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Depilatory creams increase the number of hair follicles, and
dermal fibroblasts expressing interleukin-6, tumor necrosis
factor-a, and tumor necrosis factor-f in mouse skin
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INTRODUCTION

ABSTRACT Besides using for hair removal, depilatory agents have been considered
to be used as a penetration enhancer for transepidermal drug delivery. To examine
the effect in hair follicles (HFs), two commercially available depilatory creams were
tested on the dorsal skin of mice to monitor the effect deep into the skin structure.
Fifteen male BALB/c mice were used in this study. Depilatory creams were applied
to the dorsal skin of the same animal using shaved and untouched treatments as
controls to minimize individual differences. Skin samples were collected at three
days, one week and two weeks (n = 5 for each) after the treatment, and subjected
for hematoxylin-eosin staining, and immunohistochemical analysis for proinflamma-
tory cytokines. The morphological examination showed an increase in the thickness
of epidermal layer of the depilatory cream-treated skin at early time points and in
the subcutis at two weeks. Depilatory cream promoted entry of anagen phase and
increased the number of hair follicles in the subcutis at one and two weeks. Immu-
nohistochemistry showed elevated percentages of dermal fibroblasts expressing
interleukin-6, tumor necrosis factor-a, and tumor necrosis factor-f. Shaving process
increased the thickness of epidermis and dermis as depilatory creams did, but did
neither induce the expression of proinflammatory cytokines in the dermal fibro-
blasts nor the number of HFs. The results suggested that the commercially available
depilatory creams caused a transient minor inflammatory response of the skin and
increased the levels of cytokines that might subsequently affect hair growth.

the product, strong alkalis are used, such as sodium hydroxide [1].
Thioglycolic acid is a harsh chemical, and its high pH value

Chemical hair-removal products, also called depilatories, are
cosmetic preparations used to remove hair from the skin. They
work by breaking down the sulphur bonds in the hair’s keratin
that are sensitive to strong alkaline and deoxidation agents. The
active ingredient for deoxidizing the sulphur bonds is a salt of
thioglycolic acid. In order to attain a high concentration of hy-
droxide ions for keeping thioglycolic acid as an active dianion in

means it can be harmful to the skin. Chemical depilation gener-
ally does not destroy the dermal papilla, and hair is able to grow
back afterwards because relatively small amounts of chemicals
are used [2]. The active ingredients are administered in a cream
base containing numerous other substances such as emollients,
emulsifiers, moisturizers, antioxidants, and plant extracts, to
minimize side effects. Depilation is followed by careful rinsing
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with water, and various conditioners are applied to restore the
skin’s pH to normal.

Depilatory agents have become the focus of clinical interest
because some substances, such as theophylline and insulin, can
enhance transdermal penetration in rats, suggesting that these
substances can be used to improve transepidermal drug delivery
[3-6]. The penetration-enhancing effects persist for 1 day, indicat-
ing that the structural changes caused by depilatory agents do
not subside within 1 day [4]. Several ex vivo experiments have
demonstrated that the intracellular and intercellular structures
of stratum corneum of human skin are detected after treatment
with a hair removal cream [6]. Experiments have also revealed
that thioglycolate damages cornified envelopes isolated from the
stratum corneum of the epidermis [7]. These observations suggest
that the effects of hair removal cream on the surface of skin could
be greater than expected.

Hair removal creams have been considered for use as penetra-
tion enhancers for transepidermal drug delivery because of their
active ingredient, thioglycolate. The long-term effects of thiogly-
colate on the structure of the skin must be identified, as must the
short-term effects on the epidermis. In this study, two brands of
commercially available depilatory creams with calcium thiogly-
colate base were tested on the dorsal skin of mice to examine the
skin’s short-term (3 days and 1 week) and long-term (2 weeks) re-
sponses. The results revealed that the hair removal creams caused
an increase number in hair follicles (HFs) and higher levels of in-
terleukin-6 (IL-6), tumor necrosis factor-o. (TNF-q), and tumor
necrosis factor-B (TNF-p) in dermal fibroblasts.

METHODS
Materials

UltraVision Quanto Detection System HRP and DAB Quanto
Chromogen and Substrate were purchased from Thermo Fisher
Scientific (Waltham, MA, USA). Hydrogen peroxide (30% w/v)
was purchased from PanReac AppliChem (Darmstadt, Germa-
ny). Xylene, ethanol and hematoxylin were obtained from Muto
pure chemicals (Tokyo, Japan). Antibodies used in this study were
as follows: anti-IL-6 and anti-TNF-o (Abcam, Cambridge, MA,
USA), anti-TNF-f (Affinity, Zhenjiang City, China). Two brands
of depilatory creams were obtained from a local supermarket, and
were marked as DC-N and DC-S in the text and figures.

Experimental animals

Male BALB/c mice, five weeks old, were obtained from the
National Laboratory Animal Center (National Science Council,
Taipei City, Taiwan). The use of mice was reviewed and approved
by Chung Shan Medical University Animal Care Committee.
Mice were housed in a temperature-controlled room (22 + 2°C)
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and illuminated for 12 h daily at a humidity of 55 + 2%. After one
week of adaptation to the environment, experiments were car-
ried out using six-week-old mice, since six- to nine-week-old mice
were shown to be in the telogen stage of hair cycle [8]. The dorsal
side of the animal (n = 5) was divided into four areas receiving
the treatments as shown in Fig. 1P with one area untouched, one
area shaved and two areas depilated by two brands of depilatory
creams following the directions suggested by the manufactur-
ers. At the indicated time points (three days, one week, and two
weeks), mice were euthanized by carbon-dioxide asphyxiation
followed by exsanguination. The skin samples were collected and
used for further experiments.

Hematoxylin-eosin staining

Skin biopsies were fixed with 10% formalin, paraffin-embed-
ded, and processed for hematoxylin-eosin (H&E) staining. To
observe the histological change, sections were deparaffinized
with xylene, hydrated in a descending series of graded ethanol,
and stained with hematoxylin for two min, followed by rising in
gentle running water for two min and eosin staining for five sec-
onds. The sections were dehydrated by incubation in an ascend-
ing series of graded ethanol and xylene and then mounted.

HFs and dermal fibroblasts counting

The number of HFs and dermal fibroblasts of each treatment
of one animal was manually counted from the digital images
of photomicrographs that were taken from three representative
areas of each skin tissue section at a fixed magnification of 100x
and cropped in a fixed area with a width of 1.5 mm. The levels of
cytokines were expressed as percentages of immunohistochemi-
cal (IHC)-positive cells (brown color) to 100 counted dermal
fibroblasts.

IHC analysis

IHC analysis was performed on formalin-fixed and paraffin-
embedded skin tissue. Sections (3 pm) on coated slides were
deparaffinized with xylene, rehydrated in a descending series
of graded ethanol and then subjected to block the endogenous
peroxidase activity with 0.6% H,0,. The sections were incubated
with diluted primary antibodies as indicated by the manufactur-
ers at 37°C for one hour, followed by detecting with UltraVision
Quanto Detection System HRP and DAB Quanto Chromogen
and Substrate (Thermo Fisher Scientific), counter-staining with
Mayer’s hematoxylin and mounting in glycerin.

Statistical methods

All data were presented as mean + standard deviation. Since
different treatment groups were obtained from the same animals,
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Fig. 1. Morphological changes of skin and subcutis induced by depilatory creams. Representative H&E stain (10x) of transverse sections of dor-
sal skin tissues received topical application of depilatory creams, and shaved and control (untouched) treatments for three days (A-D), one week (E-
H) and two weeks (I-L) in BALB/c mice (n = 5). The thickness of epidermis (M), dermis (N) and subcutis (O) layers of transverse skin sections received
different treatments were measured and presented as percent of control. (P) Schematic diagram of application of two brands of depilatory creams
(DC-N and DC-S) on mouse dorsal skin along with shaved and control treatments. All data were presented as mean * SD and analyzed by one-way
RMANOVA with a post-hoc analysis of Holm Sidak test for pairwise comparisons. Arrow, hair follicle in the early anagen. *p < 0.05 and **p < 0.01 vs.
control. Scale bar, 100 um.
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One-way repeated measures ANOVA (one-way RMANOVA) was
used to test a significant effect with a post-hoc analysis of Holm
Sidak test that was performed for pairwise comparisons to the
untouched control (control). The p < 0.05 was considered statisti-
cally significant (Sigma-Stat 3.5, Jandel Scientific, San Rafael, CA,
USA).
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RESULTS

Morphological changes of skin and subcutis induced
by depilatory creams

Since the presence of waves of hair growth in mouse skin [9],
we have applied the tested materials to the same animal (n = 5) in
order to eliminate the individual differences among animals. The
activities of all animals were normal, and there were no signs of
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Fig. 2. Induced anagen entry and number of hair follicle by treatment of depilatory creams. Representative H&E stain (10x) of longitudinal sec-
tions of dorsal skin tissues received topical application of depilatory creams and shaved and control (untouched) treatments for three days (A-D), one
week (E-H) and two weeks (I-L) in BALB/c mice (n = 5). (M) The number of hair follicles in subcutis were counted and presented as mean + SD and
analyzed by one-way RMANOVA with a post-hoc analysis of Holm Sidak test for pairwise comparisons. Scale bar, 100 um. Arrow, hair follicle in the
early anagen. *p < 0.05 and **p < 0.01 vs. control.
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irritation or dermatitis on the treated skin area. Fig. 1A-L shows
the representatives of the H&E stain of the transverse skin sec-
tions with different treatments from the same animal. One of
the apparent histological changes observed under morphological
examination was the thickness of different layers of the skin. The
thickness of the epidermal layer was increased to ~1.8 to 2 folds
of control by depilatory creams at three days, and was gradually
returned to a level comparable to the control two weeks after the
application (Fig. IM). The width of the dermal layer was reduced
in the DC-N treated skin sample at three days and DC-S-treated
sample at one week, and became substantially greater than the
control at two weeks (Fig. IN). Surprisingly shaving process
showed a similar trend but to a lesser extent of morphological
changes in the dermis as depilatory creams (Fig. 1N). As for the
changes in the subcutis, although the thickness of the hypoder-
mis was initially decreased in the three-day samples treated with
depilatory creams, it was robustly increased to ~4 folds of control
in the two-week skin sections because it was packed with HFs (Fig.
1], K, O).

Effects of depilatory creams on HF development in
mouse

The morphological observation of the skin sections collected
one and two weeks after the treatment of depilatory creams
showed a significant increase in the number of HFs (Fig. 1) which
has been considered as an indicator for the transition of hair
growth from the telogen to the anagen phases [10]. The anagen
phase HF has bigger follicle size and lies in deep subcutis when
compared to the telogen phase HF which lies in the dermis only
[10]. As shown in the representative longitudinal sections, all of
the HFs of all groups were in the telogen stage at day three (Fig.
2A-D). One week after the application of DC-N, some of the HFs
were apparently in the anagen phase according to the Chase’s
protocol [11] (Fig. 2G, arrows), whereas the majority in the control
or shaved groups remained in the telogen stage. Some of the HFs
in the DC-S-treated skin were in the early anagen phase at this
time point (Figs. 1F, 2F, arrows). Two weeks after the application
of depilatory creams, the HFs in the anagen phase were extended
deep into the subcutis (Fig. 2], K), while the control or shaved
groups showed no anagen induction. These observations implied
that depilatory creams induced the progression of hair cycle of
HFs. As shown in Fig. 2M, the number of HFs in the subcutis
was significantly increased in the DC-N treated skin at one week
comparing to the other three groups, and was greatly augmented
in the DC-N and DC-S skin sections at two weeks, while the con-
trol and shaved groups showed none.

Induced expression of IL-6 and TNFs in dermal
fibroblasts by depilatory creams

THC analysis of IL-6: In order to find out which factor might
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be involved in the morphological changes caused by depilatory
creams, IHC staining was conducted with antisera against proin-
flammatory factor IL-6, TNF-q, and TNF-B because there was a
thickening in the epidermal layer three days after the application
of depilatory creams. The IHC results showed that topical ap-
plication of depilatory creams increased significantly the number
of the IL-6 expressing dermal fibroblast (Fig. 3B, C, arrows) with
a percentage of 47% and 42% for DC-S and DC-N respectively as
compared to 14% and 28% for control and shaved groups respec-
tively at day three (Fig. 3M). One week after the treatments, there
were no significant difference in the percentage of IL-6 positive
fibroblast among four groups, and so were the samples obtained
at two weeks (Fig. 3M).

THC analysis of TNFs: As for the analysis of TNFs, the IHC
results of TNF-q, revealed an increased population of dermal
fibroblast expressed TNF-g, in the DC-N-treated skin sections at
all three time points (Fig. 4C, G, K, arrows) with a percentage of
~40% at early time points and drop to ~20% at two weeks (Fig.
4M). DC-S also induced the expression of TNF-q, in the dermal
fibroblast at three days, but not at one and two weeks (Figs. 4B, F,
J, 4M). The shaving process did not affect the expression signifi-
cantly different from that of control (Fig. 4M). The intensity of
the staining with TNF-p antibody was convincingly stronger in
the epidermal layer of the skins treated with depilatory creams at
three days, an observation that was not found one week after (Fig.
5B, C). Close examinations showed that a significantly higher
population of the dermal fibroblasts expressed TNF-f in the
depilatory cream-treated samples as compared to the control and
shaved groups at three days, with a percentage of 47% and 36%
for DC-S and DC-N respectively (Fig. 5M). The difference in the
expression percentage of TNF-J3 positive fibroblast was not found
in the samples collected one and two weeks after the treatments.

DISSCUSSION

Except for the purpose of removing hair, depilatory agents have
been considered for the application of enhancing transdermal
penetration of drugs. Chemical depilatories usually contain 5%-
6% calcium thioglycolate and maintain a pH value of approxi-
mately 12. Proper use of depilatory creams is generally considered
harmless to the skin and does not influence the speed of growth
or morphology of hair. However, consumers and internet users
often wonder if hair grows back thicker or more in quantity after
they use depilatory products. Concerning the principle employed
in hair-removal products is by breaking down the external hair's
keratin, it is almost unlikely to leave the skin unaffected while
removing hair, since skin also contains keratin in the outer layers
(corneum). Even though Duit et al. [7] reported that thioglycolate
induced a reversible damage to the cornified envelopes isolated
from the stratum corneum of the human epidermis within 48 h,
a thorough examination of depilatory agents’ effects on the skin

Korean J Physiol Pharmacol 2021;25(6):497-506
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Fig. 3. Induced expression of interleukin-6 (IL-6) in dermal fibroblasts by depilatory creams. Representative of histological images (20x) stained
with IL-6 antiserum of dorsal skin tissues received topical application of depilatory creams and shaved and control (untouched) treatments for three
days (A-D), one week (E-H) and two weeks (I-L) in BALB/c mice (n = 5). (M) Percentage of IL-6 positive fibroblast. Scale bar, 100 um. All data were pre-
sented as mean + SD and analyzed by one-way RMANOVA with a post-hoc analysis of Holm Sidak test for pairwise comparisons. Arrow, IL-6 positive
fibroblast. *p < 0.05 vs. control.

should be conducted in vivo for a longer period, especially in ad- creams on the skin at three different time points representing the
vance of their use as enhancers of transdermal drug delivery. acute and long-term responses. Shaving that physically cuts the
In the present study we observed the effects of depilatory external part of the hair was also used as a control to discriminate
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Fig. 4. Induced expression of tumor necrosis factor-a. (TNF-a) in dermal fibroblasts by depilatory creams. Representative of histological images
(20x) stained with TNF-¢ antiserum of dorsal skin tissues received topical application of depilatory creams and shaved and control (untouched) treat-
ments for three days (A-D), one week (E-H) and two weeks (I-L) in BALB/c mice (n = 5). (M) Percentages of TNF-a. positive fibroblast. Scale bar, 100
um. All data were presented as mean + SD and analyzed by one-way RMANOVA with a post-hoc analysis of Holm Sidak test for pairwise comparisons.
Arrow, TNF-q positive fibroblast. *p < 0.05 and **p < 0.01 vs. control.

the effects of chemical breakdown of external hair by depilatory growth-promoting activity as evidenced by the increased HF
creams. Unlike the control skin which had HFs in the telogen numbers in the subcutis at 1 and 2 weeks. The thickening of the
phase at all three time points, depilatory creams revealed a hair epidermal layer 3 days after treatment with the depilatory cream
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Fig. 5. Induced expression of tumor necrosis factor-g (TNF-B) in dermal fibroblasts by depilatory creams. Representative of histological images
(20x) stained with TNF-B antiserum of dorsal skin tissues received topical application of depilatory creams and shaved and control (untouched) treat-
ments for three days (A-D), one week (E-H) and two weeks (I-L) in BALB/c mice (n = 5). (M) Percentage of TNF- positive fibroblast. Scale bar, 100 um.
All data were presented as mean + SD and analyzed by one-way RMANOVA with a post-hoc analysis of Holm Sidak test for pairwise comparisons. Ar-
row, TNF-B positive fibroblast. *p < 0.05 vs. control.

indicated that depilatory creams may cause an inflammatory supports this conjecture. This inflammatory response lasted for
response possibly related to the increase in hair growth rate. We a week, since the thickening of the epidermal layer and the in-
also observed more dermal fibroblasts expressing IL-6 and TNFs creased percentages of IL-6 and TNF-f positive fibroblasts were
in the skin samples treated with the depilatory cream, which diminished at one week, although TNF-¢ was remained high,
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a time point that showed a higher number of HFs in the anagen
phase in the depilatory cream-treated skin samples.

IL-6, an inflammatory cytokine, is involved in the inflam-
matory response that occurs after cutaneous wounding and is a
major event for healing process [12,13]. A study by Pu et al. [14]
demonstrated that IL-6 from adipose-derived stem cells increased
cell proliferation and the number of HFs in a skin flap model. An
assessment of tissue responses in rodent skin using a nonablative
fractional laser (at a beam density of 1048 MTZ/cm’) revealed that
moderate increases in IL-6, TNF-q, and IL-1B were associated
with anagen induction during HF regeneration under transient
moderate inflammation in a period of 5 days [15]. Intense pro-
longed inflammation, however, preceded ulcer formation. Our re-
sults agreed with these reports, suggesting that depilatory creams
caused minor inflammation, and that IL-6 may have mediated
the induction of HF growth.

Researches have shown that the induced of TNF-q expression
contributes to the development and growth of HF [15-18]. Anagen
induction of HF regeneration during transient moderate inflam-
mation by a nonablative fractional laser resulted in increased lev-
els of TNF-q [15]. Transforming growth factor-f activated kinase
1, an inflammatory mediator required for anagen induction and
maintenance of mature hair, acted through TNF-q to activate
NF-xB [17]. TNF-a also accelerated wound healing through
paracrine mechanisms that are essential to controlling the hair
cycle [18]. An early study suggested that TNF-f is expressed dur-
ing catagen and might be involved in follicular apoptosis [19]. To
our knowledge, no other report has linked TNF- to the develop-
ment of the hair cycle.

The two brands of depilatory creams used in this study had
varying effects on the expression of TNFs. DC-N, but not DC-S,
had a persistent effect on the expression of TNF-q, but not on that
of TNEF-B, resulting in higher levels in the 2-week sample than in
the other three samples (Fig. 4). This result coincided with the ob-
servation that DC-N presented an earlier hair growth promoting
effect than did DC-S (Figs. 1, 2); although the end results for both
depilatory creams were the same. The role of TNF-§ in this study
must be clarified further to determine whether it functions as an
integral mediator, or whether the observed effects were merely an
inflammatory response unrelated to the hair growth-promoting
properties of depilatory creams.

The exact molecular mechanisms responsible for depilatory
cream induced anagen entry were unclear. Prior experiments
have demonstrated that inflammatory cells may be involved in
open wound-induced anagen entry [20], and that inflamma-
tion caused by dermatitis also induces anagen entry [21]. These
observations, along with the result of our study, suggest that in-
flammation may be a common pathway leading to anagen entry.
The rationale that transient minor inflammation promotes hair
growth is further supported by the skin responses to shaving
process that increased the thickness of epidermis and dermis as
depilatory creams did, but did neither induce the expression of
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proinflammatory cytokines, IL-6 and TNFs, in the dermal fibro-
blasts nor the number of hair follicle. The results of Wu et al. [15]
also revealed that a very low level of inflammation was unable to
induce premature anagen entry. Although Seo et al. [22] reported
that Hydrogen peroxide and monoethanolamine, key ingredients
of hair dye, induced dermatitis and hair loss, the inflammatory
response in the 3 days study was more severe than those observed
in our study, suggesting that intense inflammation may cause
skin damage and hair loss. In addition, the mouse model used in
this study may not reflect conditions in humans because the fol-
licular density of mouse skin is much higher than that of human
skin.

The results of this study provide useful information for adjust-
ing the composition of active ingredients of depilatory cream to
minor the inflammatory response of the skin to avoid inducing
hair growth and intervening with transdermal drug delivery.
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