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New topical antiandrogenic formulations can stimulate hair
growth in human bald scalp grafted onto mice

Amnon Sintov #*, Sima Serafimovich ®, Amos Gilhar ®

& Ben-Gurion University of the Negev, The Institutes for Applied Research, PO Box 653, Beer-Sheva 84105, Israel
® Faculty of Medicine, Technion-Israel Institute of Technology, Haifa 31096, Israel

Received 8 May 1999; accepted 18 October 1999

Abstract

The purpose of this study was to test the ability of topical formulations of finasteride and flutamide to re-enlarge
hair follicles in male-pattern baldness. This was evaluated by an experimental model of human scalp skin graft
transplanted onto SCID mice. A comparison was made between formulations containing finasteride and flutamide,
and a vehicle formulation in terms of the mean hairs per graft, length, diameter of the shafts, and structures of the
growth stages of the hair. Flutamide and finasteride had a significantly higher effect (P < 0.05) than the placebo in
all the tested parameters, but flutamide demonstrated more hair per graft and longer hair shafts than finasteride
(P <0.05). The number of hairs per graft for flutamide and finasteride groups were 1.22 +0.47 and 0.88 +0.95
hairs/0.5 mm?2 graft, respectively, versus 0.35 4+ 0.6 hairs/graft for vehicle-treated graft. Similarly, hair lengths for
flutamide and finasteride were 5.82 +0.50 and 4.50 + 0.32 mm, respectively, versus 2.83 + 0.18 mm for the vehicle-
treated grafts. An in vitro diffusion study of flutamide gel using hairless mouse skin demonstrated the beneficial effect
of the vehicle composition in comparison with a hydroalcoholic solution or a gel containing no penetration enhancer.
It is therefore suggested that this topical composition containing flutamide or finasteride may effectively result in
regression of male-pattern baldness. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Testosterone metabolites exert a significant hor-
monal influence on hair growth by interacting
with receptors at the follicular papilla. It has long
been known that an increased susceptibility of
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scalp follicles to these androgens is the main cause
of androgenetic alopecia (or male-pattern bald-
ness) in genetically predisposed individuals (Im-
perato-McGinley et al., 1974; Ebling et al., 1991).
In this type of alopecia, scalp follicles exhibit
increased levels and activity of scalp Sa-reductase
isoenzyme, which converts testosterone (T) to di-
hydrotestosterone (DHT) (Bingham and Shaw,
1973; Schweikert and Wilson, 1974). Taken to-
gether, increased conversion of T to DHT and
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increased DHT binding capacity in bald scalp as
compared to hairy scalp (Sawaya et al., 1989)
provide a mechanistic explanation for androge-
netic alopecia. DHT shortens the hair cycle and
progressively miniaturizes scalp follicles. The
miniaturized follicles all remain present and thus
the possibility of reversal by re-enlargement exists.
It is reasonable, therefore, to suppose that by
administration of Sa-reductase inhibitors and/or
non-steroidal antiandrogens, this reversal should
occur.

Finasteride, a 4-azasteroid inhibitor of S5o-re-
ductase, was introduced by Merck in 1989. Finas-
teride is known to inhibit the prostate
Sa-reductase isoenzyme type 2 more effectively
than type 1 isoenzyme predominantly found in the
skin of the scalp. However, while type 1 isoen-
zyme is located in the sebaceous glands, there is
still significant activity of type 2 isoenzyme in the
hair follicles (Sawaya and Price, 1997). This is,
therefore, the reason why finasteride decreased the
level of DHT in bald scalps after a long-term oral
administration (Diani et al., 1992; Dallob et al.,
1994); it also provides the justification for the
topical mode of delivery. It should be emphasized
that oral finasteride has already been introduced
as an effective hair growth treatment, with only
minor systemic adverse effects. Nevertheless, sys-
temic therapy for a disorder such as male-pattern
baldness is obviously not the treatment of choice
if the option of topical delivery is available
option.

Another agent with a hair growth potential is
the nonsteroidal anti-androgen flutamide. This
drug, produced by Schering-Plough, was intro-
duced as a new potent compound for treatment of
prostatic carcinoma (Martindale, 1993). The sys-
temic administration of flutamide causes several
unwanted side effects, such as reducing libido and
impairing spermatogenesis in men and feminizing
male fetuses in pregnant women. Topical adminis-
tration, therefore, is an important goal for such a
drug, especially if indicated for skin disorders. In
a comparative study, Chen et al. (1995) showed
that topical administration of finasteride (in
ethanol/propylene glycol vehicle) caused local in-
hibition of androgen-controlled sebaceous gland
growth in hamster flank organ and that had a

similar action to that of the same doses of
flutamide. To date, clinical studies have not been
performed for testing the efficacy of topical
flutamide in male-pattern baldness. It is likely that
the success (i.e. effective with minimal systemic
exposure) of this drug would be dependent on a
well-designed vehicle that would increase skin ac-
cumulation and decrease percutaneous
absorption.

In this paper, we present a new topical base
formulation for finasteride and flutamide (repre-
senting two anti-DHT categories). We studied the
effect of the topical preparations of these two
compounds on the growth of human hair in a
murine transplantation model. The effect was
monitored in scalp skin biopsies taken from bald
subjects before plastic surgery procedures. This
model which has been described previously by
Gilhar et al. (1988), Van Neste (1996) and De
Brouwer et al. (1997), is specific to male-pattern
baldness, in which hairs of the bald skin graft do
not re-enlarge after transplantation, while the hair
of grafts taken from patients with alopecia areata
(an auto-immune problem) begin to grow shortly
after transplantation (Gilhar and Krueger, 1987).

To correlate the pharmacological efficacy of the
new drug-vehicle system with its cutaneous pene-
tration properties, topical preparations containing
flutamide were tested in vitro using excised hair-
less mouse skin.

2. Materials and methods
2.1. Formulation

Gel preparations containing 1% of flutamide
(Eulexin, Schering-Plough Lab., Belgium) or
finasteride (Proscar®, Merck Sharp & Dohme,
UK) were produced as follows. The drug was
dissolved in ethyl alcohol (30% w/w in the final
gel for flutamide, and 58% w/w in the final gel for
finasteride); then 1% glyceryl oleate (as an en-
hancer) and distilled water were added gradually
with mixing. The solutions were finally gelled by
adding 4% hydroxypropyl methylcellulose (for
flutamide) or ethylcellulose (for finasteride). A
vehicle corresponding to the flutamide formula-
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Fig. 1. The density of hair in human grafts, the length and the diameter of hair shafts after 60 days of treatment with topical
finasteride, flutamide and a vehicle. n = 16 (Finasteride); n =9 (flutamide); n = 17 (vehicle). *, P <0.05 versus vehicle; **, P <0.01

versus vehicle; *** P < 0.001 versus vehicle.

tion but containing no drugs was prepared for the
purpose of in vivo comparison. In addition, a 1%
flutamide formulation without enhancer was pre-
pared and tested in vitro together with the formu-
lation containing the enhancer (as described
above), and a hydroalcoholic formulation (1:1
ethanol—water).

2.2. Animals

Severe combined immune deficient mice (male
Prkdc SCID-Charles River, UK), 2—3 months of
age, were used in this study. The mice were grown
in a pathogen-free animal facility.

2.3. Skin grafting

Punch grafts, 0.5mm?, obtained from scalp skin
of five bald men were used for transplantation to
the SCID mice (three grafts per mouse). The
transplantation procedure was performed as pre-
viously described (Gilhar et al., 1988). Each graft
was inserted, through an incision in the skin, into

Table 1

the subcutaneous tissue over the lateral thoracic
cage of each mouse, and covered with a standard
band aid dressing. The dressing was removed on
day 7, and the grafts, which were located at the
surface, were treated from day 8 for 60 days as
described below. The procedure protocol related
to animals was reviewed and approved by the
Institutional Animal Care and Use Committee.

2.4. Treatment

Specimens of each topical preparation, 20—30
mg, were spread gently over each transplanted

Table 2
Serum T/DHT levels (in nmol/l)*

Group T DHT

Finasteride 72469 091 +0.57
Flutamide 58+3.1 1.06 + 1.62
Vehicle (control) 89+74 1.104+1.02

“ No difference between groups was found for T or DHT
(P>0.05).

Distribution of the histological hair structures in the treated grafts

Anagen (%) Catagen (%) Telogen (%) T+C (%)
Before treatment 0 35.7 64.2 100%
Finasteride 30.4 22.8 46.8 69.6
Flutamide 47.0 26.5 26.5 53.0
Vehicle (control) 10.5 24.6 64.9 85.5
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Fig. 2. In vitro skin penetration of flutamide across hairless
mouse skin after topical application of 50 mg/1.767cm? of a
flutamide gel with or without the enhancer, glyceryl oleate,
and a flutamide hydroalcoholic solution. *, P < 0.05 versus all
other treatments.

graft (not more than a total of 100 mg per
mouse). A total of 42 grafts were treated, 17 with
the vehicle, 16 with finasteride gel, and nine with
flutamide gel. The application was performed
twice daily.

2.5. Histology

Biopsies were taken from the bald grafts before
and at the end of the study. Tissue for routine
histological sections was fixed in 10% neutral
buffered formaldehyde solution. The biopsies
were sectioned horizontally at the sebaceous
glands layer. The sections of these biopsies were
stained with hematoxylin and eosin, and exam-
ined under light microscopy.

2.6. Measurement of hair growth

The number of hairs per graft and the hair
lengths were determined under X 5 magnification.
The hair shaft diameters were measured micro-

scopically in the horizontal sections with the aid
of a calibrated ocular micrometer. Hair structures
in the histological specimens were counted.

2.7. In vitro permeation testing

The in vitro diffusion of a topical drug through
skin (in which the flux of the drug molecules
through human cadaver or animal skin is deter-
mined) was performed basically according to the
FDA guidelines (Skelly et al., 1987). Based on the
large number of penetration experiments that
have been carried out with fresh skin excised from
hairless mice, this model skin is conveniently ac-
cepted for skin penetration studies although its
relevance to percutaneous penetration in man is
controversial (Simon and Maibach, 1998).

In the present study, we used flutamide as the
model drug to evaluate the properties of the vehi-
cle composition to penetrate drugs (see Formula-
tion). Flutamide permeability through hairless
mouse skin was measured in-vitro with a Franz
diffusion cell system (Crown Bioscientific, Clin-
ton, NJ, USA). The diffusion area was 1.767 cm?
(15 mm diameter orifice), and the receptor com-
partment volumes varied between 11.1 and 12.1
ml. The solutions on the receiver side were stirred
by externally driven, Teflon-coated magnetic bars.
Sections of full-thickness hairless mouse (CDI,
male, 6—7 weeks old, Weizmann Institute, Re-
hovot) abdominal skin were excised from the
fresh carcasses of animals killed with ethyl ether.
Subcutaneous fat was removed with a scalpel, and
the skin sections were mounted in the diffusion
cells. The skin was placed with the stratum
corneum facing up on the receiver chambers, and
then the donor chambers were clamped in place.
The excess skin was trimmed off, and the receiver
chamber, defined as the side facing the dermis,
was filled with phosphate buffer (4 mM, pH =
7.4). After 30 min of skin washing performed at
37°C, the buffer was removed from the cells. Gel
specimens (each 45-55 mg) were carefully spread
over the skin with a gloved finger, and the receiver
chambers were filled with phosphate buffer (4
mM, pH 7.4)-ethyl alcohol (analytical grade)
(1:1). Samples (2 ml) were withdrawn from the
receiver solution at predetermined time intervals,
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and the cells were replenished to their marked
volumes with fresh buffer—ethanol solution. The
samples were kept at 4°C until analyzed by
HPLC. After 24 h of diffusion, the exposed skin
was carefully cut, and the remaining gel was
rinsed with buffer. The skin sections were ex-
tracted into 1 ml ethyl alcohol at 50°C for 1 h,
and the extracts were analyzed for flutamide by
HPLC. As a result of the sampling of large vol-
umes from the receiver solution-and the replace-
ment of these amounts with equal volumes of
buffer-the receiver solution was constantly
being diluted. The cumulative drug permeation
(Q,) was therefore calculated from the following
equation:
t—1

QI: VrCr+ z VsCi
i=0

where C, is the drug concentration of the receiver

solution at each sampling time, C; is the
drug concentration of the ith sample, and 7V,
and ¥V, are volumes of the receiver solution
and the sample, respectively. Data were ex-
pressed as the cumulative flutamide permeation
per unit of skin surface area, Q,/S (S=1.767

cm?).

2.8. HPLC analysis of flutamide in the receiver
medium

Aliquots of 10 pl from each vial were injected
into the HPLC system, equipped with a
prepacked C18 column (Lichrosphere 60 RP-se-
lect B, 5 um, 125 x4 mm). The detection of
flutamide was carried out at 210 nm. The samples
were chromatographed using an isocratic mobile
phase consisting of 80:20 acetonitrile—water. A
flow rate of 1 ml/min was used. A calibration
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Fig. 3. Accumulation of flutamide in the mouse skin after 24 h from application of flutamide gels (with and without the enhancer,
glyceryl oleate) and a hydroalcoholic solution. The values are presented in pg drug per g skin tissue and in pg drug per cm? skin
surface area. As shown, a correlation exists between the values calculated as a function of the penetration area and the tissue weight.
*, P <0.05 versus all other treatments; ** P < 0.01 versus all other treatments.
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(b)

Fig. 4. Photomicrographs of horizontal sections of skin grafts on mice, (a) treated with finasteride, demonstrating human anagen
follicles and sebaceous glands (HE x128); (b) and (c) treated with flutamide, demonstrating normal anagen follicles alongside mouse
follicles (HE x80-B, x20-C); (d) treated with vehicle, showing telogen follicles. Normal anagen follicles were not found (HE x800).

curve (peak area vs. drug concentration) was con- matographed samples. Calibration curves over the
structed by running working standard solutions in range of 0.5-50 pg/ml (0.5, 1, 3, 5, 7, 10, 15, 20,
buffer (pH 7.4)—ethanol for every series of chro- 50 pg/ml) were linear.
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Fig. 4. (Continued)

2.9. Testosterone/dihydrotestosterone plasma 2.10. Statistical analysis
monitoring
The one-way analysis of variance (ANOVA)
The determination of the steroids was per- was used to test the variation among the three
formed in plasma using T/DHT[*H] Biotrak ra- groups, i.e. two drug-treated groups and one vehi-

dioimmunoassay system (Amersham, England). cle-treated group. Bartlett’s test for the homo-



132 A. Sintov et al. / International Journal of Pharmaceutics 194 (2000) 125-134

geneity of variances was also applied. The Stu-
dent—Newman—Keuls multiple comparison test
was used for comparing the two drug-treatment
groups, finasteride-treated versus flutamide-
treated group, and each drug-treatment group
versus the vehicle-treated group. (P < 0.05).

3. Results
3.1. Efficacy tests in human scalp-grafted mice

The two topical formulations, finasteride and
flutamide gels, showed significantly greater effi-
cacy (P <0.05) than the vehicle formulation in
enlarging hair length and diameter as well as in
increasing the number of hairs per graft. Fig. 1
presents the results after 60 days of graft treat-
ment with the two antiandrogenic formulations
and with the vehicle. For the grafts treated with
flutamide and finasteride gels, the number of hairs
were 1.2240.47 and 0.88 +0.95 hairs/0.5 mm?
graft, respectively, versus 0.35 + 0.6 hairs/graft for
the vehicle-treated graft. Hair lengths were 5.82 +
0.50 and 4.50 +0.32 mm for the flutamide and
finasteride groups, respectively, compared to
2.83 +0.18 mm for the vehicle-treated grafts. The
diameter of the hair shafts for the two drug-treat-
ment groups was approximately twice that for
grafts treated with the vehicle alone. It should be
noted that hair growth in the two treatment
groups started as early as after 36 days post
transplantation. It can been seen in Fig. 1 that the
topical application of flutamide, representing the
anti-androgenic mechanism of action, resulted in
more hairs per graft and longer hair shafts than
the topical finasteride (5a-reductase inhibition).
The difference was statistically significant (P <
0.05).

Histological examination of the grafts treated
with finasteride and flutamide (Table 1) demon-
strated relatively more hairs in the growth (ana-
gen) phase than in regression (catagen) and rest
(telogen) phases (see also photographs a—c of Fig.
4), with some superiority of the topical flutamide
over finasteride. In the two drug groups, before
the treatment and in the vehicle group most if not
all the hairs were in the catagen and the telogen

phases (100 and 85.5%, respectively) (Fig. 4, pho-
tograph d). These findings, as shown in Table 1,
support the above-described clinical results for
hair growth, as presented in Fig. 1.

Table 2 presents the plasma monitoring of T
and DHT. The measurements show that there was
no systemic effect that might change the andro-
genic balance as a consequence of the topical
applications of either flutamide or finasteride.

3.2. In vitro skin permeation of flutamide from
the gel

Fig. 2 shows the skin permeation kinetics of the
new gel formulation as compared to the same gel
without glyceryl oleate and to a regular hydroal-
coholic solution. Although viscosity of the gel
formulations is higher than that of the solution,
the gel with the enhancer provided a similar rate
of flutamide transport through the skin. The
transdermal properties of the gel are apparently
due to the presence of the enhancer in the prepa-
ration, since the corresponding gel without en-
hancer exhibited significantly reduced
permeability for the drug. In accordance with the
cutaneous penetration kinetics of the three tested
formulations, the retention of flutamide in the
skin was much higher with the enhancer-free gel
(152.4422.6 pg/g or 10.3 4+ 1.0 pug/cm?). In con-
trast, both the enhancer-containing gel and the
hydroalcoholic solution showed a relatively re-
duced skin retention of flutamide (Fig. 3). How-
ever, while providing a similar rate of drug
penetration through the skin as that provided by
the hydroalcoholic solution, the enhancer-con-
taining gel increased the retention of the drug in
the skin. Thus, the gel facilitated in a twofold
higher concentration of drug retained in the skin
as compared to the hydroalcoholic solution
(65.5+14.9 pg/g or 4.5+ 1.4 pg/em? vs. 30.4 +
5.5 pg/g or 2.0 + 0.4 pg/cm?).

4. Discussion
We compared the ability of topical formula-

tions of a So-reductase inhibitor (finasteride) and
a non-steroid anti-androgenic agent (flutamide) to
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re-enlarge hair follicles in an experimental model
of human scalp skin transplanted to SCID mice.
Both inhibitors were effective in increasing the
number of hairs per graft as well as hair length
and diameter, when applied in a gel formulation
containing glyceryl oleate as an enhancer. It was
also found that flutamide was superior to
finasteride.

As known, the receptor antagonist flutamide
exhibited higher systemic toxicity after oral ad-
ministration than the enzyme inhibitor finasteride.
Therefore, the attempt to deliver flutamide, in
particular, to the target skin of the scalp with a
minimum of systemic exposure is more critical
compared to finasteride delivery. According to the
present study, the effective topical delivery of
flutamide and finasteride for alopecia is thus feasi-
ble, giving similar (if not better) results to those
obtained with oral finasteride, i.e. with no sys-
temic side effects, as demonstrated by T/DHT
monitoring. It should be noted that, although the
reversal of the vellus to terminal hair can occur in
both the human scalp-grafted mouse and in man,
it is still difficult to predict the degree of efficacy
of this treatment in clinical studies or to compare
it with oral finasteride trials.

Hair growth is a cyclic process consisting of an
active growth phase known as anagen, a brief
involutional (regression) phase known as catagen,
and a resting phase known as telogen. The minia-
turization of scalp hair in male-pattern baldness
results from shortening the anagen phase, leaving
more hair in the catagen and telogen phases. This
phenomenon was illustrated in the bald scalp
grafts before treatment and after treatment with
vehicle alone (Table 1). Flutamide and finasteride
in topical gel vehicles increased significantly the
number of hairs in the anagen phase, demonstrat-
ing a reversal of alopecia. Apart from the increase
in the number of anagen hairs, the diameter of the
hair shafts also increased and reached the diame-
ter of normal hairs in a non-balding skin, which is
about 30—40 um.

In order to optimize the basic formulation and
to further understand the mechanism that governs
the efficacy of the chosen vehicle formulations, we
also examined flutamide-containing preparations
in vitro. It was shown that the gel formulation

that contained glyceryl oleate as an enhancer not
only aided the penetration of the drug across the
skin at a rate similar to that of the hydroalcoholic
solution, but also delivered the drug significantly
deeper into the skin. It was obvious that the gel
that did not contain glyceryl oleate represented
the extreme situation in which a low rate of drug
penetration was combined with a very high level
of drug accumulation in the skin, apparently in its
upper layers. We therefore decided to compromise
to obtain a higher penetration rate leading to
deeper skin accumulation. This consideration was
in accordance with the general rationale behind
the use of topical drugs, i.e. to reduce the systemic
effect of such drugs during chronic use and to
increase the local efficacy on scalp follicles by
increasing the drug level at the target site.

In conclusion, it was shown that finasteride and
flutamide gels had a significantly higher effect
than the drug-free vehicle in all tested parameters,
with flutamide (representing the anti-androgenic
mechanism) giving significantly more hairs per
graft and significantly longer hair shafts than
finasteride (So-reductase inhibition mechanism).
Further work should be done to elucidate the
penetration enhancing mechanism of glyceryl
oleate in aiding the optimal delivery of anti-an-
drogens to scalp follicles. Of course, human stud-
ies should be conducted to provide evidence of the
clinical efficacy of these gel products.
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