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ABSTRACT: Rosehip (Rosa canina L.) seeds, a by-product of the food processing industry, contain various bioactive com-
pounds that have potential cosmetic and pharmacological applications. Rosehip seed oil (RHSO) has been shown to exert 
therapeutic effects in skin disorders, but its role in promoting hair growth remains unknown. In this study, we aimed to 
elucidate the hair growth-promoting activity of RHSO and the related mechanisms of action. The depleted dorsal skin of 
telogenic C57BL/6 mice was topically treated with RHSO for 21 days, and the extent of hair regrowth was assessed. The re-
sults indicated that RHSO stimulated hair growth by inducing the early transition of hair follicles from telogen to anagen 
phase. Histological analysis revealed significant increases in hair follicle density, hair bulb size, and skin thickness. RHSO 
treatment also upregulated the expression of hair growth-associated genes, including -catenin, phospho-glycogen synthase 
kinase-3 beta, Sonic hedgehog, smoothened, cyclin D1, cyclin E, and insulin like growth factor 1. These findings suggest 
that RHSO stimulates hair growth and may show promise as a preventive and/or therapeutic agent for hair loss.
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INTRODUCTION

Hair serves both biological and aesthetic functions, con-
tributing significantly to human overall well-being. The 
hair cycle consists of growth (anagen), transition (cata-
gen), and rest (telogen) phases and is a dynamic process 
that ensures the continual replacement of old hairs with 
new ones (Cotsarelis and Millar, 2001). Hair follicles are 
small dynamic structures that reside within the skin and 
play a pivotal role in the process of hair growth. Hair 
growth initiates in the anagen phase of the hair cycle 
when specialized cells within the hair follicles divide, mul-
tiply, and differentiate, ultimately forming the hair shaft 
that eventually emerges from the skin’s surface (Schneider 
et al., 2009; Lin et al., 2022). The rate and quality of hair 
growth are affected by various factors, which include ge-
netics, hormones, diet, and stress (Houschyar et al., 
2020). Nourishing the hair follicles with essential nutri-
ents and maintaining a healthy scalp are key to promoting 
robust and vibrant hair growth. Therefore, understanding 
the hair cycle and hair follicle development are fundamen-
tal in promoting hair growth and preventing hair loss.

Hair loss is a prevalent issue that affects both men and 
women, which can significantly influence self esteem and 

confidence (Kim et al., 2014). Hair loss can be attributed 
to multiple factors, including genetics, hormonal imbal-
ances, stress, diet, and certain medications. These factors 
can cause the shrinkage of hair follicles, leading to thin-
ner and shorter hair shafts, ultimately resulting in balding 
or thinning areas (Cotsarelis and Millar, 2001; Truong 
and Jeong, 2021). Identifying the underlying cause and 
employing hair restoration procedures are effective strat-
egies for the treatment of hair loss and promoting re-
growth. In addition, early intervention and a holistic ap-
proach to hair care are essential in managing and poten-
tially reversing hair loss.

Natural products are often abundant in vitamins, miner-
als, and antioxidants that nourish hair follicles, strengthen 
hair shafts, and support healthy hair growth (Premanand 
et al., 2020; Park and Lee, 2021). Rosehip seed oil 
(RHSO), derived from the seeds of wild rose shrubs, ex-
erts a multitude of biological functions that have contrib-
uted to its reputation in skincare and health (Mármol et 
al., 2017; Ayati et al., 2018; Belkhelladi and Bougrine, 
2023). RHSO is renowned for its high content of essential 
unsaturated fatty acids, which help to maintain the skin’s 
barrier functions, promoting moisture retention and re-
ducing transepidermal water loss (Ilyasoğlu, 2014; Lin et 
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al., 2017). In addition, RHSO’s vitamin components, par-
ticularly vitamin A and vitamin C, contribute to skin reju-
venation and collagen synthesis, resulting in the reduc-
tion of fine lines and wrinkles (Phetcharat et al., 2015; 
Valerón-Almazán et al., 2015; Lei et al., 2019). Moreover, 
the antioxidant and anti-inflammatory properties of RHSO 
provide an essential defense against environmental in-
sults and prevent various skin conditions (Mármol et al., 
2017). Although several studies have demonstrated the 
potential of RHSO in enhancing skin health, its role in 
promoting hair growth has not yet been investigated. 
Therefore, in this study, we aimed to elucidate the hair 
growth promoting capability of RHSO in a C57BL/6 
mouse model. Based on the findings of previous studies, 
we hypothesized that RHSO has the potential to promote 
hair growth.

MATERIALS AND METHODS

Materials
Formalin, hematoxylin, and eosin were acquired from Sig-
ma Aldrich. Anti--catenin, lymphoid enhancer binding 
factor 1 (Lef-1), cyclin E, insulin-like growth factor 1 
(IGF-1), vascular endothelial growth factor (VEGF), trans-
forming growth factor beta (TGF-), Sonic hedgehog 
(Shh), smoothened (Smo), and anti-mouse antibodies 
were purchased from Santa Cruz Biotechnology. Anti-cy-
clin D1, phospho-glycogen synthase kinase-3 beta (p-GSK- 
3), and anti-rabbit antibodies were purchased from Cell 
Signaling Technology. All other reagents used in this 
study were procured from commercially available sources 
and were of the highest quality.

Preparation of RHSO
Dried rosehip seeds were ground into small particles 
(<400 m) and then extracted twice with n-hexane (24 
h/time). After filtration, the filtrates were pooled, and the 
solvent was removed using an evaporation system under 
reduced pressure. RHSO was collected into an amber vial 
and stored at −20°C. The yield of RHSO was approxi-
mately 10%. 

Animal and experimental design
Seven-week-old male C57BL/6 mice (18∼20 g body-
weight) were procured from Hyochang Science. The mice 
were individually housed in plastic cages and maintained 
under standard laboratory conditions (12/12 h dark/light 
cycle and 50±5% humidity) with free access to food and 
distilled water. The experimental procedures adhered 
strictly to the Institutional Animal Care and Use Guide-

lines of Inje University (No. 2017-009). Following a 1- 
week acclimation period, dorsal hair removal was carried 
out using an electric clipper and Veet depilatory cream 
(Oxy Reckitt Benckiser). Treatment was commenced the 
day following hair depilation. In brief, mice were ran-
domly assigned to three groups: control, RHSO, and min-
oxidil (MNX, positive control). Mice in the control group 
received a polyethylene glycol-ethanol-H2O solution (50: 
20:30). Mice in the RHSO and MNX groups were topi-
cally applied with 10% RHSO and 5% MNX, respectively, 
once daily for 21 days. Dorsal hair growth progress was 
monitored through photographic records taken on days 
0, 7, 14, 17, and 21. Hair growth efficacy was assessed 
using a scoring scale: 0 (0%), 1 (0∼20%), 2 (20∼40%), 
3 (40∼60%), 4 (60∼80%), and 5 (80∼100%). On days 
14 and 21, mice were sacrificed, and skin specimens were 
snap-frozen in liquid nitrogen and stored at −80°C until 
further use in the subsequent experiments.

Histological analysis
Skin tissues were immediately fixed in 10% neutral buff-
ered formalin at room temperature and subsequently 
embedded in paraffin. Five-micrometer longitudinal sec-
tions were stained with hematoxylin and eosin, and digi-
tal photomicrographs were captured using a digital cam-
era (PAXcam). Various parameters, including hair follicle 
density, hair bulb size, and skin thickness, were deter-
mined.

Western blot analysis
Total protein from each skin specimen was extracted us-
ing RIPA Buffer (Cell Signaling Technology) following 
the manufacturer’s instructions. The protein content was 
quantified using a Pierce BCA Protein Assay Kit (Thermo 
Fisher Scientific). Equal amounts of protein were sepa-
rated on SDS-PAGE gels and subsequently electro-blotted 
onto Immobilon-P polyvinylidene fluoride membrane 
(Millipore) using a semi-dry transfer system (Bio-Rad). 
The membranes were blocked with 5% skim milk and 
then incubated with the appropriate primary antibodies 
overnight at 4°C. After washing, the membranes were 
hybridized with horseradish peroxidase-conjugated sec-
ondary antibodies for 3 h. The protein blots were visual-
ized using an enhanced chemiluminescence Western blot-
ting reagent (Santa Cruz Biotechnology). 

Statistical analysis
Data were expressed as the mean±standard deviation. 
Statistical significance between the control and treatment 
groups was determined by Student’s t-test. P-values of 
<0.05 were considered statically significant.
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Fig. 1. Hair growth-promoting ability of rosehip seed oil (RHSO) 
in C57BL/6 mice. Depilated mouse skins were topically applied 
with 10% RHSO or 5% minoxidil (MNX) for 21 consecutive days. 
(A) The dorsal skins were photographed at 0, 7, 10, 12, 14, 17, 
and 21 days after depilation. (B) Hair growth scores. Results 
are presented as the mean±SD. *P<0.05 values were consid-
ered significant differences. 

RESULTS AND DISCUSSION

Effect of RHSO on hair growth in telogenic C57BL/6 
mouse model
Hair is synthesized by the hair follicles, small regenerative 
organs. Normally, each mature hair follicle undergoes re-
petitive cycles of growth (anagen), brief regression (cata-
gen), and rest (telogen) phases throughout adult life 
(Schneider et al., 2009; Al-Nuaimi et al., 2010). A normal 
human hair cycle is generally several years, while the 
mouse hair cycle is only a few weeks (Müller-Röver et al., 
2001). However, the hair cycle of mice is analogous to 
that of humans. C57BL/6 mice are widely used to screen 
hair growth-promoting agents because their skin pigmen-
tation is time-synchronized with their hair growth cycle: 
the skin appears pink in the telogen phase and transitions 
to black/gray in the anagen phase (Zhang et al., 2016; 
Akanda et al., 2017).

In this study, to evaluate the hair growth-promoting 
activity of RHSO, the telogenic dorsal skins of mice were 
topically applied with 10% RHSO once a day for 21 days. 
In comparison with the control group, RHSO treatment 
stimulated hair growth and induced premature transition 
of hair follicles from the telogen to anagen phase (Fig. 
1A). Indeed, both the RHSO and MNX groups exhibited 

gray skin within 7∼10 days and visible hair shafts began 
to appear by day 14 of treatment, while in the control 
group, hair shafts were only faintly visible. By day 17, the 
hair regrowth of mice in the RHSO group was remark-
able and comparable to that in the MNX group. The hair 
growth scores in the RHSO group were similar to those 
in MNX group (Fig. 1B). The hair growth score for RHSO- 
treated mice was considerably higher than that of the con-
trol mice and equivalent to that of the MNX-treated mice 
after 17 days of treatment. These findings imply that 
RHSO treatment activates early progression into the an-
agen phase of hair cycle and shortens the time required 
for hair growth initiation.

Effect of RHSO on the development and structure of hair 
follicles
Hair loss is characterized by changes in the hair cycle and 
the morphology of the hair follicles. These changes in-
clude hair follicle miniaturization, a shortened anagen 
phase, and promotion of the progression of hair follicles 
to catagen and telogen phases. Consequently, these alter-
ations cause hair thinning and hair loss after several hair 
cycles (Cotsarelis and Millar, 2001). Therefore, inducing 
telogen-to-anagen transition, retaining the anagen phase, 
and reversing follicular miniaturization are effective ap-
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Fig. 2. Effect of rosehip seed oil (RHSO) on the development and structure of hair follicles. (A) Representative hematoxylin and 
eosin staining images (magnification ×200). (B) Hair follicle density. (C) Hair bulb diameter. (D) Skin thickness. Results are presented 
as the mean±SD. *P<0.05 values were considered significant differences. MNX, minoxidil.

proaches for maintaining heathy hair growth.
The development and structure of hair follicles are 

markers for the transformation of hair follicles from telo-
gen to anagen phase. At day 14, remarkably visible hair 
growth was observed in the RHSO-treated mice com-
pared to the control-treated mice. Histological analysis of 
skin tissues was performed to compare the development 
of the hair follicles in each group (Fig. 2A). The histopho-
tometric data indicated that topical treatment with RHSO 
induced earlier telogen-to-anagen transition in the hair 
follicles compared to control-treated follicles. In RHSO- 
treated mice, most hair follicles developed fully, with hair 
roots approaching the subcutaneous tissue, and exhibited 
growth of the inner and outer root sheaths, with hair 
shafts erupting out of the epidermis. Furthermore, most 
hair follicles in the RHSO and MNX groups progressed to 
the anagen V∼VI phase, while the majority of hair fol-
licles in the control mice were in anagen phases III∼IV at 
day 14. Additionally, RHSO treatment led to a substantial 
increase in the density of hair follicles, the size of hair 
bulb, and skin thickness compared to the control group 
(Fig. 2B∼2D). Taken together, these results indicate that 
RHSO promotes the premature transition of hair follicles 
into the anagen phase of the hair cycle and nourishes the 
development of hair follicles, thereby augmenting hair 
regrowth.

Effect of RHSO on expression of genes associated with 
hair growth
The Wnt/-catenin and Shh signaling pathways play a 
pivotal role in regulating follicle development, operating 
in a coordinated manner to orchestrate the hair cycle and 
hair growth (Millar, 2002). Therefore, we explored the 

impact of RHSO on the expression of Wnt/-catenin path-
way-associated genes. RHSO treatment resulted in the 
upregulation of -catenin and p-GSK3 expression, com-
pared to the control treatment (Fig. 3A and 3B). However, 
RHSO failed to induce Lef-1 expression in the dorsal skin 
(Fig. 3C). Furthermore, RHSO strongly activated the Shh 
signaling pathway by enhancing the levels of Shh and 
Smo protein in mouse skin (Fig. 3D and 3E). Conse-
quently, Wnt/-catenin and Shh target genes, including 
cyclin D1 and cyclin E were upregulated by the topical 
application of RHSO (Fig. 3F and 3G). 

Wnt/-catenin signaling is instrumental in commenc-
ing the anagen (growth) phase by stimulating the prolif-
eration of hair follicle stem cells and progenitor cells 
while maintaining the integrity of the follicles (Millar et 
al., 1999). Meanwhile, the Shh pathway plays a pivotal 
role in hair follicle development and cycling. During the 
anagen phase, the activation of Shh signaling contributes 
to the growth and differentiation of hair follicle cells (St- 
Jacques et al., 1998; Yu et al., 2019). These two pathways 
collaborate to support robust hair growth in the anagen 
phase, while their inhibition is associated with the pro-
gression of hair follicles to catagen (regression) and telo-
gen (rest) phases (Millar, 2002). Indeed, previous stud-
ies have indicated that epidermal expression of stabilized 
-catenin in transgenic mice induced hair follicle devel-
opment (Lo Celso et al., 2004; Zhang et al., 2008), while 
-catenin knockout resulted in a considerable reduction 
in hair matrix stem cell proliferation and the abolishment 
of hair follicle regeneration, causing hair loss (Huelsken 
et al., 2001; Choi et al., 2013). Similarly, Shh overexpres-
sion was shown to augment the number of hair follicles 
in the anagen phase and stimulate hair regrowth in a 



Hair Growth-Promoting Activity of Rosehip Seed Oil 415

Fig. 3. Effect of rosehip seed oil (RHSO) on the Wnt/-catenin and Sonic hedgehog (Shh) pathways in C57BL/6 mouse skin. The 
expressions of -catenin (A), phospho-glycogen synthase kinase-3 beta (p-GSK-3) (B), lymphoid enhancer-binding factor 1 (Lef-1) 
(C), Shh (D), smoothened (Smo) (E), cyclin D1 (F), and cyclin E (G) in mouse skin tissue. Results are presented as the mean±SD.
*P<0.05 values were considered significant differences. MNX, minoxidil.

Fig. 4. Effect of rosehip seed oil 
(RHSO) on the expression of growth 
factors in C57BL/6 mouse skin. The 
expressions of insulin-like growth 
factor 1 (IGF-1) (A), vascular endo-
thelial growth factor (VEGF) (B), and 
transforming growth factor beta 
(TGF-) (C) in mouse skin tissue. Re-
sults are presented as the mean±
SD. *P<0.05 values are considered 
significant differences. MNX, minox-
idil.

mouse model of chemotherapy-induced alopecia (Sato et 
al., 2001). Conversely, the blockage of Shh signaling leads 
to the development of abnormal hair follicles due to re-
duced proliferation of dermal papilla cells (St-Jacques et 
al., 1998; Oro and Higgins, 2003). In addition, the target 
genes regulated by the Wnt/-catenin and Shh signaling 
pathways, such as cyclin D1 and cyclin E, trigger cell cycle 
progression from G0/1 to S phase, thereby facilitating cell 
proliferation (Golias et al., 2004).

Numerous growth factors, hormones, and cytokines also 
play integral roles in the complex process of hair growth 
(Danilenko et al., 1996). Generally, growth factors such 
as IGF-1, VEGF, fibroblast growth factor, and keratino-
cyte growth factors stimulate the proliferation of hair 
cells, maintain the development of hair follicles, and en-

hance hair growth and hair shaft elongation. In contrast, 
other growth factors, such as TGF-, fibroblast growth 
factor 5, and prostaglandin D2, can inhibit hair growth 
(Herman and Herman, 2016; Park and Lee, 2021; Song 
et al., 2021). The results of the current study indicated 
that topical application of RHSO enhanced the level of 
IGF-1 in mouse skins (Fig. 4A). Interestingly, the induc-
tive effect of RHSO on IGF-1 expression was more pro-
found than that of MNX. Although there were no signif-
icant differences, RHSO partially changed the expression 
of the VEGF and TGF- proteins in mouse skins (Fig. 4B 
and 4C).

IGF-1 is a fundamental 70 amino-acid peptide that is 
naturally present in hair follicles. A previous study dem-
onstrated that dermal papilla cells isolated from balding 
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scalps exhibited lower levels of IGF-1 compared to non- 
balding scalps (Trüeb, 2018). Through binding to its re-
ceptor, IGF-1 can induce the growth, proliferation, and 
differentiation of matrix hair cells as well as keratino-
cytes, and thereby promotes follicular development and, 
consequently, hair growth (Weger and Schlake, 2005; Li 
et al., 2014). The absence of IGF-1 retains hair follicles 
in the telogen phase and delays progression to the subse-
quent anagen phase (Weger and Schlake, 2005). Raspber-
ry ketone has also been suggested to stimulate hair re-
growth in both mouse models and human volunteers 
with alopecia, possibly by increasing the IGF-1 level 
(Harada et al., 2008). Furthermore, IGF-1 has been shown 
to reduce the expression of TGF-, a negative regulator 
of hair follicle growth (Li et al., 2014).

In conclusion, this study provides novel insights into 
the hair growth-promoting potential of RHSO. Topical 
application of RHSO effectively stimulated the transition 
of hair follicles from the resting (telogen) phase to the ac-
tive growth (anagen) phase, leading to enhanced hair re-
growth in a telogenic mouse model. These positive effects 
were associated with the activation of key signaling path-
ways, specifically the Wnt/ catenin and Shh pathways, 
which are crucial for initiating and prolonging the anagen 
phase. Additionally, RHSO was found to elevate the IGF-1 
level in the skin, further contributing to hair growth. 
These compelling findings suggest that RHSO holds po-
tential as an agent for the prevention and/or treatment of 
hair loss, offering promising prospects for those seeking 
effective solutions to maintain and enhance hair health.

FUNDING

This work was supported in part by the National Research 
Foundation of Korea (NRF) grant funded by the Korea 
government (MSIT) (NRF-2021R1A2C2006745).

AUTHOR DISCLOSURE STATEMENT

The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS

Concept and design: VLT, WSJ. Analysis and interpreta-
tion: VLT. Data collection: VLT. Writing the article: VLT. 
Critical revision of the article: WSJ. Final approval of the 
article: all authors. Statistical analysis: VLT. Obtained 
funding: WSJ. Overall responsibility: WSJ.

REFERENCES

Akanda MR, Kim HY, Park M, Kim IS, Ahn D, Tae HJ, et al. Hair 
growth promoting activity of discarded biocomposite keratin 
extract. J Biomater Appl. 2017. 32:230-241.

Al-Nuaimi Y, Baier G, Watson RE, Chuong CM, Paus R. The cy-
cling hair follicle as an ideal systems biology research model. 
Exp Dermatol. 2010. 19:707-713.

Ayati Z, Amiri MS, Ramezani M, Delshad E, Sahebkar A, Emami 
SA. Phytochemistry, traditional uses and pharmacological pro-
file of rose hip: a review. Curr Pharm Des. 2018. 24:4101-4124.

Belkhelladi M, Bougrine A. Rosehip extract and wound healing: 
A review. J Cosmet Dermatol. https://doi.org/10.1111/jocd. 
15971

Choi YS, Zhang Y, Xu M, Yang Y, Ito M, Peng T, et al. Distinct func-
tions for Wnt/-catenin in hair follicle stem cell proliferation 
and survival and interfollicular epidermal homeostasis. Cell 
Stem Cell. 2013. 13:720-733.

Cotsarelis G, Millar SE. Towards a molecular understanding of 
hair loss and its treatment. Trends Mol Med. 2001. 7:293-301.

Danilenko DM, Ring BD, Pierce GF. Growth factors and cytokines 
in hair follicle development and cycling: recent insights from 
animal models and the potentials for clinical therapy. Mol Med 
Today. 1996. 2:460-467.

Golias CH, Charalabopoulos A, Charalabopoulos K. Cell prolif-
eration and cell cycle control: a mini review. Int J Clin Pract. 
2004. 58:1134-1141.

Harada N, Okajima K, Narimatsu N, Kurihara H, Nakagata N. 
Effect of topical application of raspberry ketone on dermal pro-
duction of insulin-like growth factor-I in mice and on hair 
growth and skin elasticity in humans. Growth Horm IGF Res. 
2008. 18:335-344.

Herman A, Herman AP. Mechanism of action of herbs and their ac-
tive constituents used in hair loss treatment. Fitoterapia. 2016. 
114:18-25.

Houschyar KS, Borrelli MR, Tapking C, Popp D, Puladi B, Ooms M, 
et al. Molecular mechanisms of hair growth and regeneration: 
current understanding and novel paradigms. Dermatology. 
2020. 236:271-280.

Huelsken J, Vogel R, Erdmann B, Cotsarelis G, Birchmeier W. - 
Catenin controls hair follicle morphogenesis and stem cell dif-
ferentiation in the skin. Cell. 2001. 105:533-545.

Ilyasoğlu H. Characterization of rosehip (Rosa canina L.) seed and 
seed oil. Int J Food Prop. 2014. 17:1591-1598. 

Kim EJ, Choi JY, Park BC, Lee BH. Platycarya strobilacea S. et Z. ex-
tract has a high antioxidant capacity and exhibits hair growth- 
promoting effects in male C57BL/6 mice. Prev Nutr Food Sci. 
2014. 19:136-144.

Lei Z, Cao Z, Yang Z, Ao M, Jin W, Yu L. Rosehip oil promotes ex-
cisional wound healing by accelerating the phenotypic transition 
of macrophages. Planta Med. 2019. 85:563-569.

Li J, Yang Z, Li Z, Gu L, Wang Y, Sung C. Exogenous IGF-1 pro-
motes hair growth by stimulating cell proliferation and down 
regulating TGF-1 in C57BL/6 mice in vivo. Growth Horm IGF 
Res. 2014. 24:89-94.

Lin TK, Zhong L, Santiago JL. Anti-inflammatory and skin barrier 
repair effects of topical application of some plant oils. Int J Mol 
Sci. 2017. 19:70. https://doi.org/10.3390/ijms19010070

Lin X, Zhu L, He J. Morphogenesis, growth cycle and molecular reg-
ulation of hair follicles. Front Cell Dev Biol. 2022. 10:899095. 
https://doi.org/10.3389/fcell.2022.899095

Lo Celso C, Prowse DM, Watt FM. Transient activation of -catenin 
signalling in adult mouse epidermis is sufficient to induce new 
hair follicles but continuous activation is required to maintain 
hair follicle tumours. Development. 2004. 131:1787-1799.

Mármol I, Sánchez-de-Diego C, Jiménez-Moreno N, Ancín- 



Hair Growth-Promoting Activity of Rosehip Seed Oil 417

Azpilicueta C, Rodríguez-Yoldi MJ. Therapeutic applications of 
rose hips from different Rosa species. Int J Mol Sci. 2017. 18: 
1137. https://doi.org/10.3390/ijms18061137

Millar SE, Willert K, Salinas PC, Roelink H, Nusse R, Sussman DJ, 
et al. WNT signaling in the control of hair growth and struc-
ture. Dev Biol. 1999. 207:133-149.

Millar SE. Molecular mechanisms regulating hair follicle develop-
ment. J Invest Dermatol. 2002. 118:216-225.

Müller-Röver S, Handjiski B, van der Veen C, Eichmüller S, Foitzik 
K, McKay IA, et al. A comprehensive guide for the accurate clas-
sification of murine hair follicles in distinct hair cycle stages. 
J Invest Dermatol. 2001. 117:3-15.

Oro AE, Higgins K. Hair cycle regulation of hedgehog signal re-
ception. Dev Biol. 2003. 255:238-248.

Park S, Lee J. Modulation of hair growth promoting effect by natu-
ral products. Pharmaceutics. 2021. 13:2163. https://doi.org/ 
10.3390/pharmaceutics13122163

Phetcharat L, Wongsuphasawat K, Winther K. The effectiveness of 
a standardized rose hip powder, containing seeds and shells of 
Rosa canina, on cell longevity, skin wrinkles, moisture, and elas-
ticity. Clin Interv Aging. 2015. 10:1849-1856.

Premanand A, Ancy VB, Jeevanandam J, Rajkumari BR, Danquah 
MK. Phytochemicals as emerging therapeutic agents for alope-
cia treatment. In: Egbuna C, Kumar S, Ifemeje JC, Ezzat SM, 
Kaliyaperumal S, editors. Phytochemicals as Lead Compounds 
for New Drug Discovery. Elsevier. 2020. p 221-238.

Sato N, Leopold PL, Crystal RG. Effect of adenovirus-mediated ex-
pression of Sonic hedgehog gene on hair regrowth in mice with 
chemotherapy-induced alopecia. J Natl Cancer Inst. 2001. 93: 
1858-1864.

Schneider MR, Schmidt-Ullrich R, Paus R. The hair follicle as a 

dynamic miniorgan. Curr Biol. 2009. 19:R132-R142.
Song PH, Park GR, Kim YH, Jung DH, Ku SK, Song CH. Hair- 

growth-promoting effects of fermented red ginseng marc and 
traditional polyherb formula in C57BL/6 mice. Appl Sci. 2021. 
11:1195. https://doi.org/10.3390/app11031195

St-Jacques B, Dassule HR, Karavanova I, Botchkarev VA, Li J, 
Danielian PS, et al. Sonic hedgehog signaling is essential for hair 
development. Curr Biol. 1998. 8:1058-1068.

Trüeb RM. Further clinical evidence for the effect of IGF-1 on hair 
growth and alopecia. Skin Appendage Disord. 2018. 4:90-95.

Truong VL, Jeong WS. Hair growth-promoting mechanisms of red 
ginseng extract through stimulating dermal papilla cell prolif-
eration and enhancing skin health. Prev Nutr Food Sci. 2021. 
26:275-284.

Valerón-Almazán P, Gómez-Duaso A, Santana-Molina N, García- 
Bello M, Carretero G. Evolution of post-surgical scars treated 
with pure rosehip seed oil. J Cosmet Dermatol Sci Appl. 2015. 
5:161-167.

Weger N, Schlake T. Igf-I signalling controls the hair growth cycle 
and the differentiation of hair shafts. J Invest Dermatol. 2005. 
125:873-882.

Yu SH, Kim Y, Jung N, Hwang JW, Kim N, Ha JC, et al. Hair growth- 
promoting effect of recombinant human sonic hedgehog pro-
teins. Biomed Dermatol. 2019. 3:7. https://doi.org/10.1186/ 
s41702-019-0047-x

Zhang Y, Andl T, Yang SH, Teta M, Liu F, Seykora JT, et al. Acti-
vation of -catenin signaling programs embryonic epidermis 
to hair follicle fate. Development. 2008. 135:2161-2172.

Zhang Y, Han L, Chen SS, Guan J, Qu FZ, Zhao YQ. Hair growth 
promoting activity of cedrol isolated from the leaves of 
Platycladus orientalis. Biomed Pharmacother. 2016. 83:641-647. 


