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Peppermint (Mentha piperita) is a plant native to Europe and has been widely used as a carminative and

gastric stimulant worldwide. This plant also has been used in cosmetic formulations as a fragrance compo-

nent and skin conditioning agent. This study investigated the effect of peppermint oil on hair growth in

C57BL/6 mice. The animals were randomized into 4 groups based on different topical applications: saline

(SA), jojoba oil (JO), 3% minoxidil (MXD), and 3% peppermint oil (PEO). The hair growth effects of the

4-week topical applications were evaluated in terms of hair growth, histological analysis, enzymatic activ-

ity of alkaline phosphatase (ALP), and gene expression of insulin-like growth factor-1 (IGF-1), known

bio-markers for the enhanced hair growth. Of the 4 experimental groups, PEO group showed the most

prominent hair growth effects; a significant increase in dermal thickness, follicle number, and follicle

depth. ALP activity and IGF-1 expression also significantly increased in PEO group. Body weight gain

and food efficiency were not significantly different between groups. These results suggest that PEO

induces a rapid anagen stage and could be used for a practical agent for hair growth without change of

body weight gain and food efficiency.
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INTRODUCTION

Hair loss is a distressing condition that is associated with

a multitude of natural, medical, or nutritional conditions.

For example, androgenetic alopecia in men, or male pattern

baldness, is increasingly recognized as a physically and psy-

chologically serious medical condition that often requires a

professional care by generalist clinicians (1).

The only products sanctioned by the US FDA for hair

loss treatment are oral finasteride (Proscar®) and topical

minoxidil (Rogaine®). Minoxidil was originally created as a

hypertension medication by Upjohn Pharmaceuticals (2).

Upjohn itself has warned of possible negative side effects of

the medication including increased heart rate, difficulty

breathing, rapid weight gain, edema, seborrhoeic dermati-

tis, scalp itching, and scaling (3-5).

Traditional plant remedies have been used for centuries in

the treatment for hair loss, but only a few have been scientif-

ically evaluated (5). Peppermint (Mentha piperita) extracted

from peppermint leaves is generally regarded as an excel-

lent carminative and gastric stimulant, and also has been

used in cosmetic formulations as a fragrance component

and a general skin conditioning agent. The principal ingre-

dient of peppermint oil, menthol, is primarily responsible

for its beneficial effects (6). In vitro, peppermint has been

reported to show anti-inflammatory, antimicrobial, and anti-

fungal activities as well as strong antioxidant activity, and

antiallergenic and antitumor actions (7,8). Several clinical

trials examining the effects of peppermint oil (PEO) on irri-

table bowel syndrome have been reported (9). However,

experimental trial of PEO in its hair growth activity has not

been fully reported. The aim of this study was to address

the therapeutic potential of PEO for hair loss via the com-

parative analysis between PEO and minoxidil.

MATERIALS AND METHODS

Materials. This study used peppermint oil (Sanoflore®,

France) certified as 100% pure and natural essential oil by

an organic product certification organization (ECOCERT-F-

32600) and jojoba oil (Desert Whale, USA). The chemical

compositions of peppermint oil and jojoba oil used are

listed in Table 1. The 3% minoxidil was obtained from
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Hyundai Pharmacia (Korea).

Experimental animal. Five-week-old male C57BL/6

mice (Daehan Biolink Co., Korea) were allowed to adapt to

their new environment for one week, with food and water

provided ad libitum under 22 ± 1oC room temperature,

50 ± 5% relative humidity and 12 hrs of a light/dark cycle

before the experiment was begun. The dorsal area (2 cm ×

4 cm) of the 6-week-old C57BL/6 mice was shaved with an

animal clipper. Upon shaving the mice all of the hair folli-

cles were synchronized in the telogen stage, showing pink

color. All animals were randomized into 4 groups based on

different topical applications: saline (SA), jojoba oil (JO),

3% minoxidil (MXD), and 3% peppermint oil (PEO,

diluted in jojoba oil). Each compound (100 µl) was topi-

cally applied to the shaved dorsal area once a day, 6 days a

week, for 4 weeks. Both animal care and the protocol for

this study were in accordance with IACUC (Institutional

Animal Care and Use Committee) and OECD guidelines.

Hair growth observation. To assess the hair growth in

each group, photographs of the animals were taken at week

1, 2, 3, and 4 after topical application was begun. The hair

growth effect was scored as follows, 0: no hair growth; 1:

less than 20% growth; 2: 20% to less than 40% growth; 3:

40% to less than 60% growth; 4: 60% to less than 80%

growth; and 5: 80% to 100% growth.

Histological analysis. The mice were euthanized with

diethyl ether and extracted skin tissue. Number of mice sac-

rificed at week 1, 2, and 4 was and 3, 3, and 5, respectively,

and their dermal skin samples were fixed in 10% buffered

formalin for 24 hrs, followed by paraffin wax embedding

using standard techniques. General histology was visual-

ized by hematoxylin-eosin (H&E) staining, and we subse-

quently observed the number, elongation and depth of hair

follicles by fluorescent microscopy (Axio imager, Carl

Zeiss, Germany). The dermal thickness and follicle depth

were also measured by using the scale bar tool of the fluo-

rescent microscope.

Detection of alkaline phosphatase activity in dermal

skin. The extracted dorsal skin was minced and homoge-

nized with a homogenizer (T25 basic, IKA, Malaysia) by

adding 4 times phosphate buffered saline (PBS) to give a

20% homogenate. The homogenate was centrifuged at

12,000 rpm, 4oC, for 20 min (AVANTI, Beckman Coulter

Inc., USA). The supernatants were kept in a deep freezer at

−80oC and used for the assay. The activity of alkaline phos-

phatase (ALP) was analyzed with an auto biochemistry ana-

lyzer (Konelab 20XT, Thermo, Finland).

Isolation of total RNA and cDNA synthesis. Total

RNA was isolated from the extracted dorsal skin using the

High Pure RNA Isolation Kit (Roche Applied Science,

Penzberg, Germany) following the manufacturer's protocol.

The quantity and quality of the isolated total RNA were

determined by the UV/Vis spectrophotometer (Mecasys

Co., Korea). Only samples with 2.0 > OD 260/280 > 1.8 were

further analyzed. cDNA was synthesized from 1 µg of total

RNA, using AccuPower CycleScript RT PreMix Kit

(Bioneer, Korea) in a final volume of 205 µl.

Reverse transcription polymerase chain reaction.

First, cDNA was diluted 1:10 with sterile deionized water,

and 2 µl of the diluted cDNA was added to AccupowerTM

PCR PreMix (Bioneer, Korea) and 10 pmol/L specific

primer. This reaction mixture was filled up to a final vol-

ume of 20 µl with water. PCR was carried out in a PCR

cycler (MycyclerTM thermal cycler, BioRad, USA). Cycling

protocol for insulin-like growth factor-1 (IGF-1) was as fol-

lows: 1 cycle 94oC for 5 min, followed by 35 cycles, 94oC

for 30 s, 60oC for 30 s, 72oC for 30 s, and a final extension

at 72oC for 5 min. Cycling protocol for GAPDH was as fol-

lows: 1 cycle 94oC for 5 min, followed by 35 cycles, 94oC

for 30 s, 58oC for 30 s, 72oC for 30 s, and a final extension

at 72oC for 5 min. Reaction products were electrophoresed

in 1.5% agarose gels and visualized with using ethidium

bromide (EtBr). Each band was densitometrically quanti-

fied by image analyzer (Kodak 1D v3.6 image Analysis

system, USA) and normalized with GAPDH intensity. The

primer sequences used were as follows: IGF-1 forward 5'-

AGAGACCCTTTGCGGGGCTGA-3', reverse 5'-CTTCT-

GAGTCTTGGGCATGT-3'; GAPDH forward 5'-AACG-

GATTTGGTCGTATTGG-3', reverse 5'-AGCCTTCTCCA-

TGGTGGTGAAGAC-3'.

Water and food intakes, food efficiency ratio and

body weight change. The water and food intakes of

experimental animals were measured once a week, and the

Table 1. Composition of peppermint oil and jojoba oil

Peppermint oil % Jojoba oil %

Menthol 42.34 Docosenyl elcosenoate 41.53

Menthone 19.39 Elcosenyl elcosenoate 27.65

Menthyl acetate 5.24 Elcosenyl docosenoate 10.33

1, 8-Cineole 4.60 Tetracosanyl elcosanate 6.27

Menthofuranne 3.92 Elcosenyl oleate 5.38

Neomenthol 3.03 Docosenyl stearate 3.21

Isomenthone 2.98 Other esters 5.63

β-Caryophyllene 2.08

Germacrene D 1.94

Limonene 1.38

β-Pinene 1.18

Terpinene-4-ol 0.94

α-Pinene 0.77

The others 10.21

Total 100.00 Total 100.00
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weight was measured immediately before the experiment

started and at 09:00~10:00 a.m. once a week during the

experimental period.

Statistical analysis. The data were statistically ana-

lyzed by Student’s t-test for the comparison among groups

using SPSS WIN (v21.0). The results were considered sta-

tistically significant if the p-values were less than 0.05.

RESULTS

Hair growth promotion. From week 2, PEO grew hair

more rapidly than SA and JO. At week 3, PEO remarkably

promoted hair growth than SA and JO, even greater than

MXD. At week 4, PEO showed hair growth about 92%,

whereas MXD about 55% (Fig. 1).

Hair growth promotion was evaluated by observing the

darkening of the skin color, which indicated telogen to ana-

gen conversion, bright pink in telogen and grey/black in

anagen. At week 1, PEO changed the dorsal skin color from

pink to grey/black and from week 2, it showed a consider-

ably rapid increase in hair growth (Fig. 2). These results

clearly demonstrate that the topical application of PEO

induces rapid anagen hair growth in telogen mouse skin.

Increase of dermal thickness, hair follicle number and

hair follicle depth in histological analysis. Histological

analysis showed that 4-wk topical application of PEO and

MXD induced very thick and long hair growth and pro-

moted the elongation of hair follicles from dermis to subcu-

tis (Fig. 3). These results indicate that the hair follicles of

PEO and MXD groups at week 4 were in the anagen stage.

We also observed a slight increase of epidermal thickness in

PEO group.

At week 2, PEO showed dermal thickness to 95% and 66%

greater than SA and JO, respectively (p < 0.01). At week 4,

PEO showed it to 120% and 81% greater than SA and JO,

respectively (p < 0.01), comparable to MXD (Fig. 4).

Fig. 5 shows the growth promoting activity of hair folli-

cle number. At week 2, the hair follicle number of PEO

group was 473% and 218% greater than SA and JO groups,

respectively (p < 0.05). At week 4, PEO group had 740%

and 307% more hair follicles than SA and JO groups,

respectively (p < 0.001), comparable to MXD group. We

also found that the number of hair follicles increased as hair

regrew.

Fig. 6 shows the growth promoting activity of hair folli-

cle depth. At week 2, the depth of hair follicles of PEO

group was 172% and 133% greater than SA and JO groups,

respectively (p < 0.01). At week 4, the depth of hair folli-

cles of PEO group was 236% and 182% greater than SA

and JO groups, respectively (p < 0.001), comparable to

MXD. Histological studies revealed that PEO markedly

stimulated the skin and thickened it. The depth, size, and

number of hair follicles were also markedly increased in

PEO treated skin. These results clearly demonstrate that

topical application of PEO markedly stimulated hair growth

and induced rapid anagen hair growth in telogen mouse

skin.

Change of ALP enzyme activity with hair cycle. At

week 2, PEO showed 253% (p < 0.05), 35%, and 13%

Fig. 2. Gross observation of back skins in C57BL/6 mice. The

back skins of the mice were shaved and test compounds were

topically applied for 4 wks. SA; saline, JO; jojoba oil, MXD; 3%

minoxidil, PEO; 3% peppermint oil.

Fig. 1. Comparison of the hair growth effect in C57BL/6 mice.

The back skins of the mice were shaved and test compounds

were topically applied for 4 wks. The hair growth effect was cal-

culated using scoring index: 0~19% (1), 20~39% (2), 40~59% (3),

60~79% (4), and 80~100% (5). Each point represents the

mean ± SD of 5 mice. SA; saline, JO; jojoba oil, MXD; 3% minoxi-

dil, PEO; 3% peppermint oil.
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greater ALP activity compared to SA, JO, and MXD,

respectively (Fig. 7). At week 4, PEO showed 192%

(p < 0.05), 90%, and 13% greater ALP activity compared to

SA, JO, and MXD, respectively. After topical application

on the backs of C57BL/6 mice for 4 wks, PEO induced the

earliest telogen-to-anagen conversion, with MXD, JO and

SA following in order. The increase in ALP activity of PEO

group was fast compared to MXD group, with remarkably

significant compared to SA and JO groups.

Comparison of IGF-1 mRNA expression. At week 2,

PEO showed 33% and 21% greater IGF-1 mRNA expres-

Fig. 3. Histological observation of hair follicles in C57BL/6 mice. The back skins of the mice were shaved and test compounds were

topically applied for 4 wks. H&E stain, ×100. Scale bar 200µm. (A) transverse view of hair follicles, (B) vertical view of hair follicles. SA;

saline, JO; jojoba oil, MXD; 3% minoxidil, PEO; 3% peppermint oil.
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sion compared to SA and JO, respectively (p < 0.05) (Fig.

8). At week 4, PEO showed 89% (p < 0.001) and 34% (p <

0.01) greater IGF-1 mRNA expression compared to SA and

JO, respectively, comparable to MXD. PEO showed remark-

ably increased IGF-1 mRNA expression, even better than

MXD.

Change of water and food intakes, food efficiency

ratio, and body weight. Body weight gain, food effi-

ciency, and weight of MXD group were higher than the

other groups but did not show significant difference (Table

2 and Fig. 9).

Fig. 4. Change of dermal thickness in C57BL/6 mice. The back

skins of the mice were shaved and test compounds were topi-

cally applied for 4 wks. The dermal thickness was measured by

the average of two different points in the field with an eye-

piece of ×100 magnification. Values are the mean ± SD of 3, 3,

and 5 mice at week 1, 2, and 4, respectively. The value is signifi-

cantly different from SA group (**; p < 0.01, ***; p < 0.001) and JO

group (##; p < 0.01, ###; p < 0.001) by Student’s t-test. SA; saline,

JO; jojoba oil, MXD; 3% minoxidil, PEO; 3% peppermint oil. 

Fig. 5. Change of follicle number in C57BL/6 mice. The back

skins of the mice were shaved and test compounds were topi-

cally applied for 4 wks. The follicle number was determined by

the average of two different points in the field with an eye-

piece of ×100 magnification. Values are the mean ± SD of 3, 3,

and 5 mice at week 1, 2, and 4, respectively. The value is signifi-

cantly different from SA group (*; p < 0.05; ***; p < 0.001) and JO

group (#; p < 0.05, ###; p < 0.001) by Student’s t-test. SA; saline, JO;

jojoba oil, MXD; 3% minoxidil, PEO; 3% peppermint oil.

Fig. 7. Change of skin ALP activity in C57BL/6 mice. The back

skins of the mice were shaved and test compounds were topi-

cally applied for 4 wks. Values are the mean ± SD of 3, 3, and 5

mice at week 1, 2, and 4, respectively. The value is significantly

different from SA group (*; p < 0.05) by Student’s t-test. SA;

saline, JO; jojoba oil, MXD; 3% minoxidil, PEO; 3% peppermint

oil.

Fig. 6. Change of follicle depth in C57BL/6 mice. The back

skins of the mice were shaved and test compounds were topi-

cally applied for 4 wks. The follicle depth was measured by the

average of two different points in the field with an eyepiece of

×100 magnification. Values are the mean ± SD of 3, 3, and 5

mice at week 1, 2, and 4, respectively. The value is significantly

different from SA group (**; p < 0.01; ***; p < 0.001) and JO group

(##; p < 0.01; ###; p < 0.001) by Student’s t-test. SA; saline, JO;

jojoba oil, MXD; 3% minoxidil, PEO; 3% peppermint oil.
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DISCUSSION

MXD has been widely used to treat androgenetic alope-

cia, but little is known about its pharmacological activity or

about the identity of its target cells in hair follicles (10).

Topically applied MXD was believed to stimulate hair

growth by indirect drug action, i.e. by inducing vasodilata-

tion and increasing blood flow to the follicular dermal

papilla cells, or by creating a local irritation (11). The follic-

ular dermal papilla cells are the most likely target site for

the action of MXD (12). Mori and Uno (13) reported that

topical application of MXD specifically stimulates the sec-

ondary germ of the telogen follicles, resulting in their rapid

progression to anagen follicles. Thus, hair follicle is useful

marker that is associated with hair cycle (14). Anagen I-VI

development is characterized by increasing length of the

hair follicle and catagen I-VII by decreasing length. During

telogen, the hair follicle reaches its minimal length. Syn-

chronized hair follicle cycling in mice is also associated

with stage-dependent changes in dermal thickness. A hair

follicle in telogen, anagen I or anagen II has not yet reached

the subcutis. During the anagen III stage, the follicles move

from the dermis down to the subcutis.

We found that PEO remarkably promoted hair growth

compared to SA and JO, even faster than MXD without sig-

nificant change of body weight gain and food efficiency.

Chen et al. (15) reported that MXD took only about 10 days

for the hair of mice to fully regrew after the topical applica-

tion of MXD, indicating the enhancing effect of MXD in

the proliferative rate of hair growth. In our study, histologi-

cal analysis showed that MXD promoted hair growth in

terms of hair follicle number, follicle depth, and dermal

thickness at week 2.

Menthol is a major constituent of peppermint oil, which

is a cyclic alcohol. Menthol has been widely used as a com-

ponent of food and cosmetics. It has been reported that

menthol increases the sensitivity of cutaneous cold recep-

tors by modulating Ca2+ currents of neuronal membranes

Fig. 8. Change of IGF-1 expression in C57BL/6 mice. The back

skins of the mice were shaved and test compounds were topi-

cally applied for 4 wks. Values are the mean ± SD of 3, 3, and 5

mice at week 1, 2, and 4, respectively. The value is significantly

different from SA group (*; p < 0.05; **; p < 0.01, ***; p < 0.001) and

JO group (#; p < 0.05; ##; p < 0.01) by Student’s t-test. SA; saline,

JO; jojoba oil, MXD; 3% minoxidil, PEO; 3% peppermint oil.

Fig. 9. Change of body weight in C57BL/6 mice. The back skins

of the mice were shaved and test compounds were topically

applied for 4 wks. Values are the mean ± SD of 11 mice. SA;

saline, JO; jojoba oil, MXD; 3% minoxidil, PEO; 3% peppermint

oil.

Table 2. Daily water intake, food intake, body weight gain, and food efficiency ratio in C57BL/6 mice applied with test compounds for

4 wks

Groups

Items
SA JO MXD PEO

Water intake (ml/day) 6.96 ± 0.12 7.12 ± 0.19 7.16 ± 0.12 7.14 ± 0.15

Food intake (g/day) 4.61 ± 0.28 4.51 ± 0.27 4.78 ± 0.28 4.64 ± 0.20

Body weight gain (g/day) 0.20 ± 0.02 0.18 ± 0.04 0.25 ± 0.03 0.20 ± 0.04

Food efficiency ratio (%)1) 4.38 ± 0.47 3.93 ± 0.75 5.22 ± 0.69 4.36 ± 0.67

Values are the mean ± SD of 11 mice. SA; saline, JO; jojoba oil, MXD; 3% minoxidil, PEO; 3% peppermint oil.
1)Food efficiency ratio (%): (Body weight gain/Food intake) × 100.
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(16). Menthol is the most effective penetration enhancer

that, along with limonene, can be considered the prototype

for the use of terpenes as penetration enhancers (17). For

years terpenes (e.g., menthol, β-pinene, terpinene-4-ol, α-

pinene, 1,8-cineole) have been used alone or as constitu-

ents of essential oils in medicine, cosmetics and household

products. In the experimental dermopharmacy and technol-

ogy of transdermal drug forms, terpenes have also been

intensively explored as penetration enhancers (18). When

skin is treated with terpenes, the existing network of hydro-

gen bonds between ceramides may loosen because of com-

petitive hydrogen bonding (19). The high accumulation of

most of the terpenes in the skin layers proves that these com-

pounds easily permeate the stratum corneum and that they

may easily penetrate into blood circulation in vivo (20).

In our study, we found that PEO induced very thick and

long hair after 4-week topical application and promoted the

elongation of hair follicles from the epidermis down to the

subcutis in a vertical section (Fig. 3), showing in the stage

of anagen III. Application of MXD caused similar results.

We observed that this increase in hair follicle length was not

associated with any loss of hair follicle architecture and that

the increase in hair follicle length was associated with an

increase in the length of the keratinized hair shaft.

The drugs for alopecia treatment have been developed to

maintain or induce the anagen stage of hair cycle. ALP

activity was particularly detected in the dermal papilla. ALP

activity in the dermal papilla was moderate in very early

anagen, reached a maximal level in early anagen, and was

kept at a low level during catagen (21). The bulbar dermal

sheath showed intense ALP activity only in early anagen

(22). Although results from clinical trials vary, the majority

of the evidence indicates that there is a direct correlation

between the hair follicle depth and the level of ALP activ-

ity. In our study, PEO induced significantly high ALP activ-

ity at week 2, even greater than MXD. This study demonstrates

that PEO stimulates both dermal papilla and ALP activity,

which promotes blood circulation by relaxing vascular

smooth muscle (8).

To better understand the influence of the endocrine sys-

tem in hair growth, we analyzed the mRNA expression of

IGF-1 gene. It is a potent mitogen supporting cell growth

and survival (23) and also plays a role to increase hair

thickness (24). In our study, PEO showed remarkably

increased IGF-1 mRNA expression at week 2, whereas

MXD at week 4.

In conclusion, our experimental data suggest that 3%

PEO facilitates hair growth by promoting the conservation

of vascularization of hair dermal papilla, which may con-

tribute to the induction of early anagen stage. In addition,

PEO effectively stimulated hair growth in an animal model

via several mechanisms and thus could be used as a thera-

peutic or preventive alternative medicine for hair loss in

humans.
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