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The evaluating method of treatment of hair loss have been mainly depended on clinical ob-
servation because lack of appropriate in vitro models. Hair cell culture method is a new approach
in that sense, which is useful not only selecting new drugs curing hair loss but also verifying
pathogenesis of alopecia.

We have tried to detect the growth promoting effect of minoxidil and minoxidil sulfate on
cultured normal human epidermal keratinocytes and outer root sheath hair cells. MTT was used
as an evaluating method for hair growth potency after incubation of cultured cells with varying
dilutions of minoxidil and minoxidil sulfate.

In high concentrations, slight toxic effect were observed in minoxidil and minoxidil sulfate.
Enhancing growth effect were observed in lower concentration of minoxidil sulfate in normal
keratinocytes and outer root sheath hair cells. However, such enhancing effect were observed
in minoxidil only in outer root sheath cell culture. (Ann Dermatol 4:(2) 72-76, 1992)
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Hair has several functions such as protecting
skin from environment and having important cos-
metic value. Hair loss can be observed in various
causes such as various diseases as well as physio-
logic conditions.

Hair research is emerging as a dynamic field by
knowing some pathogenesis of hair diseases and
being discovered new drugs. In the past the evalu-
ating method of treatment of hair loss has been
mainly depended on clinical observation because
lack of appropriate in vitro models. Hair cell cul-
ture method is a new approach in that sense,
which is useful not only selecting new drugs cut-
ing hair loss but also verifying pathogenesis of
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alopecia'®.

Minoxidil, an antihypertensive drug has been
known that has hair growing effect as a side,
reaction'®. The mechanism of minoxdil is still,
unknown and there have been some suggestions.
that other mechanisms rather than vasodilating
effect are related®. Minoxidil sulfate has more
potent effect than minoxidil which also suggests
that metabolite of minoxidil is important!® 11,
Keratinocytes cultured from normal human skin
have been widely used today and there have been
also some recent reports of culturing outer root
sheath hair cells*>. We used outer root sheath
hair cell culture method because it is relatively ea-
sier than hair matrix cell culture method which is
very recently being tried™,

3-[4, 5-dimethiazol-yl]-2, 5-diphenyltetrazolium
bromide test (MTT) is a recently developed sim-
ple method for the detection of the number of cul-
tured living cells by measuring density of
formazan dyes'.
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We have tried to investigate the growth promot-
ing effect of minoxidil and minoxidil sulfate in ad-
dition to set up an in vitro model for selecting hair
growth promoting agents. We used cultured nor-
mal human epidermal keratinocytes and outer
root sheath hair cells. MTT was used as an evalu-
ating method for hair growth potency after incu-
bation of cultured cells with varying dilutions of
minoxidil and minoxidil sulfate.

MATERIALS AND METHODS

1. Cell culture

We have used the culturing method of Boyce
and Ham' and its detailed method has been
described in our previous papers'™ !, Briefly,
foreskin has been cut into small segments and
treated with type I collagenase (Whortington) for
90 minutes. Peeled epidermal sheets were treat-
ed with trypsin-EDTA (0.05%/0.02%, Flow) and
after inactivation by 10% fetal calf serum dispersed
cells were inoculated and grown on the cultured
dishes using keratinocyte growth media (Clonet-
ics) for about 10 days and frozen until next ex-
periment. Hair follicles were separated by scalpel
blade and after cutting out upper 1/3 portion, re-
maining hair follicles were treated by the same
method mentioned above. We have confirmed
that liberated cells are mostly from outer root
sheath cell origin because the internal root sheath
and matrix portion were intact when we observed
the residual hair segments under the inverted
microscope after enzyme treatment. Cultured out-
er root sheath cells were preserved in the liquid
nitrogen tank until next experiment. We have
used third passage cells using 96 multiwells
(Linbro).

2. MTT experiment

We performed MTT and its method which was
already described in our previous papers’s.

To get a standard curve 100ul cells adjusted at
a density of 2,500/cm?-40,000/cm? were inoculat-
ed on the multiwells. Although the concentration
of minoxidil for clinical use is usually 2.5%-5%,

it is usually toxic in vitro cell culture stronger than

10~*M concentrations. Therefore, minoxidil and
minoxidil sulfate adjusted by 10~*M-10-%M were
added to the multiwells of keratinocytes and outer
root sheath hair cells which were inoculated one
day before at a density of 10,000/cm?. Six ex-
periment were done and 100yl media were added
to each well. 48 hours after adding drugs to the
wells 20ul of DMSO were added after removing
media and shaken for 10 minutes. Optical densi-
ty data were obtained by ELISA reader (Behring,
ELISA PROCESSOR II) using 570nm.

3. Statistics
MTT data with or without adding drugs were
compared by using Mann Whitney test.

RESULTS

In normal human keratinocyte culture, there
was a statistically significant decrease (P<0.05)
in minoxidil treated group in the range of
10-M, 10— M and 10~*M than control group

‘without minoxidil. In minoxidil sulfate group

there were slight increase in the range of 108M,
107’M and 107°M, statistically not significant
than normal control. However, there were statisti-
cally significant decrease in high concentration of
minoxidil sulfate (107“M) (Table 1, Fig. 1)

In outer root sheath cell culture, there were

Table 1. Effect of minoxidil and minoxidil sulfate on cell proliferation of cultured human keratinocyte measured by MTT.

Concentrations of drugs (moles)

10-8 10-7 10-¢ 10-3 104
Minoxidil 101+11 94+10 81+11* 58+11* 75+12*
Minoxidil sulfate 106+14 105+20 99+10 110+15 83+ 7"
Control 100+19

Values represent mean+S.D. (% of control) of optical density in 6 experiments.
* The values are statistically different from the controls (p<0.05).
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Table 2. Effect of minoxidil and minoxidil sulfate on cell proliferation of cultured human outer root sheath cells meas-

ured by MTT.
Concentrations of drugs (moles)
10-8 10-7 10-¢ 10-3 104
Minoxidil 117£18 112427 116+16 109+35 141+7"
Minoxidil sulfate 141+21" 127431° 129429" 85+34 83+26
Control 100+16

Values represent mean+S.D. (% of control) of optical density in 6 experiments.
* The values are statistically different from the controls (p<0.05).
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Fig. 1. Effect of minoxidil and minoxidil sulfate on cell prolifer-
ation of cultured human keratinocytes measured by MTT.

increase in all concentrations of minoxidil.
However, statistically significant difference
{(p<0.05) was observed only in high concentra-
tion of minoxidil (10-*M) than control group.
In minoxidil sulfate group there were statistically
significant increase in the range of 10°M, 10~’"M
and 10°M (p<0.05) than control group,
however slight decrease in high concentrations
(10-°M, 107*M), although statistically not signifi-
cant. (Table 2, Fig. 2)

DISCUSSION

Human and animal models have been mainly
used for the evaluation of hair growth promot-
ing drugs. Human models have some limitations
for experiment as well as animal models because
the hair cycle of most animals is synchronous
while human hair cycle is mosaic pattern'®.

Optical density (% of control) - minoxidil
1801 . minoxidil sulfate
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Fig. 2. Effect of minoxidil and minoxidil sulfate on cell prolifer-
ation of cultured human hair outer root sheath cells measured
by MTT.

* Significantly different from control at p<0.05.

Therefore, hair cell culture technique is a new ap-
proach for hair research which is already being
tried by some authors very recently>'* %, This is
not only useful for selection of new drugs of hair
growth promoting effect but also verifying patho-
genesis of hair diseases. And it has been developed
along with the improvement of keratinocyte
culture technique.

The separation and growing hair cells is not as
easy as normal skin keratinocyte, and outer root
hair sheath cell culture technique is frequently
used today because it is relatively simple to cul-
ture. Plucked hair cell culture has been firstly tried
by Westering et al' and it has been improved
thereafter by other authors?8. We firstly isolated
individual hair follicle using scalpel blade as
Philpott® tried and treated with collagenase type
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I for about 100 minutes and then treated trypsin
EDTA for 10 minutes, which we can obtain many
dispersed outer root sheath cells. We think this
method is superior to plucked hair culture method
because plucked hair technique damages hair out-
er root sheath cells.

Alopecia areata is one of the main skin diseases
producing hair loss and various treatments such
as minoxidil, dinitrochlorobenzene or similar
strong sensitizers, topical steroid have been used
for its treatment, however not so satisfactory®.,
Minoxidil which has been known as an antihyper-

‘tensive drug has hair growth promoting effect
and it is being used topically in clinical practice’.
The mechanism of action of minoxidil is still
unknown, however potassium channel opener
theory is suggested rather than vasodilator
effect!! ?> 2. Minoxidil sulfate is known as more
active metabolic substance than minoxidil and
there are some evidences about it. This is the rea-
son why we have chosen minoxidil and its
metabolite in our experiment. Buhl et al'! sug-
gested modulations of matrix cell proliferation by
minoxidil using mouse vibrissae follicular cell,
however Dooley” mentioned that lower portion
of outer root sheath layer is the active site of sul-
fation by minoxidil sulfotransferase, which sug-
gests that there may be some difference between
outer root sheath hair cells and skin nonfollicu-
lar basal keratinocytes. In our experiment there
were some difference of minoxidil and minoxidil
sulfate response between outer root sheath cells
and normal human keratinocytes. This may sup-
port the idea that both two type of cells are differ-
ent from each other in certain aspects and there
is a recent report that keratin antibody pattern
of outer root sheath cells is a little different from
basal keratinocytes in the epidermis™.

We have found that minoxidil and minoxidil
sulfate are toxic in higher concentration than
10M in our experiment similar to other
authors® . And in outer root sheath hair cell
culture slight toxic effect has been observed even
in the concentration of 10-°M of minoxidil sul-
fate. In our experiment minoxidil sulfate enhanced
outer root sheath hair cell growth in lower con-
centrations (1078M, 10-M, 10~°M). This may be
related to Buhl’s findings* that minoxidil sulfate
is 14 times more potent than minoxidil in meas-

uring incorporation of radiolabelled cysteine in
hair shafts treated with cultured rat vibrissae fol-
licles.

We think that our experiment may be useful in
checking growth promoting effects of drugs as an
in vitro model of hair growth and other methods
such as hair matrix cell culture and co-culture sys-

tem with hair papilla cells should be developed
in the future.
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