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ABSTRACT
Androgenetic alopecia is a patterned hair loss disorder affecting approximately 73% of men and 57% of women in
their lifetime, this affection can cause psychological effects like low self-stem and depression diminishing the quality
of life. Currently, finasteride and minoxidil are the only two drugs approved by the food and drug administration
(FDA), and devices of low-level laser therapy are FDA cleared. Alternative therapies for androgenetic alopecia
treatment include a drug like dutasteride, botulinum toxin A, cell-based therapies like adipose-derived stem cellconditioned medium and platelet-rich plasma protocols. A combination of two or more therapies can be found in the
literature, the general consent indicates that any combination has higher efficiency than a single therapy. Finasteride is
in less use due to the related sexual side effects, some adjuvant techniques have emerged to improve the delivery and
effectiveness of minoxidil, i.e. micro needling. The surgical approach is mainly focused on hair transplant surgery,
which offers relatively less invasive procedures and is a more suitable option for long time results, however, it is
expensive. Recently, drug-assisted delivery techniques have emerged to improve the efficiency of conventional drugs;
transdermal drug delivery through ultrasound pressure waves means creating diffusion channels, increasing skin
permeability and stimulating cell differentiation and growth factor utilization along with minoxidil absorption.
Another approach for drug-assisted delivery is the embodiment of finasteride in polymer-based microspheres aiming
for a sustained and controlled delivery, which can be beneficial to reduce the regular doses decreasing adverse effects.
Keywords: Androgenetic alopecia, Hair loss, Finasteride, Minoxidil, Alternative therapies

INTRODUCTION
Androgenetic alopecia (AGA) also known as hair loss
pattern baldness is a common condition affecting not only
men but women, causing hair loss in well-defined
patterns. This genetic condition affects 58% of men and
21% of women, and its effects increase with age.1 The
main cause related to androgenetic alopecia is the
abundance of dihydrotestosterone (DHT), a strong form
of testosterone produced by the action of the two types (I
and II) of the enzyme 5α-reductase, DHT cause
miniaturization of the follicles leading to hair
transformation into vellus hai.2 AGA can also cause
psychological distress leading to low self-stem and

depression, making people have a low-quality life,
androgenetic alopecia affects around 80 million people
just in the United States.3-5 Due to the importance of this
disorder, the research for therapeutic options to prevent
hair loss caused by androgenetic alopecia has derived in a
wide variety of treatments of different nature from oral
drugs to surgical approaches.
The most used treatments for AGA include oral drugs
like finasteride and topical administration of minoxidil,
however, the effectiveness of these conventional
therapies is low. In recent years, new therapies have
become available including phototherapy techniques like
low-level laser therapy (LLLT), cell-based therapies like
cell stem therapy (platelet-rich plasma, adipose-derived
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stromal vascular cells, and human follicle mesenchymal
stem cells), and surgical approaches like hair transplant
and hairline-lowering surgeries. Furthermore, alternative
therapies using combinations of techniques have raised to
improve the delivery and bioavailability of minoxidil, for
instance, oral administration of minoxidil, Lowfrequency
dual-frequency
ultrasound-mediated
microbubble cavitation for transdermal minoxidil
delivery and micro needling followed by topical
administration of minoxidil.
This review aims to provide an update of the current
status of the emergent alternative therapies to prevent hair
loss caused by androgenetic alopecia, in this way
dermatologists can manage treatments for their patients
considering each particular case. The literature research
for this review was made including relevant studies for
each treatment/technique, in further sections therapies
will be described and addressed according to their
working principle.
DRUG THERAPIES
Finasteride was the first drug approved by the FDA for
androgenetic alopecia treatment in 1997, an inhibitor of
type II 5α-reductase enzyme responsible for the
conversion of testosterone in dihydrotestosterone.6 DHT
is a strong androgen that induces follicle miniaturization
and decreases the hair growth rate, which appears to be
the main cause of AGA. Since its approval, the use of this
drug raised concerns regarding sexual adverse effects
(decrease in libido and erectile dysfunction), despite all
the controversies around it, finasteride has shown the
effectiveness of up to 60%.7 The dose recommended for
patients of each gender is 1 mg/day for men and 5
mg/day for women, a recent study showed that this
treatment should be intended for women in the pre and
post-menopausal stage were proved to have more
efficiency.8
Dutasteride is an inhibitor of the two types of 5αreductase, this drug has been used for AGA treatment
since 2009.9 As an inhibitor of the two types of the
enzyme, a better result would be expected compared to
finasteride. A comparison study of finasteride versus
dutasteride at different doses was conducted by Gubelin
Harcha et al they found that similar results were obtained
for 1 mg/day of finasteride and 0.2 mg/day of dutasteride,
however, at a higher dose of dutasteride (0.5 mg/day) a
significant increase in hair count was obtained in
comparison to regular treatment of finasteride.10
Although no sexual adverse effects are claimed by
different authors, the same concerns as those found for
finasteride are related to the dutasteride treatment.
Minoxidil is the only topical drug approved by the FDA
for androgenetic alopecia treatment, the effect of this
drug seems to have several contributions in the biological
response; increases blood flow, increases the mitosis of
hair matrix keratinocytes and promotes growth hair faster

and thicker; prolongs the anagen phase, and stimulates
the kenogen follicles to initiate a new hair growth
cycle.3,11 Typical minoxidil treatment consists in topical
application of 2-5% solution, showing better results with
the application of 5% solution twice a day for men while
having similar results in women using both solution
concentrations (recommended dose for women is topical
application of 2% solution once a day).12 In new studies,
the oral administration of minoxidil was proposed as an
alternative, showing similar results than those obtained
for topical administration in men, however, side effects
like hypertrichosis (93%) and pedal edema (10%) can
appear even at doses as low as 0.25mg/day.13,14
A more recent approach consists in a combination of oral
administration of finasteride (1 mg/day) along with a
topical application of 5% minoxidil solution (6), although
the drug combination has shown better results than either
of the two drugs alone, more research is needed to
determine the most suitable doses to avoid side effects as
much as possible. More complex treatments like that
reported by Tanaka et al using different ways of
administration and combination of minoxidil and
finasteride seem to show good results aiming only for
Asian men, however, stronger evidence is needed to
determine the reliability of this study.15
PHOTOTHERAPY
The low-level laser therapy (LLLT) is a technique used to
generate an overall effect in the human body called photo
biomodulation (PBM), this therapy is also known with
the names of low-level light therapy, red light therapy,
and soft laser. PBM is the effect caused by low laser
beams, which improve wound healing and stimulate hair
growth.16 Although the mechanism of action of LLLT is
not clear, it has been gaining popularity and recognition
as a suitable treatment for AGA, in fact, there are several
FDA-cleared devices using low-level laser therapy.17
Some of the effects of this phototherapy are accelerated
mitosis of keratinocytes and fibroblast, inhibition of nitric
oxide production by the cytochrome C oxidase and
decrease of inflammation.17
Despite its increased popularity, there are no wellestablished parameters of the low-level laser therapy for
the AGA treatment, the wavelengths commonly used
range from 500 to 1100 nm, the power intensity can vary
from 3 to 90 mW/cm2 and the fluency from 1 to 4
J/cm2.18 Some authors reported good results in a narrower
wavelength range from 650 to 780 nm, using a daily
treatment in both men and women.17
CELL-BASED THERAPIES
Stem cell therapy (SCT) is one of the more recent and
promising approaches to treat androgenetic alopecia. SCT
uses exogenous cells, clinical trials can use both allogenic
and autologous cell sources. Adult stem cells can be
harvested from different tissues including fat, scalp, bone
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marrow and peripheral blood.19 Bone marrow stem cells
(BMSC) have been used for its relatively easy and fast
harvesting, however, the procedure to obtain them is
invasive and causes pain to the donor, also the low yields
of cell detachment conventions make BMSC not the best
option for hair loss treatment.
Owing to the constraints of the use of BMSC, the
adipose-derived stem cells have been proposed due to
their ability to differentiate into mesenchymal lineage
cells and the release of several growth factors.20 Fat tissue
is harvested in a less invasive way (i.e. liposuction) and
in more abundant quantities than other stem cell tissues.
Adipose-derived stem cell-conditioned medium contains
growth factors such as vascular endothelial growth factor,
hepatocyte growth factor, platelet-derived growth factor,
and insulin-like growth factor 1.21
A recent study showed the use of Adipose-derived stem
cell-conditioned medium as a treatment for hair loss, the
treatment consisted of an intradermal injection of the
medium every 3-5 weeks in a 6-session experiment. The
results showed a significant increase in the hair count in
both men and women (29±4.1 in men and 15.6±4.2 in
women) being more effective for men.22
Platelet-rich plasma (PRP) is a cell-based therapy
consisting of an autologous preparation of plasma with
concentrated platelets with a concentration of around
94%. The use of PRP for hair growth is based on the
content of growth factors in platelets. Platelet-rich plasma
contains six fundamental growth factors; fibroblast
growth factor (b-FGF), platelet-derived growth factor
(PDGF), vascular endothelial growth factor (VEGF),
epidermal growth factor (EGF), transforming growth
factor-(TGF-), and insulin-like growth factor-1 (IGF-1).19
Growth factors found in platelet-rich plasma can increase
hair regrowth by binding to their receptors expressed by
stem cells of the follicle bulge region, then stem cells
favor the proliferative phase of the hair follicle,
producing the anagen follicular unit and enhance hair
regrowth.
Platelet-rich plasma protocols can vary widely, and the
use of each should be evaluated by the physician to
determine its suitability in every patient. The different
types of PRP rely on their cells content and fibrin design:
1) leukocyte-poor PRP (LP-PRP) 2) PRP and leukocyte
(L-PRP) 3) leukocyte-poor platelet-rich fibrin (LP-PRF)
4) leukocytes and platelet-rich fibrin (L-PRF)
Each type of PRP can be obtained upon changes in
preparation protocol. Anitua et al., performed a study
using Plasma Rich in Growth Factors (PRGF) for the
treatment of androgenetic alopecia. The results showed a
statistically significant increase in hair density count from
117±29 follicles/cm2 to 156±36 follicles/cm2 after
therapy was applied. Although positive results like those
described here have been obtained for PRP therapy, there

are no standardized protocols, therefore more research is
needed.
MICRONEEDLING
The microneedling procedure consists of making small
holes in the scalp with a dermaroller containing titanium
needles until mild erythema is reached, the preferred
needle size used for AGA treatment is 1.5 mm in length.
In worthy to mention that microneedling is considered an
adjuvant technique, this implies that its application has as
a goal to help improve the effectiveness of the main
treatment (i.e. topical minoxidil administration).
Microneedling act through the stimulation of the stem
cells and activation of growth factors, which also
stimulate the dermal papillae.23 In recent work, Kumar et
al performed a comparative study of 5% topical minoxidil
plus microneedling (once a week) and minoxidil alone.
The results of this study indicate that the topical
minoxidil plus microneedling treatment has a significant
effect on hair growth, the patients reported up to 50%
improvement versus the treatment with minoxidil alone.24
Microneedling has also been used along with
PRP+topical minoxidil and compared to the topical
minoxidil treatment alone, the results in such a study
showed significant improvement in the patients in the
group receiving the microneedling+PRP+5% minoxidil
versus the patients under the minoxidil alone.25 Another
study reported the comparison of microneedling+5%
minoxidil treatment against microneedling+PRP, in that
case, both treatments showed similar results been both
effective in AGA treatment.26
BOTULINUM TOXIN A
Botulinum toxins are a group of neurotoxins produced by
the bacteria Clostridium botulinum, consisting of eight
different toxins (A, B, C1, C2, D, E, F, and G). Toxin
type A is the strongest toxin of them, and have found a
broad kind of applications in medicine. A few studies
have been conducted using botulinum toxin A as an
alternative treatment for androgenetic alopecia. The
mechanism of action seems to be related to the relaxation
of the muscles in the scalp generating an increase in the
blood flow.27
In a recent study, Liu-Tao et al compared the treatment of
finasteride (1 mg/day) and application of botulinum toxin
A in a 6-month trial. They concluded that the treatment
with the toxin has a similar result as the oral drug against
the control patients. The advantage of the new treatment
over the finasteride is that no side effects were found.28
The Botulinum toxin treatment consists of the direct
injection of the neurotoxin direct to the scalp, the doses
used in the studies range from 50 to 150 U, showing
better results for higher doses.27–29 Although high
efficiency (from 45 to 90% of the cases showed
improvement) was found for this treatment, further study
is needed in a well-designed experiment.
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SURGICAL PROCEDURES
Despite the variety of available treatments for
androgenetic alopecia some patients do not respond to
most of the previously mentioned therapies, those
patients are candidates for some type of surgical
treatment. Surgical procedures are very common
nowadays, it seems to be a more reliable option for
younger men looking for a safer procedure and better
esthetical outcome. The surgical approach can involve
scalp reduction surgery, hair transplantation or a
combination of both. Since hair transplants emerged little
application has left for scalp reduction surgery (also
known as alopecia reduction), the main disadvantages
related to this procedure is its high invasive nature and
the low ratio risk-benefit. Scalp reduction surgery is
limited to patients with cicatricial alopecia where local
flaps can be made without having a secondary defect to
restore.30
Hair transplants are by far the most used surgical method
for hair loss management. The two more accepted
techniques for hair transplants are the follicular unit
transplantation (FUT) (also known as the strip technique)
and the follicular unit extraction (FUE). FUT technique
requires the excision of hair-bearing strips from a donor
and dissecting into small follicular units. The FUE
technique (also known as FOX procedure, follicular unit
separation extraction method, Wood’s technique,
follicular isolation technique, individual follicular group
harvesting) uses small individual follicular grafts
extracted through manual or motorized punches.30 The
FUE technique can offer some advantages over FUT, for
example, less scarring, shorter recovery time and have
minimal risk of nerve injury.

improve the acoustic cavitation effect with respect to
single-frequency ultrasound. Dual-frequency ultrasound
involves the combination of low frequency (from 20 to
60 kHz) and high-frequency waves (from 1 to 3 MHz).
Moreover,
dual-frequency
ultrasound
sonication
improves cavitation activity, which may stimulate neural
stem/progenitor cell differentiation and growth factor
utilization, while not causing any damage.33 In a recent
study Liao et al, evaluated the assisted minoxidil delivery
in mice models showing promising results, this is a new
approach and requires further experimentation for safe
application in real patients.
In drug treatments like the oral administration of
finasteride two disadvantages have been considered:
sexual adverse effects and the daily administration for
long periods. Drug encapsulation in polymer-based
microspheres is an emerging technique for drug delivery
that has been used recently to try to minimize the
disadvantages associated with oral administration of
finasteride. Kim et al performed a study to compare the
daily administration of oral finasteride (standard
treatment at 1 mg/day) and the subcutaneous injection of
finasteride in poly (lactic‑co‑glycolic acid) microspheres
(the microspheres were injected only at the first day of
the trial), the experiment was carried out in mice models
for 10 weeks. The results indicate that both treatments
have a similar effect with a total hair growth of 60%.34
The authors concluded that long-term studies are
necessary to determine the right dose and the periodicity
of the injections for further experiments in real patients.
The sustainable and controlled delivery of the drug will
depend on the hydrolysis rate of the polymer, which is
related to the nature of each polymer.
CONCLUSION

Hair transplant is considered a good procedure to restore
hair growth in the long term, however, it is less used than
other techniques due to its high cost. Also, requires a high
degree in training and surgical skills. Although it is a
well-established procedure still presents some challenges
like the need to create enough quantities of hair from a
donor.31
EMERGING
DELIVERY

APPROACH:

ASSISTED

DRUG

Transdermal drug delivery through ultrasound pressure
waves is a technique used to make the delivery of topical
drugs more efficient. Ultrasound is an FDA approved
procedure for transdermal delivery.32 The mechanism of
action hypothesizes that the shock waves modify the
structure of the lipids of the stratum corneum to produce
diffusion channels that allowed transdermal delivery.
Ultrasound sonication is believed to act by generating
skin permeability through acoustic cavitation. The
acoustic cavitation effect is referred as the formation and
collapse of microbubbles created in an ultrasound field.
Dual frequency (or multi-frequency) ultrasound can

Androgenetic alopecia is the most common hair loss
disorder affecting both men and women, and its
importance has generated a huge variety of treatments
and procedures. Up to this date, the only two drugs
approved by the FDA for AGA treatment are finasteride
and minoxidil. Dutasteride is the only alternative drug,
which has proved to show similar and even better results
than finasteride, however, no conclusive results have
been obtained. Alternative therapies like low-level laser
therapy and platelet-rich plasma protocols have shown
good results with statistically significant results. Other
therapies like adipose-derived stem cell-conditioned
medium and botulinum toxin A administration still need
more studies in well-designed experiments to show more
consistent results.
Surgical approaches are limited to hair transplant
procedures, which seem to be a more suitable option for
patients not responding to conventional therapies, they
tend to be the more expensive and invasive treatments.
Combined therapies have emerged due to the necessity to
improve conventional drug treatments; in general, the
combination of therapies seem to enhance the hair growth
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with respect to single therapies. Also, some adjuvant
procedures like micro needling can enhance the effect of
known therapies such as minoxidil and platelet-rich
plasma protocols. Since finasteride is responsible for
undesirable side effects, minoxidil administration orally
or topically in combination with other therapies can offer
a safer and reliable option for AGA treatment. Interesting
assisted delivery techniques like ultrasonic and polymerbased microspheres seems to be worthy of attention due
to the results obtained in mice models, these techniques
can help to improve the efficiency and decrease the
adverse effects of drugs orally and topically administered.
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