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Television and magazine commercials would have us believe that the secret to full, 
healthy hair is choosing the right shampoo or vitamin supplement. Drug store aisles 
are crammed with products that promise to improve the shine, texture, and/or thick-

ness of hair with a variety of ingredients. Yet, we are aware that the biology of hair growth is 
complex and so, therefore, is the science of hair loss and hair care. While there are a number 
of products that can help healthy hair look healthier, shampoos or vitamins alone can’t truly 
regrow thinning hair. As dermatology providers, we realize this not only because we know the 
science, but because we see patients in the clinic every day who ask us how they can help to 
reverse hair loss and improve the quality of their hair. Many of these patients are frustrated 
and sometimes distressed because “nothing helps” their thinning hair.

As our understanding of the microenvironment of the hair follicle deepens, it is becoming 
increasingly clear that targeting a single pathway in this complex system is not ideal. Andro-
gens, cortisol, and corticotropin-releasing hormone, all of which are not in balance in hair 
loss due to internal and external stress, and gene expression of pro-inflammatory mediators 
all affect the hair follicle to suppress “normal” function and negatively influence hair growth. 
Extrinsic triggers, such as ultraviolet light, pollutants, tobacco, and a host of pathogens that 
are known to negatively affect the skin overall, also affect the hair follicle in the same way and 
they can stimulate an inflammatory response and/or lead to the release of reactive oxygen 
species (ROS).1,2,3,4,5,6 We traditionally have divided hair loss into inflammatory vs noninflam-
matory, genetic vs acquired, hormone driven vs not. However, we are now realizing that a 
common inflammatory component is present in most hair loss pathogeneses including andro-
genetic alopecia (AGA).7,8,9,10 Even though AGA has been known as a non-inflammatory type 
of hair loss, there is “micro-inflammation,” presenting in perifollicular lymphocytic infiltrates, 
mast cell degranulation, fibroblast activation, and immunoglobulin deposits. This indolent 
and chronic “microinflammation” is not immediately destructive to the follicle as in lupus, 
but rather causes a dysregulation of normal physiologic dynamics of the hair cycle.11,12,13,14,15,16 
Ironically, this evolution in our understanding of the pathogenesis of AGA is very reminiscent 
of the change in our understanding of acne pathogenesis where the microinflammation is the 
source of all types of acne lesions including “non-inflammatory” ones.

Drug development has targeted specific pathways in the complex biology of hair growth with 
some success. However, the degree of benefit is variable from patient-to-patient, and long-term 
improvement requires long-term therapy with possible adverse events. Newer medical ap-
proaches to promoting healthy hair follicles and encouraging hair regrowth are embracing 
a multi-targeted approach that addresses the variety of complex factors that interact to in-
fluence the hair follicle. Treatments such as low-level light therapy, platelet-rich plasma, and 
nutraceuticals are used to target multiple parameters, including inflammation, and emerging 
as effective standalone or adjunct therapies to current pharmacologic options.17,18,19 

Nutraceuticals contain potent botanicals with antioxidant and anti-inflammatory benefits to 
counter the effects of intrinsically and extrinsically mediated inflammation and ROS formation. 
This group also presents the only available option for addressing psycho-emotional stress and 
its impact on hair follicles. Select phytoactives with stress-adaptogenic properties have been 
shown to effect elevated cortisol levels and stabilize metabolic processes that confer greater 
resilience to stress.20 As discussed ahead, these multi-targeting interventions can provide ben-
efits at multiple steps in the complex microbiology of hair growth and can help to restore 
balance to the sensitive microenvironment of the hair follicle. Botanicals have an advantage to 
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be able to target multiple receptors and pathways at once, and also provide the opportunity to target some parameters of hair loss 
that are not currently addressed with prescription products as well as over the counter simple vitamins and minerals. However, due 
to lack of oversight and lack of standardization and clinical testing of botanicals, it is difficult to have a scientifically based nutraceuti-
cal.  It is also unclear if any of the phytoactives in a particular supplement have preserved bioactivity post extraction with solvents, 
have significant absorption in the body, and are pure and free from additives and toxins. This is where Nutrafol® comes into the 
picture. Nutrafol® is a nutraceutical supplement with bio-optimized botanical ingredients that have clinical data on absorption and 
efficacy and is standardized to contain consistent fractions of phytoactive components.

I hope you will find our new perspective on pathogenesis of hair loss and our fresh look at the world of scientifically based nutra-
ceuticals interesting and exciting.

Leon H. Kircik MD
Icahn School of Medicine at Mount Sinai, NY
Indiana School of Medicine, Indianapolis, IN
Physicians Skin Care, PLLC, Louisville, KY
DermResearch, PLLC, Louisville, KY
Skin Sciences, PLLC, Louisville, KY
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Hair loss affects millions of men and women of all ages and ethnicities, impacting appearance, social interactions, and psycho-emotional 
well-being. Although a number of options are available, they are limited, carry a potential risk of side effects, and none have proven to be 
comprehensive for treatment of hair loss. Across the spectrum of hair loss disorders, there has long been a segmentation into distinct 
mechanisms, driving the main trend in current therapeutics to focus on targeting single molecules or pathways. However, research points 
to similar dysregulation of intrinsic signaling pathways within follicle physiology that span the hair loss disorder spectrum – with a common 
inflammatory component identified in most hair loss pathogenesis, including that of androgenetic alopecia (AGA). 

J Drugs Dermatol. 2017;16(11 Suppl):s135-140.

 ABSTRACT

 INTRODUCTION

Androgens, genetic susceptibility, chronic inflammation, 
oxidative stress, internal and external environmen-
tal triggers such as ultraviolet light, pollutants, aging, 

poor nutrition, as well as mediators of psycho-emotional stress 
(eg, cortisol and corticotropin releasing hormone) all contribute 
to dysregulation of complex follicle biology. Disruption of im-
mune pathways affecting the follicle occurs through increased 
expression of pro-apoptotic and pro-inflammatory cytokines, 
perifollicular micro-inflammation, and release of reactive ox-
ygen species (ROS). As we accept the multi-factorial nature 
driving hair loss, we can adopt new strategies to combat it, by 
aiming not at one, but at multiple targets. The rationale for this 
paradigm shift in hair loss therapy is the scope of this article. 
Herein is an update on our current understanding of hair physi-
ology and the factors that have been scientifically demonstrat-
ed to influence hair follicle homeostasis and contribute to hair 
loss pathology. 

Hair loss is chronic and progressive without treatment, affect-
ing at least 50% of women by age 50 and 40% of men by age 35 
(progressing to up to 70% in later life).1-3 Hair is an important part 
of our appearance and social communication. It is therefore no 
surprise that its loss can cause significant psychological trauma 
in patients, which is further precipitated by the limited avail-
able treatment options that produce only variable results with 
chance for side effects.2,4 Currently the only two FDA-approved 

drugs for hair loss are finasteride and minoxidil in men and 
only minoxidil in women.5,6 The reason for lack of sustained, 
comprehensive, efficacious, and side effect-free therapies to 
date, may be the underappreciation of the impact and interplay 
of the multiple factors that influence the immunology and sig-
naling pathways that regulate hair follicle biology. 

As dermatologists we’ve traditionally segmented hair loss 
according to distinct causes and morphology, inflamma-
tory vs. non-inflammatory, genetic vs. acquired, scarring 
vs. non-scarring, androgen-mediated vs. not.7,8 This view 
has led to the design and development of drugs that target 
only single mechanisms, as exemplified by finasteride that 
inhibits production of dihydrotestosterone (DHT). However, 
recent research suggests that hair loss is multi-factorial and 
there may be more similarities than differences across the 
hair loss disorder spectrum. There is mounting evidence that 
just like most multigenic, chronic systemic and cutaneous 
disorders, hair loss is the result of an accumulation of mul-
tiple factors – genetic and environmental – that lead to the 
final molecular pathophysiology resulting in dysregulation of 
signaling pathways and inappropriate immune and inflamma-
tory responses.5,7-10 Chronic inflammation at the level of the 
follicle appears to be a common thread in all types of hair 
loss – a view supported by the wealth of research showing 
that even in traditionally ‘non-inflammatory alopecias’ like 
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the multiple factors that affect the follicle, the downstream deregu-
lated follicle immunology and signaling, as well as inflammation. A 
thorough look at hair physiology and the triggers that deregulate it 
follows below, supporting the need for a paradigm shift in hair loss 
treatment towards multi-targeting therapeutic strategies. 

The Regulation and Dysregulation of Hair Follicle 
Physiology – Consequences of Inflammation and 
Oxidative Stress
All phases of the hair cycle are subject to intrinsic controls 
that induce either anagen (growth) or catagen (regression and 
apoptosis), followed by telogen (rest), ensuring that under 
normal conditions shedding is followed by new growth. As 
hair loss is ultimately the result of premature entry into the 
catagen phase, identifying which signals control this is vital 
for considering therapeutics.23 Growth in anagen is initiated 
by the dermal papilla cells (DPCs) which determine follicle and 
hair fiber characteristics, secrete mediators that regulate stem 
cells and influence growth of other follicular compartments.24 
Although the intricate machinery of the follicle hasn’t been 
fully elucidated, a key signaling pathway regulating hair mor-
phogenesis in anagen was identified to be the WNT pathway 
that mediates expression of a plethora of anagen-stimulating 
factors like IGF-1, bFGF, VEGF.25-28 Conversely, catagen is be-
lieved to occur as a result of both decreases in expression 
of anagen-maintaining factors, as well as increase in expres-
sion of pro-apoptotic cytokines like TGF-b, IL-1, TNF-a.29 Other 
controls intrinsically built into the follicle include its stem 
cell reservoirs and the hair follicle immune privilege (IP). 
The follicle being one of few sites in the body with IP, stress-
es the evolutionary importance of having it equipped with 
mechanisms for preventing the induction of both innate and 
adaptive immune responses. 30 The intrinsic mechanisms of 
the follicle are further subject to and integrated with signals 
from the macro-environment (eg, hormones, neurotransmit-
ters) through endocrine, paracrine, and autocrine routes. As 
an example, androgens exert their effects via the DPCs, alter-
ing local immune balance by inducing DPC over-expression of 
catagen-promoting factors like TGF-b and other paracrine me-
diators that inhibit growth.14,31,32 Aside from androgens, hair 
follicles express receptors for estrogens, cortisol, retinoids, 
insulin, thyroid hormones, vitamin D, and many other known 
and unknown factors – the full influence of which is still being 
investigated, but points to the fact that these affect intrinsic 
signaling pathways and that a balance of all is what ultimately 
determines hair growth.14,31,32 Further, both follicles and other 
cells in the vicinity (eg, adipocytes, keratinocytes, fibroblasts, 
immune cells) also respond to systemic and environmental 
stimuli, generating mediators that shift local signaling, re-
lease ROS, and alter cycle control and growth.5,8,33 In hair loss, 
whether it is sudden (anagen or telogen effluvium) where 
alteration in the cycles of numerous follicles happens concur-
rently, creating sudden diffuse shedding, or asynchronous and 

androgenetic alopecia (AGA) there is a prominent micro-in-
flammatory and fibrotic component.9,11 The observation that 
there are a plethora of mechanisms beyond androgens that 
contribute to hair loss lead many researchers to explore the 
role of inflammation and fibrosis in miniaturization of fol-
licles,12,13 and to identify their part in the pathogenesis of, and 
impediment to successful treatment of hair loss.5 

Follicle immunology has thus become a topic of much hair 
research today as it is increasingly apparent that multiple im-
mune driven pathways are involved in normal physiology of 
the follicle, as well as in the pathophysiology of hair loss when 
disrupted. Within the intrinsic follicular environment, multiple 
cytokines, growth and transcription factors signal the follicle to 
go into anagen vs. catagen phase and play a role in regeneration 
and renewal. In the event of micro-inflammation, overproduced 
cytokines like IL-1 and TNF-a are known to induce premature 
catagen, liberate ROS, cause apoptosis, and further propagate 
inflammation.5,9 Likewise, factors like TGF-b are prominently 
overproduced by the dermal papilla cells in the presence of 
androgens and signal growth arrest, as well as play a role in 
perifollicular fibrosis and miniaturization.14 These alterations in 
cytokine and protein expression – although not immediately 
destructive, over time chronically dysregulate physiological cy-
cling dynamics and follicle stem cell homeostasis.3,5,9,15-17  To this 
end, any therapy designed to comprehensively treat hair loss 
must address not only triggering factors but also their down-
stream signaling cascades, as well as mitigate inflammation. 

Factors such as ultraviolet light, pollutants, toxins, stress, aging, 
smoking, antigenic exposure to bacteria, and fungi also generate 
ROS and promote a state of inflammation and oxidative stress 
in the follicle environment – contributing to hair loss.18,19 Recent 
research has additionally elucidated the molecular mechanisms 
underlying the role of psycho-emotional stress in causing and 
exacerbating hair loss. Sustained and chronic stress can lead to 
perifollicular inflammation and disruption of follicle physiology 
via endocrine and neuroimmune mediators like corticotropin 
releasing hormone (CRH), cortisol, and substance P (SP), all of 
which have receptors on the follicle.20,21,22

As scientific research reveals more about hair follicle biology, we are 
compelled to look at the common thread within all hair disorders – 
the complex dysregulation of immune, inflammatory, and signaling 
cascades that regulate follicle homeostasis. Hence, any therapeutic 
that targets singular triggers such as androgens, without consider-
ing the pleiotropic downstream effects as well as the interplay of 
various signaling molecules, is destined to be incomplete. Further, 
the pathogenesis of hair loss is multi-factorial and requires a multi-
modal solution that can additionally address factors like stress, 
aging, environment and inflammation. In consequence, an updated 
look on hair loss therapeutics emerges, one that does not focus on 
singular targets (monotargeting), but comprehensively addresses 
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in the inflammatory process. Colonization with normal microbial 
inhabitants or actual microbial toxins have been implicated.8,9,11 
Additionally keratinocytes have been shown to respond to irritants 
like UV irradiation, pollutants, and chemical or mechanical stress-
es by producing inflammatory cytokines and ROS.5,9 Damage 
from free radicals triggers the release of inflammatory mediators, 
which thereby generate more ROS in a cyclic cascade. Oxidative 
stress overrides innate antioxidant defense mechanisms in ag-
ing cells and leads to apoptosis. In the case of the scalp, there 
is evidence it plays a pivotal role in hair greying and hair loss, 
where affected hair follicles were shown to be particularly vulner-
able to ROS from environmental stressors.23,35,36 Further, androgen 
signaling, TGF-b1, and mediators of stress have all been shown 
to be mediated via generation of ROS in the follicle – leading to 
growth arrest.37,38 Aging hair exhibits up-regulation of oxidative 
stress and inflammatory response genes, predisposing follicles 
further.35,36 And the compromise of regulatory mechanisms by 
psycho-emotional stress can also make follicles more susceptible 
to inflammatory attack, as in the case of AA.8,20,22 

The presence and role of inflammation and oxidative stress 
cannot be ignored in the pathophysiology of hair loss and in the 
development of therapeutics. Adding anti-inflammatory thera-
pies to treatment protocols of both AGA and trichotillomania 
with micro-inflammation lead to improved treatment out-
comes.11,39 Similarly, administration of anti-oxidants reversed 
the effects of oxidative stress on hair follicles in vitro and re-
sulted in hair growth clinically.37,38,40 This data supports the case 
for multi-targeted therapeutics for hair loss that can address 
the inflammatory and oxidative stress cascade, as well as the 
factors that precipitate it. 

Consequences of Androgen Hormones 
The fact that androgens influence hair growth has been known 
for ages.  Androgen metabolism as well as androgen receptor 
(AR) levels and sensitivity are enhanced in balding scalp folli-
cles in a spatial pattern in individuals with MPHL; and to a much 
lesser degree in FPHL, where the contribution of androgens is 
unclear, and stress, environment, and other hormones likely play 
a greater role.34,41 Although the impact of androgens in the patho-
physiology of hair disorders is the most elucidated of all hair 
loss triggers, ongoing research continuously reveals new mo-
lecular mechanisms behind androgen action. It is accepted now 
that the main target of androgens in hair follicles is the dermal 
papilla (DP), through which they induce secretion of autocrine 
and paracrine factors, dysregulating intrinsic signaling cas-
cades that mediate hair growth.17 Several factors induced from 
DP by androgens have been identified, with many more still to 
be discovered. It has been shown that androgens stimulate the 
DPCs to overproduce TGF-b, which is normally secreted to sig-
nal catagen and regression; and accordingly studies confirmed 
that androgen-induced TGF-b leads to catagen and suppres-
sion of follicular keratinocyte growth.5,6,8,14,31 New research has 

gradual as with male pattern hair loss (MPHL)/female pattern 
hair loss (FPHL) where the duration of anagen is progressively 
shortened, while dormancy is increased -  the compromise of 
intrinsic cycle controls and dysregulation of local follicle im-
mune balance is inevitable.5,8 

The immune system and inflammation are the body’s primary 
defenses against noxious stimuli, as well as key mechanisms 
in healing. However, whereas acute inflammation can stimu-
late healing and in the case of follicles even lead to anagen 
induction, non-specific and chronic inflammation is a pro-
longed dysregulated cascade that suspends the body’s normal 
responses, causing progressive damage. The prevalence of 
an inflammatory component in hair loss is underscored by 
the fact that it’s observed in both traditionally ‘inflammatory’ 
and ‘non-inflammatory’ alopecias. Numerous histochemical, 
ultrastructural, and immunohistochemical studies have dem-
onstrated perifollicular micro-inflammation in MPHL and 
FPHL presenting as lymphocytic infiltrates, mast cell de-
granulation, fibroblast activation, and immunoglobulin (IGM) 
deposits.3,6,11,13,15,16 The term “micro-inflammation” was coined 
to allude to the indolent sub-clinical process of dysregulated 
chronic inflammation rather than the classic inflammatory at-
tack seen on pathology in alopecia areata (AA), lupus, etc.9 The 
basis for this phenomenon and its role in the pathogenesis of 
hair loss has been the subject of much research. In the instance 
of chronic processes like MPHL and FPHL, the micro-inflamma-
tory component is localized to the vicinity of the bulge stem 
cell niche. The inflammatory processes, the release of ROS, and 
inflammatory mediators (eg, TNF-a, IL-1, histamine) alter the 
follicle immune milieu – and although not immediately destruc-
tive to the follicle, can over time dysregulate normal cycling 
dynamics and stem cell renewal.5,9,11 In fact, studies show that 
biopsies from areas of clinically uninvolved scalp with high 
density scores in subjects with early AGA already demonstrate 
the presence of inflammatory infiltrates and fibrosis, indicating 
that micro-inflammation is not a secondary phenomenon but 
an active participant in pathogenesis.3,8,15,16  A recent study also 
found a correlation between inflammatory infiltrates and apop-
tosis in miniaturized follicles, suggesting that inflammation 
can play a role in the pathogenesis of follicle miniaturization 
via activation of the extrinsic apoptotic pathway.34 Further, 
sustained inflammatory processes also contribute to progres-
sive perifollicular fibrosis.9 

An important question is why the follicle becomes a target for 
an inflammatory reaction, whether it’s micro-inflammation in 
AGA or an immune attack against self-antigens in AA. There are 
no definitive answers, but it is worth noting that inflammation 
is a multi-step process that may start from a primary event or a 
group of events, later perpetuated through a cyclic continuous 
cascade. In AGA for example, the localization of infiltrates to the 
upper follicle suggests the contribution of environmental factors 
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identified that androgens also upregulate DPC production of 
WNT antagonist DKK-1, thus impairing hair follicle stem cell 
(HFSC) differentiation via dysregulation of WNT signaling, a 
pathway crucial for anagen entry.17 Furthermore, once triggered, 
some other factors can maintain hair loss pathology without the 
presence of androgens, as seen in men castrated after puberty.5,42 
It is likely that the contribution of these downstream effectors to 
the dysregulation of follicle immune balance triggers a continu-
ous cascade of immune and inflammatory processes that can 
progress even after androgens are removed. In fact, androgen-
induced TGF-b was shown to induce oxidative stress in DPCs, as 
well as perifollicular fibrosis and inflammation via surrounding 
fibroblasts, thus playing a role in the chronic process of minia-
turization.38,43 Currently, pharmaceutical formulations only target 
one aspect of this signaling cascade – androgens. New insight 
into the mechanism however supports the use of multi-target-
ed therapeutics that can also target androgen receptors, gene 
expression, TGF-b, other downstream pro-apoptotic molecules, 
inflammatory cytokines, and oxidative stress. 

Environmental vs. Genetic Triggers
Genetics play a role in all manifestations of hair loss and the 
genetic make-up of an individual can predispose them to 
any hair disorder (AGA, TE, AA).8 AA clusters in families, and 

genetics also determine who will exhibit TE as a result of stress 
or another insult.8 Although the genetics are far from being 
fully understood, it is now well accepted that, like most mul-
tifactorial chronic disorders with a variety of dysregulated 
signaling pathways, the mode of inheritance in hair loss is 
polygenic – dependent on multiple genes and interactions with 
the environment. In the case of FPHL and MPHL, although the 
androgen receptor was considered a main candidate gene in 
hair loss susceptibility, recent studies revealed several addition-
al gene loci involving cell proliferation, perturbed neurological 
pathways, altered immune response, and WNT signaling – sup-
porting androgen-independent mechanisms of predisposition, 
especially in FPHL.5,44-46 The hair follicle is a conduit for inten-
sive interactions with the internal and external environment. 
Although the effects of extrinsic and intrinsic factors are readily 
recognized in skin photoaging, their influence in hair loss is un-
derappreciated.47 

Large studies of identical twins with MPHL and FPHL showed 
that multiple non-genetic exogenous factors including smok-
ing, absence of hat use, chronic stress, excessive alcohol 
consumption, and extreme exercise contributed significantly 
to the development and severity of hair loss.10,48 Studies have 
shown that exposure to both extrinsic triggers (UV, pollut-
ants, stress, tobacco, bacterial toxins, and antigens), as well 
as intrinsic factors (aging, poor nutrition) initiate perifollicular 
inflammatory signaling cascades that enhance pro-inflamma-
tory gene expression and liberate ROS.5,18,19,49 For example, 
exposure to UVR has been shown to trigger release of ROS 
and pro-inflammatory cytokines (eg, IL-1) in follicles and sur-
rounding keratinocytes leading to apoptosis, cycle arrest, and 
injury of the putative site of follicular stem cells near the in-
fundibulum.5,9,49 It has been suggested that photoactivation 
of porphyrins from Propionibacterium spp. in the piloseba-
ceous duct can also contribute to oxidative tissue injury and 
follicular micro-inflammation.9,50 Moreover, preclinical stud-
ies have illustrated that antioxidants provide photoprotection 
against oxidative damage.1,35,47,51 While genetic predisposition 
is perhaps largely un-modifiable, genetic research has shown 
that epigenetic modification through environmental and en-
dogenous factors can regulate gene expression, opening an 
opportunity to therapeutically intervene to rebalance the en-
vironment susceptible to hair loss by targeting inflammation, 
stress, and oxidative damage.6

Chronic Psycho-Emotional Stress (Cortisol and 
Other Stress Mediators)
Although clinical observations have provided anecdotal 
evidence into the brain-skin and brain-follicle axes, the mo-
lecular mechanisms underlying these connections have only 
recently been elucidated. Given the surrounding dense peri-
follicular meshwork of sensory nerve endings that are closely 
associated with mast cells and exhibit plasticity during chronic 

FIGURE 1. Multifactorial pathophysiology of hair loss.
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 CONCLUSION
The pathophysiology of hair loss is unequivocally multi-fac-
torial and extremely complex, involving a plethora of factors 
and signaling pathways. Hormones, the brain-hair axis, and the 
environment-hair axis influence the hair follicle, chisel against 
its regulatory circuitry, and in the absence of strategies to coun-
terbalance this attack, can ultimately override the hair follicle’s 
internal controls. The result is a deleterious self-sustained in-
flammatory cascade as the new status quo (Figure 1). Restoring 
hair follicles to a state of homeostasis requires embracing a 
new outlook in terms of therapeutics. Current pharmaceutical 
interventions have limited success rate and possible side ef-
fects including sexual dysfunction and contact dermatitis. More 
importantly, these therapies focus on singular targets such as 
hair follicle testosterone metabolism, without considering the 
downstream effectors or the underlying pathophysiology of 
deregulated immune signaling and activated pro-inflammatory 
and pro-fibrotic cascades. 

A paradigm shift in hair loss treatment is necessary, from 
monotargeting to multi-targeting therapeutic approaches that 
address not only androgens but also inflammation, oxidative 
stress, aging, elevated stress mediators like cortisol, their down-
stream signaling mediators, and also stimulate a nutrient-rich 
microenvironment in the hair follicle niche to promote repair 
and structural regeneration. Multi-targeted therapies such as 
platelet-rich plasma, low-level laser light and nutraceuticals are 
emerging and increasingly recognized for their efficacy as either 
standalone treatments or in combination with traditional hair 
loss protocols.60-62 The common thread between these therapies 
is their multi-modal approach and focus on multiple signaling 
cascades, cytokines and growth factors that are altered in hair 
loss. In the next section we will review these novel therapy op-
tions, focusing on standardized nutraceuticals with their unique 
potential for synergistic, multi-targeted action of scientifically 
studied botanical phytochemicals.
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A Novel Multi-Targeting Approach to Treating Hair Loss, 
Using Standardized Nutraceuticals
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Hair loss is a complicated problem that causes significant concern for those who are affected. Patients seeking medical treatment have 
limited options that include topical minoxidil and oral finasteride. While these treatments are backed by long term clinical use and research 
outcomes, many patients find topical minoxidil difficult to incorporate into their daily routine and some are concerned with the side effects 
associated with finasteride.  In the office setting, patients may be treated with more invasive procedures such as platelet-rich plasma injec-
tions (PRP) and hair transplantation, treatments that often must be repeated and can lead to a costly investment.
Consumers are increasingly interested in natural treatments for hair loss. Many turn to basic supplements only to be disappointed 
when they fail to deliver due to lack of standardization and efficacy. In this paper we review the benefits of a nutraceutical containing 
a specific blend of highly purified, standardized, bio-optimized, and bioavailable botanical extracts to treat hair loss. These phytoactives 
were selected because of their diverse multi-modal biologic activity against inflammation, DHT, stress mediators, oxidative damage, 
and intermediary signaling cascades. This supplement represents a paradigm shift as it addresses not only the factors that trigger hair 
loss but the downstream mediators of inflammation as well. Multi-center clinical studies are currently underway to confirm the efficacy 
and benefits of this unique nutraceutical. 

J Drugs Dermatol. 2017;16(11 Suppl):s141-148.

 ABSTRACT

 INTRODUCTION

Nutraceuticals are an emerging category of beauty prod-
ucts and one of the fastest growing segments in the 
nutricosmetic market.1 This class of naturally derived 

therapeutics from food and botanicals contain phytochemicals 
- biologically active compounds that protect or promote health 
and occur at the intersection of food and medicine. Driving nu-
tricosmetic sales is the growing acceptance of an inside-out-ap-
proach to health and beauty and the fact that these nutraceuti-
cals are viewed as safe and natural. Nutritional alternatives and 
supplements to treat hair loss are among the most sought after 
nutricosmetics. Healthy hair requires more than just balanced 
nutrition so it follows that many patients who experience hair 
loss turn to nutraceuticals.2 This emerging category distinguishes 
itself by attributing efficacy to the isolation and standardization 
of specific phytochemicals that have clinically studied therapeu-
tic effects. It is important to note that while nutritional supple-
ments are regulated by the FDA and FTC, they are not subjected 
to the same rigorous standards as drugs.3 Nutraceuticals that 
lack standardized dosing, potent and pure ingredients, or contain 
phytoactives that are not bioavailable may be ineffective. For this 
reason, it is imperative that dermatologists are knowledgeable 
and able to guide their patients on nutraceutical selection. 

The most common form of hair loss, androgenetic alope-
cia (also termed female and male pattern hair loss), affects 

at least 40% of women and 50% of men and will progress 
without treatment.4 Patients who suffer with hair loss often 
develop depression and anxiety that is precipitated by the fact 
that there is no cure for hair loss and available medical treat-
ments take months to produce variable results.5,6,7 Currently, 
there are only two drugs that have been FDA approved for 
treating hair loss.8 Topical minoxidil, now available over the 
counter in 2% and 5% solutions and 5% foam, is approved for 
use in both men and women.9 The exact mechanism of action 
of minoxidil is uncertain but it is known to prolong the anagen 
phase of hair growth and increase blood supply to the fol-
licle.10 Finasteride is a type II 5-alpha reductase inhibitor that 
prevents conversion of testosterone to its active form 5-dihy-
drotestosterone (DHT).11 Finasteride slows the progress of hair 
loss and stimulates regrowth in patients with androgenetic 
alopecia. While both medications are supported by clinical 
studies and long-term clinical use, they are not without limita-
tions. Topical minoxidil is objectionable to many who find the 
application process difficult to incorporate into a daily hair-
care routine. Women may suffer side effects particularly with 
higher dose minoxidil including the growth of facial hair.12 Ir-
ritant or allergic contact dermatitis can occur with minoxidil 
solution and is attributed to the propylene glycol used to solu-
bilize minoxidil.13 The use of finasteride is limited to men and, 
off-label, post-menopausal women as ingestion of finasteride 
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vitiligo.23-25 The next logical application of botanicals is for the 
treatment of hair loss because of their multi-modal biologic 
activity against its causative factors including: inflammation, 
DHT, stress mediators, oxidative damage, and intermediary 
signaling cascades. Furthermore, there are safe, solvent-free 
technologies available today for extracting the most potent 
phytoactive plant parts and standardizing them to exact doses 
that produce specific clinically studied effects. Advances in 
biotechnology have also made way for bio-optimizing phyto-
compounds to improve absorption and bioavailability. The 
phytoactives discussed below have been selected based on 
their phytopharmacology and synergistic effects for treating 
hair loss (Figure 1). They are part of a patent pending Syner-
gen Complex of highly purified, bio-optimized, standardized, 
and clinically tested extracts found in Nutrafol®, a novel di-
etary supplement (Table 1).

Curcumin: Curcuma longa 
Curcumin is made from turmeric, the golden spice that 
is widely used for its flavor and color in Asian cuisine. In 

during pregnancy can result in deleterious effects on a male 
fetus including ambiguous genitalia.14 While generally well-
tolerated, finasteride may also have side effects concerning 
for male patients, most notably sexual dysfunction. In limit-
ed cases, sexual dysfunction may persist in association with 
depression, melancholy, and general loss of general well-be-
ing.15,16,17 This well-publicized disorder, which has been termed 
post-finasteride syndrome (PFS) has resulted in some male 
patients refusing finasteride therapy. Finally, both minoxidil 
and finasteride must be used indefinitely because discon-
tinuation results in regression and progression of alopecia.8 
Accordingly, it is not surprising that many who suffer with hair 
loss seek alternatives to these medications. 

The pathogenesis of all forms of hair loss is multifac-
torial and requires a multi-modal solution. Treatments 
targeting only one mechanism may result in less than op-
timal effectiveness based on our current understanding of 
the pathogenesis of hair loss. A number of factors includ-
ing genetics, hormones, stress, and environmental exposure 
can trigger and sustain hair loss pathophysiology.18 These 
factors may interact and influence each other significantly 
impacting follicular biology. As dermatologists we charac-
terize hair loss based on morphology and etiology, scarring 
vs. non-scarring, hereditary vs. acquired, and inflammatory 
vs. non-inflammatory. But recent studies suggest there may 
be more similarities than differences across the hair loss 
spectrum. Micro-inflammation at the level of the follicle is 
a common thread in all types hair loss including androge-
netic alopecia.18,19,20,21,20,22 Factors such as ultraviolet light, 
pollution, toxins, smoking, antigenic exposure to bacteria 
and fungi, emotional stress, and androgens promote a pro-
oxidant and pro-inflammatory environment in the follicle.22 
Although not immediately destructive, over time this can 
dysregulate the signaling pathways known as the intrinsic 
regulators of hair follicle stem cell homeostasis and hair fol-
licle cycling.19-22 Reactive oxygen species trigger the release 
of pro-inflammatory cytokines such as IL-1 and TNF-α, and 
the pro-fibrotic and growth-inhibiting TGF-b. These cytokines 
promote apoptosis and cause follicular regression, prema-
ture termination of the anagen phase, and miniaturization. 
To this end, any therapies designed to treat hair loss must be 
multi-targeting, geared to address not only triggering factors 
but mitigate downstream mediators of inflammation as well. 

The Use of Botanicals for Treating Hair Loss
The use of botanicals for medicinal purposes is the practice of 
phytomedicine. Although technically considered complemen-
tary and alternative medicine, botanicals have now become 
mainstream and are used in all fields of medicine. In derma-
tology, phytoactives are currently used for photoprotection, 
chemoprevention, and to treat conditions such as poly-
morphous light eruption, psoriasis, eczema, melasma, and 

FIGURE 1. Proposed synergetic mechanism of action of standardized 
nutraceutical ingredients against the triggers of hair loss.
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have effects against 5-a reductase (5-aR) 32 supported by clini-
cal data from topical studies.33,34 Perhaps the most interesting 
and valuable effect of curcumin in the androgen pathway is its 
demonstrated capacity to stabilize aberrant androgen-induced 
downstream TGF-b signaling that in follicles induces catagen, 
hair growth inhibition, and perifollicular fibrosis.27,31,35

Stress-induced perifollicular mast cell activation and degranu-
lation plays a key role in stress-triggered inflammatory events 
in hair loss via the cytokines and mediators released.36 Mast 
cell stabilization seems to be a promising approach to skin 
conditions induced and aggravated by stress, but little is avail-
able pharmacologically.36,37 Evidence shows that curcumin is a 
natural mast cell stabilizer, and was recently shown to inhibit 
Substance P-triggered activation and degranulation of connec-
tive tissue type mast cells - suggesting its potential use for 
stress-induced neurogenic inflammation.38,39 Further, curcumin 
was shown to decrease levels of SP in animal stress/pain mod-
els, and in a recent human study this correlated locally with 
decreased skin itching.40,41

Although the biologic activity of curcumin is well defined, its 
use is limited by poor absorption and rapid metabolism re-
sulting in limited bioavailability42. The amount that is absorbed 
is converted to dihydrocurcumin and tetrahydrocurcumin 
that are further converted to monoglucuronide conjugates 
in the liver and intestines.43 Studies have demonstrated that 
co-administration of curcumin and the botanical piperine, 
found in black pepper (Piper nigrum) and long pepper (Pip-
er longa), increases the bioavailability of curcumin. Piperine 
inhibits the enzyme responsible for glucuronidation and can 
increase plasma levels up to 154% after ingestion of high dose 
curcumin (2000mg/kg).44 A novel approach for increasing bio-
availability of curcumin is to standardize it to higher percentage 
curcuminoids and to reconstitute it with non-curcuminoid oil 
components of turmeric.45 In a comparative study, a patented 
formulation (BCM-95®CG) containing 95% standardized cur-
cumin and non-curcuminoid components was found to have 
approximately 700% better absorption than curcumin alone 
or a curcumin-lecithin-piperine formulation.45 Human clinical 
trials supplementing with this formulation have shown cur-
cumin to significantly reduce inflammatory biomarkers like 
CRP and ESR.27,46 

Ashwaghandha: Withania somnifera
 Ashwaghandha, also known as Indian Ginseng or Wild Cherry, 
is a botanical with a broad range of biologic effects. It has been 
used for centuries in Ayuvedic medicine to bring the body in 
balance, build energy and resistance to stress.47 Valued for these 
properties, ashwaghandha is considered an adaptogen: a group 
of botanicals that when taken daily leads to homeostasis, stabi-
lization, and a greater ability to resist and recover from stress. 
Elevated stress and cortisol levels have been recently shown 

Ayurvedic medicine, curcumin has been used for centuries 
to treat health conditions including respiratory illnesses, liver 
disease, and inflammatory disorders.26 Curcumin is a highly 
pleiotropic molecule that modulates the activity of enzymes, 
growth factors, and numerous signaling pathways.27 As such, 
curcumin has a diverse pharmacologic profile functioning as an 
anti-inflammatory, antioxidant, anti-carcinogenic, anti-diabetic, 
anti-coagulant, anti-microbial, hepatoprotective, and cardio-
protective agent with additional anti-aging properties. 

Curcumin is most recognized as a potent anti-inflammatory 
and immunomodulator,28 and as such it provides a potential 
option to counter the inflammatory component of hair loss, 
without the usual side effects of most anti-inflammatory and 
immunomodulatory drugs. Curcumin down-regulates in-
flammatory pathways including cyclooxygenase-2 (COX-2), 
lipoxygenase, and inducible nitric oxide synthatase (iNOS) en-
zymes. Curcumin inhibits transcription factor NF-kB decreasing 
the pro-apoptotic inflammatory cytokines TNF-α and interleukin 
1 that cause follicular regression. In addition to functioning as 
an anti-inflammatory, curcumin has broad antioxidant activ-
ity. It is a dual antioxidant meaning it is a scavenger of free 
radicals and capable of boosting endogenous antioxidant lev-
els. Curcumin up-regulates transcription factor nuclear factor 
erythroid-like-2 (Nrf-2).29 Nrf-2 increases the synthesis of enzy-
matic antioxidants such as hemoxygenase 1 and glutathione 
increasing cellular antioxidant defense.

Curcumin was also shown to be a naturally occurring 
anti-androgen.30-32 Studies on prostate cancer cell lines demon-
strate that curcumin inhibits aberrant androgen receptor (AR) 
expression.30,31 The AR plays an important role in the control 
of hair growth and is also overexpressed in follicles affected 
by androgenetic alopecia. In vitro models of androgenic alo-
pecia have also shown isolates of turmeric and curcumin to 

TABLE 1.

A Selection of Standardized Ingredients in Nutrafol

Ingredient Standardized/bio-optimized

Curcumin 
BioCurcumin - Standardized to 95% 

curcuminoids

Ashwagandha Standardized to 10% withanolides

Saw Palmetto
Standardized to >45% fatty acids 

and sterols

Tocotrienols/Tocopherols
Tocotrienol-rich, bio-optimized 

toctotrienol/tocopherol complex

Piperine
Bioperine standardized to 95% 

piperine

Marine Collagen
Hydrolyzed to 2kda for better 

absorption

*Nutrafol contains 21 ingredients in total.
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to play a pivotal role in hair loss pathology.37 Ashwaghanda 
contains biochemical constituents including steroidal lactones 
(withanolides), sitoindosides, and other alkaloids.48 Withano-
lides interact with various signaling pathways, transcription 
factors such as NFK-b, and heat shock proteins that interact 
with steroid receptors. Withanolides anti-stress properties are 
attributed to their ability to mimic certain corticosteroids, in-
teract with steroid receptors and modulate and reduce cortisol 
levels, thereby modulating the stress response.49-51 In a double-
blind placebo-controlled study, daily supplementation with 
standardized 10% withanolide ashwaghanda in patients with a 
history of chronic stress resulted in a significant reduction in 
stress scales and lowering of elevated serum cortisol levels as 
compared to controls.49 

Withanolides also increase endogenous antioxidants, decrease 
inflammation, modulate immune response, and prevent carci-
nogenesis.52 Ashwaghandha increases cell mediated immunity 
by increasing nitric oxide levels in macrophages, thereby en-
hancing phagocytic capability.53 The effects of standardized 
withanolides on inducing endothelial nitric oxide synthase also 
help improve blood flow, which may increase oxygenation and 
nutrient delivery to the follicle.54

Saw Palmetto: Serona repens 
Saw palmetto extract (SPE) is a botanical that has been eval-
uated for treating benign prostate hyperplasia (BPH) and 
associated erectile dysfunction.55 Saw palmetto extract is a 
natural inhibitor of both isoforms of 5-alpha reductase, pre-
venting conversion of testosterone to the active form DHT.56 
Although there is conflicting data surrounding the use of 
SPE for treating symptoms of BPH, it remains of interest as 
a natural active for treating androgenetic alopecia.57 In a 2014 
comparative study, 100 men with mild to moderate AGA were 
treated with 320mg of saw palmetto or 1mg finasteride daily 
for two years.58 Global photographs before and after two years 
showed significant improvement in 38% of patients taking saw 
palmetto and 68% of patients taking finasteride. Although saw 
palmetto was more effective in the vertex area, a significant 
percentage in this group had stabilization or improvement 
in non-vertex areas as well. As expected, patients with more 
severe AGA responded more favorably to the pharmaceutical 
preparation. While finasteride’s efficacy is confirmed by these 
studies, adverse events including erectile dysfunction are of 
concern. The use of saw palmetto to inhibit DHT may offer sig-
nificant advantages in this regard. Animal studies suggest that 
saw palmetto may have potential for treating erectile dysfunc-
tion by increasing inducible nitric oxide synthase (iNOS) and 
acting as an inhibitor of phosphodiesterase 5 activity.59 Further 
studies are warranted to determine the significance of these 
findings in the clinical setting. Additionally, saw palmetto has 
no effect of prostate specific antigen (PSA) levels, while they 
are significantly reduced in patients taking finasteride.60 

Tocotrienols/Tocopherols
The vitamin E family consists of four tocopherols and four 
tocotrienols.61 These eight lipid soluble vitamins are natural 
antioxidant compounds that are extracted from vegetable 
oils such as palm oil, rice bran oil, and oils derived from 
nuts, seeds, and grains. Vitamin E isoforms scavenge lip-
id peroxyl radicals preventing lipid peroxidation of cell 
walls.62 Tocotrienols have superior lipid solubility compared 
to tocopherols and are far superior at preventing lipid per-
oxidation.63 Patients with alopecia have been shown to 
have lower levels of antioxidants such as GSH and GSH-Px 
and an increase in thiobarbituric acid reactive substances 
(TBARS) that are indicative of lipid peroxidation64. Thus oral 
administration of antioxidants such as tocopherols and to-
cotrienols may be of value for mitigating oxidative stress 
and lipid peroxidation. 

In a randomized, placebo-controlled study, supplementation 
with a standardized tocotrienol-rich tocotrienol-tocopherol 
complex was evaluated on 38 patients with hair loss ages 18-
59. Patients in the tocotrienol group showed a gradual mean 
increase in hair counts from a pre-determined scalp area 
from baseline with a mean increase of more than 34% by the 
end of the study. The placebo group showed no appreciable 
increase in hair counts. Cumulative weight of 20 strands of 
hair was not different between baseline and 8 months in ei-
ther the supplement and placebo group after 8 months.65 The 
authors suggest that the observed effect was most likely due 
to the antioxidant activity of tocotrienols, inhibition of lipid 
peroxidation, and oxidative stress in the scalp.65,66

Black Pepper Fruit: Piperine 
The concept of enhancing bioavailability using natural 
compounds is gaining favor as method of drug delivery.67 

Referred to as natural bioenchancers, these compounds 
may act by decreasing hydrochloric acid excretion, increas-
ing gastrointestinal blood supply, lengthening GI transit 
time, gastric emptying time, and gastrointestinal motility.67 
Additionally, natural bioenchancers can suppress first pass 
metabolisms and enzymatic breakdown. The first natural bio-
enhancer to be identified and studied extensively is piperine. 
As previously discussed, piperine inhibits glucuronidation of 
curcumin increasing bioavailablity.44 Piperine also binds to 
vanilloid receptors in the gastrointestinal tract68 activating 
membrane-bound adenyl cyclase, which catalyzes the synthe-
sis of the second messenger molecule cAMP. cAMP activates 
protein kinase A (PKA) that inhibits intestinal motility and di-
lates blood vessels in the intestine.69 This physiologic action of 
piperine results in better digestion and absorption of a variety 
of nutrients including herbal extracts, water and fat-soluble 
vitamins, antioxidants, and amino acids like lysine and me-
thionine. Minerals such as zinc and selenium are also better 
absorbed when administered with piperine.70
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resolved, and diverticulitis. She takes no medications. Her fam-
ily history includes early hair loss in father, sister, and brother 
and she believes stress and childbearing triggered her hair loss. 
Prior to Nutrafol®, she tried minoxidil for a couple of months 
but discontinued after not seeing results. She expressed high 
levels of satisfaction with Nutrafol®, no side effects, and plans 
in continuing therapy indefinitely.

Case 2
A 45-year-old female with early signs of diffuse pattern hair loss 
before and 4 months after Nutrafol® supplementation (Figure 
3). She had no family history of hair loss, did not want to take 
any prescription drugs and was seeking a nutraceutical solution 

Marine Based Ingredients (Collagen Hydrolysates) 
Collagen is an essential component of the extracellular ma-
trix.71 Collagen hydrolysates are commonly extracted from 
marine sources for use in nutraceuticals. Hydrolyzing collagen 
yields dipeptides, tripeptides, and free amino acids. Following 
ingestion, radiolabeled collagen hydrolysates are absorbed 
in the intestines, distributed to tissues including the skin and 
persist for up to 14 days.72 Collagen fragments serve as build-
ing blocks for collagen and bind to receptors on fibroblasts 
stimulating collagen production.73 They also have antioxidant, 
photoprotective, and immune modulating properties.74,75 Nu-
traceuticals containing collagen hydrolysates have been shown 
to improve hair growth in patients with telogen effluvium and 
androgenetic alopecia.76,77

Evaluation of Nutrafol® Safety and Efficacy
The hair loss supplement Nutrafol® is currently being inves-
tigated in several multi-center, randomized, double-blind, 
placebo-control studies . Herein we present several case studies 
of subjects treated with Nutrafol® as monotherapy. These cases 
demonstrate clinical improvement, and were associated with a 
high degree of patient satisfaction and a favorable safety profile. 

Case 1
A 52-year-old woman before and after two years of Nutra-
fol® use (Figure 2). She had a history of chronic anemia, now 

FIGURE 2. 52-year-old woman at (A) one month and (B) seven months of 
treatment.

 (A)

 (B)

FIGURE 3. 45-year-old woman (A) before and (B) at four months of 
treatment.

 (A)

 (B)
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effects on hair growth, improvement in temple area coverage, 
as well as decreased shedding. She also reported improvement 
in experiential feelings of stress and anxiety. The patient had no 
treatment side effects and plans to continue therapy indefinitely.

 CONCLUSION
Hair loss remains a challenge for patients and dermatologists 
alike. This multifaceted condition requires provider time, un-
derstanding and knowledge as there are multiple triggers and 
down-stream pathways involved in the pathogenesis. The use 
of botanicals and other natural ingredients appeals to patients 
who are looking for safe and effective treatments for hair loss. 
This article highlights some of the most important botanicals 
having pharmacologic effects that can mitigate triggers for 
hair loss and restore balance to the follicle. While there is no 
magic bullet or single natural ingredient to address all of the 
mechanisms at play in the multiple forms of clinical hair loss, 
by using the combination of bioactives described here, Nutra-
fol® offers a promising approach for hair loss patients. 

 DISCLOSURES
Dr. Farris is an advisor for Nutrafol and Nutraceutical Wellness 
Inc. Dr. Rogers and Dr. McMichael have no conflicts.

for hair loss. She has expressed high level of satisfaction, no 
treatment side effects and plans to continue taking Nutrafol® as 
a preventative measure.

Case 3
A 37-year-old man with early male pattern hair loss, before and 5 
months after daily Nutrafol® use (Figure 4). He has a strong family 
history of hair loss, and had previously tried minoxidil but ceased 
secondary to difficulty of use and cosmetic considerations. He 
did not want to start finasteride for fear of sexual side effects. He 
is satisfied with Nutrafol® effects on hair growth and shedding 
and plans to continue taking it indefinitely as a preventative with 
the prospect of adding PRP and LLLT therapy. 

Case 4
A 38-year-old female with early diffuse thinning, predominantly 
in the temple area, before and after 3 months of daily Nutrafol 
use (Figure 5). She is healthy, with no medical issues and takes 
no medications. There is no family history of hair loss.  The pa-
tient noticed thinning and increased shedding about 5 years 
prior and has taken biotin and other supplements in the past 
with no improvement. She reported several stressful life events 
and chronic stress during this time. She is satisfied with Nutrafol 

FIGURE 4. 37-year-old man (A) before and (B) at four months of treatment.

 (A)

 (B)

FIGURE 4. 38-year-old woman (A) before and (B) at three months of 
treatment.

 (A)

 (B)
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