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Cucurbitacin promotes hair growth in mice by inhibiting the
expression of fibroblast growth factor 18
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Background: The inhibition of fibroblast growth factor 18 (FGF18) promotes the transition of hair
follicles (HFs) from the telogen phase to the anagen phase. Cucurbitacin has been shown to have a good
effect in promoting hair cell growth. This study explored the potential effect of cucurbitacin on hair growth
and its effect on FGF18 expression in mice.

Methods: Male C57BL/6] mice were randomly divided into the following two groups: (I) the vehicle
group; and (II) the cucurbitacin group. Matrix cream and cucurbitacin cream were applied to the depilated
skin on the back of the vehicle group mice and the cucurbitacin group mice, respectively. On days 3, 6, 9, 12,
15, and 18, the hair growth in the depilated dorsal skin of the mice was recorded with a digital camera and a
HF detector, and the HF cycle status of the mice was observed by hematoxylin and eosin (H&E) staining. In
addition, the level of FGF18 messenger ribonucleic acid (nRINA) in the dorsal skin was measured on days
15 and 18 by quantitative real-time polymerase chain reaction (QRT-PCR), while the level of FGF18 protein
was measured by western blot and immunofluorescence staining.

Results: The dorsal skin to which the cucurbitacin cream was applied began to darken on day 6 and
grew hairs on day 9, which was 3 days earlier than the dorsal skin to which the matrix cream was applied.
The H&E staining revealed a transition from the telogen phase to the anagen phase 3 days earlier for
the cucurbitacin cream-treated skin than the matrix cream-treated skin. In addition, the skin treated with
cucurbitacin cream also showed a significant decrease in FGF18 mRINA as seen by qRT-PCR, and reduced
FGF18 protein levels as detected by western blot and immunofluorescence staining compared to the skin
treated with matrix cream only.

Conclusions: Cucurbitacin significantly reduced the levels of FGF18 mRNA and protein in the dorsal
skin of mice to accelerate the HFs to enter the anagen phase earlier, thereby promoting the regeneration of
hair. Thus, cucurbitacin can be considered a new and valuable agent for the development of anti-hair loss

products.
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Introduction

The hair follicle (HF) is the main accessory organ of
mammalian skin. It exhibits complex morphological
changes and has a complex physiological development
process (1). The development of HFs is characterized by
cyclic changes, and the growth cycle of HFs determines
the growth and shedding of the hairs (2). The HF growth
cycle consists of the 3 following distinct phases: the anagen
phase, the catagen phase, and the telogen phase (3,4). A HF
has different structural characteristics at different phases
of the growth cycle. During the anagen phase, the dermal
papilla becomes larger and grows from the dermis to the
subcutaneous tissue. The hair matrix cells surrounding the
dermal papilla undergo terminal differentiation to produce
a layer of differentiated keratinocytes that form the inner
root sheath and hair shaft (5). The HF gradually reaches
its maximum length, and its structure becomes clearly
visible and easily recognized. As the supply of hair matrix
cells decreases, the HF enters the catagen phase, the lower
part of the HF gradually disappears, and the hair matrix
separates from the dermal papilla (6). After the HF enters
the telogen phase, the dermal papilla gradually becomes
compact and spherical. At this stage, the HF does not show
the inner root sheath and is completely surrounded by
interfollicular dermal fibroblasts. At the end of the telogen
phase, the HF will usher in the anagen phase and enter a
new round of the HF cycle (7).

Hair loss occurs when the hair growth cycle is disrupted
or the HF is mechanically destroyed (8,9). Taking
androgenic alopecia (AGA) as an example, the continuous
shortening of the anagen phase of the HF and the
continuous extension of the telogen phase causes the HF to
continue to miniaturize, and it may eventually stay in the
telogen phase permanently, leading to alopecia (10). Thus,
the key to restoring hair growth is to promote the transition
of HFs from the telogen phase to the anagen phase.

It has been suggested that the high expression of
dihydrotestosterone (DHT), an androgen, is the main
cause of AGA (11,12). By regulating a series of growth
factors related to the HF cycle, DHT causes the HF
enter the telogen phase in advance, and the HF gradually
miniaturizes, eventually shrinking and falling off. The
drugs available to treat hair loss mainly include finasteride,
minoxidil, and corticosteroids. Finasteride is a 5-alpha
reductase type II inhibitor that is effective in inhibiting
the production of DHT (13). Minoxidil promotes hair
growth by increasing blood flow (14). Corticosteroids
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are used to treat hair loss caused by the immune system-
mediated destruction of the HFs (15). However, the long-
term use of these drugs has certain side effects on humans,
such as sexual dysfunction, depression, chest pain, dyspnea,
myocardial infarction, and diabetes (16-19). Thus, it is
urgent to develop safer and more effective drug substitutes.
In addition, the psychological state and the change in
appearance caused by sparse hair volume seriously affect
people’s quality of life. With improvements in living
standards and an in-depth understanding of alopecia disease,
there is also a higher demand for treatments to prevent
alopecia and promote hair growth.

The regulation of the HF cycle is mainly controlled
by the mesenchymal-epithelial interaction (MEI) of the
HF (20). The MEI is mediated by growth factors, including
fibroblast growth factors (FGFs) and numerous protein
regulators (21). The FGF family consists of 23 members,
of which FGF1, FGF2, FGF7, and FGF10 promote the
growth of HFs and maintain them in the anagen phase
(22-25), FGF9 and FGF13 induce the transition of HFs
from the telogen phase to the anagen phase (26,27), and
FGF20, FGF21, and FGF22 promote the morphogenesis
and localization of the HFs (28-30). In addition to the
direct negative regulation of FGFS5 in the growth cycle (31),
FGF18 is highly expressed in the bulge region of the HFs of
mice in the telogen phase, maintaining the HF stem cells in
a quiescent state, so that the HFs stay in the telogen phase
without entering the anagen phase (32,33). It has been
reported that FGF18 can inhibit the growth of HF bulge
stem cells in vitro (34).

FGF18 is involved in the regulation of the hair follicle
cycle during hair growth. FGF18 maintains hair follicle
telogen phase and determines its duration, while suppressing
anagen phase (32). Forkhead transcription factor 1 (Foxpl)
is an important factor in maintaining HFs in the telogen
phase, and FGF18 is a key downstream gene of Foxpl. A
previous study showed that exogenous FGF18 prevents the
premature activation of HF stem cells in Foxpl null mice,
and FGF18 knockout in bulge cells causes hair to enter the
anagen phase earlier (35). In a previous study, we found that
the topical application of a cream containing cholesterol-
modified FGF18-targeting small-interfering ribonucleic
acid (siRNA) promotes the early transition of HFs from
the telogen phase to the anagen phase and restores hair
regeneration (36). The above-mentioned studies showed
that FGF18 is a key regulator that keeps HFs in the telogen
phase and prevents the activation of HFs and consequently,
their entry into the anagen phase. Thus, FGF18 can be
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considered a potential target for germinal hair. Inhibiting
the expression of FGF18 or antagonizing its activity may
promote hair follicles to enter the anagen phase, thereby
promoting hair follicle growth.

Many plant extracts have been shown to induce the
transition of HFs from the telogen phase to the anagen
phase and have unique advantages in promoting hair growth
(37-40). Extracts are generally less toxic, less costly, and
more readily available than the commonly used anti alopecia
drugs on the market (such as finasteride, minoxidil, and
corticosteroids). Cucurbitacin and its derivatives are a class
of highly oxidized tetracyclic triterpenoids mainly produced
in Cucurbitaceae plants (41,42). Cucurbitacin has a wide
range of pharmacological effects, such as anti-inflammatory,
antiviral, anti-malarial, anti-tumor (43), antipyretic,
analgesic, and hepatoprotective effects (44-46). At present,
drugs with cucurbitacin as the main ingredient have been
developed into tablets or capsules for the treatment of
hepatitis and liver cancer. However, there is no cucurbitacin
cream that can be applied in clinic. Studies have shown
that cucurbitacin has great potential in the treatment of
psoriasis, anti-cutaneous T-cell lymphoma, anti-melanoma,
and other skin diseases (47-50). Further, it has been found
that cucurbitacin significantly promotes the growth of hair
cells cultured iz vitro, and its effect is 1,000 times stronger
than that of minoxidil (51). Thus, we hypothesized that the
application of cucurbitacin may promote the growth of hair
cells and the transition of the HF cycle from the telogen
phase to the anagen phase in mice, thus inducing hair
regeneration.

In this study, a mouse model established by depilation
was used to evaluate the role of cucurbitacin in the
regulation of the HF cycle in mice and the effect of
cucurbitacin on the expression of FGF18, and to explore
the potential mechanism by which cucurbitacin might affect
hair growth in mice. We present the following article in
accordance with the ARRIVE reporting checklist (available
at https://atm.amegroups.com/article/view/10.21037/atm-
22-4423/rc).

Methods
Regents

Cucurbitacin was purchased from Shanghai Yuanye Bio-

Technology Co., Ltd (Shanghai, China).
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Cream preparation

To prepare the matrix cream for topical application,
2.0 g of 2-ethylhexyl palmitate was first mixed with 0.25 g
of azone and dissolved to achieve an oil phase. Next, 1.0 g
of propylene glycol and 0.25 g of benzethonium chloride
were mixed with 45.0 g of water and dissolved to achieve an
aqueous phase. After that, 1.5 g of emulsifier was added to
the oil phase and stirred slowly to form a uniform mixture.
Finally, the aqueous phase was slowly added to the uniform
mixture in stages, and the mixture was stirred slowly in the
same direction to form the matrix cream. To prepare the
cream containing cucurbitacin, 330 pg of cucurbitacin was
mixed with 2.0 g of 2-ethylhexyl palmitate and dissolved in
0.25 g of azone during the preparation of the oil phase. The
rest of the steps were essentially the same as those described
above.

Mice and bousing

A total of 20 healthy male C57BL/6] mice (7-weeks old,
18-22 g) were purchased from GemPharmatech Co., Ltd.
(Jiangsu, China) (No. SCXK-2018-0008). All the mice
were housed at 202 °C in the presence of 50-55% relative
humidity and placed on a 12-h light and dark cycle. The
mice were fed with a standard laboratory diet and had ad
libitum access to food and water at the Wenzhou Medical
University. The experiments were performed under a
project license [No. SYXK(Zhe) 2020-0014] granted by the
Ethics Committee of Wenzhou Medical University and in
compliance with institutional guidelines for the care and use
of animals. A protocol was prepared before the study but
was not registered.

Mice model and treatments

After the mice were anesthetized with a small animal
inhalation anesthesia machine (RWD, China), the hairs on
their back skin were removed by shaving with an electric
shaver to an area of about 2 cm x 3 cm. Next, a depilatory
cream was applied to the shaven region, and 3 minutes
later, the depilatory cream was gently wiped off with a piece
of gauze dipped in warm water to completely remove the
surface hair. The date of shaving was recorded as day 0,
and the regrowth of hair on the shaven skin was monitored
for 18 consecutive days. The animals were then randomly
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divided into the following two groups: (I) the vehicle
group, to which the matrix cream was applied; and (II) the
cucurbitacin group, to which the cucurbitacin cream was
applied twice a day for several consecutive days until the
skin tissue was collected. Each group comprised 10 mice.
From the 3rd day onward, the back of each animal was
photographed every 3 days with a digital camera and a HF
detector (CBS, China) to record the growth of the skin
hair. Additionally, a mouse in each group was randomly
selected to collect skin tissue samples, which were fixed in
4% paraformaldehyde solution for the histological analysis.
On days 15 and 18, 3 mice in each group were randomly
selected to collect skin samples. The skin specimen from
each animal was divided into 3 sections, of which, 1 was
used for the histological analysis, and 2 were stored in 2
separate frozen tubes at —80 °C for quantitative real-time
PCR (qRT-PCR) and western blotting.

H&E staining

The skin tissue samples were first fixed in a 4%
paraformaldehyde solution. Next, they were dehydrated in
ethanol with increasing concentrations (70%, 80%, 95%,
and 100%). After that, they were embedded in paraffin and
cut into 7 pm-thick slices. Finally, the slices were stained
with hematoxylin and eosin (H&E; Solarbio, Beijing,
China) in accordance with the manufacturer’s instruction
and then observed under a Leica Microsystem (Wetzlar,
Germany) to assess the histological changes.

Immunofluorescence staining analysis

FGF18 expression in the HFs was detected by
immunofluorescence, and the skin tissue sections
were deparaffinized, rehydrated, and incubated in 3%
hydrogen peroxide (H,0,)/methanol solution for 25 min.
Subsequently, the skin tissue antigens were repaired by the
high-pressure thermal repair method using sodium citrate
buffer. After blocking with 3% bovine serum albumin (BSA)
for 4 h, the tissue slices were incubated with an anti-FGF18
antibody (1:500 dilution; Proteintech, Wuhan, China) at
4 °C overnight. This was followed by incubation with a
secondary antibody at 37 °C for 4 h. After that, the tissue
slices were washed with phosphate buffered solution and
stained with ProLong Gold Antifade reagent containing
DAPI (4, 6-diamino-2-phenyl indole) (Life Technologies
Corporation, NY, United States), and finally mounted on
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glass slides and examined under a laser confocal microscope
(Olympus, Tokyo, Japan).

qRT-PCR analysis

Total RNA was isolated from the skin tissue samples using
TRIzol reagent (Invitrogen, Carlsbad, CA, USA). Reverse
transcription was performed with a PrimeSecript RT reagent
Kit (Takara, Dalian, China) using the isolated RINA as a
template. SYBR Green Master Mix (Applied Biosystems,
Foster City, CA, USA) was used for the qRT-PCR,
which was performed with a LC96 system (Roche, Basel,
Switzerland). The following primers were used: FGF18
(forward, 5'-GGAGCAGGTGACCTTTGATGAG-3";
reverse, 5'-GAGAGGTGCCAGTTGATGATGG-3");
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
(forward, 5'-AGAAGGTGGTGAAGCAGGCATC-3"
reverse, 5'-CGAAGGTGGAAGAGTGGGAGTTG-3").
The relative messenger RNA (mRNA) level of FGF18 was

-AACt

quantified using the 2 method and normalized to the

level of GAPDH.

Western blotting

Total protein was extracted from the skin tissue samples
using radio immunoprecipitation assay (RIPA) lysis buffer
(Beyotime, Jiangsu, China) containing protease inhibitors
and phosphatase inhibitors. The protein concentration of
the extract was determined with a bicinchoninic acid assay
kit (Beyotime, Jiangsu, China). After that, an equivalent
amount of protein (30 pg) from each skin tissue sample
was resolved by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE), and the protein bands in
the gel were then transferred to a polyvinylidene fluoride
(PVDF) membrane. Subsequently, the membrane was
incubated in 5% BSA for 2 h followed by incubation with
anti-FGF18 (Proteintech, Chicago, IL, United States) or
anti-Tubulin (Cell Signaling Technology, Beverly, MA,
United States) antibodies at 4°C for overnight. The blot
was then washed with Tris-buffered saline with Tween-20
(TBST) and incubated with goat anti-rabbit antibody
(Cell Signaling Technology, Beverly, MA, USA) at room
temperature for 1.5 h. Finally, the blot was detected with
a chemiluminescence substrate (Thermo scientific, NY,
the United States), and images of the blot were captured
with an Amersham Imager (GE Healthcare Biosciences,

Pittsburgh, PA, the United States).
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Statistical analysis

All the experiment data were analyzed using GraphPad
Prism 6.0 software (GraphPad, San Diego, CA, United
States). A comparison of the 2 sets of data was performed
by a multiple #-tests analysis. All the quantitative data were
expressed as the mean * standard error of mean (SEM) from
at least 3 independent experiments. Statistical significance
was considered to have been reached at the P<0.05 or
P<0.01 levels.

Results

Application of cucurbitacin promotes hair regeneration in

depilated skin

A mouse depilation model was used to evaluate the effect
of cucurbitacin on hair growth. Figure 1A shows the
experimental design for the treatment of mice in this
model. The date on which the hairs on the back skin of the
animals were shaven was recorded as day 0. On day 1 after
shaving, matrix cream or cucurbitacin cream was topically
applied to the shaven region of the skin twice daily until the
skin tissue was collected. Specimens of the dorsal skin were
collected on days 3, 6, 9, 12, 15, and 18 for H&E staining
or RNA and protein extraction. To observe the changes in
hair growth, gross observation of the skin was performed
(see Figure 1B). On day 6, black patches appeared on the
skin to which the cucurbitacin cream had been applied,
indicating that the HFs in the skin had begun the transition
from the telogen phase to the anagen phase. Short hairs
started to grow on day 9, and the hairs grew extensively
from day 12 and became very thick on day 18. Conversely,
the skin to which the matrix cream was applied remained
pink on day 6, and black spots did not appear until day 9.
Little hair growth was seen on day 12, and hair growth was
significantly more abundant on day 15 but then became thin
on day 18.

Similarly, photographs taken by the HF detector showed
that the skin to which the cucurbitacin cream was applied
turned dark on day 6, grew hair on day 9, and the hair
became very thick on day 18. The skin to which the matrix
cream was applied began to darken on day 9, and significant
hair was observed only on day 15 (see Figure 1C). Hair
growth and skin darkness were more significant in the skin
to which the cucurbitacin cream had been applied than in
the skin to which matrix cream had been applied.

The morphological changes of the HFs between the
cucurbitacin cream-treated and matrix cream-treated
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skin were compared. The hair bulbs in both groups were
located in the superficial dermis on day 3, but they were
miniaturized and constricted, which indicated that the
HFs were in the telogen phase (see Figure 1D). From day 6
onward, the hair bulbs of the cucurbitacin cream-treated
skin began to become plump and migrate downward,
indicating that the HFs were in a transition from the telogen
phase to the anagen phase. On day 9, the hair bulbs were
located at the dermal-subcutaneous junction, indicating
that the HFs were in the anagen phase. By day 15,
the hair shaft surrounded by the hair canal emerged
through the epidermis. Conversely, the HFs in the matrix
cream-treated skin showed a telogen-to-anagen transition
only from day 9 onward, with hair bulbs localized at the
dermis-subcutaneous junction from day 12 onward. These
results showed that the application of cucurbitacin cream
to the depilated back skin of mice effectively shortened the
telogen phase of HFs by 3 days and promoted the entry of
HFs into the anagen phase.

Cucurbitacin decreases the expression of FGF18 in mice
dorsal skin

To further investigate how cucurbitacin might promote
the HFs to enter the anagen phase, the expression
of FGF18 in the depilated back skin of the mice was
determined following the application of the matrix cream
or cucurbitacin cream. The level of FGF18 mRNA in the
skin to which the cucurbitacin cream had been applied was
significantly lower than that in the skin to which the matrix
cream had been applied on days 15 and 18 as revealed by
the qRT-PCR, and the degree of reduction was independent
of the time of application of the cucurbitacin cream (see
Figure 24). Similarly, the level of FGF18 protein in the skin
to which the cucurbitacin cream had been applied was also
reduced by about 2-fold compared to that of the skin to
which the matrix cream had been applied, and the reduction
was significant, as revealed by western blot (see Figure 2B).

On days 15 and 18, FGF18 was expressed in the
epidermis and hair root sheath of the skin to which
the matrix cream had been applied, while the level
of FGF18 was significantly reduced in the hair root
sheath for the cucurbitacin-treated skin as shown by the
immunofluorescence staining of the skin (see Figure 2C).
These results clearly indicated that the topical application
of cucurbitacin cream decreased the expression of FGF18,
both at the mRINA and protein levels, effectively promoting
hair growth.
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Figure 1 Effect of cucurbitacin on hair regeneration in the depilated back skin of mice. (A) Diagram depicting the experimental design.
(B) Gross observation images of the depilated back skin following the application of matrix cream or cucurbitacin cream. The images were
taken on different days as indicated. (C) Changes in the morphology of the HFs in the depilated skin after the application of matrix cream or
cucurbitacin cream. The images were taken with a HF detector at 200x magnification and on different days as indicated. (D) H&E staining
of dorsal skin tissues after the application of matrix cream or cucurbitacin cream. Images were taken on different days as indicated. Scale
bars: 10 pm. HE, hair follicle; H&E, hematoxylin and eosin.
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Figure 2 Effect of cucurbitacin on the expression of FGF18 in the depilated back skin of mice. (A) qRT-PCR analysis of FGF18 mRINA
expression levels in the skin on days 15 and 18 after applying matrix cream or cucurbitacin cream. (B) Western blot analysis of FGF18
protein expression levels in the skin on days 15 and 18 after applying matrix cream or cucurbitacin cream. The plot below the blot shows the
quantitation of the FGF18 protein in the blot as determined by grayscale densitometry. The results were normalized to a-tubulin expression. (C)
Immunofluorescence staining of FGF18 protein expression levels in the skin on days 15 and 18 after applying matrix cream or cucurbitacin
cream. Green fluorescence represents FGF18 protein. All tissue slices were counterstained with DAPI (blue). Scale bars: 50 um. The plot
besides the image compares the level of FGF18 protein between the two different treatments. Data in the plots are mean + SEM from 3
experiments, *’ and “**’ indicate that the results of the mice that received the cucurbitacin cream treatment differed significantly to the results
of the mice that received the matrix cream treatment at the P<0.05 and P<0.01 levels, respectively. FGF18, fibroblast growth factor 18; qRT-
PCR, quantitative real-time polymerase chain reaction; DAPI, 4, 6-diamino-2-phenyl indole; SEM, standard error of mean.
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study suggested that the hair growth-promoting effect of
cucurbitacin is very significant (51). However, whether and
how cucurbitacin can play a role in promoting hair growth
in animal skin has not been studied before. In this study,
we provided some insights into the hair growth-promoting
mechanism of cucurbitacin and the cucurbitacin-mediated
regulation of the HF cycle in mice.

At present, cucurbitacin is mainly used in two ways:
oral and injection. However, the commercially available
cucurbitacin tablets or capsules limit their clinical efficacy
due to gastrointestinal side effects and non-specific
toxicity (52). It also faces the problem of low oral
bioavailability when applied to experimental animals by
gavage (53). The way of intraperitoneal injection is related
to the defect of patients' compliance and acceptance (54).
Considering that cream has the advantages of easy
preparation, high drug loading and painlessness, we
prepared cucurbitacin cream for subsequent administration
to mice. Due to the large molecular weight of cucurbitacin,
we chose a matrix cream composed of an oil phase, a water
phase, and an emulsifier to improve the solubility and skin
permeability of cucurbitacin (51). Depilation was used to
synchronize the HF growth cycle on the back skin of mice
before the application of the cucurbitacin cream. During
the telogen phase, the HF is in a dormant state, and no
hair is located on the surface of the skin. The melanocyte
stem cells in the skin are also in a quiescent state (55),
and thus the depilated skin has a pinkish color. After the
HF has entered the anagen phase, the hair matrix cells
proliferate rapidly, differentiate into the hair shaft and the
inner root sheath, and the hair is located on the skin surface
through the epidermis (56). Melanocyte stem cells are
simultaneously activated, and the melanocytes present in
the hair matrix produce melanin granules and transfer them
to keratinocytes, at which time dark patches appear on the
depilated skin (57). Based on such principles, we were able
to determine the effect of cucurbitacin on hair growth on
the depilated skin of the mice from the time that elapsed
between the application of the cucurbitacin cream and the
appearance of dark patches on the skin and by observing
the hair growth status. Cucurbitacin had a good effect on
hair growth, as evidenced by the earlier appearance of black
patches on the skin and thicker hair (see Figure 1B,1C)
compared to the matrix cream-only treatment.

HFs are micro organs formed by the interaction of
epidermis and dermis (58). The HF has different structural
characteristics at various stages of the growth cycle. In the
telogen phase, the dermal papilla atrophy and the HF are
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completely surrounded by dermal fibroblasts. After the
HF enters the anagen phase, the dermal papilla becomes
larger, and as the secondary hair germ cells descend into
the dermis, a new HF is formed in the deep dermis (59).
During growth, the hair matrix cells located within the hair
bulb rapidly proliferate to give rise to the hair shaft, and the
tip of the hair shaft contained in the hair tube crosses the
epidermis to reach the skin surface. Thus, the morphological
and structural changes of the HF can be observed by H&E
staining, and the stage of the HF cycle can be judged. Our
H&E results showed that the HFs in the skin to which the
cucurbitacin cream had been applied entered the anagen
phase (from the telogen phase) 3 days earlier than the HFs
in the skin to which the matrix cream had been applied (see
Figure 1D), indicating that cucurbitacin activated the HFs
and promoted hair regeneration by shortening the telogen
phase while extending the anagen phase of the HF growth
cycle.

Hair growth is a complex process involving a variety of
regulatory signaling molecules, and fibroblast growth factors
play an important role in HF morphogenesis and the HF
cycle. FGF18 is mainly expressed in the inner root sheath
in the anagen phase and the HF bulge in the telogen phase,
and its expression level increases in the telogen phase and
decreases in the anagen phase (60). In FGF18 conditional
knockout mice in which the FGF18 gene in keratin
5-positive epithelial cells was selectively knocked out,
the telogen phase of the HF was significantly shortened,
resulting in a strikingly rapid succession of hair cycles,
thus proving that the loss of FGF18 signal significantly
accelerates the initiation of the anagen phase (32).
However, in wild-type mice, a local intradermal injection
of FGF18 protein was found to strongly inhibit HF growth
during the HF anagen phase (32). These studies showed
that FGF18 is a key maintenance factor of the telogen phase
and inhibiting the expression of FGF18 or antagonizing its
activity promotes HFs to enter the anagen phase, which in
turn promotes HF growth. Notably, the application of the
cucurbitacin cream caused a significant drop in the FGF18
mRNA and protein levels compared to the application of
the matrix cream (see Figure 2), providing clear evidence
that cucurbitacin plays a role in promoting the anagen
phase of the HF and the activation of the HF by inhibiting
FGF18 expression.

We investigated the effects of cucurbitacin on hair
growth and the expression of FGF18 in mice; however,
we still do not know through which signaling pathway
cucurbitacin effectively regulates the expression of FGF18
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to regulate the HF growth cycle. Thus, our follow-up
research will focus on the signaling pathway by which
cucurbitacin regulates the HF growth cycle and the effect of
cucurbitacin on patients with hair loss.

Conclusions

The application of cucurbitacin cream significantly
downregulated the mRNA and protein levels of FGF18
in the back skin of mice. Cucurbitacin was also shown to
promote the transition of the HFs in the skin, from the
telogen phase to the anagen phase, effectively promoting
hair growth. These findings confirm the role of cucurbitacin
in promoting the growth of hair cells, which is of great
significance for the research and development of new anti-
hair loss products.
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