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The oral administration of antioxidants may suppress UV-B-induced skin damage. HITHION YH-15, the 
extract of Torula yeast (Cyberlindnera jadinii), is rich in cysteine-containing peptides such as reduced 
and oxidized glutathione (GSH and GSSG), γ-glutamylcysteine (γ-Glu-Cys), and cysteinylglycine 
(Cys-Gly). These four constituents are termed cysteine peptides. In this study, we investigated the 
protective effects of cysteine peptides against UV-B in a randomized, placebo-controlled, double-
blind, parallel-group study. A total of 90 healthy males and females aged 30–59 years were enrolled 
and randomized into two groups of 45 individuals each (cysteine peptides (48 mg/day) and placebo). 
Changes in UV-B-induced erythema and pigmentation were compared between groups after 5 weeks 
of test food intake. The minimal erythema dose (MED) significantly increased (*p = 0.019) in the 
cysteine peptides group compared to that in the placebo group, indicating suppression of UV-B-
induced erythema. ΔL* value significantly increased (***p < 0.0001) in the cysteine peptides group 
compared to that in the placebo, indicating pigmentation suppression. We demonstrated that oral 
administration of cysteine peptides suppresses UV-B-induced erythema and pigmentation through 
multiple mechanisms. Thus, cysteine peptides may find use as nutricosmetics for maintaining skin 
health and well-being.
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Excessive exposure of the skin to ultraviolet (UV) radiation causes increased oxidative stress and numerous 
skin disorders, including skin cancer. The UV radiation reaching the Earth’s surface is approximately 90% UV-A 
and 10% UV-B, with the latter being 1,000–10,000 fold more carcinogenic than UV-A1. UV-B causes acute 
reactions such as erythema and pigmentation through the production of reactive oxygen species (ROS) and 
the absorption of UV-B by cellular biomolecules2. In addition to physical strategies to avoid UV radiation, such 
as parasols and sunscreens, the administration of antioxidants, such as astaxanthin, vitamin E, carotenoids, 
and polyphenols, can suppress UV-B-induced skin damage, as shown recently3–5. Glutathione (GSH), a master 
antioxidant, is widely recognized as a skin-whitening agent6. Its estimated mechanisms include its antioxidant 
and anti-melanogenesis effects6–8. In previous human clinical studies using GSH alone, efficacy was observed 
at doses of 250 and 500 mg6–8. However, to the best of our knowledge, no previous studies have reported on its 
protective effects against UV-B-induced skin deterioration in humans.

HITHION YH-15, the extract of Torula yeast (Cyberlindnera jadinii) produced by Mitsubishi Corporation 
Life Sciences Limited, is rich in cysteine-containing peptides such as reduced and oxidized glutathione (GSH 
and GSSG), and its constituents: γ-glutamylcysteine (γ-Glu-Cys) and cysteinylglycine (Cys-Gly). These four 
constituents of GSH are termed cysteine peptides9,10, are expected to exhibit antioxidant activity. GSH is a potent 
antioxidant present in the body that eliminates ROS to protect mammalian cells from oxidative damage11. In our 
previous clinical study with HITHION YH-15, its skin-brightening effect, without UV irradiation, was observed 
at 12 weeks at a low dose (48 mg/day as cysteine peptides)12. Since cysteine peptides refer to a group of peptides 
that constitute GSH, we hypothesized that a low dose of cysteine peptides may also have a protective effect 
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against UV-induced skin deterioration such as erythema and pigmentation. To test this hypothesis, the present 
study was conducted on healthy men and women aged 30–59 years. This is the first study to report the protective 
effect of oral supplementation of cysteine peptides, namely, GSH, GSSG, γ-Glu-Cys and Cys-Gly, against UV-B-
induced erythema at 4 weeks and pigmentation at 5 weeks in humans.

Methods
Study design
A randomized, placebo-controlled, double-blind, parallel-group study was conducted on 90 healthy Japanese 
males and females aged 30–59 years to assess the effect of oral supplementation with cysteine peptides for 5 weeks 
on UV-B-induced erythema and pigmentation. Detailed study schedules are presented in Table 1. The minimal 
erythema dose (MED), the primary outcome, was determined before and after 4  weeks of the intervention.  
Pigmentation, as the secondary outcome, was determined by measuring skin brightness and melanin synthesis 
using ΔL* and Δmelanin index, respectively, (Δ = 1.5 MED irradiated area—non-irradiated area) 7 days after 
irradiation with 1.5 MED, based on the baseline MED, before and after 5 weeks of the intervention. This study 
was approved by the Youga Allergy Clinic Clinical Research Ethics Review Committee on 20/1/2023 (IRB: 
21000023), and registered in the UMIN Clinical Trials Registry on 27/1/2023 (Identifier: UMIN000050157). 
Both the research institute and the contract research organization complied with the “Declaration of Helsinki”, 
the “Ethical Guidelines for Life Sciences and Medical Research Involving Human Subjects” and the “Act on the 
Protection of Personal Information” in conducting the study.

Sample size, randomization, and blinding
A previous study using 48 mg cysteine peptides per day reported a skin-brightening effect with 15 participants 
per group12, and another study using 500 mg GSH per day with 30 participants per group investigated its effect on 
melanin index7. However, neither the effect of cysteine peptides nor that of GSH on MED have been investigated 
to date, which was the primary outcome of this study. To estimate the sample size required for the experiment, 
changes in MED and standard deviation (SD) in previous studies with other antioxidants5,13 were also taken into 
account. The required sample size was calculated using the following parameters: the difference of MED = 5 mJ/
cm2, SD = 8  mJ/cm2, α = 0.05, statistical power (1-β) = 0.80, resulting in a sample size of 41 participants per 
group, which led us to settle on a sample size of 45 participants per group. The test food allocation manager 
assigned subjects to two groups, a cysteine peptides group and a placebo group, by stratified randomization after 
incorporation and before the start of the intervention. The allocation factors included age, sex, skin type, and 
MED. The software used was R Version 3.5.2 (R Core Team, Vienna, Austria). The study food allocation manager 
strictly maintained the test food allocation list until key opening, and blinding was maintained for all parties 
except for the study food allocation manager.

Table 1.  Study design.
*1：UV-B irradiation patterns: 11.57, 13.30, 15.30, 17.56, 20.22, 23.28, 26.73, 30.72, 35.38, 40.70, 46.82, and 
53.87(mJ/cm2).
*2：UV-B irradiation of 1.5 times the value determined by MED at the eligibility assessment.
*3：Values were measured 7 days after 1.5 MED irradiation at two points, one at the site irradiated with 1.5 
MED and the other at the non-irradiated site. 
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Participants
Participants aged 30–59 years from Japan were enrolled in this study. Participants received an explanation of the 
objectives and details of this study and provided written informed consent to participate on 30/1/2023 and 1, 3, 
6, and 8/2/2023. Participants were enrolled as per the following inclusion criteria: (1) Japanese men and women 
between 30 and 59 years of age at the time of written consent; (2) those with Fitzpatrick skin phototype II or 
III (skin phototype in which the skin turns reddish and then darkens when exposed to the sun for 30–45 min 
during the spring and summer); and (3) those who had been informed of the purpose and content of the study, 
were competent to give informed consent, voluntarily agreed to participate in the study based on a thorough 
understanding of the purpose and content of the study, and provided written informed consent to participate 
in the study. Participants were excluded based on the following criteria: (1) those who had been diagnosed by a 
physician as photosensitive; (2) those who were currently taking medication or undergoing outpatient treatment 
for a serious illness; (3) those who were currently under medical supervision for exercise or diet therapy; (4) 
those who might be allergic to any of the ingredients (yeast extract) in the test food; (5) those who had a current 
or past history of substance use disorder; (6) those who were currently being hospitalized for mental disorders 
(depression, etc.) or sleep disorders (insomnia, sleep apnea, etc.) or who had a history of mental illness in the 
past; (7) those who had an irregular schedule due to night work, shift work, and so on; (8) those with extremely 
irregular eating, sleeping, or other lifestyle habits; (9) those who have an extremely unbalanced diet; (10) those 
with a serious current or past disease such as brain disease, malignant tumor, immunological disease, diabetes, 
liver disease (hepatitis), kidney disease, heart disease, thyroid disease, adrenal gland disease, or other metabolic 
diseases; (11) those who have continuously used or taken anti-inflammatory medications (topical or oral) for the 
skin on the UV-exposed area (back) more than once per month; (12) those who have factors on the skin of the 
UV-exposed area (back) that may affect the results of the study (diseases such as atopic dermatitis or urticaria, 
inflammation, eczema, trauma, acne, pimples, warts, moles, tattoos, or traces of these); (13) those who have 
used drugs, quasi-drugs, cosmetics, health foods, dietary supplements, and other application preparations or 
foods containing the following ingredients: glutathione, cysteine, yeast extract, vitamin C, vitamin E, vitamin 
A (retinol), tretinoin, placenta, hyaluronic acid, collagen, astaxanthin, xanthophyll, lycopene, beta-carotene, 
procyanidin, collagen peptide, heparin-like substances, and so on that emphasize whitening effects, sunburn 
prevention effects, or skin quality improvement (effects of preventing or improving blemishes, preventing or 
improving rough skin, or promoting turnover), either orally or topically on the UV-exposed area (back) within 
3 months from the date of obtaining consent, and who are unable to refrain from use or ingestion during the 
study period; (14) those who have been exposed to UV rays beyond their daily activities, such as prolonged 
outdoor work, sports, swimming in the sea, tanning salons, and so on, in the 2 months prior to the SCR test; 
(15) those who were currently using esthetic salons, cosmetic treatments (e.g., laser treatment), or cosmetic 
treatments (e.g., ZeoSkin) on the UV-exposed area (back) under the supervision of a physician; (16) those who 
intended to undergo hair removal on the UV-exposed area (back) during the study period; (17) those who had 
participated in another clinical trial (research) within 3 months prior to the date of consent, or who plans to 
participate in another clinical trial (research) during the study period; (18) those who were currently pregnant or 
lactating, or who may become pregnant or begin lactating during the study period; (19) those who had difficulty 
in completing various questionnaires; (20) those who were judged to be an unsuitable subject based on clinical 
laboratory values and measurements at the time of SCR; and (21) any other participant who was judged to be an 
unsuitable by the investigator.

Intervention
Participants in the cysteine peptides group received the test food, consisting of 325 mg/3 tablets/day as HITHION 
YH-15, which contained 48 mg/3 tablets/day of cysteine peptides, determined by a modified high-performance 
liquid chromatographic (HPLC) method using Ellman’s reagent (5,5′-dithiobis(2-nitrobenzoic acid), DTNB)14 
and dithiothreitol (DTT), a reducing agent, for GSSG15,16. Participants in the placebo group consumed the 
placebo food in which yeast extract was replaced with maltitol, a major component of the tablet.

Evaluation of UV-induced erythema and pigmentation
Changes in UV-B-induced erythema (MED) and pigmentation were compared between the groups. MED was 
determined by irradiation with 12 levels of UV-B at 290–320 nm (11.57, 13.30, 15.30, 17.56, 20.22, 23.28, 26.73, 
30.72, 35.38, 40.70, 46.82, and 53.87 mJ/cm2) before and after 4 weeks of intervention, using a solar simulator 
(601–300 V2.5 UV Multiport: Solar Light Company, Inc., Glenside, PA, USA). Pigmentation was determined 
by measuring the L* value and melanin index 7 days after irradiation at 1.5 MED, based on the MED before the 
intervention, using a CM-26d spectrophotometer (Konica Minolta Japan, Inc., Japan) and MEXAMETER MX 
18 (Courage + Khazaka electronic GmbH, Cologne, Germany), respectively. Each pigmentation parameter was 
measured before and after 5 weeks of intervention and corrected as ΔL* and Δmelanin, where Δ = 1.5 MED 
irradiated area—non-irradiated area. All irradiations and measurements were performed on the backs of the 
participants. The changes before and after the intervention were calculated for statistical comparison.

Safety evaluation
During the study period, adverse events were evaluated using a Daily Life Survey. The investigator was consulted 
in cases of new adverse events or abnormal variations.

Statistical analysis
Data are presented as mean ± SD for baseline characteristics of participants and mean ± standard error for 
outcomes. Population variation was first checked for normality using the Shapiro–Wilk test. Based on the results 
of the tests, a nonparametric test was performed for the MED; an F-test was performed for the L* value and 
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melanin indices, and an appropriate parametric test was performed based on the test results. Differences between 
groups in MED were assessed by the Wilcoxon rank-sum test and those in ΔL* value and Δmelanin index by 
Student’s unpaired t-test. Within-group differences in MED were assessed using the Wilcoxon signed-rank test 
and those in ΔL* value and Δmelanin index using Student’s paired t-test. Probabilities of < 5% (*, p < 0.05; **, 
p < 0.01; ***, p < 0.001) were considered statistically significant. IBM SPSS STATISTICS 25 (IBM Corp, Armonk, 
NY, USA) was used to perform the data analysis.

Institutional review board
The study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Review 
Committee of Youga Allergy Clinic Clinical Research (IRB # 21000023; Approved 20/1/2023). The study was 
registered in the UMIN Clinical Trials Registry on 27/1/2023 (UMIN000050157).

Informed consent
Informed consent was obtained from all subjects involved in the study.

Results
Participants
A total of 303 participants were screened, of which 90 participants (30–59 years old, 56 females and 34 males) 
were enrolled and randomized into two groups: cysteine peptides (n = 45) and placebo (n = 45). No significant 
differences were observed in the baseline characteristics of the study participants regarding age, sex, skin 
phototypes, MED, L* value, and melanin indices 7 days after 1.5 MED irradiation between the placebo and 
cysteine peptides groups (Table 2). Two participants in the placebo group discontinued the study, one, because 
of a cold, and the other, for personal reasons. Finally, the data of 88 participants (placebo group, n = 43; cysteine 
peptides n = 45) were analyzed using per-protocol set analysis (Fig. 1), where all baseline characteristics of the 
analyzed participants remained non-significant between the groups (Table S1). All participants had an intake 
rate of > 97.40%. There was no statistically significant difference in ingestion rate between groups (99.94 ± 0.39% 

Fig. 1.  Consolidated standards of reporting trials (CONSORT) diagram.

 

Placebo (n = 45) Cysteine peptides (n = 45) p value

Age (mean ± SD) 47.5 ± 5.6 47.5 ± 7.8 1.000

Female, n (%) 29 (64%) 27 (60%) 0.827

Skin phototypes (II, III) 2.3 ± 0.4 2.3 ± 0.5 0.816

MED (mJ/cm2) (mean ± SD) 33.8 ± 4.1 33.9 ± 4.8 0.919

L*value (mean ± SD) 7 days after 1.5 MED irradiation 60.9 ± 2.7 61.3 ± 2.4 0.415

Melanin indices (mean ± SD) 7 days after 1.5 MED irradiation 151.8 ± 45.6 148.6 ± 39.7 0.720

Table 2.  Baseline characteristics of study participants (*, p < 0.05; **, p < 0.01; ***, p < 0.001).
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and 100.00 ± 0.00% in the cysteine peptides and placebo groups, respectively). In addition, vital signs such as 
systolic and diastolic blood pressures and physical measurements such as body weight and BMI at pre- and post-
intake also remained non-significant between groups and within groups, except for pulse in the placebo group, 
which significantly decreased after the study period, however, there was no causal relationship with the test food 
(Table S2).

Effects of cysteine peptides on UV-B-induced erythema and pigmentation
The change in MED significantly increased (*p = 0.019 by the Wilcoxon rank-sum test, interquartile range from 
the 25th to 75th percentile of the change in MED = 0.0–5.3) in the cysteine peptides group (3.3 ± 0.8 mJ/cm2) 
compared to that in the placebo group (0.5 ± 0.7 mJ/cm2), indicating that oral administration of cysteine peptides 
suppressed UV-B-induced erythema (Fig.  2). The change in ΔL* value significantly increased (***p < 0.0001 
using Student’s unpaired t-test, 95% Confidence Interval (CI) = 0.8–2.2) in the cysteine peptides group (1.0 ± 0.3) 
compared to that in the placebo group (− 0.5 ± 0.2), thus indicating pigmentation suppression (Fig.  3). The 
changes in L* values at the non-irradiated area over 5 weeks were significantly different in both groups, but in the 
opposite manner. The change in L* value in the cysteine peptides group was significantly increased (*p = 0.0332 
by Student’s paired t-test), indicating that the skin became brighter after 5 weeks of cysteine peptides intake. 
The L* value in the placebo group was significantly decreased (*p = 0.0197 by Student’s paired t-test), indicating 
that the skin became darker after 5 weeks of placebo intake. (Fig. S1) The change in Δmelanin index was not 

Fig. 3.  Five-week oral supplementation of cysteine peptides suppressed the pigmentation at the UV-B 
irradiated area. ΔL*value was calculated as the difference between irradiated area and non-irradiated area. 
Changes from baseline in ΔL*value at the irradiated area 7 days after irradiation with 1.5 MED in the placebo 
group (gray) and cysteine peptides group (black) are indicated. *, p < 0.05; **, p < 0.01; ***, p < 0.001 using the 
unpaired t-test. Error bars indicate the standard error.

 

Fig. 2.  Four-week oral supplementation of cysteine peptides increased minimal erythema dose (MED). 
Changes from baseline in MED in the placebo group (gray) and cysteine peptides group (black) are indicated. 
*, p < 0.05; **, p < 0.01; ***, p < 0.001 using the Wilcoxon rank-sum test. Error bars indicate the standard error.
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significantly different (p = 0.144 using Student’s unpaired t-test, 95% CI = -19.2 to 2.9) between the groups 
(cysteine peptides group: −11.4 ± 4.3; placebo group: − 3.2 ± 3.4) due to large individual differences (Fig. S2). 
The Δmelanin indices significantly decreased after 5 weeks of intervention only in the cysteine peptides group 
(*p = 0.011 by Student’s paired t-test), compared to the baseline (Fig. S3). The change in melanin indices at the 
non-irradiated area in the cysteine peptides group was not significantly different although that in the placebo 
group significantly increased (*p = 0.0403 by Student’s paired t-test). (Fig. S4).

Clinical safety
No adverse events related to the administration of cysteine peptides were observed during the study period.

Discussion
Various studies on the effects of GSH on skin properties have been conducted using an effective amount of 
250 or 500 mg per day6–8. However, this study, together with our previous study12, showed conclusively that a 
low dose of cysteine peptides (48 mg/day) is significantly effective in suppressing UV-B-induced skin damage 
and brightening the skin. These findings of dose independence may provide new insights into the association 
between the oral intake of GSH and cellular GSH levels. Some human studies have demonstrated that even 
relatively large doses (1,000 or 3,000 mg per day) of oral GSH supplementation do not increase blood GSH 
levels17,18. A previous animal study with rats also suggested that oral administration of GSH did not significantly 
affect GSH levels in the liver when sufficient amounts of GSH can be synthesized19. By contrast, a 6-month-long 
human study utilizing dosages of 250 or 1,000 mg/day led to significant increases in body stores of GSH in a 
dose- and time-dependent manner when the possible differences in erythrocyte volume and number, which 
significantly influence GSH levels, were taken into consideration20. Furthermore, levels of protein-bound forms 
of GSH, γ-Glu-Cys, and Cys-Gly in plasma, were found to significantly increase after oral GSH administration 
(50 mg/kg body weight)21. This may be one of the reasons why oral administration of free GSH did not effectively 
increase blood GSH levels. Based on these previous human studies, the effect of oral supplementation of GSH 
on GSH levels in the body remains inconclusive because of the complex disposition of oral GSH in the body 
and the handling and measurement techniques required to properly quantify GSH levels. By contrast, in vitro 
studies have shown that GSH depletion leads to an increased susceptibility to oxidative damage and increased 
ROS levels, eventually resulting in cell death22,23. GSH depletion is also involved in numerous diseases through 
chronic proinflammatory conditions in humans24. These reports suggest that the effects of oral supplementation 
with GSH may not be dose-dependent but are more dependent on the baseline characteristics of the subjects. 
To design the present clinical study, we hypothesized several characteristics of healthy subjects who are 
more susceptible to UV-B-induced skin damage and may receive more benefits from the cysteine peptides 
supplementation and implemented them in the inclusion criteria. The first characteristic was a lower MED and 
the skin phototype. A previous study reported that for subjects with a lower MED (25–30 mJ/cm2), formation 
of cyclobutane pyrimidine dimer, a major type of UV-B induced DNA damage, at post-UV irradiation was 
higher25. In addition, subjects with skin phototype I tend to form more cyclobutane pyrimidine dimers than 
those with skin phototype III26. To test participants at a relatively higher risk of UV-B-induced skin damage, who 
have relatively lighter skin tones, we included participants with a lower MED among those with skin phototypes 
II or III. The second characteristic is advanced age. GSH in the body decreases with age in people older than 
30 years27; hence, we included individuals aged 30–59 years. Furthermore, many studies on skin properties have 
been conducted in females because of the difficulty of including male participants in similar studies. In this 
study, we aimed to ensure that at least 30% of the participants were males, so that the male-to-female ratio of 
the study population would be more representative of the national population. Unfortunately, the cellular GSH 
level was not measured in this study, which limits the discussion of the association between oral administration 
of cysteine peptides and cellular GSH levels. However, the significant effect of the low dose of cysteine peptides 
on UV-B-induced erythema and pigmentation shown in this study suggests that this is largely due to the 
characteristics of subjects who were susceptible to UV-B-induced skin damage and therefore benefited from the 
cysteine peptides supplementation.

GSH is one of the non-enzymatic antioxidants in skin cells that exists in a concentration gradient and is more 
abundant in the outer layer28. They play crucial roles in maintaining an optimal redox balance by quenching ROS 
and protecting against oxidative stress and UV-B-induced skin deterioration2,29. A negative correlation between 
GSH levels and DNA damage has been observed in the liver and kidney cells of aging mice30. GSH is potentially 
involved in DNA repair and multiple cell signaling pathways31. GSH and γ-Glu-Cys are known to play important 
roles in the endogenous antioxidant defense system against UV-B-induced oxidative stress32. Several in vitro 
and in vivo studies investigated the protective effect of γ-Glu-Cys against UV-B radiation demonstrating both 
its antioxidant and anti-inflammatory properties33–35. Inflammatory stimuli such as UV-B irradiation increases 
the expression of glutathione synthetase through activation of nuclear factor-erythroid 2-related factor (Nrf2) 
and nuclear factor kappa B (NF-κB) pathways, thereby stimulating GSH synthesis from γ-Glu-Cys33. Unlike 
GSH, γ-Glu-Cys can be easily taken up by cells and suppresses excess ROS accumulation and GSH depletion by 
increasing GSH levels33. An in vitro study of pretreatment with γ-Glu-Cys demonstrated its effects of directly 
restoring the antioxidant defense system after exposure to UV-B radiation, reducing apoptosis rate, preventing 
DNA damage, and suppressing the activation of the mitogen-activated protein kinase (MAPK) pathways34. Based 
on these previous findings, GSH and its constituents are expected to play vital roles in protecting cells from UV 
through the antioxidant defense by eliminating ROS and direct protection and repair of cells and DNA. No 
human studies have yet investigated the protective effects of oral supplementation with GSH or its constituents 
against UV-B-induced skin damage, although many studies have demonstrated the skin-brightening effect of 
oral GSH intake.
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The antioxidant ability of the cysteine peptides was considered the primary factor in the suppression of UV-
B-induced erythema and pigmentation in this study. We determined the radical scavenging rate of the yeast 
extract HITHION YH-15 compared to GSH alone using the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical 
scavenging assay, the most commonly used method to determine antioxidant ability35. Our results indicated 
that HITHION YH-15 (2.4 mg/ml, which includes 0.3 mg/ml GSH) has significantly greater radical scavenging 
capacity (*p = 0.042; Student’s unpaired t-test) compared to the equivalent amount of GSH (0.3  mg/ml; Fig. 
S5), suggesting that the other constituents of cysteine peptides, including γ-Glu-Cys and Cys-Gly, may also 
contribute to its antioxidant ability. However, this in chemico assay does not reflect the oral intake of cysteine 
peptides because its degradation and resynthesis in the body have not been considered36. Orally-ingested GSH 
is directly absorbed only in small amounts in the intestines via the GSH transporter and then transported to the 
blood plasma in bound forms with proteins, including albumin and low-molecular-weight thiol compounds37. 
The majority of orally taken GSH is degraded extracellularly by degradative enzymes such as γ-glutamyl 
transpeptidase and dipeptidase into dipeptides and amino acids such as cysteine, glutamyl acid, and glycine. 
These amino acids are then taken up by cells via amino acid transporters and intracellularly regenerate GSH 
by γ-glutamyl-cysteine synthetase and glutathione synthetase38,39. Oral administration of GSH precursors 
such as N-acetylcysteine (NAC) and glycine is beneficial for increasing cellular GSH levels in patients with 
GSH deficiency24. γ-Glu-Cys was also evaluated to be more effective in elevating cellular GSH levels under 
lipopolysaccharide stimulation and exhibit a stronger anti-inflammatory effect than NAC in vitro33. The major 
rate-limiting factor in GSH synthesis in cells is the amount of cysteine present40. Glycine is also considered a 
rate-limiting factor in GSH production, and human studies have suggested that oral administration of glycine 
potentially counteracts oxidative stress and inflammation41,42. Therefore, dipeptides such as γ-Glu-Cys and Cys-
Gly in cysteine peptides can be additional sources of cysteine as well as glutamyl acid and glycine to enhance 
intracellular GSH production when GSH is depleted due to UV-B-induced oxidative stress.

The significant suppression of UV-induced pigmentation as ΔL* value by cysteine peptides demonstrated 
in this study can be mainly explained by the multiple inhibitory mechanisms of melanin production by GSH 
such as disruption of the intracellular trafficking of tyrosinase, an enzyme necessary for melanin production, 
to melanosomes43, suppressing the activity of tyrosinase, and inducing the production of pheomelanin (light-
colored melanin) instead of eumelanin (dark-colored melanin)6,7. As GSSG has been shown to reduce melanin 
indices and UV spots in a previous human study7, GSSG in cysteine peptides may contribute to the suppression 
of pigmentation through its reduction to GSH. In the present study, although the change in ΔL* showed a 
significant decrease, only the change in Δmelanin index did not show a significant difference between groups. 
We speculate that the main reason for not showing a significant difference is that the MEXAMETER used to 
measure the melanin index in this study cannot distinguish between the two types of melanin, eumelanin and 
pheomelanin, resulting in greater individual differences and variability. However, the cysteine peptide group 
only showed significantly lower levels at 5 weeks post intake compared to pre intake, suggesting that the cysteine 
peptides can reduce melanin production, although the effects may vary depending on the pigmentation patterns 
of the subjects. Further studies may be beneficial to investigate the individual variability of pigmentation, such 
as the production of eumelanin or pheomelanin more than the other, or the inclusion of other color indices, a* 
value representing redness, etc.

The significant decrease in L* values and increase in melanin indices in the non-irradiation area over 5 week 
period in the placebo group indicated that suntan can easily occur daily. However, the significant increase in L* 
values and the non-significant change in melanin indices non-irradiation area over 5 week period in the cysteine 
peptides group indicated that the daily intake of cysteine peptides may prevent pigmentation and brighten the 
skin itself. The skin-brightening effect of cysteine peptides shown in a previous study12 is probably due to the 
suppression of extra pigmentation from daily UV exposure and the promotion of skin turnover via the regulation 
of other antioxidants such as vitamin C44.

This study has several limitations. Since levels of cellular GSH or its protein-bound forms in plasma were not 
measured, there was a limited focus on the associations among the oral supplementation of low-dose cysteine 
peptides, changes in GSH levels, and UV protective effects. Further in vivo studies are required to measure the 
changes in cellular and epidermal GSH concentrations due to the oral administration of the cysteine peptides, 
with labeling of the four components of the cysteine peptides to investigate their dispositions. Because the 
effect of GSH alone was not tested in this study for comparison, another clinical trial investigating the effects 
of GSH alone is needed to confirm the necessity of the cysteine peptides. A low dose of cysteine peptides may 
be involved in multiple mechanisms of skin health promotion, but the precise mechanisms or new insights to 
explain its effects were not demonstrated in this study. This study was conducted in Japan, and the number 
and characteristics of participants were therefore limited. Moreover, a larger number of subjects with diverse 
characteristics including other skin types such as IV or V must be included in future studies to confirm and 
generalize this effect. In addition, this study used only UV-B irradiation, which is not equivalent to the UV 
radiation to which we are exposed on a daily basis. Further studies coupled with studies on the effects of UV-A 
irradiation help assess the long-term effect of cysteine peptides on photoaging.

Oral administration of cysteine peptides, as a nutricosmetic45, may not only be beneficial for maintaining 
skin health but also for contributing to individual overall health and well-being by encouraging people to have 
moderate sun exposure and improving vitamin D status46. Recently, 98% of Japanese individuals have been 
found to have vitamin D deficiency47. Lifestyle changes, including the excessive use of physical UV protection to 
avoid sunburn and suntan, result in inadequate exposure to sunlight. However, UV-B radiation of the skin is also 
essential for the effective and rapid production of vitamin D, which attenuates premature skin aging and cancer 
by inducing antioxidant responses, inhibiting DNA damage, and inducing DNA repair mechanisms48,49. In 
addition, vitamin D has been reported to upregulate cellular GSH levels in vitro by activating glutamate cysteine 
ligase and glutathione reductase, and decreasing ROS and proinflammatory cytokines50. Besides external UV 
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care, such as sunscreen, options for internal care with oral supplementation of cysteine peptides may encourage 
people to partake in moderate sun exposure, allowing them to benefit from the positive consequences of vitamin 
D and GSH production while minimizing UV-B-induced skin damage, thereby promoting individual well-being.

In conclusion, the present study demonstrated that oral administration of the low dose of cysteine peptides 
(48  mg/day) suppresses UV-B-induced erythema and pigmentation, possibly through multiple mechanisms. 
Thus, cysteine peptides have great potential as a nutricosmetic to maintain skin health and well-being.

Data availability
The original contributions presented in the study are included in the article/supplementary material, further 
inquiries can be directed to the corresponding author.

Received: 27 June 2024; Accepted: 17 September 2024

References
	 1.	 Syed, D. N., Afaq, F. & Mukhtar, H. Differential activation of signaling pathways by UVA and UVB radiation in normal human 

epidermal keratinocytes. Photochem. Photobiol. 88, 1184–1190. https://doi.org/10.1111/j.1751-1097.2012.01115.x (2012).
	 2.	 Dunaway, S. et al. Natural antioxidants: Multiple mechanisms to protect skin from solar radiation. Front. Pharmacol. 9, 392. https://

doi.org/10.3389/fphar.2018.00392 (2018).
	 3.	 Black, H. S. & Chan, J. T. Suppression of ultraviolet light-induced tumor formation by dietary antioxidants. J. Investig. Dermatol. 

65, 412–414. https://doi.org/10.1111/1523-1747.ep12607661 (1975).
	 4.	 Nishino, A. et al. Effects of dietary paprika xanthophylls on ultraviolet light-induced skin damage: A double-blind placebo-

controlled study. J. Oleo Sci. 67, 863–869. https://doi.org/10.5650/jos.ess17265 (2018).
	 5.	 Ito, N., Seki, S. & Ueda, F. The protective role of astaxanthin for UV-induced skin deterioration in healthy people—A randomized, 

double-blind, placebo-controlled trial. Nutrients 10, 817. https://doi.org/10.3390/nu10070817 (2018).
	 6.	 Arjinpathana, N. & Asawanonda, P. Glutathione as an oral whitening agent: A randomized, double-blind, placebo-controlled 

study. J. Dermatolog. Treat. 23, 97–102. https://doi.org/10.3109/09546631003801619 (2012).
	 7.	 Weschawalit, S., Thongthip, S., Phutrakool, P. & Asawanonda, P. Glutathione and its antiaging and antimelanogenic effects. Clin. 

Cosmet. Investig. Dermatol. 10, 147–153. https://doi.org/10.2147/CCID.S128339 (2017).
	 8.	 Handog, E. B., Datuin, M. S. L. & Singzon, I. A. An open-label, single-arm trial of the safety and efficacy of a novel preparation of 

glutathione as a skin-lightening agent in Filipino women. Int. J. Dermatol. 55, 153–157. https://doi.org/10.1111/ijd.12999 (2016).
	 9.	 Steffi, D. & Clark, D. C. Anti-ageing effects of cysteine-containing peptides derived from milk whey protein. J. Dairy Sci. Biotechnol. 

23(2), 107–114 (2005).
	10.	 Boo, Y. C. Metabolic basis and clinical evidence for skin lightening effects of thiol compounds. Antioxidants (Basel) 11, 503. https://

doi.org/10.3390/antiox11030503 (2022).
	11.	 Liu, T., Sun, L., Zhang, Y., Wang, Y. & Zheng, J. Imbalanced GSH/ROS and sequential cell death. J. Biochem. Mol. Toxicol. 36, 

e22942. https://doi.org/10.1002/jbt.22942 (2022).
	12.	 Uchida, Y. et al. The effect of cysteine peptide ingestion on skin brightness, a randomized, double-blind, placebo-controlled, 

parallel-group human clinical trial. Cosmetics 10, 72. https://doi.org/10.3390/cosmetics10030072 (2023).
	13.	 Morifuji, M. et al. Effect of fermented milk containing SC-2 lactic acid bacteria, collagen hydrolysates, and sphingomyelin on 

minimal erythema dose (MED) in human subjects—A randomized, placebo-controlled, double-blind, parallel-group study-. Jpn. 
Pharmacol. Ther. 44, 1589–1599 (2016).

	14.	 Reeve, J., Kuhlenkamp, J. & Kaplowits, N. Estimation of glutathione in rat liver by reversed-phase high-performance liquid 
chromatography: separation from cysteine and γ-glutamylcysteine. J. Chromat. A 194(3), 424–428. https://doi.org/10.1016/s0021-
9673(00)81435-1 (1980).

	15.	 Kanďár, R., Štramová, X., Drábková, P. & Brandtnerová, M. Determination of total glutathione in dried blood spot samples using 
a high-performance liquid chromatography. J. Chromatogr. Sci. 53(6), 879–885. https://doi.org/10.1093/chromsci/bmu135 (2015).

	16.	 Chau, M. H. & Nelson, J. W. Direct measurement of the equilibrium between glutathione and dithiothreitol by high performance 
liquid chromatography. FEBS Lett. 291(2), 296–298. https://doi.org/10.1016/0014-5793(91)81305-R (1991).

	17.	 Allen, J. & Bradley, R. D. Effects of oral glutathione supplementation on systemic oxidative stress biomarkers in human volunteers. 
J. Altern. Complement Med. 17, 827–833. https://doi.org/10.1089/acm.2010.0716 (2011).

	18.	 Witschi, A., Reddy, S., Stofer, B. & Lauterburg, B. H. The systemic availability of oral glutathione. Eur. J. Clin. Pharmacol. 43, 
667–669. https://doi.org/10.1007/BF02284971 (1992).

	19.	 Yamada, H. et al. Statuses of food-derived glutathione in intestine, blood, and liver of rat. NPJ Sci. Food. https://doi.org/10.1038/
s41538-018-0011-y (2018).

	20.	 Richie, J. P. et al. Randomized controlled trial of oral glutathione supplementation on body stores of glutathione. Eur. J. Nutr. 54, 
251–263. https://doi.org/10.1007/s00394-014-0706-z (2015).

	21.	 Park, E. Y. et al. Increase in the protein-bound form of glutathione in human blood after the oral administration of glutathione. J. 
Agric. Food Chem. 62, 6183–6189. https://doi.org/10.1021/jf501338z (2014).

	22.	 Mytilineou, C., Kramer, B. C. & Yabut, J. A. Glutathione depletion and oxidative stress. Parkinsonism Relat. Disord. 8, 385–387. 
https://doi.org/10.1016/s1353-8020(02)00018-4 (2002).

	23.	 Musaogullari, A., Mandato, A. & Chai, Y.-C. Role of glutathione depletion and reactive oxygen species generation on caspase-3 
activation: A study with the kinase inhibitor staurosporine. Front. Physiol. 11, 998. https://doi.org/10.3389/fphys.2020.00998 
(2020).

	24.	 Hristov, B. D. The role of glutathione metabolism in chronic illness development and its potential use as a novel therapeutic target. 
Cureus 14, e29696. https://doi.org/10.7759/cureus.29696 (2022).

	25.	 Freeman, S. E., Gange, R. W., Matzinger, E. A. & Sutherland, B. M. Higher pyrimidine dimer yields in skin of normal humans with 
higher UVB sensitivity. J. Investig. Dermatol. 86, 34–36. https://doi.org/10.1111/1523-1747.ep12283768 (1986).

	26.	 Ueda, M., Matsunaga, T., Bito, T., Nikaido, O. & Ichihashi, M. Higher cyclobutane pyrimidine dimer and (6–4) photoproduct yields 
in epidermis of normal humans with increased sensitivity to ultraviolet B radiation. Photodermatol. Photoimmunol. Photomed. 12, 
22–26. https://doi.org/10.1111/j.1600-0781.1996.tb00239.x (1996).

	27.	 Silvagno, F., Vernone, A. & Pescarmona, G. P. The role of glutathione in protecting against the severe inflammatory response 
triggered by COVID-19. Antioxidants (Basel) 9, 624. https://doi.org/10.3390/antiox9070624 (2020).

	28.	 Kawauchi, Y. Oxidative stress in skin. J. Tokyo Med. Univ. 73, 244–251 (2015).
	29.	 Lu, Y., Tonissen, K. F. & Di Trapani, G. Modulating skin colour: Role of the thioredoxin and glutathione systems in regulating 

melanogenesis. Biosci. Rep. https://doi.org/10.1042/BSR20210427 (2021).
	30.	 Hashimoto, K. et al. Effect of glutathione (GSH) depletion on DNA damage and blood chemistry in aged and young rats. J. Toxicol. 

Sci. 33, 421–429. https://doi.org/10.2131/jts.33.421 (2008).

Scientific Reports |        (2024) 14:22163 8| https://doi.org/10.1038/s41598-024-73447-z

www.nature.com/scientificreports/

https://doi.org/10.1111/j.1751-1097.2012.01115.x
https://doi.org/10.3389/fphar.2018.00392
https://doi.org/10.3389/fphar.2018.00392
https://doi.org/10.1111/1523-1747.ep12607661
https://doi.org/10.5650/jos.ess17265
https://doi.org/10.3390/nu10070817
https://doi.org/10.3109/09546631003801619
https://doi.org/10.2147/CCID.S128339
https://doi.org/10.1111/ijd.12999
https://doi.org/10.3390/antiox11030503
https://doi.org/10.3390/antiox11030503
https://doi.org/10.1002/jbt.22942
https://doi.org/10.3390/cosmetics10030072
https://doi.org/10.1016/s0021-9673(00)81435-1
https://doi.org/10.1016/s0021-9673(00)81435-1
https://doi.org/10.1093/chromsci/bmu135
https://doi.org/10.1016/0014-5793(91)81305-R
https://doi.org/10.1089/acm.2010.0716
https://doi.org/10.1007/BF02284971
https://doi.org/10.1038/s41538-018-0011-y
https://doi.org/10.1038/s41538-018-0011-y
https://doi.org/10.1007/s00394-014-0706-z
https://doi.org/10.1021/jf501338z
https://doi.org/10.1016/s1353-8020(02)00018-4
https://doi.org/10.3389/fphys.2020.00998
https://doi.org/10.7759/cureus.29696
https://doi.org/10.1111/1523-1747.ep12283768
https://doi.org/10.1111/j.1600-0781.1996.tb00239.x
https://doi.org/10.3390/antiox9070624
https://doi.org/10.1042/BSR20210427
https://doi.org/10.2131/jts.33.421
http://www.nature.com/scientificreports


	31.	 Chatterjee, A. Reduced glutathione: A radioprotector or a modulator of DNA-repair activity?. Nutrients 5, 525–542. https://doi.
org/10.3390/nu5020525 (2013).

	32.	 Quintana-Cabrera, R. & Bolaños, J. P. Glutathione and γ-glutamylcysteine in the antioxidant and survival functions of 
mitochondria. Biochem. Soc. Trans. 41, 106–110. https://doi.org/10.1042/BST20120252 (2013).

	33.	 Yang, Y. et al. γ-glutamylcysteine exhibits anti-inflammatory effects by increasing cellular glutathione level. Redox Biol. 20, 157–
166. https://doi.org/10.1016/j.redox.2018.09.019 (2019).

	34.	 Lu, S. et al. Protective effect of γ-glutamylcysteine against UVB radiation in NIH-3T3 cells. Photodermatol. Photoimmunol. 
Photomed. 38, 522–530. https://doi.org/10.1111/phpp.12782 (2022).

	35.	 Gulcin, İ & Alwasel, S. H. DPPH radical scavenging assay. Processes 11, 2248. https://doi.org/10.3390/pr11082248 (2023).
	36.	 Zitka, O. et al. Redox status expressed as GSH:GSSG ratio as a marker for oxidative stress in paediatric tumour patients. Oncol. Lett. 

4, 1247–1253. https://doi.org/10.3892/ol.2012.931 (2012).
	37.	 Kovacs-Nolan, J. et al. In vitro and ex vivo uptake of glutathione (GSH) across the intestinal epithelium and fate of oral GSH after 

in vivo supplementation. J. Agric. Food Chem. 62, 9499–9506. https://doi.org/10.1021/jf503257w (2014).
	38.	 Watanabe, F. & Hiratake, J. Glutathione metabolism and thiol chemistry: Relationship to pathogenesis, value as a drug target. 

Biosci. Biotechnol. Biochem. 53, 354–361 (2015).
	39.	 Lu, S. C. Glutathione synthesis. Biochim. Biophys. Acta 2013, 3143–3153. https://doi.org/10.1016/j.bbagen.2012.09.008 (1830).
	40.	 Giustarini, D., Milzani, A., Dalle-Donne, I. & Rossi, R. How to increase cellular glutathione. Antioxidants (Basel) 12, 1094. https://

doi.org/10.3390/antiox12051094 (2023).
	41.	 McCarty, M. F., O’Keefe, J. H. & Dinicolantonio, J. J. Dietary glycine is rate-limiting for glutathione synthesis and may have broad 

potential for health protection. Ochsner. J. 18, 81–87 (2018).
	42.	 Soh, J. et al. The effect of glycine administration on the characteristics of physiological systems in human adults: A systematic 

review. GeroScience https://doi.org/10.1007/s11357-023-00970-8 (2023).
	43.	 Nakajima, H., Nagata, T., Koga, S. & Imokawa, G. Reduced glutathione disrupts the intracellular trafficking of tyrosinase and 

tyrosinase-related protein-1 but not dopachrome tautomerase and Pmel17 to melanosomes, which results in the attenuation of 
melanization. Arch. Dermatol. Res. 306, 37–49. https://doi.org/10.1007/s00403-013-1376-z (2014).

	44.	 Pullar, J. M., Carr, A. C. & Vissers, M. C. M. The roles of vitamin C in skin health. Nutrients 9, 866. https://doi.org/10.3390/
nu9080866 (2017).

	45.	 Dini, I. & Laneri, S. Nutricosmetics: A brief overview. Phytother. Res. 33, 3054–3063. https://doi.org/10.1002/ptr.6494 (2019).
	46.	 Holick, M. F. Cancer, sunlight and vitamin D. J. Clin. Transl. Endocrinol. 1, 179–186. https://doi.org/10.1016/j.jcte.2014.10.001 

(2014).
	47.	 Miyamoto, H. et al. Determination of a serum 25-hydroxyvitamin D reference ranges in Japanese adults using fully automated 

liquid chromatography–tandem mass spectrometry. J. Nutr. 153, 1253–1264. https://doi.org/10.1016/j.tjnut.2023.01.036 (2023).
	48.	 Wacker, M. & Holick, M. F. Sunlight and vitamin D: A global perspective for health. Dermatoendocrinology 5, 51–108. https://doi.

org/10.4161/derm.24494 (2013).
	49.	 Bocheva, G., Slominski, R. M. & Slominski, A. T. The impact of vitamin D on skin aging. Int. J. Mol. Sci. 22, 9097. https://doi.

org/10.3390/ijms22169097 (2021).
	50.	 Jain, S. K. & Micinski, D. Vitamin D upregulates glutamate cysteine ligase and glutathione reductase, and GSH formation, and 

decreases ROS and MCP-1 and IL-8 secretion in high-glucose exposed U937 monocytes. Biochem. Biophys. Res. Commun. 437, 
7–11. https://doi.org/10.1016/j.bbrc.2013.06.004 (2013).

Acknowledgements
The authors thank HUMA R&D CORP for providing the study protocol and conducting the statistical analysis 
of the results. The authors also thank the participants for their voluntary participation in this study.

Author contributions
Conceptualization, A.S. and T.S.; Methodology, A.S. and T.S.; Project Administration, Y.K.; Principal investiga-
tor, Y.Y. Analysis, A.S. and T.T.; Data Curation, A.S. and T.T.; Writing—Original Draft Preparation, A.S.; Writ-
ing—Review and Editing, A.S.; Supervision, T.S. All authors have read and agreed to the published version of 
the manuscript.

Funding
Mitsubishi Corporation Life Sciences Limited, Japan.

Competing interests
This study conducted by the authors A.S. and T.S was funded by the Mitsubishi Corporation Life Sciences 
Limited, which was consigned to HUMA R&D CORP, which concluded a business consignment contract with 
the testing organization and conducted the tests. Mitsubishi Corporation Life Sciences Limited and HUMA 
R&D CORP were not involved in the implementation of this clinical study; however, HUMA R&D CORP 
was involved in the analysis. Remuneration from these business consignment contracts was legitimate for the 
execution of the tests and did not affect the results. Authors K. Y, Y.Y and T.T declare no potential conflict of 
interest. Authors A.S. and T.S. are the inventors of the patent (Application Number (2023)127821).

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1038/s41598-024-73447-z.

Correspondence and requests for materials should be addressed to T.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Scientific Reports |        (2024) 14:22163 9| https://doi.org/10.1038/s41598-024-73447-z

www.nature.com/scientificreports/

https://doi.org/10.3390/nu5020525
https://doi.org/10.3390/nu5020525
https://doi.org/10.1042/BST20120252
https://doi.org/10.1016/j.redox.2018.09.019
https://doi.org/10.1111/phpp.12782
https://doi.org/10.3390/pr11082248
https://doi.org/10.3892/ol.2012.931
https://doi.org/10.1021/jf503257w
https://doi.org/10.1016/j.bbagen.2012.09.008
https://doi.org/10.3390/antiox12051094
https://doi.org/10.3390/antiox12051094
https://doi.org/10.1007/s11357-023-00970-8
https://doi.org/10.1007/s00403-013-1376-z
https://doi.org/10.3390/nu9080866
https://doi.org/10.3390/nu9080866
https://doi.org/10.1002/ptr.6494
https://doi.org/10.1016/j.jcte.2014.10.001
https://doi.org/10.1016/j.tjnut.2023.01.036
https://doi.org/10.4161/derm.24494
https://doi.org/10.4161/derm.24494
https://doi.org/10.3390/ijms22169097
https://doi.org/10.3390/ijms22169097
https://doi.org/10.1016/j.bbrc.2013.06.004
https://doi.org/10.1038/s41598-024-73447-z
https://doi.org/10.1038/s41598-024-73447-z
http://www.nature.com/scientificreports


Open Access   This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give 
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and 
indicate if changes were made. The images or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy 
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024  

Scientific Reports |        (2024) 14:22163 10| https://doi.org/10.1038/s41598-024-73447-z

www.nature.com/scientificreports/

http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/scientificreports

	﻿Oral administration of cysteine peptides attenuates UV-B-induced skin erythema and pigmentation in humans
	﻿Methods
	﻿Study design
	﻿Sample size, randomization, and blinding
	﻿Participants
	﻿Intervention
	﻿Evaluation of UV-induced erythema and pigmentation
	﻿Safety evaluation
	﻿Statistical analysis
	﻿Institutional review board
	﻿Informed consent

	﻿Results


