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Abstract Androgenetic alopecia and alopecia areata are common disorders of the hair

follicle which may heavily influence self esteem and self image. Androgenetic
alopecia is caused by the heightened sensitivity of scalp follicles to dihydro-
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testosterone whereas al opecia areataisinduced by an autoimmune reaction. Cur-
rent drug treatment approaches include the use of regrowth stimulators such as
topical minoxidil and oral finasteride for androgenetic al opecia, aswell astopical
minoxidil, dithranol (anthralin), corticosteroids, contact sensitisers, and psoralen
plus ultraviolet A irradiation (PUVA) therapy for alopecia areata. Combination
regimens are a so proposed. However, extreme cases of either type of alopecia
do not generally respond well to these existing treatments. For this reason, new
therapeutic strategies are directed towards both improving the targeting of exist-
ing agents, as well as the development of novel hypertrichotic modalities.

Although scalp hair serves no critical physio-
logical function, many people find that the loss of
hair can adversely effect their self confidence. The
magnitude of this effect can be gauged from the
fact that each year inthe US, about 60 million peo-
ple spend approximately $US1.5 billion on various
hair regrowth treatments.[Y] Historically, hair loss
was treated with the application of different herbal
remedies, which were frequently of dubiousand un-
proved efficacy. Another approach involved mask-
ing baldness by the manipulative use of dyes, cos-
metics and hairstyling. Fortunately, recent decades
havewitnessed the development of clinically effec-
tive drug treatments for hair growth stimulation.
Theobjectiveof thisarticleisto discussthevarious
drug therapies available today for alleviating both
androgenetic alopecia and alopecia areata— the most
common formsof baldness. The articlereviewsthe
currently available treatmentsfor alopeciaand dis-
cusses the devel opment of novel research tools for
hair regrowth research and the treatment modali-
ties which may well become available in the near
future.

1. Background

1.1 The Hair Cycle

The hair follicle and its associated erector pili
muscle and sebaceous glands constitute what is
generally termed the pilosebaceous unit. The hair
follicle consists of ahair bulb and shaft enveloped
in an inner root sheath, an outer root sheath and an
outermost acellular basement membrane common-
ly known as the glassy membrane. The sebaceous
glands are joined to the follicle by ducts and dis-
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charge sebum into the upper third of the follicular
canal, creating alipophilic environment in thisre-
gion. Hair growth regulation is largely controlled
by the follicular papillae and hair matrix cells, lo-
cated at the base of the hair follicle as well as the
mid-folliclebulgearea. Scalp hair undergoesapro-
cess of continuous turnover throughout life. The
formation, growth and shedding of hair shafts result
from epithelial-mesenchymal interactions which are
regulated by acomplex interplay of genetic, immu-
nological and endocrinological factors. During the
actively growing stage or anagen, the hair matrix
cells divide rapidly and migrate upwards to form
the hair shaft. On the scalp, this phase lasts 3to0 8
years but it is invariably followed by catagen, a
brief period characterised by dramatic morphol og-
ical changes such asthe cessation of mitosisaswell
as reabsorption and cell death of the lower follicle
segment. The scalp follicle then enters a 3-month
resting phasetermed telogen, prior tothehair being
shed. Anagen then recurs as the hair matrix cells
start dividing and the lower follicle redevelops. As
aresult of hair cycling, in heathy young adults, the
amount of scalp hair lost by shedding is approxi-
mately matched by the amountsregrown, with typ-
ical hair densitiesranging between 300to 350 hairs
per cm2. Despite several decades of hair research, the
detailed mechanisms controlling hair growth and
cycling have remained elusive.

1.2 Androgenetic Alopecia

This progressive condition is the most common
typeof hair loss, affecting about 50% of Caucasian
males and femal es beyond age 40 years.!? In men,
where the condition is also known as male pattern
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baldness, hair loss can start as early as late adoles-
cence. Androgenetic alopeciacanvary initssever-
ity from merely accentuated recession of the fron-
tal hairline to loss of all hair except along the
temporal and occipital margins. In females, the
condition is usually milder and is associated with
diffusethinning of scalp hair. Clinical onset in both
men and women is generally by age 30 years. Al-
thoughits precise mechanismsarestill unclear, cell
culture work by Hibberts and co-workers'3l suggests
that androgenetic alopeciais caused by the height-
ened sensitivity of scalp follicles to post-pubertal
androgens, particularly dihydrotestosterone. Sawaya
and Pricel¥ showed that androgen receptor protein
concentrations, within the outer root sheath and der-
mal papillafibroblasts are some 30% greater in the
balding frontal follicles than in the nonbalding
frontal hair follicles. The resultant increased an-
drogen binding at these receptor sites triggers pro-
nounced effectson follicular physiology. First, the
anagen phase becomes progressively shorter over
the course of several hair growth cycles. Thismeans
thereisadecreasein the numbers of actively grow-
ing scalp hairsat any giventime. The second trans-
formation is progressive follicular miniaturisation
which leads to the gradual transformation of thick,
long terminal hairsinto shorter vellushairsor vellus-
likefollicles.[®] The overall effect isto reduce vis-
ible scalp density. Importantly, the affected folli-
cles show no abnormalities and they maintain the
potential for cyclic growth until a very advanced
stage of baldnessis reached.

1.3 Alopecia Areata

Alopecia areata is a common, chronic inflam-
matory disease, which occurs in 0.01 to 0.1% of
the Caucasian population.[®! Twin studies indicate
that both genetic as well as environmental factors
play arole in its induction.[”l Although the aetiol-
ogy and pathogenesis of this condition are poorly
understood, it is known that the hair shedding pro-
cess is associated with the a CD4+ lymphocytic
infiltrate surrounding the follicles.!®l Recently ac-
quired data suggests that alopecia areata is trig-
gered by T lymphocyte recognition of afollicular
autoantigen.[®! The clinical course of the condition
is extremely variable with some cases showing
spontaneous remission and others becoming pro-
gressively worse. Onset before puberty is usually
indicative of a poor prognosis. Because of its un-
predictable severity and recurring freguency, the
disease can be psychologically devastating for
those affected. Thisisparticularly truefor girlsand
young women who become bald. Fortunately, since
theimmunological events of alopeciaareatado not
lethally damage crucial elements of the hair folli-
cle, symptomatic treatment of the condition is pos-
sible.

2. Current Treatments for
Androgenetic Alopecia

Topical minoxidil is currently available for the
treatment of androgenetic alopeciain both menand
women. Thelessextensively evaluated oral finaster-

Table I. Compilation of established and proposed treatments for androgenetic alopecia

Drug treatment Mode of action References
Approved by US Food and Drug Administration

Topical minoxidil (2 or 5%, twice daily) Multiple mechanisms? 2,9-32
Oral finasteride (1mg, once daily) Inhibits type 1l 5a-reductase 33-37
Unvalidated/proposed

Topical minoxidil + penetration enhancers Enhances delivery of active agent 38, 39
Topical minoxidil + oral finasteride Synergism 40, 41
Topical vesicular minoxidil Targets delivery of active agent to follicles 42
Topical finasteride Inhibits type 1l 5a-reductase 43
Antimicrobials Suppresses follicle inflammation 21,44
Herbal products Induces vasodilation/unknown 45
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ide represents a novel treatment but its use is lim-
ited to males only. Table | summarises treatments
for androgenetic a opeciadiscussed in this section.

2.1 Minoxidiil

Minoxidil, a pyrimidine derivative (2,4-diamino-
6-piperidinopyrimidine-3-oxide), was the first
drug to become available for treating scalp hair loss.
Originally synthesised for oral use as an antihyper-
tensive agent, minoxidil was surprisingly found to
induce hair growth in patients. This unexpected
side effect led to the development of a topical
minoxidil-containing lotion for al opeciatreatment.
The product iscurrently available as sol utions con-
taining 2 or 5% minoxidil, in formulations com-
posed of 60% ethanol, 20% propylene glycol and
20% water.

The mechanism(s) by which minoxidil promotes
hair growth is still not fully understood,[1%-12 and
multiple pathways are thought to beinvolved. One
theory proposes that minoxidil, metabolised to
minoxidil sulfate in the hair follicles, acts as a po-
tassium channel agonist to reduce the cytoplasmic
free Ca?* concentration. This prevents epidermal
growth factor frominhibiting hair formation. Thus,
hair growth is promoted.[*3] Another possibility is
that minoxidil up-regulates the expression of vas-
cular endothelial growth factor and its receptors —
an action which subsequently stimulates angio-
genesis and anagen.[*¥ In contrast, Philpot and co-
workerd 13! recently showed that minoxidil stimu-
lates regrowth in hair follicle cultures where ablood
supply is absent. Other researchers have docu-
mented that minoxidil isapotent activator of pros-
taglandin endoperoxide synthase-1 (a cytoprotective
enzyme that stimulates hair growth).[*l Immuno-
cytochemistry and autoradiographic analysis of
primate scalp has indicated that minoxidil increases
the number of DNA synthesising cellsinthedermal
papilla, bulbar matrix, outer root sheath and peri-
follicular fibrocytic cells.[1617] These changes re-
sult in the prolongation of anagen and the conver-
sion of vellus hairsto terminal hairs.

Extensive clinical trials on men with andro-
genetic alopecia have shown that minoxidil treat-
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ment is only effective in less than half the cases.
For example, the conclusion of ayear-long, rando-
mised, double-blind trial involving 56 males, was
that cosmetically acceptable hair growth occurred
in 32% of individuals.[!8! In another 12-month
study, minoxidil produced at least moderate cos-
metic improvement in only 24% of individual s.[19
Dataderived from multiple, double-blind, placebo-
controlled trials, involving over 2000 males be-
tween the ages of 18 and 50 years, showed that twice
daily application of 2% minoxidil solution over
one year produced moderate to dense regrowth in
approximately 30 to 35% of patients.[? Fortunate-
ly, even when dense regrowth does not occur, min-
oxidil appears to stop or significantly retard the
progression of male pattern baldness.[2% Although
significant hair regrowth can occur in patients of
all ages, minoxidil treatment is more likely to be
successful in individuals under 40 years. Further-
more, a favourable response is more likely when
the balding patch is recently developed (<10
years), covers a small area (diameter <10cm) and
contains residual, miniaturised hairs, 1cm long or
longer rather than no hair at all.['8 Regarding the
last parameter, there is a consensus that the greater
thedensity of such miniaturised hairs, the better the
cosmetic outcome.l29 |mportantly, the agent is more
effective on the scalp vertex than onthefrontal area
whereit is generally of little value.[?

Many researchershaveinvestigated the effect of
minoxidil on male scalp as afunction of treatment
time. De VillezI18l reported that hypertrichosisfirst
became observable some 4 monthsinto thetherapy
when fine, colorlessvellushairsinthebalding area
begun to lengthen. By 8 months these hairs were
longer and pigmented while other nonvellushairshad
also begun to lengthen and thicken. At this stage,
many of the hair follicles were noted to have 2 hairs.
Price and Menefeel?l] identified the major period
of hair growth as occurring within the first 5 months
of therapy with either 2 or 5% minoxidil solution.
In a recent pilot study, Pierard-Franchimont and
co-workerd?? found that 6 months of minoxidil
2% treatment (once aday application) produced an
11% increasein mean hair density and a7% increase
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in median hair shaft diameter in the affected vertex
area. Most researchers have concluded that the max-
imal growth response is attained after 12 months
of minoxidil use. Long term treatment is generally
characterised by a slow decline in further new re-
growth over subsequent years.[23-25 However, even
after 4 years of therapy, the number of nonvellus
hairsisstill greater than at baseline.[23] If minoxidil
applications are stopped, accelerated hair loss
occurs such that after 4 to 6 months, scalp hair
densities return to pre-treatment levels or even
bel ow.[225]

For male pattern baldness, a minoxidil concen-
tration-response rel ationshi p has been demonstrated.
A concentration of at least 1% isrequired in order
to obtain asignificant effect!26! while a 5% minox-
idil solution is slightly more effective than a 2%
solution.[22 However, increasing the concentration
further does not improve the growth response. This
is probably as aresult of enhanced minoxidil pre-
cipitation from solution, which reduces the thermo-
dynamic activity of the compound.[27.28] Although
the influence of application volume has not been
clinically assessed, in vitro experimentation hasin-
dicated that larger initial volumes delay thetimeto
minoxidil precipitation and therefore result in im-
proved drug penetration.!28 It is noteworthy that a
twicedaily application of minoxidil ismore hyper-
trichotic than a once a day application, but that
increasing the administration frequency further
does not improve systemic absorption or therapeu-
tic effectiveness.[2! This is because minoxidil ac-
cumul ates as a reservoir within scalp skin.[30

Minoxidil has also been used for treating hair
thinning in women.[3132 Rushton and Fenton(3
used the unit areatrichogram technique to measure
hair densities in 9 women, both before and after a
year’streatment with minoxidil 5%. Topical appli-
cationsresulted in a25% increase in thetotal num-
ber of hairs per cm? and a24% increasein the num-
ber of nonvellus hairs per cm2. In a 32-week trial
involving 256 individuals, a refined photographic
technique was used to eval uate the number of non-
vellus hairs regrown.[32 The results showed that
63% of women who applied minoxidil 2% twice
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daily showed minimal to moderate regrowth as op-
posed to only 39% of those using a placebo lotion.
Infact, inclinical practice, minoxidil appearsto be
more effective in women than in men. Thismay be
because besides augmenting the number of hairs,
the drug also increases the hair shaft diameter,
which in awoman’s long hair is of particular cos-
metic benefit.[33 Women applying minoxidil should
be aware that the agent can occasionally cause fa-
cial hypertrichosis— an effect produced either sys-
temically or possibly by manual drug transfer. This
facial hair growth disappears after cessation of
treatment. In conclusion, further clinical trials are
required in order to more comprehensively assess
minoxidil efficacy for female androgenetic alopecia.

For both men and women, the major disadvan-
tages of minoxidil treatment are the cost and the
need for continual, open-ended use. The lotion must
be applied twice daily, 7 days a week and good
complianceisnecessary in order to achieve aposi-
tive cosmetic response. Minoxidil may be applied
to the scalp either after shampooing (with almost
any non-medicated shampoo) or without shampoo-
ing. Since the drug is largely absorbed into the
scalp some 4 hours after application, individuals
can swim or shower after this time.[33 The modal-
ity has been associated with virtually no systemic
adverse effects although dryness, itching and ery-
thema of the scalp can occur and these are induced
by either minoxidil and/or the propyleneglycol ve-
hicle. Theincidence of local irritation is about 7%
with the 2% solution and may be higher with the
5% solution.l? Although, in another study, no
complications were observed after long term treat-
ment with topical minoxidil 3% solution (up to
156 weeks) followed by 5% solution (up to 300
weeks).[34

2.2 Finasteride

Inlate 1997, the US Food and Drug Administra-
tion (FDA) approved ord finasteride 1 mg/day for
the treatment of androgenetic alopecia in men.[!
Theagentisnot licensed for administrationtowomen
because of the potentially teratogenic effects of
finasteride on a male fetus, should the woman be
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pregnant. Finasteride, a synthetic 4-azasteroid com-
pound, is a specific inhibitor of typeIl, 5-a reduc-
tase. Thisintracellular enzyme converts testoster-
one into dihydrotestosterone which affects hair
follicle regression. By reducing scalp tissue levels
of dihydrotestosterone, finasteride treatment sup-
presses male pattern hair shedding.[35:36 The effi-
cacy of daily finasteride use for male-pattern hair
loss has been recently evaluated in several double
blind, placebo-controlled trials. Kaufman and co-
workerd3" conducted a randomised study involv-
ing 1553 participants exhibiting predominantly
mild to moderate vertex hair loss. The researchers
employed standardised photographs of the vertex
scalpinorder to assessthe cosmetic response. After
12 months of oral finasteride use, they found that
48% of treated maleshad improved versusonly 7%
of the placebo group. Waldstreicher(43 investi-
gated the effect of finasteride in 326 individuals
with mostly mild to moderate mid-scalp and ante-
rior baldness. The results showed that finasteride
treatment over a 1-year period resulted in a signif-
icant hypertrichotic response at the affected re-
gions. Since the drug does not cure the underlying
genetic causes of the alopecia, ceasing daily ad-
ministration results in the shedding of regrown
hairs and the resumption of balding. Therefore,
continual use of the azasteroid is necessary if the
cosmetic benefit is to be sustained.

Finasteride is usually well tolerated. However,
there is a small risk of transient impotence as an
adverse effect, which isfully reversible upon treat-
ment cessation.[4] Adverse effects could befurther
reduced if finasteride was applied topically to the
affected scalp. This approach was taken by Maz-
zarella and co-researchers#s! who treated 52 pa-
tients with androgenetic alopecia, both male and
female, with topical finasteride 0.005% solutionin
a single-blind, placebo-controlled manner. Treat-
ment efficacy was assessed from both scalp pho-
tography and hair loss counts after washing. After
16 months, 73% of the finasteride group have ex-
perienced a slight reduction of the balding area
compared with nonein the placebo group. Monthly
hair lossin the finasteride group was approximately
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60% of the placebo group (p < 0.001). Further trials
arerequired in order to confirm these encouraging
early results.

2.3 Herbal Therapies

There are many herbal preparations available
that have been used to combat hair loss. For exam-
ple, cantharidin, extracted from Cantharis ves-
icatoria, has been traditionally incorporated into
hydroalcoholic hair lotions. Asthe agent is highly
irritating, it was formulated at strengths of about
0.002%.[47] Another remedy was derived from ex-
tracts of jaborandi leaves. The active constituent was
pilocarpine which was used in concentrations of up
to 0.4%, either alone or in combination with can-
tharidin or quinine.l*”! With nearly all of these
preparations, no clinical evidence was supplied to
support the claims being made. Greenberg and
K atz[48] compared the efficacy of aherbal prepara-
tion containing a 7.5% extract of fennel, polygo-
num, mentha, chamomile, thujaand hibiscusin an
agueous cream base with that of the aqueous cream
base alone. A total of 24 balding males were en-
rolled in the randomised, double-blind study. The
volunteers applied either active or placebo cream
totheir scalpsevery 24 hoursand also washed daily
with asupplied shampoo. Hair status was assessed
by harvesting, on abimonthly basis, aselected area
of scalp. After 40 weeks of treatment, the mean
total hair count increased by 77% in the actively
treated group compared with only 3% in the placebo
group (p = 0.003). Furthermore, the mean terminal
hair count for treated men increased by 169% com-
pared with a mere 33% increase for the placebo-
treated men. Based on this data, herbal therapy
seems to hold great potential as treatment for alo-
pecia and warrants further study.

3. Current Treatments for
Alopecia Areata

Alopeciaareataisdifficult to treat because of its
chronic, inflammatory nature. Research has been
hindered by the fact that relatively few double-
blind, randomised trials on alopecia areata have
been published and theresultsderived from uncon-
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Table II. The established therapies for alopecia areata

Treatment Proposed mechanism Typical application References

Minoxidil Multiple mechanisms Patchy/moderate disease 11, 19-37, 43, 45-47
Dithranol (anthralin) Immunomodulatory Extensive disease 11, 48, 49
Diphencyprone (DPCP) Antigen competition Extensive disease 11, 50

Intralesional triamcinolone Immunomodulatory Patchy disease 51,52

Oral prednisolone Multiple mechanisms Extensive disease 53
Photochemotherapy Immunomodulatory Patchy disease 54-57

trolled trials are questionable because of the high
rate of spontaneous remission. Assessing treatment
efficacy can be problematic because of the dynamic
nature of the disorder. Apart from spontaneousres-
olution, it is quite possible to observe both inten-
sified hair growth and accelerated hair lossin dif-
ferent regions of the same scalp. Shapiro and
Pricel1? have defined acosmetically acceptablere-
sponse in terms of ‘ growth sufficient to cover the
scalp athough some residual patches of 1oss may
remain’. Despite these problems, several modes of
therapy are currently available for aleviating alo-
pecia areata (see table I1). Topical treatment with
either minoxidil, dithranol (anthralin) or cortico-
steroids offers limited benefit. Contact sensitisers
and intralesional corticosteroids are generally more
effective. Combination treatments are also popular.

3.1 Minoxidil

The mechanism by which minoxidil promotes
hair growth in alopecia areata is currently un-
known but the agent probably stimulates scalp
follicles nonspecifically in the same manner as
described for androgenetic alopecia.[1? The 2% so-
lution is usualy ineffective in alopecia areata and
topical minoxidil should be applied twice daily at
a 5% concentration. An initial positive growth re-
sponse is generally observed after 3 months of
treatment whereas the maximal effect develops af -
ter about 1 year. Clinical trials have demonstrated
that the degree of cosmetic improvement obtained
ishighly dependent upon the severity of the condi-
tion. With 25 to 99% scalp baldness, cosmetically
acceptable regrowth developed in 20 to 45% of
individuals.[2% Higher success rates can be expected
when the alopecia is milder. After a successful
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treatment outcome, minoxidil 5% application must
be continued in order to sustain the gain in hair
growth. Small regions of hair loss may still peri-
odically develop and then undergo regrowth dur-
ing this maintenance therapy.[*d Minoxidil is
generaly ineffective in cases of 100% scalp hair
loss.[20]

3.2 Dithranol

The nature of the dithranol effect in alopecia
areata is not well understood but it may be im-
munomodulatory. The treatment is generally used
in children or for patients experiencing severe dis-
ease. The application protocol involves rubbing
dithranol cream, at a 0.5 or 1% concentration, for
a short (20 to 60 minute) time interval to the af-
fected scalp. Upon termination of the contact pe-
riod, the medication is washed off the scalp with a
shampoo.[® In 1 clinical study, it was found that
a positive growth response took up to 60 weeks to
achieve and was observed in some 30% of individ-
uals with less than 75% hair loss and in 20% of
individuals with 75% or greater hair loss. The
growth gain was sustained in 75% of patientswho
continued the therapy.[58! At least 6 months are re-
quired before a cosmetically acceptable response
is obtained.['2 Adverse effects can include pruri-
tus, erythema, scaling and folliculitis. However,
such irritation can be minimised by applying
smaller amounts of medication and/or by employ-
ing shorter contact periods. It is also necessary to
protect the skin against sun exposure and to ensure
that dithranol does not get into the eyes.
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3.3 Diphencyprone

Diphencyprone (diphenylcyclopropanone; DPCP)
is acontact sensitiser which has been shown to be
effectivein the treatment of severe alopecia areata
affecting more than 50% of the scalp. The agent
may suppress hair shedding by the process of anti-
gen competition, although research is still being
performed to elucidate the exact mechanisms in-
volved. Treatment involves applying diphencyprone
solution to one half of the individual's scalp at
weekly intervals. The solution is washed off 48
hours after application. Although allergic contact
dermatitisis frequently induced, this effect is con-
sidered necessary for regrowth to occur. The di-
phencyprone concentration applied (0.0001 to 2%)
is varied according to the intensity of dermatitis
provoked by the previousweek’s application. After
successful regrowth devel opson onesideof thescalp,
the other half of the scalp istreated. The effective-
ness of diphencyprone therapy, although unpre-
dictable on an individual basis, is dependent upon
the initial extent of the alopecial>® Shapiro and
Pricel’ have documented that in severe forms of
the disease (50 to 99% baldness), a cosmeticaly ac-
ceptable outcome devel opsin 40 to 60% of patients.
About onethird of these, however, may ultimately
stop responding to diphencyprone. Pericin and
Truebl>d defined severe disease as those experien-
cing more than 40% baldness. They reported that
following at least 5 months of therapy, the modality
induced compl ete remission in 31% of patientsand
partial remission in 40% of patients. The main ad-
verse effects of diphencyprone are severe eczema
and disseminated contact eczema. Other contact
sensitisersinclude dinitrochl orobenzene and squa-
ric acid dibutylester, although these have not been
as extensively evaluated as diphencyprone.

3.4 Corticosteroids

By exerting animmunosuppressive effect, corti-
costeroids can promote regrowth in alopecia
areata. Agents such as betamethasone dipropionate
0.05% (58] and fluocinolone acetonide 0.2%152 have
been documented to produce a positive cosmetic re-
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sponse when applied topically to the scalp. How-
ever, the use of topical steroids has, to date, not
been adequately assessed.'? Intralesional triam-
cinolone (triamcinolone acetonide) represents a
much more common therapy which isideal for sta-
ble, patchy hair loss that affects less than half the
scalp.l?® This corticosteroid is administered as
multiple intradermal injections of 0.1ml per site,
about 1cm apart. Anaesthetic cream, applied topi-
cally about 1 hour before treatment, decreases the
subsequent discomfort of the injections. The pro-
tocol isrepeated approximately once amonth. Any
hair regrowth is seen within 3 months but the ther-
apy should be stopped if there is no cosmetic re-
sponse by 6 months, as such individuals may lack
adeqguate corticosteroid receptorsin their scalp tis-
sue.l> A disadvantage of intralesional triamcino-
lone is that it may induce slight transient atrophy
and occasionally follicular atrophy.

Oral prednisolone treatment can be appropriate
for rapidly progressing or extensive alopeciaareata
affecting more than 50% of the scalp. The mode of
action seems to be immunomodulatory but pre-
dnisolone may also directly stimulate the hair fol-
licles. The initial daily dose varies between 40 to
60mg, to be reduced by 5mg per week. Winter et al.[5%
has documented potential adverseeffectsincluding
acne, hypertension, cataracts, diabetes mellitusand
bodyweight gain. Therefore, blood pressure, oph-
thalmic function and bodyweight measurements
must be monitored before and during treatment.
For many patients, continuous administration of
systemic prednisoloneisinappropriate because the
dose required to maintain hair growth is usually
high and the associated toxicity is unacceptable.

3.5 Photochemotherapy

Psoralen application used in conjunction with
ultraviolet (UV)-A irradiation (PUVA) has been
employed to treat alopecia areata.l6571 This mo-
dality appears to act via an immunomodulatory
mechanism and was suggested to alter T lympho-
cyte function and perhaps suppress local immuno-
logical attack against the hair follicle by depleting
Langerhans cells.[9 Photochemotherapy is typi-
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cally applied 2 to 3 times per week. Any regrowth
isusually detected after 20 to 40 sessions with the
maximal effect developing within 1 year. How-
ever, the results of PUVA therapy have been less
than promising.[®1 One study in 70 patients docu-
mented that while up to 50% of patients experi-
enced remission with PUVA, rapid hair loss oc-
curred in most when PUVA was stopped such that
fewer than 15% of patients experienced a lasting
remission.[>1 Apart from its mediocre effective-
ness, PUVA can induce nausea, possi bl e burning of
the scalp, pigmentary alterations, photoaging and
squamous cell carcinoma. Consequently, derma-
tologists no longer prefer this treatment.[61]

3.6 Combination Treatments

The use of drug combinations has now become
established practice for treating alopecia areata.
For example, topical minoxidil can be combined
with topical dithranol in order to restore hair
growth. This approach has been assessed in 45 pa-
tients with alopecia areata who had not improved
on treatment with either agent applied alone or
with both agents employed separately. After 6
months of treatment with minoxidil 5% solution
and dithranol 0.5%, 5 individual s experienced cos-
metically significant hair growth. Adverse effects
were amost entirely confined to mild, local scalp
irritation.[52 The combination of topical minoxidil
5% plus topical betamethasone dipropionate
0.05% has al so been observed to be synergistic for
treating severe alopecia.l®3! After 4 months of ther-
apy, afair to good response was found in 56% of
individual sreceiving minoxidil and the corticoste-
roid, 27% receiving minoxidil alone, 22% receiv-
ing corticosteroids alone and 13% receiving pla-
cebo. Synergism may be the result of the differing
hypertrichotic mechanisms of the 2 compounds, or
alternatively, to prolonged, corticosteroid-induced
minoxidil residence time in the dermis.[%4 For ac-
tive disease affecting less than 50% of scalp, the
combination of prednisolone 20 mg/day combined
with either intralesiond triamcinol one every 4 weeks
or minoxidil 5% twice daily has been claimed to
be more effective than either treatment alone.[3!
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Although, it should be stated that the prospect of
regrowth in individuals who have less than 50%
scalp hair loss is quite good even with placebo
treatment.

4. New Tools for Hair Growth Research

Until afew years ago, investigationsinto a ope-
ciatreatment were hampered by alack of suitable
research tools. In vivo experimentation on the hu-
man scal p can only be performedto alimited extent
of invasiveness. Despite the fact that some new
rodent models have been used, their valueis ques-
tionable, since the hair growth cycles of humans
and rodents are very different.[5¢ Furthermore,
these animal s exhibit no readily measurable sexual
dimorphism of body hair which is relevant to the
important androgen effect found in humans. There-
fore, in order to acquire agreater understanding of
the molecular mechanisms that control scalp hair
growth and in order to test regrowth-promoting
drugs, new models such as human scalp histocul-
ture, human scalp explants on mice and the use of
themacaquemonkey have been devel oped. A method
was proposed for quantitative estimation of hair
growth based on changes in hair weight and hair
count. Novel research tools include quantitative
autoradiography which can be employed to ana-
lyse drug localisation within the skin, the use of
immunohistochemistry with laser scanning confo-
cal microscopy to study neuropeptide expression
in hair follicles and fibre optic confocal imaging
(FOCI) which permits the monitoring of dynamic
eventsin vivo.

4.1 Hair Follicle Culture Systems

One method for studying hair dynamicsinvolves
isolating the complete hair follicle organ and sub-
sequently following its growth in tissue culture.
Although many such systems have been docu-
mented, the Philpott system has been the most
widely used.[*®! Developed from human scalp fol-
licles, the technique uses the amputated proximal
portion of terminal anagen hair follicles. Thefolli-
cle portions are then grown for over 1 week in an
optimised culture medium. Use of the Philpott sys-
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tem has shed light on many aspects of the anagen
growth phase.

Another important development has been the
histoculturing of wholehuman scal p tissue.[7 This
system consists of scalp skin with abundant hair
follicles in various stages of the growth cycle,
grown for up to 40 days at the air-liquid interface
of a gelatin sponge-supported histoculture. The
hair folliclesundergo long term growth, shaft elon-
gation and spontaneous regression. Crucialy, re-
gression is characterised by the formation of club-
shaped hairs, the movement of the hair shaft out of
thefollicle aswell as macrophage association with
the follicle. These features indicate the induction
of genuine catagen and not simple tissue degener-
ation. Other physiological changesin the cultured
follicles also seemed to parallel those occurring in
real scalp tissue. This artificial scalp skin clearly
represents a powerful new in vitro model for per-
forming hair research. Mechanistic data can be ob-
tained by following drug-histoculture interactions
at the cellular level with appropriate techniques
such as confocal scanning electron microscopy of
fluorescent drugs. The effectiveness of hypertri-
chotic agents can be evaluated from hair growth
measurements.[%8 Further improvements in histo-
culturing can be expected in the near future so the
morphology of such membranes should become
even closer to that of human skin.

4.2 Human Scalp Explants on Severe
Combined Immunodeficient Mice

Another experimental model has been described
by Kyoizumi and co-workers®9 who engrafted tis-
sue samples, derived from fetal scalp skin, ontothe
backs of severe combined immunodeficient (SCID)
mice. Although the hair in the engrafted tissuesfell
out several months after implantation, new black
hairs, indicative of human origin, reappeared soon
after and grew continuously for more than 1 year.
Six months after implantation, histological analy-
sis indicated that the engrafted skin exhibited the
same tissue morphology asthat of human skin. The
sweat glands, sebaceous glands and erector pili
muscles were identical to that of normal human
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scalp skin and approximately 10% of follicleswere
in the catagen or telogen phases. Theresearch team
used this explanted scalp skin model to investigate
the effect of X-radiation on epilation rates. More-
over, the model can be employed to analyse the
efficacy of regrowth-promoters in vivo. Gilhar’s
group!® recently adapted this method in order to
study the pathogenesis of alopecia areata. The re-
searchers transplanted samples of involved scalp
tissue from patients with alopecia areata into the
subcutaneoustissue of SCID mice. The graft tissue
was then injected with autologous T lymphocytes
which had been isolated from affected scalp. The
workers were able to demonstrate that T lympho-
cyte recognition of a follicular autoantigen medi-
ates arole in the autoimmune hair shedding process.

4.3 The Macaque Monkey Model

A quantitative in vivo model for studying scalp
hair growth has been developed by Uno and co-
workersl16:17.701 who have used stumptailed ma-
caque monkeys extensively. At puberty, macaques
exhibit a species-specific frontal scalp baldnessin
both sexes. Crucially, the interplay of genetic and
hormonal factors which regulate follicular regres-
sion in the species are extremely similar to those
active in human androgenetic alopecia. Both topi-
cal minoxidill*” and oral finasteridel” have been
found to reduce baldnessin theseanimals, thusval-
idating the suitability of thisin vivo model for in-
vestigating hair growth stimulating drugs.

4.4 Quantitative Autoradiography by
Computerised Image Analysis

In order to improve the delivery of topical
hypertrichotic drugs, it is necessary to determine
whether active molecules reach their target sitein
the lower follicle by directly penetrating through
the follicular opening, by diffusing via the bulk
strata or by a combination of both routes. To this
end, the technique of quantitative autoradiography
by computerised image may be particularly bene-
ficial .[7274 The method involves interfacing micro-
computer-based image analysi swith histoautoradi-
ography. Thisapproach hasalready been employed
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to quantify and visualise the follicular deposition
of tetrahydrocannabinol and oleic acid within hair-
lessrat skin.[72 24 hours after drug application, the
greatest concentration of tetrahydrocannabinol
was observed in the epidermis, followed by the ap-
pendages and finally the dermis. In contrast, the
concentration of oleic acid, localised in the epider-
mis, was not significantly different from the con-
centration in the appendages. The technique has
also been used to show that caffeine deposition
from liposomes was quite pronounced within the
appendages of hairless rat skin.[”® Quantitative
autoradiography can be used to elucidate the
localisation behaviour and absorption kinetics of
existing as well as novel topical hair growth pro-
moters.

4.5 Laser Scanning Confocal Microscopy
and Immunohistochemistry

Finding new treatmentsfor alopecia, and for as-
sociated nervous symptoms such asitching or pain,
requires a clearer understanding of the disease at
the molecular level. Hordinsky and Ericson(38!
have developed a method which combines laser
scanning confocal microscopy with immunologi-
cal labeling to map the expression of neuropeptides
and immune proteins which may be involved in
pathological processes. This method has been used
to look at the distribution of compounds such as
substance P, calcitonin-gene-related peptide, pro-
tein-gene-rel ated-peptide and interferon-y.[38:39.76.77]
In addition, perifollicular innervation in tissue sec-
tions can be observed, giving us a more detailed
picture of the cutaneous sensory nervous system
and the innervation of hair follicles. A better un-
derstanding of the patterns of neuropeptide expres-
sion and modul ation of inflammatory processes by
the nervous system should help us better under-
stand the aetiology of alopeciaareata, thereby pav-
ing theway for the development of new treatments.

4.6 Fibre Optic Confocal Imaging

Although fluorescence laser scanning confocal
microscopes (FLSCMs) have been employed for
several yearsto visualise stained structuresin vitro,
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conventional FLSCMsarelimitedin application as
they are bulky, immobile and require accurate
alignment of large components. Consequently, the
potential for in vivo use of this instrumentation is
rather limited. Over thelast few years, Delaney and
coworkerd 78 have devised aprototype, miniaturised
fibre optic FLSCM or FOCI system which achieves
equivalent resolution in conjunction with greater
flexibility. Crucially, FOCI has enabled surface
and subsurface fluorescence microscopy of hair-
less mouse skin in vivo.[”? The pre-application of
certain fluorescent dyes such as acridine orange
and 4-di-2-ASP to the anaesthetised animal re-
sulted in the staining of cellular and subcellular
structures of particular interest to theinvestigators.
One noteworthy aspect of the technique isthat the
imaging plane is virtually parallel to the skin sur-
face—aview not well documented in theliterature.
For hair growth research, the judicious sel ection of
specific dyes that target particular follicular cells
would be highly promising. Implicit in this new
technology is the potential to monitor the effects
of hypertrichotic drugs on hair growth in vivo.

4.7 Quantitative Estimation of Changes
in Hair Weight and Hair Count

Finding a compound that fosters hair growth
necessitates a means for accurately determining
changes in hair growth. To this end, Price and
Menefeel?l] proposed a straightforward and useful
means of assessing the effect of treatment on both
hair growth promotion and on retardation of hair
loss, using total hair weights and counts. In this
method, a siteis selected on thinning frontal scalp
and the hair clipped to about 1mm length using a
magnifying glass. Hair is then clipped at 6-week
intervals thereafter until the end of the study. In 1
study, individuals treated with minoxidil 2 or 5%
showed substantially greater hair mass and change
in mean weight, than the placebo groups. In terms
of mean weight, the 5% group showed a greater
increase than the 2% group.
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5. Future Approaches for Hair Regrowth

In the years ahead, the efficacy of existing ao-
pecia treatments may be improved by the use of
novel penetration enhancers, combination treat-
ments and the application of targeting technology.
An additional strategy isthe synthesisor discovery
of novel hair growth-stimulating molecules. Excit-
ing breakthroughsin gene therapy may also consti-
tute aradically new approach in the near future.

5.1 Enhanced Delivery and Targeting
to the Pilosebaceous Units

A decadeago, Dervault and coworkers#? reported
that applications of 2-n-nonyl-1,3-dioxolane (di-
oxolane) resulted in accelerated minoxidil trans-
port through both sections of both hairlessrat skin
and human skin. In other investigations which
utilised the in vivo stumptailed macaque model,
formulations containing either minoxidil, minoxi-
dil and the enhancer, or a placebo vehicle were ap-
plied to the animals’ balding scalps at fixed inter-
vals over a 16-week period.[8) Hair growth was
assessed by weighing shaved hairs at 4-week peri-
ods. It was found that the dioxolane treatments en-
hanced minoxidil absorption, producing earlier
and greater stimulation of scalp hair growth. The
authors speculated that the effect could occur by
either direct penetration enhancement or alterna-
tively by improved minoxidil targeting into the
pilosebaceous structures, facilitated by the sebum-
miscible dioxolane derivative.

One promising avenue of research involves the
use of vesicular systems that can selectively target
encapsul ated hypertrichotic moleculesto their site
of action in the hair follicle. However, it must be
considered that liposome penetration into thefolli-
clemay bephysically restricted by the glassy mem-
brane surrounding the entire follicle aswell asthe
keratinous layers of the inner and outer root
sheaths. The outer root sheath is of particular im-
portance for drug delivery since this layer is con-
tinuous with the epidermis and indistinguishable
from it. The upward migration of sebum within the
upper third of thefollicular canal, may well impede
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liposome penetration.[81] |t has been proposed that
by matching formulation polarity to sebum polar-
ity, follicular delivery of a wide range of com-
pounds may be achieved.[82 Effective follicular
penetration would probably be facilitated by opti-
mising formulation factors such aspH, ionic strength
and lipid composition. Vesicular size is probably
also important. Schaefer’s groupl“? observed that
preferential follicular deposition occurred for flu-
orescent polystyrene beads ranging between 5to 7
microns in diameter, whereas beads outside this
size range tended to accumulate on the skin surface.

Pilosebaceous targeting using liposome-encap-
sulated drugs was also studied by Li and Hoff-
man,*Yl who compared the in vivo deposition of
liposome-encapsulated calcein with that of free
calcein on mouse skin. Calcein from the vesicular
formulation penetrated deeply into the hair shafts
and hair folliclecells, in contrast to the free calcein
which remained on the skin surface. Crucialy, the
vesicular system did not deliver any calcein into
the systemic circulation over 24 hours, thus indi-
cating that targeted follicular delivery is possible.
The penetration of liposome-encapsulated calcein
through histocultured human scalp tissue has also
been investigated in a recent pilot study.[67 Lipo-
somal applications resulted in significant calcein
delivery into the hair follicles without detectable
deposition at nonfollicular sites.

Some research groups have employed especially-
designed nonconventional vesicular systems. Wei-
ner’s teaml44 used nonionic liposomes to enhance
the in vivo delivery of both cyclosporin and inter-
feron-a through hamster ear skin (a model skin
containing human-like pilosebaceous units). The
resultsindicated that protein penetration was prob-
ably mediated via the follicular pathway. Our group
recently encapsulated minoxidil within ethosomes
(novel vesicular carriers) and applied the formula-
tion to hairless mouse skin in vitro.[8384 Analysis
by quantitative autoradiography indicated that
minoxidil preferentially accumulated in the hair
follicles and sebaceous glands. Importantly, both
skin permeation and skin depot formation could be
modulated by altering the system composition.
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This approach may improve the hypertrichotic effect
of minoxidil and further investigations are war-
ranted.

There is mounting evidence that vesicular sys-
tems may also facilitate gene targeting to the ap-
pendages. Li and coworkerd®! used phospha-
tidylcholine liposomes to deliver entrapped [3S
labeled|DNA to a mouse skin histoculture com-
pletewith hair follicles. After a44-hour incubation
period, large amounts of radiolabel had become
incorporated into the cell membrane, cytoplasm
and nucleus of the hair follicle cells. In contrast,
only minor radiolabel uptake occurred when free
[3°S-labeled] DNA was incubated with the histo-
culture. Another report documented thein vivo fol -
licular delivery of aliposomally-entrapped bacte-
rial lac-Z gene into mouse skin.[88] After a 3-day
contact period and appropriate histological pro-
cessing, it was observed that the lac-Z gene was
selectively expressed in the hair matrix cells of the
hair follicle bulbs and in the follicular bulge area.
Topical application of the free lac-Z gene did not
result in genetransfer. Such liposomal genetarget-
ing to the hair-forming matrix cells suggeststhat it
may be possible to deliver genes that will selec-
tively restore hair growth. Clearly, liposome tech-
nology requires further research so that the host of
physicochemical parameters which control vesic-
ular targeting to the follicles can be identified and
optimised.

5.2 Novel Combination Treatments

Early work provided evidence that the combi-
nation of the synthetic retinoid, tretinoin and min-
oxidil was more hypertrichotic than minoxidil
alone.l87 Infurther studiesperformed by Ferry and
co-workers,[3% 19 men with androgenetic alopecia
were treated for 20 days with a minoxidil 2% so-
lution either alone or together with daily applica-
tions of tretinoin cream or placebo cream. Tretinoin
increased systemic minoxidil absorption by 3-fold.
The retinoid also increased transepidermal water
loss but did not affect the stratum corneum or epi-
dermal thickness. These results demonstrated that
the cornified layer was permeabilised to minoxidil
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penetration. Unfortunately, the currently available
proprietary forms of minoxidil and tretinoin are
mutually incompatible within the same solu-
tion.[12l Dual treatment would require twice daily
minoxidil application aswell asaseparatetretinoin
application, presenting an impractical protocol for
most men.

The effectiveness of a combined finasteride-
minoxidil approach has been investigated by Diani
and co-researchers®! who conducted a 20-week
controlled study on balding, stumptailed macaques.
Thederived dataindicated that oral finasteride and
topical minoxidil were equally as effectivein sig-
nificantly increasing scalp hair densitiesin the an-
imal. The combination of topical minoxidil 2% and
oral finasteride 0.5mg daily produced an additive
hypertrichotic effect. Minoxidil with oral finaster-
ide has so far been evaluated in one case study
whereit wasfound to beeffective.[89 However, since
minoxidil was formulated in aretinoid-containing
vehicle, it is difficult to ascertain the growth gain
contribution of each of the 3 drugs. Clearly, further
clinical work isrequired on this particular topic.

5.3 Novel Hair Growth Promotors

Some investigators have proposed that a micro-
bial-driven inflammatory reaction abutting the
pilosebaceous units might exacerbate the progres-
sion of androgenetic alopecia.l239% |n order to test
this hypothesis, Pierard and co-workers® treated
20 men, exhibiting male-pattern baldness, with a
lotion containing both the antifungal agent, pir-
octone olamine (0.25%) and the antibacterial agent
triclosan (0.3%). The treatment lasted 18 months
during which hair densities were evaluated by
macrophotography and trichograms taken at 3-
month intervals. Although the trial was uncon-
trolled, the lotion applications produced progressive
cosmetic benefit. More recently, ketoconazole,
which isactive against scalp microfloraand exhib-
its intrinsic anti-inflammatory activity, has also
been investigated.[?2 39 males, showing medium-
severity vertex androgenetic alopecia, applied either
ketoconazol e 2% shampoo once daily or aplacebo
shampoo once daily over a21-month period. Biop-
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siesindicated that there were significant increases
in both the proportion of folliclesin anagen and in
the median hair shaft diameter. Ketoconazole may
therefore have considerable potential as a topical
treatment for androgenetic alopecia. Nevertheless,
this therapy awaits further clinical investigation in
alarger group of individuals.

There has also been some progress in the iden-
tification of new modalities for treating alopecia
areata. McElwee and co-workerd®ll have experi-
mented with the macrolide tacrolimus (FK-506), a
specific immune cell inhibitor. The topically ap-
plied drug was assessed for hair regrowth potential
in the Dundee experimental bald rat, a species that
frequently exhibits an alopecia areata-type hair
loss from the age of 4 months onwards. Hair at the
site of drug application regrew within 2 to 3 weeks
in tacrolimus-treated rats. At the clinical level,
there has been a preliminary report describing the
use of pulse corticosteroid therapy for treating
children with severe, rapidly evolving alopecia
areata.[% |ntravenous methyl prednisol one infused
twice a day for 3 days resulted in complete re-
growth in alarge fraction of the patients after one
year. There has also been considerable interest in
the immunomodulatory potential of novel photo-
therapies. These would involve the application of
non-UV light sources such as lasers and light-
emitting diode arrays.[12

Another approach would be to identify com-
pounds that inhibit the binding of endogenous ste-
roids to the androgen receptor. One such compound,
RU-58841, was found to inhibit 70% of dihydro-
testosterone binding to androgen receptors purified
from human scalp hair follicles, with a calculated
Ki of 0.4 nmol/L.[%]

5.4 Gene Therapy

At present, it is unclear how many genes are
important to hair follicle morphogenesis, differen-
tiation and growth. Ahmad and coworkers'® made
an important contribution to this field when they
identified the generesponsiblefor papular atrichia,
the human anal ogue of the gene inducing hairless-
ness in the hairless mouse. The topical delivery of
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transgenes to the hair follicles represents an excit-
ing possibility. Recently, it was shown that lipo-
some-DNA complexes (lipoplexes) could be used
to efficiently transfect thefolliclesin ahuman skin
xenograft model.[%! Despite the fact that andro-
genetic alopecia and alopecia areata are both prob-
ably polygenic disorders, it islikely that in the fu-
ture, more hair growth-regulating genes will be
identified making gene therapy a potential treat-
ment of the future. Treatment for androgenetic al-
opecia could involve suppression of the synthesis
of 50 reductase or the androgen receptor protein.
Follicular stem cell gene therapy may also be de-
veloped in the future and would facilitate changes
in DNA transcription and RNA translation of en-
zymes and receptors involved in follicle inactiva-
tion.[*2 For alopecia areata treatment, gene replace-
ment therapy could eventually allow for permanent
correction of defective gene expression.[12

6. Conclusions

To date, only topical minoxidil and oral finaster-
ide are available as drug treatments for inducing
hair regrowth in androgenetic alopecia (see table1).
In terms of compliance, finasteride with a once
daily tablet administration is easier than the twice
aday lotion application of minoxidil. However, this
benefit should be weighed against the lesser inva-
siveness and lower probability of adverse effects
that are associated with topical minoxidil treat-
ment. The major limitation in both casesliesin the
fact that they exhibit only partial effectiveness.
However, data derived from primate studies indi-
cate that a combination of the 2 drugs resultsin an
additive hypertrichotic effect. Trials should be per-
formed in order to determine whether this is the
case in humans. Thereis evidence that the minoxi-
dil effect in androgenetic alopeciacan beimproved
by the incorporation of enhancersin the formula-
tion and further research is warranted in this area.
A topical finasteridelotion may offer greater effec-
tiveness than the oral formulation and such formu-
lations should be developed and evaluated. There
are indications that topical antimicrobial and anti-
fungal agents may also be beneficial. In the long
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term, gene therapy, probably facilitated by liposo-
mal targeting, may constitute an efficacious treat-
ment for androgenetic alopecia.

There are currently several different modalities
available for treating alopecia areata and therapeu-
tic efficacy often depends upon individual disease
severity (see table 11). New treatments are con-
stantly being researched. Vesicular targeting of im-
munocompetent cells or replacement genes to the
follicles may have profound therapeutic implica-
tions for influencing hair growth in this disease.
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