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Abstract A novel Nicotinoyl fused peptide, Nicotinoyl-LVH,

was synthesized by solid phase peptide synthesis method,

purified, and tested in cultured skin cells. Nicotinoyl-LVH

enhanced the expression level of collagen mRNA and its

fragments in fibroblasts. These data show that this novel

Nicotinoyl peptide is a promising biomaterial in the anti-aging

functional cosmetic market.
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Nicotinoyl-LVH · Skin cell

Introduction

Nicotinic acid, which is a common form of B-vitamin niacin, is a

derivative of pyridine, with a carboxyl group at the 3-position. It

is a precursor of the coenzymes nicotinamide adenine dinucleotide

(NAD+) and nicotinamide adenine dinucleotide phosphate (NADP+),

which are major coenzymes in vivo. NAD+ and NADP+ are

coenzymes for many dehydrogenases, participating in hydrogen

transfer processes, especially ATP synthesis for generating energy

(Benavente et al. 2009). Niacin deficiency-induced pellagra is

characterized by diarrhea, dermatitis, and dementia. The symptoms

of dermatitis are casal collar lesions on the lower neck, hyper-

pigmentation, thickening of the skin, and inflammation of the

mouth and tongue (Ishii and Nishihara 1981; Prakash et al. 2008;

Wan et al. 2011). Therefore, this nutrient is used not only as a

dietary supplement but also as a skin care and anti-aging product

in cosmetic market; its global demand has been rising from

8,500 t/year to 40,000 in recent years (Cantarella et al. 2011).

There are many medical and cosmetic effects of nicotinoyl

derivatives, including anti-inflammatory activity (Gieldanowski et

al. 1987) and inhibition of melanin production (Kim et al. 2011;

Kim et al. 2015), as well as the prevention of HIV infection

(Uttekar et al. 2012).

Here, we synthesized a Nicotinoyl derivative, Nicotinoyl-LVH,

a novel Nicotinoyl peptide aimed at enhancing the anti-wrinkle

effect of the signal peptide. Synthetic peptides have been used in

many functional cosmetics because of their defined actions and

high stability. These peptides generally show anti-wrinkle effects.

We investigated the expression level of biomarkers related to

collagen synthesis in skin cell lines. The results showed that

Nicotinoyl-LVH is promising anti-aging material because it

enhances collagen synthesis.

Materials and Methods

Synthesis and purification of Nicotinoyl-LVH

Fmoc-His-OH, Fmoc-Leu-OH, Fmoc-Val-OH, Hydroxybenzotriazole

(HOBt), 1, 8-Diazabicyclo[5,4,0]undec-7-ene and Diisoproyl-

carbodiimide (DIC) were purchased from GLS (Shanghai, China).

N,N-Dimethylformamide, Dichloromethane, Trifluoroacetic acid

(TFA), acetonitrile and Diethylether were purchased from Daejung

(Siheung, Korea). The structural formula of Nicotinoyl-LVH is

shown in Fig. 1.
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Structural analysis

Amino acids and nicotinic acid were coupled with resins by the

general HOBt-DIC-mediated solid-phase peptide synthesis protocol

(Amblard et al. 2006). After synthesis, sample was purified by

reverse-phase high performance liquid chromatography (HPLC)

(pump 600E, UV-484 detector, Gemini RP-C18 column 250×

21.2 mm; Waters, Milford, MA, USA) for purification in a

gradient of acetonitrile in 0.1 % TFA by using A Shimpack RP-

C18 column (250*4.6 mm ID; 5 µm particle size; Shimadzu,

Kyoto, Japan) for analysis. The elution gradient was 5 to 65 %

and flow rate was 1.0 mL/min for 30 min. The target peptide peak

was analyzed at 230 nm. A Matrix-Assisted Laser Desorption/

Ionization Time-of-Flight Mass Spectrometry assay (MALDI-

TOF-MS) was performed to determine the quality of synthetic

Nicotinoyl-LVH using a mass spectrometer (Thermo Fisher

Scientific, Waltham, MA, USA).

Cell culture

Human fibroblast CCD-986sk and Detroit 551 cells were routinely

grown in Dulbecco’s modified Eagle’s medium (DMEM, Hyclone,

Logan, UT, USA) containing 10 % fetal bovine serum (FBS) and

antibiotic-antimycotic (Thermo Fisher Scientific) at 37oC in 5 %

CO2.

MTT assay

MTT assay was performed using the 3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenyltetrazoliumbromide (MTT)-based Cell Viability and

Proliferation Kit 1 (Sigma-Aldrich, St. Louis, MO, USA) following

the suggested protocol. In brief, 1×105 cells were seeded in 96-

well micro plates and cultured for 24 h. Then the cells were

treated with two Nicotinoyl peptides in different concentrations (0,

1, 5, 10, 20 µM) without FBS and incubated for 24 h. The media

was replaced with 100 µL of MTT solution (0.5 mg/mL in

DMEM) and incubated at 37oC for 4 h. After removing the MTT

solution, MTT formazan dissolved in 100 µL of dimethyl

sulfoxide was added and mixed for 10 min. Absorbance was

measured at 540 nm using a Multiskan TM GO micro plate

spectrophotometer (Thermo Fisher Scientific).

Quantitative real-time PCR

Total RNA isolation, cDNA synthesis, and reverse transcription

were conducted using SuperPrepTM cell lysis & RT Kit for qPCR

(TOYOBO, Osaka, Japan). The target mRNA was procollagen C-

endopeptidase enhancer (PCOLCE) and GAPDH was used as the

control gene for normalization using QuantiTect® Primer Assays

(Cat no. QT01005725, QT01192646; Qiagen, Venlo, Netherlands).

Real-time polymerase chain reaction (PCR) was performed in

Rotor-Gene Q system (Qiagen).

Enzyme immunoassay

The detection of type I procollagen was carried with Procollagen

Type I C-Peptide (PIP) EIA Kit (TaKaRa, Kusatsu, Japan) based

Fig. 1 Structural analysis of Nicotinoyl-LVH. (A) Structural formula of Nicotinoyl-LVH. (B) HPLC data for Nicotinoyl-LVH. (C) LC/MS data for

Nicotinoyl-LVH
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on a sandwich immunoassay method. In brief, 1×105 cells were

seeded in 48-well microplates and cultured for 24 h. Then cells

were treated with two Nicotinoyl peptides in different concentration

(0, 1, 5, 10, 20 µM) without FBS and incubated for 24 h. The

amount of PIP was measured from cultured media by measuring

the absorbance at 450 nm using Multiskan TM GO Microplate

Spectrophotometer plate reader (Thermo Fisher Scientific). The

concentration of PIP was determined by comparing with the

standards plotted on a standard curve (Masamune et al. 2013).

Immunofluorescence staining and fluorescence imaging

For immunofluorescence staining, the following protocol was

carried out at room temperature: cells were first washed with PBS

and then fixed with 4 % paraformaldehyde (Sigma) for 15 min,

followed by three times of washing with PBS. After permeabiliza-

tion with 0.1 % triton X-100 (Daejung) for 2 min, cells were

washed with PBS containing 0.5 % BSA (PBB). After blocking

reaction in PBS solution containing 2 % BSA (Bovogen, Victoria,

Australia) for 1 h, cells were incubated for 1 h with anti-Pro-

COL1A2 antibody (sc-8785, Santa Cruz Biotechnology, Dallas,

Texas, USA). Cells were then washed three times with PBB and

then incubated with a secondary antibody Alexa488-labeled anti-

goat IgG (Thermo Fisher Scientific) for 1 h. Finally, cells were

again washed three times with PBB and incubated with 4',6-

diamidino-2-phenylindole (DAPI, Thermo Fisher Scientific) for

10 min. Cells were then washed with PBS and inspected by

fluorescent microscope equipped with a CCD camera system

(DP30, Olympus, Tokyo, Japan) with Cell-R system (Olympus).

This analysis was performed by using image analysis software,

ImageJ.

Results and Discussion

Structural analysis and Cell viability assay

The structure of synthesized Nicotinoyl-LVH was analyzed by

HPLC and mass spectroscopy. There was one main peak of

Nicotinoyl-LVH in each spectrograph by HPLC (Fig. 1B), and the

molecular weight corresponding to Nicotinoyl-LVH was confirmed

by MALDI-TOF-MS (Fig. 1C).

Then, we investigated the effect of Nicotinoyl-LVH on cell

viability by using the MTT assay in human fibroblast CCD-986sk

cells. As shown in Fig. 2, Nicotinoyl-LVH showed no cytotoxicity

in the concentration range 1–20 µM, indicating it does not affect

cell viability (Fig. 2).

Collagen synthesis measurement

Collagen is one of the essential components of extracellular

matrix (ECM). The degradation of extracellular collagen induces

ECM disorganization and influences dermal moisture and

elasticity. Collagens are synthesized as precursor molecules called

procollagens. These contain additional peptide sequences, at both

the N-terminal and the C-terminal ends (propeptides). To

polymerize collagen fibrils at ECM, these propeptides have to

cleave off from the collagen (Francini et al. 1993). We estimated

the effect of Nicotinoyl-LVH on intra- and extracellular biomarkers

related to collagen synthesis. First, we estimated the mRNA

Fig. 2 Cell viability measurement of Nicotinoyl-LVH by MTT assay

Fig. 3 Measurement of collagen synthesis level after nicotinoyl peptide

treatments (A) Intracellular PCOLCE mRNA expression level. (B)

Procollagen type I C-peptide level in the extracellular matrix
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expression level of procollagen C-endopeptidase enhancer

(PCOLCE). PCOLCE binds to C-peptide of procollagen, and

induces its cleavage for collagen polymerization. As shown in Fig.

3A, Nicotinoyl-LVH dose-dependently increased the gene expression

of PCOLCE to 2.5 times the maximum in control. We also

detected procollagen type I C-peptide (PIP) by an enzyme

immunoassay. The amount of free propeptides in media reflected

the amount of collagen molecules synthesized. There was also an

increase in the amount of procollagen in media, indicating the

improvement of collagen synthesis after treatment of Nicotinoyl-

LVH (Fig. 3B), as compared with nicotinic acid which did not

affect collagen synthesis of fibroblasts.

To estimate the amount of intracellular procollagen directly, we

carried out immunostaining of Detroit 551 cells (Fig. 4A). The

fluorescence intensity was analyzed to evaluate intracellular

procollagen. There was an obviously enhancement of the amount

of intracellular procollagen after Nicotinoyl-LVH treatment (Fig.

4B). We also analyzed relative fluorescence intensities of cytoplasm

domain. The fluorescence intensities of procollagen in Nicotinoyl-

LVH-treated cells were 1.6-fold higher than that in non-treated

cells (Fig. 4B). Statistical significance was confirmed by Student’s

t-test, when comparing fluorescent intensities of Nicotinoyl-LVH-

treated and non-treated cells. These results showed Nicotinoyl-

LVH induced procollagen expression in skin cells and enhanced

collagen synthesis at ECM.

We synthesized a novel peptide derivative fused to nicotinic

acid. Nicotinoyl-LVH did not show cytotoxicity and improved

intracellular procollagen synthesis, implying ECM regeneration

(Ganceviciene et al. 2012). This result showed that it has anti-

wrinkle effects in human fibroblasts, which indicates that

Nicotinoyl-LVH may be a promising candidate for therapeutic and

industrial applications.
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Fig. 4 Procollagen immunostaining in Detroit 551 cells (A)

Immunofluorescence staining image of Nicotinoyl-LVH treated and non-

treated cells. Scale bars: 10 µm. (B) Relative fluorescence intensity of

individual cell cytoplasm. NT, Nicotinoyl-LVH not-treated. (* p <0.05)


