pISSN 1226-2587
J. Soc. Cosmet. Sci. Korea eISSN 2288-9507
Vol. 42, No. 3, September 2016, 203-209 http://dx.doi.org/10.15230/SCSK.2016.42.3.203

SOnR AWML SXFEE D O M2 oM EMS DUMNFET

K-herb 7% gh=gho]stad <l
‘oo sta o] e e Al okFst
0161 6¥ 7Y Her, 20163 8 8Y A, 2016d 9 26Y A=)

hi

Hair Growth-promoting Effect of Resina Pini and Its Main Constituent,
Abietic Acid, in Mouse Model of Alopecia

Gunhyuk Park and Yong-ung Kim* i

The K-herb Research Center, Korea Institute of Oriental Medicine, 1672 Yuseong-daero, Daejeon 34054, Korea
"Department of Pharmaceutical Engineering, College of Biomedical Science, Daegu Haany University,
Gyeongsangbuk-do 38610, Korea
(Received June 7, 2016; Revised August 8, 2016; Accepted September 26, 2016)

AAERZ g Ao ZUE glow, oo HAE L 1o FAAHES &3 2L
A7} =713k lth 44 (Resina Pini, RP) & Pinus sp. (Pinaceae) ®] X2 & A5 9
Az X FZZ)| AFRE o gt B AFRL RPE A&l ofH] o EAF(abietic acid, AA) ]
GAAAER I A 593 G492 50 —reductaseE JASh= S5 HE FFA YZ5ehl lom, ol A
TIAME AAZ 294 D wik Jaof sty AHFE FFNA dSstaAl goh. C3H/HeN g Rul-$-2
Edo A RPE 300 mg/kgoll A FolsHAl 2R AE gRlstgon, Bt olyzl AAE 30 me/kgdl A= #9
A 2R AAEHE B} ol AFZHE RPE 1 FAAES AAY} 50 —reductase A= 714E
53 GAAEEAAEAE BATL AIREHY, &3 gRgA HAXTHOZ o]& VeSS BT

Abstract: Recently, increased attention has been directed toward medicinal extracts and their active ingredients as poten-
tial new drug candidates for androgenic alopecia. Resina Pini (RP), a resinous exudation obtained from Pinus sp.
(Pinaceae), has been used as a traditional medicine for the treatment of infection, pain related to dental caries, and perio-
dontal disease. Previously, we suggested that RP and its main constituent, abietic acid (abieta-7,13-dien-18-oic acid;
AA), may play important roles against androgenic alopecia as 5 @ -reductase inhibitors. However, to date, there is no
evidence that AA has hair growth-promoting effects in vivo. In this study, we found that 10 ~ 300 mg/kg RP and
3 ~ 30 mg/kg AA significantly promoted hair growth in a C3H/HeN mouse model of alopecia. To our knowledge,
this is the first report of the hair growth-promoting effects of RP and AA in vivo. From these results, RP and its main
constituent AA can promote hair growth in mouse by inhibiting 5 @ -reductase activity and may be effective alternative
therapies for androgenic alopecia.
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1. Introduction

Alopecia, also known as hair loss or baldness, is a der-
matological disorder with a global distribution; it affects
approximately 0.2 ~ 2% of the global population[1].
Alopecia has many causes including androgenic alopecia
(AGA), fungal infection, trauma, radiotherapy, chemo-
therapy, nutritional deficiencies, and autoimmune diseases
such as alopecia areata[2]. AGA is an androgen-linked
condition in genetically prone individuals; it affects 50%
of the male population[1,2]. A number of genetic and en-
vironmental factors play a role in AGA development.
AGA is a frequent form of alopecia in which androgens
progressively convert normal-sized scalp hair follicles
to miniaturized hair follicles[3,4]. Dermal papilla cells
are mainly affected by a specific androgen, 5«
-dihydrotestosterone. It is produced from testosterone in
dermal papilla cells by the catalytic action of 5«
-reductase type-2 enzyme[2]. The 5 a-reductase type-2
enzyme plays a vital role through the intracellular con-
version of testosterone to 5 @ -dihydrotestosterone within
the follicular epithelium[2]. Hair loss is characterized by
the shortening of the anagen phase and miniaturization of
hair follicles, resulting in thinner and shorter hairs.
Therefore, pharmacological inhibition of 5 @ -reductase
type-2 could, potentially, be a promising strategy for
AGA prevention.

Resina Pini (RP), a resinous exudate obtained from
Pinus sp. (Pinaceae), has traditionally been used to con-
trol infection, inflammation, and pain related to dental
caries and periodontal disease. RP could be an effective
alternative to conventional therapeutic agents for perio-
dontal tissue inflammation and breakdown[5,6]. In addi-
tion, RP inhibited the PGE, production in human gin-
gival fibroblasts and their analgesic effect on acetic
acid-induced writhing in mice[7]. We have demonstrated
previously that the 50% ethanol extracts from RP showed
inhibitory activity against 5 @ -reductase prepared from rat
prostate[6]. Further, the fraction responsible for this activ-
ity was purified, and the active constituent was isolated

and identified as abietic acid (abieta-7,13-dien-18-oic acid,
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AA), which exhibited potent 5 « -reductase inhibitory
activity in vitro[6]. However, to date, there is no evidence
that AA has a hair growth-promoting effect in a
C3H/HeN mouse model of alopecia. In the present study,
we investigated the effects of RP and its main constituent
AA on hair growth promotion.

2. Materials and Methods

2.1. Materials

Dulbecco’s modified Eagle’s medium (DMEM), pen-
icillin / streptomycin (P/S) and fetal bovine serum (FBS),
were purchased from Gibco (MD, USA). Minoxidil, etha-
nol, MTT, and dimethylsulfoxide (DMSO) were pur-
chased from Sigma (St. Louis, MO, USA). Also, PEG,
was purchased from Abcam (Cambridge, MA). The other
reagents used were of guaranteed or analytical grade. The
RP extract and abietic acid were the same as those used

in our previous study[6].

2.2. Cell Culture

The macrophage RAW 264.7 cell line was purchased
from ATCC (Manassas, VA). Cells were kept in DMEM
supplemented with 10% heat inactivated FBS and 1% P/S
in an atmosphere of 95% air and 5% CO, at 37 C. All
experiments were conducted 12 h after the cells had been
seeded on the 96- and 24-well plates at densities of 1 x
10* and 2 x 10* cells/well respectively.

2.3. Assessment of MTT, NO, and PGE, Assay
MTT and NO generation were generated as the pre-

viously described method[8]. Then, PEG;, levels was

determined using a PGE, ELISA kit, according to the

instruction manual.

2.4, Animals and Treatments

Animal maintenance and treatment were carried out in
accordance with the principles of laboratory animal care
(NIH publication No. 85 ~ 23, revised 1985), the associ-
ation for assessment and accreditation of laboratory ani-

mal care (I-0812030) system and the animal care and use
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guidelines of Dong-A Pharmaceutical Co., LTD. (Seoul,
Korea). Female C3H/HeN mice (9 weeks, 20 ~ 22 g)
were purchased from Jung-Ang Lab. Animal Inc. (Seoul,
Korea). Animals were housed at an ambient temperature
of 23 £ 1 C and relative humidity of 60 + 10% under
a 12 h light/dark cycle, and were allowed free access to
water and food. Animals were assigned to nine groups;
(1) group 1 (non-treated group), (2) group 2 (vehicle
(50% ethanol) only-treated group), (3) group 3 (1% min-
oxidil-treated group), (4) group 4 (RP 10 mg/kg/day treat-
ed group), (5) group 5 (RP 100 mg/kg/day treated group),
(6) group 6 (RP 300 mg/kg/day treated group), (7) group
7 (AA 3 mg/kg/day treated group), (8) group 8 (AA 10
mg/kg/day treated group), and (9) group 9 (AA 30
mg/kg/day treated group). After complete removal of the
dorsal hairs within an area of approximately 8 cn’, 150
uL of each solution was applied to the dorsal skin of the
mice twice daily for three weeks. On days 5, 9, 12, 15,
19, and 22 after starting application, a hair growth score
was given to each mouse. For the assessment of ex-
perimental variability, three independent experiments were

carried out in duplicate.

2.5, Evaluation of Hair Growth Scores

The four signs of skin lesions were (1) no hair growth
pink skin, (2) skin color changes from pink to gray or
black without visible hair growth, indicating the onset of
anagen, (3) sparse or diffuse short hair growth, and (4)
dense, normal coat hair, and hair growth activity. The
above-mentioned symptoms were graded as follows: 0 (no

progress), 1 (mild), 2 (moderate), and 3 (fully progressed).

2.6. Statistical Analysis

The statistics were expressed as the mean = S.D. error
of the mean (S.E.M). The statistical variables were ana-
lyzed using a one-way analysis of variance (ANOVA) and
post hoc multiple mean comparisons (Tukey’s HSD test).
The statistical significance was set at p < 0.05. All varia-
bles were analyzed using the GraphPad Prism 5.10 soft-
ware (GraphPad Software Inc., San Diego, CA, USA).
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Group 2
(Vehicle (30% ethanol) only-treated
group)

Group 3
(1% minoxidil-treated group)

Group 4
(PP 10 mglkgday treated group)

Group 5
(FF 100 mgkg/day treated group)
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(R 300 mg/kg/day treated group)

Group 7
(AA 3 mplkgiday treated group)

Group 8
(AA10 mg'kg/day treated group)

Group 9
(AA30 mgkgiday treated group)

Figure 1. Macroscopic evaluation of the hair growth-promoting
effects of Resina Pini and its main constituent abietic acid in
C3H/HeN female mouse model of alopecia.

3. Results and Discussion

AGA is a very important aesthetic and psychological
problem that often decreases the quality of life in many
women[9,10]. The androgen dependent mechanism is one
of the most important etiological factors of AGA, and the
inhibition of 5 @ -reductase is, at the moment, the most ef-
ficacious way to treat AGA[9-11]. Topical minoxidil (5%
solution) and oral finasteride have been approved by the
food and drug administration for the treatment of
AGA[1]. It has the possibility of a high affinity for an-
drogen receptors, but as steroid derivate is expected to
produce anti-androgen side effects and to be teratogenetic
in fertile women[9,11]. Also, topical minoxidil, an ad-
enosine triphosphate-sensitive potassium channel opener,
was shown to be effective in 54% of treated patients as
opposed to 34% in placebo control groups[1]. However,
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Table 1. Hair Growth Score of C3H/HeN Female Mouse Model of Alopecia after Topical Treatment of Test Samples for 3 Weeks

22 day

0 day 5 day 9 day 12 day 15 day 19 day 22 day
No treatment 0 004 £ 0.04 0.14 £0.12 0.79 £ 0.31 1.64 £ 0.55 2.14 + 044 221 £ 045
Vehicle 0 0.11 £ 0.05 029 +£0.15 079 £ 027 136 =038 221 £ 039 246 = 029
1% Minoxidil 0 0.11 £ 0.08 0.71 £ 0.29* 196 £ 0.53 2.00 £ 0.52 246 + 031 2.71 + 0.23
Resina Pini 10 mg/kg 0 0.07 £0.05 036 +£0.19 132 +£042 1.68 =050 2.07 £046 264 = 0.26
Resina Pini 100 mg/kg 0 004 £0.04 032=+£019 132+£044 189 =046 246+ 036 2.68 = 0.19
Resina Pini 300 mg/kg 0 004 £0.04 039+022 143+£036 193+032 275+014 289 = 0.08
Abietic acid 3 mg/kg 0 0.14 £ 0.10 054 £ 027 129 £045 1.71 £ 048 225 +£ 043 246 + 035
Abietic acid 10 mg/kg 0 004 £ 0.04 021 £0.12 1.11 £039 1.61 £046 221 £048 250 = 0.35
Abietic acid 30 mg/kg 0 0.07 £ 0.08 043 +£033 1.18 £ 033 1.68 £ 041 236+ 040 271 = 0.23
25
et =0 day
é 5 5 day
u9 day
g =12 day
IS 15 u15 day
i[) u19 day
'z
=

05

No treatment Vehicle 1% minoxidil

Resina Pini 10mg/kg Resina Pini 100mgkg Resina Pini300mgkg Abietic add3mgkg Abietic add 10mgkg Abietic add 30mgkg

Figure 2. Hair growth score of C3H/HeN female mouse model of alopecia after topical treatment of test samples for 3 weeks. p

< 0.001 compared with the vehicle group.

there are significant adverse dermatological effects asso-
ciated with minoxidil, including pruritis, dryness, scaling,
local irritation, and dermatitis. In addition, finasteride, a
competitive inhibitor of type-2 5 @ -reductase, is known to
increase hair growth in patients with androgenic alope-
cia[1]. It was reported that 48% of hair regrowth was
observed in finasteride recipients in one year[12].
Finasteride is generally well tolerated by patients, but
some patients withdrew from treatment due to drug-re-
lated sexual disorders[2]. Therefore, there remains a de-
mand for highly effective pharmacotherapy for treating
androgenic alopecia with an excellent safety and efficacy

profile. In the past several years, there have been numer-
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ous attempts to develop new agents capable of preventing
and/or treating androgenic alopecia[2]. For example, natu-
ral extracts from several plants have been used for hair
growth promotion via inhibiting 5 ¢ -reductase activity,
including Phyllanthus niruri, Cacumen platycladi, Red
ginseng, and Adiantum capillus-veneris[13-16].

In a previous study, RP extract (50 ~ 500 xL/mL) in-
hibited 5 @-reductase activity in vitro (0.8 ~ 78.2%)[6].
Furthermore, AA inhibited 5 « -reductase activity in
vitro (ICsp 56 uM)[6]. Although RP have inhibitory effects
in vitro 5 a -reductase assay, its potential hair growth-
promoting effect has not been tested in vivo animal model.
Therefore, in this study, we applied the hair growth-
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Figure 3. Inhibitory effect of Resina Pini on LPS-induced PGE, and nitric oxide levels in RAW 264.7 cell line. Cytotoxicity was
determined based on the level of (A) MTT. (B) PGE; and (C) NO production was assayed. Values are presented as means + S.E.M.

***

promoting activity of RP and AA in alopecia models of
C3H/HeN mice. The hair growth indexes of 10 ~ 300
mg/kg RP and 3 ~ 30 mg/kg AA groups were slight than
that of the vehicle group after treatment for 3 weeks, in-
dicating the hair growth-promoting activity of RP extract
and AA (Figure 1, 2 and Table 1). Also, 1% minoxidil
group after treatment for 3 weeks significantly promoted
hair growth.

Inflammatory activators such as demodex infestation
may play a role in the pathogenesis of some cases of an-

drogenetic alopecia that do not respond to common treat-

< 0.001 compared with the control group, “p < 0.001, compared with the LPS-only treatment group.

ments such as minoxidil and finasteride. Thus, we tested
that RP measured PGE, and nitric oxide levels using mac-
rophage cell line RAW 264.7 cells. Treatment with LPS
significantly increased PGE, (by 19.55 + 0.54%) and ni-
tric oxide (by 11.97 + 0.28%) compared with the control,
while treatment with RP and AA reduced LPS-induced
PGE; (by 13.50 + 0.59% to 9.34 + 0.23% and 14.56 +
0.47% to 9.96 + 0.27%) and nitric oxide (by 11.06 +
0.16% to 5.60 = 0.12% and 9.73 £ 0.27% to 4.79 =
0.29%) (Figure 3A, B, C). According to our results, RP
had a significantly greater hair growth-promoting effect
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than that exerted by its main component, AA, in vivo.
These data demonstrate that RP extract and AA are effec-
tive in hair growth effects in animals and thus it may be
useful for treatment for alopecia.

4. Conclusion

The present study showed that RP and its main con-
stituent AA promoted hair growth in an alopecia mouse
model. Further, it was previously reported to inhibit 5
-reductase activity. Therefore, this study provides useful
in vivo evidence that RP and its main constituent AA ex-
hibited significant hair growth-promoting potential and
suggests that these substances can be applied as hair loss
treatments.
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