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Abstract: This study was performed to develop new cosmeceutical agents with sebosuppressive activity from native plant
extracts in Korea. Inhibitory effects of the extracts on 5ea-reductase (5-AR) were evaluated by enzyme Kinetics analysis
using UV-spectrophotometric method. Two kinds of enzyme suspensions as 5-AR sources were prepared from rat liver
tissue and cultured hSG cells. The sebosuppressive effects were determined by measuring the total lipid quantity produced in
cultured hSG cells after incubation with the extracts. As a result, Pinus thunbergii extracts showed the most potent 5-AR
inhibitory effects. Its Ki values were 0.0002% and 0.00149% for rat liver 5-AR and human sebaceous gland 5-AR,
respectively. Addition of Pinus thunbergii extract to hSG cells showed 48% reduction in total lipid production at 0.005%
concentration. In conclusion, Pinus thunbergii extracts can be used as a cosmeceutical agent to regulate sebum production
and to alleviate the sebum-involved skin diseases, such as acne and seborrheic dermatitis.
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1. Introduction assumed that its role is to lubricate and waterproof the
formed hair. It is also suggested that the sebaceous

The sebaceous gland, usually associated with a hair gland is very important for skin homeostasis, since the
follicle, is a characteristic feature of the mammalian sebum is involved in the molecular organization of stra—
skin. While the exact function of the sebaceous gland tum corneum intercellular lipids [1] and transportation
and sebum in human is not yet fully understood, it is of antioxidants to skin surface [2). In addition, sebaceous

gland provides platelet-activating factor acetylhydrolase
I, which protect the skin against oxidative stress [3]
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and sebum-specific lipids (C16:146) shows an innate
anti-microbial activity [4]. Recently, Fluhr et al also re-
ported that sebaceous gland-derived glycerol is a major
contributor to stratum cormeumn hydration [5]. Although
a variety of functions have been proposed for cutaneous
sebaceous gland-derived lipids, the most predominant
view suggests that the principal role of sebum in human
is negative, 1.e. its well-accepted pathophysiological role
in the provocation of acne. As a result, significant at—
tempts have been tried to develop a new cosmeceutical
agent, that has a regulatory effect on sebum production.

Through the decades of investigation, it has been
resolutely established that the development and secre—
tory activity of sebaceous glands are strongly influenced
by hormones, especially androgens [6,7). At the same
time, it 1s also demonstrated that the sebaceous glands
dominantly regulate the cutaneous androgen production
[8]. Androgens act on the sebaceous gland by stimu-
lating mitosis and lipogenesis, and the most effective
forms are those with a 178 -hydroxy group, such as
testosterone, 5e —dihydrotestosterone (DHT). Using the
hypophysectomised, castrated rats, it has been reported
that DHT has more potent stimulating activity on
sebum production than testosterone [9). Production of
DHT from testosterone in sebaceous gland is con-
sidered as being catalyzed by 5 -reductase (5-AR). In
human, two isoforms of 5-AR is presented. The type 1
isozyme has an optimal pH of 6~9 and represents the
cutaneous type, which is mainly located in sebocytes
and epidermal and follicular keratinocytes. The type 2
isozyme has an optimal pH of 55 and located mainly
in the epididymis, seminal vesicles, prostate as well as
in the inner root sheath of the hair follicle [10]. Since
the activity of 5-AR 1is significantly elevated in hyper-
plastic prostates, male bold scalps and acne-bearing
skin, as well as in acne-prone skin, inhibition of the
5-AR system appears to be a promising target for treat—
ment of androgen—dependent skin disorders. Extensive
researches have been done to develop an agent with
5-AR inhibitory activity and finasteride, which has a
higher affinity for the type 2 isozyme, is the first
clinically introduced one. Since the skin mainly express
type 1 isozyme, however, the development of a new
agent which specifically inhibit the type 1 isozyme may
be of great importance for anti-androgenic treatment of
seborrhea and acne.
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In this study, we tried to develop a new agent with
5-AR inhibitory e“fects from various natural plants in
Korea. Organic solvent extracts from natural plants
were tested for their inhibitory effects, as well as
sebosuppressive effects on human sebaceous gland de-
rived cells.

2. Materials and Methods

2.1. Materials

Various plant extracts were obtained from Plant
Extract Bank of Plant Diversity Research Center (Dae-
jeon, Korea). Finasteride, testosterone, NADPH2, azelaic
acid, nordihydroguaiaretic acid (NDGA) and genestein
were purchased from Sigma chemicals (St. Louis, MO,
USA). All the other reagents, unless otherwise men-
tioned, were of anilytical grade.

2.2. Preparation of 5-AR Suspensions

Mature Sprague-Dawley female rat (7~8 weeks olds),
purchased from Samtako (Kyunggi-do, Korea), were
sacrificed by cervical dislocation. The liver was dis-
sected and freed :rom fat, and homogenized in buffer
solution (0.13 M sucrose, 10 mM Tris-HCl, 40 ul/L 2-
mercaptoethanol) by homogenizer. The homogenate was
centrifuged at 105000 G for 1 h (Optima, Beckman Coul-
ter, Fullerton, CA, USA). The supematant fraction was
collected and used as a rat liver 5-AR suspension.

In order to prepare type 1 isozyme-dominant 5-AR
suspension, human sebaceous gland derived cells were
used. Isolation and in vitro culture of the sebaceous
gland cells were done as previously described [111.
Briefly, sebaceous gland attached epidermis was sepa-
rated from dermis using dispase (Invitrogen, Carlsbad,
CA, USA) and the glands were carefully excised with
27 G needles under microscopic observation. The iso-
lated glands were placed in culture dish and complete
Keratinocyte growth medium (Cambrex, East Ruther-
ford, NJ, USA) was added. When the cells formed
colonies around glands, they were subcultured using
trypsin—-EDTA solution. After 2~3 passages, the cells
were harvested and cellular homogenate was prepared
with buffer (10 mM potassium phosphate, 150 mM KCl,
1 mM EDTA) usirg homogenizer. The homogenate was
centrifuged at 20000 G for 15 min and the supernatant
was used as a sebaceous gland cell originated 5-AR
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Figure 1. 5-AR reaction rate inhibited by Pinus extracts.
T is the concentration of testosterone and Vy is the re-
action rate of 5-AR.

suspension.

2.3. Measurement of 5-AR Activity

Reaction mixture contains 22 yM NADPH; and 20 uL
of enzyme suspension in 100 mM Tris-HCl buffer (pH
7.0). 20 uL of test substance was added to the reaction
mixture and the reaction was initiated with the
addition of the enzyme suspension. The reaction rate
was calculated by measuring the concentration of
NADPH; in the mixture, which was measured using
UV-spectrophotometer ( A ma=340 nm)[12].

2.4. Measurement of Sebosuppresive Effects.

Human sebaceous gland derived cells were seeded to
24-well culture plate and maintained in complete kera-
tinocyte growth medium. The sebosuppressive effect of
selected plant extracts was evaluated by measuring the
total lipid quantity after co-incubation with the extract
for 24 h. After incubation, cells were washed twice
with Ca™, Mg —free PBS solution and harvested with
trypsin-EDTA solution. The chloroform : methnol (2:1)
was added to the cells and sonicated three times for 1
min. The solution was filtered through filter and the
filtrates were evaporated to dryness under nitrogen
stream. The weight of the total lipid was measured by
analytical balance and the lipid residues were re-
dissolved in chloroform and stored at -70°C for further
analysis [10].
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Figure 2. Dixon plot of Pinus extract. The x-axis value
of the intersection point between two lines is calculated
as Ki value. The reaction rate for two different con-
centration of testosterone (O : [testosteronel =1 uM, @ :
[testosterone] =10 uM) was measured at each concen-
tration of inhibitors.

3. Results and Discussion

3.1. Enzyme Kinetics Analysis

Based on the NADPH; consumption rate measure-
ment, 5-AR reaction kinetics analysis was performed
to evaluate the mhibitory effects of natural extracts.
Typical reaction plot is shown in Figure 1. The inhibi-
tory effects were expressed as inhibition constant (Kj),
which means the concentration of the substance at
which 50% of the maximum reaction velocity (Viax) is
shown. In order to calculate the K; values, Dixon plots
for each tested natural extracts were plotted. Typical
Dixon plot is shown in Figure 2.

3.2. Inhibition of 5-AR by Natural Plant Extracts
The K; values for tested natural plant extracts and
finasteride and azelaic acid, both served as positive
controls, are shown in Table 1. Among the tested sub-
stances, 3 kinds of plant extracts with highest inhibi-
tion activity were chosen and further investigated using
5-AR from human sebaceous gland derived cells. The
K values for selected substances for 5-AR from human
sebaceous gland derived cells are shown in Table 2.

3.3. Sebosuppressive Effects of Natural Plant

Extracts
The sebosuppressive effects were evaluated by mea-
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Table 1. Ki Values of Various Natural Plants Extracts in
Korea for Rat Liver 5-AR

ot

Table 2. K; Values of Selected Natural Plants Extracts in
Korea for Human Sebaceous Gland Cell 5-AR

Materials Ki
Pinus thunbergii (leaf) 0.0002%
Glycyrrhizae radix (root) 0.0002%
Actinostemma lobatum (whole) 0.0004%
Sophorae radix (root) 0.0009%
Artium lappa (leaf, stalk) 0.0011%
Trichosanthes kirilowii {(var. japonica) 0.0021%
Ulmus parvifolia (stele) 0.0029%
Armeniaceae semen (seed) 0.0048%
Oenothera odorata (leaf) 0.0087%
Rhei radix et Rhizoma (root) 0.005%
Hoelen 0.036%
Portulacae Herba N.D.*
Hoelen rubra N.D.
Angelica gigas N.D.
Trichosanthes kirilowii N.D.
Schizopepon bryoniaefolius N.D.
Arctium lappa (root) N.D.
Gynostemma pentaphyllum N.D.
Ulmus parvifolia (cortex) N.D.
Finasteride 66.7 nM
Azelaic acid 0.0003%

(*: Not determined)

suring the total lipid quantity produced dun'ng co—
incubation with the tested substances. Reduction rate
of lipid production for Pinus thunbergii and Oenothera
odorata was about 48% and 36%, respectively, which
was comparable to that of finasteride or azelaic acid
treated cells (Figure 3).

4. Conclusions

In the present study, we have tested the inhibitory
effects of natural plant extracts on 5-AR from rat liver
and human sebaceous gland derived cells. About eleven
natural extracts showed an inhibitory activity on the
rat liver microsomal 5-AR, and among the tested
substances, Pinus thunbergii and evening primrose
(Oenothera odorata) extracts showed potent 5-AR
inhibitory activity. Since the rat liver microsomal 5-AR
consists of two types of isozymes and its composition
is significantly different from that of skin, we also tried
to obtain type I isozyme-dominant 5-AR suspensions
using human sebaceous gland derived cells. Inhibitory
effects on 5-AR from human sebaceous gland derived
cells were evaluated for selected plant extracts, and
Pinus thunbergii extract showed the most potent activity,
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Materials Ki
Pinus thunbergii (leaf) 0.0011%
Oenothera odorata 0.0049%
Actinostemm lobatum 0.0086%
Finasteride 0.0006%
Azelaic acid 0.0011%
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Figure 3. Sebosuppressive effects of selected natural
extracts.

which is comparable to that of azelaic acid. Finally,
sebosuppressive effacts on human sebaceous gland cells
were measured in vitro. Intercellular lipid quantity was
reduced by all of the tested substances, and the reduc-
tion rate was about 35~50%, except Actinostermma
lobatum extracts. As a conclusion, Pinus thunbergil
extracts can be usad as a new cosmeceutical agent to
regulate sebum production and to alleviate the sebum-
derived skin diseasas.
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