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ABSTRACT 
In this study, the effects of black vinegar (BA) and niacinamide on lipopolysaccha-

ride (LPS)-treated human keratinocytes, HaCaT cells, were investigated. First of all, 

BA and niacinamide have no cytotoxicity in HaCaT cells even at high concentra-

tions. LPS treatment triggers the phosphorylation of p38 mitogen-activated protein 

kinases (MAPK) and the expression of inflammatory enzymes, iNOS and COX-2. 

In contrast, BA and niacinamide weakened the expression of LPS-induced COX-2 

and iNOS. Based on the results, we concluded that BA and niacinamide have effec-

tive anti-inflammatory properties in HaCaT cells. Therefore, BA and niacinamide 

may be used as new alternative treatments for inflammatory skin diseases. 
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1. INTRODUCTION 

The skin is made up of three layers, the epidermis, 

dermis, and hypodermis. The epidermis, in particular, 

provides an effective immune and protective barrier 

that protects us from ultraviolet, mechanical, or 

chemical stress and colonization by microorganisms 

[1, 2]. Within the epidermis, keratinocytes play a role 

in physical barriers and the first immunity of the host 

[3]. The maintenance of skin homeostasis is affected 

by well-controlled interactions between the host and 

harmful environments [4]. 

 

Wound healing is achieved by the coordinated func-

tion of various cell types, cytokines, and growth fac-

tors [5]. The healing process consists of hemostasis, 

inflammation, proliferation, and remodeling [6]. In-

flammation is a protective mechanism against harm-

ful stimuli that promotes the healing process. Inflam-

mation protects the body from a variety of irritants, 

including pathogens, damaged cells, or allergens [7]. 

Epidermal keratinocytes are involved in the inflam-

matory response to external stimuli and relay inflam-

matory signals. Epidermal keratinocytes are mostly 

induced by inflammatory stimulants, such as lipopol-

ysaccharides (LPS) present in various pathogenic 

cells. LPS induces potent inflammation and immune 

responses with endotoxin, a membrane component of 

gram-negative bacteria [8-10]. Acute inflammation 

triggered by LPS induces the production of various 

cytokines, cell adhesion molecules, and inflammatory 

markers, such as nitric oxide (NO) [11]. 

 

NO plays a substantial role in the immune system, 

and NO production induced by LPS occurs via the 

activity of the inducible NO synthase (iNOS) [12, 

13]. Furthermore, the signaling pathway of mitogen-

activated protein kinases (MAPKs) is involved in the 

regulation of iNOS and COX-2 expression in LPS-

stimulated HaCaT cells. 

 

MAPKs play a definitive role in cell response to fun-

damental biological processes and external stress fac-

tors. MAPK is a family of proline-directed Ser/Thr 

kinases composed of the extracellular signal-

regulated kinase (ERK), c-Jun NH2-terminal kinase 

(JNK), and p38 MAPK. Among these, p38 MAPK is 

a typical inflammatory signal pathway [14-16]. 

MAPK activation is caused by cellular stresses, such 

as osmotic stress, DNA damage, ROS, and inflamma-

tory cytokines. As a result, a variety of inflammatory 

reactions are accommodated by p38 MAPK, such as 

the expression of pro-inflammatory mediators, leuko-

cyte adhesion, chemotaxis, oxidative burst, and 

degranulation, among others [17]. 

 

Inflammatory signals activate keratinocytes, epitheli-

al cells, macrophages, mast cells, and Langerhans 

cells of the skin layer; a wide variety of inflammatory 

intermediates, such as interleukin (IL)-1, IL-6, and 

tumor necrosis factor (TNF)-a; cytokines, IL-8, and 

monocyte chemotactic protein (MCP)-1 chemokines; 

and NO and prostaglandin E2 (PGE2) mediators [18]. 

IL-6 expression is highly and temporarily unregulated 

in almost all pathophysiological inflammatory condi-

tions and in autoimmune diseases[19, 20]. Its trans-

signaling is also critically included in the conserva-

tion of disease conditions by promoting the transfer 

of acute to chronic inflammation[19, 21]. Also, IL-8 

is a well-known circulating inflammatory cytokine, 

which has many receptors on the surface membranes 

that can be bonded[22]. It is an effective neutrophil 

chemoattractant and activating factor produced by 

various cells, including keratinocytes[23]. 

 

Vinegar is a condiment made centuries ago from raw 

materials, such as fruits, rice, grains, and cocoa. Vari-

ous types of vinegar, including special flavors, are 

popular in other parts of the world[24]. Among a va-

riety of vinegar, rice vinegar is a traditional seasoning 

that has long been used in Asian countries[25]. Rice 

vinegar contains high levels of amino acids, minerals, 

organic materials, and so on. The main amino acids 

present in black vinegar (BA) are serine, alanine, va-

line, isoleucine, leucine, and γ- amino butyric acid

[25, 26]. The anticancer effects of the brown rice vin-

egar were observed previously in vitro and in animal 

models of colon cancer. In this experiment, we used 

brown rice vinegar[27, 28]. 

 

Niacinamide (NA), the amide form of vitamin B3, is 

a safe, comprehensive, and inexpensive substance 

that may help prevent skin cancer[29]. NA confers a 
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wide range of neuroprotective effects in response to 

various stimuli. Additionally, NA may help prevent 

stroke and cerebral ischemia by reducing oxidative 

stress and free radical generation[30, 31]. 

 

In the present study, we examined the effects of LPS 

on an inflammation model using HaCaT cells to de-

termine the activation mechanism of epidermal 

keratinocytes. We further investigated the effect of 

BA and NA in LPS-stimulated HaCaT cells and the 

effects of BA and NA on the expression of iNOS, 

COX-2, NF-kb, p38 MAPK, IL-6, and IL-8 to under-

stand the mechanism of both pro-inflammatory and 

anti-inflammatory actions of BA and NA in HaCaT 

cells. 

 

2. MATERIALS AND METHODS 

2.1. Materials 

Cell culture reagents were purchased from Gibco 

BRL (Rockville, MD, USA). Niacinamide antibodies 

for p38 were purchased from Cell Signaling Technol-

ogy Inc. (Beverly, MA, USA), and COX-2 and iNOS 

antibodies were obtained from Sigma Chemical Co. 

(St. Louis, MO, USA). β-Actin and p-p38 antibody 

were obtained from Sigma Chemical Co.(St. Louis, 

MO, USA) 

 

2.2. Cell culture and treatment 

Human keratinocytes (HaCaT cells) were obtained 

from the American Type Culture Collection and 

maintained in Dulbecco’s Modified Eagle Medium 

supplemented with 10% fetal bovine serum and anti-

biotics (100 U/ml penicillin G and 100 mg/ml strepto-

mycin) at 37°C in a humidified incubator containing 

5% CO₂ and 95% air. In all experiments, cells were 

seeded in 1 × 106 cells/well and incubated with BA 

and NA at 80% confluence. All chemicals were dis-

solved in ethanol, and the final ethanol concentration 

was less than 0.1%. 

 

2.3. Cell viability assay 

The cell growth effect was measured by the 3-(4,5-

dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2

-(4-sulfophenyl)-2H-tetrazolium (MTS) assay 

(CellTiter 96® aqueous nonradioactive cell prolifera-

tion kit; Promega, Wisconsin, USA). HaCaT cells (2 

× 103) were incubated in triplicate in a 96-well plate 

in the presence or absence of BA and NA in a final 

volume of 100 µl at different time intervals for 24 h at 

37°C under 5% CO2. MTS solutions (5 mg/ml) were 

added to each well, and the cells were cultured for 

another 1 h, after which the optical density was read 

at 492 nm (Tecan Trading AG, Switzerland). Cell via-

bility is presented as the relative percentage compared 

with the control. 

 

2.4. Wound healing migration assay 

For the wound healing assay, cells were cultured in a 

6-well plate until cells reached 95%–100% conflu-

ence and were serum-starved for 24 h. Then, perpen-

dicular or horizontal wounds were made by dragging 

the sterile yellow micropipette tip across each cell 

plate. Plates were washed with PBS and replenished 

with fresh medium alone or with medium containing 

BA and NA and incubated for 24h. Cell migration 

into the wound was monitored under a phase-contrast 

microscope. 

 

2.5. Western blot analysis 

Cells were harvested and lysed in RIPA buffer, and 

the resulting protein samples were quantified by using 

the bicinchoninic acid protein assay kit (Pierce Bio-

technology, Rockford, IL, USA). Equal amounts of 

protein extracts were denatured by boiling at 100°C 

for 5 min in sample buffer. The proteins were separat-

ed by 8% to 15% sodium dodecyl sulfate-

polyacrylamide gel electrophoresis and transferred to 

a polyvinylidene difluoride membrane. The mem-

branes were blocked with 5% skim milk in Tris-

buffered saline with Tween-20 buffer (TBS-T; 10 mM 

Tris, 150 mM NaCl, pH 7.5, and 0.1% Tween-20) for 

1 h. The membranes were washed three times for 10 

min each with TBS-T buffer and incubated for 1 h 

with horseradish peroxidase-conjugated secondary 

antibodies. The membranes were washed three times 

for 10 min each with TBS-T buffer. Immunoblot 

membranes were incubated with SuperSignal West 

Pico Chemiluminescent Substrate or Dura Luminol 

Substrate (Thermo Scientific, Waltham, MA, USA) 

according to the manufacturer’s instruction. Mem-

branes were then photographed using ImageQuantTM 

LAS 4000 (Fujifilm Life Science, Japan). 
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2.6. Reverse transcriptase PCR 

Total RNA was isolated using TRIzol (Invitrogen). 

and cDNA synthesis was performed using the Accu-

Power® RocketscriptTM cycle RT premix (Bioneer, 

Daejeon, Korea) according to the manufacture’s pro-

tocol. The relative expression of IL-6 and IL-8 was 

analyzed by quantitative RT-PCR with glyceralde-

hyde-3-phosphate dehydrogenase (GAPDH) as an 

internal control. The following pairs of forward and 

reverse primer sets were used: IL-6, sense; 5′-

ATGAACTCCTTCTCCACAAGCGC-3′, antisense; 5′-

GAAGAGCCCTCAGGCTGGAGTG-3′, IL-8, sense; 5′-

TGTGCTCTCCAAATTTTTTTTAETG-3′, antisense; 5′-

CTCTCTTTCCTCTTTAATGTCCAGC-3′, GAPDH, 

sense; 5′-CAGCCTCAAGATCATCAGCA-3′, antisense; 

5′-GTCTTCTGGGTGGCAGTGAT-3′. The RT-PCR 

reaction mixture contained 2.5 μl of 10×Taq reaction 

buffer, 0.5 μl of each 10 mM dNTP, 1 μl each of for-

ward and reverse primers, and 2 μl template DNA 

each of in a final volume of 25 μl. Amplification 

products were resolved by 1.5% agarose gel electro-

phoresis, stained with safe dye and photographed us-

ing ImageQuant LAS 4000. 

 

2.7. Statistical analysis 

Where appropriate, data are expressed as the mean ± 

SD of at least three independent experiments, and 

statistical analysis for single comparison was per-

formed using the Student’s t-test; p values less than 

0.05 were considered statistically significant. The 

software used for statistical analysis was Microsoft 

Excel 2010. [Microsoft Name, version, and manufac-

turer.] 

 

3. RESULTS 

3.1. Effect of BA and NA on cytotoxicity and pro-

liferation in HaCaT cells 

The cytotoxic effect of BA and NA on HaCaT cells 

was determined by the MTS assay (Fig. 1A, B). The 

cells were treated with various concentrations of BA 

(100, 500, and 1000 µg/ml) and NA (20, 50, and 100 

µl) for 24 h. As cell viability was within 80%, it was 

considered that there was no effect on viability. Fig-

ure 1C shows that cell proliferation increased statisti-

cally significantly after 24 h when both BA and NA 

were processed at the same time. Based on these re-

sults, a BA concentration of 500 µg/ml and 50 µl of 

NA were used in further studies. 

Fig. 1 Effects of BA and NA on the cell viability of 

HaCaT cells. (A) HaCaT cells were treated with the 

indicated concentrations of BA for 24 h. Cell viabil-

ity was determined by the MTS assay. (B) HaCaT 

cells were treated with the indicated concentrations of 

NA for 24 h. Cell viability was determined by the 

MTS assay. (C) HaCaT cells were pretreated with 

BA and NA, and incubated for another 24 h. Cell via-

bility was determined by the MTS assay. Values are 

expressed as means ± SD. *, p < 0.05, compared to 

the control. 
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3.2. Effect of BA and NA on the migration in 

HaCaT cells 

We investigated BA and NA wound suture capabil-

ities for keratinocyte cells. It is evident that this 

occurs at a faster rate under the presence of BA and 

NA relative to the negative control (F. 2). BA and 

NA, respectively, induced the stenosis of scratch 

wounds, but when both BA and NA were treated at 

the same time, the cells were significantly higher 

than the negative controls. Our results show that 

when both BA and NA are administered at the 

same time, they both affect the activity of the 

wound healing stimulation in HaCaT cells using 

scratch analysis. 

 

3.3. Effect of BA and NA on LPS-induced COX-

2 and iNOS expression in HaCaT cells 

To evaluate the inflammatory effects of BA and 

NA, LPS was used as an inflammatory model, and 

COX-2 and iNOS were induced as inflammatory 

enzymes. Therefore, it was investigated whether 

BA and NA controlled COX-2 and iNOS expres-

sions. As a result of LPS treatment, the levels of 

COX-2 and iNOS were increased. However, BA 

and NA inhibited LPS-induced COX-2 and iNOS 

expression (Fig. 3). Our results suggest that when 

both BA and NA are administered concomitantly, 

both BA and NA exert an anti-inflammatory effect 

on HaCaT cells. 

Fig. 3 Inhibition of LPS-induced iNOS and COX-2 protein ex-

pression by BA and NA. The expression levels of iNOS and COX

-2 were determined by western blotting as described in Materials 

and Methods (A). HaCaT cells were pretreated with LPS (1 µg/

ml) and then treated with BA and NA. β-actin was used as an 

internal control. The relative intensities of bands were calculated 

using Image J software (NIH, USA) (B and C). The experiment 

was performed in triplicate and the data presented as mean ± SD. 

*, p < 0.001.   

Fig. 2 Effect of BA and NA on HaCaT cells migration. Cell migration was evaluated using a scratch wound healing assay. 

Cells were grown to 95%–100% confluence in 6-well plate, and the wound was made by scratching the surface of the 

monolayer with standard 200 ml pipette tip. The detached cells were removed by washing them with PBS, and the attached 

cells were incubated in the fresh medium with BA and NA. Photographs were taken at after 24 h using an inverted micro-

scope (x200). 
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3.4. Effect of BA and NA on LPS-induced p38 

MPAK expression in HaCaT cells 

MAPK activation is involved in controlling inflamma-

tory reactions[32, 33]. Activation of LPS-induced p38 

MAPK and the effect of LPS on the regulation of vari-

ous genes involved in inflammation have been exten-

sively documented. Thus, p38 MAPK signaling can be 

the basis of a new strategy for treating inflammatory 

diseases. p38 MAPK signaling is important for the syn-

thesis of LPS-induced pro-inflammatory cytokines in 

the presence of BA and NA. HaCaT cells were treated 

with BA and NA under the presence or absence of LPS 

to investigate whether BA and NA inhibited phosphory-

lation of p38 MAPK. The result of our experiment indi-

cated that both BA and NA inhibit p38 MAPK phos-

phorylation induced by LPS (Fig. 4). 

Fig. 4 Inhibition of LPS-induced p-p38 protein expression by 

BA and NA. The expression levels of p-p38 were determined 

by western blotting as described in Materials and Methods 

(A). HaCaT cells were pretreated with LPS (1 µg/ml) and 

then treated with BA and NA. β-actin was used as an internal 

control. The relative intensities of bands were calculated us-

ing Image J software (NIH, USA) (B). The experiment was 

performed in triplicate and the data presented as mean ± SD. 

*, p < 0.001.  

 

3.5. Effect of BA and NA on LPS-induced IL-6 and 

IL-8 expression in HaCaT cells 

IL-6 and IL-8 are two major pro-inflammatory cyto-

kines produced by keratinocytes, mononuclear cells, 

and macrophages. Inflammation models using HaCaT 

cells were implemented to investigate the anti-

inflammatory activity of BA and NA, and LPS were 

used as inflammatory factors. As shown in Fig. 5, when 

BA and NA were present, the release of IL-6 and IL-8 

was reduced in relation to the LPS control. Conversely, 

the negative controls did not produce cytokines. 

Fig. 5 Inhibition of LPS-induced IL-6 and IL-8 expression 
by BA and NA. The expression levels of IL-6 and IL-8 
were determined by agarose gel electrophoresis as de-
scribed in Materials and Methods (A). HaCaT cells were 
pretreated with LPS (1 µg/ml) and then treated with BA 
and NA. GAPDH was used as an internal control. The 
relative intensities of bands were calculated using Image J 
software (NIH, USA) (B and C). The experiment was per-
formed in triplicate and the data presented as mean ± SD. 
*, p < 0.001.  
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4. DISCUSSION 

Wound healing is a natural process of the body by 

which the skin and epidermal tissue regenerate. 

This is a complex process that involves hemostasis, 

inflammation, proliferation, formation, and remod-

eling of new tissue[34, 35]. Skin damage results in 

cellular responses, including the action of fibro-

blasts, keratinocytes, endothelial cells, and macro-

phages[36]. Keratinocytes are known to secrete 

numerous cytokines that can induce proliferation, 

migration, and differentiation via autocrine or 

paracrine signaling[37, 38]. The migration of 

keratinocytes is essential for wound re-

epithelialization and re-establishment of skin re-

modeling[39]. Thus, inflammation is the first and 

most important step in wound healing. If inflam-

mation persists, there is no other step that could 

affect wound healing.  

 

LPS, the major component of the outer membrane 

of gram-negative bacteria, stimulates the produc-

tion of NO and the expression of pro-inflammatory 

molecules, such as IL-6 and IL-8[40-43]. The pro-

duction of NO is induced by iNOS and COX-2 

products in inflammatory disease mechanisms[44]. 

Synthetic suppression measurements of iNOS and 

COX-2 are considered a universal method of test-

ing anti-inflammatory effects. iNOS and COX-2 

are remarkably expressed in inflammatory cells in 

response to stimuli with cytokines or in inflamma-

tory or other immune responses[45, 46]. 

 

In this study, we have increased the potential anti-

inflammatory action of BA and NA in HaCaT cells. 

In particular, it was investigated whether LPS-

induced production of IL-6 and IL-8 mRNA was 

inhibited by inhibiting the expression of COX-2 

proteins. It was found that the inhibitory effect of 

BA and NA on the production of inflammatory me-

diators was accompanied by a concentration-

dependent reduction at the levels of protein and 

mRNA expression in IL-6, IL-8, and COX-2. These 

data show that the expression of IL-6, IL-8, and 

COX-2 in HaCaT cells is inhibited by BA and NA.  

 

To further clarify the anti-inflammatory mecha-

nism of BA and NA, p38 MAPK signaling was 

analyzed. p38 MAPK plays an important role in 

cell growth regulation and differentiation and con-

trol of cellular responses to cytokines and stressors. 

In the present study, we found that BA and NA 

inhibited the LPS-induced phosphorylation of p38 

MAPK in HaCaT cells.  

 

In conclusion, we have demonstrated that LPS-

induced IL-6 and IL-8 generation in HaCaT cells 

was inhibited by BA and NA. In addition, this ef-

fect was mediated by the suppression of COX-2 

expression and p38 phosphorylation. The results of 

this study suggest that simultaneous use of BA and 

NA may have anti-inflammatory effects. Based on 

these findings and those of previous studies, BA 

and NA are relatively safe and effective treatment 

options for inflammation, including human inflam-

matory skin disorders. 
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