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Abstract 
Human hair exhibits additional capabilities since it is associated with aesthetic, cultural, sexual, and 
attractiveness characteristics in addition to its protective role. Although not a critical organ, hair has a 
significant impact on appearance and is a sign of health, youth, and strength. Alopecia patients have 
hair loss on their heads as well as occasionally other parts of their bodies. The chronically 
inflammatory disorder harms the hair follicles. Although it can result in skin irritation and physical 
problems owing to the loss of eyelashes and eyebrows, it is neither painful nor life-threatening. The 
actual cause and subsequent course of the development of alopecia, an autoimmune disease brought on 
by a synthesis of inherited and environmental variables, are unknown. In India, over 150 million people 
under the age of 20 suffer from hair loss, which translates to 9 out of 10 Indians experiencing 
hereditary hair loss at some point in their life. Every day, between 100 and 150 hair strands fall out, 
which is entirely natural and of no consequence. A number of causes, including ageing, pollution, and 
extreme stress, can hasten hair loss and, in some circumstances, result in severe hair loss. Temporary 
hair loss can also be a side effect of menopause or pregnancy. In Indians, men were more likely than 
women to develop alopecia areata, and 88% of those under the age of 40 were affected. While men or 
boys with earlier onset of severe alopecia were more likely to have it, women or girls with childhood 
onset were more likely to have it. In this review paper, we discuss alopecia, its pathophysiology, 
nanotechnology-based drug delivery systems, and quality of life issues related to alopecia. 
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Introduction 
People with alopecia lose some or all of their hair on their heads and, occasionally, on other 
parts of their bodies. The condition, which damages the hair follicles, is chronically 
inflammatory. It is neither unpleasant nor life-threatening, although it can cause skin 
irritation and physical issues due to the loss of eyelashes and eyebrows. Alopecia is an 
autoimmune illness that results from a confluence of hereditary and environmental factors, 
but the exact cause and subsequent course of its development are unknown [1]. The word 
"alopecia", which has been used by doctors since Hippocrates, comes from the Greek word 
for "fox", "alopex," and was given that name because of the fur loss associated with fox 
mange. The name "Areata" comes from the Latin word "area", which refers to an open area 
or patch [2]. Alopecia, or hair loss, is a reasonably common condition seen in general 
medicine. When a thorough evaluation is conducted, the problem's root is frequently 
promptly revealed, allowing for an explanation and the most suitable treatment. But hair loss 
can occasionally be a sign of a serious underlying illness, be present in conjunction with 
other conditions, or be a side effect of treatment [3]. In a region where it is expected to have 
hair, alopecia refers to the lack or loss of that hair. This illness can affect both sexes and all 
age groups, be localized or diffuse, temporary or permanent. Alopecia is a symptom or sign 
that can have a variety of etiologies. It is often divided into two types: The scarring 
(Cicatricial) kind and the non-scarring variety. Patients may exhibit severe distress, which 
lowers their quality of life.  
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 To identify the underlying reason, a thorough history, 
physical examination, and focused evaluation are required. 
This information will aid in making the best management 
decisions [4]. However, some patients in today's modern 
society are so disturbed by hair loss that, given the choice, 
they could sell their intelligence for more hair. Given how 
important hair is to most people's sense of identity, society 
desperately encourages research into alopecia. Therefore, 
progress in our knowledge of the pathophysiology and 
prospective therapies for alopecia will be welcome [5]. Hair 
loss disorders should be recognized since they might 
indicate serious underlying diseases and can lead to 
significant quality of life impairment and obvious 
psychological morbidity. This psychological impact was 
emphasized in a review of quantitative and qualitative 
studies on alopecia, which came to the conclusion that hair 
loss can result in significant mental pain and may ultimately 
cause issues with one's personal, social, and professional 
life. For instance, 63% of women have difficulty with their 
careers and 40% of women had marital issues as a result of 
their hair loss [6]. Alopecia-related psychological issues have 
not always been thoroughly and systematically studied. 
Such research frequently takes a back seat to another goal of 
the study (such the outcomes of a treatment, for example). 
The research that is available supports the idea that having 
alopecia is mentally harmful, results in severe emotional 
pain, and creates issues in one's personal life, social life, and 
professional life. Hair and identity have a significant 
relationship, especially for women. Roughly 40% of women 
with alopecia claim to have experienced marital issues as a 
result, and roughly 63% say they experienced issues with 
their careers [7-9]. Alopecia areata incidence and the related 
DALYs increased internationally from 1990 to 2019 by 
49.14% and 49.51%, respectively [10]. As there are several 

origins of the disorder, there are numerous varieties of 
alopecia. There are several common kinds of alopecia, 
including trichotillomania, androgenic alopecia, alopecia 
areata, chemotherapy-induced alopecia (CIA), anagen 
effluvium, and telogen effluvium. Scarring alopecia 
(Produced by inflammatory reactions to follicle damage) 
and the more prevalent non-scarring form of the condition 
can be divided into two types. These influences include 
hormones, medications, nutrition, and certain illnesses [11]. 
The development of nanotechnology-assisted techniques for 
hair formulation enhancement has received more attention 
recently in research focusing on formulations for either hair 
cosmetics or hair medical treatments. Examples include 
nano-based treatments for ailments including alopecia and 
lice infestations, as well as cosmetic applications (Such as 
enhancing hair luster, silkiness, and general health) [12]. 
There are several different types of nanomaterial-based 
preparations for hair care and treatment that have been 
described, including lipid-based preparations (using 
vesicular nano-systems like liposomes; lipid nanoparticles 
(NPs), as solid lipid nanoparticles (SLNs), and 
nanostructured lipid carriers (NLCs); polymer-based 
preparations (using natural polymers, like chitosan, dextran, 
and cyclodextrins [12-13]. Alopecia patients need counselling, 
just like those with any other social or psychological 
disorder, to help them cope with their illnesses. As the 
affected individuals struggle to accept their condition, low 
self-esteem might even result in deadly suicide situations.63 
Counselling is essential, especially for young adults and 
girls who believe that their disease may have an adverse 
effect on their sexuality and ability to find a partner [14-15]. 
 
Common types of alopecia  

 

 
 

Fig 1: Alopecia common types. 
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 Alopecia Areata 
A condition where your immune system mistakenly attacks 
your hair follicles is known as an auto-immune illness [16]. 
 
Androgenic Alopecia 
AKA Male Pattern Baldness, which occurs when our hair 
follicles are damaged! dlhydrotestosterone (DHT) 
sensitivity that runs in the family [17]. 
 
Alopecia Universalis 
Causes your eyebrows and eyelashes to fall out along with 
all of the hair on your body [18]. 
 
Alopecia Totalis 
Causes your scalp's entire hair to come out [19]. 
 
Traction Alopecia 
Keeping your hair in tight hairstyles for too long might lead 
to permanent hair damage [20]. 
 
Reasons for alopecia 
Alopecia areata is a non-scarring autoimmune disorder that 
causes hair loss on the scalp or in any other part of the body. 
The condition's cause is still unknown, however some 

theories suggest that a T lymphocyte-coordinated organ-
explicit immune system infection may be at blame. 
According to other accounts, the illness may be caused by 
an inherited susceptibility and natural factors. The 
occurrence of sporadic bald patches surrounding the 
affected location, typically the scalp, is the condition's 
defining feature. If the problem is not treated, the scalp 
patches may get larger. Both males and females were 
equally affected, however newborns were most commonly 
impacted [21-24]. Alopecia totalis, where a patient's scalp is 
completely bald, is a worsening condition for alopecia 
areata. Alopecia universalis, a condition caused by alopecia 
areata, is characterized by the loss of hair throughout the 
entire body. When the right bodily signals are assumed, 
alopecia areata may not typically result in the death of hair 
follicle cells because hair frequently recovers following 
recovery. Numerous products that claimed to reverse 
alopecia areata have failed over time due to inefficiency and 
unwanted effects. Alopecia areata has been treated with a 
variety of drugs, with varying degrees of efficacy, including 
zinc, corticosteroids, dithranol, tretinoin, azelaic acid, 
systematic cortisone, minoxidil, and immunosuppressive 
medications. A good treatment for alopecia areata is still 
needed [16]. 

 

 
 

Fig 2: Several fundamental causes of alopecia [25]. 
 

Epidemiology of alopecia 
Depending on the type of alopecia, a person's age, race, sex, 
cleanliness, hair-care habits, and state of health will 
determine their alopecia epidemiology. For example, 
Androgenetic alopecia, the most prevalent kind of alopecia 
with roughly 50,000 occurrences per 100,000 men and 
15,000 cases per 100,000 women worldwide, is affected by 
age and sex. Men are more impacted than women, and the 
majority of affected females are post-menopausal women. 
Fair-skinned races are more frequently affected than dark-
skinned ones, and the incidence ranges from 100 to 200 per 
100,000 persons, despite the fact that sex has minimal 

influence on alopecia areata [26-27]. Over 150 million Indians 
in their early 20s experience hair loss in India, which 
equates to 9 out of 10 Indians experiencing genetic hair loss 
at least once in their lives.100–150 hair strands each day are 
lost, which is completely normal and not cause for concern. 
Age, pollution, and excessive stress are all factors that can 
speed up hair loss and, in some cases, cause significant hair 
loss. Pregnancy or menopause can also result in temporary 
hair loss [28]. Men were more likely to have alopecia areata 
than women in North Indians (M: F = 2:1), and 88% of 
those who had the condition were under 40. While severe 
alopecia was more common in boys or men with earlier 

https://www.pharmaceuticaljournal.net/


 

~ 4 ~ 

International Journal of Pharmaceutical Research and Development https://www.pharmaceuticaljournal.net 
 
 
 beginning, it was more common in girls or women with 
childhood onset [29]. 
 
Pathophysiology 
According to a recent study's findings, T lymphocytes that 
recognise a follicular auto antigen induce alopecia areata. 
Mice with severe combined immunodeficiency (SCID) 
received transplants of scalp explants from alopecia areata 
patients. Then, autologous T cells that had been extracted 
from the affected scalp were infused into these grafts. The 
researchers discovered that the T lymphocytes that had been 
cultured with hair follicle homogenate and antigen-
presenting cells were capable of inducing the changes of 
alopecia areata, including hair loss and T cell infiltrates 
around hair follicles as well as expression of the HLA-DR 
and ICAM-l histocompatibility loci. Grafts injected with 
scalp-derived T cells that had not been grown with follicular 
homogenate did not exhibit comparable alterations [30]. 
Recent research has demonstrated the critical function of 
prostaglandins (PGs) in controlling the hair cycle. 
Prostaglandins are lipidic mediators produced by specific 

enzymes using the Arachidonic acid route. PGD2, PGE2, 
and PGF2a have demonstrated activities linked to 
controlling the hair cycle among the examined PGs. PGD2 
has been shown in tests to hinder hair development, whilst 
PGE2 and PGF2a have been shown to stimulate hair growth. 
In male scalps affected by AGA, higher levels of PGD2 and 
lower levels of PGE2 have been seen. The PGD2 receptors 
GPR44 and PTGDR both express primarily in hair follicles, 
where the former may cause follicle miniaturization by 
impeding stem cell maturation and preventing the 
production of terminal hair from vellus hair [3-33]. 
Androgenetic alopecia is a multifaceted physiological 
phenomenon that significantly alters patients' entire look 
and has significant psychological and social repercussions, 
particularly in younger males. Even though it is widely 
acknowledged that a number of pathogenic pathways 
contribute to the beginning of AGA, there are now only two 
pharmaceutical treatments available. Depending on the 
degree of AGA, each patient's reaction to treatment, the cost 
and dangers, a topical solution and an oral medication with 
systemic exposure are both available for usage [34-35]. 

 

 
 

Fig 3: Alopecia's pathophysiology-related factors [36]. 
 

Drug delivery methods using nanotechnology to treat 
alopecia 
Human skin affords a unique channel for the transport of 
diverse molecules while also impeding the penetration of 
certain formulations. These compounds penetrate through 
intracellular, intercellular, and trans appendageal routes, 
enabling the topical or transdermal administration of drugs 
[37]. Drug delivery pathways to the desired targeted place 
have already improved as a result of both active and passive 
penetration of skin. Acne, psoriasis, alopecia, and many 
other skin and scalp illnesses can be treated or managed 
with a variety of therapies, which is proving to be a potential 

platform for the administration of those active chemicals. 
Due to their increased effectiveness and efficiency, nano-
formulations are quite popular for topical distribution. Due 
to the particles' nano-scale size, there are a number of 
benefits, including increased penetration potential, 
bioavailability, site-specific administration, low systemic 
toxicity, lower dose, etc. There is an urgent need for the 
deployment of a novel delivery system that might 
successfully enhance the therapeutic situation in alopecia 
because of a number of problems and a shortage of 
medications for the management of alopecia [38-39]. 
 

 

https://www.pharmaceuticaljournal.net/


 

~ 5 ~ 

International Journal of Pharmaceutical Research and Development https://www.pharmaceuticaljournal.net 
 
 
 

 
 

Fig 4: Alopecia can be treated using a variety of Nano-formulations [40]. 
 

Liposomes 
Due to their amphiphilic nature, liposomes have the ability 
to transport both hydrophilic and hydrophobic drugs. The 
ability of the liposomes to better encapsulate drugs and have 
increased biocompatibility, biodegradability, and lower 
toxicity leads to a rise in their commercial use [41-42]. In a 
study on alopecia caused by anthracyclines, Balsari et al. 
showed the value of liposome-encapsulated monoclonal 
antibodies (MABs) for the efficient delivery of MABs. The 
study boosted liposome permeability into the stratum 
corneum layer and shown that it was highly effective in 
preventing alopecia caused by any anti-cancer medicines. 
Entrapping the calcein in the liposome allows for the 
delivery of calcein. The created nanostructure improved skin 
penetration and demonstrated itself to be a reliable platform 
for the safe delivery of numerous medicines and genes [43]. 
Li and Hoffman et al. conducted a comparison research 
between minoxidil loaded liposomes and niosomes and 
found that minoxidil loaded liposomes had superior 
augmentation in skin penetration for the hair follicles than 
its counterpart niosomes. In order to improve hair growth, 
Jain et al. created minoxidil-loaded liposomes that 
demonstrated efficient minoxidil delivery to the 
pilosebaceous unit. The regulated release of minoxidil from 
both liposomes promotes follicular development and 
increases dermal retention of the medication. Similar to this, 
a study by Tabbakhian et al. for a comparison of liposomes 
and niosomes encapsulating finasteride with finasteride 
hydroalcoholic solutions reported enhanced successful 
delivery of finasteride niosomal and liposomal formulation 

to pilosebaceous unit displaying effective retention of drug 
within the hair follicles [44-46]. 
 
Microemulsion 
Microemulsions are systems made of oil, water, and 
surfactant that are transparent, thermodynamically stable, 
and optically isotropic. The microemulsion-based 
technology has the advantages of spontaneous preparations, 
promising stability, and great penetration into deeper skin 
layers. Scientists are becoming increasingly interested in 
microemulsions due to their potential for industrial use [47, 

48]. Sakr and colleagues created a minoxidil and diclofenac 
sodium microemulsion and compared it, using tea tree oil 
and lauryl alcohol as the oily phase and solvents like 
labrasol, propylene glycol, and ethanol as the surfactant and 
cosurfactant in the minoxidil topical solution. This improved 
the delivery of the microemulsion to the hair follicular 
region while also overcoming the drawbacks of the 
traditional formulation. In order to treat psoriasis, Langasco 
et al. created a microemulsion of clobetasol propionate, 
which enhanced skin permeability and improved drug 
retention in the top layer of skin, ultimately assisting in the 
management of scarring alopecia [49-50]. Green and white tea 
ethanolic extracts were combined to create a microemulsion 
by Sinensis and colleagues, which produced a stable 
formulation. Green tea-based microemulsion, however, was 
more effective than white tea and promoted better follicular 
hair regrowth. In order to treat acne and regulate alopecia, 
Soleymani et al. developed a finasteride microemulsion to 
improve the drug's solubility, increase skin permeability, 
and improve retention in hair follicles [51, 52]. 
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 Nanocrystals 
A universal formulation strategy for better drug delivery of 
insufficiently water-soluble medicinal compounds uses 
nanocrystals. Because of the higher kinetic solubility of the 
nanocrystals and the resulting larger concentration gradient, 
topical treatment of the nanocrystals is possible in addition 
to oral application. This promotes passive, cutaneous 
diffusion. Targeting pharmacological molecules into the hair 
follicle with nanocrystals is another intriguing application. 
The nanocrystals may create a depot once they have entered 
the hair follicle, from which the active is discharged into the 
hair follicle. Resulting in a very effective and long-lasting 
cutaneous medication administration. It has not yet been 
determined how well nanocrystals penetrate hair follicles or 
how the medium in which they are suspended affects this 
process [53]. Therefore, in this study, 300 nm-sized curcumin 
nanocrystals were created and added to gels with various 
characteristics. On the ex-vivo pig ear model, the 
effectiveness to reach the hair follicles as well as the 
passive, cutaneous penetration, was evaluated. The bottom 
region of the infundibulum was successfully penetrated by 
nanocrystals that were efficiently absorbed by the hair 
follicles. Because the barrier of the lower infundibulum is 
not fully established and more permeable in this area, the 
passive diffusion of pharmacological compounds is less 
hampered. This makes this area ideal for effective drug 
delivery [53]. The three kinds of carriers, which were either 
oleogels or hydrogels that varied in viscosity as well as in 
the kind and concentration of the gelling ingredient, had no 
effect on how well the nanocrystals penetrated the hair 
follicles. All gels exhibited shear-thinning flow behaviour, 
and it is hypothesised that during skin massage, all gels 
fluidized, resulting in viscosities that were comparable to 
those of the aqueous nanosuspension and equivalent 
penetration outcomes. Curcumin's passive, dermal 
penetration varied depending on the type of gel utilized, and 
the vehicle's superior skin-hydrating qualities were the 
primary factor in good passive dispersion. Hydrogels that 
contained a humectant had the best passive penetration. 
However, the humectant's inclusion diminished the ability of 
the nanocrystals to enter the hair follicle [53]. 
 
Nanoparticles 
The use of controlled drug delivery nanoparticles to assist or 
improve drug delivery for the treatment of dermatological 
illnesses utilizing cosmetic formulations is becoming more 
and more popular. To increase their effectiveness and 
replace current dermatological formulations like ointments, 
lotions, and gels with them, researchers must first fully 
understand and optimize the drug release mechanisms and 
modulation from these diverse nanoparticle systems [54]. It is 
clear that the design of nanomedicine in cosmetics can 
produce a safe and effective treatment regimen. With an 
emphasis on local drug disposition within epidermal layers, 
the use of lipophilic and colloidal carrier systems has played 
a dual function in attaining a lower dosing regimen 
frequency and controlled release of drug payload [55]. Even 
though there are effective pharmaceutical and cosmetic 
treatments for hair loss, research on CRNMs for alopecia 
offers a substantial advantage. Research in this area points 
to nanosystems' superior capacity for locally and effectively 
delivering medication payload to skin layers and hair 
follicles, decreasing systemic side effects and boosting 
bioavailability [56]. 

Nanostructured lipid carrier (NLC) 
The transport of drugs to skin that is wounded or inflamed 
can benefit greatly from the characteristics and properties of 
nanostructured lipid carriers (NLC). Because NLCs were 
created using non-toxic lipids, they are non-irritating in 
nature. In order to achieve the desired effect after the 
formation of a thin film on the skin's surface, the nano-sized 
particles entrapped in NLCs make sure they are close to the 
stratum corneum layer, which not only keeps the skin from 
drying out but also improves the formulation's permeation 
capability [57, 58]. NLCs of 2% minoxidil were successfully 
created by Wang et al., who observed significant retention 
of minoxidil in hair follicles with no erythematous skin 
reactions. The formulation was discovered to be stable at 4 
°C and room temperature for a longer period of time, 
proving the value of NLC as a minoxidil carrier system. A 
high drug loading potential and prolonged drug release from 
the NLCs loaded gel system were also achieved by 
modifying the solid lipid and liquid lipid contents in the 
formulation of the NLCs loaded gel of minoxidil [59, 60]. 
NLCs of the melatonin hormone were created by Hatem et 
al. using antioxidant oils, and they demonstrated fewer 
adverse effects, enhanced follicular retention, and were 
significantly more effective than traditional medications in 
the treatment of androgenetic alopecia. Integrado et al. 
investigated the anti-alopecia drug combination of 
finasteride and minoxidil incorporated in NLCs and 
demonstrated that it was a promising treatment for 
managing the condition due to increased drug loading 
capacity, controlled release pattern, enhanced aggregation of 
the drug in the hair follicles, and overall improved 
management of the hair loss [61, 62]. 
 
Nanovesicles 
Nanovesicles are tiny vesicles that help skin penetration 
while delivering drugs to the needed place. They are made 
using lipids and cutting-edge activators. In a study on the 
synthesis and characterization of antioxidant melatonin-
loaded vitamin C-based nanovesicles for the treatment of 
androgenetic alopecia, Hatem et al. In vivo research has 
shown that using nanovesicles and their antioxidant 
properties is advantageous for treating androgenetic alopecia 
and other dermatological conditions [63-65]. For the purpose 
of managing hair loss, Kumar and colleagues created oleic 
acid nanovesicles containing minoxidil to investigate its 
potential for medication transport to the follicular shaft. The 
study's findings showed that oleic acid can self-assemble to 
form nano-sized vesicles that can hold minoxidil, and they 
also showed that these vesicles have better drug entrapment 
efficiency, globular morphology, and the right vesicular 
size, making them a promising method for effective delivery 
with improved patient compliance [66]. To target the dermal 
papillae cells and ascertain the impact of extracellular 
vesicles on them, created mesenchymal stem cell 
extracellular vesicle was used. The study's findings showed 
that mesenchymal stem cell extracellular vesicles have the 
ability to stimulate dermal papillae cells, which increases 
survival, encourages growth factor activation, and also 
produces new hair growth [67]. 
 
Solid lipid nanoparticles 
When compared to alternative delivery systems, solid lipid 
nanoparticles (SLNs) have lesser toxicity problems, 
probably as a result of not using organic solvents while they 
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 were being developed. Additionally, they are the perfect 
medication delivery mechanism due to their 
biodegradability, continuous release, and ibility to safeguard 
the drug. The stratum corneum, or top layer of skin, is the 
main barrier to the entry of medicinal medicines applied 
topically and transdermally [68, 69]. In order to examine the 
effects of various particle sizes on the effectiveness of the 
nanoparticles and their penetration in the deeper dermal 
layer as well as their reduction in systemic assimilation, 
Zahra et al. produced an SLN formulation with a similar 
composition but distinct particle size. Rhodamine B, a 
fluorescent dye, and Precirol, a solid lipid, were both used in 
the hot melt homogenization method for the SLN 
production. According to the data, particles smaller than 100 
nm are more effective for follicular delivery because they 
may reach deeper dermal regions and perform more 
effectively. The outcome indicates that they may have a lot 
of potential for treating alopecia [70]. The most appropriate 
route of delivery for lipid and colloid nano carriers is 
dermal. Both of these carriers have a quick time to market 
and provide good prospects for use in cosmetics. Benefits of 
using Nano formulations for cutaneous distribution include 
modulating the release profile, adhesion to the skin with an 
occlusive effect, and protection against degradation of 
chemically labile medicines. Patenting these nano-
formulations is simple. "Codelivery of metal nanoparticles 
and SLN/SLM in dermal formulations" is how minoxidil 
SLNs were patented. The phrase "Dermal composition for 
minoxidil delivery" appears in another patent on minoxidil-
loaded SLNs. Another patent for "Roxithromycin topical 
delivery to stop hair loss or for acne treatment" refers to 
SLNs [71]. 
 
Hydrogels and Emulgel 
Hydrogels are cross-linked hydrophilic polymer matrices 
that hold a lot of water and shield the skin from drying out 
in three dimensions. Hydrogels evaporate quickly, unlike 
conventional formulations, and leave no trace on the skin. 
Due to the hydrogel formulation, the drug is more evenly 
distributed throughout the skin, resulting in a larger 
concentration of the drug at the intended spot. Topical 
alginate hydrogel containing minoxidil and hydroxypropyl--
cyclodextrin inclusion complex was created and 
characterized by Lopedota et al. The outcomes showed 
successful delivery of the formulation to the hair follicles 
with increased hair retention as well as high penetration of 
the formulation through the skin without harming the 
epidermal region [72-74]. It is necessary to design novel 
hydrogel formulations without the inclusion of ethanol and 
propylene glycol due to the drying and itchy effects of these 
substances on hair. Methyl-β-cyclodextrin was used in the 
formulation of the minoxidil hydrogel to increase the drug's 
water solubility. This specially formulated hydrogel reduced 
and controlled hair loss while exhibiting no evidence of 
irritation on the hairs. To examine the impact of a hydrogel 
structure that resembled hair for transplantation, Jing et al. 
created hydrogel micro wells. This led to the creation of a 
new platform for the formation of new hair follicle structure 
[75, 76]. 
 
Metallic nanoparticles 
Metal- or metal-oxide-based rigid nanoparticles, such as 
those found in iron oxide, titanium dioxide, and zinc oxide, 
are known as metallic nanoparticles. Drugs are either 

adsorbed on the surface of or encapsulated inside the core of 
metallic nanoparticles to facilitate targeted delivery. The 
transport of metallic nanoparticles to human skin and hair 
follicles has been the subject of numerous reports in the 
literature over the last few decades. Using transmission 
microscopy, Baroli and colleagues demonstrated that ferrous 
sulphate nanoparticles effectively penetrated the living 
epidermis and were retained in the furrows of human skin 
(used as a permeation barrier in in vitro investigations) [77]. 
Similar to this, Lekki and colleagues discovered that 
titanium dioxide nanoparticles penetrated deeper layers of 
human and porcine skin, but not sebaceous glands. The 
penetration of zinc oxide nanoparticles in in vivo tests 
carried out on human participants is reported by Zvyagin 
and colleagues. Daily applications of 0.3 g of metallic nano-
dispersions to human participants revealed that zinc oxide 
was concentrated in the subcutaneous area and was 
discovered to reside in the skin's furrows and hair follicles 
[78, 79]. For the treatment of alopecia, iron oxide nanocarriers 
are loaded with finasteride or dutasteride. In this work, iron 
oxide nanoparticles were used as the maghemite core, and 
lauric acid was used to coat them before Finasteride or 
dutasteride was added. In vitro permeability experiments 
revealed that both medicines were extremely permeable 
when put in metallic cores [80]. 
 
Alternative methods of alopecia treatment 
Surgical hair transplant 
A hair transplant involves the surgical removal of scalp 
tissue that contains hair from a donor or from other areas of 
the same scalp and applying it to an area of the body that 
lacks hair. When compared to other types of alopecia, the 
procedure is more frequently used to treat male pattern 
baldness [81]. The scalp's temporal and occipital regions, 
which are often unaffected by androgens, can serve as a 
source for tissue that will grow hair when transplanted to 
bald areas of the same scalp. Follicular unit strip surgery 
(FUSS) and follicular unit extraction (FUE) are the two 
most used surgical techniques. The painstaking care 
required for an operation, which necessitates competent 
medical professionals who are sometimes hard to find, is 
another challenge of surgical hair transplant. Furthermore, 
there is no guarantee that the transplanted follicles will 
remain in the treated person's scalp for a longer period of 
time before entering the telogen stage [82-84]. 
 
Psychological and behavioral therapy 
In order to manage their situation, people with alopecia need 
counselling, much like those with other social and 
psychological diseases. A person with low self-esteem may 
even make an attempt at suicide if they are unable to accept 
their circumstances. Counselling is crucial, especially for 
teenagers and young women who fear that their condition 
may negatively affect their sexuality and capacity to find 
romantic partners. In a study by Lemieux et al. to 
investigate the psychological impact of hair loss in cancer 
patients receiving chemotherapy of alopecia, patients who 
had hair loss reported higher levels of stress, lower self-
esteem, and a negative body image compared to those who 
did not [6, 15]. In a different study on chemotherapy patients, 
Rivitti found that individuals with alopecia had higher rates 
of psychiatric disorder cases than those in a group without 
alopecia. Therefore, providing mental support is essential in 
the battle against alopecia. Behavioural treatments including 
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 donning hats, wigs, or tattoos might also be recommended 
to patients during counselling [26, 85]. 
 
Phototherapy 
There aren't many randomized controlled studies of psoralen 
oral or topical combined with ultraviolet a radiation 
(PUVA). The response rate is no better than the spontaneous 
remission rate, according to two sizable retrospective 
investigations. The lack of relevant data and the possibility 
of cutaneous cancers make PUVA a less preferred therapy 
choice. In a retrospective review of 25 AA patients, narrow-
band ultraviolet B was ineffective [86]. Patchy AA has been 
successfully treated with the 308-nm excimer laser in a few 
case studies. The initial fluences were 50 mJ-2 cm below the 
erythema dosage minimum. Fluences were then raised every 
two sessions by 50 mJ-2 cm. Every patch received treatment 
twice weekly for a total of 24 sessions. In 41.5% of areas, 
hair regrowth has been observed [87]. 
 
Combination therapy 
Although there is a dearth of research on combination 
medicines and none have received FDA approval, some 
patients may benefit significantly from using more than one 
drug, taking into account the expense and hazards involved. 
One of the most popular regimens for treating Androgenetic 
alopecia (AGA) is the combination of topical minoxidil and 
oral finasteride. Topical minoxidil has shown to perform 
less well than oral finasteride. But when combined with oral 
finasteride, a better clinical response has been seen to occur 
than with monotherapy [3]. Topical minoxidil is more 
effective than oral finasteride, according to a recent meta-
analysis of studies involving 809 patients by Zhou et al. 
(2020). Another study found that using topical minoxidil 
and finasteride together for 1–12 months after stopping oral 
finasterid resulted in an 84.44% success rate in maintaining 
healthy hair density. While there was no difference in hair 
count, one study looked at a combination of 0.1% 
finasteride and 3% minoxidil solution that produced greater 
outcomes in overall photographic assessments than 3% 
minoxidil solution used alone. In a patient who had 
previously failed treatment, a topical retinoid, minoxidil, 
and oral finasteride combination was also said to be 
successful. Retinoid acid is thought to stimulate the 
follicular sulfotransferase enzymes. In other research, oral 
drugs have been combined for increased benefit. In a 
research involving 100 women, low-dose oral minoxidil 
(0.25 mg) and spironolactone (25 mg) were found to lessen 
the severity of hair loss and shedding. 5% topical minoxidil 
solution twice daily, 1 mg oral finasteride daily, 2.5 mg oral 
minoxidil daily, and 4 mL injections (lidocaine, minoxidil, 

caffeine, and other components) once a month on Japanese 
male patients showed promising clinical outcomes (3). 
 
Alopecia's impact on quality of life (QoL) 
Although alopecia areata (AA) is a biologically benign 
condition, it significantly lowers quality of life (QoL) by 
affecting social interactions, self-perception, and self-
esteem. The degree to which a skin condition, like AA, 
affects a patient varies greatly and is poorly associated with 
its clinical severity [88]. Additionally, there is a discrepancy 
between how patients and doctors view AA. As a result, the 
usual metrics used to gauge the severity of the illness, like 
the percentage of skin afflicted, fall short of accurately 
capturing the psychological discomfort experienced by 
affected patients. Relationship difficulties as well as 
subjective and objective symptoms like anxiety, 
dissatisfaction, or itching should be taken into account. Over 
the past ten years, the importance of QoL outcomes has 
grown in dermatology. Dermatological conditions do, in 
fact, damage social and professional lives by bringing 
unpleasant feelings and bothersome symptoms [89]. Potential 
trigger variables that cause individuals with AA to 
experience a high rate of anxiety and worsening clinical 
results include emotions like sadness or dread. It is crucial 
to provide timely psychological assistance in order to 
promote improved self-esteem and disease adaptability. 
Patients with AA can benefit from counselling, support 
groups, and education regarding the disorder's nature. 
Hairpieces (such as wigs, demi wigs, toupees, fall, cascade, 
and winglets), hats, caps, bandanas for the scalp, artificial 
eyelashes, fake eyebrows, and temporary or permanent 
eyelash and eyebrow tattoos are other beneficial hair loss 
concealing treatments. Shown that inadequate coping 
mechanisms, such as a lack of medical advice and 
information, may lead to more Unfavourable evaluations of 
hair loss and self-image. On the other hand, patient-rated 
hair loss severity and QoL may improve if doctors can help 
patients come up with coping mechanisms. Neuro-endocrine 
research also support these clinical findings. Substance P 
and nerve growth factor are important mediators of stress-
induced suppression of hair development in mice, according 
to recent research on AA. Additionally, individuals with AA 
may have elevated activity of the stress-related 
hypothalamic-pituitary-adrenal axis, which makes it difficult 
for them to cope with stressors [90-93]. 
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Table 1: Current status of clinical trials on Alopecia. 

 

Drug Mode of 
Administration Disease Enrolments Allocation/Intervention 

model/ Masking Official Title of the study Status Clinical trial Year 

Tofacitinib Interventional Alopecia 40 
N/A/Single Group 

Assignment/None (Open 
Label) 

Tofacitinib for the treatment 
of alopecia areata and its variants NA NCT02312882 2017 

ATI-50002 Interventional Alopecia 1 
N/A/Single Group 
Assignment/None  

(Open Label) 

An Open-Label Pilot Study of the Safety, 
Tolerability and Efficacy of ATI-50002 
topical solution administered twice-daily 
in adult subjects with eyebrow loss due to 

alopecia areata, alopecia Universalis 
or Alopecia Totalis 

Phase-2 NCT03551821 2019 

Tofacitinib Interventional Alopecia 19 
N/A/Single Group 
Assignment/None  

(Open Label) 

Effectiveness and Safety of Tofacitinib in 
Patients With Extensive and 
Recalcitrant Alopecia Areata 

Phase-4 NCT03800979 2022 

Calcipotriol/Nar Interventional Alopecia 60 Randomized/Parallel Topical Calcipotriol Versus Narrowband NA NCT03847441 2019 
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 row Band UVB 

/Vitamin D3 
Level 

Assignment/Quadruple  
(Participant Care Provider 

Investigator Outcomes 
Assessor) 

Ultraviolet B in Treatment 
of Alopecia Areata: A Randomized 

Controlled Trial 

Etrasimod/Etras
imod/ 

Placebo 
 

Interventional Alopecia 80 
Randomized/Parallel 
Assignment/ Double-

Blind, Placebo-Controlled 

A Multicenter, Randomized, Double-
Blind, Placebo-Controlled, 24-week 

study, with a 28-week open-label 
extension, to assess the safety and 

efficacy of Etrasimod in subjects with 
moderate-to severe alopecia areata 

Phase-2 NCT04556734 2023 

Group A 
applied topical 

Clobetasol 
Propionate/Gro

up B applied 
topical 

Tacrolimus 

Interventional Alopecia 70 
Randomized/Parallel 

Assignment/None  
(Open Label) 

Comparative Efficacy of Tacrolimus 0.1% 
and Clobetasol Propionate 0.05% in the 

Treatment of Alopecia Areata 
Phase-1 NCT05885269 2023 

Hydroxychloro
quine Interventional Alopecia 16 

Non-Randomized/Single 
Group Assignment/None 

(Open Label) 

Open Label Study of Hydroxychloroquine 
for Alopecia Areata, Alopecia Totalis Phase-4 NCT00176982 2009 

CTP-543 
matching 

placebo/CTP-
543 

Interventional Alopecia 517 

Randomized/Parallel 
Assignment/Quadruple  

(Participant Care Provider 
Investigator Outcomes 

Assessor) 

A Double-Blind, Randomized, Placebo-
Controlled Study to Evaluate the Efficacy 
and Safety of CTP-543 in Adult Patients 
with Moderate to Severe Alopecia Areata 

Phase-3 NCT04797650 2023 

the optimized 
sodium 

valproate-
loaded 

nanospanlastic 
dispersion/mom
etasone furoate 

lotion 

Interventional Alopecia 67 

Randomized/Parallel 
Assignment/Double  

(Participant Outcomes 
Assessor) 

Assessment of Efficacy and Safety of 
Sodium Valproate -Loaded 

Nanospanlastics in Patients with 
Patchy Alopecia Areata in Comparison to 

Conventional Therapy with Topical 
Steroids: A Randomized Controlled 

Study, With Clinical, Dermoscopic and 
Molecular Asessements 

Early 
Phase-1 NCT05017454 2023 

Apremilast 
30mg Interventional Alopecia 30 

N/A/Single Group 
Assignment/None  

(Open Label) 

Efficacy of Oral Apremilast in the 
Treatment of Alopecia Areata at the 

Tertiary Care Hospital, Karachi. 
Phase-4 NCT05926882 2023 

ATI-501 400 
mg BID (Low 

dose) /ATI-501 
600 mg BID 

(Middose)/ ATI
-501 800 mg 
BID (High 

dose) / Placebo 

Interventional 
 Alopecia 87 

Randomized/Parallel 
Assignment/Triple  

(Participant Care Provider 
Investigator) 

A Randomized, Double-Blind, Placebo-
Controlled Multicenter Study to Evaluate 
the Safety, Tolerability and Efficacy of 
ATI-501 Oral Suspension Compared to 

Placebo in Adult Subjects 
With Alopecia Areata, Alopecia Universal

is or Alopecia Totalis 

Phase-2 NCT03594227 2020 

CTP-543 
matching 

placebo/CTP-
543/CTP-543 

Interventional Alopecia 706 

Randomized/Parallel 
Assignment/Quadruple  

(Participant Care Provider 
Investigator Outcomes 

Assessor) 

A Double-Blind, Randomized, Placebo-
Controlled Study to Evaluate the Efficacy 
and Safety of CTP-543 in Adult Patients 
with Moderate to Severe Alopecia Areata 

(THRIVE-AA1) 

Phase-3 NCT04518995 2023 

NA Observational Alopecia 10 NA A Pilot Study of Vitamin D in Subjects 
with Alopecia Areata NA NCT01328678 2011 

Vytorin Interventional Alopecia 29 

N/A/Single Group 
Assignment/None  

(Open Label) 
 

A Pilot Study To Evaluate the Efficacy of 
Vytorin (Simvastatin +Ezetimibe) In the 

Treatment of Alopecia Areata 
Phase-1 NCT01520077 2015 

Ruxolitinib Interventional Alopecia 12 
N/A/Single Group 
Assignment/None  

(Open Label) 

An Open-Label Pilot Study to Evaluate 
the Efficacy of Ruxolitinib in Moderate to 

Severe Alopecia Areata 
Phase-2 NCT01950780 2019 

Fractional 
Carbon Dioxide 
Laser/ Micronee

dling using 
dermapen/ 

Triamcinolone 
Acetonide/ 

Platelet-rich 
plasma 

Interventional Alopecia 60 
Randomized/Parallel 

Assignment/None (Open 
Label) 

Transepidermal Delivery of 
Triamcinolone Acetonide or Platelet Rich 

Plasma Using Either Fractional Carbon 
Dioxide Laser or Microneedling in 

Treatment of Alopecia Areata 

NA NCT04147845 2020 

Tofacitinib Interventional Alopecia 12 
N/A/Single Group 
Assignment/ None  

(Open Label 

An Open-Label Pilot Study to Evaluate 
The Efficacy Of Tofacitinib In Moderate 
To Severe Alopecia Areata, Totalis And 

Universalis 

Phase-2 NCT02299297 2019 

Triamcinolone 
Acetonide/Mino

xidil 5% 
Topical Spray 

/clobetasol 
propionate 

Interventional Alopecia 40 
Randomized/Parallel 

Assignment/Single (Outc
omes Assessor) 

Combined Topical 5% Minoxidil and 
Potent Topical Corticosteroid Versus 

Intralesional Corticosteroid in the 
Treatment of Alopecia Areata A 

Randomized Controlled Trial 

Phase-4 NCT03535233 2018 

Dupilumab/Plac
ebo Interventional Alopecia 60 

Randomized/Parallel 
Assignment/Triple (Partic

ipant Investigator 

Defining Reversal 
of Alopecia Areata (AA) Phenotype with 
Dupilumab in Patients With and Without 

Phase-2 NCT03359356 2022 
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 Outcomes Assessor) Associated Atopic Dermatitis (AD) 

methylprednisol
one sodium 

succinate/methy
lprednisolone 

sodium 
succinate/methy

lprednisolone 
sodium 

succinate 

Interventional Alopecia 42 
Randomized/ Parallel 

Assignment/Single (Outc
omes Assessor) 

Safety and Efficacy of Oral Mega Pulse 
Methylprednisolone in Severe Therapy 

Resistant Alopecia Areata 
Phase-4 NCT01167946 2010 

Tattoo machine 
(SOL Nova 

Device) 
Interventional Alopecia 5 

N/A/ Single Group 
Assignment/ None  

(Open Label) 

Follicular Revival in Treatment-
resistant Alopecia Areata: Evaluating Use 

of Micro-needling 
NA NCT04338295 2022 

Topical 
Latanoprost 

0.005%/ 
Topical 

betamethasone 
0.05% 

Interventional Alopecia 50 
Randomized/ Parallel 

Assignment/ None  
(Open Label) 

A Randomized Comparative Study of 
Efficacy and Safety of Topical 

Latanoprost Versus Topical 
Corticosteroid in the Treatment of 

Localized Alopecia Areata 

Phase-4 NCT02350023 2015 

Probiotic 
mixture/ 
Placebo 

Interventional Alopecia 26 
Randomized/ Parallel 
Assignment/Double  

(Participant Investigator) 

Randomized, Double-blind and Placebo-
controlled Clinical Study to Evaluate the 
Effectiveness of a Probiotic Preparation 

Administered to Patients 
with Alopecia Areata 

NA NCT05599607 2022 

Platelet Rich 
Plasma/ Normal 

saline 
Interventional Alopecia 30 

Randomized/ Parallel 
Assignment/ 

Double (Participant 
Outcomes Assessor) 

The Effect of Platelet Rich Plasma on 
Non-scarring Alopecia NA NCT03689452 2020 

Tralokinumab/ 
Placebo Interventional Alopecia 22 

Randomized/ Parallel 
Assignment/Quadruple  

(Participant Care Provider 
Investigator Outcomes 

Assessor) 

A Randomized Placebo-controlled Single 
Center Pilot Study of the Safety and 

Efficacy of Tralokinumab in Subjects 
with Moderate to Severe Alopecia Areata 

Phase-2 NCT02684097 2020 

SHR0302 Interventional Alopecia 94 

Randomized/ Parallel 
Assignment/Quadruple  

(Participant Care Provider 
Investigator Outcomes 

Assessor) 

A Randomized, Double Blind and 
Placebo-Controlled Phase II Study to 
Evaluate the Efficacy and Safety of 
SHR0302 Tablets in Adult Patients 

with Alopecia Areata 

Phase-2 NCT04346316 2021 

Abatacept Interventional Alopecia 15 
N/A/ Single Group 
Assignment/ None  

(Open Label) 

An Open-Label Single-Arm Clinical Trial 
to Evaluate the Efficacy of Abatacept in 
Moderate to Severe Patch Type Alopecia 

Areata 

Phase-2 NCT02018042 2019 

Hydrocortisone 
1%/ Clobetasol 

Propionate 
0.05% 

Interventional Alopecia 41 

Randomized/Parallel 
Assignment/Triple (Partic

ipant Care Provider 
Investigator) 

A Randomized Controlled Trial of 
Clobetasol Propionate 0.05% Cream 
Versus Hydrocortisone 1% Cream in 

Children with Alopecia Areata 

Phase-3 NCT01453686 2013 

CTP-543/ 
Placebo Interventional Alopecia 317 

Randomized/ Parallel 
Assignment/Quadruple (P
articipant Care Provider 
Investigator Outcomes 

Assessor) 

A Study to Evaluate Maintenance of Hair 
Regrowth Following Dose Reduction of 

CTP-543 in Adult Patients with Moderate 
to Severe Alopecia Areata 

Phase-2 NCT04784533 2023 

Alline pro Men/ 
Placebo Interventional Alopecia 100 

Randomized/ Parallel 
Assignment/Double (Parti

cipant Investigator) 

Double Blind, Randomized, Placebo-
controlled Assessment of the Efficacy of a 

Food Supplement in Reducing Hair 
Loss in Male Subjects 

NA NCT04884347 2021 

Bimatoprost 
0.03% solution/ 
CO2 fractional 

laser 

Interventional Alopecia 30 

Randomized/ Parallel 
Assignment/ None (Open 

Label) 
 

Efficacy of Combined CO2 Fractional 
Laser with Bimatoprost 0.03% in 

Treatment of Alopecia Areata 

Phase- 
1 & 2 NCT05600673 2022 

DMEP kit/ 
Dermapen Interventional Alopecia 100 

Randomized/ Parallel 
Assignment/None (Open 

Label) 

Comparative Study Between the Effect of 
Superficial Cryotherapy Using Dimethyl 

Ether and Propane Mixture and 
Microneedling in Treatment 

of Alopecia Areata 

NA NCT04680234 2020 

Alefacept Interventional Alopecia 45 

Randomized/ Parallel 
Assignment/Triple  

(Participant Care Provider 
Investigator) 

A Double-Blind, Placebo-Controlled, 
Randomized, Multi-Center Study to 
Evaluate The Safety and Therapeutic 

Efficacy of Intramuscular Administration 
of Alefacept in Patients With Chronic, 

Severe Scalp Alopecia Areata 

NA NCT00167102 2019 

Tofacitinib 
ointment Interventional Alopecia 10 

N/A/ Single Group 
Assignment/ None (Open 

Label) 

Topical Tofacitinib for the Treatment 
of Alopecia Areata and Its Variants Phase 2 NCT02812342 2019 

Viviscal Oral 
Supplement 

Tablets 
Interventional Alopecia 96 

Randomized/Parallel 
Assignment/Double (Parti

cipant Investigator) 

A Multi-site, Double-blind, Placebo-
controlled Clinical Study to Evaluate the 

Effects of Viviscal Oral Supplements 
When Used by Females with Self-

perceived Thinning Hair 

NA NCT02288858 2014 

PF-06651600 Interventional Alopecia 718 Randomized/ Parallel A phase 2b/3 randomized, double-blind, Phase-2 NCT03732807 2022 
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 Induction Dose/ 

PF-06651600 
Maintenance 
Dose #1/ PF-

06651600 
Maintenance 

Dose #2 

Assignment/Quadruple (P
articipant Care Provider 
Investigator Outcomes 

Assessor) 

placebo-controlled, dose-ranging study to 
investigate the efficacy and safety of pf-

06651600 in adult and adolescent alopecia 
areata (aa) subjects with 50% or 

greater scalp hair loss 

& 3 

Trichloroacetic 
acid Interventional Alopecia 40 

N/A/ Single Group 
Assignment/ None  

(Open Label) 

Efficacy of Trichloroacetic Acid in 
Patients of Alopecia Areata: Clinico-

histopathological Study 
NA NCT05594316 2022 

 
Conclusion and future direction 
Our review articles begin with an introduction to alopecia 
(hair loss), its various kinds, causes, epidemiology, 
pathophysiology, advanced nanotechnology, alternative 
treatments, and quality of life (QoL). According to our 
analysis, while non-pharmacological and natural 
supplements provide a decent result but require time and 
have no negative side effects, medicine does cure but not 
fully. There is a need for further randomized controlled 
trials on the topic of treating alopecia. In the future, we want 
to conduct preliminary study on alopecia. With the help of 
our colleagues, future counseling-based research will be 
carried out in our country or state to assess patients' physical 
and mental health and produce more accurate data on 
alopecia and its management. 
 
References 
1. Madani S, Shapiro J. Alopecia areata update. J Am 

Acad Dermatol. 2000;42(4):549-66.  
2. Callander J, Yesudian PD. Nosological Nightmare and 

Etiological Enigma: A History of Alopecia Areata. Int J 
Trichology. 2018;10(3):140-1.  

3. Nestor MS, Ablon G, Gade A, Han H, Fischer DL. 
Treatment options for Androgenetic alopecia: Efficacy, 
side effects, compliance, financial considerations, and 
ethics. J Cosmet Dermatol. 2021;20(12):3759-81.  

4. Al Aboud AM ZP. Alopecia. [Updated 2023 Apr 16] 
StatPearls [Internet] Treasure ISL StatPearls Publ 2023 
Jan; Available from: 
https//www.ncbi.nlm.nih.gov/books/NBK538178/2023;
538178.  

5. Qi J, Garza LA. Uma visão geral das alopecias. Cold 
Spring Harb Perspect Med. 2014;4(3):1-14.  

6. Merino De Paz N, Martín-González C, Fumero Arteaga 
M. Psychological impact of alopecia. Alopecia Risk 
Factors, Treat Impact Qual Life; c2020. p. 1-20.  

7. Hunt N, SM. Understanding alopecia. London. London: 
Sheldon.  

8. Weitz R. Rapunzel’s daughters: What women’s hair 
tells us about women’s lives. Macmillan; c2004. 

9. Hunt N, McHale S. Reported experiences of persons 
with alopecia areata. J Loss Trauma. 2005;10(1):33-50.  

10. Wang H, Pan L, Wu Y. Epidemiological Trends in 
Alopecia Areata at the Global, Regional, and National 
Levels. Front Immunol. 2022 Jul;13:1-7.  

11. Wikramanayake TC, Haberland NI, Akhundlu A, 
Laboy Nieves A, Miteva M. Prevention and Treatment 
of Chemotherapy-Induced Alopecia: What Is Available 
and What Is Coming? Curr Oncol. 2023;30(4):3609-26.  

12. Pereira-Silva M, Martins AM, Sousa-Oliveira I, Ribeiro 
HM, Veiga F, Marto J, et al. Nanomaterials in hair care 
and treatment. Acta Biomater. 2022;142:14-35.  

13. Patra JK, Das G, Fraceto LF, Campos EVR, Rodriguez-
Torres MDP, Acosta-Torres LS, et al. Nano based drug 
delivery systems: Recent developments and future 
prospects. J Nano biotechnology [Internet]. 2018;16(1): 
1-33. Available from: 
https://doi.org/10.1186/s12951-018-0392-8 

14. Li SJ, Huang KP, Joyce C, Mostaghimi A. The Impact 
of Alopecia Areata on Sexual Quality of Life. Int J 
Trichology. 2018;10(6):271–4.  

15. Meunier J, Libert Y, Delvaux N, Marchal S, Etienne A, 
Lienard A, et al. Psychobiological correlates of 
communication skills use and learning: Preliminary 
results. Psycho-Oncology J Psychol Soc Behav Dimens 
cancer. 2007;16(9):S25-S25.  

16. Pratt CH. Alopecia areata, Nature reviews. Disease 
primers, Nat Rev Dis Prim; c2017. p. 3.  

17. Ustuner ET. Cause of androgenic alopecia: Crux of the 
matter. Plast Reconstr Surg. 2013;1(7):1-5.  

18. Nguyen B, Hu JK, Tosti A. Eyebrow and Eyelash 
Alopecia: A Clinical Review. Am J Clin Dermatol 
[Internet]. 2023;24(1):55-67. Available from: 
https://doi.org/10.1007/s40257-022-00729-5 

19. Ongole R. Text book of oral medicine, oral diagnosis 
and oral radiology. Elsevier India; c2009. 

20. Deepika P, Sushama M, Chidrawar V, Rao VU, Reddy 
BV. Traction Alopecia : A Review. J Glob Trends 
Pharm Sci. 2014;5(1):1431-42.  

21. Simakou T, Butcher JP, Reid S, Henriquez FL. 
Alopecia areata: A multifactorial autoimmune 
condition. J Autoimmun. 2019;98:74-85.  

22. Broadley D, McElwee KJ. A hair-raising history of 
alopecia areata. Exp Dermatol. 2020;29(3):208-22.  

23. Seetharam KA. Alopecia areata: An update. Indian J 
Dermatol Venereol Leprol. 2013;79(5):563-75.  

24. Alsantali A. Alopecia areata: a new treatment plan. Clin 
Cosmet Investig Dermatol [Internet]; c2011. p. 107. 
Available from: https://doi.org/10.2147/CCID.S22767 

25. Rambwawasvika H. Alopecia types, current and future 
treatment. J Dermatology Cosmetol. 2021;5(4):93-9.  

26. Strazzulla LC, Wang EHC, Avila L, Lo Sicco K, 
Brinster N, Christiano AM, et al. Alopecia areata: 
Disease characteristics, clinical evaluation, and new 
perspectives on pathogenesis. J Am Acad Dermatol 
[Internet]. 2018;78(1):1-12. Available from: 
https://doi.org/10.1016/j.jaad.2017.04.1141 

27. Safavi KH, Muller SA, Suman VJ, Moshell AN, Melton 
LJ. Incidence of Alopecia Areata in Olmsted County, 
Minnesota, 1975 through 1989. Mayo Clin Proc. 
1995;70(7):628-33.  

https://www.pharmaceuticaljournal.net/


 

~ 12 ~ 

International Journal of Pharmaceutical Research and Development https://www.pharmaceuticaljournal.net 
 
 
 28. Shetty VM, Shanmukhappa AG, Nataraj H V, Aradhya 

SS. Hair Loss in Children: A Clinic etiological Study 
from South India. Int J Trichology. 2021;13(6):17-25.  

29. Sharma VK, Dawn G, Kumar B. Profile of alopecia 
areata in Northern India. Int J Dermatol. 1996;35(1):22-
27.  

30. Gilhar A, Ullmann Y, Berkutzki T, Assy B, Kalish RS. 
Autoimmune hair loss (Alopecia Areata) transferred by 
T lymphocytes to human scalp explants on SCID mice. 
J Clin Invest. 1998;101(1):62-67.  

31. Johnstone MA, Albert DM. Prostaglandin-induced hair 
growth. Surv Ophthalmol. 2002;47(4 Suppl 1).  

32. Garza LA, Liu Y, Yang Z, Alagesan B, Lawson JA, 
Scott M, et al. PGD2 inhibit hair growth. 2012;4:126.  

33. Nieves A, Garza LA. Does prostaglandin D2 hold the 
cure to male pattern baldness? Exp Dermatol. 
2014;23(4):224-7.  

34. Rathnayake D, Sinclair R. Male androgenetic alopecia. 
Expert Opin Pharmacother. 2010;11(8):1295-304.  

35. Blumeyer A, Tosti A, Messenger A, Reygagne P, Del 
Marmol V, Spuls PI, et al. Evidence-based (S3) 
guideline for the treatment of androgenetic alopecia in 
women and in men. JDDG - J Ger Soc Dermatology. 
2011;9:6.  

36. Patel B. Addressing Androgenetic Alopecia-A Complex 
Disorder-with a Multilateral Treatment Strategy. MOJ 
Bioequivalence Bioavailab. 2017;3:1.  

37. Zhang Z, Tsai PC, Ramezanli T, Michniak-Kohn BB. 
Polymeric nanoparticles-based topical delivery systems 
for the treatment of dermatological diseases. Wiley 
Interdiscip Rev Nanomedicine Nanobiotechnology. 
2013;5(3):205-18.  

38. Delivery solutions therapeutic Edited by.  
39. Padois K, Cantiéni C, Bertholle V, Bardel C, Pirot F, 

Falson F. Solid lipid nanoparticles suspension versus 
commercial solutions for dermal delivery of minoxidil. 
Int J Pharm. 2011;416(1):300-4.  

40. Mishra P, Handa M, Ujjwal RR, Singh V, Kesharwani 
P, Shukla R. Potential of nanoparticulate based delivery 
systems for effective management of alopecia. Colloids 
Surfaces B Bio interfaces [Internet]. 2021;208:112050. 
Available from: 
https://doi.org/10.1016/j.colsurfb.2021.112050 

41. Hussain A, Samad A, Ramzan M, Ahsan MN, Ur 
Rehman Z, Ahmad FJ. Elastic liposome-based gel for 
topical delivery of 5-fluorouracil: in vitro and in vivo 
investigation. Drug Deliv. 2016;23(4):1115-29.  

42. Joseph J, Vedha Hari BN, Ramya Devi D. Experimental 
optimization of Lornoxicam liposomes for sustained 
topical delivery. Eur J Pharm Sci. [Internet]. 
2018;112:38–51. Available from: 
http://dx.doi.org/10.1016/j.ejps.2017.10.032 

43. Lingan li RMH. Topical liposome delivery of 
molecules to hair follicles in mice. J Dermatol Sci.  

44. Jain B, Singh B, Katare OP, Vyas SP. Development and 
characterization of minoxidil-loaded liposomal system 
for delivery to pilosebaceous units. J Liposome Res. 
2009;00(00):090821071059075-10.  

45. Mura S, Pirot F, Manconi M, Falson F, Fadda AM. 
Liposomes and niosomes as potential cariers for dermal 
delivery of minoxidil. J Drug Target. 2007;15(2):101-8.  

46. Tabbakhian M, Tavakoli N, Jaafari MR, Daneshamouz 
S. Enhancement of follicular delivery of finasteride by 
liposomes and niosomes. 1. In vitro permeation and in 
vivo deposition studies using hamster flank and ear 
models. Int J Pharm. 2006;323(1–2):1–10.  

47. Peltola S, Saarinen-Savolainen P, Kiesvaara J, Suhonen 
TM, Urtti A. Microemulsions for topical delivery of 
estradiol. Int J Pharm. 2003;254(2):99-107.  

48. Hashem FM, Shaker DS, Ghorab MK, Nasr M, Ismail 
A. Formulation, characterization, and clinical 
evaluation of microemulsion containing clotrimazole 
for topical delivery. AAPS Pharm Sci. Tech. 
2011;12(3):879-86. 

49. Sakr FM, Gado AM I, Mohammed HR, Adam AN Asse 
I. Preparation and evaluation of a multimodal minoxidil 
microemulsion versus minoxidil alone in the treatment 
of androgenic alopecia of mixed etiology: A pilot study. 
Drug Des Devel Ther. 2013;7:413–23.  

50. Langasco R, Tanrıverdi ST, Özer Ö, Roldo M, Cossu 
M, Rassu G, et al. Prolonged skin retention of 
clobetasol propionate by bio-based microemulsions: A 
potential tool for scalp psoriasis treatment. Drug Dev 
Ind Pharm [Internet]. 2018;44(3):398-406. Available 
from: 
http://dx.doi.org/10.1080/03639045.2017.1395458 

51. Sinensis C. Physical Stability, Safety and Hair Growth 
Activity from Microemulsion Containing White Tea 
Ethanolic Extract Compared to Green Tea; c2014 Aug.  

52. Soleymani SM, Salimi A. Enhancement of dermal 
delivery of finasteride using microemulsion systems. 
Adv Pharm Bull [Internet]. 2019;9(4):584-92. Available 
from: https://doi.org/10.15171/apb.2019.067 

53. Pelikh O, Eckert RW, Pinnapireddy SR, Keck CM. Hair 
follicle targeting with curcumin nanocrystals: Influence 
of the formulation properties on the penetration 
efficacy. J Control Release [Internet]. 2021;329:598-
613. Available from: 
https://doi.org/10.1016/j.jconrel.2020.09.053 

54. Goyal R, Macri LK, Kaplan HM, Kohn J. Nanoparticles 
and Nano fibers for topical drug delivery Ritu. HHS 
Public Access Author Manuscr J Control Release 
Author manuscript; available PMC 2016 Oct 28 Publ. 
2016;(2):77-92.  

55. Eleraky NE, Allam A, Hassan SB, Omar MM. 
Nanomedicine fight against antibacterial resistance: An 
overview of the recent pharmaceutical innovations. 
Pharmaceutics. 2020;12(2):1–51.  

56. Salim S, Kamalasanan K. Controlled drug delivery for 
alopecia: A review. J Control Release [Internet]. 
2020;325:84-99. Available from: 
https://doi.org/10.1016/j.jconrel.2020.06.019 

57. Psimadas D, Georgoulias P, Valotassiou V, Loudos G. 
Molecular Nanomedicine Towards Cancer : J Pharm 
Sci. 2012;101(7):2271-80.  

https://www.pharmaceuticaljournal.net/


 

~ 13 ~ 

International Journal of Pharmaceutical Research and Development https://www.pharmaceuticaljournal.net 
 
 
 58. Guo CY, Yang CF, Li QL, Tan Q, Xi YW, Liu WN, et 

al. Development of a Quercetin-loaded nanostructured 
lipid carrier formulation for topical delivery. Int J 
Pharm. 2012;430(1-2):292-8.  

59. Wang W, Chen L, Huang X, Shao A. Preparation and 
Characterization of Minoxidil Loaded Nanostructured 
Lipid Carriers. AAPS PharmSciTech [Internet]. 
2017;18(2):509-16. Available from:  
http://dx.doi.org/10.1208/s12249-016-0519-x 

60. Uprit S, Kumar Sahu R, Roy A, Pare A. Preparation 
and characterization of minoxidil loaded nanostructured 
lipid carrier gel for effective treatment of alopecia. 
Saudi Pharm J [Internet]. 2013;21(4):379-85. Available 
from: http://dx.doi.org/10.1016/j.jsps.2012.11.005 

61. Integrado M, Jo M, Tavares B, Supervisor G. Lipid 
nanoparticles for topical and transdermal application for 
alopecia treatment. 2012;(July):1231–42.  

62. Hatem S, Nasr M, Moftah NH, Ragai MH, Geneidi AS, 
Elkheshen SA. Clinical cosmeceutical repurposing of 
melatonin in androgenic alopecia using nanostructured 
lipid carriers prepared with antioxidant oils. Expert 
Opin Drug Deliv [Internet]. 2018;15(10):927-35. 
Available from: 
https://doi.org/10.1080/17425247.2018.1517740 

63. Sala M, Locher F, Bonvallet M, Agusti G, Elaissari A, 
Fessi H. Diclofenac Loaded Lipid Nanovesicles 
Prepared by Double Solvent Displacement for Skin 
Drug Delivery. Pharm Res. 2017;34(9):1908-24.  

64. Elsherif NI, Shamma RN, Abdelbary G. Terbinafine 
Hydrochloride Trans-ungual Delivery via Nano 
vesicular Systems: In vitro Characterization and Ex 
Vivo Evaluation. AAPS PharmSciTech [Internet]. 
2017;18(2):551-62. Available from: 
http://dx.doi.org/10.1208/s12249-016-0528-9 

65. Hatem S, Nasr M, Moftah NH, Ragai MH, Geneidi AS, 
Elkheshen SA. Melatonin vitamin C-based nanovesicles 
for treatment of androgenic alopecia: Design, 
characterization and clinical appraisal. Eur J Pharm Sci 
[Internet]. 2018;122(May):246-53. Available from: 
https://doi.org/10.1016/j.ejps.2018.06.034 

66. Kumar P, Singh S, Handa V, Kathuria H. Oleic Acid 
Nano vesicles of Minoxidil for Enhanced Follicular 
Delivery. Medicines. 2018;5(3):103.  

67. Rajendran RL, Gangadaran P, Bak SS, Oh JM, 
Kalimuthu S, Lee HW, et al. Extracellular vesicles 
derived from MSCs activates dermal papilla cell in 
vitro and promotes hair follicle conversion from telogen 
to anagen in mice. Sci Rep [Internet]. 2017;7(1):1-12. 
Available from:  
http://dx.doi.org/10.1038/s41598-017-15505-3 

68. Liu J, Hu W, Chen H, Ni Q, Xu H, Yang X. 
Isotretinoin-loaded solid lipid nanoparticles with skin 
targeting for topical delivery. Int J Pharm. 
2007;328(2):191-5.  

69. Bhalekar MR, Pokharkar V, Madgulkar A, Patil N, Patil 
N. Preparation and evaluation of miconazole nitrate-
loaded solid lipid nanoparticles for topical delivery. 
AAPS Pharm Sci Tech. 2009;10(1):289-96.  

70. Mardhiah Adib Z, Ghanbarzadeh S, Kouhsoltani M, 
Yari Khosroshahi A, Hamishehkar H. The Effect of 
Particle Size on the Deposition of Solid Lipid 
Nanoparticles in Different Skin Layers: A Histological 
Study. Adv Pharm Bull. 2016;6(1):31-36.  

71. Battaglia L, Ugazio E. Lipid nano- and micro particles: 
An overview of patent-related research. J Nanometers; 
c2019.  

72. Handa M, Ujjwal RR, Vasdev N, Flora SJS, Shukla R. 
Optimization of Surfactant- And Cosurfactant-Aided 
Pine Oil Nanoemulsions by Isothermal Low-Energy 
Methods for Anticholinesterase Activity. ACS Omega. 
2021;6(1):559-68.  

73. Lee SG, Kang JB, Kim SR, Kim CJ, Yeom DW, Yoon 
HY, et al. Enhanced topical delivery of tacrolimus by a 
carbomer hydrogel formulation with transcutol P. Drug 
Dev Ind Pharm. 2016;42(10):1636-1642.  

74. Lopedota A, Denora N, Laquintana V, Cutrignelli A, 
Lopalco A, Tricarico D, et al. Alginate-Based Hydrogel 
Containing Minoxidil/Hydroxypropyl-β-Cyclodextrin 
Inclusion Complex for Topical Alopecia Treatment. J 
Pharm Sci. [Internet]. 2018;107(4):1046-54. Available 
from: https://doi.org/10.1016/j.xphs.2017.11.016 

75. Jing P, Lifeng K. Hydrogel Microwells for Human Hair 
Follicle Regeneration. 2013;101(11):3159.  

76. Lopedota A, Cutrignelli A, Denora N, Laquintana V, 
Lopalco A, Selva S, et al. New ethanol and propylene 
glycol free gel formulations containing a minoxidil-
methyl-β-cyclodextrin complex as promising tools for 
alopecia treatment. Drug Dev Ind Pharm. 
2015;41(5):728-36.  

77. Baroli B, Ennas MG, Loffredo F, Isola M, Pinna R, 
López-Quintela MA. Penetration of metallic 
nanoparticles in human full-thickness skin. J Invest 
Dermatol. 2007;127(7):1701-1712.  

78. Zvyagin A V., Zhao X, Gierden A, Sanchez W, Ross 
JA, Roberts MS. Imaging of zinc oxide nanoparticle 
penetration in human skin in vitro and in vivo. J Biomed 
Opt. 2008;13(6):064031.  

79. Applications S. Focussed MeV-Ion Micro- and Nano-
Beams in the Life Sciences; c2008.  

80. Afiune LAF, Ushirobira CY, Barbosa DPP, de Souza 
PEN, Leles MIG, Cunha-Filho M, et al. Novel iron 
oxide nanocarriers loading finasteride or dutasteride: 
Enhanced skin penetration for topical treatment of 
alopecia. Int J Pharm; c2020. p. 587.  

81. Mysore V, Kumaresan M, Garg A, Dua A, Venkatram 
A, Dua K, et al. Hair Transplant Practice Guidelines. J 
Cutan Aesthet Surg. 2021;14(3):265-84.  

82. Perez-Meza D, Niedbalski R. Complications in Hair 
Restoration Surgery. Oral Maxillofac Surg Clin North 
Am. 2009;21(1):119-48.  

83. Navarro RM, Pino A, Martinez-Andres A, Molina C, 
Martinez AM, Martinez N, et al. The effect of plasma 
rich in growth factors combined with follicular unit 
extraction surgery for the treatment of hair loss: A pilot 
study. J Cosmet Dermatol. 2018;17(5):862-73.  

https://www.pharmaceuticaljournal.net/


 

~ 14 ~ 

International Journal of Pharmaceutical Research and Development https://www.pharmaceuticaljournal.net 
 
 
 84. Leavitt M, Perez-Meza D, Rao NA, Barusco M, 

Kaufman KD, Ziering C. Effects of finasteride (1 mg) 
on hair transplant. Dermatologic Surg. 2005;31(10): 
1268-1276.  

85. Rivitti EA. Alopecia areata: A revision and update. An 
Bras Dermatol. 2005;80(1):57-68.  

86. Asim SA, Ahmed S, Najam-us-Sehar. Psoralen-
ultraviolet a treatment with psoralen-ultraviolet B 
therapy in the treatment of psoriasis. Pakistan J Med 
Sci. 2013;29(3):758-61.  

87. Shapiro J. Current Treatment of Alopecia Areata. J 
Investig Dermatology Symp Proc [Internet]. 
2013;16(1):S42-4. Available from: 
http://dx.doi.org/10.1038/jidsymp.2013.14 

88. Reid EE, Haley AC, Borovicka JH, Rademaker A, West 
DP, Colavincenzo M, et al. Clinical severity does not 
reliably predict quality of life in women with alopecia 
areata, telogen effluvium, or androgenic alopecia. J Am 
Acad Dermatol. 2012;66(3):97-102.  

89. Ha JF, Longnecker N. Doctor-patient communication: 
A review. Ochsner J. 2010;10(1):38-43.  

90. Peters EMJ, Arck PC, Paus R. Hair growth inhibition 
by psychoemotional stress: A mouse model for neural 
mechanisms in hair growth control. Exp Dermatol. 
2006;15(1):1-13.  

91. Matzer F, Egger JW, Kopera D. Psychosocial stress and 
coping in alopecia areata: A questionnaire survey and 
qualitative study among 45 patients. Acta Derm 
Venereol. 2011;91(3):318-27.  

92. Harrison S, Sinclair R. Optimal Management of Hair 
Loss (Alopecia) in Children. Am J Clin Dermatol. 
2003;4(11):757-70.  

93. D’Ovidio R, D’Ovidio FD. Hyposecretion of the 
adrenal androgen dehydroepiandrosterone sulfate 
(DHEA-S) in the majority of the alopecia areata 
patients: Is it a primitive and pathogenic perturbation of 
hypothalamic-pituitary-adrenal axis. Int J Trichology. 
2011;3(1):43-4. 

https://www.pharmaceuticaljournal.net/

