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Abbreviations: AGA, androgenetic alopecia; DHT, dihydro-
testosterone; FDA, food and drug administration; BFGF, basic fibro-
blast growth factor; IGF‒1, insulin‒like growth factor 1; VEGF, vas-
cular endothelial growth factor; EMA, european medicines agency.

Introduction
Androgenetic alopecia (AGA) is a disorder that involves gradual 

loss of hair in genetically predisposed individuals and is more 
prominent in men than women. Ethnically, white male are affected 
the most.1 the estimated prevalence of AGA in Caucasian populations 
by the age of 80 is over 90%.2 Physiological changes which occur 
during AGA include hair follicle miniaturization and variations in 
normal hair cycle; specifically, anagen phase length shortens and 
that of telogen phase stays same or prolongs.3 In addition, the overall 
follicular apparatus is also gradually miniaturized which leads to 
global reduction of hair density due to conversion of terminal hair 
into vellus hair.4,5

Testosterone, a steroid hormone, has been identified as a main 
culprit and its presence and concentrations in hair follicles are linked 
to AGA occurrence;6 in addition the genetic factors have profound 
influence on magnitude of hair follicles response to circulating 
androgens.7 Also the polygenic inheritance of the disorder results 
from variations in the expressed phenotypes, primarily of the 
androgen receptor (AR) gene variants as the ARs regulates actions of 
androgens in hair follicles. For instance the AR polymorphism, Stu 1 
is prominently associated with AGA.8 Additionally, the 5α‒reductase, 

aromatase and estrogen receptor genes may contribute to occurrence 
of AGA.9 Via the action of 5α‒reductase, systemic testosterone is 
converted to dihydrotestosterone (DHT). DHT has significantly 
higher affinity approximately 10‒fold for the receptor in comparison 
to testosterone. Studies show that the hair follicles of AGA‒affected 
individuals have significantly heightened levels of both DHT and 
ARs.10 Upon binding of DHT to the receptors, downstream signalling 
pathway leads to release of specific mediators from dermal papillae 
causing anagen phase to end and catagen to begin in untimely manner. 
Such alterations in hair cycles result from reduced levels of specific 
factors such as IGF‒1, BFGF and VEGF which are necessary to 
sustain anagen phase.11

Besides the adversely affecting androgens, micro‒inflammation 
of follicular apparatus also play role in AGA manifestation.12 
Activated T‒cells have been observed to infiltrate near the follicular 
infundibulum.13 In fact the inflammation in hair follicles could result 
from multitude of internal and/or external factors such as due to 
microbial infection, use of harsh chemicals, oxidative stress, normal 
aging, smoking and excessive exposure to sunlight and pollutants. 
Each of these factors are capable of increasing levels of free radicals 
in hair follicles which is detrimental to overall follicle health.

More recently, several studies have revealed the important role 
of prostaglandins (PGs) in governing the hair cycle. Prostaglandins 
are lipidic mediators synthesized via arachidonic acid pathway under 
the actions of specific enzymes. Amongst investigated PGs, PGD2, 
PGE2, and PGF2a have exhibited activities related to governing 
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Abstract

Alopecia or hair loss is a multifaceted disorder that results from influence of an array 
of different factors including heredity, androgenic hormones, micro‒inflammation of 
hair follicles and scalp, infections, nutritional deficiency and harsh environmental 
conditions. The role of androgens and especially, the dihydrotestosterone (DHT) have 
been well‒established as the most important players in pathophysiology of androgenetic 
alopecia (AGA); and elevated DHT levels have been associated with hair loss. Current 
treatment regimen approved by FDA includes minoxidil and finasteride. Minoxidil, 
administered as a topical solution is converted to minoxidil sulfate, the active 
metabolite by sulfotransferase enzyme at target site and hence, individual responses 
to treatment vary depending on the enzyme expression. Finasteride an effective 5α‒
reductase inhibitor which blocks conversion testosterone to DHT is administered 
orally and presents significant unwanted systemic exposure. In the present manuscript, 
we have presented an overview of recent advancements in our understanding of 
pathophysiology of AGA and have discussed underlying factors that contribute to the 
development/progression of the disease. Ideally due to complex nature of the disorder, 
a multilateral therapeutic approach addressing multiple pathophysiological pathways 
seems more sensible in comparison to a monophasic (single‒drug) one. Moreover 
superior targeting of hair follicles the site of action, could be achieved with least 
undesired effects by if the treatments are solely administrated via topical compared 
with that via oral route. In later part of this review, we have focused the discussion on 
currently available therapeutic options for management of AGA and reviewed several 
emerging potential targets for development of advanced therapies.
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hair cycle. More specifically studies have demonstrated hair growth 
inhibitory effects of PGD2, whereas hair growth stimulating effects of 
PGE2 and PGF2a.14,15 Increased levels of PGD2 and reduced levels of 
PGE2 have been observed in AGA affected male scalp.14 Amongst the 
two receptors of PGD2, GPR44 and PTGDR,16 the former expresses 
predominantly in hair follicles and upon association with the ligand, 
may trigger follicle miniaturization by interfering stem cell maturation 
and thwarting development of terminal hair from vellus hair.16

Overall based on currently available scientific information, it is 
evident that an array of different factors‒dependent or independent, 

physiological or external‒play role in progression of AGA and hence, 
the exact pathogenetic mechanism underling AGA is complex and 
poorly understood. Moreover, as AGA results from influence of one 
or more underlining factors and the individual contributions in overall 
progression of AGA of these factors varies person‒to‒person, it 
sounds scientifically prudent to address the issue with a treatment that 
targets multiple underlining factors/pathways. In the present review, 
we have summarized recent advancements in our understanding of 
pathophysiology of AGA, discussed currently available therapeutic 
options for management of AGA and presented an overview of 
emerging potential targets for development of advanced therapies.

Figure 1 Factors involved in pathophysiology of alopecia.

Current strategies for management of AGA
Physiologically androgenetic alopecia is a multilateral 

phenomenon; it causes considerable changes in overall appearance of 
patients and is associated with enormous subsequent psychological 
and social implications, especially in younger men.1 Although it is 
well accepted that several pathogenic mechanisms are involved in the 
onset of AGA, only two pharmaceutical interventions are currently 
available. A topical solution and an oral drug with systemic exposure 
are available for use either individually or together depending on 
severity of AGA, individual response to treatments, affordability 
and risks.17 Till date minoxidil topical solution and finasteride, in 
form of oral tablets, are the only two therapeutic options approved 
by the United States Food and Drug Administration (US‒FDA) and 
European Medicines Agency (EMA) for treatment of AGA.5

Minoxidil

Topically administered Minoxidil, available in forms of 2% and 
5% solution and foam is the most widely recommended drug18 as the 
first‒line therapy in case of mild to moderate androgenetic alopecia.19 
Although the exact mechanism of action of minoxidil is not fully 
elucidated, the hair growth stimulating actions are attributed to its 
active metabolite, minoxidil sulphate, which produces vasodilatation 
in peripheral arteries by activating ATP‒dependent potassium 
channels in vascular smooth muscles. Minoxidil is also reported to 
promote angiogenesis by enhancing VEGF mRNA expression in 
dermal papilla.20 In in vitro settings, minoxidil stimulates PGE2 and 
leukotriene B4 expression, and block prostacyclin production in by 
dermal papilla cells. Also the expression of EP2, one of the PGE2 

receptors responsible for lengthening of anagen phase is amplified 
under the influence of minoxidil treatment. Further, due to anti‒
fibrotic activity of minoxidil inhibition of enzyme lysyl hydroxylase 
present in fibroblast may result in synthesis of a hydroxylysine‒
deficient collagen. Owing to the effects of minoxidil treatment, the 
miniaturized hair follicle stays longer in the anagen phase, decreasing 
shedding and producing hair similar to the terminal hair.21

Pharmaceutically, commercial minoxidil solutions use ethyl 
alcohol, propylene glycol and water as solvents to solubilize 
minoxidil for its topical delivery. Currently, minoxidil is approved by 
FDA in form of a solution and a foam, both in strengths of 2% and 
5% w/v. The hair growth promoting efficacy of minoxidil is strength‒
dependent.22 For maximum results, consumers are instructed to apply 
1 ml minoxidil solution two times per day at least for 4‒6 months. 
Side effects associated with minoxidil treatment are limited, mainly 
related to scalp pruritus, irritation and scaling. In addition, consumers 
have also reported higher incident of itching, redness and drying scalp 
with 5% minoxidil solution.1 In the beginning of minoxidil treatment, 
initial shedding of hair has also been commonly experienced due to 
molting of telogen hair.17 In certain cases, hair growth can also be 
observed in areas other than scalp due to systemic absorption of 
topically applied minoxidil.22

 Several studies have investigated effects of combining other active 
ingredients with minoxidil with an objective of achieving superior 
outcomes for the treatment of AGA. In comparison to minoxidil 
alone, its combination with pyrithione zinc or hydrocortisone have 
shown superior hair growth.23 In this clinical study, patients observed 
faster prevention of hair loss and appearance of newly grown hair after 
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treatment with Minoxidil plus Adenosine in comparison to Minoxidil 
alone.24 In a separate clinical study, minoxidil topical application 
produced significant increase in hair density and thickness; and 
treatment with alfatradiol resulted in deceleration or stabilization 
of hair loss.25 In another study, the effects of Minoxidil high extra 
combination (MHEC) containing 12.5% Minoxidil, 5% Azelaic acid 
and 0.025% Betamethasone on hair growth were investigated and 
compared with Minoxidil 5% in a randomized controlled trial of 
116 patients with androgenic alopecia. MHEC showed significant 
reduction in hair shedding compared to Minoxidil 5% alone. Further, 
the patients tolerated MHEC without significant adverse effects in 
comparison to placebo or Minoxidil 5% alone.26

Finasteride

Finasteride a selective type II 5α‒reductase inhibitor is the first 
FDA‒approved oral treatment for AGA being sold under brand 
name Propecia®. The mechanism of action of finasteride involves its 
irreversible binding with enzyme and blocking production of DHT 
from testosterone;27 thus causing reduction in DHT‒induced follicular 
miniaturization. In a long‒term (5 year) controlled efficacy study, 
finasteride produced significant reduction in hair loss at a dose of 1mg 
per day in human subjects with AGA. In another 10 year‒long study, 
finasteride administered orally at 1mg daily dose was observed to be 
safe over longer period of time with pronounced and sustained hair 
growth in male subjects.28 Also, few of the enrolled male subjects 
were noticed to be non‒responsive to the long term treatment based 
on lack of or minimum improvements observed in hair growth during 
the first year of finasteride treatment.28

At a dose of 1 mg per day, adverse effects associated with 
finasteride therapy are limited, mainly related to sexual functions 
which are expected to go away after discontinuation of the therapy.29 
The key enzymes responsible for precipitating these adverse 
effects are aromatase, which increases production of estradiol from 
testosterone, and 5α‒reductase which reduces production of DHT 
from testosterone. Increased estradiol has been linked to specific side 
effects such as feminization and gynecomastia; whereas, reduced 
DHT may result in loss of libido, erective dysfunction and other 
sexual side effects. Although the incidents of such adverse effects are 
less, this may affect overall compliance of patients to this therapy.28

The major shortcoming associated with finasteride is its approved 
route of delivery. The site of action for finasteride is at hair follicles 
located on scalp; however, the current FDA‒approved formulation is 
a tablet for an oral administration, which causes unwanted exposure 
of drug to systemic circulation and to other organs and in turn 
increases the risk of producing several undesired adverse effects. In 
order to avoid such side effects, many of the research groups have 
theorized and explored the strategy of administering finasteride 
directly to the scalp through topical delivery.29,30 In fact, in a short‒
term study topical finasteride solution (0.25%), with significantly 
lesser systemic exposure, generated almost same inhibitory effects on 
plasma DHT levels as that observed with 1 mg per day oral finasteride 
administration.30 In a separate intermediate‒term study, topical gel 
containing 1% finasteride was found to be as efficacious as 1 mg 
per day oral finasteride.31 In addition, the approach of delivering 
finasteride via topical route opens up several new possibilities such 
as combining topical minoxidil with topical finasteride which may 
improve overall efficacy, reduce potential health risks and provide 
superior patient compliance. In fact in a pioneering study, compared 
with minoxidil alone, topical minoxidil and finasteride combination 
was observed to be more efficacious in promoting hair growth.32

Taking all together, till date only topical minoxidil and oral 
finasteride are the only approved therapies by FDA for AGA. 
Considering the multitude of factors involved in causing the disorder, 
therapies other than just minoxidil and finasteride are needed to be 
explored and developed. In the subsequent section, we have discussed 
several new chemical compounds and agents from botanical origins 
which have shown significant potential in recent years in addressing 
AGA.

Emerging agents with potential in treatment 
of AGA
Alfatradiol

 Alfatradiol (also called 17α‒estradiol) is a stereoisomer of 
female hormone 17β‒estradiol and is commercially available in 
Europe and South America for the treatment of AGA in women. 
Several mechanisms have been proposed for actions of estrogens in 
mediating their beneficial effects on AGA‒affected hair follicles. Ex 
vivo study using hair follicles, showed increased rate of conversion 
of testosterone to estradiol upon treatment with Alfatradiol owing to 
its aromatase stimulating activity;33 and thus, decreasing the level of 
testosterone and eventually of DHT. Further, in an in vitro experiment 
alfatradiol stimulated the growth of human hair bulb papilla cells 
and hair root sheath fibroblast.34 In a clinical trial, topical application 
of alfatradiol solution exhibited statistically significant increase in 
number of hair and diameter from baseline; and hair improvement 
in self‒assessment and global photographic assessment compared 
with placebo treatment.35 Additionally in a separate clinical study, 
alfatradiol after topical application showed reduction or stabilization 
of hair loss.36

In vitro‒reductase inhibitors

Dutasteride: Although it is currently approved for the treatment of 
benign prostate hyperplasia, Dutasteride, a dual inhibitor of both type 
I and type II 5α‒reductase commercially sold with brand name Avo-
dart® has shown superior hair growth stimulating effects than that of 
finasteride37 is the predominant subtype of enzyme present in hair 
follicles; whereas, 5α‒reductase type I is responsible for regulating 
sebum production and is constitutively present in sebum glands. Du-
tasteride at lower concentration of 0.5 mg/d has shown higher inhi-
bition of type II 5α‒reductase in comparison to finasteride (1 mg/d), 
pointing out its enhanced efficacy in reducing DHT levels. A multi-
center, prospective human clinical study in Japan observed that du-
tasteride is safe, well‒tolerated and efficacious over the period of 52 
weeks at daily dose of 0.5 mg in AGA‒affected male subjects.38 Also 
in this placebo controlled study dutasteride treatment significantly in-
creased hair count. Taking together due to its dose‒dependent efficacy 
in reducing DHT blocking type II 5α‒reductase and inhibitory actions 
on sebum production owing to blockage of type I 5α‒reductase, dutas-
teride is assumed to have significant potential to be developed as the 
next therapeutic agent for AGA.

β‒sitosterol: Agents from plant sources are gaining enormous signi-
ficance in recent times due to perceived advantages such as lack or 
minimum of associated side effects in comparison to drugs. Several 
of the plant extract with proposed inhibitory action on 5α‒reducta-
se enzyme have been investigated in the treatment of benign pros-
tate hyperplasia. Few of them with potentially beneficial effects in 
addressing AGA are β‒sitosterol and Canadian willow herb extract. 
Saw palmetto (Latin: Serenoa repens) extract and its major consti-
tuent, β‒sitosterol have been in past used for relief in benign prostatic 
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hyperplasia treatment. Recent studies indicate that it may have po-
tential in the treatment of less severe cases of AGA.19 Constituents of 
saw palmetto extract have been reported to possess anti‒androgenic 
activities by competitively blocking both type I and II 5α‒reductase 
in indiscriminately manner.39,40 This results in reduction in DHT in-
fluence on hair follicles. In addition, via estrogen receptor‒mediated 
actions saw palmetto assists in maintenance and prolongation and of 
anagen phase. Supplementation with saw palmetto, via oral route, 
has shown beneficial effects in male subjects suffering from AGA.39 
Also, in a comparative study saw palmetto extract induced positive 
hair growth in 38% subjects in comparison to the control finasteride 
treated group, where improvements in hair growth were observed in 
68% subjects.40 Interestingly, the hair growth promoting effects of saw 
palmetto were limited to only vertex, whereas, both frontal and vertex 
areas showed improvements after finasteride treatment.40 Saw palmet-
to extract seemed to be well‒tolerated in human subjects and the only 
adverse effect observed is abdominal discomfort. Advantageously, 
saw palmetto extract does not influence prostate‒specific antigen le-
vels or obstruct in any diagnostic procedures, which is the case with 
finasteride treatment.

Canadian willow herb: Epilobium a member of the Onagraceae 
family is a perennial herb widely distributed all over the world; it 
consists of over 200 species that tolerate a wide range of site and soil 
conditions. In past, Epilobium species have used as a preventative 
measure for benign prostatic hyperplasia (BPH);41–44 and many repor-
ts suggest of plant possessing anti‒proliferative, anti‒inflammatory 
and antioxidant activities.45–52 More specifically, Epilobium extracts 
have shown noticeable effects on activities of several key enzymes 
including 5α‒reductase and aromatase,53,54 caspase 355 and metalopro-
teinases.56

In addition to anti‒androgenic properties, Epilobium extracts also 
possess anti‒inflammatory and prostaglandin inhibition properties 
mainly due to presence of myricetin 3‒O‒β‒D‒glucuronide which 
hinders the PGI2, PGE2, and PGD2 release. A study reported oeno-
thein B, the tannin from various fireweeds, to be the active compound 
inhibiting 5α‒reductase in the human prostate.49 This is also supported 
by the observation that Epilobium herbal extract stimulated activity of 
estrogen α receptor and inhibited that of estrogen β receptor in rats in 
response to externally administered testosterone.57

Ducrey et al.53 reported the active compounds of Epilobium ex-
tract, oenothein A and B inhibiting 5α‒reductase and aromatase enzy-
mes. The oral administration of standardized Epilobium extract pro-
duced significant reduction in 5α‒reductase type II mRNA expression 
in a murine model; and noticeably, the observed reduction in enzyme 
mRNA expression with Epilobium treatment was more pronounced 
than that seen after finasteride treatment.58 In a controlled clinical 
trial, once‒a‒day Epilobium extract treatment significantly reduced 
international prostate specific score in male subjects in comparison to 
placebo treatment over 3 months.59 Overall, as a botanical source for 
a novel treatment for AGA, Epilobium species have shown significant 
potential and warrant further exploration owing to their potent 5α‒re-
ductase type II and PGD2 inhibiting activities.

Fluridil: Based on recent advancement in our understanding of role 
of androgen receptors in progression of AGA, a strategy of using an-
drogen receptor blockers seems sensible in AGA treatment.7 The main 
challenge associated with this approach is to develop an agent that is 
devoid of concerns of systemic effects, especially in male which could 
result in feminization, gynecomastia and impotence, and specifically 

targets androgen receptors in the hair follicles. Fluridil an analog of 
flutamide is a recently developed agent specifically for only topical 
administration; it presents anti‒androgenic activities when delivered 
directly to the hair follicles and if absorbed systemically breakdowns 
into inactive metabolites. In an only clinical study published, fluridil 
treatment exhibited significant improvements in anagen/telogen hair 
ratio within 90 days in comparison to vehicle (placebo) treatment; 
and, no adverse effects related to sexual performance or blood che-
mistry were observed.1,60–62

Ant‒inflammatory, antioxidant and antimi-
crobial agents
Ketoconazole

Although it is a broad‒spectrum anti‒fungal agent, ketoconazole is 
observed to impede synthesis of steroid at high concentrations through 
inhibition of cytochrome P450 and lyase.17,20 Ketoconazole topical 
treatment was observed to promote hair growth by increasing density 
and size of anagen follicles when used over period of 21 weeks at 
a concentration of 2% in a shampoo formulation. Though anti‒DHT 
activities of ketoconazole have been reported, the major beneficial 
effects were suggested to be arising from its inhibitory actions on 
inflammation and fungal infections in the scalp.63 Also in a murine 
model, 2% ketoconazole topical treatment observed to stimulate hair 
growth.64 In a human clinical study, treatment with ketoconazole 1% 
shampoo resulted in increased anagen hair percentage and hair shaft 
diameter along with reduction in hair shedding, telogen effluvium 
and scalp dandruff.65 Taking all together, ketoconazole has significant 
potential to be developed as a stand‒alone or an adjunct therapy in 
combination with existing therapeutic options for the treatment of 
AGA depending on the severity of disease in an individual.

 Prostaglandin F2a analogues

PGs influence follicular function and hair cycle and hence, present 
themselves as a potential target for development of future AGA 
therapies.14,16 A recent study has reported increased levels of both 
PGD2 synthase and its mRNA in AGA affected scalp in comparison 
to healthy ones, causing regression and inhibition of hair growth.66 
Prostaglandin analogs, namely bimatoprost and latanoprost are 
FDA‒approved drugs indicated for reducing intra‒ocular pressure 
in glaucoma patients; however serendipitously, these agents were 
observed to induce increase in both length and number of eyelashes.15 
This led to bimatoprost receiving FDA approval for eyelash 
hypotrichosis following extensive clinical studies.65 In a first of a kind 
in vivo animal study, latanoprost exhibited noticeable hair growth 
promoting activities in comparison to vehicle‒treated group.66 The hair 
growth stimulating effects of prostaglandin analogs are postulated to 
be due to elongation of anagen phase; in fact, prostaglandins could be 
mediating minoxidil induced hair growth as minoxidil was suggested 
to promote production of PGs.

 Melatonin

Besides testosterone and DHT other hormone that affects hair 
growth and regulates hair cycle is melatonin an endogenous molecule 
secreted by pineal gland. Melatonin has been observed in several 
species, influence production and timings of wool and cashmere and 
even the color of hair coat.67 Although the role of melatonin on hair 
biology is not fully understood, it is considered to be very complex as 
hair related activities of melatonin different significantly depending 
dose, gender and species. Melatonin does not only interact with 
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specific receptors but also influence androgen and estrogen receptor‒
mediated downstream processes. It also inhibits both apoptosis and 
expression of estrogen receptor in mice skin. Further, through its 
free radical scavenging and protective actions, melatonin may assist 
anagen hair bulb in maintaining its high proliferative and metabolic 
activities. On the other hand, melatonin may induce nuclear exclusion 
of androgen receptor and thus, produce hair growth inhibitory 
effects.68 Such melatonin‒mediated nuclear exclusion of ARs occurs 
via activation of calcium and protein kinase C pathway.69 In a clinical 
study on conducted on female patients suffering from diffuse alopecia 
and AGA, hair growth promoting efficacy of twice‒a‒day melatonin 
0.1% topical solution was evaluated.70 Over the period of 6 months, 
patients with AGA showed significant improvements in number of 
anagen hair in occipital region, almost twice the number of anagen 
hair to that of non‒anagen hair in comparison to placebo treatment.

 Cetirizine

PGD2, via its actions on GPR44 receptor located in follicles 
influences hair growth. In fact, the expression of GPR44 has been 
observed to be higher in hair follicles of AGA affected patients.14 
Considering this as a new therapeutic target, agents capable of 
inhibiting PGD2 association with its receptor could be of great 
interest as a novel therapy for androgenetic alopecia. Cetirizine a 
second generation anti‒histaminic agent and more specifically an H1 
receptor blocker has been observed to reduce PGD2 release from mast 
cells,71 whereas, increase the release of PGE2 in a concentration‒
dependent manner, from human monocytes in in vitro setting.72 Based 
on this observations another study designed to evaluate the efficacy 
of topical 1% cetirizine solution reported significant improvement 
in hair growth in patients with mild to moderate AGA.73 In addition, 
the anti‒inflammatory and anti‒allergic activities of cetirizine can be 
useful in AGA patients with scalp irritation and inflammation. 

Nutritional deficiencies

Vitamin D

The Vitamin D receptor (VDR), which has a significant influence 
on epidermal homeostasis in ligand‒dependent manner controls 
epidermal keratinocyte proliferation and differentiation. VDR 
expression has been linked to reduced proliferation and heightened 
differentiation of keratinocytes which assist in efficient hair 
cycle progression.72 Expression of VDR is of more significance 
for the keratinocyte stem cells located in follicular bulge as any 
dysfunctionalities in VDR may result in hair cycle progression 
defects.74 In fact, the expression of VDR in keratinocytes has been 
associated with and varies depending on the specific stage of the 
hair cycle the follicle is in.18 In an in vivo study using mouse model, 
although topical calcitriol pretreatment was observed to be ineffective 
in preventing chemotherapy‒induced alopecia; the pretreatment was 
beneficial in terms of speedy recovery and superior regrowth of hair 
following drug‒induced hair loss. Interestingly, the improvements 
were global and not limited to the site of administration, indicating the 
role of calcitriol pretreatment in quick reconstruction of anagen hair 
follicles.75 Unlike stated earlier, another study observed protective 
efficacy of calcitriol following topical administration in paclitaxel and 
cyclophosphamide‒induced alopecia.76 While the actions of vitamin 
D have not been thoroughly explored in human hair cycle processes, 
it has gain significant attention of researchers as either a preventative 
or reactive treatment in chemotherapy‒induced alopecia.

Zinc

Zinc one of the essential trace elements, has substantial role on 
almost all aspects of metabolic reactions occurring in biological 
organs, including skin.77 Specifically, Zinc may influence hair biology 
via its immunomodulatory effects.77,78 Its antioxidant effects may 
stem from indirect stimulation of certain endogenous chemicals 
into metallothionein which possess superior antioxidant activities.79 
Biologically through its ability to inhibit endonucleases, Zinc may 
slow down the apoptotic processes in the hair follicles, specifically 
in keratinocytes during regression phase of the hair cycle catagen. In 
fact, such inhibitory effects of Zinc on endonuclease enzymes may be 
of great importance in preventing follicle deterioration.80 In addition, 
zinc is necessary for maintaining stable DNA and for its repair; 
given that the rate of proliferation of follicular apparatus, and more 
importantly the associated epithelia cells is very high sustained and 
proper availability of zinc is necessary for its efficient maintenance.81 
Zinc deficiency has been linked to several undesired hair and scalp 
conditions such as telogen effluvium, weaker hair and nail, seborrhea, 
dermatitis, and scalp infections.82 Microscopic observations have 
revealed certain histological changes such as yellowing of epidermal 
cells, single‒cell necrosis, thinning of hair shafts83 and asymmetrical 
striations.84 However, it is very important to supervise the zinc 
levels during supplementary therapy as over‒consumption of zinc is 
associated with certain adverse effects such as drowsiness, headache 
and deficiency of some other essential elements.

 Radiation‒induced alopecia
Radiation therapy is commonly used alone or in conjunction 

with chemotherapeutic agents or surgery for the treatment of certain 
types of cancer. Notably, the radiation‒induced hair loss is often 
observed in patients exposed to high‒levels of radiation.85 Owing 
to the higher frequency of precipitation of such radiation‒induced 
alopecia, patients under stress of losing hair may consider declining 
the treatment. Alopecia resulting as an adverse reaction of radiation 
treatment not only leads to superficial cosmetic concerns but may also 
induce more serious social and psychological issues in patients; and 
hence, it is imperative that patients clearly understand the probable 
outcomes, related to hair loss of the treatment and have expectations 
of prevention or reversal of hair loss during the radiation therapy. 
In fact, several research groups are investigating potential ways of 
preventing and/or inducing quick hair regrowth following radiation 
treatment in patients. In a murine model, the protective effects of a 
PGE2 analog was investigated in preventing radiation‒alopecia, 
where 16,16‒dimethyl PGE2, when administered either topically or 
subcutaneously, assisted in retaining hair counts to a notable extent 
in the target area following 137Cs gamma irradiation.86 In another 
study, topical pretreatment of nitroxide, either Tempo or Tempol was 
investigated in guinea pigs for their radio‒protective effects following 
multi‒dose radiation therapy. Although both controlled untreated 
and treated animals showed gradual loss of hair over 14 weeks post 
radiation therapy, the hair loss was significantly less prominent in 
nitroxide treated animals in comparison to untreated group. Further, 
the observed hair density in Tempo‒treated animals was around 90% 
of that observed before irradiation, whereas untreated animals showed 
hair density of only 12% over weeks 11 to 14. The study concluded 
that the nitroxide based protective agents could be of high clinical 
importance in combating radiation‒induced alopecia.87 Notably, 
radiation dose and the frequency/depth of exposure are observed to 
be key factors in influencing the extent of radiation‒induced alopecia; 
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in fact, a study reported that if the radiation dose is kept under 16 
Gy with superficial exposure to a depth of 5 mm, the probability of 
cicatricial alopecia is significantly reduced after radiation therapy.88 
Another approach to address radiation‒induced alopecia, which 
is under investigation is employing punch graft technique of hair 
transplant with modified approach of selecting donor and recipient 
areas.89,90

Conclusion
Multilateral therapeutic approach has been gaining significant 

attention in case diseases which result from more than one underlining 
cause contributing simultaneously. As it has established that the 
occurrence and advancement of androgenetic alopecia involve 
multitude of confounding factors, addressing the complex condition 
with only available therapeutic options, minoxidil and finasteride 
may not be the most efficient strategy. In addition, the shortcoming 
with these approved therapies also need to be considered; individual 
response to minoxidil may vary person‒to‒person owing to differences 
in expression of sulfotransferase enzyme, whereas, oral administration 
of finasteride produces unwanted systemic exposure of drug and 
theoretically poses risk of adverse effects. As discussed in this review, 
recent advancements towards investigating and identifying novel 
therapeutic targets in pathology of AGA have revealed several new 
compounds with substantial potential in emerging as an innovative 
breakthrough for the treatment of alopecia.
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