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Abstract

:

Hair loss (alopecia) has a multitude of causes, and the problem is still poorly defined. For curing alopecia, therapies are available in both natural and synthetic forms; however, natural remedies are gaining popularity due to the multiple effects of complex phytoconstituents on the scalp with fewer side effects. Evidence-based hair growth promotion by some plants has been reported for both traditional and advanced treatment approaches. Nanoarchitectonics may have the ability to evolve in the field of hair- and scalp-altering products and treatments, giving new qualities to hair that can be an effective protective layer or a technique to recover lost hair. This review will provide insights into several plant and herbal formulations that have been reported for the prevention of hair loss and stimulation of new hair growth. This review also focuses on the molecular mechanisms of hair growth/loss, several isolated phytoconstituents with hair growth-promoting properties, patents, in vivo evaluation of hair growth-promoting activity, and recent nanoarchitectonic technologies that have been explored for hair growth.
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1. Introduction


Approximately 30–50 percent of males by the age of fifty and 12–40 percent of women are affected by androgenetic alopecia (AGA), also referred to as male and female pattern alopecia, respectively. The androgen impact on genetically susceptible follicles’ epithelium in androgen-dependent zones causes gradual shrinkage of the follicles [1,2,3,4].



While aging and complicated genetic inheritance are key risk factors for AGA progression, the commencement of an inflammation-causing stage in the follicular microenvironment is the principal locus of occurrence, involving processes such as aberrant transcriptional activation among the contributors [5]. Oxidative stress and apoptosis are both amplified. Hair loss is caused by several different mechanisms, including 5-dihydrotestosterone (DHT), inflammation, and oxidative stress, all of which contribute to the loss of keratinocytes. A multifaceted strategy for treating AGA is required to resolve both issues. Dermal papilla cells (DPCs) produce interleukin (IL-6) and converting growth factor (TGF-2) in response to DHT, which inhibits hair development and causes the catagen stage to begin prematurely in AGA patients [6,7,8,9,10,11].



At this stage, AGA is not cured. The most prevalent side effects among people with AGA include anxiety and depression. Orally administered finasteride and topical minoxidil have already been approved for AGA in the USA. However, finasteride was confined to men only, as teratogenicity in pregnancy and poor post-menopausal effects were observed in women [12,13,14]. Whilst the molecular mechanisms of minoxidil are undetermined, it is expected to reduce the telogen period and enhance the telogen–exogen period [15]. When testosterone is converted to its activated state (DHT), the end step in the process, finasteride can be used as a type II 5-alfa-reductase inhibitor [16]. Baldness can be slowed, and new hair regrowth can be accelerated with the use of these two drugs. However, they perform at a below-average level [17,18]. It has been found that only 48.06% and 38.66% of the participants who took oral finasteride for one year and four months showed hair extension [19]. Additionally, a research study found that finasteride had no effect on hair loss in postmenopausal women. Topical minoxidil has already been linked to incidences of scalp irritation and inadequate efficacy in some individuals [20,21]. Due to these many side effects, there is a great demand for plant substitutes for the management of alopecia. Hence, there is an unmet demand for additional safe and reliable AGA treatments.



There are various causes of baldness that can result from constant and persistent pressure on the hair, including traction alopecia (TA). Hairstyles that pull significantly at the frontotemporal horizon are the most frequent source among children and women of African descent [22]. The frontal and temporal areas, as well as the areas above and below the ears, are frequently affected by TA. In addition to the hairstyles, TA patients have also reported wearing their hair in tight weave or braid configurations, or in ponytails. Consider the possibility of TA when applying traction to hair that has been treated with relaxers or colors [23]. The clinical diagnosis of TA may be aided by the presence of retained hairs around the frontal and/or temporal hairlines (the “fringe sign”) [24,25,26,27]. Corticosteroids focused on the periphery of hair loss, antibiotics with anti-inflammatory drugs shortly after TA onset, minoxidil, and hair implantation have all been utilized as treatments for TA, as well as suppressing all events that cause the condition.



In terms of the longevity of baldness, central centrifugal cicatricial alopecia (CCCA) is second to TA in order of significance in the occurrence of alopecia in women of African descent, with a recurrence of 3–7 percent, although the exact incidence in varied groups is unknown [28]. Scientists have linked CCCA to a mutation in the PAD13 gene, which encodes proteins essential for the proper development of the hair shaft. A genetic predisposition to CCCA can be triggered using abrasive hair grooming procedures [29]. In most cases, CCCA-induced scarring alopecia develops on the vertex of the scalp in a centrifugal configuration with symmetrical spread. Dermoscopy indicates the presence of a white halo at the periphery of the eye, as well as other findings. CCCA is assumed in an African American patient with thinning of the middle portion of the body. Treatments like those used for TA, as well as doxycycline and hydroxychloroquine, have been employed, but many are ineffective and unsatisfactory [30].



There are many different types of botanical extracts that may be made from a variety of different plant organs such as flowers or fruits. They can be applied topically or ingested. These extracts contain a wide range of phytochemicals and unknown pollutants. Their medicinal use has increased dramatically in the past few decades. Due to its wide accessibility and inexpensive cost, this approach is promising because it can be used to create many different products that can target certain disease-related abnormalities. Nevertheless, some phytochemicals are subject to laws or intensive research because they are not licensed for a specific ailment [31]. Consequently, their efficacy and safety are hotly contested.




2. Human Hair Development in the Embryo—Molecular Mechanisms


At the ninth week of intrauterine life, the human hair follicle undergoes four unique phases of development. Interactions among epidermal placodes and dermal cells are critical for hair follicle production in various tissue types [32,33,34], including the nails, teeth, and most exocrine glands [35,36,37]. This communication is assumed to be mediated by a variety of signaling mechanisms. Wnt Hedgehog, TGF-/BMP, fibroblast growth factor (FGF), other tumor necrosis factors (TNFs), and paracrine signaling factors are believed to play critical roles in the development of cancer and most exocrine glands [36,37]. Anagen (proliferation), catagen (regression), telogen (relax), and exogen (exfoliating) are the four major stages of the hair follicle cycle. Anagen is a time when the hair is actively growing. In early anagen, the hair matrix produces new hair. A steady supply of blood nourishes hair follicles. Anagen has a life expectancy of two to six years. Catagen is the intermediate phase in which collapse of the hair follicle’s deepest section causes the hair follicles (HFs) to become disconnected from the feeding blood supply. It lasts between one and two weeks. In telogen, hair mass remains dormant; papillary cells have separated from HFs and are inactive during the five- to six-week resting phase. Exogen is the phase of shedding in the last stages of life when hairs shed. However, it can also occur in the telogen or anagen phases.



Throughout postnatal life, the hair follicles of mammalian skin undergo frequent intricacy and regeneration cycles [38]. Anatomical locations, dietary and hormonal conditions, age, and species all influence the tenure of each phase. [39]. Since the first test and hair shaft in mice are not formed until 17days after birth [20], it is often mistaken for the first anagen in human studies [40,41]. The follicles of the scalp go through 10–30 cycles throughout their lives. White adipose tissue, which forms dermal cones surrounding pilosebaceous units, is hypothesized to have a role in human HF cycling [42].



2.1. Anagen


There are four weeks of real anagen following birth, which is when the body begins to expand. Proliferating stem cells in the bulge area produce a new lower hair follicle at the anagen stage [43]. Human hair follicular bulging cells or units have keratin fifteen and integrin [44]. When produced from epithelial high-frequency stem cells in the bulge, the hair matrix temporarily multiplies cells similarly to proliferate and then differentiate into discrete epithelial hair lineages [45]. The hair follicle stem cells are, however, exceedingly slow at cycling throughout the anagen, catagen, and telogen development stages [46,47].




2.2. Catagen


Over the course of 2–3 weeks, the bottom two-thirds of the HF gradually degenerate, leaving just the club hair surrounded by an epithelial cap. Inner and outer root keratinocytes are undoubtedly essential. Stem cells from the HF bulge are spared [48]. Finally, an epithelial strand is formed, which is an epithelial HF remnant that serves to resemble the dermal papilla bulge [36]. The old hair layer becomes visible as novel hairs emerge from the same follicle. ORS may bulge around a mouse club hair if it rests in the slot for multiple cycles, which increases the coat density [49].




2.3. Telogen


Telogen is the repose phase of the hair follicle cycle and is associated with exfoliation or baldness. It follows the catagen phase (Figure 1) [33]. At an early stage of development, the hair follicle cycling of the mouse epidermis is well synchronized, but this coordination diminishes with maturity [29]. The human hair follicle cycles on both sides begin to desynchronize soon after birth. In addition, the time spent in telogen lengthens with age [50,51], with a slower rate of hair follicle turnover in both humans and animals. Anagen/telogen ratios are responsible for the wide range of hair lengths seen on the human body (including eyelashes, the chest, and the scalp). Long hair grows on the scalp because of the large anagen/telogen ratio, while limb hair and eyelashes spend longer in telogen and less duration in anagen [52].




2.4. Exogen


Exogenous hair loss is generally an evolving process, but exogenous hair shedding may occur passively due to mechanical factors (Figure 1) [43]. At various times, human HFs go through the four cycles. There are approximately eighty-six percent of hairs in the anagen phase, one percent of hairs in the catagen phase, and just thirteen percent in the telogen phase at any one time in the human HF cycle [53]. The hair follicle stem cells are found in the ORS bulge [54]. Homeostasis slows bulk cell cycling and inactivity [45,46,47]. Different from stem cells in other tissues, these are biologically different and survive throughout life. Permanent and chronic alopecia may be caused by inflammation-induced bulge damage and bulge cell death [55]. Human bulging epithelial stem cells are hypothesized to be identifiable by the expression of keratin fibers K15 and K19, enhanced CD200 expression, and reduced expression of CD34, connexin, and nestin 43 [56,57]. Anagen, which produces daughter cells through asymmetric division, begins when the bulge stem cells begin to proliferate. The offspring cells of the stem cell penetrate the spontaneously energized matrix cells that can arise due to the adolescent hair follicle’s cell cultures when they reach the hair bottom [58,59]. Hair follicle stem cells have the potential to repair sebaceous glands as well as the interfollicular epidermis [60]. Stem cells in the HF population have been shown to generate melanocytes, brain stem cells, and keratinocytes throughout life [38].





3. Follicle Cycle Mechanisms in Hair


The molecular processes behind hair follicle cycling are still a mystery. Hair follicle development in humans is now being studied in more detail, which has laid the groundwork for understanding crucial regulations [61].



3.1. Anagen


Stem cell incoherence and persistence may be fine-tuned by gene transcription monitoring in both mice and humans [62]. Wnt, activin/BMP, and TGF-/BMP signaling in mouse and human bulging cells, as well as noggin, FGF, and sonic hedgehog (Shh) antagonists, play a significant role in anagen production [63]. Elevated Wnts, the stability of β-catenin, bone morphogenetics protein suppression by antagonists, and elevated levels of c-myc and Runx1 inside the hair follicle bulge cells contribute to the activation of stem cells [64,65,66,67]. Because of the abnormal proliferation of HF stem cells in mice and missingBMPR1a, these animals eventually lose their slow-cycling cells [68]. In these animals, the transcriptional lymphoid enhancer binding factor-1 (Lef-1) and stabilized β-catenin within the environment of stem cells are elevated and abnormal. DIO2 and ANGPTL2 expression have been shown to be upregulated only in humans [69,70]. Mice and humans differ in the accumulation of latent TGF-binding protein 2, CD34, and FGF18 [36]. Hepatocyte growth factor and vascular endothelial growth factor (VEGF) are responsible for maintaining anagen [71]. Bulge stem cells remain dormant as anagen develops because Wnt inhibition via TCF3, Wnt inhibitory factor 1 and Dkks (e.g., Dkk3), and the calcium-dependent transcription factor NFATc1 [72] restore the bulge to a Wnt-inhibited state [73]. As a result of BMP signaling, Wnt pathway activation is prevented, and the HF stem cells are kept in quiescence. Anagen maintenance is regulated by P-cadherin, which regulates canonical Wnt signaling and suppresses TGF-2 in organ-cultured human scalp hair follicles. The daughter bulge cells move away from the dermal papilla when the epithelial hair follicle stem cells return to quiescence [74]. The anagen follicle’s specialized cell fate is likewise determined by Wnt signaling [75]. Srfp1, Dab2, and TCF3 inhibitors have been shown to be diminished in non-bulge keratinocytes compared to bulging stem cells in human and mouse skin [76]. Wnt signaling is kept active and β-catenin is stabilized during anagen by the transient multiplying cells [77,78]. After a certain point, the precortical hair matrix cells stop growing and diverge into distinct terminal hair follicle epithelial cell lines [36,79]. When it comes to ORS creation, BMPs, GATA3, and Cutl1 are implicated, whereas IRS formation is facilitated by Shh and Sox9. Wnt/β-catenin, BMPs, the vitamin D receptor (VDR), notch, and Foxn1 regulate hair shaft growth and keratin synthesis. For all epithelial lineages, TCF3 acts as a generic inhibitor of TCF3 [80].




3.2. Catagen


TNF-signaling downstream effectors, including VDR, keratin fiber K17, the retinoic acid receptor, and the transcriptional repressor Hairless, all play a role in the anagen-to-catagen shift. Mice lacking Hairless or VDR have HFs that develop into epithelial vesicles and dermal cysts when they enter catagen [81], which disturbs the crucial connection between hair follicle stem cells and the induced hair follicle mesenchyme, which is necessary for the proper function of HFs. Catagen onset is accelerated by FGF-5, a powerful factor [33]. FGF-5-deficient animals have an extended anagen and an angora phenotype (an exceptionally broad body surface hair sheath) [82], supporting the involvement of FGF-5. Gene mutations in FGF5 have been linked to a dramatic increase in eyelash growth, a condition known as familial trichomegaly [83]. In addition to interleukin-1α, neurotrophins-3, -4, and -5, BMP2 and BMP4 [36], and TNF-α [36], other variables work together to enhance catagen onset. The dermal papillary cells of human hair follicle cells treated with all-trans retinoic acid undergo an overexpression of TGF-2, resulting in a catagen-like state [84].




3.3. Telogen


Research in mice has shown that telogen can be divided into two distinct phases: the refractory phase, in which hair follicles are impervious to growth stimuli and have increased BMP2/4, and the competent phase, in which hair follicle bulge stem cells are hypersensitive to anagen-inducing factors, BMP signaling is diminished, and Wnt/-catenin signaling is increased [85,86]. It is worth noting that the estrogen receptor is significantly upregulated during telogen. These two systems must work together to guarantee that individual hair follicle cycles are regulated, and this might be related to the finding that bone morphogenetics protein (BMP2) and morphogenetics protein (BMP4) expression goes through cyclical variations in the extrafollicular dermis, notably in subcutaneous adipocytes. The bulging stem and dermal papilla cells may communicate [87] and assist the activation of stem cells in concert for the commencement of a new hair follicle cycle, while the dermal papilla sits immediately below the bulging cells in telogen.





4. Recent Nanotechnology-Based Formulations for Human Hair Growth


Hair regrowth starts anew after the stem cell density reaches a threshold level [88]. In epithelial HF stem cells, several genes have been found to influence their ability to divide and their ability to undergo HF cycling. Hair follicle cycle monitoring and mouse genetics research will proceed to shed light on the mechanisms of the hair cycle clock in the future [89]. Weak hair may be caused by a range of medical disorders, including hormone imbalances, age-related changes in hair texture and density, autoimmune diseases, drugs, and heredity [90]. Researchers believe that hair loss might be caused by weakened or ruined hair stem cells. Tissue may be depleted in scarring alopecia, but this is not the case with baldness, which is caused by problems with stem cell maintenance and the depletion of progenitor cells. Allogeneic hair transplantation and medicines have made significant progress in the treatment of alopecia, but most of these attempts have failed to produce enough hair to be helpful. DPCs and epithelium-derived follicular stem cells have been transplanted, which is consistent with the necessity for reciprocal interactions for hair follicle morphogenesis and hair cycle progression [91,92]. The functional epithelial stem cells are thought to receive essential signals from the DPCs to control their development and to eventually determine the form, size, and color of the hair follicles [37]. This potential to proliferate and regenerate finally runs out in culture [93]. Particles that have shown promising results thus far include FGF-2 [94], Wnt [95], and BMP. Adding specific growth factors may assist in boosting hair creation efficiency [96]. DPC-specific indicators may be maintained by aggregating DPCs, and 3D preparations of HF germ cells, including epithelial cells and mesenchymal cells, resulted in effective hair follicle regeneration in mice [97]. It is possible to generate a significant number of hair follicle germ cells using this strategy, but it is time-consuming. To generate adequate quantities of strong stem cells for hair-regeneration therapy, recent research has concentrated on enhancing the efficiency of procedures [98]. While hair follicle enlargement is like wound healing in that it needs close coordination between tissue repair, cell proliferation, and cell migration, it also differs significantly. Throughout wound healing, hypoxia-inducible factor-1a promotes neovascularization, collagen, and elastin synthesis [99]. Human hair follicle stem/progenitor cells are hypoxia-responsive, and activating the hypoxia inducible factor-1 signaling pathway dramatically enhances the regrowth of cells, tissues, and hair development [100,101,102,103,104,105]. On the other hand, minoxidil, a hair growth stimulant, suppresses the HIF-degrading enzyme prolyl hydroxylase, which has a positive impact on hair development via the amplification of the angiogenic hypoxia-inducible factor-1a–vascular endothelial growth factor axis when given topically to the scalp (Figure 1). Research into HIF-modulating drugs might lead to new hair growth-stimulating therapies according to these results. It has been shown in mice that after cutaneous injury, Shh levels rise, which activates the hedgehog pathway and restores the skin restorative dermal niche (the epidermis papilla), which is required for HF neogenesis. This suggests that activating Shh signals in Wnt-responsive cells enhances wound healing, whether expressed excessively in the epidermis or via inherent smoothened dermal activation. When it comes to promoting hair follicle development, TGF and nerve growth factor families have contradictory roles; both promote HF development, but they also induce catagen in adult hair follicles. VDR, Hairless, and notch do not play a role in inducing anagen production in newborn skin; however, they are essential for HF development [106]. Various formulations for hair growth detailed in Table 1 with their mechemism of action.



The biological source of Nardostachys jatamansi (vernacular name: Jatamansi Spikenard or Jatamansi) is Nardostachys jatamansi, and it belongs to the Valerianaceae family. Jatamansi is composed of Jonon, 1,8 cineol, and bornyl acetate. This herb has been clinically proven to promote hair development. Jatamansi in an ethanolic extract that has been shown to have a possible hair growth effect in alopecia caused by chemotherapy.



The herbal component of Cuscuta reflexa (Roxb. Amar Bel, Giant Dodder) is a parasitic, perennial herb that is generally leafless and yellowish–golden in color. This is often utilized in herbal medicines to impart medicinal activity. Chemically, this plant contains the following phytoconstituents: coumarin, amarbelin, sitosterol, dulcitol, quercitin, kaempferol, and others. It has been claimed that this herb has beneficial qualities in androgen-induced baldness, primarily in petroleum ether extract.



Shrubby sophora is a common name for Aiton, Sophora flavescens. This plant belongs to the Leguminosae family. This is essentially a prehistoric Chinese therapeutic treatment. These plants mostly include flavonoids as a chemical component. It has been stated that when administered as an extract in conjunction with several growth hormones, including KGF and IGF-1, this plant promotes hair development. These, along with dermal cells, have been discovered to aid in hair growth.



Onion is a common name for the herb Allium cepa L. The onion bulb is of the genium genus and cepa species and belongs to the Amaryllidaceae family. This bulb is primarily high in protein, specifically albumin. Allin, allyl propyl disulfide, allicin, and allyl sulfides are also found as chemical components. In addition, numerous mineral elements, such as zinc (Zn), magnesium (Mg), potassium (K), and calcium, are present (Ca). This allium species has been discovered to be beneficial in the treatment of baldness. Along with the use of honey, the extract or juice is placed topically on the scalp until it turns red.



Eclipta alba, False Hassak (vernacular name: Daisy Bhringraja) is also known as Eclipta alba. This is an annual and tiny herb with white flowers on top that belongs to the Asteraceae family. It has been shown in prehistoric times to stimulate hair growth and prevent hair loss.



Umbellatus polyporus is a mushroom that grows on maple trees. It is made up of steroidal and polysaccharide components. Another investigation discovered regrowth components such polyporusterone a and b and acetosyringone. In vitro investigation have revealed a significant increase in hair growth at substantially lower dosages of 1.28 and 6.4 g/mL, but higher doses inhibit hair development.



Thunb knowgrass and knotweed are common names for Multiflorum polygonium plants. This Chinese medication is primarily used as a hair tonic and has anti-wrinkle and anti-aging properties. Most of the time, root tubers are used. This natural component is primarily used to prevent premature hair loss and graying of the hair.



Tridax Daisy/Coatbuttons are a common names for Linnaeus’ Tridax procumbens. In India, Tridax procumbens, also known as Ghamra, is used for its flowering tops. This botanical component is widely employed in the old Ayurvedic system for illness issues. Chemically, it is made up of fumaric acid, tannins, flavonoids, glucoluteolin, procumbenetin, and quercetin. This plant’s leaves can heal a variety of ailments, including dysentery, bronchitis, and diarrhea, as well as prevent hair loss. Fruits of Emblica officinalis are high in vitamin C, tannins, and minerals such as phosphorus, iron, and calcium, which nourish the hair while also coloring it. Different patented formulations related to hair growth are tabulated in Table 2 and various animal models for the evaluation of hair growth formulations are given in Table 3.



Multi-volume inorganic halloysite clay nanotubes (HNT) have an outer diameter of 50–70 nm, an interior diameter of 10–20 nm, and a length of 500–1000 nm [179,180,181,182]. These rolled aluminosilicate sheets, which are phyllosilicates, are long, thin cylinders. An increase in the distance between spiral sections from 0.7 nanometers up to 1 nm [183] is like several naturally occurring minerals. By chemically exfoliating alumina and expanding the lumen’s diameter, the lumen volume can be enhanced for greater dye and medication loading capacity [184]. In contrast to the organizational chemistry of SiO2 (pH 4–8.5), Al2O3 results in the tubes’ charges being in opposition to one another. Halloysite surfaces have a structure that provides them with a preference for charged molecules, boosting the loading of negative substances into the bottle’s lumens and positive components onto the outer surface [185].



Self-assembly of the kaolin nanotube for cosmetic purposes has been investigated in a recent report. Using this method, nanotubes self-assembled on the hair’s outer surface and were loaded selectively into the lumens, allowing for long-term release of active colors. Mesoporous cuticles that surround the hair’s surface are exploited in the procedure, which utilizes the hair’s meso-porous nature. Hair can be washed for three minutes with one wt. percentage of water halloysite dispersion, which coats the cuticle folds with clay. Halloysite dispersion enters the inter-cuticle areas through the cuticles, which expand like flower petals in an aqueous system. Micro-confinement aligns the pipes under the impact of capillary pressure during evaporation. A sorbent may be required to dissolve halloysite-encapsulated dyes. It is possible to load kaolin nanotubes from any solution, which can be potentially dangerous, but after the formulation is complete, safe aqueous dispersions are used to administer these colored nanopigments to the hairs.



Infestations caused by human lice can be eliminated with anti-lice medications [186]. Human pediculuscapitis is extremely significant. Challenges with conventional anti-lice compositions include resistance to common pesticides such as pyrethroids and permethrin, as well as re-infestations [187]. Delivery of anti-lice drugs must be continuous and hair-targeted to achieve efficiency. Hair dyes made from graphene-based carbon compounds have also shown potential. Graphene oxide and reduced graphene oxide are sheets made from graphite particles exfoliated in the presence of oxidizing agents. Animal models for the evaluation of hair growth formulations are reported in (Table 3).



There are now color nano-formulations made from a graphene-based nanosheet mixture and chitosan. As a result of this study, a toxicity-free method for coloring light-colored hairs with dark colors of brown to black was demonstrated. Antistatic and thermal dissipation properties, as well as resilience to several shampoos, were all demonstrated by these compositions [188].



For the last two decades, nanotechnology-based cosmetic and healthcare formulations have gained prominence. Nanomaterials are employed as functional coatings and carriers to treat and protect the hair shaft from external damage and to enhance the entry of active substances via the follicular route [189]. Nanostructured materials for topical medication administration allow regulated release over a long period of time, enhancing retention and reducing side effects and irritations. Nanomaterials include protein-based [190], natural [191,192,193], and synthetic polymers [194,195]; lipid-based [196,197], metallic [198,199], and silica nanoparticles [200,201]; and dendrimer [202], clay [203], and carbon nanotubes [204]. When employing nanomaterials for hair alteration, it is important to evaluate each method’s safety and consider ethnic differences [205].



The development of new nanomaterials for hair care has centered on improving the effectiveness of hair cosmetics by providing an instant or long-term impact, improved interaction, and better targeting. Furthermore, encapsulating cosmetic ingredients in nanoparticles enables the delivery of insoluble substances. To achieve target distribution, better stability has been proposed for many bioactive carriers of nano-based cosmetics formulations such as liposome micro- and nano-emulsions, niosomes, etc. Silicone oil, which is extensively used in cosmetic preparations for lubrication, is utilized to give conditioning effects to shampoos [206]. Silicone oil is intended to target the hair shaft rather than the hair skin over time. Silicone oil in nanostructures diffuses into the hair shaft following washing without damaging the cuticle. Oil-in-water emulsification using nonionic surfactants (Span 80 and Tween 80) was employed to create thermodynamically stable nano emulsions. X-ray and SEM examination showed silicon from nano emulsions on the hair shaft [207]. Cationic nano-emulsions (droplet diameter less than 100 nm) considerably improved the texture of dry hair, making it glossy, non-greasy, and less brittle [208]. Some researchers have shown that cosmetic nano compositions of oxides, silicates, hydroxides, phosphates, and carbonates can prevent hair from looking greasy [209]. Epoxy silicone nano emulsions (with a mean particle size of 100–250 nm) generated through micro fluidization is used to repair damaged hair (e.g., hair treated with chemical procedures such as hair lightening/bleaching, relaxing, dying, permanent waving, and hair smoothing). Epoxy silicone nano-emulsions have been shown to provide better strength, flexibility, and fatigue resistance than an untreated control [210]. Solid lipid nanoparticles (SLN) between 50 and 1000 nm are popular in cosmetics and drugs. SLNs exhibit UV-resistant qualities and can be used as a carrier for 3,4,5-trimethoxybenzoylchitin and vitamin E [58] to protect hair from UV rays. Biocompatibility and minimal toxicity toward cells [211,212,213] and organisms [214,215] make halloysite nanotubes suitable for daily haircare cosmetics [48]. Insecticide (permethrin) was placed into pure or hydrophobic halloysite to protect goats, capybaras, and guinea pigs against lice [216].



Ammonia, peroxide, p-phenylenediamine (PPD), diaminobenzene, toluene-2,5-diamine, resorcinol, etc., are commonly used dyes [217]. Permanent hair dyes are the most effective, but they can cause skin rashes, itching, hair loss, dandruff, irritation, cancer, asthma, allergic reactions, impaired eyesight, etc. [218]. Nanotechnology can minimize the negative effects of hair dyes. The aniline derivative p-phenylenediamine (PPD) is used in hair coloring and as a henna alternative. PPD-incorporated NPs were generated through the ion complex formation of PPD and poly(glutamic acid) (PGA). Glycol chitosan was added to reinforce PPD/PGA ion complexes. PPD-incorporated NPs attenuate PPD’s cytotoxic and allergenic effects [219].



Polydopamine (PDA) permits black hues (natural Asian hair colors) in human hairs in the presence of ferrous ions and involves three deposition mechanisms (i.e., polydopamine’s intrinsic binding capacity, metal-assisted self-assembly, and metal-related bridging between the keratin surface and polydopamine). Natural macromolecular molecules encapsulated in nanomaterials are noteworthy. Bombyx mori silk contains sericin and fibroin proteins. Sericin, a globular protein soluble in water with a molecular weight range of 10 to 300 kDa, has been added into conditioning products as cationic nanoparticles and has been shown to heal damaged cuticles and restore gloss and texture [196]. Sericin nanoparticles in hair dyes effectively protect color during washes. Dye formulations containing 3% sericin nanoparticles and a placebo mixture without nanoparticles have been applied to hair locks to evaluate the active agent’s coloring impact. The color was applied to the hair using hydrogen peroxide for 30 min. Then, the hair was cleaned and dried. The data and an examination of pictures of damaged hair treated with sericin nanoparticles demonstrated a return to a healthy appearance [197].



Gold nanoparticles (GNPs) synthesized inside the hair cortex were effectively employed to dye white hair a rich brown color that lasted for 16 days [198]. This study outlines the present state of knowledge about signaling pathways that are critical to the development and cycling of high-frequency hemoglobin. There is still much to learn about the signaling pathways and interactions that lead to fetal hair follicle development and morphogenesis, as well as the molecular distinctions that control fetal vs. postnatal hair follicle cycling. When it comes to treating androgenetic alopecia, telogen effluvium, alopecia, hirsutism, and wound healing and regeneration, the most important challenge will be translating insights from the biology of HFs into treatments for these and other conditions, including the de novo induction of HFs in adults. The proliferative and long-lived nature of HF stem cells raises the possibility of their acquiring and maintaining genetic alterations, which might eventually lead to tumor development. One reason for optimism that adult human hair follicle stem cells may soon be useful in regenerative therapies is the growing recognition that the hair follicle and the mesenchyme enveloping it are important sources of multipotent stem cell populations. Apart from what has been discussed above, new areas of hair study may soon alter our knowledge of hair follicle biology, such as comprehending the hair follicle bulb immunological privileges and the complicated endocrine functions. Recent formulations related to hair growth are tabulated in Table 1.




5. Biomedical Applications of Nanomaterials


The infection of lice by blood-feeding ectoparasitic insects of the order Phthiraptera is known as pediculosis. Every year, millions of children are infected with head lice, a condition known as pediculosis. Head lice have developed resistance to many of the presently used pediculicides, and insecticides and acaricides are harmful toxic substances that should always be used with caution, as they may impair human and animal health, necessitating the development of new effective therapies [220]. Momordica charantia (Cucurbitaceae) is a tropical liana used for food and medicine. M. charantia is antibacterial, antihelmintic, and antimycobacterial. An aqueous leaf extract was mixed with ZnO NPs to test their anti-parasitic efficacy. A SEM scan showed 21.32 nm spherical nanoparticles. GC-MS analysis showed that the M. charantia leaf extract contained the insect pheromone Nonacosane. Ticks, head lice, and mosquito larvae were treated with ZnO NPs and leaf extract for 24 h. Synthesized ZnO NPs in conjunction with M. charantia extract had good anti-parasitic action against Pediculushumanus capitis, Anopheles stephensi, Culexquinquefasciatus, and Rhipicephalus (Boophilus) microplus [221]. Lawsonia inermis plant extract used to develop silver nanoparticles (Ag NPs) was tested against human head lice (Pediculushumanus capitis De Geer (Phthiraptera: Pediculidae)) and sheep body lice (Bovicolaovis Schrank (Phthiraptera: Trichodectidae)). To investigate the pediculocidal activity of synthesized Ag NPs against B. ovis, the contact and impregnated methods were utilized with minor changes to increase practicality and efficiency. The synthesized Ag NPs were extremely stable and exhibited considerable adulticidal action against P. humanus capitis and B. ovis [222].



Chitosan, a chitin derivative, is utilized in cosmetics and biomedicine. Chitosan is biodegradable and has minimal immunogenicity [223]. Its usefulness in hair care was shown in a research study, boosting hair development in alopecia patients [224].




6. Nanoformulations for Hair Follicles (HF)


Currently available drugs cannot address non-cosmetic concerns such as hair loss. Hair follicles are a therapeutic target for regulating hair development [225]. The hair follicle is one avenue for drug transportation through the skin [226]. The degree of substance penetration relies on the density of follicles in each region of the skin. Hair follicles distribute topically administered chemicals. Lipid-based nanocarriers can be used for HF drug delivery and treatment of alopecia. Due to their chemical composition, lipid carriers offer an advantage for HF targeting and have been explored extensively [227]. Nanostructured lipid carriers (NLC), solid lipid nanoparticles (SLN) [201], liposomes [202], transferosomes [228], niosomes [229], and ethosomes [230] have been created to enhance the skin permeability of active compounds [231]. Smaller nanoparticles reveal larger depths of penetration by accumulating in hair follicles, facilitating medication administration at the capillary bulb. Particles of 200 nm size are better for medication delivery to the hair follicle isthmus [232]. When particle size reduces, surface area and dissolution rate increase, impacting the pharmacokinetic profile (accumulation area, release and distribution, metabolic transformation, etc.). Solid lipid nanoparticles containing minoxidil showed superior skin accumulation compared with commercial solutions [233]. The chemical structure of nano lipid carriers is important for drug distribution. NLC were created to overcome several possible limitations of SLN, such as its poor loading capacity and particle stability due to its high water content. SLN forms crystalline networks [100], causing drug leakage [234]. Wang et al. (2017) developed minoxidil-loaded NLC and SLN for topical alopecia therapy. MXD-NLC displayed a more prominent penetration and retention profile than MXD-SLN, minoxidil was released more quickly from NLC than SLN, and skin irritation tests revealed no erythema [201]. NLCs were loaded with clobetasol propionate in another investigation [235]. Finasteride-loaded NLCs have high physical and chemical storage stability [236] due to oleic acid. Oleic acid promotes an amorphous form in the solid lipid matrix, which lowers particle crystallinity and results in a high encapsulation efficiency [237].



Increased skin and tissue permeability improves liposome-based delivery methods. Liposomes produce a phospholipid coating on the skin that interacts with sebum to distribute drugs follicularly. Finasteride-loaded vesicular systems in 2% w/w methyl cellulose gel showed greater FNS penetration through excised abdominal mouse skin than an equivalent solution and traditional gels. Liposomal FNS formulations lasted 2 months refrigerated [202].



Transferosomes have a greater hydrophilicity than liposomes and are more resistant to fusing with skin lipids. Surfactants act as edge activators to provide lipid bilayer flexibility [238]. Transferosomes may transmit large molecules non-occlusively over intact mammalian skin. In vitro and in vivo, transfersomes have been employed to transport peptides, vaccines, anticancer medicines, and tiny medicinal compounds. In vivo investigations revealed that mice treated with a minoxidil and caffeine transferosome formulation increased their hair length and weight [239].



Squarticles, a lipid nano emulsion made from sebum-derived lipids such as squalene and fatty esters, were explored as a nanotechnology-based formulation for topical administration of minoxidil (a drug for hair growth promotion). The average diameter of cationic squarticles is greater than that of anionic squarticles. The lipidic structure of squarticles and their nano-size enhance interactions and fusion with sebum, allowing for targeted administration of minoxidil into follicles [240]. The benefits of NE were revealed in a comparison study of two separate nanosystems: nanostructured lipid carriers (NLC) and nano emulsions (NE) with Nile red. The highly homogenous distribution of red fluorescence over the treated skin was aided by NE containing Nile red. The stratum corneum and follicular ducts both have squarticles in the shape of NE. In the case of NE-treated skin, there was a higher intensity of Nile red fluorescence [241].



Gelatin, alginate [198], chitosan [199,200], albumin [242], poly(caprolactone) [201], poly(lactide-co-glycolide) copolymers, poly(amino acids), poly(lactide), and polymethacrylates [243] were used to make biodegradable and biocompatible polymeric nanoparticles for the treatment of alopecia. Polymeric nanoparticles can prevent encapsulated pharmaceuticals from degradation for several months [244], promote medication distribution consistency, and regulate drug release [199,245]. The relaxation of polymer chains or polymer breakdown (for example, because of fermentative hydrolysis in biological systems) leads to the release of drugs from carriers, which is the mechanism of drug release from these polymeric nanoparticles. Furthermore, during medication release, the aqueous phase interacts with the particles, causing the polymeric wall to relax. Polymer nanoparticles’ pharmacodynamics and tissue penetration depth are influenced by their size and chemical structure, just as lipid nanoparticles are. Smaller polymer nanoparticles (NPs) may penetrate deeper into hair follicles (HFs), whereas NPs larger than 5 m aggregate in the infundibulum of the HF [246]. Halloysite nanotubes [217], lipid nanocarriers, and nanocrystals [247] can be used to carry drugs that are poorly water soluble. Nanocrystals are a viable drug delivery strategy not only for oral and topical use but also for hair follicle targeting due to their higher kinetic solubility, which aids passive penetration through the skin and other particular features.



Curcumin nanosuspensions (nanocrystals with a size of approximately 300 nm) were integrated into several gel bases (polar, non-polar hydrogels, and oleogels) to create gels with a curcumin content of 1% (w/w). The efficiency of hair follicle penetration, as well as passive skin penetration, was studied using an ex vivo pig ear model. The hair follicles were able to absorb nanocrystals that reached the lower region of the infundibulum as a result. The maximum amount of passive penetration was achieved by humectant-containing hydrogels; however, these hydrogels entered the hair follicles with a reduced efficiency [248].




7. Conclusions


In recent years, research on traditional herbal treatments has gained importance due to the lack of highly effective and safe products that can be used for hair growth promotion and hair loss treatment. The multiple effects of plant-based chemicals, especially the fact that they have been tried for many years with traditional use, and the continued application of those with low side effects has increased the orientation toward herbal resources. The formulation of plant-derived extracts or isolated chemicals with nanocarriers to improve efficacy, safety, and stability is promising. Considering these studies, it will be promising to carry out extensive studies with nanocarriers for hair growth promotion and hair loss treatment.
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Figure 1. Molecular mechanisms and drug targets. 
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	Sl No.
	Plant
	Formulation
	Source
	Mechansimof Action
	References





	1
	Amla or Indian gooseberry
	Fruit juice, capsule, and hair oil
	Emblica officinalis linn.

Family—euphorbiaceae
	Powerful inhibitor of 5-alpha reductase
	[107]



	2
	Brahmi, water hyssop
	Capsule, booti, and powder
	Bacopa monnieri linn.

Family—plantaginaceae
	Metal chelation at the initiation level and also as a chain breaker
	[108]



	3
	Tapaswani
	Capsule, powder, and tablet
	Nardostachys jatamansi

Family—caprifoliaceae
	Increases the expression of hair growth factor
	[109]



	4
	Fenugreek
	Hair oil, capsule, and powder
	Trigonella foenum graecum

Family—fabaceae
	Intervening in the anagen-to-catagen and catagen-to-telogen stages of the hair cycle
	[110]



	5
	Rose mallow, China rose, and shoeblack plant
	Paste of fresh or dry flower extract
	Hibiscus rosa-sinensis linn.

Family—malvaceae
	Improve the build-up of keratin and boost the formation of new hair follicles
	[111]



	6
	Umbrella polypore, lumpy bracket
	Capsule, power, and extract
	Polyporus umbellatus

Family—polyporaceae
	Inhibiting catagen entry in the human hair follicle organ
	[112]



	7
	Rosemary
	Oil and tincture
	Rosmarinus officinalis linn.

Family—lamiaceae
	Blockage of DHT precursor, 5-alpha-reductase
	[113]



	8
	Daisy and aster
	Hair oil, tablet
	Arnica montana

Family—asteraceae
	Increases blood circulation in the scalp and hair follicles
	[114]



	9
	Ramie
	Oil
	Boehmeria nipononivea

Family—urticaceae
	Short t telogen, causing premature entry of resting hair follicles
	[115]



	10
	Himalayan boxwood
	Fresh or dry bark extract
	Buxus wallichiana baill

Family—buxaceae
	5-alpha reductase inhibition
	[116]



	11
	Maidenhair tree
	Fresh or dry fruit and leaf extract
	Ginkgo biloba tree linn.

Family—ginkgoaceae
	Improves circulation in the scalp
	[117]



	12
	Brahmi
	Hair cleanser, oil, powder, fresh leaves
	Centella asiatica

Family—umbelliferae
	Makes the follicles and roots stronger, helping better and stronger hair to grow back
	[118]



	13
	Bhringraj
	Oil, hair tonic
	Eclipta alba linn.

Family—asteraceae
	Increases blood circulation to the scalp and roots
	[119]



	14
	Coconut
	Oil, shampoos, serum
	Cocos nucifera linn.

Family—palmae
	The vitamins and essential fatty acids naturally found in coconut oil nourish the scalp and help to remove sebum build-up from hair follicles.
	[120]



	15
	Ginseng radix
	Powder, capsule, serum
	Panax ginseng

Family—araliaceae
	Prevent apoptosis of hair follicle cells and inhibit 5-α reductase
	[121]



	16
	Sage oil
	Oil, tincture
	Salvia officinalis linn.

Family—labiatae
	Improve blood circulation to the scalp
	[122]



	17
	Holy basil oil, tulsi
	Powder, oil, tincture, leaf and seed extracts
	Ocimum sanctum

Family—lamiaceae
	Increases blood flow and makes the hair root healthy
	[123]



	18
	Jojoba oil
	Oil
	Simmondsia chinensis

Family—simmondiaceae
	Stimulates circulation in the scalp, nourishing and strengthening the hair follicles to grow
	[124]



	19
	Japanese fern spores
	Oil, powder
	Climbing greenery

Family—lygodiaceae
	5-alpha reductase inhibition
	[125]



	20
	Ghamra and coatbutton
	Oil
	Tridax procumbens linn.

Family—daisy
	Unknown
	[126]



	21
	Indian subcontinen
	Oil
	Cuscuta reflexa roxb

Family—convolvulaceae
	Unknown
	[127]



	22
	Onion
	Oil, shampoo
	Allium cepa l

Family—liliaceae
	Onion juice can provide extra sulfur to support strong and thick hair, thus preventing hair loss and promoting hair growth
	[128]



	23
	Tuber fleeceflower
	Oil, tonic
	Polygonium multiflorum thumb

Family—polygonaceae
	
	[129]



	24
	Peppers, capsicums
	Powder, oil, and extract
	Capsicum annum linn.

Family—solanaceae
	PI3K/AKT pathway
	[130]



	25
	Northern white cedar
	Oil, serum
	Thujae occidentalis semen

Family—cupressaceae
	Enhances circulation to the scalp
	[131]



	26
	Grape seeds and blueberry
	Oil, shampoo, capsule
	Proanthocyanidin

class of flavonoids

Family—sulfotransferase
	Catalyze the release of histamine
	[132]



	27
	Green tea
	Oil, shampoo, paste, gel, and serum
	Camellia sinensis

Family—theaceae
	Selectively inhibiting 5-alpha reductase
	[133]
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	Sl

No.
	Patent No
	Formulation
	Route
	Excipient
	Mechanism of Action
	References





	1
	US8957112
	Cream gel
	Dermatology
	Dibenzoyl peroxide
	Benzoyl peroxide exhibits bactericidal effects against Cutibacterium acnes, a key component of acne vulgaris.
	[134]



	2
	CN10126973 B
	Shampoo
	Subcutaneous
	Reynoutria multiflora, plastycladus orientalis, Notopterygium forbesii Boiss, dried root of Angelica sinensis, erial parts of Eclipta prostrata L., pericarpium zanthoxyli, Menthae Haplocalycis Herba, Zingiberis Rhizoma Recens
	Bactericidal
	[135]



	3
	EP2421498 A1
	Conditioner
	Topical
	6-Benzyladenine, mixtures of the esters of these fatty acids with the polyglycerol mixture, fatty acid esters
	Bactericidal
	[136]



	4
	US20120165291
	Cosmetic preparation
	Topical
	Azole antifungals and zinc salt of gluconic acid
	Promote DNA and RNA production.
	[137]



	5
	WO2012080223 A1
	Film
	Topical
	Glycosaminoglycan alkoxy, formic acid, α-lipoic acid
	Bactericidal
	[138]



	6
	US20120165291 A1
	Viscous aqueous solution
	Topical
	Polysaccharide(Acidic) and water
	Increase the contents of VEGF and HGF in the skin tissue of alopecia areata
	[139]



	7
	DE102010015120 B4
	Cosmetic preparation
	Topical
	Trypsin, glycosylated, Ca2+, and chymotrypsin
	Bactericidal
	[140]



	8
	CN102724959 B
	Oil
	Topical
	Extract of duchesneae indicae
	Elongate the anagen phase and abrogate the effects of androgen
	[141]



	9
	WO2013148377 A1
	Micro needle device
	Topical
	Laminin-511
	Laminin-511 promoted hair growth through morphogenic signaling, resulting in Shh and noggin expression
	[142]



	10
	CA2489308 C
	Tablet
	Oral
	Taurine
	Flushes toxins from the scalp, removing excess sebum as well as dead skin cells and DHT
	[143]



	11
	WO2014041140 A1
	Pharmaceutical salt
	Epidermal
	3-(4-aminophenyl)-2-methoxypropanoic acid
	Bactericidal
	[144]



	12
	US20140065086
	Cosmetic preparation
	Topical
	DICKKOPF-1
	Attenuation of the hair growth process by inhibiting Wnt/β-catenin signaling via the LRP5/6 co-receptor
	[145].



	13
	CN103520048 A
	Shampoo
	Topical
	Polyquaternium-10, Chinese herb medication, ammonium lauryl sulfate
	Inhibits the 5-alpha reductase enzyme
	[146]



	14
	EP2674148 A1
	Hair tonic
	Topical
	Boat orchids (Genus cymbidium)
	Restriction of fungal growth
	[147]



	15
	US8603545
	Cosmetic
	Topical
	Genus buchholzia
	Induces the anagen phase in resting hair follicles
	[148]



	16
	WO2013180229 A1
	Hair tonic
	Topical
	Group of alkoxycarbonyls
	Stimulates hair growth, is not fully understood
	[149]



	17
	WO2013167927 A1
	Injectable
	Inj.
	Biotin, organic silicon, minerals, pentoxyfilline, and hydrochloride salt form of procaine
	Enhances keratin production
	[150]



	18
	EP2162115 B1
	Balm, lotion, emulsion, paste, tablet, cream, foam or spray, particularly in emulsified form
	Oral and topical
	Advanced glycation end products
	Unknown
	[151]



	19
	CN103445997 A
	Shampoo
	Topical
	Cacumen biotae, root of Polygonum, lycii radicis cortex, Curcuma longa, deionized water, lauryl sodium sulphate (SLS), sodium alkylethersulfate, Alkyl polyglycosides, emulsified silicone, Cocamidopropyl betaine (CAPB), hexadecyl alcohol, stearyl polyoxyethyl hydroxyethyl ammonium chloride, ethylene glycol stearate diester, ammonium chloride, chitin polysaccharide, essence, kathon, acrylamide methyl ammonium oxide, guar gum
	Anti-fungal
	[152]



	20
	US20140171496 A1
	Moisturizer
	Topical
	Prostaglandin compound
	Stimulation of hair follicle stem cells by prostaglandin E2 collagen matrix
	[153]



	21
	US20140170246 A1
	Foam
	Topical
	Depilatory agent
	Disrupts the disulfide bonds of hair keratin
	[154]



	22
	EP2740741 A1
	Cosmetics
	Topical
	Acetyl group, fluorenyl methoxy carbonyl group, formyl group, palmitoyl group, myristyl group, stearyl group, and polyethylene glycol (peg)
	Promotes melanin production
	[155]



	23
	US8962041 B2
	Cosmetics
	Topical
	Blackberry
	Increases blood flow to scalp
	[156]



	24
	WO2015012198 A1
	Moisturizer
	Topical
	Kluyveromyces and a polyhydric alcohol
	Unknown
	[157]
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	Cell Studies for Hair Growth
	Composition
	Results
	References





	Minoxidil—topical (5% w/v)
	Minoxidil (50 mg/mL)

propyleneglycol (500 mg/mL),

ethanol (300 mg/mL),

water
	Three patients who used a 5% minoxidil solution for a year saw some hair regrowth. Two of these three individuals developed barely discernible, tiny, pigmented terminal hairs in scalp locations that had previously had only vellus hairs. Hair regrowth occurred after 4 and 20 weeks, respectively. The third patient exhibited a noticeable restoration of bigger, thicker, more pigmented terminal hair.
	[158]



	Finasteride

(0.5% topical solution)
	Finasteride
	There was an observable increase in hair count (baseline = 876 hairs) with finasteride treatment, measured in a 1-inch diameter circular area of balding vertex scalp. Self-assessment of patients confirmed that there was a decrease in the rate of hair loss with an increase in the growth of hair with finasteridetreatment.
	[159]



	Intralesional triamcinolone acetonide injection
	Triamcinolone acetonide
	A total of 3 injections of triamcinolone acetonide 2.5 mg/mL were given at an interval of 3 weeks to the patients. The results showed that, after follow-up, more than 50% hair regrowth was observed in 27 (67.5%) patients with intralesional steroids at the end of the treatment.
	[160]



	Spironolactone (systemic)
	Spironolactone
	Spironolactone at a dose of 200 mg daily was observed to reduce loss of hair by 50–62.9% in a case study of 4 patients. It has also been observed that there is an increase in the total number of anagen hairs.
	[161]



	Dutasteride (oral)
	Dutasteride
	Dutasteride was seen to increase the mean hair counts by 12.2/cm2 compared with 4.7/cm2 in the placebo group in the treatment of MPHL.
	[162]



	Valproic acid
	Valproic acid
	Forty male patients with moderate AGA were involved in a study. They received treatment with either VPA (sodium valproate, 8.3%) or placebo spray for 24 weeks. Twenty-seven out of forty patients (n = 15, VPA group; n = 12, placebo group) completed the whole protocol with good compliance. The mean change in total hair count was seen to be significantly increased in the VPA group compared with the placebo group.
	[163]



	Flutamide (topical)
	Flutamide
	According to a study, flutamide at a dose of 250 mg daily showed an improvement in the growth of hair compared with 5 mg of finasteride daily and 50 mg of cyproterone acetate daily. Flutamide showed a reduction of 21% in Ludwig scores compared with the other two drugs.
	[164]



	Saw Palmetto

(topical)
	Contains fatty acids (85–90%), carotenoids, lipases, tannins, and sugars, as well as beta-sitosterol, anthranilic acid, capric acid, caproic acid,

caprylic acid, carotene, ferulic acid, linoleic acid, myristic acid, lauric acid, oleic acid, palmitic acid, 1-monolaurin, and 1-mono-myristin
	In a 2012 study involving 100 males taking 320 milligrams (mg) of saw palmetto each day over 2 years, it was seen that 38% of those who took saw palmetto had improvements in their hair loss.
	[165]



	Ketoconazole (topical)
	Ketoconazole
	2% Ketoconazole shampoo on MPHL has been observed to increase hair density along with increasing the size and proportion of anagen follicles.
	[166]



	Green tea

(topical)
	Antioxidants such as polyphenols and flavonoids that contain catechins and their derivatives, epicatechin (EC), epigallocatechin gallate (EGCG), epigallo catechins, epicatechin gallate, linoleic and

linolenic acids, and vitamins
	
	[167]



	Pumpkin seed
	Polyunsaturated fatty acids of 80% palmitic acid, myristic acid, stearic acid, oleic acid, and linoleic acid, as well as vitamin E, α-tocopherols, γ-tocopherols, carotenoid, phytoestrogens, and

phytosterols
	
	[168]



	Rosemary oil

(topical)
	Contains esters (2.6%) largely as borneol, cineoles, and several terpenes, chiefly a-pinene, camphene, 1% and 2% volatile oil containing 0.8% and 6% esters, and 8% and 20% alcohols, respectively
	
	[169]



	Grapeseed oil

(topical)
	Anthocyanins, flavan-3-ols (example: catechins), vitamin-E (α-tocopherol), petiole, linoleic acid, flavonoids (resveratrol, quercetin and catechin, and polyphenols (flavonoids, phenolic acids, phenolic alcohols, stilbenes, and lignans), and trimer gallate,

unsaturated fatty acids, and phytosterols
	
	[170]



	Licorice (topical)
	Glycyrrhetinic acids rich in flavonoids such as liquiritin, isoliquiritin, neoisoliquiritin, liquiritigenin, glycerin, glyzaglabrin, and licoisofavines.
	
	[171]



	Tinfal Plus Serum

(topical)
	Minoxidil 5% + Aminexil 1.5%
	
	[172]



	Keraglo Eva

(topical)
	Biotin (10 Mg), folic acid (300 Mcg), selenium (40 Mcg) (173)
	
	[173]



	Organ model studies
	
	
	



	Human hair follicle (HF) unit
	
	The anagen–catagen transition in organ-cultured, severed human scalp HFs differs from the transformation in vivo in a number of ways, including the absence of the bulge, isthmus area, sebaceous gland, and tissue interactions with the dermis and subcutis. As a result, it has long been unclear to what degree in vivo morphological criteria may be transferred to HF organ culture settings. This article ma an effort to address these technical issues.
	[174]



	Rat vibrissae follicle unit
	
	The histopathology of the proximal follicle bulb revealed that vibrissa follicles extracted from 12-day-old rats were in the anagen stage of their hair development cycle. The extended dermal papilla (DP) was located inside the follicular bulb and was surrounded by highly basophilic epithelial matrix cells, which displayed typical patterns of lineage-restricted differentiation, giving rise to the keratinized hair fiber and inner root sheath.
	[175]



	Full-thickness human scalp skin
	
	
	



	Animal Models
	
	
	



	Anagen phase induction models
	
	The anagen–catagen transition in severed human scalp organ culture HFs differs from this metamorphosis in vivo in a number of ways, including the absence of the bulge, isthmus area, sebaceous gland, and tissue interactions with the dermis and subcutis. As a result, it has long been unclear to what degree in vivo morphological criteria may be transferred to HF organ culture settings. This article made an effort to address these technical issues.
	[176]



	Androgen effect modulation models
	
	
	



	Mesocricetus auratus (golden hamster)
	
	This model was used to assess macroscopic and microscopic evaluation (hair diameter analysis) as an animal model for hair regrowth.
	[177]



	C3 H mouse model
	
	Even though the increase in density of hair of the animal and the wave pattern hair cycle development provided drawbacks, they were the most extensively reported for hair growth promotion. After just two weeks of treatment, laser therapy administered to C3 H mice for 20 s daily, three times per week, caused a substantially longer development phase, with the majority of the follicles from the examined region in the anagen hair growth phase.
	[178]



	Progenitor cell population in mice
	
	These cells are comparable to human cells. These mature cells were tested on immunodeficient mice animal models, and the findings demonstrated the creation of new hair follicles and enhanced hair regrowth.
	[179]
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