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Introduction

The sebaceous gland is composed of sebaceous gland cells 
that accumulate intracellular lipid droplets when undergoing 
differentiation. The extent of lipid droplet formation within the 
sebaceous gland cells thus represents their differentiation status. 
On reaching maturity, the sebaceous gland cells are then destroyed 
and the intracellular lipids are secreted to the skin surface 
whereby they form a weakly acidic sebum film with intercellular 
lipids of the stratum corneum and sweat. The main sebum lipid 
is composed of triglycerides, including cholesterol, free fatty 
acids and other members. Sebum prevents invasion of foreign 
matter from the outside and protects the skin from irritation of 
various substances. It also has a moisture retention function and 
sterilization action. In atopic dermatitis patients, the amount of 
sebum decreases, which is thought to be caused by decreased 
sebum production and/or secretion. Excessive secretion of sebum 
is associated with skin diseases such as acne and lipid peroxide 
production [1]. In addition, secretion of sebum is promoted 
not only by environmental factors such as ultraviolet (UV) rays 
(predominantly UVB) and temperature rise, but also by external 
factors such as gamma oryzanol, herbal extracts (liquorice, carrot, 
yokuinin), and endogenous factors such as androgen hormones 
[2,3]. Furthermore, lipid peroxide, which is also increased 
by UV rays (UVB) and secreted to the skin surface, irradiated 

UV rays (UVB), and lipid peroxides destroy the skin barrier 
function. Testosterone, an androgenic hormone, is converted 
to dihydrotestosterone by 5-reductase, which stimulates the 
sebaceous glands and increases sebum secretion. Furthermore, 
these components increase the sebaceous gland size [4-6], cell 
division [7], and sebum production [8,9]. Interestingly, secretion 
of sebum is promoted by UV rays (UVB) and male hormones 
[10,11] butis suppressed by pyridoxine or retinoic acid.

Antioxidants suppress generation of reactive oxygen species 
[12] and therefore control oxidative stress, which is a key factor 
for the onset and exacerbation of many diseases. Antioxidant 
substances in the bodyinclude oxidative enzymes (superoxide 
dismutase, catarase), vitamins (ascorbic acid, tocopherol), 
carotenoids (astaxanthin, B-carotene), coenzyme Q10, and 
fullerenes, to name a few. Of note, sebum production inhibition by 
fullerene has been reported in vitro; however, its usefulness has 
not been fully discussed [13].

In this study, we investigated the potential antioxidant effects 
of (ascorbyl/tocopheryl) phosphoric acid, ascorbic acid, and 
pyridoxine cyclic phosphate on inhibition of sebaceous gland cell 
differentiation and sebum production.

Materials and Methods

Cells and culture medium

Normal hamster sebaceous gland cells (KB-4009), sebocyte 
cell proliferation medium (Humedia-BG medium), and sebaceous 
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Abstract

Objective: The effects of sebum lipid production by sebaceous gland cells were 
investigated in vitro following inhibition of cell differentiation by the antioxidants 
(ascorbyl/tocopheryl) phosphoric acid, ascorbic acid, and pyridoxine cyclic 
phosphate.

Methods: Normal hamster sebaceous gland cells were exposed to various 
concentrations of the antioxidants for 10 days. Lipids were extracted from the 
cells and quantitated by high-performance thin-layer chromatography. Numbers 
of lipid-containing differentiated cells were determined by light microscopy. The 
superoxide anion scavenging ability of each antioxidant was measured by the 
nitro blue tetrazolium method. 

Results: All antioxidants suppressed sebocyte cell differentiation and decreased 
levels of sebum lipid secretion, with (ascorbyl/tocopheryl) phosphoric acid being 
the most effective. Antioxidant ability, the number of differentiated sebocyte cells, 
and sebum secretion level were found to highly correlate. 

Conclusion: These findings indicate that antioxidant compounds inhibit 
sebaceous lipid production by suppressing differentiation of sebocytes.

Keywords: Sebocyte; Lipid; Antioxidant; Differentiated cell; High-performance 
thin-layer chromatography
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gland cell differentiation medium (Humedia-BD medium) were 
purchased from Kurabo Co., Ltd. (Osaka, Japan).

Test compounds

(Ascorbyl/tocopheryl) phosphoric acid was purchased from 
Senju Pharmaceutical Co., Ltd. (Osaka, Japan). Ascorbic acid was 
purchased from Wako Pure Chemical Industries, Ltd. (Osaka, 
Japan). Pyridoxine cyclic phosphate was purchased from Daiichi 
Fine Chemical Co., Ltd. (Takaoka, Toyama, Japan). 

Reagents

Chloroform, methanol, cholesterol, hexane, diethyl ether, 
acetic acid, copper sulfate, and phosphoric acid were purchased 
from Wako Pure Chemical Industries, Ltd. Triolein, palmitic 
acid, nitrotetrazolium blue tetrazolium (NBT), hypoxanthine, 
ethylenediaminetetraacetic acid (EDTA), and xanthine oxidase 
(XOD) were purchased from Sigma Aldrich (St. Louis, MO, USA).

Cell culture

Normal hamster sebaceous gland cells were seeded at 1.0× 
104 cells / well in a 24-well plate and incubated at 37°C in5% CO2 
using Humedia-BG medium.

Sample addition

Arbitrary concentrations of (ascorbyl/tocopheryl) phosphoric 
acid, ascorbic acid and pyridoxine cyclic phosphate were prepared 
in Humedia-BD medium and added to the culture medium every 
2 days for 10 days. Figure 1 shows the structure of the three 
compounds used in this study.

Extraction of intracellular lipid content

Lipid extraction was carried out by modifying the Bligh and 
Dyer method [14]. After cell culture, the medium was removed 
and the cells were washed with PBS. Purified water (0.5 mL) was 
then added and the cells were collected in a test tube using a cell 

scraper. Chloroform (1.5 mL) and methanol (3.0 mL) were then 
added and stirred. Cells were disrupted under output control 2 
and duty cycle 50 for 10 seconds using an ultrasonic homogenizer 
(Advanced Sniffer 250, Branson Ultrasonics, Danbury, CT, 
USA). Filtration was carried out with a filter (Millex GN 0.20 
µm, Millipore, Billerica, MA, USA) attached to a glass syringe to 
remove cell debris. Purified water (1.5 mL) was then added so 
that the final ratio of chloroform: methanol: purified water was 
2:2:1, and the mixture was stirred. Centrifugation (HIMAC 11 CT 
GE, Hitachi, Tokyo, Japan) was then performed at 1100 rpm for 
20 minutes at room temperature to separate the chloroform and 
water into two layers. The upper layer was removed and the lower 
layer was dried under a nitrogen stream using a dry block bath 
(Dry Thermo Unit DTU-1C, Taitec, Koshigaya, Saitama, Japan). 
Thereafter, it was re-dissolved in 100 µL of chloroform: methanol 
(2:1) and used as a sample.

Lipid analysis

The sample (10 μL) was spotted on a high-performance thin-
layer chromatography plate (Silica Gel 60, Merck, Darmstadt, 
Germany) using a glass capillary (ringcaps, Hirschman 
Laboratorate, Eberstadt, Postfach, Germany).This was then 
developed with hexane: diethyl ether: acetic acid (80:20:1) for 
15 minutes, dried and re-developed in an identical manner. 
Thereafter, the solution was sprayed with an aqueous solution of 
8% phosphoric acid containing 10% copper sulfate and heated 
at 200˚C for 5 minutes using a TLC plate heater III (CAMAG, 
Sonnenmattstrasse, Muttenz, Switzerland). This was imaged with 
a Lumino image analyzer (LAS-1000 plus, Fuji Film Co., Tokyo, 
Japan) and the amount of each lipid was quantified from density 
using a Multi Gauge (Fuji Film Co., Tokyo, Japan). Quantification 
was carried out from a calibration curve of each lipid concentration 
and density.

Observation of cell morphology and measurement of 
differentiated cell number

After cell culture, the medium was removed and replaced 
with PBS and cell morphology was observed using an inverted 
microscope (IX 71, Olympus, Tokyo, Japan) and imaged using 
DP2-BSW software (Olympus). The number of differentiated cells 
contained in 15.3× 20.5 pixels was counted and corrected by area 
to calculate the number of differentiated cells per well.

Count of differentiated cell number

After adding each concentration of (ascorbyl/tocopheryl) 
phosphate, ascorbic acid, and pyridoxine cyclic phosphate to 
normal hamster sebaceous gland cells every two days for 10 days, 
cell morphology was imaged using an inverted microscope and 
the number of differentiated cells was counted.

Measurement of the superoxide anion scavenging 
ability

Reaction buffer (75μL/well) containing 0.25 mM NBT, 1.0 mM 
hypoxanthine, and 0.1 mM EDTA was placed into wells a 96-well 
microplate. Then 0.01, 0.1, 1.0, and 5.0 mM of either ascorbic 
acid, (ascorbyl/tocopheryl) phosphoric acid, or pyridoxine cyclic 
phosphate, each with the addition of 20 units/mL XOD solution, 
were added to wells and mixed. The plate was then transferred 

Figure 1: Antioxidant chemical structures. (Ascorbyl/tocopheryl) 
phosphoric acid (a), ascorbic acid (b), and pyridoxine cyclic phosphate 
(c).
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to a microplate reader (Spectra Max M2e, Molecular Devices, 
Silicon Valley, CA, USA), and the absorbance of formazan was 
measured at 550 nm. In order to exclude influence of the sample 
on the absorbance at the time of measurement, a sample of 
each concentration was prepared by replacing the XOD solution 

with PBS (reaction buffer 75 μL, sample 25 μL, PBS 25 μL) and 
absorbance was measured in the same manner. The superoxide 
anion scavenging ability was calculated using the following 
equation:

( ) ( ) ( )
( ) ( )
  0 

Superoxide anion scavenging ability % 1 100
 0    0 

Abs sample Abs XOD
ABS sample Abs XOD

− =
= − ×

= − =

Data analysis

The data are expressed as means± standard deviations (SD) 
of three experiments and compared to the control group by 
Dunnett’s test using SAS University Edition software (SAS Institute 
Inc., Cary, NC, USA).

Results

 Effect on intracellular lipid content

Figure 2 shows the effect on intracellular lipid content. 
(Ascorbyl/tocopheryl) phosphoric acid significantly decreased 
intracellular lipid content in a dose-dependent manner (p < 0.01). 
Addition of ascorbic acid and pyridoxine cyclic phosphate did not 
significantly change the intracellular lipid level.

Effect of antioxidants on differentiated cell number 
and cell morphology

Figure 3 show the differentiated cell number and cell 
morphology after exposure to each antioxidant. (Ascorbyl/
tocopheryl) phosphate decreased the number of differentiated 
cells in a dose-dependent manner. Ascorbic acid and pyridoxine 
cyclic phosphate showed a decreasing trend in the number of 
differentiated cells dependent on concentration. Exposure to 
(ascorbyl/tocopheryl) phosphate resulted in the highest number 
of proliferating cells and greatest suppression of differentiation. 
All the antioxidants decreased the number of differentiated cells 
with increased concentration (Figure 4). In particular (ascorbyl/

tocopheryl) phosphate at the lowest concentration resulted in the 
greatest reduction in the number of differentiated cells. 

Measurement of superoxide anion scavenging ability

All antioxidants tested resulted in an enhanced superoxide 
anion elimination rate in a concentration-dependent manner 
(Figure 5). In particular, (ascorbyl/tocopheryl) phosphate resulted 
in the highest superoxide anion elimination rate. The relationship 

Figure 2: Effect of antioxidants on lipid accumulation in cultured 
hamster sebocytes. Triglyceride (black bar), free fatty acid (white bar), 
cholesterol (vertical line bar). (Ascorbyl/tocopheryl) phosphate (a), 
ascorbic acid (b), and pyridoxine cyclic phosphate (c). Values represent 
means±S.D. of three experiments, *p < 0.05, **p < 0.01 versus control (0 
mM); Dunnett’s test.

Figure 3: Effect of antioxidants on sebaceous gland cell differentiation. 
Control (a); (ascorbyl/tocopheryl) phosphate (b); ascorbic acid (c); and 
pyridoxine cyclic phosphate (d).

Figure 4: Effect of antioxidants on differentiated cell number. 
(Ascorbyl/tocopheryl) phosphate (a); ascorbic acid (b); and pyridoxine 
cyclic phosphate (c). Values represent means±S.D. of three experiments, 
*p < 0.05, **p < 0.01, versus control (0 mM each sample); Dunnett’s test.
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among the various antioxidant substances with respect to sebum 
production suppression, cell differentiation inhibition, and 
antioxidant ability (superoxide anion scavenging ability) are 
apparent from these findings, whereby intracellular lipid content 
was decreased with increased antioxidant capacity (superoxide 
anion scavenging ability)and in proportion to the number of 
differentiated cells (Figure 6). Furthermore, the number of 
differentiated cells decreased with increased antioxidant capacity 
(superoxide anion scavenging ability).

 Discussion

Following sebaceous gland cell proliferation, subsequent cell 
differentiation results in the formation of intracellular sebum-
containing lipid droplets [15,16]. On maturation, the cell ruptures 
and the sebum is secreted to the skin surface [17,18]. Because 
the amount of sebum varies depending on the proliferation and 
differentiation status of the sebaceous gland cells, we hypothesized 

that suppression of sebaceous gland cell differentiation would 
reduce the amount of sebum. In this study, we investigated the 
influence of various antioxidants on sebaceous gland cells with 
respect to intracellular lipid content, cell differentiation, and 
antioxidant power.

First, the effects of various antioxidants on the intracellular 
lipid content of sebaceous gland cells were examined.(Ascorbyl/
tocopheryl) phosphate (0-0.1 mM), ascorbic acid (0-3.0 mM), 
and pyridoxine cyclic phosphate (0-5 mM) were added to 
normal hamster sebaceous gland cells every 2 days for 10 days, 
and the intracellular lipid content was quantified. Antioxidant 
concentrations were not affected by the cells. As a result, 
(ascorbyl/tocopheryl) phosphoric acid significantly decreased 
the intracellular lipid content with increased concentration, 
suggesting that antioxidants suppress sebum production. 
Interestingly, antioxidant substances are reported to promote the 
proliferation of normal human keratinocytes and in some cases 
promote/suppress their differentiation [19,20].

Next, the influence of various antioxidants on sebaceous 
gland cell morphology and differentiated cell number was 
examined. Addition of (ascorbyl/tocopheryl) phosphate 
resulted in a greater number of cells undergoing proliferation 
with reduced differentiation. All the antioxidants reduced the 
number of differentiated cells with increased concentration. 
These findings indicate that the antioxidants suppress sebaceous 
lipid production by inhibiting cell differentiation. Interestingly, 
ascorbic acid is reported to promote epidermal keratinocyte 
cell differentiation without promoting proliferation in vitro [21]. 
Therefore, antioxidant substances are thought to suppress sebum 
production without adversely affecting turnover of the epidermis, 
which is important for maintaining skin homeostasis. Finally, 
as a result of evaluating the antioxidant power of antioxidants, 
superoxide anion scavenging ability was increased in a 
concentration-dependent manner, with (ascorbyl/tocopheryl) 
phosphate resulting the highest superoxide anion scavenging 
ability. 

The effects of inhibiting sebum production, suppressing 
cell differentiation, and antioxidant capacity (superoxide 
anion eliminating ability) of these antioxidants are therefore 
more clearly defined from this study. Intracellular lipid content 
decreased with increased antioxidant capacity (superoxide anion 
scavenging ability) and decreased in proportion to the number 
of differentiated cells. Furthermore, the number of differentiated 
cells decreased with increased antioxidant capacity (superoxide 
anion eliminating ability). This suggests correlation exists 
between antioxidant power of the compound, cell differentiation 
status, and sebum production.

From these findings, it is assumed that the antioxidant 
capacity (superoxide anion eliminating ability) of the compound 
is related to cell differentiation and sebum amount, and therefore 
stronger antioxidants like (ascorbyl/tocopheryl) phosphate 
inhibit cell differentiation to a greater extent and thus the 
production of sebum. However, because the exact mechanism 
of sebaceous gland cell differentiation inhibition remains 
unknown, it is necessary to clarify this in future studies. It is also 

Figure 5: Effect of antioxidants on the superoxide scavenging ability. 
Values represent means±S.D. of three experiments, *p < 0.05, **p < 0.01, 
versus control (0 mM); Dunnett’s test.

Figure 6: Relationships between lipid amount, differentiated cell 
number, and superoxide scavenging ability. Relationship between lipid 
amount and superoxide scavenging ability (a). Relationship between 
lipid amount and differentiated cell number (b). Relationship between 
differentiated cell number and superoxide scavenging ability (c). Values 
represent the average of three experiments.
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unclear whether the inhibition cell differentiation and sebum 
production by (ascorbyl/tocopheryl) phosphate acts through 
(ascorbyl/tocopheryl) phosphate or acts through ascorbic acid 
and tocopherol. Therefore, further study on this is necessary. 
Finally, because the method used in this study cannot measure 
the antioxidant ability of hydrophobic substances, it is necessary 
to develop a method of measuring this and determine the effect 
of these on cells.

Conclusion

These findings indicate that antioxidant compounds inhibit 
sebaceous lipid production by suppressing differentiation of 
sebocyte.
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