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The purpose of this study was to determine the hair growth effects of lavender oil (LO) in female C57BL/6
mice. The experimental animals were divided into a normal group (N: saline), a vehicle control group
(VC: jojoba oil), a positive control group (PC: 3% minoxidil), experimental group 1 (El: 3% LO), and
experimental group 2 (E2: 5% LO). Test compound solutions were topically applied to the backs of the
mice (100 pL per application), once per day, 5 times a week, for 4 weeks. The changes in hair follicle
number, dermal thickness, and hair follicle depth were observed in skin tissues stained with hematoxylin
and eosin, and the number of mast cells was measured in the dermal and hypodermal layers stained with
toluidine blue. PC, E1, and E2 groups showed a significantly increased number of hair follicles, deepened
hair follicle depth, and thickened dermal layer, along with a significantly decreased number of mast cells
compared to the N group. These results indicated that LO has a marked hair growth-promoting effect, as
observed morphologically and histologically. There was no significant difference in the weight of the thy-
mus among the groups. However, both absolute and relative weights of the spleen were significantly
higher in the PC group than in the N, VC, El, or E2 group at week 4. Thus, LO could be practically

applied as a hair growth-promoting agent.
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INTRODUCTION

Hair serves as a cushion against external shocks, as a
means to keep the head warm, and a shield to protect the
scalp from ultraviolet rays. It is also responsible for excret-
ing harmful heavy metals, such as arsenic, mercury, zinc,
etc., removing them from the body, and plays an important
role in beauty, as the means of expressing the appearance of
a person (1). Although generally thought to be linked to
aging, hair loss has many direct and indirect causes, such as
increased stress, increased social activities in women, nutri-
tional imbalances due to westernized diets, in addition to
genetic factors (2). In cases of severe hair loss, there can be
negative psychological consequences, such as lowered self-
esteem and anger, which can then lead to depression, social
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withdrawal, and inappropriate personal relations, etc. (3).
Therefore, since hair loss is no longer regarded as the sim-
ple elimination of hair, but is linked to social and psycho-
logical pain, understanding of the importance of proper
management is gaining momentum.

Hair follicles (HFs) are depressions in the scalp in which
hair is created through the continuous proliferation of
matrix cells, in a growth cycle that includes various phases
(4). A hair cycle in a normal scalp is classified into the
anagen phase, which lasts 3~6 years and involves active
growth; the catagen phase, which lasts 3~4 weeks and
involves halting and contracting of growth activity; and the
telogen phase, which lasts 3~4 months and is the period
when the hair eventually falls out and is replaced by a new
hair. The hair cycle is repeated 10~20 times during a life-
time (5,6).

Minoxidil (MXD), a pyrimidine derivative (2,4-diamino-
6-piperidino-pyrimidine-3-oxide) is an adenosine triphos-
phate (ATP)-sensitive potassium channel (KATP channel)
opener, and is the most commonly used drug for the treat-
ment of androgenetic alopecia (7). Topical MXD shortens
the telogen phase by inducing resting HFs into the anagen
phase, prolongs the anagen growth phase, and increases the
volume of HFs.
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Lavender oil (LO) constituents include linalyl acetate, lin-
alool, and geraniol. It is known to be effective for the recov-
ery of fatigue, the relaxation of stress, the growth of cells,
the reproduction of skin, and alopecia areata (8). Among
these constituents, linalyl acetate ester is effective for the
relaxation of nerves, and as a tincture, linalool has antifun-
gal effects (9). Aroma therapy is one of the alternative med-
icines that are currently gaining much attention.

This study investigated the practicality of using LO as a
hair growth stimulant, as compared to treatment with 3%
MXD, which has been approved by the US-FDA, and to
provide basis for the development of hair loss treatments. In
order to do this, the hair-growth promoting effect of LO
was determined through morphological and histological
observation, by percutaneous application of LO to the back
skin of C57BL/6 mice. In addition, the safety of this treat-
ment was assessed through the observation and measure-
ment of organ weights.

MATERIALS AND METHODS

Materials. 1.0 was purchased from Sanoflore Com-
pany (France) and jojoba oil was purchased from Bio & Bio
(Korea). The chemical composition of LO and jojoba oil is
listed in Table 1. The 3% MXD was obtained from Hyun-
dai Pharmacia (Korea). In order to prepare the 3% and 5%
solutions, LO was mixed with jojoba oil.

Experimental animals. Five-week-old female C57BL/
6 mice were purchased from Dae Han Biolink Co (Korea).
The animals were housed and allowed to adapt to the labo-
ratory environment for 1 week, after which the 6-week-old
mice were divided into 5 groups of 18 mice each: a saline
treatment group, as the normal group (N); a jojoba oil treat-
ment group, as the vehicle control group (VC); a 3% MXD

Table 1. Composition of lavender oil and jojoba oil

Peppermint oil % Jojoba oil %
Linalyl acetate 38.8 Docosenyl elcosenoate 41.5
Linalool 31.7  Elcosenyl elcosenoate 27.7
Trans-B-3-ocimene 4.9 Elcosenyl docosenoate 10.3
Cis-p-ocimene 3.0 Tetracosanyl elcosanate 6.3
Lavandulyl acetate 2.3 Elcosenyl oleate 54
Terpinene-4-ol 1.3 Docosenyl stearate 32
a-Terpineol 0.6  Other esters 5.6
Camphre 0.6
1,8-Cineole 0.6
Lavandulol 0.4
B-Phellandrene 0.2
Octanone 3 0.2
Limonene 0.2
The others 15.2

Total 100.0 Total 100.0

treatment group, as the positive control group (PC); a 3%
lavender oil (LO) treatment group, as experiment group 1
(El), and a 5% lavender oil (LO) treatment group, as exper-
iment group 2 (E2). To assess the effects of hair growth, the
back of each mouse was shaved 1 day before the beginning
of the experiment, using an electric clipper for animals, and
100 pL of test samples was applied topically by using micro
pipettes, once a day, 5 times a week, for 4 weeks. The tem-
perature of the animal laboratory environment was main-
tained at 22 + 1°C, with a relative humidity of 50 + 5%, and
an alternating 12-hr light/dark cycle; animals were pro-
vided with food and water ad /ibitum. Both the animal care
and the protocol for this study were in accordance with
TACUC (Institutional Animal Care and Use Committee)
and OECD guidelines (Approval No. KMU IACUC 2011-
012).

Six experimental animals were euthanized at weeks 1,
3, and 4, using ether anesthesia, after which the organs
were immediately extracted and washed in physiological
saline, dried off with filter paper; the spleen and thymus
were weighed. A part of the extracted skin tissue was
fixed in 10% formalin solution and used for histological
observation.

Hair growth observation. At weeks 1, 3, and 4, the
backs of the mice were photographed with a digital camera
under ether anesthesia, to evaluate the darkening of skin
color. The hair growth effect in each group was rated on a
score ranging from 0 to 100%.

Histological analysis. Mice were euthanized with diethyl
ether and skin tissue extracted. The number of mice sacri-
ficed at weeks 1, 3, and 4 was 6 each, and the dermal skin
samples were fixed in 10% buffered formalin for 24 hr, fol-
lowed by embedding in paraffin wax, using standard tech-
niques. General histology was visualized using hematoxylin-
eosin (H&E) staining. We observed the number, elonga-
tion, and depth of HFs by fluorescent microscopy (Axio
imager, Carl Zeiss, Germany). The dermal thickness and
follicle depth were measured using the scale bar tool of the
fluorescent microscope. The number of mast cells (MCs) in
the dermal and subcutaneous layers was counted after tolui-
dine blue staining.

Statistical analysis. A one-way ANOVA analysis was
conducted using SPSS 17.0 for Windows (SPSS Inc., USA)
statistics program; post hoc comparison was used to test the
differences between the groups, using Duncan’s multiple
range test. Statistical significance was set at p < 0.05.

RESULTS

Gross observation. In morphological observation (Fig.
1), hair growth area was determined as % after photograph-



Hair Growth-Promoting Effects of Lavender Oil 105

A)

vC

PC

E1

E2

Hair growth area (%)

4

Weeks

Fig. 1. Hair growth effects in an alopecia model of C57BL/6
mice to which test compounds were applied topically for 4
weeks. N: saline, VC: jojoba oil, PC: 3% minoxidil, E1: 3% laven-
der oil, E2: 5% lavender oil. (A) Photographs of the back skin.
From week 3, PC, E1, and E2 groups showed notable darkening
of skin color, and over time they showed a markedly greater
hair growth than the N group. (B) Hair growth area of back skin.
Each value represents the mean +SD of 6 mice. **Values with
different superscripts indicate significant differences (p < 0.05)
for each given week, by ANOVA and Duncan’s multiple range
tests.

ing hair growth state on the backs of mice and observation
was conducted 3 times in total, i.e., at weeks 1, 3 and 4. At
the 1% week of the experiment, less than 1% of hair growth
was seen in all 5 groups. At the 3" week, the PC, E1, and
E2 groups showed 51%, 22%, and 36% of hair growth,
respectively, and at the 4™ week, PC, E1, and E2 groups
showed 99.8%, 90%, and 95% of hair growth, respectively.

Optical microscopic observations with H & E staining.
The observation of HF number, HF depth, and dermal
thickness of the back skin using an optical microscope are
shown in Fig. 2. During the experimental period, the HF
number in the PC, E1 and E2 groups increased; HF depth
was deeper and dermal thickness was thicker than in the N
group. The HF number, HF depth, and dermal thickness
were significantly (p <0.05) increased in the PC, E1, and
E2 groups than in the N group at the 3" or 4" week of the
experiment.

Change in the number of mast cells. The number of
MCs was measured in the dermal and subcutaneous layers
by toluidine blue staining, which were visually checked at a
200 x magnification, using an optical microscope (Fig. 3).
At the 1* week, the number of MCs was significantly (p <
0.05) higher in the N and VC groups than in the PC, El,
and E2 groups. As time passed, these values slightly
decreased in all groups. At the 4" week, the number of MCs
was in the order of N> VC > E1 > E2 > PC groups.

Organ weight. The weight of the spleen and thymus is
shown in Fig. 4. At the 4" week of the experiment, the
absolute weight of the spleen in the PC group was approxi-
mately 14% (p <0.05) higher than that in the N group, but
those in the E1 and E2 groups were not significantly differ-
ent from that in the N group. There was no significant dif-
ference in the absolute weight of the thymus between
groups.

At the 4™ week of the experiment, the relative weight (g/
100 g body weight) of the spleen in the PC group was
approximately 9% (p <0.05) higher than in the N group,
but those in the E1 and E2 groups were not significantly
different from that in the N group. There was no significant
difference in the relative weight of the thymus between
groups.

DISCUSSION

C57BL/6 mice are widely used in hair physiology studies
because they have the advantage that all HFs enter the
growth stage after birth, with hair beginning to grow, and
with spontaneous hair loss when all HFs transfer to the
pause stage at around 6 weeks. The growth stage can be
determined by skin color, because melanocytes exist only in
HFs and melanin synthesis matches the cycle of hair growth
well (10,11). In this study, 6 week-old female C57BL/6
mice were used. When the hair on their back was epilated
or cut, the back skin color was pink; as the experiment pro-
gressed, the surface of the skin changed from pink to black
through gray, corresponding with the change in the hair
cycle from the pause stage to the growth stage. In this study,
hair growth was not observed morphologically after topical
application of LO to the back skin for 1 week. Hair growth
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Fig. 2. Histological observation of hair follicles and dermal thickness in the back skin of C57BL/6 mice to which test compounds were
applied topically for 4 weeks. N: saline, VC: jojoba oil, PC: 3% minoxidil, E1: 3% lavender oil, E2: 5% lavender oil. (A) Hair follicles. Hema-
toxylin and eosin staining, x 100. (B) Hair follicle number. (C) Hair follicle depth. (D) Dermal thickness. As the experiment progressed,
the hair follicle number and depth in the PC, E1, and E2 groups increased markedly as compared to the N and VC groups. The dermal
layer was also observed to be thicker in the PC, E1, and E2 groups. *****Values with different superscripts indicate significant differ-
ences (p < 0.05) for each given week, by ANOVA and Duncan’s multiple range tests.

was clearly visible on the back skin in the order of PC >
E2>E1 > VC >N groups after application of the test com-
pounds for 3 weeks. At week 4, a marked hair growth-pro-
moting effect was observed in the PC, E1, and E2 groups,
as compared to the N and VC groups.

To perform a histological assessment of HFs, skin tissue
was cut from the back and stained with H&E, and was

observed under an optical microscope. At week 4 of the
experiment, there was significant increase in HF number,
HF depth, and dermal thickness in the PC, E1, and E2
groups, as compared to the N and VC groups, which sup-
ported the morphological observation of the hair growth-
promoting effect of LO. A change in the form of the HF is
closely related to the hair cycle. HFs become longer during



Hair Growth-Promoting Effects of Lavender Oil 107

) Week 1 Week 3

Week 4

o e e PR e \'j“\"'-,\t\‘,;‘{‘_‘_pu;‘\ - o . & p
N - "‘ ey L2 SN RETEN ;’Zf%,-’; 'Q;‘.‘Z‘e;;

o

ve wERe KRGSNGR P2

w/:‘:\, N e R N2 /,; Vi ”7//, ]
PC t/‘J\; i".’z?\::;é::j /f/%r P " ;/ / 7 /;1.,‘

.y‘wr’/) B, .
El  fee v OO T <
I / 7. 4 - 3
{utilne CIIII A, = s
g — S

E2 AT s o ‘_ ,v,' ,_,, i
| r ;,y:. e e Y
o

®) 3 .

25

20

Mast cell number

Weeks

Fig. 3. Histological observation of mast cells in the back skin of
C57BL/6 mice to which test compounds were applied topically
for 4 weeks. N: saline, VC: jojoba oil, PC: 3% minoxidil, E1: 3%
lavender oil, E2: 5% lavender oil. (A) Mast cells. Toluidine blue
staining, % 200. In the PC, E1, and E2 groups, the number of
mast cells (arrows marks) gradually decreased as compared to
the N group. (B) Mast cell number. Each value represents the
mean + SD of 6 mice. **““Values with different superscripts at a
given week are significantly (p <0.05) different by ANOVA and
Duncan’s multiple range tests.

the growth stage (steps I-VI), and become shorter during
the degeneration stage (steps I-VIII). They are longest at
step VI of the growth stage and maintain the same length at
steps I-II of the degeneration stage, after which it decreases,
and is shortest at the pause stage (11). Continuous growth
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Fig. 4. Comparison in the organ weights of the thymus and
spleen of C57BL/6 mice to which test compounds were applied
topically for 4 weeks. N: saline, VC: jojoba oil, PC: 3% minoxidil,
E1: 3% lavender oil, E2: 5% lavender oil. (A) Absolute weight. (B)
Relative weight. Each value represents the mean + SD of 6 mice.
*byvalues with different superscripts indicate significant differ-
ences (p < 0.05), by ANOVA and Duncan’s multiple range tests.

of HFs during the growth stage and degeneration of HFs
during the degeneration stage are also related to changes in
the cycle of skin thickness. From the pause stage to step 11
of the growth stage, HFs are limited to the dermal layer, and
the epidermal layer becomes thick; from step III of the
growth stage, as HFs are depressed to the subcutaneous
layer, the epidermal layer becomes thin and the dermal
layer and subcutaneous layer become thicken (12).

MCs are distributed around HFs, and the murine hair
cycle is widely associated with the degranulation of mast
cells. Degranulated perifollicular MCs decrease markedly
shortly after the induction of hair growth (anagen) and sig-
nificantly increase during late anagen VI, immediately before
the onset of catagen. Catagen development is detained by
inhibition of MC degranulation (13,14). Stressors induce
the production of corticotropin-releasing hormone in HFs,
which increases the degranulation of MCs. In addition, the
corticotropin-releasing hormone causes an increase in the
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number of MCs, which may induce catagen by chemical
mediators from MCs (15). The number of MCs was deter-
mined by toluidine blue staining. In this study, at weeks 1,
3, and 4, the number of MCs in the PC, E1, and E2 groups
was significantly (p <0.05) lower than in the N and V
groups. Therefore, LO maintains the anagen phase and delays
the transition to the catagen phase. Sandalwood oil also
decreases the number of MCs, along with promoting hair
growth in C57BL/6 mice (16).

To verify the basic safety of LO, the organ weights of
spleen and thymus was measured. At week 4 of the experi-
ment, the absolute weight and relative weight of the spleen
were significantly (p < 0.05) higher in the PC group than in
the N, VC, E1, and E2 groups. On the other hand, the abso-
lute weight and relative weight of the thymus were not sig-
nificantly different among the groups.

Taken together, the results of this study show the marked
hair growth-promoting effect of LO, as evidenced by mor-
phological and histological observations.
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