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Alcohol extract from Vernonia anthelmintica
willd (L.) seed counteracts stress-induced
murine hair follicle growth inhibition
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Abstract

Background: Vernonia anthelmintica (L.) willd is a traditional urgur herb in China for a long history. Its alcohol

extract (AVE) has been proved to promote hair follicle growth in C57BL/6 mice. We conducted this study to

investigate the hair-growth effects of AVE in stressed mice and its possible mechanism of action.

Methods: The hair-follicle growth effects of AVE were examined by in vivo and in vitro study. We exposed C57BL/6

male mice to chronic restraint stress to induce murine hair follicle growth inhibition. The effects of AVE were

examined by histological analysis, immunofluorescence for Ki67 and cytokeratin 19 immunoreactivity, western blot

assay in tyrosinase and related proteins expressions and immunofluorescence for nerve fibers. In organ culture of

mouse vibrissae follicles, we used substance P as a catagen-inducing factor of hair follicle growth, and measured

the elongation of hair shafts and expression of neurokinin-1 receptor protein by application of AVE.

Results: Our results showed that AVE counteract murine hair follicle growth inhibition caused by chronic restraint

stress via inducing the conversion of telogen to anagen and inhibiting catagen premature, increasing bulb

keratinocytes and bulge stem cells proliferation, promoting melanogenesis, and reducing the numbers of substance

P and calcitonin gene-related peptide nerve fibers. Furthermore, AVE also counteracted murine hair follicle growth

inhibition caused by substance P in organ culture.

Conclusion: These results suggest that AVE counteract stress-induced hair follicle growth inhibition in C57BL/6

mice in vivo and in vitro, and may be an effective new candidate for treatment of stress-induced hair loss.

Keywords: Vernonia anthelmintica (L.) willd extract (AVE), Hair follicle, Chronic restraint stress, Melanogenesis, Nerve

fibers, Substance P

Background
As one of the most common skin diseases, hair loss has

negative social impact on patients by reducing their

quality of life although it is not life-threatening [1–3].

Clinical experience has long suggested that psychological

stress plays an important role in triggering and exacer-

bating hair growth disorders [4]. As the references re-

ported, alopecia areata (AA), telogen effluvium, lichen

planopilaris (LPP) may have relations with stressful

events [3, 5, 6].

As the largest organ of human body, skin protect hu-

man from exogenous stressors [7]. And hair follicle is an

important skin appendage, which displays a hair cycle

with three periods of active growth (anagen), degenera-

tive (catagen), and relative resting (telogen) [8, 9]. In all

mammalian species, follicular melanogenesis is coupled

to anagen, ceases during catagen, absent during telogen.

Other from human, melanocytes of C57BL/6 mice only

locate in the hair bulb region, the dorsal skin color ap-

pears to be pink in telogen and changes to be black in

the anagen stage [10]. Therefore, hair follicles of C57BL/

6 mice appears ideally suited to study hair follicle and

screen hair growth promoting agents.

Stress might act as a precipitating factor in the onset

or exacerbation of hair loss through psychosomatic
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mechanism [11, 12]. Previous research have identified

that psychological stress can alter the hair cycle and

affect hair growth via increasing apoptotic cells, inhibit-

ing hair bulge stem cells and hair bulb keratinocytes

proliferation, promoting mast cell degranulation, indu-

cing premature catagen and neurogenic inflammation

[13]. Sensory and autonomic nerve fibers are richly in-

nervated with hair follicles. There is an intimate inter-

action between the cutaneous innervation and the

progression of hair follicle cycling. Mountains of evi-

dences have shown that hair growth is profoundly influ-

enced and regulated by neuropeptides involving in

systemic stress responses [14]. Substance P (SP) and cal-

citonin gene-related peptide (CGRP) have been con-

firmed to effectively manipulate skin and immune cell

functions, including cell proliferation, antigen presenta-

tion, and cytokine production under both normal and

pathological conditions in C57B/6 mice model [15, 16].

Furthermore, in the absence of a functional perifollicular

innervation, both two neuropeptides have similar inhibited

effects on organ-cultured hair follicle growth [16]. Arck

et al. found that the percentage of SP and CGRP sensory

neurons may be up-regulated under stress exposure in

murine dorsal skin [17]. The neurobiological, neurorendo-

crine, and neuroimmunological changes associated with

psychoemotional stress provide us a novel perspective and

therapeutic option to study hair growth problems.

At present, FDA only approves two synthetic agents,

minoxidil and finasteride, for the treatment of hair loss

[18]. Minoxidil is used to treat alopecia areata,

chemotherapy-induced alopecia, hair transplant, and fi-

nasteride is efficacious for androgenetic alopecia [19,

20]. However, both of them have undesirable side effects

and there was no literature had been reported that these

two agents had psychosomatic mechanism [19, 21].

Therefore, it is urgent to explore more alternative agents

with a limited side effect particularly natural products.

Vernonia anthelmintica (L.) willd grow in minority re-

gions of India and Pakistan [22]. It is reported that its

fruit extract (AVE) can promote hair follicle growth in

C57BL/6 mice [23]. Based on our previous studies, we

found that AVE may affect mental status in C57BL/6

mice. However, whether AVE could have effects on

stress-induced hair follicle growth remain unknown.

In this study, we focused on the effects of AVE on

stress-induced hair follicle growth inhibition both

in vitro and in vitro. Furthermore, we investigated the

possible mechanism on hair follicle growth by appli-

cation of AVE.

Materials and methods
Preparation of AVE

The seeds of Vernonia anthelmintica (L.) willd were col-

lected from Aksu region in Xinjiang, China. Botanical

samples were authenticated by Professor Tiemin Ai

(College of Pharmacy, Peking University Health Sci-

ence Center). Its voucher specimen has been depos-

ited at herbarium of School of Traditional Chinese

Medicine, China Pharmaceutical University (voucher

No. 2011–1105).

We prepared the extract through solvent extraction by

60% ethanol according to the previous study [24]. The

dark brown powder of AVE was obtained after being

degreased and dried, the components have been identi-

fied in the HPLC profile [24].

Animals

Syngenic, male C57BL/6 mice (5~6 weeks old, weighing

18-22 g) were obtained from Comparative Medicine

Centre of Yangzhou University (China). All mice were

left undisturbed and acclimatized for 7 days prior to the

onset of studies at Experimental Animal Center of

Southeast University (China). The standard conditions

of animal facility were maintained as following:

temperature 21–24 °C; 12 h light/dark cycle (lights on

06:00–18:00); humidity 50–60%. Sterilized water and

food were provided al libitum during this period. All ex-

perimental procedures and animal care were approved

by the Animal Study Committee of China Pharmaceut-

ical University (Permit Number: PMY33069N).

Stress application

The procedure of chronic restraint stress was conducted

as previously described and lasted for 23 days (Fig. 1).

Mice were placed into 50 ml conical tubes without phys-

ically compressed for 6 h (10:00 a.m.-16:00 p.m.) each

day [25]. During the period of stress application, control

mice were kept undisturbed in their cages, and all

groups of mice were not provided with food and water.

Synchronization of hair cycle

On day 8 of the experiment, we anesthetized all mice

and applied a mixture of wax and rosin (1:1 on weight)

to the murine back skin (from neck to tail) to induce

anagen. Then we peeled off the mixture and removed all

hair shafts to induce synchronization of hair cycle [10].

Mice were not exposed to restraint stress on the day of

depilation.

Pharmaceutical intervention

Forty C57BL/6 mice were randomly assigned to four

subgroups (n = 10 each group): (1) the non-stressed or

control group (CTRL); (2) chronic restraint stress group

(RS): application of chronic restraint stress without drug;

(3) AVE + chronic restraint stress (AR): application of

AVE (dissolved in 0.5% CMC-Na) with 80mg/kg/day by

gavage for 23 days, also applied with chronic restraint

stress; (4)5% minoxidil + chronic restraint stress (MR):
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100 μl of 5% minoxidil (Mandi, China) was topically ap-

plied daily on murine back skin for 16 days after depil-

ation, also applied with chronic restraint stress. CTRL,

RS and MR groups received the same volume of vehicle

(0.5% CMC-Na) for 23 days in paralleled with AR group.

Tissue collection

All animals were sacrificed by cervical dislocation under

anesthesia on day 26 of the experiment (day 18 after

depilation). Dorsal skin specimens were harvested about

2 × 5 cm, and then partially fixed in 4% paraformalde-

hyde to perform hematoxylin and eosin (H&E) staining.

The remaining skin samples were immediately cryopre-

served in liquid nitrogen to perform immunofluores-

cence and western blot analysis.

Histological examination

Skin specimens were obtained as described above. The

tissues were embedded in paraffin, and 4-μm thick sec-

tions were cut for hematoxylin and eosin staining. Then

we analyzed the sections at 100× and 400× magnification

by Olympus BX41 fluorescence microscope. Under rep-

resentative areas at 100× magnification, hair parameters

including thickness of dermis and distance between hair

germ and subcutaneous layer were measured (n = 10/

mouse). The total number of hair follicles at least 10 vis-

ual fields per mouse, 3–5 mice each group were quanti-

fied [26, 27].

Assessment of hair cycle

The hair stage was assessed macroscopically according

to their morphology of dermal papilla and sebaceous

glands as described previously (anagen: anagen I = factor

1, anagen II = factor 2, anagen III = factor 3, etc.; for

catagen: catagen I = factor 1, catagen II = factor 2, cata-

gen III = factor 3, etc.) [26]. The number of hair follicles

in each specific stage is multiplied by the corresponding

factor. The results of each sum were totaled and divided

by the total number of hair follicles counted.

Immunofluorescence

For immunofluorescence histochemistry, serial cryosec-

tions (12 μm thick) were incubated with the primary

antibodies overnight at 4 °C. Then we observed reaction

products by TRITC-labeled secondary antibodies

(Cwbio, Beijing, China) [26]. Cryosections were counter-

stained with DAPI (Invitrogen, Carlsbad, CA) for identi-

fication of cell nuclei. The following primary antibodies

and concentrations were used: Ki67 antibody at 1:400

(Abcam), cytokeratin19 at 1:200 (Abcam), SP antibody

at 1:10000 (Abcam), CGRP antibody at 1:400 (Abcam).

PBS was used to replace the primary antibody in nega-

tive controls. Never fibers were counted by standards of

structures with strong and continuous linear staining at

200× and 400× magnification by the Olympus BX41

fluorescence microscope. The number of labeled nerve

fibers was counted in the dermal compartment. At least

10 visual fields per mouse, 3–5 mice each group were

studied [28].

Western blot analysis

Murine protein samples (30 μg) lysed in cold lysis buffer

(1 mM phenylmethyl sulfoxide, 0.01% aprotinin, 1% Tri-

ton X-100, and 0.1M phosphate-buffered saline, pH 6.8)

were separated by 10% SDS-PAGE gel, and transferred

to nitrocellulose membranes (Millipore). Then the mem-

branes were blocked with 5% non-fat milk (containing

0.05% Tween-20) for 1 h at room temperature and

Fig. 1 Time schedule of the experiment. Chronic restraint stress and AVE administration were applied on day 1 and lasted for 23 days. 5%

minoxidil was applied on day 9 of the experiment (day 1 after depilation) and lasted for 16 days. The depilation of all mice was on day 8 of the

experiment to induce anagen (The day on depilation did not apply restraint stress or drug). Behavioral test (OFT) was exmained on day 25 and

tissue harvesting was collected on day 26 of the experiment
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incubated with corresponding primary appropriate anti-

bodies overnight (4 °C). After washed three times with

TBST (5–10min each time), the membranes were incu-

bated in secondary antibodies for 1 h (room

temperature). Enhanced chemiluminescence detection

system was used to visualize the immunoreactive

bands. Quantity One (Bio-Rad) was used to quantified

the protein expression from three independent experi-

ments. The following primary antibodies were used in

western blot analysis: NK-1R (1:800, Santa Cruz),

TYR (1:300, Santa Cruz), TRP-1 (1:300, Abcam),

TRP-2 (1:800, Abcam), MITF (1:800, Santa Cruz), and

β-actin (1:1000, Sigma).

Isolation and culture of mouse vibrissa follicles and

in vitro study

Mouse vibrissae follicles were obtained from male 5-

week-old C57BL/6 mice. Knife and tweezers were used

to harvest the normal vibrissae hair follicles from the

upper lip region. The isolated vibrissa follicles were

placed for 20 min in D-Hank’s streptomycin. After wash-

ing with PBS twice, the follicles were immediately placed

in 24-well microplates containing the culture medium

and cultured in 5% CO2 for 8 days at 37 °C according to

the reported method [29, 30].

The isolated vibrissae follicles were divided into 3

groups: (1) control group: only culture medium; (2) SP

group: 10− 8mol/L substance P + culture medium; (3)

AVE group: 10 μg/ml AVE + 10− 8mol/L substance P +

culture medium. Each group used 10–15 follicles. The

concentration of AVE and SP were chosen based on pre-

vious studies [22, 31]. The length of outgrowing hair

shaft was measured daily for 8 days by analysis of digital

images. In addition, western blot was used to detect the

protein expression of NK-1R.

Statistical analysis

Data were expressed as the mean ± S.E.M. Statistical sig-

nificance were performed using unpaired two-tail Stu-

dent’s t-test or one-way ANOVA with Tukey’s post hoc

test with significance being accepted at p < 0.05. We

used GraphPad Prism (UK) for the statistical analysis.

Results
Effects of AVE on hair growth in stressed C57BL/6 mice

We took photographs daily by digital camera (Canon,

Japan) to observe the murine back skin color after depil-

ation. The murine skin color was pink in the telogen

phase on day 1 after depilation, and became dark when

entering into anagen. On day 18 after depilation, the hair

cycle of C57BL/6 mice was during anagen-catagen tran-

sition [10]. As shown in Fig. 2a, the dorsal skin color of

the CTRL group was darker than the RS group on day

12 after depilation, and the hair shafts were visible in the

CTRL group. We observed murine skin color turned

black in the AR and MR group on day 12 after depil-

ation, which was similar in the CTRL group.

H & E staining of the dorsal skin sections was per-

formed to detect the progression of hair follicles during

hair cycle (Fig. 2b). According to the time-scale for hair

cycle, The score of hair cycle in Fig. 2c showed that the

most of hair follicles in the RS group entered into cata-

gen II / III stage. In this stage, the dermal papilla degen-

erated and the hair bulb became narrower. However,

most hair follicles of the CTRL, AR and MR groups were

still in anagen VI, indicating that AVE treatment coun-

teract the stress-induced hair follicle inhibition. CRS sig-

nificantly decreased hair cycle score in the RS group

(p < 0.001). Both AVE and 5% minoxidil counteracted

this effect caused by CRS (p < 0.001, p < 0.01). As shown

in Fig. 2d, CRS significantly decreased the total number

of murine hair follicles compared with the CTRL group

(p < 0.05). Besides, the total number of hair follicles in

the AR and MR groups were increased compared with

the RS group (p < 0.01). Statistical analysis of Fig. 2e

demonstrated that CRS increase the length of hair germ

and subcutaneous layers significantly (p < 0.01), whereas

this hair parameter was obviously decreased in the AR

and MR group compared with the RS group. Figure 2f

showed no significance in thickness of dermis among

four groups (p > 0.05).

The above results indicate that AVE can promote hair

follicle growth by inducing the conversion of telogen to

anagen and inhibiting catagen premature.

Effects of AVE on Ki67+ keratinocytes and cytokeratin19+

stem cells proliferation in stressed C57BL/6 mice

The immunofluorescence of Ki67+ keratinocytes indi-

cated the situation of cell proliferation in hair bulb re-

gion. Compared to the RS group, there are high

numbers of Ki67+ keratinocytes in the CTRL group

(Fig. 3a). Both AVE and 5%minoxidil increased the num-

ber of Ki67+ keratinocytes in hair bulb region. In

addition, we visualized the stem cells located in the

hair bulge areas, marked by cytokeratin19 (CK19)

positivity. CRS decreased the positive cells in bulge

areas compared to the CTRL group (Fig. 3b). The ex-

pression and location of CK19+ cells in the AR and

MR group were similar to the CTRL group. These ev-

idences indicated that the application of AVE can

promote hair follicle growth via Ki67+ keratinocytes

and CK19+ stem cells proliferation.

Effects of AVE on melanogenesis in stress-induced C57BL/

6 mice

Melanocytes only locate in the bulb region of hair folli-

cles in C57BL/6 mice, and melanin synthesis is coupled

to anagen, ceases during catagen, and is absent during
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telogen during the hair cycle [32]. To investigative the

effects of AVE on melanogenesis in murine hair follicles,

western blot analysis was performed to detect the ex-

pressions of TYR, TRP-1, TRP-2 and MITF, which are

the key elements in melanogenesis. The seconded (lower

one) band of TYR was the specified one, and the first

one (upper one) may be the glycosylated tyrosinase band

due to the primary antibody was an affinity purified goat

polyclonal antibody. We found expression levels of TYR,

TRP-1, TRP-2 and MITF proteins in murine hair

Fig. 2 Effects of AVE on hair growth in stress-induced C57BL/6 mice. a Photographs showed the color change of murine dorsal skin on day 1, 5,

8, 10 and 12 after depilation. b H & E staining of murine dorsal skin sections showed the morphological changes in hair follicles. Magnification:

100× on the left; 400× on the right. c The results of hair cycle score in each group. d The results of total number of hair follicles in each group. e

Distance between the hair germ and the subcutaneous layer in each group. f Thickness of dermis in each group. Data are presented as mean ±

S.E.M, n = 3–5 in each group. * p < 0.05, **p < 0.01, ***p < 0.001 compared with CTRL group; ## p < 0.01, ###p < 0.001 compared with RS group
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follicles were significantly decreased after exposure of CRS

compared with the CTRL group (p < 0.05). After AVE and

5% minoxidil treatment, expressions of TYR, TRP-1, TRP-

2 and MITF proteins were significantly increased com-

pared with the RS group (p < 0.05, p < 0.01). Compared

with the RS group, a higher level of significance was ob-

served in the expressions of TYR and TRP-2 by applica-

tion of AVE (p < 0.01). These results suggest that AVE

counteract the stress-induced melanogenesis inhibition

via up-regulating the expressions of melanogenic proteins.

Effects of AVE on peptidergic innervation in mice dorsal

skin

To investigative the possible neurobiological mechanism

of AVE in promoting hair follicle growth, we examined

the expressions of SP+ and CGRP+ nerve fibers in mur-

ine back skin. SP+ and CGRP+ nerve fibers were detected

in the dermis of murine skin (Fig. 4a). Compared

with the CTRL group, the SP+ nerve fibers number of

the RS group was significantly increased (p < 0.001)

(Fig. 4b). AVE administration significantly decreased

the SP+ nerve fibers number compared with the RS

group (p < 0.001). Whereas, the reduced number of

SP+ nerve fibers did not reach a level of statistical

significance between the MR and RS group (p > 0.05).

Similar results were observed in CGRP+ nerve fibers

among four groups. This phenomenon suggested that

CRS cause the increase of peripheral nerve SP and

CGRP expressions, and application of AVE counter-

acted these effects.

Fig. 3 Effects of AVE on Ki67+ kertinocytes and cytokeratin19 (CK19)+ stem cells proliferation. The expressions of Ki67+ kertinocytes (red staining,

pointed out by arrows) (a) and CK19+ stem cells (red staining, pointed out by arrows) (b) in the hair follicles of C57BL/6 mice were visualized by

immunofluorescence. Magnification: (a) 400×; (b) 200×. Negative controls did not reveal specific immunoreactivity
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Fig. 4 (See legend on next page.)
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AVE counteracted the inhibited effects of hair follicle

growth caused by substance P in vitro

In previous study, Peters et al. confirmed that treatment

with 10− 8 and 10− 10mol/L SP can cause a significant re-

duced hair shaft elongation and a dose-dependent inhib-

ition [31]. Thus, we selected SP with 10− 8mol/L as a

catagen-inducing factor to cause inhibited effects in the

hair organ culture. On day 8 of the culture, we found

10− 8mol/L SP significantly inhibited hair growth com-

pared with the control group (p < 0.05) (Fig. 5a), whereas

10 μg/ml AVE counteracted the reduction of hair shaft

elongation caused by substance P (p < 0.05). To further

explorer the mechanism, we examined the protein ex-

pression of cognate receptor NK-1R in cultured hair fol-

licles. Our result shown that compared with the SP

group, application of AVE down-regulated the expres-

sion of NK-1R protein (p < 0.01) (Fig. 5b). These results

indicate that AVE also counteract murine hair follicle

growth inhibition caused by substance Pin vitro.

Discussion
Recently, studies on natural products have been accu-

mulating because of their less side effects and increased

safety [33]. Previous studies have confirmed the alcohol

extract of Vernonia anthelmintica (L.) willd seed (AVE)

has hair growth promoting activity [23]. However,

whether AVE could have effects on stress-induced hair

follicle growth inhibition has not been studied, and its

molecular mechanism is still unknown. In this study, we

show for the first time that AVE, a plant-based pharma-

ceutical product, promotes hair follicle growth in

chronic restraint stress-induced C57BL/6 mice in vivo.

Furthermore, AVE can counteract the hair growth inhib-

ition caused by substance P in an in vitro analysis.

(See figure on previous page.)

Fig. 4 Effects of AVE on melanogenic proteins in murine dorsal skin. a Representative western blot analysis of the expressions of TYR, TRP-1, TRP-

2 and MITF. b Quantitation of western blot analysis for TYR, TRP-1, TRP-2 and MITF. Equal protein loadings were confirmed using β-actin antibody.

Total skin proteins (30 μg) were subjected to 10% SDS-PAGE. Densitometric scanning of band intensities obtained from three separate

experiments by the Quantity One 1D analysis software program was used to quantify the change of proteins expressions (control value taken as

onefold in each case). The data showed the mean ± S.E.M of three experiments. * p < 0.05 compared with CTRL group; # p < 0.05, ## p < 0.01

compared with RS group

Fig. 5 Effects of AVE on peptidergic innervation in murine dorsal skin. Histochemical detection reveals the location and expressions of SP+ and

CGRP+ nerve fibers (red staining, pointed out by arrows) by immunofluorescence (a), and the number of SP+ and CGRP+ nerve fibers per visual

field in the skin from four mice groups were measured (b). In the immunofluorescence micrographs, nerve fibers are labeled in red, and cell

nuclei are labeled blue with DAPI. The number of nerve fibers was quantified at least 10 visual fields per mouse, 3–5 mice each group. Results

shown are mean ± S.E.M. ***p < 0.001 compared with control; ###p < 0.001 compared with RS group. Abbreviations: e, epidermis; d, dermis; hf,

hair follicle. Magnification: 200 ×
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As a highly sensitive mini-organ, the hair follicle

undergoes continuous cycles. This process consists of

three stages, including phases of rapid growth (anagen),

apoptosis-driven regression (catagen) and relative quies-

cence (telogen). Lots of research have reported that hor-

mones, neuropeptides and cytokines may influence the

hair follicle growth and hair cycle [9]. To investigate the

effect of AVE on hair follicle growth inhibition after the

exposure of psychological stress, a chronic restraint

stressed mice model was employed to induce emotional

effects on mice with no harm to biological injury [34]. In

an in vivo study, 5% minoxidil was used as a positive

drug to compare its effects with AVE. Minoxidil is an

adenosine triphosphate sensitive potassium channel

opener, and is one of the only two drugs for alopecia

treatment approved by Food and Drug Administration

[35]. It has been confirmed that minoxidil can increase

the blood flow of balding scalps, prolong the anagen

stage and enhance hair growth by activating Erk and Akt

signaling which enhance the survival of cultured dermal

papilla cells, and increase in the Bcl-2/Bax ratio protect-

ing cells against cell death [36–38]. However, no litera-

ture has reported its effect or mechanism of action on

central or peripheral nervous system. Considering the

possible systematic neurobiological mechanism and the

duration of treatment of AVE had been studied previ-

ously, we chose intragastric administration for 23 days.

In addition, we applied minoxidil after depilation for the

reason of it is a widely used as a tropical agent.

We proved that both administration of AVE and

5%minoxidil can alter hair cycle and promote hair fol-

licle growth in C57BL/6 mice after the exposure of CRS

(Fig. 2). Most hair follicles of the RS group entered into

catagen II/III on day 18 after depilation (Fig. 2b and c).

In addition, CRS significantly decreased the total num-

ber of hair follicles (Fig. 2d), and increase the length of

hair germ and subcutaneous layers (Fig. 2e and f). AVE

counteracted this stress-induced hair follicle inhibition,

and most of them stayed in the stage of anagen VI. In

addition, we found that CRS down-regulate the Ki67+

keratinocytes number in the hair bulb (Fig. 3a) and

CK19+ stem cells number in the hair bulge (Fig. 3b) of

hair follicles by immunofluorescence. After administra-

tion of AVE and 5% minoxidil, increasing number of

Ki67+ keratinocytes and CK19+ stem cells were observed

in stressed mice. As an important indicator for the

homeostasis of self-renewing tissues, hair follicle stem

cells can be detected in hair bulge and marked by CK19

positivity [39]. During hair follicle growth and regener-

ation, these cells play an important role in forming the

epidermal, follicle, and sebaceous gland [40]. Thus, the

promoting effects of Ki67+ keratinocytes and CK19+

stem cells proliferation of AVE may contribute to the

hair regrowth.

Other from human, all the melanocytes derived from

hair follicles in C57BL/6 mice [41]. In murine hair folli-

cles, melanin synthesis is coupled to the anagen, ceases

during catagen, and is absent throughout telogen. There-

fore, murine skin color appears to be pink in telogen

and changes to be black in the anagen stage [32, 42].

Tyrosinase has been known as the key enzyme during

the process for the synthesis of melanin pigment [43].

Furthermore, the tyrosinase family genes TYR, TRP-1,

TRP-2 responsible for pigmentation are transcriptionally

regulated by microphthalmia-associated transcription

factor (MITF) [44, 45]. In our study, both AVE and 5%

minoxidil treatment promoted melanogenesis in murine

hair follicles by significantly increased the expressions of

melanogenic proteins (Fig. 6). This finding implied that

more hair follicles stay in anagen stage of AR group

compared with the RS group, and AVE can counteract

the catagen premature. This result was consistent with

our previous study about the effects of AVE on hair fol-

licle growth.

After confirmed the direct hair follicle-promoting ef-

fects of AVE, we further investigated its possible neuro-

biological mechanism. The central nervous stress

perception is translated to skin not only via classical

stress hormones but also via neuropeptides [46]. Recent

studies have proved that remodeling of hair follicle in-

nervations contribute to hair follicle cycling, and pepti-

dergic innervations are located around the bulge region

[15, 28, 47]. Here we identified distinct sensory neuro-

peptide distribution in murine dorsal skin (Fig. 4a). In

our results, CRS significantly increased the numbers of

SP+ and CGRP+ nerve fibers. Application of AVE signifi-

cantly reduced the number of these nerve fibers, whereas

5% minoxidil had no such effect (Fig. 4b). Thus we sug-

gest that AVE may affect hair follicle growth and hair

cycle via the modulation of neuropeptides, which is dif-

ferent from the pathway affected by minoxidil.

Murine hair follicle growth can be manipulated by

neuropepitide as substance P both in vivo and in vitro

[48, 49]. Substance P (SP) is not only a neuropeptide

with pain-mediating function, but also play an important

role in various stress-related disorders [50]. Literatures

have reported that SP inhibit hair matrix kertinocytes

and hair follicles express NK1 receptors [51]. Further-

more, SP may i indirectly cause human hair growth in-

hibition through up-regulating p75NTR and NGF and

down-regulating TrkA expressions [52–54]. Therefore,

we used SP as a mediator in murine vibrissa follicles cul-

ture to inhibit hair growth. In our organ culture model,

we found AVE can counteract the inhibited effect of SP

through promoting hair shaft growth and down-

regulating the protein expression of NK-1R.

Up to date, clinical and experimental observations pro-

vide evidence for complex molecular mechanisms
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Fig. 6 AVE counteracted the inhibited effect of hair follicle growth caused by substance P in vitro. Mouse vibrissa follicles from 5-week-old male

C57BL/6 mice were isolated and cultured. Each group used 10–15 follicles. a The length of vibrissa follicles was measured daily for 8 days. ●, the

control group; ▲, addition of 10− 8mol/L SP; ■, addition of 10− 8mol/L SP and 10 μg/ml AVE. *p < 0.05 compared with control group; #p < 0.05

compared with SP group. b Western blot analysis was used to examine the expression of NK-1R in murine vibrissa follicles. Equal protein loadings

were confirmed using β-actin antibody. Densitometric scanning of band intensities obtained from three separate experiments by the Quantity

One 1D analysis software program was used to quantify the change of proteins expressions (control value taken as onefold in each case). The

data showed the mean ± S.E.M of three experiments. *p < 0.05 compared with control group; ##p < 0.01 compared with SP group

Wang et al. BMC Complementary and Alternative Medicine          (2019) 19:372 Page 10 of 12



involved in the pathogenesis of hair loss after stress

stimuli. Traditional tropical treatment of drugs for hair

disorders may not reach perfect curative effect. Thus, ex-

ploring novel pathways may offer us more strategies in

stress-triggered alopecia treatment and to discover new

candidates. In our study, AVE counteracted stress-

induced murine hair follicle growth inhibition via indu-

cing the conversion of telogen to anagen and inhibiting

catagen premature, increasing bulb keratinocytes and

bulge stem cells proliferation, promoting melanogenesis,

and reducing SP+ and CGRP+ nerve fibers. Furthermore,

AVE also counteracted murine hair follicle growth in-

hibition caused by substance P in vitro. Therefore, AVE

may be an effective new candidate for clinical treatment

of human alopecia caused by psychoemotional stress.

Further works will be necessary to investigate the func-

tion of individual active components of AVE and to

identify their mechanism of action.

Conclusions
These results suggest that AVE counteract stress-

induced hair follicle growth inhibition in C57BL/6 mice

in vivo and in vitro, and may be an effective new candi-

date for treatment of human alopecia caused by stress.

Abbreviations

Akt: Protein kinase B; AR: AVE+ restraint stress; AVE: Alcohol extract of

Vernonia anthelmintica (L.) willd; Bax: Bcl-2 associated X protein; Bcl-2: B-cell

lymphoma-2; CGRP: Calcitonin gene-related peptide; CK19: Cytokeratin19;

CMC-Na: Sodium carboxyl methyl cellulose; CTRL: Control; DAPI: 4′,6-

diamidino-2-phenylindole; Erk: Extracellular signal-regulated kinase;;

FDA: Food and Drug Administration;; H&E: Hematoxylin-eosin; HPLC: High

performance liquid chromatography;; Ki67: Nuclear-associated antigen;;

MITF: Microphthalmia-associated transcription factor; MR: 5%minoxidil+

restraint stress; NGF: Nerve growth factor; NK-1R: Neurokinin-1 receptor;

OFT: Open-field test; p75NTR: p75 neurotrophin receptor; PBS: Phosphate

buffered solution; RS: Restraint stress; S.E.M.: Standard error of mean;

SDS: Sodium dodecyl sulfate; SP: Substance P; TRITC: Tetramethylrhodamine;

TrkA: Tyrosine kinase; TRP-1: Tyrosinase-related protein-1; TRP-2: Tyrosinase-

related protein-2; TYR: Tyrosinase

Acknowledgments

We thank Di Hao, Rongrong Li for the technical assistance.

Authors’ contributions

QW, YXW and SLP performed the research. QW, YXW and JC analysed the

data. QW and JS wrote the paper, and JZ helped to response the reviewer’s

comment. JS designed the research and provided reagents/materials/analysis

tools. All authors read and approved the final manuscript.

Funding

This work was supported by Mega-projects of Science Research for the 12th

Five-Year Plan of China (2011ZX09401–007), National Science and Technol-

ogy Infrastructure Program of China (2012BAI30B001), One Hundred Person

Project of The Chinese Academy of Sciences, Applied Basic Research Pro-

grams of Qinghai Province (2015-ZJ-733).

Availability of data and materials

The datasets used and/or analyzed during the current study are available

from the corresponding author upon reasonable request.

Ethics approval and consent to participate

The Animal Study Committee of China Pharmaceutical University (Permit

Number: PMY33069N) approved all experimental procedures.

Consent for publication

All authors consent to publish this study in BMC Complementary and

Alternative Medicine.

Competing interests

The authors declare that they have no competing interests.

Author details
1State Key Laboratory of Natural Medicines, China Pharmaceutical University,

Nanjing 210009, JiangSu Province, People’s Republic of China. 2Jiangsu Key

Laboratory of TCM Evaluation and Translational Research, China

Pharmaceutical University, Nanjing 210009, People’s Republic of China. 3The

Pharmaceutical Department, Nanjing Zhong-da Hospital, School of Medicine,

Southeast University, Nanjing 210009, People’s Republic of China. 4Qinghai

Key Laboratory of Tibetan Medicine Pharmacology and Safety Evaluation,

Northwest Institute of Plateau Biology, Chinese Academy of Sciences, Xining

810008, People’s Republic of China.

Received: 14 November 2017 Accepted: 4 November 2019

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.

1186/s12906-019-2744-9.

Additional file 1: Figure S1. Effect of AVE on mice body weight. Mice

body weight was measured on day 1, 5, 9, 13, 17, 21 and 25 of the

experiment.

Additional file 2: Figure S2. Effects of AVE on immune index in

stressed C57BL/6 mice. (a) Effects of AVE on spleen index in stressed

C57BL/6 mice; (b) Effects of AVE on thymus index in stressed C57BL/6

mice. *p < 0.05 compared with CTRL group, #p < 0.01 compared with RS

group.

Author details

Supplementary information accompanies this paper at https://doi.org/10.

1186/s12906-019-2744-9.1State Key Laboratory of Natural Medicines, China

Pharmaceutical University, Nanjing 210009, JiangSu Province, People’s

Republic of China. 2Jiangsu Key Laboratory of TCM Evaluation and

Translational Research, China Pharmaceutical University, Nanjing 210009,

People’s Republic of China. 3The Pharmaceutical Department, Nanjing

Zhong-da Hospital, School of Medicine, Southeast University, Nanjing

210009, People’s Republic of China. 4Qinghai Key Laboratory of Tibetan

Medicine Pharmacology and Safety Evaluation, Northwest Institute of Plateau

Biology, Chinese Academy of Sciences, Xining 810008, People’s Republic of

China.

Received: 14 November 2017 Accepted: 4 November 2019

References

1. Ramos PM, Miot HA. Female pattern hair loss: a clinical and

pathophysiological review. An Bras Dermatol. 2015;90(4):529–43.

2. Williamson D, Gonzalez M, Finlay AY. The effect of hair loss on quality of life.

J Eur Acad Dermatol Venereol. 2001;15(2):137–9.

3. Dainichi T, Kabashima K. Alopecia areata: What's new in epidemiology,

pathogenesis, diagnosis, and therapeutic options? J Dermatol Sci. 2017;

86(1):3–12.

4. Paus R, Langan EA, Vidali S, Ramot Y, Andersen B. Neuroendocrinology of

the hair follicle: principles and clinical perspectives. Trends Mol Med. 2014;

20(10):559–70.

5. Nagao K, Kobayashi T, Moro K, Ohyama M, Adachi T, Kitashima DY, et al.

Stress-induced production of chemokines by hair follicles regulates the

trafficking of dendritic cells in skin. Nat Immunol. 2012;13(8):744–52.

6. Phillips TG, Slomiany WP, Allison R. Hair loss: common causes and

treatment. Am Fam Physician. 2017;96(6):371–8.

7. Botchkarev VA. Stress and the hair follicle: exploring the connections. Am J

Pathol. 2003;162(3):709–12.

8. Paus R, Cotsarelis G. The biology of hair follicles. N Engl J Med. 1999;341(7):491–7.

Wang et al. BMC Complementary and Alternative Medicine          (2019) 19:372 Page 11 of 12

https://doi.org/10.1186/s12906-019-2744-9
https://doi.org/10.1186/s12906-019-2744-9
https://doi.org/10.1186/s12906-019-2744-9
https://doi.org/10.1186/s12906-019-2744-9


9. Semalty M, Semalty A, Joshi GP, Rawat MS. Hair growth and rejuvenation:

an overview. J Dermatolog Treat. 2011;22(3):123–32.

10. Muller-Rover S, Handjiski B, van der Veen C, Eichmuller S, Foitzik K, McKay IA,

et al. A comprehensive guide for the accurate classification of murine hair

follicles in distinct hair cycle stages. J Invest Dermatol. 2001;117(1):3–15.

11. Peters EM, Arck PC, Paus R. Hair growth inhibition by psychoemotional

stress: a mouse model for neural mechanisms in hair growth control. Exp

Dermatol. 2006;15(1):1–13.

12. Ito T. Hair follicle is a target of stress hormone and autoimmune reactions. J

Dermatol Sci. 2010;60(2):67–73.

13. Zhou Z, Kawana S, Aoki E, Katayama M, Nagano M, Suzuki H. Dynamic

changes in nerve growth factor and substance P in the murine hair cycle

induced by depilation. J Dermatol. 2006;33(12):833–41.

14. Hendrix S, Picker B, Liezmann C, Peters EM. Skin and hair follicle innervation

in experimental models: a guide for the exact and reproducible evaluation

of neuronal plasticity. Exp Dermatol. 2008;17(3):214–27.

15. Botchkarev VA, Eichmuller S, Johansson O, Paus R. Hair cycle-dependent

plasticity of skin and hair follicle innervation in normal murine skin. J Comp

Neurol. 1997;386(3):379–95.

16. Samuelov L, Kinori M, Bertolini M, Paus R. Neural controls of human hair

growth: calcitonin gene-related peptide (CGRP) induces catagen. J Dermatol

Sci. 2012;67(2):153–5.

17. Joachim RA, Kuhlmei A, Dinh QT, Handjiski B, Fischer T, Peters EM, et al.

Neuronal plasticity of the “brain-skin connection”: stress-triggered up-

regulation of neuropeptides in dorsal root ganglia and skin via nerve

growth factor-dependent pathways. J Mol Med (Berl). 2007;85(12):1369–78.

18. Varothai S, Bergfeld WF. Androgenetic alopecia: an evidence-based

treatment update. Am J Clin Dermatol. 2014;15(3):217–30.

19. Rossi A, Cantisani C, Melis L, Iorio A, Scali E, Calvieri S. Minoxidil use in

dermatology, side effects and recent patents. Recent Pat Inflamm Allergy

Drug Discov. 2012;6(2):130–6.

20. Lee SW, Juhasz M, Mobasher P, Ekelem C, Mesinkovska NA. A systematic

review of topical finasteride in the treatment of androgenetic alopecia in

men and women. J Drugs Dermatol. 2018;17(4):457–63.

21. Irwig MS, Kolukula S. Persistent sexual side effects of finasteride for male

pattern hair loss. J Sex Med. 2011;8(6):1747–53.

22. Zhou J, Shang J, Ping F, Zhao G. Alcohol extract from Vernonia

anthelmintica (L.) willd seed enhances melanin synthesis through activation

of the p38 MAPK signaling pathway in B16F10 cells and primary

melanocytes. J Ethnopharmacol. 2012;143(2):639–47.

23. Zhu W, Jiang Y. Effect of Vernonia anthelmitica extract on the hair follicle of

C57BL/6 mouse. Chin Hosp Pharm J. 2010;30:558–60.

24. Zhou J, Liao S, Ping F, Shang J. Serum pharmacochemistry of Vernonia

anthelmintica. Central South Pharm. 2011;9:561–3.

25. Zhao X, Seese RR, Yun K, Peng T, Wang Z. The role of galanin system in

modulating depression, anxiety, and addiction-like behaviors after chronic

restraint stress. Neuroscience. 2013;246:82–93.

26. Paus R, Muller-Rover S, Van Der Veen C, Maurer M, Eichmuller S, Ling G,

et al. A comprehensive guide for the recognition and classification of

distinct stages of hair follicle morphogenesis. J Invest Dermatol. 1999;113(4):

523–32.

27. Li J, Yang Z, Li Z, Gu L, Wang Y, Sung C. Exogenous IGF-1 promotes hair

growth by stimulating cell proliferation and down regulating TGF-beta1 in

C57BL/6 mice in vivo. Growth Horm IGF Res. 2014;24(2–3):89–94.

28. Peters EM, Botchkarev VA, Botchkareva NV, Tobin DJ, Paus R. Hair-cycle-

associated remodeling of the peptidergic innervation of murine skin, and hair

growth modulation by neuropeptides. J Invest Dermatol. 2001;116(2):236–45.

29. Jindo T, Imai R, Takamori K, Ogawa H. Organ culture of mouse vibrissal hair

follicles in serum-free medium. J Dermatol. 1993;20(12):756–62.

30. Lee J, Wu W, Kopan R. Murine vibrissae cultured in serum-free medium

reinitiate anagen. J Invest Dermatol. 2008;128(2):482–5.

31. Peters EM, Liotiri S, Bodo E, Hagen E, Biro T, Arck PC, et al. Probing the

effects of stress mediators on the human hair follicle: substance P holds

central position. Am J Pathol. 2007;171(6):1872–86.

32. Slominski A, Paus R, Plonka P, Chakraborty A, Maurer M, Pruski D, et al.

Melanogenesis during the anagen-catagen-telogen transformation of the

murine hair cycle. J Invest Dermatol. 1994;102(6):862–9.

33. Lourith N, Kanlayavattanakul M. Hair loss and herbs for treatment. J Cosmet

Dermatol. 2013;12(3):210–22.

34. Buynitsky T, Mostofsky DI. Restraint stress in biobehavioral research: recent

developments. Neurosci Biobehav Rev. 2009;33(7):1089–98.

35. Messenger AG, Rundegren J. Minoxidil: mechanisms of action on hair

growth. Br J Dermatol. 2004;150(2):186–94.

36. Han JH, Kwon OS, Chung JH, Cho KH, Eun HC, Kim KH. Effect of minoxidil

on proliferation and apoptosis in dermal papilla cells of human hair follicle.

J Dermatol Sci. 2004;34(2):91–8.

37. Rumsfield JA, West DP, Fiedler-Weiss VC. Topical minoxidil therapy for hair

regrowth. Clin Pharm. 1987;6(5):386–92.

38. Wester RC, Maibach HI, Guy RH, Novak E. Minoxidil stimulates cutaneous

blood flow in human balding scalps: pharmacodynamics measured by laser

Doppler velocimetry and photopulse plethysmography. J Invest Dermatol.

1984;82(5):515–7.

39. Michel M, Torok N, Godbout MJ, Lussier M, Gaudreau P, Royal A, et al.

Keratin 19 as a biochemical marker of skin stem cells in vivo and in vitro:

keratin 19 expressing cells are differentially localized in function of anatomic

sites, and their number varies with donor age and culture stage. J Cell Sci.

1996;109(Pt 5):1017–28.

40. Contreras-Jurado C, Lorz C, Garcia-Serrano L, Paramio JM, Aranda A. Thyroid

hormone signaling controls hair follicle stem cell function. Mol Biol Cell.

2015;26(7):1263–72.

41. Tobin DJ, Hagen E, Botchkarev VA, Paus R. Do hair bulb melanocytes

undergo apoptosis during hair follicle regression (catagen)? J Invest

Dermatol. 1998;111(6):941–7.

42. Tobin DJ, Slominski A, Botchkarev V, Paus R. The fate of hair follicle

melanocytes during the hair growth cycle. J Investig Dermatol Symp Proc.

1999;4(3):323–32.

43. del Marmol V, Beermann F. Tyrosinase and related proteins in mammalian

pigmentation. FEBS Lett. 1996;381(3):165–8.

44. Tachibana M. Cochlear melanocytes and MITF signaling. J Investig Dermatol

Symp Proc. 2001;6(1):95–8.

45. Slominski A, Wortsman J, Plonka PM, Schallreuter KU, Paus R, Tobin DJ. Hair

follicle pigmentation. J Invest Dermatol. 2005;124(1):13–21.

46. Arck PC, Slominski A, Theoharides TC, Peters EM, Paus R. Neuroimmunology

of stress: skin takes center stage. J Invest Dermatol. 2006;126(8):1697–704.

47. Botchkarev VA, Peters EM, Botchkareva NV, Maurer M, Paus R. Hair cycle-

dependent changes in adrenergic skin innervation, and hair growth

modulation by adrenergic drugs. J Invest Dermatol. 1999;113(6):878–87.

48. De Felipe C, Herrero JF, O'Brien JA, Palmer JA, Doyle CA, Smith AJ, et al.

Altered nociception, analgesia and aggression in mice lacking the receptor

for substance P. Nature. 1998;392(6674):394–7.

49. Arck PC, Handjiski B, Peters EM, Peter AS, Hagen E, Fischer A, et al. Stress

inhibits hair growth in mice by induction of premature catagen

development and deleterious perifollicular inflammatory events via

neuropeptide substance P-dependent pathways. Am J Pathol. 2003;162(3):

803–14.

50. Cross SA. Pathophysiology of pain. Mayo Clin Proc. 1994;69(4):375–83.

51. Liu JY, Hu JH, Zhu QG, Li FQ, Sun HJ. Substance P receptor expression in

human skin keratinocytes and fibroblasts. Br J Dermatol. 2006;155(4):657–62.

52. Botchkarev VA, Botchkareva NV, Albers KM, Chen LH, Welker P, Paus R. A

role for p75 neurotrophin receptor in the control of apoptosis-driven hair

follicle regression. FASEB J. 2000;14(13):1931–42.

53. Botchkarev VA, Botchkareva NV, Peters EM, Paus R. Epithelial growth control

by neurotrophins: leads and lessons from the hair follicle. Prog Brain Res.

2004;146:493–513.

54. Botchkarev VA, Yaar M, Peters EM, Raychaudhuri SP, Botchkareva NV,

Marconi A, et al. Neurotrophins in skin biology and pathology. J Invest

Dermatol. 2006;126(8):1719–27.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in

published maps and institutional affiliations.

Wang et al. BMC Complementary and Alternative Medicine          (2019) 19:372 Page 12 of 12


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Materials and methods
	Preparation of AVE
	Animals
	Stress application
	Synchronization of hair cycle
	Pharmaceutical intervention
	Tissue collection
	Histological examination
	Assessment of hair cycle
	Immunofluorescence
	Western blot analysis
	Isolation and culture of mouse vibrissa follicles and in�vitro study
	Statistical analysis

	Results
	Effects of AVE on hair growth in stressed C57BL/6 mice
	Effects of AVE on Ki67+ keratinocytes and cytokeratin19+ stem cells proliferation in stressed C57BL/6 mice
	Effects of AVE on melanogenesis in stress-induced C57BL/6 mice
	Effects of AVE on peptidergic innervation in mice dorsal skin
	AVE counteracted the inhibited effects of hair follicle growth caused by substance P in�vitro

	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	Supplementary information
	Author details
	References
	Publisher’s Note

