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Highlights 

 Exogenous sodium pyruvate displays anti-melanogenic properties. 

 

 Intracellular pyruvate suppresses dendrite elongation by inhibiting Rac1 

pathway 

 

 Pyruvate treatment alleviates UV-induced hyperpigmentation in reconstructed human 

skin equivalent 

 

Abstract 

Background : Melanin is synthesized in melanocytes and transferred to keratinocytes through 

dendrites. Endogenous pyruvate is a key metabolite for ATP production in glycolysis, and the 

tricarboxylic acid (TCA) cycle and exogenous pyruvate provide protection against oxidative 

stress and acidosis in the intercellular space. The function of pyruvate in the regulation of 

dendrite outgrowth remains to be elucidated. 

Objective : We examined the effect of pyruvate on dendritic elongation and skin pigmentation 

Methods : Murine B16F10 melanoma cells and human primary melanocytes were used for in 
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vitro analysis. Melanin quantitation and histochemical staining were performed in a 3D 

pigmented human skin model. 

Results : We demonstrated the participation of monocarboxylate transporters (MCTs) 

responsible for the membrane transport of pyruvate in B16F10 melanoma cells. The 

accumulation of pyruvate occurred in a pH-dependent manner, which was highly sensitive to 

a specific MCT inhibitor (-cyano-4-hydroxycinnamic acid). -MSH-induced morphological 

changes, including dendrite elongation and growth-cone-like structure, were diminished in 

B16F10 cells upon treatment with pyruvate. In addition, the number of dendrite branches was 

reduced in normal human epidermal melanocytes. As the Rho-subfamily of monomeric GTP-

binding proteins modulates dendrite formation, we subsequently examined the suppression of 

Rac1 activation by pyruvate, but not RhoA and Cdc42. Furthermore, pyruvate showed anti-

melanogenic effects against UV-induced pigmentation in reconstructed pigmented epidermis, 

established by co-seeding autologous melanocytes and keratinocytes, which act similar to in 

vivo skin tissue. 

Conclusion : These results suggest that pyruvate treatment may be an alternative or additive 

therapeutic strategy to prevent hyperpigmentation. 

 

Keywords: pyruvate, melanin, dendrite, skin, pigmentation, UV  

 

 

1. Introduction 

Melanin biosynthesis, which is necessary for skin defense against UV radiation and other 

stimuli, is the major cause of dark skin pigmentation [1]. The initiation and extension of 

melanogenesis occurs in the melanosome (endosome/late endosome-delineated organelle), 
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depending on the tyrosinase enzyme (TYR), which catalyzes the initial rate-limiting reaction 

in melanin biosynthesis, tyrosinase-related protein 1 (TYRP1), and dopachrome tautomerase 

(DCT or TYRP2). In the skin, melanosomes are transferred from the dendrites of melanocytes 

to the surrounding keratinocytes through an intricate network of dendrites, in response to 

hormones and UV radiation [2]. To accomplish efficient melanosome transfer, melanocytes 

markedly increase the length and number of dendrites, since the melanocytes constitute a 

minority population in the epidermis and must contact multiple keratinocytes [3]. Previous 

studies have demonstrated that dendritic outgrowth is enhanced by growth factors and UV 

radiation [4]. 

The outgrowth of dendrite tips is promoted by rearrangement of actin filaments and 

microtubules, and the underlying signaling mechanisms have been investigated [4, 5]. The 

small Rho-subfamily of GTP-binding proteins orchestrates cell polarity, cell-cell adhesion, 

vesicle transport, and differentiation through their ability to regulate actin assembly [4]. Like 

the majority of Rho proteins, they fluctuate between active (GTP-bound) and inactive (GDP-

bound) forms, which turn the downstream signaling on and off by association/dissociation with 

a subset of effector molecules. Three members of the family have been studied in detail: RhoA, 

Rac1 and Cdc42 [6]. In most cell types, RhoA stimulates stress fiber formation, Rac1 induces 

membrane ruffling and lamellipodia formation, and Cdc42 mediates filopodia formation [7-10]. 

Narrow-band UVB activates Rac1 signaling, resulting in increased dendrite formation, in B16 

melanoma [11].  According to Ito et al., centaureidin inhibits dendrite outgrowth and 

methylophiopogonanone B induces dendrite retraction by increasing levels of Rho-GTP in 

melanocytes [12, 13]. Although several studies have shown changes in dendricity of 

melanocytes, it is still unknown whether changes in dendricity alleviate UV-induced 

hyperpigmentation. 

Pyruvate, a three-carbon -keto monocarboxylate, is the keystone metabolite in glycolysis 

and is mainly metabolized through the tricarboxylic acid (TCA) cycle. Elevated levels of 
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exogenous pyruvate promote mitochondrial oxidative phosphorylation for energy generation. 

Previous studies have demonstrated that aberrant serum pyruvate levels correlate with 

several diseases, including metabolic acidosis, sepsis, motor neuron disease, MELAS, and 

other disease. Treatment with hypertonic sodium pyruvate ameliorates hemorrhagic shock 

and ischemic-reperfusion injury [14-16].  

In this study, we demonstrated that elevated extracellular sodium pyruvate inhibits 

melanogenesis depending on the rate of pyruvate uptake through H+/monocarboxylate 

transporters (MCT). The -MSH-induced morphological changes in melanocytes, such as 

dendrite outgrowth and branching, are reduced by treatment with sodium pyruvate. Pyruvate 

represses Rac1 GTPase activation in leading to inhibit dendrite elongation. We also studied 

the anti-melanogenic and dendrite extension inhibitory effects of pyruvate on alleviating the 

UV irradiation-induced hyperpigmentation in a reconstructed human pigmented skin 

equivalent (RHPE) model. These results show the activity of pyruvate as an effective molecule 

to prevent hyperpigmentation and help improve skin conditions such as evenness and 

translucency. 

  

 

2. Materials and methods 

2.1 Cell culture 

The B16F10 cells were cultured in calcium free Dulbecco’s Modified Eagle’s Medium (DMEM) 

supplemented with 10 % fetal bovine serum (FBS), penicillin (400 units/mL), streptomycin (50 

g/mL) and 0.01 mM of CaCl2. Neonatal human epidermal melanocytes (NHEMs) were 

purchased from Lonza, and cultured in melanocyte growth medium-4 (MGM-4) media. Cells 

were maintained in a humidified 5 % CO2 atmosphere, at 37 °C.  
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2.2. Measurement of melanin contents 

Cells (2 × 105) were cultured in a 6-well plate for 24 h, and treated with 10 nM of -MSH with 

or without 10 mM of pyruvic acid or sodium pyruvate. Thereafter, the cells were washed twice 

with phosphate-buffered saline (PBS) and harvested. Cells were lysed by incubating in 60 l 

of 1N NaOH, at 80℃ for 30 min. The cell lysates were transferred to a 96-well plate, and 

measured at 405 nm. -Cyano-4-hydroxycinnamic acid (Sigma-aldrich, USA) were treated 30 min 

before sodium pyruvate treatment.   

 

2.3. Western blot analysis 

All lysates were prepared in 5x lysis buffer. All cellular proteins were quantified using BCA 

protein assay kit (Pierce, USA), according to the manufacturer`s instructions. The samples 

were then separated by SDS-PAGE and transferred to a Nitrocellulose membrane (Invitrogen, 

USA). After blocking with 3% (w/v) BSA in TBST, the membranes were incubated overnight 

with specific primary antibodies. The anti-tyrosinase antibody (sc-7834), anti-TRP1 antibody 

(sc-10448) were purchased from Santa Cruz and anti-TRP2 antibody (74073) were purchased 

from Abcam. For protein detection, the membranes were incubated with HRP-conjugated 

secondary antibodies, and the signals were detected with Fusion FX 5 image system (Vilber 

Lourmat, France).  

 

2.4. Measurement of intracellular pyruvate  

The measurement was performed using Pyruvic acid assay kit (Megazyme, Ireland) according 

to the manufacturer`s recommendations, with minor modifications. Briefly, B16F10 cell (5 × 

106) were lysed by 0.25 ml Tris/EDTA buffer (25 mM Tris, pH 8.0; 5 mM EDTA; 1% Triton X-

100) and 20 l of NADH was added for 2 min. The sample was mixed thoroughly and the 
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absorbance (A1) was recorded at 340 nm. Thereafter, 2 l of D-LDH solution was added and 

the sample was incubated for 3 min. The absorbance (A2) at 340 nm was measured again. 

The change of absorbance at 340 nm (A= A1 – A2) was used to calculate pyruvate 

concentration. The pyruvate content was normalized for total protein content.  

 

2.5. Immunofluorescence staining 

The primary melanocytes were fixed in cold methanol at -20℃ for 20 min and followed by 

permeabilization in 0.5% triton X-100 in PBS for 15 min. The primary antibodies were added 

overnight at 4℃, followed by incubation with appropriate secondary antibody for 1 h at room 

temperature. The images were captured with EVOS FL auto 2 (Thermo Fisher Scientific, USA) 

and post-processed using Image J program. 

 

2.6. Pull-down assay of cellular GTP-Rho, Rac1 and Cdc42 

The B16F10 cells (1 × 106 cells) were lysed in cold lysis buffer (50 mM Tris, pH 7.5, 10 mM 

MgCl2, 0.2 M NaCl, 2% NP-40, 10% sucrose) on ice. The lysate was pre-cleared by incubation 

with glutathione beads. Either GST-Rhotekin (2 mg/ml) or GST-PBD (3 mg/ml) (both 

purchased from Cytoskeleton) was added to the cleared lysates in the binding buffer (50 mM 

Tris, pH 7.5, 60 mM MgCl2, 80 mM NaCl, 1% NP-40, 1 mM NaF, 50 µM dithiothreitol), for 1 h 

at 4℃. The GTP-bound proteins were captured by incubation with glutathione beads. The 

beads were washed with binding buffer, and GTP-bound protein was eluted with 5X sample 

buffer. The samples were subjected to western blotting using anti-Rac1 antibody (Abcam, UK), 

anti-RhoA antibody, and anti-Cdc42 antibody (Santa Cruz biotechnology, USA). 
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2.7. Fontana-Masson staining 

Reconstructed human pigmented epidermis model (Neoderm-ME, Melaskin) were purchased 

from Tego science Co (Seoul, Korea) and Biosolutions (Seoul, Korea). A solution of 1% 

Sodium pyruvate was applied topically on the surface of the reconstructed pigmented human 

epidermis model. After 7 days, 3D human skin-equivalent blocks were fixed with 10% neutral-

buffered formalin and embedded in paraffin. The paraffin blocks (3 mm thickness) were 

sectioned and transferred onto slides. After deparaffinization, the sections were stained with 

the F/M staining kit from American Master Tech Scientific, Inc (Lodi, CA), according to the 

manufacturer`s instructions. After dehydrating and washing, the sections were observed at 

400x magnification using a microscope (Thermo Fisher Scientific, USA). For quantitative 

analysis, pixels were selected in regions with melanin among entire area by determining the 

intensity in RGB (red, green and blue) channels with the Image J software. 

 

2.8. Statistical analysis 

Data are expressed as means ± SD (standard deviation) values, and Student`s t-test was 

used for statistical comparisons. A p-value < 0.05 was considered statistically significant 

(individual p-values are given in figure legends). 

 

 

3. Results 

3.1. The anti-melanogenic efficacy of pyruvate is altered by the activity of the pH-dependent 

MCT transporter.  

Recently, Zhou et al. demonstrated that pyruvic acid/ethyl pyruvate inhibits melanogenesis 

in B16F10 murine melanoma. However, they could not find the anti-melanogenic activity of 
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sodium pyruvate, and the anti-melanogenic activity of pyruvic acid weakened upon 

neutralization with NaOH [17]. To determine whether the extracellular concentration of [H+] 

ions modulates the efficacy of pyruvate on melanogenesis, we measured the melanin content 

by raising the pH from 6.5 (10 mM of pyruvic acid in medium) to 7.5 (10 mM of sodium pyruvate 

in medium). As shown in Fig. 1A, we found that as the pH of the medium containing pyruvic 

acid was increased by NaOH, the anti-melanogenic efficacy decreased, and at pH 7.5, sodium 

pyruvate had an inhibitory activity similar to pyruvic acid at pH 7.5. At pH condition 6.5 to 7.5 

without pyruvate treatment, no inhibition of melanogenesis was observed (Supplementary Fig. 

1A). Interestingly, Sodium pyruvate and pyruvic acid did not show exactly the same efficiency 

at the same pH and that efficacy of pyruvate varies depending on the type of dissociated salt 

(Supplementary Fig. 1B). Following treatment with sodium pyruvate at pH 7.5, the western 

blotting results showed that the expression of tyrosinase, TRP1 and TRP2 was significantly 

lower than the levels observed upon -MSH induction without sodium pyruvate treatment (Fig. 

1B). We also confirmed that sodium pyruvate treatment in NHEMs exhibited a decreased 

number of L-DOPA-stained-cells compared with untreated cells in a dose-dependent manner 

(Supplementary Fig. 1C). To evaluate the direct inhibition of tyrosinase activity under treatment 

with sodium pyruvate and pyruvic acid at same pH, we performed in vitro mushroom 

tyrosinase inhibitory assay at pH 7 buffering condition. We used lactate, which is another well-

known monocarboxylate, as a positive control and the inhibitory effect of lactic acid on melanin 

synthesis was previously reported [18, 19]. Sodium pyruvate exerted a mushroom tyrosinase 

inhibitory effect (approximately 29% at 25 mM, and 36% at 50 mM of sodium pyruvate, and 

17% at 25 mM, 50% at 50 mM of pyruvic acid) (Supplementary Fig. 1D). 

Previous studies have shown that the transport of pyruvate across cell membranes is 

mediated by MCTs. According to Lin et al., the uptake of pyruvate by MCT1 or MCT2 is 

inhibited as the extracellular pH increases from 6.0 to 8.5 [18]. To study whether the pH-

dependent inhibitory activity of pyruvate on melanogenesis was regulated by the MCT pumps, 

we measured the intracellular concentration of pyruvate at increasing extracellular pH from 
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6.5 to 7.5. The rate of pyruvate uptake decreased by more than 60 % when the pH of pyruvic 

acid containing medium was elevated from 6.5 to 7.5 and the rate of pyruvate transport in 

pyruvic acid-treated medium at pH 7.5 was similar to that of sodium pyruvate medium at pH 

7.5. To investigate whether pyruvate uptake is necessary to inhibit melanin biosynthesis, we 

examined effect of -cyano-4-hydroxycinnamic acid (CHCA), which is an MCT inhibitor, on the 

anti-melanogenic activity of pyruvic acid or sodium pyruvate treatment.  As shown in Fig 1D, the 

treatment of sodium pyruvate with CHCA had less effect on the expression of tyrosinase, 

TRP1 and TRP2, than treatment without CHCA, however, CHCA alone had no anti-

melanogenic effect (Fig. 1D, Supplementary Fig. 1E). These results indicate that sodium 

pyruvate also has an inhibitory effect on melanin content, depending on the intracellular 

pyruvate level caused by MCTs-mediated pyruvate uptake. 

 

3.2. Sodium pyruvate regulates dendrite outgrowth of murine B16F10 cells and human primary 

melanocytes 

Interestingly, the -MSH-induced multiple arborizing dendrites and growth-cone-like 

morphology was inhibited and the length of dendrites was diminished in B16F10 cells, upon 

treatment with sodium pyruvate (Fig. 2A and Supplementary Fig. 2). To confirm the effect of 

sodium pyruvate on dendrite formation, we performed immunostaining with a TRP2 antibody 

using primary normal human epidermal melanocytes (NHEM) to evaluate the number and 

length of dendrite branches (Fig. 2B). Dendrites length was markedly inhibited under sodium 

pyruvate treatment in a dose-dependent manner (control, 100 m; 1 mM pyruvate, 83.7 m; 

10 mM pyruvate, 71 m), and the number of cells with more than 3 dendrite branches was 

decreased under sodium pyruvate treatment (control, 67.7%; 1 mM pyruvate, 52.6%; 10 mM 

pyruvate, 39.3%) (Fig. 2B). These results indicate that sodium pyruvate may be involved in 

dendrite formation. Therefore, in view of this result, we proceeded to investigate how sodium 

pyruvate functions in dendrite retraction. 

Jo
ur

na
l P

re
-p

ro
of



 

3.3. Sodium pyruvate inhibits -MSH-stimulated Rac1 activation  

Small GTPases, such as Rac1, RhoA, and Cdc42 have been shown to regulate assembly 

and disassembly of actin reorganization and dendrite/branch formation in melanocytes [5, 20]. 

To assess their role in the dynamic cytoskeletal changes induced by sodium pyruvate, we 

performed a pull-down assay for Rho GTPase family members using B16F10 cells. The 

analysis revealed that GTP bound Rac1 protein was significantly decreased upon treatment 

with sodium pyruvate. The Cdc42-GTP and RhoA-GTP contents exhibited minor alterations 

following treatment with sodium pyruvate (Fig. 3). These results indicate that sodium pyruvate 

both suppresses Rac1 activation and dendrite outgrowth. 

 

3.4. Pyruvate showed anti-melanogenic activity in the reconstructed human pigmented 

epidermis. 

To extend this investigation to a physiological system, we examined the anti-melanogenic 

ability of sodium pyruvate in a pigmented skin equivalent, which was established by co-

seeding melanocytes and keratinocytes and culturing it for 6 weeks at the air-liquid interface. 

For visualizing the melanin in the skin equivalent, Fontana-Mason (F&M) staining was 

performed. Under 1% sodium pyruvate treatment, in which the concentration did not induce 

tissue collapse (Supplementary Fig. 3), melanin content was decreased compared to PBS 

treatment in a dose-dependent manner (the ratio of melanin pixel/total area pixel (%); 1% of 

sodium pyruvate, 62% versus control; 0.1% treatment, 73% versus control; 0.01% treatment, 

88% versus control and 4% hydroquinone as a positive control, 42% versus control) (Fig. 4A 

and B). Moreover, using F-M staining and immunostaining with anti-gp-100 antibody, we found 

that sodium pyruvate-treated tissue had clearly retracted dendrites compared to the control 

tissue (Fig. 4C). These results support the inhibitory efficacy of topical application of sodium 
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pyruvate in dendrite formation of melanocytes, leading to the promotion of depigmentation in 

the pigmented epidermis model. 

 

3.5. Pyruvate treatment alleviates UV-induced hyperpigmentation 

Next, to examine the effect of sodium pyruvate on UV-induced pigmentation, the skin 

equivalent was irradiated twice a week (25 J/cm2 total UVA) and treated with or without sodium 

pyruvate on the stratum corneum. In Fig. 5A (left panel), sodium pyruvate-treated non-

irradiated tissue appeared lighter than the control tissue. Under UV irradiation, the pigmented 

area was markedly increased compared to the non-irradiated tissue, whereas sodium 

pyruvate inhibited this pigmentation. From these results, we can conclude that sodium 

pyruvate treatment is significantly effective in reducing UV-induced hyperpigmentation. 

 

 

4. Discussion 

Exogenous pyruvate, which lies at the intersection of multiple metabolic pathways, has been 

implicated in embryogenesis, carcinogenesis, and differentiation, but most studies have 

focused on its role in metabolism and reactive oxygen species scavenging. This study 

revealed that extracellular pyruvate is absorbed into cells through the MCT transporter, 

preventing melanin synthesis and modulates both dendritic balance and Rac1 activity. 

We found that pyruvate suppressed Rac1 activity in inhibiting the elongation of dendrite 

outgrowth, which may be in agreement with a report by Zhou et al. that pyruvic acid or ethyl 

pyruvate activated PI3K/Akt and, ERK signaling in melanocytes. The PI3K/Akt and MAPK 

pathways are implicated in not only melanogenesis but also in dendrite outgrowth. It is well 

documented that elevated p-ERK and p-Akt levels inhibit melanin synthesis by regulating 
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microphthalmia-associated transcription factor (MITF) and subsequent expression of 

tyrosinase, TRP1 and TRP2 [17, 21, 22]. In addition, ERK1/2 is involved in UVA-induced 

melanogenesis [23]. The p38 MAPK-MKK6 pathway increases melanocyte dendricity by 

activating Rho family GTPase [24]. Interestingly, early reports suggested that Rac1 and Cdc42 

could act as downstream [25, 26] and upstream [27-29], of PI3Ks. In this study, in addition to 

the inhibition of melanin biogenesis by pyruvate, we identified an additional function of 

pyruvate inhibiting dendrite outgrowth. However, the involvement of the pyruvate-regulated 

Rac1 pathway in melanocyte dendrites and melanogenesis, has not yet been clearly 

elucidated. How altered metabolism integrates with genetic programs to regulate melanocyte 

function and fate is a key unresolved question. It would be interesting to further explore how 

pyruvate-induced alteration of metabolism and PI3K pathways interact to coordinate dendrite 

branching. 

In this study, we also demonstrated that pyruvate plays a significant role in ameliorating UV-

induced pigmentation. These findings were strongly supported by skin equivalent experiments, 

showing that topical treatment of pyruvate inhibited dendrite outgrowth of melanocytes and 

alleviated the hyperpigmentation responses after stimulation by UV. 

Hence, we may conclude that pyruvate prevents the development of the initial stage of 

melanogenesis (conversion of tyrosine to melanin via a cascade of specific enzymes) to 

terminal differentiation (dendrites branching to neighboring keratinocytes). These anti-

melanogenic features of pyruvate have potential for the development of strategies to prevent 

pigment-related disorders. 

Our observation further extends the previously established role of the Rac1 pathway as a 

necessary mediator of UV response that regulates the induction of dendrite formation [27]. 

Metabolites or other energy sources are expected to drive similar results in regulating dendrite 

formation. Future investigations will help to uncover other details regarding the mechanism 

and the specific effectors involved in the regulation of dendrite elongation under metabolic 
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switching. 
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Fig. 1. The depigmentation efficacy of sodium pyruvate in a-melanocyte-stimulating hormone 

(-MSH)-stimulated B16F10 murine melanoma cells. (A, B) Effect of pyruvic acid and sodium 

pyruvate on intracellular melanin in -MSH-stimulated cells. B16F10 cells were treated with 
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10 mM of pyruvate in the presence of -MSH 10 nM for 48 h at indicated pH. (A) Cell lysates 

were estimated by absorbance at 405 nm. The melanin contents were normalized for total 

protein contents. ** p < 0.01 versus the -MSH treatment control (B) Protein levels present in 

the cell lysates were analyzed by western blot for Tyrosinase, TRP1, TRP2 and -tubulin 

(loading control). Pyruvic acid treatment at pH 6.5 affect more to reduce these melanogenic 

enzymes. (C) Cells were treated with the indicated pH of pyruvic acid and sodium pyruvate in 

presence or absence of 500 M CHCA. (D) Cells were treated with or without CHCA for 30 

min. After treatment with -MSH or sodium pyruvate for 48 h, the cell lysates were prepared 

and analyzed by western blotting, using indicated antibodies. Densitometric data are 

presented as the means ± SD of three independent experiments.        
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Fig. 2. The inhibitory effect of pyruvate on dendrite branching and size of melanocyte. (A) 

B16F10 cells were stimulated with 10 mM sodium pyruvate in presence or absence of -MSH 

(10 nM) for 48 h. Dendrite formation were observed using microscopy. Scale bar: 100 m. (B) 

Human primary melanocytes (NHEM) were treated with 1mM and 10mM of sodium pyruvate 
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during 48 h. For immunostaining, we stained melanocytes using TRP2 antibody (red color). 

Scale bar: 100 m (upper). The graph shows the statistical results for reducing effect of 

pyruvate on the number of cells with more than 3 dendrite branches and size of each TRP2-

positive cells. More than 40 cells were counted. *p < 0.05, **p < 0.01, ***p < 0.001 versus 

control. SP, sodium pyruvate. 
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Fig. 3. Pull-down assay for small GTPase in pyruvate-treated melanocytes. NHEM were 

treated with (+) or without (-) 10 mM pyruvate, and GTP-bound Rac1, Cdc42 and RhoA were 

isolated by affinity purification. The pull-down precifitates and whole cell lysates were western 
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blotting using indicated antibodies. Values are expressed as means ± SD of at least three 

determinations. **p < 0.01 versus -MSH treated control. 
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Fig. 4. Sodium pyruvate had an anti-melanogenic effect on skin equivalent (A, B, C) Neoderm-

ME was pre-incubated for 24 h, then treated with (A) 1% (w/w, about 110mM), 0.1% (w/w, 

about 11mM) and 0.01% (w/w, about 1.1mM) of sodium pyruvate or 4% hydroquinone on 

stratum corneum every three days for 6 days. (A) Melanin pigmentation was observed upon 

Fontana-Masson (FM) staining. Scale bar: 100 m. (B) The melanin contents was expressed 

as the percentage of melanin surface per epidermis surface compared to PBS treated control, 

**p < 0.01, ***p < 0.001 versus untreated control. SP, sodium pyruvate. HQ, hydroquinone. 

(C) The morphology of melanocytes was visualized by immunohistochemical analysis using 

gp-100 antibody. 
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Fig. 5. Influence of pyruvate on UVA-induced pigmentation in reconstructed epidermis. (A, B) 

Reconstructed epidermis was irradiated with UVA (25 J/cm2) 2 times in a week and treated 

with or without 10 mM sodium pyruvate on stratum corneum. (A) Melanin pigmentation was 

observed upon Fontana-Masson (FM) staining. Scale bar: 50 m. (B) The melanin contents 
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was expressed as the percentage of melanin surface per epidermis surface, ***p < 0.001. SP, 

sodium pyruvate.    
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