unshiu; Saengdeure, Jocheon, Jeju, Republic of Korea). Each botanical was 

washed, shade-dried at 20 to 35 °C, and pulverized to a particle size of 1 mm or less. To 

each pulverized material, 70% ethanol (Merck, Darmstadt, Germany) was added at ten 

times the weight of the material (a 10:1 solvent-to-material ratio), and extraction was car-

ried out at 80 °C for 3 h. Each extract was then concentrated under reduced pressure and 

dried to a powder. Yields, expressed as dried extract per raw material (% w/w), were 37.5 

for hop, 14.6 for chamomile, 7.4 for ginseng, 2.6 for rosemary, 13.3 for loquat, and 4.4 for 

citrus. 

The six dried extracts were then blended at a weight ratio of 1:5:8:2:2:2 for hop, cham-

omile, ginseng, rosemary, loquat, and citrus, respectively, to give the six-botanical mixture 

extract. This mixture extract was the material used in the in vitro experiments. 

For the clinical study, the mixture extract was dissolved in a solvent system of butyl-

ene glycol, water, and polyglyceryl-10 oleate to give the liquid preparation, which con-

tained the mixture extract at 0.5% (w/w) and was then incorporated into the test cream at 

2.00% (w/w). 
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A single production lot of the liquid preparation (Lot 102251004) was used for all 

characterization and for the cream applied in the clinical study. Chlorogenic acid and ros-

marinic acid were quantified in the liquid preparation as marker compounds by high-

performance liquid chromatography with photodiode-array detection at 325 nm on a Hy-

droRP column (250 × 4.6 mm, 4 µm; Phenomenex, Torrance, CA, USA) held at room tem-

perature, with a gradient of acetonitrile in aqueous 0.1% trifluoroacetic acid rising from 

10% to 100% over 55 min at a flow rate of 1.0 mL/min and an injection volume of 10 µL. 

The liquid preparation was analyzed undiluted, and the two compounds were quantified 

against five-point external calibration curves prepared from authentic standards (Sigma-

Aldrich, St. Louis, MO, USA), with every calibration level and the sample injected in trip-

licate; calibration was linear over 5 to 103 µg/mL (R [2] = 1.000), and the limits of quantifi-

cation were 2.2 µg/g for chlorogenic acid and 2.3 µg/g for rosmarinic acid. The stability of 

the liquid preparation was tested on the same lot. In a short-term test it met the acceptance 

criteria for appearance, color, odor and pH after 3 days at 70 °C and after 6 h of exposure 

to ultraviolet A at 40 W/m [2] (320 to 400 nm), each against a control held at room temper-

ature in the dark. In a long-term test, it met the acceptance criteria for color, odor and pH 

at 8 weeks under storage at 4 °C, 25 °C, and 45 °C and under a temperature-cycling con-

dition of 24 h cycles through 25, 37, 45, 25, and 4 °C with 4.5 h at each step. The test cream 

itself was not subjected to stability testing. 

2.2. In Vitro Experiments 

2.2.1. Cell Culture and Treatment 

Two cell lines were used: HaCaT (CLS Cell Line Service GmbH, Eppelheim, Ger-

many), a spontaneously immortalized human keratinocyte line, and a HaCaT-derived re-

porter line stably expressing a PER2 promoter–driven luciferase construct (PER2pro-

LUC), which had been established previously [20]. Both lines were maintained in Dul-

becco’s Modified Eagle’s Medium (DMEM; Welgene, Gyeongsan, Republic of Korea) sup-

plemented with 10% fetal bovine serum (FBS; 16000044; Gibco, Grand Island, NY, USA) 

and 1% penicillin/streptomycin (15140122; Invitrogen, Carlsbad, CA, USA), and were held 

at 37 °C in a humidified atmosphere of 5% CO2. For treatment, cells were seeded in growth 

medium, grown to the confluence specified for each assay, and then exposed to the six-

botanical mixture extract in DMEM containing 1% FBS for 24 h or 48 h. The mixture extract 

was dissolved in dimethyl sulfoxide (DMSO; Duchefa Biochemie, Haarlem, Netherlands) 

and applied at final concentrations of 10, 25, and 50 µg/mL, with DMSO held at 0.1% (v/v) 

in all conditions as the vehicle control, following procedures described previously [22]. 

2.2.2. PER2 Promoter–Reporter Assay 

To monitor PER2 promoter-driven luciferase output in live cells, PER2pro-LUC re-

porter cells were seeded into white 96-well plates (655083; Greiner Bio-One, Monroe, NC, 

USA). Once the cells reached confluence, the clock was synchronized by a 1 h pulse of 1 

µM dexamethasone (D1756; Sigma-Aldrich, St. Louis, MO, USA) in DMEM, after which 

the cells were treated with the mixture extract at the indicated concentrations for 24 h as 

described above. The medium was then exchanged for a recording medium composed of 

DMEM with 1% FBS, 1% penicillin/streptomycin, 10 mM HEPES (pH 7.4; 15630080; Gibco, 

Grand Island, NY, USA), 0.2 mg/mL hygromycin (H0192.0001; Duchefa Biochemie, Haar-

lem, Netherlands), and 1 mM luciferin (LUCK-1G; Goldbio, St. Louis, MO, USA), without 

the mixture extract. Bioluminescence was recorded at hourly intervals for 72 h on an Infi-

nite M200 microplate reader (Tecan, Männedorf, Switzerland). For rhythm analysis, each 

trace was detrended by subtracting a 24 h moving average, smoothed with a 3 h moving 

average, and analyzed in BioDare2 (https://biodare2.ed.ac.uk/, accessed on 31 August 

2026) over 16 to 72 h by the fast Fourier transform–nonlinear least squares (FFT NLLS) 
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method, which returned the amplitude of each trace. Peak bioluminescence was deter-

mined separately for each of the three circadian cycles resolved within the recording, 

taken as the maximum of the recorded signal within 0 to 18 h, 18 to 40 h, and 42 to 68 h. 

2.2.3. PER2 Knockdown 

For gene silencing, HaCaT cells were seeded in 12-well white plates and, at approxi-

mately 60% confluence, transfected with 10 nM of either a PER2-targeting small interfer-

ing RNA (siRNA) (sc-36209) or a non-targeting control siRNA (sc-37007; both from Santa 

Cruz Biotechnology, Dallas, TX, USA) using Lipofectamine RNAiMAX (13778-075; Invi-

trogen, USA) in Opti-MEM (31985062; Gibco, Grand Island, NY, USA), according to the 

manufacturer’s instructions; cells were harvested 48 h after transfection for transcript 

analysis. 

2.2.4. RNA Extraction and Quantitative Real-Time PCR 

Total RNA was isolated with the TaKaRa MiniBEST Universal RNA Extraction Kit 

(9767A; Takara Bio, Kusatsu, Shiga, Japan), and 1 µg of total RNA was reverse-transcribed 

into complementary DNA using amfiRivert cDNA Synthesis Platinum Master Mix 

(R5600; GenDEPOT, Barker, TX, USA). Quantitative real-time reverse transcription poly-

merase chain reaction (RT-PCR) was performed on a CronoSTAR 96 Real-Time PCR sys-

tem (Takara Bio, Japan) according to the manufacturer’s protocol, as described previously 

[22]. Transcript levels of interleukin 6 (IL6), C-X-C motif chemokine ligand 10 (CXCL10), 

and PER2 were quantified by the 2−ΔΔCt method, normalized to PUM1 as the reference gene 

and expressed relative to the corresponding vehicle or non-targeting control of the same 

experiment, so that the control equals 1; the primer sequences are listed in Table 1. 

Table 1. Primer sequences used for quantitative real-time RT-PCR. 

Gene Accession No. Direction Sequence (5′ → 3′) 

IL6 NM_000600 Forward ACAACCTGAACCTTCCAAAG 

  Reverse CCTCAAACTCCAAAAGACCAG 

CXCL10 NM_001565 Forward GCAGTTAGCAAGGAAAGGTC 

  Reverse TGTAGGGAAGTGATGGGAG 

PER2 NM_022817.2 Forward GACTGCAAACCTGGCACTTC 

  Reverse GTGTCTGAGGGTTCATCACG 

PUM1 NM_001020658.2 Forward CGGTCGTCCTGAGGATAAAA 

  Reverse CGTACGTGAGGCGTGAGTAA 

Abbreviations: RT-PCR, reverse transcription polymerase chain reaction. PUM1 was used as the 

reference (housekeeping) gene for normalization. 

2.2.5. Cell Viability Assay 

To establish that differences in reporter signal were not attributable to differences in 

the number or metabolic state of the cells, viability was assessed by reduction of 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) as described previously 

[22]. Cells treated in parallel under the conditions used for the reporter assay were incu-

bated with MTT reagent (Invitrogen) at the time of the second bioluminescence peak, 27 

h after the medium exchange; the formazan was then dissolved in DMSO and the absorb-

ance measured at 570 nm on an Epoch microplate reader (BioTek, Winooski, VT, USA). 

Values are expressed relative to the DMSO control. 

2.2.6. In Vitro Statistical Analysis 

Data are presented as the mean ± standard deviation (SD) of three independent ex-

periments (n = 3 per group), which constitute the biological replicates; within each 
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experiment, every condition was assayed in technical triplicate wells, and the three wells 

were averaged to give a single measurement per condition before analysis. All treatment 

conditions were evaluated concurrently within each independent experiment. Differences 

among matched treatment conditions were analyzed using one-way repeated-measures 

analysis of variance (ANOVA), followed by Dunnett’s multiple-comparisons test compar-

ing each concentration of the mixture extract with the DMSO control; the Dunnett-ad-

justed comparisons were calculated using the residual mean square from the randomized-

block ANOVA, with the independent experimental run treated as the blocking factor. 

Concentration dependence was tested with a linear contrast across the four concentra-

tions, evaluated against the same residual mean square. The same model was applied to 

the peak bioluminescence of each cycle, with the three cycles analyzed as separate fami-

lies, and to the viability data. For the endogenous PER2 mRNA measurements, which 

comprised three matched conditions (vehicle and the mixture extract at 10 and 50 µg/mL) 

at each of two exposure times, the same model was applied separately at each exposure 

time, with the linear contrast taken across the three concentrations and each exposure time 

analyzed as a separate family. In the knockdown experiment, the PER2-targeting and non-

targeting control siRNA conditions were likewise matched within each independent ex-

periment and were compared by a two-tailed paired t-test. 

2.3. Clinical Evaluation 

2.3.1. Study Design and Ethics 

This study was designed as a single-arm, open-label, single-center pilot clinical trial. 

Participants applied the test cream for 4 weeks; skin indicators were assessed at baseline, 

week 2, and week 4, whereas the wellness indicators and salivary biomarkers were as-

sessed at baseline and week 4. Each participant served as her own reference, with out-

comes evaluated as within-subject changes from baseline. 

The study protocol was approved by the Institutional Review Board of Dermacle Co., 

Ltd. (Yongin, Republic of Korea; Approval No. DM-IRB-2025-1014-04) and was conducted 

in accordance with the ethical principles of the Declaration of Helsinki. Written informed 

consent was obtained from every participant before enrollment. The trial was registered 

with the Clinical Research Information Service (CRIS) of the Republic of Korea (registra-

tion No. KCT0011193) on 21 November 2025. Registration was retrospective with respect 

to the enrollment of the first participant (21 October 2025) because of an administrative 

oversight in the timing of registration. It was nevertheless completed before the end of 

data collection (28 November 2025) and before the start of data analysis. The reporting of 

this non-randomized study follows the TREND statement, and the completed checklist is 

provided as Supplementary File S1. 

2.3.2. Participants 

Women aged 40 to 70 years with poor sleep quality were enrolled and screened at 

the testing institution (Dermacle Co., Ltd., Yongin, Republic of Korea). Sleep quality was 

screened with the Korean version of the Pittsburgh Sleep Quality Index (PSQI-K), a vali-

dated instrument in which a higher global score indicates poorer sleep [42,43]. Reported 

optimal PSQI-K cut-off scores in Korean validation studies range from 6 to 8.5, depending 

on the study population and the external reference used [43,44]. Eligibility therefore re-

quired a PSQI-K score of 7 or higher, a conservative screening criterion within that range 

and the criterion used in a previous Korean study of women with sleep complaints that 

assessed both sleep and skin outcomes [45]. Eligibility also required self-reported insom-

nia attributed to aging or to climacteric symptoms. Enrolled women also presented with 

periorbital wrinkles and with dark circles of vascular or pigmentary origin. Exclusion cri-

teria included pregnancy or lactation; skin abnormalities or infectious skin disease at the 
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test sites; under-eye sagging that could be mistaken for dark circles; allergy, hypersensi-

tivity, or a tendency to irritation from cosmetics, medicines, or light exposure; recent ster-

oid treatment, phototherapy, or dermatological procedures; a psychiatric, intellectual, nu-

tritional, or substance-use disorder; recent participation in the same type of study; and 

any other condition judged unsuitable by the principal investigator. Participants were re-

cruited through an online advertisement, and recruitment ran from 24 September to 23 

October 2025. Of the 75 women who applied and were assessed for eligibility by telephone, 

25 attended an on-site screening visit, at which 2 did not meet the PSQI-K criterion. The 

sample size followed the Korea Ministry of Food and Drug Safety guideline on test meth-

ods for the substantiation of cosmetic labeling and advertising, which recommends a min-

imum of 20 participants, and 23 women were enrolled to allow for potential dropout. One 

enrolled participant underwent a dermatological procedure after enrollment but before 

the baseline visit, which met the exclusion criterion on dermatological procedures within 

3 months; she was therefore withdrawn before that visit and contributed no data to any 

analysis. No participant withdrew after starting to use the test cream; all 22 participants 

who began application completed the study, and all analyses were performed on these 22 

participants (mean age, 53.0 years; range, 40–69 years). The flow of participants through 

the study is shown in Figure 1. None of the skin, questionnaire, or salivary measurements 

were missing for any of the 22 participants at any scheduled time point; the only incom-

plete data were two nights of wearable sleep recording, as described in Section 2.3.4. Men-

opausal status and skin phototype were not recorded. 

 

Figure 1. Flow of participants through the study. The diagram traces participants from the telephone 

eligibility assessment to the final analysis across the enrollment, intervention, follow-up, and anal-

ysis stages. The central column gives the number of women at each step, and the boxes on the right 
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give the number who left the study at that step together with the reason. The recruitment period 

and the completion date of follow-up are noted below the diagram. PSQI-K, Korean version of the 

Pittsburgh Sleep Quality Index. 

2.3.3. Test Product and Application 

For the clinical study, a test cream containing 2.00% (w/w) of the liquid preparation 

of the six-botanical mixture extract was used. This corresponds to the mixture extract at 

100 µg/g (0.01%, w/w) of the cream, comprising 5, 25, 40, 10, 10, and 10 µg/g of the hop, 

chamomile, ginseng, rosemary, loquat, and citrus extracts, respectively. The full qualita-

tive and quantitative composition of the cream, including the International Nomenclature 

of Cosmetic Ingredients (INCI) designation and functional role of each component, is 

given in Table 2. 

Table 2. Qualitative and quantitative composition of the test cream containing 2.00% (w/w) Rhyth-

miQ Blend. 

Phase Trade Name INCI Name Function 
Content (% 

w/w) 

A Water Water Solvent To 100 

A RhythmiQ Blend ᵃ 

Butylene Glycol, Water, Polyglyceryl-10 Oleate, Panax Ginseng 

Root Extract, Chamomilla Recutita (Matricaria) Flower Extract, 

Rosmarinus Officinalis (Rosemary) Leaf Extract, Eriobotrya Japon-

ica Leaf Extract, Citrus Unshiu Peel Extract, Humulus Lupulus 

(Hops) Extract 

Test material 2.00 

A-1 Glycerine (RSPO MB) Glycerin Humectant 5.00 

A-1 Vanzan NF-C Xanthan Gum Viscosity controlling agent 0.30 

B Cellike Forte ᵇ 

Caprylic/Capric Triglyceride, Hydrogenated Lecithin, Cetearyl Al-

cohol, Butyrospermum Parkii (Shea) Butter, Hydrogenated Phos-

phatidylcholine, Phytosteryl Macadamiate, Cetearyl Olivate, Sorbi-

tan Olivate, Phytosterols, Squalane, Ceramide NP 

Natural emulsifier 8.00 

B Lanette O (CSPO) Cetearyl Alcohol Consistency factor 2.00 

B Palmsurf MCT 60/40 Caprylic/Capric Triglyceride Skin conditioning 5.00 

B Sepinov WEO 
Hydroxyethyl Acrylate/Sodium Acryloyldimethyl Taurate Copoly-

mer 
Thickener 1.00 

B-1 Gundenics ᵇ 
Propanediol, Glyceryl Undecylenate, Caprylyl Glycol, Levulinic 

Acid 
Natural preservative 1.20 

C 10% Citric acid Water, Citric Acid pH adjuster q.s. ᶜ 

Abbreviations: INCI, International Nomenclature of Cosmetic Ingredients; w/w, weight/weight; q.s., 

quantity sufficient. ᵃ RhythmiQ Blend is the liquid preparation of the six-botanical mixture extract 

described in the Methods (Preparation of the Test Materials); the listed INCI components comprise 

the solvent system and the six plant extracts. ᵇ Product of BioSpectrum Inc. (Yongin-si, Gyeonggi-

do, Republic of Korea). ᶜ q.s., quantity sufficient to adjust the final pH; the final pH of the cream was 

5.58. 

Participants applied the test cream to the entire face once daily, in the evening after 

cleansing and before bedtime, for 4 weeks, and the number of applications was checked 

with a usage diary. The amount of cream applied was not measured. During the study 

period, participants were asked to refrain from using any other cosmetic or medicinal 

product that could affect the study outcomes and from taking other drugs that could affect 

the skin. 
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2.3.4. Outcome Measures 

The outcome measures comprised three domains: 13 skin indicators, 3 wellness indi-

cators, and 6 salivary biomarker comparisons, the last consisting of the daytime and 

nighttime concentrations of two hormones together with the day–night difference derived 

from each. The registered protocol did not specify a hierarchy among these outcomes, and 

no outcome was designated as primary. They are therefore reported without ranking. 

Skin indicators. Skin outcomes were evaluated by instrumental measurement at 

baseline, week 2, and week 4. All measurements were made in a room shielded from direct 

sunlight and maintained at 22 ± 2 °C and 50 ± 10% relative humidity, and each participant 

washed her face and then rested for at least 30 min to acclimatize to these conditions be-

fore measurement. Visits were scheduled so that each participant was assessed at approx-

imately the same time of day at every visit. The 13 skin indicators were organized into 

four functional categories, with the measurement site and instrument mode of each indi-

cator as described below. Measurement sites were distributed between the left and the 

right side of the face to avoid concentrating the measurements on a single area, and each 

indicator was measured on the same side in every participant and at every visit. 

The anti-aging category comprised six indicators. Eye wrinkles were assessed at the 

left periorbital region using the Antera 3D CS (Miravex Limited, Dublin, Ireland) in Wrin-

kles mode (yielding quantitative indices such as the indentation index), and skin volume 

was assessed at the left cheek using the same device in Volumes mode (the volume pa-

rameter derived from three-dimensional surface mapping). Skin elasticity and elastic re-

covery were both measured at the right cheek with the Cutometer dual MPA580 (Courage 

+ Khazaka electronic GmbH, Cologne, Germany) and expressed as the R2 and R7 param-

eters, respectively: R2 = Ua/Uf, the ratio of the total deformation recovery at the end of the 

suction-off period (Ua) to the maximal deformation (Uf), and R7 = Ur/Uf, the ratio of the 

elastic recovery immediately after release of the suction (Ur) to the maximal deformation, 

both expressed as percentages [46]. The skin lifting angle was obtained by facial imaging 

with the F-ray system (BeYoung Co., Ltd., Seoul, Republic of Korea) followed by analysis 

of the left cheek with Image-Pro 10 (Media Cybernetics, Inc., Rockville, MD, USA); it was 

defined as the angle formed where a horizontal line originating at the tip of the nose meets 

a contour derived from the nasolabial fold, such that a decrease in the angle indicates a 

lifting effect. Dermal density (dermal echodensity by high-frequency ultrasound) was 

measured at the right cheek with the Ultrascan UC22 (Courage + Khazaka electronic 

GmbH, Cologne, Germany). 

The barrier category comprised a single indicator, transepidermal water loss (TEWL), 

measured at the right cheek with the Tewameter TM HEX (Courage + Khazaka electronic 

GmbH, Cologne, Germany), an open-chamber device reporting water loss in grams per 

square meter per hour (g/m2/h). 

The complexion category comprised three indicators. Skin roughness (a texture index 

based on three-dimensional surface mapping) was measured at the left cheek with the 

Antera 3D CS in Texture mode. Skin radiance, which corresponds to the skin-quality at-

tribute of skin glow, was quantified as skin gloss measured at the right cheek with the 

SkinGlossMeter (Delfin Technologies Ltd., Kuopio, Finland); clinical facial images were 

also taken in Parallel mode with the VISIA-CR (Canfield Scientific, Inc., Parsippany, NJ, 

USA) for documentation. Skin tone (the L* value) was obtained by frontal facial imaging 

in Standard mode with the VISIA-CR followed by analysis of the right cheek with Image-

Pro 10. For this analysis, a region of interest of 500 × 500 pixels was placed within the 

cheek; its position was set for each participant according to the shape of the face and the 

characteristics of the cheek, and the same position was used for that participant at every 

visit. 
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The dark-circle category comprised three indicators. Dark-circle brightness (the L* 

value) was measured at the right infraorbital region with the Spectrophotometer CM-700d 

(Konica Minolta, Inc., Tokyo, Japan), and the dark-circle melanin index was measured at 

the same right infraorbital site with the Mexameter MX 18 (Courage + Khazaka electronic 

GmbH, Cologne, Germany). The dark-circle grade was obtained by visual evaluation of 

the VISIA-CR images by two evaluators, each with at least five years of experience in der-

matological clinical testing, on a 0-to-5 ordinal grading scale, in which the grade was as-

signed according to the extent of purplish shadowing and pigmentation of the infraorbital 

region. Grades were defined as follows: 0, no perceptible dark circle; 1, a faint violet 

shadow at the medial lower eyelid that darkens when the skin is stretched; 2, a violet 

shadow clearly visible without stretching, faint pigmentation, or both; 3, a deep violet 

shadow, moderate pigmentation over part of the area, or both; 4, uniform dense pigmen-

tation across the area, often extending to the upper as well as the lower eyelid; 5, uniform 

and very dense pigmentation involving both the upper and the lower eyelid. For each 

participant and time point, the higher of the two grades was adopted for the analysis. The 

two evaluators assigned the same grade in 60 of the 66 paired ratings (22 participants at 

three time points; 90.9%), all six discordant pairs differed by a single grade, and agreement 

was Cohen’s κ = 0.82 (linear-weighted κ = 0.83), with complete agreement at baseline. 

The last application before the week-2 and week-4 visits was made on the preceding 

evening, and the measurements were made the following day. The Cutometer dual 

MPA580 was used with a 2 mm probe at 450 mbar and three suction cycles of 2 s on and 

2 s off; the Tewameter TM HEX probe, with an opening of approximately 1 cm, was held 

on the site for at least 20 s until the reading stabilized; the Spectrophotometer CM-700d 

was used in SCI mode with a 3 mm aperture, a D65 illuminant and a 10° observer; the 

Mexameter MX 18 used a 5 mm probe; and the SkinGlossMeter directed a 635 nm red 

semiconductor laser onto a spot 50 µm in diameter and detected the light reflected at the 

angle equal to the angle of incidence, that is, the specular component, as distinct from the 

light scattered at the skin surface and within the tissue. The detected light passed through 

an internal diffractive microstructure, and its intensity was converted into a gloss reading 

in skin gloss units (SGU), an instrument-specific unit that, according to the manufacturer, 

is derived from the industrial gloss unit and scaled for the low gloss values of skin; a 

higher value indicates a glossier surface. The Antera 3D CS captured a 56 × 56 mm field. 

For the Cutometer, Tewameter, Mexameter, Spectrophotometer and SkinGlossMeter, 

three consecutive readings were taken at the same site and averaged, with a predefined 

tolerance applied to the spread of the three readings; the Antera 3D CS and the VISIA-CR 

were recorded once per visit. Measurement sites were relocated at each visit from fixed 

anatomical landmarks: for the probe measurements on the cheek, the point on the cheek 

defined by the center of the eye and the tip of the nose; for the infraorbital measurements, 

the region below the medial canthus; and for the Antera 3D CS, the periorbital region for 

eye wrinkles and the center of the cheek for skin volume and roughness. For the VISIA-

CR, the head was held in a chin rest at a fixed position and each new capture was aligned 

to the previous image by overlay. The mean within-subject coefficient of variation in the 

triplicate readings, computed over 66 replicate sets per instrument (22 participants at three 

time points), was 0.43% for the Mexameter MX 18, 0.50% for the Spectrophotometer CM-

700d, 0.74% for the Tewameter TM HEX, 0.94% and 1.40% for the Cutometer dual MPA580 

(R2 and R7), and 2.08% for the SkinGlossMeter. These coefficients of variation refer to 

readings taken at a single site within one visit; the error introduced by relocating the site 

between visits was not quantified. 

With respect to the direction of change, the direction corresponding to improvement 

was defined for each indicator. Measured values for which a decrease indicates improve-

ment were eye wrinkles, lifting angle, TEWL, skin roughness, dark-circle melanin, and 
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dark-circle grade (6 indicators); for the remaining 7 indicators, an increase indicates im-

provement. 

Wellness indicators. The three wellness indicators were assessed before use and at 

week 4. Sleep duration was measured in minutes using a wearable device (Fitbit Charge 

5; Fitbit LLC, San Francisco, CA, USA). A 7-day period before product use served as the 

baseline phase, and a period of at least 1 week measured 21 to 28 days after the start of 

product use served as the post-treatment phase; daily sleep-duration values from both 

phases were used. Sleep varies considerably from night to night, so a single night does 

not give a stable estimate of habitual sleep duration and multiple nights were averaged. 

Seven consecutive nights were used in each phase so that a full week, including both 

weekday and weekend nights, was covered [47]. The post-treatment window was placed 

in the final week of the 4-week application period (days 21 to 28) so that it reflects sleep 

during treatment closest to the 4-week endpoint. A total of 306 nights contributed to the 

analysis: 154 nights in the baseline phase, comprising 7 nights for each of the 22 partici-

pants, and 152 nights in the post-treatment phase, comprising 7 nights in 20 participants 

and 6 nights in the remaining 2. For each participant, a mean sleep duration was computed 

for each phase without imputation of missing nights, and these participant-level means 

were entered into the paired analysis. Sleep quality was assessed with the PSQI-K, and 

mood was assessed with the Patient Health Questionnaire-9 (PHQ-9) [48]. For the PSQI-

K and PHQ-9, a decrease in score indicates improvement, whereas for sleep duration an 

increase indicates improvement. 

Salivary biomarkers. Salivary samples were collected in the daytime and at night, 

before use and at week 4. The daytime sample was obtained on site on the day of the visit 

at 12:00 or 14:00, at the same time for each participant at baseline and at week 4, and the 

nighttime sample was self-collected at home on the preceding evening, approximately 2 

h before bedtime, under dim lighting. No allowable nighttime collection window was pre-

specified. Completion of the home nighttime collection was confirmed by message, but 

actual collection times were not recorded. Participants refrained from toothbrushing and 

from any oral intake during the 30 min preceding collection, and immediately before col-

lection they gently massaged the submandibular region to stimulate salivary flow; saliva 

was then collected by passive drool through a funnel into the collection tube. The massage 

was used to facilitate sufficient sample volume; salivary gland massage has been reported 

to increase salivary flow [49]. Because stimulation during collection can affect the meas-

ured concentrations of salivary steroids [50], the same procedure was used at baseline and 

at week 4 for every participant. All biomarker assays were performed by a specialized 

analytical laboratory (LABISKOMA, Seoul, Republic of Korea). 

Saliva samples were stored at −80 °C until analysis and thawed once, immediately 

before the assays; each sample was then centrifuged at 10,000× g for 4 min at 4 °C, and the 

resulting supernatant was used for the assays. Two analytes were quantified by commer-

cial colorimetric enzyme-linked immunosorbent assays (ELISAs): melatonin with the Mel-

atonin ELISA kit (ab283258; Abcam, Cambridge, UK) and cortisol with the Human Corti-

sol ELISA Kit (KA1885; Novus Biologicals, Centennial, CO, USA). Each of the two analytes 

was assayed with its respective kit in the paired daytime and nighttime samples, yielding 

four directly measured concentrations (daytime and nighttime melatonin, and daytime 

and nighttime cortisol). All assays were performed according to the manufacturers’ pro-

tocols. The calibration range was 1–64 pg/mL for melatonin and 0.1–30 ng/mL for cortisol, 

the analytical sensitivity was 0.6 pg/mL and 0.019 ng/mL, respectively, and the intra- and 

inter-assay coefficients of variation were 4.8–5.1% and 8.3–11.1% for melatonin and 4.1–

7.1% and 4.2–9.1% for cortisol. To normalize for sample-to-sample differences in total pro-

tein, the total protein concentration of each sample was determined by a bicinchoninic 

acid (BCA) assay (absorbance at 562 nm; Thermo Fisher Scientific, Waltham, MA, USA), 
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and biomarker concentrations were expressed per milligram of protein (melatonin, pg/mg 

protein; cortisol, ng/mg protein). The same normalization, with total protein determined 

by a BCA assay, has been applied to salivary melatonin and cortisol in a study of circadian 

biomarkers [51]. 

The two day–night difference measures were derived from these values as signed 

differences between the daytime and nighttime concentrations: the melatonin day–night 

difference was calculated as night minus day (reflecting normal nighttime dominance), 

and the cortisol day–night difference was calculated as day minus night (reflecting normal 

daytime dominance). Together with the four measured concentrations, these two derived 

indices constituted the six before-and-after comparisons evaluated in the salivary bi-

omarker domain. The direction of improvement followed the day–night pattern expected 

physiologically for each hormone: a decrease denotes improvement for daytime melato-

nin and nighttime cortisol, and an increase denotes improvement for nighttime melatonin, 

daytime cortisol, and the two day–night differences. 

2.3.5. Safety Evaluation 

Adverse skin reactions were assessed after 2 and 4 weeks of product use. At each 

assessment the investigator examined the application area, and each participant was sep-

arately asked to report her own experience during the preceding period of use; together, 

the two routes covered erythema, edema, scaling, itching, stinging, burning, tightness, 

and prickling, as well as any other adverse reaction. 

2.3.6. Statistical Analysis 

All analyses were performed in Python 3.14.1 with the pandas (version 3.0.0), NumPy 

(version 2.4.2), and SciPy (version 1.17.0) libraries; the figures presenting the study data 

were generated with Matplotlib (version 3.10.8) and seaborn (version 0.13.2). 

Statistical tests were performed on the measured values as recorded. For indicators 

in which a decrease in the measured value represents clinical improvement, the sign was 

reversed when the effect size, the Hodges–Lehmann change estimate and its confidence 

interval, the relative change from baseline (%), and the proportion of participants with a 

change in the defined direction were computed, so that a positive value denotes improve-

ment across all indicators. 

Each skin indicator was compared between baseline and week 2 and between base-

line and week 4, and each wellness indicator between baseline and week 4. All of these 

within-participant comparisons were analyzed with the two-sided Wilcoxon signed-rank 

test. A rank-based test was applied consistently to every paired comparison because the 

appropriateness of distributional assumptions cannot be assessed reliably in a sample of 

this size and because the outcome measures comprised both continuous and ordinal var-

iables. In each comparison, pairs with a difference of exactly zero were excluded from the 

test; for an ordinal indicator on which many participants show no change between visits, 

this reduces the number of pairs entering the comparison below the number of partici-

pants, and the number actually used is reported with the corresponding result. For each 

comparison the change was also summarized by the Hodges–Lehmann estimate, the me-

dian of the Walsh averages of the within-participant differences, with a two-sided 95% 

confidence interval derived from the exact null distribution of the signed-rank statistic. 

Unlike the test, the estimate and the interval were computed from all pairs, including 

those with a difference of zero, so that they describe the change in the cohort as a whole, 

and they carry no correction for multiple comparisons. Relative change from baseline (%) 

was calculated as (meanafter − meanbefore)/meanbefore × 100. 

Effect sizes were expressed as Cohen’s d, a descriptive measure of the standardized 

mean change in a paired design, in which the within-subject change is standardized by 
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the pooled pre- and post-treatment standard deviation: d = mean(post − pre)/√[(SDbefore2 + 

SDafter2)/2]. Standardized mean changes for paired designs may be expressed with several 

denominators, and the pooled standard deviation was used consistently here [52]. Values 

of approximately 0.2, 0.5, and 0.8 were used to characterize standardized changes as small, 

medium, and large, respectively; these labels are descriptive only and do not denote clin-

ical importance [53]. The dark-circle grade is recorded as a 0-to-5 ordinal grade, with a 

difference between visits of either one grade or none. Cohen’s d was computed for it with 

the same formula as for the other indicators, which treats the grades as equally spaced 

and therefore standardizes the mean change in grade rather than estimating a quantity on 

the scale. 

Multiple comparisons were corrected with the Benjamini–Hochberg (BH) procedure. 

For the clinical outcomes, the BH-adjusted value is denoted padj and the uncorrected value 

the raw p-value; the dose–response comparisons in vitro are reported as the Dunnett-ad-

justed values described above and are denoted p, whereas the two-condition knockdown 

comparisons are reported as unadjusted two-tailed values; statistical significance was de-

fined as padj below 0.05, and the significance markers in the clinical figures likewise refer 

to padj. Supplementary Tables S2 to S4 report, for each comparison, the median and inter-

quartile range before and after treatment, the Hodges–Lehmann change with its confi-

dence interval, Cohen’s d, and the raw and adjusted p-values side by side, so that the mag-

nitude and the statistical strength of each change can be assessed together. 

Correction was applied within each outcome domain, because the three domains ad-

dress distinct hypotheses. Each family comprised the before-versus-after comparisons of 

that domain: the 13 skin indicators at the 2 post-treatment time points (26 tests), the 3 

wellness indicators at week 4 (3 tests), and the 4 measured biomarker concentrations to-

gether with the 2 derived day–night differences at week 4 (6 tests). Melatonin and cortisol 

were placed in a single biomarker family on mechanistic grounds: melatonin is an output 

hormone of the circadian system and cortisol is a product of the hypothalamic–pituitary–

adrenal axis, so that the two hormones and the day–night differences derived from them 

address the same hypothesis about the diurnal output of these two coupled axes. 

Each of the six before-and-after comparisons in the salivary biomarker domain was 

made between baseline and week 4 with the same Wilcoxon signed-rank test. To examine 

the influence of high baseline melatonin concentrations, baseline daytime and nighttime 

values above the upper Tukey fence—the third quartile plus k times the interquartile 

range of the 22 baseline values at that time of day, with k = 3.0 and k = 1.5—were set to the 

fence value. No observation was removed; the six biomarker comparisons were re-tested 

on the capped values and the BH correction was reapplied. The same six comparisons 

were also repeated on the unnormalized concentrations, with the BH correction applied 

across those six comparisons; both sets are reported in Supplementary Table S4. 

3. Results 

3.1. In Vitro Assays: PER2 Promoter-Driven Luciferase Output and Inflammatory Transcripts 

PER2 is a core clock gene of the peripheral cutaneous clock. A PER2 promoter–lucif-

erase reporter assay was performed in HaCaT keratinocytes to measure the effect of the 

six-botanical mixture extract on PER2 promoter-driven luciferase output: the cells were 

synchronized with dexamethasone and treated for 24 h, the medium was then exchanged 

for recording medium, and bioluminescence was followed hourly for 72 h. The reporter 

oscillated over the recording period (Figure 2a,c). Peak bioluminescence rose with the con-

centration of the mixture extract in each of the three circadian cycles resolved within the 

recording, reaching 3.79-, 3.03-, and 2.70-fold of the DMSO control at 50 µg/mL (linear 

contrast across concentrations, p < 0.001 in every cycle; Figure 2b), and the amplitude of 

the rhythm rose in parallel (linear contrast, p < 0.001; Figure 2d; Supplementary Table S1). 
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Cell viability did not differ across concentrations (p = 0.486), so these changes are not at-

tributable to differences in the number or metabolic state of the cells. Together these re-

sults indicate that the mixture extract raises PER2 promoter-driven luciferase output in 

keratinocytes. In a separate reverse-transcription quantitative PCR experiment, endoge-

nous PER2 mRNA rose with the concentration of the mixture extract at both 24 h and 48 

h (linear contrast, p = 0.010 and p = 0.006; Figure 2e; Supplementary Table S1). 

The cutaneous clock is known to regulate epidermal inflammatory signaling [17,19], 

and IL-6 and CXCL-10 are representative keratinocyte pro-inflammatory mediators. To 

test whether PER2 governs this local inflammatory node in keratinocytes, PER2 was 

knocked down with a PER2-targeting siRNA, which lowered PER2 transcript levels and 

increased IL6 and CXCL10 expression (Figure 3). Building on this, treatment with the mix-

ture extract reduced the expression of the same two transcripts relative to the vehicle con-

trol (Figure 4a,b). Taken together, in keratinocytes the mixture extract raised PER2 pro-

moter-driven luciferase output and reduced the expression of IL6 and CXCL10, two PER2-

associated inflammatory mediators. 

 

Figure 2. PER2 promoter-driven luciferase output, rhythm amplitude, and endogenous PER2 

mRNA in HaCaT keratinocytes treated with the six-botanical mixture extract (n = 3 per group). In 

all panels, gray denotes the vehicle (DMSO) control and progressively darker blue denotes the mix-

ture extract at 10, 25, and 50 µg/mL, as indicated in (a); in (e), hatched bars denote the 48 h exposure. 
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(a) PER2 promoter–luciferase (PER2pro-LUC) reporter assay in HaCaT cells treated with vehicle 

(DMSO) or the mixture extract at 10, 25, or 50 µg/mL: bioluminescence traces recorded hourly over 

0 to 72 h; lines denote the group mean and shaded bands the SD. (b) Peak bioluminescence of each 

of the three circadian cycles resolved within the recording, taken as the maximum of the trace within 

0 to 18 h, 18 to 40 h, and 42 to 68 h and expressed relative to the DMSO control of the same cycle; 

the dashed line marks the DMSO control, bars denote the mean and error bars the SD. (c) The rec-

ords in (a) after subtraction of a 24 h moving average and smoothing with a 3 h moving average, 

shown over the 16 to 72 h interval used for rhythm analysis; lines denote the group mean, shaded 

bands the SD, and the dashed line the zero level. (d) Amplitude of the rhythm in arbitrary units, 

obtained from the records in (c) by the fast Fourier transform–nonlinear least squares method; bars 

denote the mean and error bars the SD. (e) Endogenous PER2 mRNA in HaCaT cells treated with 

vehicle (DMSO) or the mixture extract at 10 or 50 µg/mL for 24 h or 48 h, normalized to the reference 

gene PUM1 and expressed relative to the DMSO control of the same experiment, which is therefore 

set to 1; bars denote the mean and error bars the SD. All groups comprise n = 3 independent exper-

iments. In (b) and (d), matched treatment conditions were compared by one-way repeated-measures 

analysis of variance (ANOVA) followed by Dunnett’s multiple-comparisons test comparing each 

concentration with the DMSO control, with the independent experimental run treated as the block-

ing factor, and concentration dependence was tested by a linear contrast across the four concentra-

tions (see Methods); each cycle in (b) was analyzed as a separate family. In (e), the same model was 

applied separately at each exposure time, with the linear contrast taken across the three concentra-

tions. *** p < 0.001, ** p < 0.01, * p < 0.05, ns = not significant. 

 

Figure 3. PER2 knockdown and inflammatory transcript levels in HaCaT keratinocytes. PER2, IL6, 

and CXCL10 mRNA expression in HaCaT keratinocytes transfected with a non-targeting control 

siRNA [Control (-)] or a PER2-targeting siRNA (siPER2) (n = 3 independent experiments per group). 

Expression was normalized to the reference gene PUM1 and is expressed relative to Control (-), 

which is therefore set to 1; bars denote the mean and error bars the SD. Control (-) and siPER2 were 

compared by a two-tailed paired t test. ** p < 0.01, * p < 0.05. 
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Figure 4. IL6 and CXCL10 expression in HaCaT keratinocytes treated with the six-botanical mixture 

extract (n = 3 per group). (a,b) IL6 (a) and CXCL10 (b) mRNA expression in cells treated with vehicle 

(DMSO) or the mixture extract at 10, 25, or 50 µg/mL for 24 h. Expression was normalized to the 

reference gene PUM1 and is expressed relative to the DMSO control, which is therefore set to 1; bars 

denote the mean and error bars the SD. All groups comprise n = 3 independent experiments. 

Matched treatment conditions were compared by one-way repeated-measures analysis of variance 

(ANOVA) followed by Dunnett’s multiple-comparisons test comparing each concentration with the 

DMSO control, with the independent experimental run treated as the blocking factor. ** p < 0.01, * p 

< 0.05, ns = not significant. 

3.2. Skin Indicators Across the Four Functional Categories 

Following the in vitro characterization of the mixture extract, the test cream was ap-

plied for 4 weeks in the cohort (N = 22) and the 13 skin indicators were evaluated. Every 

one of the 13 skin indicators changed significantly from baseline at week 4 (Wilcoxon 

signed-rank test; all padj < 0.05, and 12 of the 13 at padj < 0.001), with Cohen’s d spanning 

0.47 to 4.81 (Figure 5a,b; Supplementary Table S2). These changes are described below 

according to the four functional categories; clinical images of skin texture and dark circles, 

each from two participants, are shown in Figure 5c. 

The six anti-aging indicators all changed significantly from baseline at week 4. The 

largest of these changes were in dermal density, which increased by 23.37% (d = 0.94, padj 

< 0.001), and elastic recovery (R7), which increased by 21.41% (d = 1.41, padj < 0.001); skin 

elasticity (R2) increased by 13.83% (d = 1.51, padj < 0.001), the strongest effect size in the 

category. The remaining three indicators also changed significantly: eye wrinkles de-

creased by 11.65% (d = 0.82, padj < 0.001), the skin lifting angle decreased by 10.35% (d = 

0.55, padj < 0.001, a decrease in the measured value denoting a lifting effect), and skin vol-

ume increased by 8.81% (d = 0.58, padj < 0.001). At week 4, the proportion of participants 

whose value changed in the defined direction was 100% or 95.5% (21 of 22) for every one 

of the six indicators. 

The barrier category comprised a single indicator, transepidermal water loss (TEWL), 

which decreased by 17.76% (d = 0.89, padj < 0.001), with a decrease observed in all 22 par-

ticipants. This reduction was consistent across participants. 

Within the complexion category, skin roughness decreased by 14.53% (d = 0.70, padj < 

0.001), skin radiance increased by 32.65% (d = 4.81, padj < 0.001, the largest effect size in the 

study), and skin tone (L*) increased by 1.54% (d = 0.47, padj < 0.001). All three indicators 

changed in the defined direction in all 22 participants. The large effect size for skin radi-

ance arose because its mean change (21.36 units) was large relative to the pooled pre- and 
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post-treatment standard deviation (4.45), rather than because of an unusually small de-

nominator. 
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Figure 5. Time course of the 13 skin indicators over 4 weeks of once-nightly application of the test 

cream (N = 22). (a) Measured values at baseline, week 2, and week 4 for each indicator, presented in 

four functional categories: anti-aging (eye wrinkle, elasticity [R2], lifting angle, dermal density, skin 

volume, elastic recovery [R7]), barrier (transepidermal water loss [TEWL]), complexion (skin texture 

[roughness], radiance [gloss], skin tone [L*]), and dark circle (brightness [L*], melanin, grade). Sym-

bols denote the group mean at each time point and the shaded band the standard error of the mean 

(SEM); the band therefore indicates the precision of that mean rather than the spread of the individ-

ual values. The y-axis of each panel is scaled in the measurement unit of that indicator. (b) Relative 

change from baseline (%) at the same time points for the same 13 indicators, expressed as a percent-

age of the baseline mean. For the six indicators in which a decrease in the measured value denotes 

improvement (eye wrinkle, lifting angle, TEWL, skin texture, dark-circle melanin, and dark-circle 

grade), the sign was reversed, so that a positive value denotes improvement for every indicator. The 

horizontal line marks 0% (no change from baseline). Bars give the mean relative change at each time 

point, and the open circle on each bar marks the same value and is joined by a line to show the time 

course. Error bars denote the SEM of the relative change, obtained by expressing the SEM of the 

within-participant change (Δ) as a percentage of the baseline mean; this SEM therefore describes the 

within-participant change, whereas the band in (a) describes the group mean at a single time point. 

(c) Clinical images at baseline, week 2, and week 4. Upper row, skin texture in participants S14 and 

S23 (Antera 3D CS); lower row, dark circles in participants S16 and S20 (VISIA-CR). Each pre-versus-

post comparison was tested by the two-sided Wilcoxon signed-rank test, and multiple comparisons 

were corrected by the Benjamini–Hochberg procedure. Significance markers denote the adjusted p-

value (padj) for the comparison against baseline at the indicated time point. *** padj < 0.001, ** padj < 

0.01, ns = not significant. 

Within the dark-circle category, dark-circle brightness (L*) increased by 2.20% (d = 

0.58, padj < 0.001) and the dark-circle melanin index decreased by 15.82% (d = 0.70, padj < 

0.001), with brightness increasing and melanin decreasing in all 22 participants. The dark-

circle grade, based on visual evaluation of the images by the two trained evaluators, ex-

hibited a time-dependent pattern: it was not significant at week 2 (raw p = 0.180, padj = 

0.180) but reached significance at week 4, when it decreased by 15.52% (d = 0.69, padj = 

0.003), with a decrease in 9 of the 22 participants (40.9%). This grade is an ordinal scale on 

which many participants showed no change between visits, and because the Wilcoxon 

signed-rank test excludes pairs with a zero difference, the comparison rested on 5 informa-

tive pairs at week 2 and on 9 at week 4, whereas every other indicator used all 22 pairs. 

The optical and pigmentary measures therefore reached significance before the visual 

grading did. 

With respect to the time course, 12 of the 13 indicators had already changed signifi-

cantly from baseline at week 2 (padj < 0.05), and the effect size at week 4 was numerically 
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larger than the effect size at week 2 for every one of the 13 indicators. The dark-circle grade 

was the only indicator that was not significant at week 2 and significant at week 4. 

3.3. Wellness Indicators: Sleep Duration, Sleep Quality, and Mood 

On the basis of a bidirectional sleep–skin axis hypothesis, three wellness indicators 

were evaluated. All three changed significantly from baseline at week 4 (Figure 6; Supple-

mentary Table S3). 

 

Figure 6. Wellness indicators before and after 4 weeks of once-nightly application of the test cream 

(N = 22). (a) Measured values at baseline and week 4 for sleep duration (min, recorded with a wear-

able device), sleep quality (PSQI-K score), and mood (PHQ-9 score). Symbols denote the group 

mean and the shaded band the SEM. (b) Relative change from baseline (%) for the same three indi-

cators, expressed as a percentage of the baseline mean. As in Figure 5b, the sign was reversed for 

the two indicators in which a decrease in score denotes improvement (PSQI-K and PHQ-9), so that 

a positive value denotes improvement for every indicator. The horizontal line marks 0% (no change 

from baseline). Purple bars give the mean relative change at week 4, the open circle on each bar 

marks the same value and is joined by a line, and the error bars denote the SEM of the relative 

change, obtained by expressing the SEM of the within-participant change (Δ) as a percentage of the 

baseline mean, as in Figure 5b. Each comparison was tested by the two-sided Wilcoxon signed-rank 

test, and multiple comparisons were corrected by the Benjamini–Hochberg procedure; the signifi-

cance markers denote the adjusted p-value (padj). ** padj < 0.01, * padj < 0.05. 

Sleep duration, measured with a wearable device (Fitbit Charge 5), increased by 

6.19% (from a baseline mean of 341.49 min to 362.63 min at week 4; d = 0.42; raw p = 0.021, 

padj = 0.021), with an increase observed in 16 of 22 participants (72.7%). The sleep quality 

score (PSQI-K) decreased by 20.32% (from a baseline mean of 14.32 to 11.41 at week 4, a 

lower score denoting better sleep quality; d = 1.11; raw p < 0.001, padj = 0.001), with a de-

crease in 17 of 22 participants (77.3%); this was the largest effect size among the wellness 

indicators. The mood score (PHQ-9) decreased by 26.44% (from a baseline mean of 7.91 to 

5.82 at week 4, a lower score denoting better mood; d = 0.47; raw p = 0.012, padj = 0.018), 
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with a decrease in 14 of 22 participants (63.6%). However, because sleep duration was 

averaged over days 21 to 28 to reduce night-to-night variability, whereas the skin and 

salivary measures were obtained at the week-4 visit, these outcomes represent closely 

aligned but not identical assessment windows. 

All three indicators changed significantly at the group-mean level over the 4-week 

application period, although the change was less uniform across participants than in the 

skin domain. 

3.4. Salivary Biomarkers: Day–Night Differences in Melatonin and Cortisol 

Melatonin and cortisol are representative circadian outputs related to the sleep–wake 

cycle and the hypothalamic–pituitary–adrenal axis, respectively. To explore, on the basis 

of the same sleep–skin axis hypothesis, whether melatonin and cortisol, the hormonal 

measures related to sleep and affective state, changed during use of the test cream, day-

time and nighttime concentrations of the two hormones and their day–night differences 

were evaluated before and after use (Figure 7). Because the distribution of each hormone 

was skewed by a few high values, concentrations are summarized here as medians, with 

the means, standard deviations, and interquartile ranges given in Supplementary Table 

S4. 

 

Figure 7. Salivary biomarkers before and after 4 weeks of once-nightly application of the test cream 

(N = 22). (a–d) Before-and-after comparison of melatonin (a), the melatonin day–night difference 
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(b), cortisol (c), and the cortisol day–night difference (d). Melatonin and cortisol were each measured 

separately in daytime and nighttime samples; the day–night difference is the signed night-minus-

day contrast for melatonin and the signed day-minus-night contrast for cortisol. All concentrations 

are normalized to the total protein content of the sample (melatonin, pg/mg protein; cortisol, ng/mg 

protein). Boxes denote the median and interquartile range, and whiskers extend to 1.5 times the 

interquartile range. Overlaid points are the individual values of the 22 participants, and the gray 

lines connect the paired baseline and week 4 values of the same participant. In (b) and (d), the 

dashed horizontal line marks zero, the boundary between the normal orientation of the contrast and 

an inverted one; a positive value denotes the physiologically normal orientation (nighttime-domi-

nant for melatonin, daytime-dominant for cortisol). For readability, the y-axis of each panel is lim-

ited to the range spanned by the bulk of the pooled data rather than by its extremes; values falling 

outside the axis are not lost but are indicated at the axis edge by the annotation ▲n or ▼n, which 

gives the number of such values together with the most extreme one. Baseline-versus-week 4 com-

parisons were tested by the two-sided Wilcoxon signed-rank test, and multiple comparisons were 

corrected by the Benjamini–Hochberg procedure; the adjusted p-value (padj) is printed above each 

bracket. * padj < 0.05, ns = not significant. 

The nighttime-dominant melatonin day–night difference (night minus day) in-

creased from a median of 1.227 to 9.068 pg/mg protein and was significant (d = 0.75; raw 

p = 0.007, padj = 0.045), with an increase in 14 of the 22 participants (Figure 7a,b). Daytime 

melatonin did not change significantly, moving from a median of 2.189 to 2.611 pg/mg 

protein, with a change in the defined direction in 11 of the 22 participants (d = 0.38; raw p 

= 0.750, padj = 0.750). Nighttime melatonin increased from a median of 5.807 to 11.931 

pg/mg protein, with an increase in 15 of the 22 participants; this change was significant 

before correction but not after it (d = 0.64; raw p = 0.025, padj = 0.075). The widening of the 

day–night difference therefore rested on the nighttime concentration, and statistical sig-

nificance was reached in the derived difference rather than in either concentration on its 

own. 

Melatonin concentrations differed widely between participants, and a few had mark-

edly high values at baseline. To examine whether those values accounted for the change 

in the day–night difference, baseline daytime and nighttime concentrations above the up-

per Tukey fence were set to the fence value and the comparison was repeated (Supple-

mentary Table S5). The day–night difference still increased from baseline in 14 of the 22 

participants and Cohen’s d changed little (0.73 and 0.70 with k = 3.0 and k = 1.5, against 

0.75). However, the Hodges–Lehmann estimate of the change decreased from 10.181 

pg/mg protein in the primary analysis to 6.281 and 5.214 pg/mg protein, with unadjusted 

95% confidence intervals that excluded zero in all three analyses, and the comparison gave 

raw p = 0.007 and 0.009 and padj = 0.045 and 0.056, respectively. No participant was ex-

cluded on the basis of a high baseline value. The amount of salivary melatonin secreted 

has been reported to differ by more than an order of magnitude between healthy adults 

[54,55], and these values were therefore taken as variation between participants rather 

than as measurement error. 

None of the three cortisol measures reached significance (Figure 7c,d). Daytime cor-

tisol increased from a median of 1.941 to 2.266 ng/mg protein, but the change was not 

significant (d = 0.37; raw p = 0.105, padj = 0.158), and nighttime cortisol was essentially un-

changed, from a median of 1.078 to 1.191 ng/mg protein (d = −0.06; raw p = 0.524, padj = 

0.628). The daytime-dominant day–night difference (day minus night) increased from a 

median of 0.793 to 0.986 ng/mg protein, but the change was not significant (d = 0.38; raw 

p = 0.092, padj = 0.158). In the individual participant data, several participants showed large 

changes from baseline, but the direction of change differed across participants. In the pri-

mary analysis, among the six biomarker comparisons, the melatonin day–night difference 
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was the only change that reached significance after correction. When the same six com-

parisons were computed on the unnormalized concentrations, the melatonin day–night 

difference was again the only change significant after correction (padj = 0.028; Supplemen-

tary Table S4). 

3.5. Safety Outcomes 

No adverse skin reactions were reported during the 4-week application period. 

3.6. Marker Content of the Liquid Preparation 

Chlorogenic acid and rosmarinic acid, the marker compounds of the liquid prepara-

tion incorporated into the test cream, were quantified at 36 µg/g and 16 µg/g. Each peak 

was assigned by matching its retention time to that of the corresponding standard, run 

under identical conditions (Figure 8). These two compounds do not represent all six ex-

tracts. Chlorogenic acid has been reported as a constituent of loquat leaf [56], and rosma-

rinic acid as one of the principal constituents of rosemary [39]. The principal constituents 

named for the hop, chamomile, ginseng, and citrus peel components remain to be meas-

ured. 

 

Figure 8. Chromatographic marker profile of the liquid preparation (Lot 102251004) incorporated 

into the test cream. (a) Standard mixture containing chlorogenic acid at 103.4 µg/mL and rosmarinic 

acid at 103.7 µg/mL in methanol. (b) The liquid preparation, analyzed undiluted. Chromatograms 

were recorded with photodiode-array detection at 325 nm; chlorogenic acid elutes at 14.4 min and 

rosmarinic acid at 29.5 min, and both were identified in the liquid preparation by comparison of 

retention time with the standards analyzed under the same conditions and quantified against five-
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point external calibration curves (R [2] = 1.000). The contents determined were 36 µg/g for chloro-

genic acid and 16 µg/g for rosmarinic acid, each the mean of three injections, with relative standard 

deviations of 0.06% and 1.42%, respectively. Peaks other than these two were not assigned. 

4. Discussion 

To date, what has less often been assembled is a single study that carries a molecular 

readout, the clinical skin outcomes, and objectively recorded extra-cutaneous measures 

on the same ingredient; a recent review of the skin–brain axis has identified this combina-

tion of dermatological, psychological, and biological outcome measures as a research need 

[33]. The present trial reports all three, with the clinical and extra-cutaneous measures 

taken in the same participants over the same 4 weeks; the limits of an uncontrolled pilot 

are considered below. 

4.1. Principal Findings 

In this cohort, change was most consistent in the skin: the 13 skin indicators changed 

significantly from baseline by week 4, and for 12 of the 13 the change was in the defined 

direction in all or all but one of the 22 participants, a consistency not matched in the well-

ness or salivary measures. The more informative feature, however, is not that each indi-

cator changed but that change appeared at once in all four functional categories—anti-

aging, barrier, complexion, and dark circles—which are ordinarily governed by different 

processes. One hypothesis compatible with this cross-category pattern is involvement of 

an upstream process such as the cutaneous clock. 

The change was also ordered in time: 12 of the 13 indicators were already significant 

at week 2, and every indicator showed a numerically larger effect size at week 4 than at 

week 2, so the direction of change was set early and continued rather than emerging only 

at the final visit. The exception was the visual dark-circle grade, which reached signifi-

cance only at week 4—the ordering expected of an integrative visual assessment relative 

to the instrumental measures that feed it, and the one indicator for which fewer than half 

the participants changed in the defined direction. 

Changes were also recorded outside the skin over the same 4 weeks, in sleep dura-

tion, in the two questionnaire scores, and in the melatonin day–night difference. In these 

measures, however, the proportion of participants whose value changed in the defined 

direction was lower than for the instrumental skin indicators, and of the six salivary com-

parisons only the melatonin day–night difference reached significance after correction. 

4.2. Clock-Associated Mechanism and Skin Outcomes 

That the cutaneous clock could act upstream of outcomes in all four categories fol-

lows from the range of what it governs. The circadian machinery of the skin is not dedi-

cated to a single function: it coordinates maintenance of the permeability barrier together 

with keratinocyte differentiation, dermal collagen remodeling governed by matrix metal-

loproteinase activity, antioxidant capacity coordinated through NRF2, and the setting of 

inflammatory tone by NF-κB signaling, the processes that sustain skin homeostasis over 

the 24 h cycle [9,14,17–19]. What the reporter assay reads is PER2 promoter-driven lucif-

erase output, and constructs of this kind are used widely as a readout of core clock activ-

ity, PER2 being one component of the loop formed by BMAL1/CLOCK and the PER/CRY 

repressors [57]. Reading the reporter at that level, however, would require a change in the 

oscillation itself, since an effect on clock function is read from parameters of the oscillation, 

such as its amplitude, extracted from the detrended trace [58]. In our data, the amplitude 

and the overall output rose together; the result is an increase in PER2 promoter-driven 

luciferase output rather than a demonstrated change in the rhythm. That output, in turn, 

is not separated from a direct effect on the firefly luciferase enzyme: compounds of the 
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kind present in plant extracts bind the enzyme directly [59], and such binding can raise 

the luminescent signal with no change in gene expression [60]. No luciferase control was 

performed in the present experiments, and the increase in reporter output therefore can-

not be attributed solely to PER2 promoter regulation. Settling whether a direct effect on 

the enzyme contributed would require a cell-free assay with purified firefly luciferase to-

gether with a construct driven by a constitutive promoter. Separately, endogenous PER2 

mRNA increased with the concentration of the mixture extract (Figure 2e), providing a 

luciferase-independent indication of increased PER2 expression. However, this finding 

does not exclude a direct effect of the extract on the luciferase reporter signal. In addition, 

because endogenous PER2 mRNA was measured only at discrete time points rather than 

continuously across a circadian cycle, these data do not establish an effect on PER2 rhyth-

micity. 

At the level of the cell, the keratinocyte observations suggest a more specific form for 

that upstream process. Treatment with the mixture extract raised PER2 promoter-driven 

luciferase output and lowered IL6 and CXCL10, and knockdown of PER2 raised the same 

two transcripts. These observations are consistent with an association between PER2 and 

inflammatory transcript expression in keratinocytes. Whether the suppression of IL6 and 

CXCL10 by the mixture extract is mediated by PER2 nonetheless remains a hypothesis 

rather than an established mechanism, because the two conditions were not examined in 

combination, and a contribution from PER2-independent signaling is still open. What 

would test it is to treat PER2-silenced cells with the mixture extract and to determine 

whether the suppression is maintained. 

The place of the IL6 and CXCL10 measurements is nonetheless a limited one: they are 

a local keratinocyte inflammatory readout, one of the coordinated processes rather than 

the whole of it, and they were obtained in cell culture rather than in the participants. The 

two settings also differ in scale: the cell experiments used the mixture extract at 10 to 50 

µg/mL, whereas the test cream contained it at 0.01% (w/w), that is 100 µg/g. Clock gene 

activity and inflammatory output were not measured in the skin of the participants, so the 

clock pathway stands as a candidate upstream process inferred from the clinical pattern 

rather than as a demonstrated cause of the change recorded across the 13 indicators. Re-

cording clock gene activity and inflammatory output in treated skin would turn that ac-

count from an inference into a measurement. 

4.3. Extra-Cutaneous Outcomes 

Changes in the measures recorded outside the skin have been reported for topical 

products before: for a melatonin lotion, whose use was accompanied by changes in sali-

vary melatonin and in sleep quality [61], for a fraction of tea tree essential oil, for which 

sleep quality and signs of skin aging were each assessed in a separate cohort [35], and for 

a tomato peel and seed extract, whose use was accompanied by lower salivary cortisol 

and improved affect [62]. In the present study, three measures outside the skin moved 

together with the skin indicators over the same 4 weeks: sleep duration increased, the 

PSQI-K score decreased and, among the salivary measures, the melatonin day–night dif-

ference increased, each significantly. A wearable record of time asleep, a questionnaire 

score, and a salivary difference are measurements of different kinds, so their concurrent 

movement does not rest on a single instrument or mode of reporting. Sleep and melatonin 

have been reported as parts of one physiological axis that extends to the circadian system 

regulating them [63], so a shift in that axis is one hypothesis compatible with this pattern. 

None of the three cortisol measures—the daytime concentration, the nighttime concentra-

tion, and the day–night difference between them—reached significance, so that change 

appeared in some of the salivary measures rather than across all of them. These observa-

tions do not identify a mechanism, but they point to melatonin-associated nighttime 
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physiology as the signal most worth testing. A study designed for that question would 

need salivary collection across the 24 h cycle, as would describing these hormones as cir-

cadian profiles; the single daytime and nighttime samples taken here support a day–night 

difference but not the shape of the nighttime rise. 

4.4. Limitations and Future Directions 

The design bounds what the changes can be attributed to. The study was single-arm 

and open-label and no blinding was applied: the participants knew that they were using 

an active product, and the staff who performed the measurements and their analysis, as 

well as the two evaluators who graded the dark-circle images, were aware of the visit 

number. On the measurement side, the sites were relocated at each visit, and the indica-

tors whose relative change was smallest are the most exposed to the error that this intro-

duces. Several sources of change therefore cannot be separated from an effect of the mix-

ture extract. Placebo and expectancy effects bear on all of the outcomes and most directly 

on the two questionnaire scores. The vehicle is itself cosmetically active, since the base 

provides glycerin as a humectant and an emulsifier system that contributes shea butter, 

squalane and ceramide NP, so the barrier and complexion indicators may respond to the 

base as well as to the extract. Regression to the mean is particularly relevant to the PSQI-

K score, because eligibility required an elevated baseline score. The trial ran from late Oc-

tober to late November, when daylength and sun exposure decrease, a seasonal course 

that could itself move skin color and melanin as well as melatonin and sleep. Participation 

may also have altered behavior—bedtime, evening light exposure, or facial care—in ways 

that were not recorded. 

Given the pilot-sized cohort, dividing the available sample into parallel treatment 

and vehicle groups would have left very small groups for biomarkers with substantial 

between-participant variability. The amount of melatonin secreted differs by more than 

an order of magnitude across healthy adults, and daytime melatonin profiles are substan-

tially heterogeneous [54,55]; for salivary cortisol, 10% to 15% of community samples have 

been found not to show the expected diurnal cycle at all [64]. We therefore used within-

participant comparisons to reduce the contribution of between-participant differences and 

to characterize exploratory changes over time. This design improves precision for signal 

detection in a small pilot cohort but does not substitute for a randomized vehicle-con-

trolled comparison. A split-face untreated control could have provided a local comparator 

for the skin outcomes, but it would not have provided an untreated comparator for the 

systemic sleep and salivary outcomes and was not included in this pilot study. The spread 

in the present cohort was of that order: at baseline the coefficient of variation was 225% 

and 99% for daytime and nighttime melatonin, against 57% and 70% for the corresponding 

cortisol measures. The expected day–night pattern was likewise not uniform: at baseline 

10 of 22 participants had a nighttime melatonin concentration below their daytime con-

centration, whereas 4 of 22 showed the corresponding pattern for cortisol. The higher pro-

portion of atypical melatonin day–night ordering may reflect heterogeneity in melatonin 

secretion or timing in this cohort; with only two sampling points, its origin cannot be de-

termined. A small number of participants had markedly high baseline values; in a sensi-

tivity analysis that reduced these values to the Tukey fence, the direction of the change, 

the number of participants whose value changed in the defined direction and the exclu-

sion of zero from the unadjusted 95% confidence interval for the Hodges–Lehmann esti-

mate were unchanged, whereas the magnitude of the estimate was smaller and, with the 

1.5 × IQR fence, the adjusted p-value no longer met the significance criterion. We retained 

all observations and treated this spread as variation between participants rather than as 

measurement error. Values that depart from the group pattern may themselves be in-

formative for further study of salivary melatonin in people with poor sleep quality. 
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What the present design could not resolve is between-participant structure: a cohort 

recruited on a self-reported behavioral criterion may be uniform in what its members re-

port while remaining heterogeneous in the underlying physiology that a clock-oriented 

ingredient is directed at. Whether the changes depended on the baseline level is worth 

examining, although a single-arm design cannot separate a genuinely baseline-dependent 

pattern from the regression already noted. Stratification by baseline phenotype is there-

fore worth building into the design of the trial that should follow, and there is precedent 

for expecting it to matter: response to prolonged-release melatonin has been reported to 

depend on endogenous concentrations [65], and patient-level meta-analysis has shown 

treatment response to be conditioned by baseline severity [66]. That trial should be ran-

domized, vehicle-controlled and blinded, on the larger sample that a between-group com-

parison of the salivary measures requires. 

A further set of limits concerns not the cause of the changes but their reach. The ob-

servation period was 4 weeks, and the cohort comprised women aged 40 to 70 years with 

a PSQI-K score of 7 or higher, the population in which the question was posed. The 4-

week period and this cohort mark the range over which these changes have been ob-

served, not a range beyond which they are known to fail; establishing that range would 

require longer follow-up and broader recruitment. 

5. Conclusions 

The present study found that, in HaCaT keratinocytes, a six-botanical mixture extract 

raised PER2 promoter-driven luciferase output and lowered IL6 and CXCL10 expression. 

The clinical part, conducted separately, was a 4-week, single-arm, open-label pilot in 

which a clock-oriented topical cosmetic—a cream containing a liquid preparation of that 

extract—was applied nightly to the face by 22 women aged 40 to 70 years with poor sleep 

quality. Change from baseline was recorded across the instrumental skin indicators and, 

outside the skin, in sleep duration, the sleep-quality and mood questionnaire scores, and 

the melatonin day–night difference, but not in the cortisol measures. 

What this design supports is a statement about concurrence rather than causation: 

with no control group, the alternative sources of change set out above remain open, and 

these are exploratory findings. Neither the efficacy of the formulation nor a PER2-medi-

ated mechanism is settled here; what the study does show is that the skin indicators and 

the measures recorded outside the skin changed over the same 4-week period. The value 

of the present work for the randomized, vehicle-controlled trial that should follow is that 

it fixes the outcome set to be measured and identifies melatonin-associated nighttime 

physiology as the extra-cutaneous signal most worth testing. 
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ANOVA analysis of variance 

BCA bicinchoninic acid 

BH Benjamini–Hochberg 

CRIS Clinical Research Information Service 

CXCL-10 C-X-C motif chemokine ligand 10 

DMEM Dulbecco’s Modified Eagle’s Medium 

DMSO dimethyl sulfoxide 

ELISA enzyme-linked immunosorbent assay 

FBS fetal bovine serum 

FFT NLLS fast Fourier transform–nonlinear least squares 

IL-6 interleukin-6 

INCI International Nomenclature of Cosmetic Ingredients 

MMP-1 matrix metalloproteinase-1 

MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

PER2pro-LUC PER2 promoter–driven luciferase construct 

PHQ-9 Patient Health Questionnaire-9 

PSQI-K Korean version of the Pittsburgh Sleep Quality Index 
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siRNA small interfering RNA 
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