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Chrysanthemum zawadskii extract induces hair growth by
stimulating the proliferation and differentiation of hair matrix
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Abstract. Chrysanthemum zawadskii has been proven to
possess hair growth activity and has been used as treatment for
hair loss. The aim of this study was to provide a novel explana-
tion of the mechanism by which Chrysanthemum zawadskii
extracts (CZe) promote hair growth and to characterize the
affected hair follicle (HF) regions and the progression of
growth. The n-butanol and water fractions of CZe were used
for hair growth induction by topical application to the backs of
C57BL/6 mice for up to 30 days. To investigate cell develop-
ment during HF morphogenesis, bromodeoxyuridine-labeled
skin sections were detected using immunohistochemistry. The
results showed that the water fraction of CZe promoted hair
shaft production and induced premature entry of telogen HFs
into the anagen. Subsequently, immunohistochemical studies
indicated that the water fraction of CZe stimulated the differ-
entiation and proliferation of pluripotent epidermal matrix
cells in the matrix region and epithelial stem cells in the basal
layer of the epidermis. Additionally, flavonoids were identified
as effective constituents. Therefore, the findings of this study
suggested that the water fraction of CZe may be developed as a
therapeutic agent for the prevention of hair loss.

Introduction

Chrysanthemum zawadskii var. latilobum (CZ), is an annual
and perennial herb with noteworthy flowers, which has been
used in traditional medicine for the treatment of inflammatory
diseases, gastroenteric disorders, bladder-related disorders
and hypertension (1). The effective constituents comprised
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terpenoids and essential oils, as well as flavonoids and polysac-
charides. Terpenoids and flavonoids are considered the active
pharmaceutical ingredients (2), and flower extracts have been
shown to have numerous pharmacological properties, including
anti-allergic, anti-inflammatory and anticancer activities (3-5).

The hair follicle (HF) is a mammalian skin organ that
produces hair that follows a specific growth cycle with
three distinct and concurrent phases: anagen, catagen and
telogen (6). Findings of previous studies on HF morphogenesis
demonstrated that bulge (a niche for adult stem cells) stem
cells migrate downwards and enter the matrix where they
rapidly proliferate and differentiate to form HFs (7-10). During
anagen, follicles are long and straight, and the proliferating
matrix cells have a cycle length of ~18 h. Dead cells degen-
erate as they reach the upper follicle, releasing the hair shaft
which then continues through the skin surface. The duration
of anagen determines the hair shaft length and is dependent on
the continued proliferation and differentiation of matrix cells
in the matrix region of the HF (11).

Animal models comprising a variety of species, including
mice, rats, sheep, rabbits and monkeys, are an important tool
in the study of hair growth. However, murine models are
widely used for hair growth studies due to the availability of
large databases and specific mutants such as nude, hairless,
rhino, and severe combined immunodeficient mice (12,13).
To achieve perfectly synchronized anagen induction, black
pigmentation of C57BL/6 or C3H mice in dorsal skin is
employed. This is the most commonly used site for the obser-
vation of anagen initiation as the truncal epidermis in this
species lacks melanin-producing melanocytes and melanin
production is strictly connected with the anagen phase of hair
growth (14,15).

In recent years, traditional herb medicines, such as eclipta
alba, asiasari radix, panax ginseng and schisandra nigra,
have been widely used for hair growth studies. Eclipta alba
induced telogen to anagen transition and was positive for
FGF-7 and Shh and negative for BMP4 (12,16). Asiasari
radix was demonstrated to stimulate hair growth in C57BL/6
and C3H mice by increasing the proliferation of HaCaT and
human dermal papilla cells (DPCs) and inducing the expres-
sion of VEGF in human DPCs (17). The topical application
of the schisandra nigra extract enhanced hair growth by
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increasing the expression of proliferating cell nuclear antigen
(PCNA), proliferation of immortalized vibrissa dermal papilla
cells, and downregulation of transforming growth factor-§2
(TGF-2) in the bulb matrix region (18). The main molecular
components in panax ginseng are ginsenosides which are
known to improve cell proliferation of human DPCs through
anti-apoptotic activation (19). In the present study, four frac-
tions of CZes were used for the induction of hair growth in
order to examine the mechanism of hair growth using immu-
nohistochemistry.

Materials and methods

Extract preparation. Dried whole plants of CZ were purchased
from Jecheon Medicinal Herb, Inc. (Jecheon, Korea). The dried
plant of CZ was crushed and extracted using 70% ethanol
by ultrasonic extraction for 2 h. The filtered liquid from the
extraction was concentrated in a rotary vacuum evaporator
(Eyela N-N, Tokyo, Japan). The residues were then diluted
with deionized water. The extracted sample was layered step
by step using the dissolvents: petroleum ether, diethyl ether,
and n-butanol. Following collection, concentration and quan-
tification, petroleum ether, diethyl ether, n-butanol and water
fractions were dissolved in 70% ethanol with a final concentra-
tion of 5%. A systematic investigation of cell development on
hair regeneration using water fraction was then conducted.

Experimental procedures. Eight-week-old, female C57BL/6
mice were used for all the experimental procedures. The
animals were purchased from Danhan Biolink, Inc. (Eumseong,
Korea). Animal experiments were conducted in accordance
with the NIH guide for the care and use of laboratory animals.
The animals were housed under conventional conditions with
food/water available ad libitum and 12-h light cycle. Mice
were divided into five groups (n=7 per group). All the mice
were depilated topically with depilatory cream on dorsal skin.
Each mouse was administered a variety of CZe at a dose of
1,600 mg/kg body weight by daily topical application for
30 days. The conversion of each phase was recorded on a daily
basis.

Bromodeoxyuridine (BrdU) labeling. BrdU is an analogue of
thymidine, which is incorporated into newly synthesized DNA
of replicating cells (S-phase of the cell cycle), substituting
for thymidine during DNA replication. It is commonly used
in the detection of proliferating and surviving cells in living
tissues (20,21). As a proliferative marker of adult epithelium,
the timing of BrdU injection is a critical factor in differenti-
ating newly proliferated cells from epidermal label-retaining
cells (22). In order to investigate cell development in different
hair growth stages and to ensure that the results reflected
the true level of cell proliferation and survival stimulated by
CZes, a single and a timed injection of BrdU were used for
measuring cell proliferation and survival independently in
different time periods (Fig. 1). To detect cell proliferation,
BrdU was administered by intraperitoneal injection (160 ug/g
of body weight; Sigma, St. Louis, MO, USA) 24 h prior to mice
being sacrificed at day 8, 16 and 21. To detect cell survival, the
mice were injected with BrdU (160 ug/g of body weight) every
12 h for a total of six injections prior to the 3 days of depila-

tion, followed by a chase of 19 days. At day 22, mice were then
sacrificed and the surviving BrdU-positive cells were detected
as described in subsequent sections.

Quantification of BrdU-positive cells. The quantification and
analysis of BrdU-positive cells was performed as previously
described with some modifications (23,24). Briefly, a random
selection of seven complete HFs and equal length of epidermis
tissues in each skin section was counted. The BrdU-labeled cells
in the different parts of the HF were counted in each follicular
section by an observer who was blinded to the study. All counts
were performed at a magnification of x400 and x1,000 under a
light microscope (Olympus BX41; Olympus, Tokyo, Japan). A
cell was counted as being in the matrix region of the HF if it
was in contact with or in the matrix region. The mean number
of labeled cells in each part of the HF and epidermis were used
for comparison.

Histology and immunohistochemistry. Paraffin-embedded
skin tissues were sectioned and attached to positively charged
slides. Histology was carried out using H&E (Mayer hema-
toxylin and eosin; Sigma) staining. Immunohistochemical
analysis of skin sections was performed as previously
described (25). Briefly, the sections were deparaffinized and
rehydrated in graded ethanol and placed in 100 mM phosphate-
buffered saline (PBS) for 10 min prior to initiating the staining
procedure. The sections were then sequentially incubated with
peroxidase quenching solution (28% H,0,: absolute pure meth-
anol, 1:9, v:v) to eliminate the endogenous peroxidase activity
for 10 min. After incubation with the blocking solution (Life
Technologies, Carlsbad, CA, USA) for 15 min, the blotted slides
(without washing) were incubated with anti-BrdU primary
antibody (1:200; Santa Cruz Biotechnology, Inc., Santa Cruz,
CA, USA), in a moist chamber, at room temperature (RT) for
3 h. Subsequently, the sections were incubated with a biotinyl-
ated secondary antibody (Life Technologies) for 20 min at RT.
After staining in 3,3'-diaminobenzidine (DAB), slides were
dehydrated in a grade series of alcohol and xylene. The sections
were then mounted with Histomount (Life Technologies).

Statistical analysis. Data were evaluated statistically using
one-way analysis of variance or the Student's t-test. Data were
expressed as the mean number of proliferating and surviving
cells + the standard deviation. The significant difference
between the values for the various experimental and control
groups was set at P<0.05.

Results

Water and n-butanol fractions of the CZe induce early onset
anagen transition from telogen. Hair growth initiation time
was significantly reduced following treatment with the water
fraction of CZe. C57BL/6 murine dorsal hair is known to have
a time-synchronized hair growth cycle and the dorsal skin
pigmentation was considered as evidence for the transition
of hair growth stages. Following topical application onto the
backs of mice for up to 7 days, the water fraction of the CZe
induced premature entry of telogen HFs into anagen whereas
the vehicle (70% ethanol, control) showed no anagen induction
until day 9 (Fig. 2A). The percentage of black pigmentation
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Table 1. In vivo effect of Chrysanthemum zawadskii extracts on hair growth.

Anagen (Day 9) Telogen (Day 22)
N-butanol Water N-butanol Water
Measurements fraction fraction Control fraction fraction Control
Hair shaft length (mm) - - - 10.57+0.50 11.37+0.55* 10.40+0.76
Hair follicle counts 17.00+3.58 15.33+2.58 17.33+£2.25 11.37+1.77 12.00+1.41° 9.75+1.49
(2.2 mm longitudinal section)
Diameter of follicle matrix (um)  83.00+12.90 92.50+9.38¢ 81.00+8.81 31.55+1.24 35.45+4.66 31.78+£3.7
Hair follicle length (2m) 779.00+£86.99 909.83+82.64° 756.67+98.24 234.93+1321 240.13+x19.49 224.15+9.63
Dermis thickness (xm) 505.00+£33.65 513.00£53.05 501.17+£26.87 241.87£30.31 224.65+17.09 276.37+1491
Values are the mean + standard deviation (SD), n=6. *P<0.01, *P<0.05 and °P=0.053, significance vs. control.
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Figure 1. Experimental design for labeling of cell proliferation and survival during different phases of hair growth.

was observed during anagen-telogen development in the mice
treated with CZes. These results suggested that CZes, including
the n-butanol and water fractions, significantly induce anagen
elongation (Fig. 2B). At day 22, the mean hair shaft length
was observed in the telogen stage (Table I), which showed that
the water fraction of the CZe stimulated hair fiber production.
Statistical analysis demonstrated that the water fraction of the
CZe markedly increased the HF size, and an increase was
observed in the diameter of the matrix region (P=0.053) and
the HF length (Table I). In addition, no inflammation, scaling
or drying of skin was observed at the site of application in any
of the animals during the experimental procedure. The petro-
leum ether and diethyl ether fractions did not show anagen
induction and hair shaft elongation (data not shown).

The water fraction of the CZe causes hyperproliferation in the
basal layer of the epidermis. During anagen initiation, the bulge
(niche of multipotent stem cells) stem cells migrate out of the
follicle to generate sebaceous glands and epidermis (9,26,27).
In this study, the water fraction of CZe induced a 2-fold increase
in the growth of the epidermis compared to the control and
n-butanol fraction groups (Fig. 3A-D). To understand whether
the thickening of the epidermis was due to increased prolif-
eration in the basal layer of the epidermis, the proliferation

index of BrdU incorporated by using immunohistochemistry
at day 9 was measured. The results indicated that the water
fraction of the CZe increased proliferation in the basal layer of
the epidermis (Fig. 3E-H).

The water fraction of the CZe increases cell proliferation
in anagen and telogen of matrix HFs. Cell proliferation
and differentiation in the matrix is required for HF forma-
tion. Pluripotent epidermal matrix cells, which have dermal
papilla at their base, in the hair bulb move upward while cells
at the center of the follicle become the medulla of the hair
shaft (26,28). To investigate whether the increase of the hair
shaft occurred to hyperproliferation in the matrix region, we
traced the cell development of hair matrix during the anagen
to telogen transition. The results suggested that the water frac-
tion of the CZe markedly increased cell proliferation during
the anagen phase of hair matrix (Fig. 4E-H). Additionally,
the quantity of proliferating BrdU* cells in telogen demon-
strated that the activation of hyperproliferation in the matrix
was maintained in the telogen stage (Fig. 5I-L). Moreover,
when the quantification of cell proliferation and survival in
the epidermis was performed at day 22, the statistical index
showed that the water fraction of CZe stimulated prolif-
eration in the basal layer of the epidermis and not only in
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Figure 2. N-butanol and water fractions of Chrysanthemum zawadskii extracts (CZe) induced premature anagen transition. (A) Daily topical application for
7 and 9 days after depilation. Note the daily hair growth observed in the CZe-treated group. (B) The ratio of the anagen phase on dorsal skin at days 8-12.

“P<0.05, “P<0.01 vs. the control.

anagen (Fig. 5A-D), increasing the number of surviving cells
(Fig. 5E-H). In addition, the n-butanol and water fractions of
the CZe had no effect on proliferation in the mid-section of the
HFs (Fig. 4A-D) and no effect on cell survival in the telogen
stage of HF (data not shown).

Discussion

In the present study, we have shown that when the shaved skin
of C57BL/6 mice is treated with topical application of water
and n-butanol fractions of CZe for 25 days, new hair morpho-
genesis is initiated in the shaved area, with the initiation time
for this process to occur also being significantly reduced
when compared to vehicle-treated mice. In order to eluci-
date the biological mechanism by which CZes induce early
onset anagen transition; we investigated cell development in
full-thickness skin by using BrdU incorporation. The results
indicate that the water fraction of the CZe promoted cell
proliferation in the basal layer of the epidermis and induced
the proliferation and differentiation of epidermal matrix cells
in anagen and telogen of HFs. During anagen, the new HF
morphogenesis was initiated by a number of pluripotent stem
cells that are normally present in the bulge region, including
epithelial stem cells. These stem cells migrate downwards into
the regenerating epithelium where they can differentiate into
at least eight different cell lines, forming the ORS, companion
layer, Henle's layer, Huxley's layer, cuticle of the IRS, cuticle
of the hair shaft, shaft cortex and shaft medulla (29,30). It
is also known that the lower region of the whisker follicle
contains cells that respond to skin morphogenetic signals by
upward and downward migration and form epidermis, HFs

and sebaceous glands (9,31). Thus, we hypothesized that the
hyperproliferation in the basal layer of the epidermis may
occur via stimulation of the migration and differentiation of
epithelial stem cells during anagen initiation, and that the
premature entry of telogen HFs into anagen may occur through
the induction of epithelial stem cell downward migration and
differentiation to form the new dermal papilla and hair germ.
In addition, stimulation of differentiation and proliferation of
pluripotent epidermal matrix cells in the matrix region may be
one of the mechanisms by which the water fraction of CZes
increase the hair shaft length and the HF size.

Previously, we had performed the screening test by using
crude extracts of herb medicines (17,18). The results indicated
that ZC crude extract showed a marked induction on anagen
initiation. To investigate the effective constituent on hair
growth in CZ crude extract, the petroleum ether, diethyl ether,
n-butanol and water fractions of CZe, were used in the present
study. Petroleum ether and diethyl ether fractions did not show
induction on anagen initiation and hair shaft production. Thus,
liposoluble terpenoids, sterols and essential oils, as the main
components, did not stimulate hair growth. By contrast, flavo-
noids, the main bioactive constituents in n-butanol and water
fractions, were considered as effective constituents. Notably,
quercetin, luteolin and linarin, the main flavonoids in CZe,
should be studied in future studies to determine whether they
serve as potential effective compounds.

HF is a mammalian skin organ that produces hair in a
process that occurs in phases, including the growth, regres-
sion and resting phases. The migration and differentiation of
epithelial stem cells is principally responsible for hair produc-
tion (27,32). Anagen is the active growth phase responsible for
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Figure 3. Histological analysis and quantification of proliferating bromodeoxyuridine (BrdU") cells in the basal layer of the epidermis. (A-C) Hematoxylin and
eosin (H&E) staining of the epidermis. (A) Control, (B) n-butanol fraction and (C) water fraction. (D) Induction of epidermal thickness following exposure to
the water fraction of CZ. The thickness of the epidermis in mice exposed to the water fraction of CZ is 2-fold greater than that observed in the control and the
n-butanol fraction. An example, at day 9, is the labeled retaining cells in the basal layer of the epidermis. (E) Control, (F) n-butanol fraction, (G) water fraction.
(H) Quantification of proliferating cells after 24 h. Scale bar, 50 pm. Black arrows indicate (A-C) the change of the epidermis, and (E-G) the labeling of prolifer-
ated cells in the basal layer of the epidermis. “P<0.01, ""P<0.001 vs. control.

(5]
=]

-
-]

-
L]
|

£
|

Quantity of BrdU* cells in mid-parts
of hair follicle (1-mm section, anagen)

0 — — \
Control  N-butanol Water
fraction fraction
H =_ 80
25 ok
@
o
S50
Be
m 2
2 g 20
2,
5
R
é E 0- "

Control  N-butanol Water
fraction fraction

Figure 4. Immunohistochemical analysis of bromodeoxyuridine (BrdU") retention in anagen of hair follicles. (A-C) Location of proliferating cells in the
mid-sections of the hair follicles. (A) Control, (B) n-butanol fraction and (C) water fraction. (D) Quantification of proliferated cells after 24 h. (E-F) Location
of proliferated cells in hair matrix. (E) Control, (F) n-butanol fraction and (G) water fraction. (H) The water fraction induced hyperproliferation in the hair
matrix. Scale bar, 25 ym. “P<0.01 vs. control.
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Figure 5. Immunohistochemical analysis of bromodeoxyuridine (BrdU*) cells retained in telogen at day 22. (A-C) Proliferating BrdU* cells in the basal layer of
the epidermis. (A) Control; (B) n-butanol fraction; and (C) water fraction. (D) The water fraction of Chrysanthemum zawadskii extracts (CZe) stimulates cell
proliferation in telogen epidermis within 24 h as shown by the quantification of surviving cells in the epidermis. (E) Control; (F) n-butanol fraction; and (g) water
fraction. (H) The water fraction of CZe increases the number of surviving cells, and elongate the cell life-span. (J-K) Location of proliferating BrdU* cells in
telogen hair follicles. (I) Control, (J) n-butanol fraction, and (K) water fraction. UF, upper follicle; SG, sebaceous gland; M, matrix; SHG, secondary hair germ.
Red arrows show the cell proliferation in SG. Black arrows indicate the labeling of proliferated and survived cells in the epidermis and hair follicles. (L) Quantity
of proliferating BrdU* cells in the telogen of hair follicles. Scale bar, 25 ym. "P<0.05; “P<0.01 vs. control.

Figure 6. The proposed mechanism for Chrysanthemum zawadskii regulation
of anagen initiation and hair shaft production. i) Anagen initiation leads to the
induction of bulge stem cell migration up- and downward, with stem cells differ-
entiating to form the epidermis and new hair germ. ii) Stimulation of epidermal
matrix cell proliferation and differentiation. iii) Promotion of the differentiation
of adult progenitor and precursor cells to form the hair shaft. Red arrows indicate
the potential pathway; black arrows indicate the hypothetical pathway.

forming the HF and hair fiber. During this phase the roots of the
hair divide rapidly and add to the hair shaft (32). To understand
the mechanism of CZe stimulation of hair shaft production, we
labeled the cell proliferation in the different time-points and
noted the residence time of anagen. The results demonstrate
that stimulation of differentiation in hair matrix is probably
initiated by the water fraction of the CZe. The appearance of
black pigmentation was taken as the anagen initiation (33).
Thus, the premature entry into anagen was considered as an
important symbol of migration and differentiation of epithelial
stem cells. Following treatment with the water fraction of the
CZe, the epithelial stem cells were activated and migrated
upward and downward, subsequently differentiating rapidly to
form the interfollicular epidermis and new HF during anagen
phase. In consideration of these findings, we suggest the hypo-
thetical model shown in Fig. 6 (red arrows show the potential
pathway).

Hair cycle is regulated by the interplay of stimulatory
and inhibitory growth factors in mice and humans (6).
Previous studies on the induction of hair growth as a result
of CZ application, reported that CZes promote proliferation
of a human keratinocyte cell line and human dermal papilla
cells in vitro, and subsequently, suggested that jaceosidin and
eupatilin, which are both derived from CZ, had the potential
to promote hair growth through the downregulation of TGF-3
by the jaceosidin-dependent upregulation of VEGF and Bcl-2
upregulation by eupatilin (34). In the present study, we did not
investigate the signaling pathways involved but performed a
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novel evaluation in order to clarify the mechanism by which
CZes promote hair growth using cell labeling and tracing. It
provided a more precise measure of which fraction in CZes is
responsible for hair growth and may therefore provide a more
reliable molecular basis for potential clinical application.

In conclusion, as a traditional herb used as medicine,
Chrysanthemum zawadskii may have wide potential in clin-
ical application. It has few side effects; no local inflammation,
pruritus, edema, or scaling of skin were observed during the
application procedure. The present study has located the effec-
tive region of hair growth, identified a more accurate timeline
by which growth occurs and provided a novel explanation of
the mechanism by which CZes promote hair growth through
the regulation of cell development at different time periods.
Further analysis of these results as well as a more detailed
evaluation of the molecular mechanism by which CZes induce
proliferation of hair growth are required before its potential
can be completely realized in the clinic.
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