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INTRODUCTION 

Hair transcends its aesthetic value by serving essential 

biological functions crucial for survival and well-being. 

The protective role of hair is most evident on the scalp, 

where it acts as a physical shield against ultraviolet 

radiation, reducing the risk of skin damage. Eyelashes and 

eyebrows guard the eyes against dust, sweat, and foreign 

particles, minimizing irritation and potential injuries. 

Nasal hairs further fortify the body's defences by filtering 

inhaled air, trapping dust, pathogens, and other airborne 

contaminants to prevent respiratory infections. Beyond 

protection, hair is intimately linked to the body's sensory 

network through follicles associated with nerve endings, 

making it capable of detecting the slightest touch. This 

sensory function is particularly pronounced in specialized 

structures like vibrissae or whiskers in many mammals, 

which can sense subtle air currents and environmental 

vibrations, contributing to spatial awareness and 

navigation.1-3 
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ABSTRACT 

Hair growth and its regulation are critical in biomedical research due to the widespread issue of hair loss. Understanding 

the cellular and molecular mechanisms of hair follicle development, cycling, and regeneration is essential for identifying 

therapeutic targets for hair growth disorders. This comprehensive literature review examined research on the biological 

pathways of hair follicle development, the role of the secretome in hair regeneration, and the efficacy of current hair 

loss treatments. Databases such as PubMed, Scopus, and Web of Science were meticulously searched for relevant 

studies, with a particular focus on the effects of the secretome on hair growth. The review highlights the significant role 

of hair follicle stem cells in wound healing through re-epithelialization and neogenesis, influenced by inflammatory 

cells. Exosomes from hair follicle mesenchymal stem cells containing lncRNA H19 enhanced diabetic wound healing 

by promoting cell proliferation and inhibiting pyroptosis. Hair follicle transplantation demonstrated the activation and 

differentiation of stem cells, with molecular signaling pathways between epithelial and mesenchymal cells being crucial 

for hair follicle regeneration. PlncRNA-1 promoted hair follicle stem cell differentiation via the EZH2/ZEB1/MAPK1 

axis, enhancing wound healing. Secretome-based therapies offer a promising multifaceted approach to stimulating hair 

follicles and promoting hair regeneration, potentially overcoming the limitations and side effects of current treatments 

like minoxidil and finasteride. Understanding these mechanisms provides valuable insights for future therapeutic 

development in hair growth disorders. 
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Hair plays a significant role in regulating body 

temperature. It acts as an insulator, trapping a layer of air 

close to the skin to reduce heat exchange with the 

environment, which is vital for maintaining body 

temperature. The piloerection response enhances this 

insulating property in cold conditions, while in warmer 

settings, sweat evaporation at the hair's surface facilitates 

cooling through latent heat loss. The evolution of hair 

density and distribution across different species reflects 

remarkable adaptation to diverse environmental 

conditions, ranging from sparse coats that facilitate heat 

dissipation in desert-dwelling animals to dense fur offering 

insulation in arctic inhabitants. This interaction between 

hair and physiological functions underscores its 

significance beyond aesthetics, highlighting hair's integral 

role in mammalian biology. Understanding hair's 

biological roles enriches our comprehension of human and 

animal physiology and informs medical practices in 

dermatology and trichology.4-6 

Research on hair growth has shown that the secretome is a 

particularly intriguing area of investigation. The secretome 

plays a crucial role in intercellular communication, tissue 

regeneration, and repair. Therapies based on the secretome 

have the potential to promote tissue regeneration, stimulate 

hair follicle stem cells, and influence hair development. 

This represents a promising alternative to current 

treatment methods. This review integrates various studies 

to provide a cohesive analysis of the secretome's capacity 

to influence hair development, comparing preclinical and 

clinical data and incorporating insights into the molecular 

basis of hair follicle biology.7-9 This review aims to situate 

secretome-based treatments within the larger context of 

hair growth research while highlighting their potential. By 

bridging the knowledge gap between the basic biology of 

hair and the clinical search for effective treatments, this 

review may lead to new therapeutic approaches that could 

transform the treatment of hair growth disorders. 

LITERATURE RESEARCH  

To ascertain the impact of the secretome on hair growth, a 

thorough literature search was imperative, aimed at 

gathering all relevant studies within the scope of this 

research. The methodology commenced with the 

development of a comprehensive search strategy, designed 

to navigate through extensive biomedical databases 

effectively. Renowned databases including PubMed, 

Scopus, Web of Science, and Google Scholar were 

selected for their wide-ranging collection of biomedical 

research, ensuring a broad spectrum of literature was 

considered.  The search strategy was refined using a set of 

carefully chosen keywords and phrases, tailored to cover 

the diverse aspects of secretome research and its relevance 

to hair growth. Terms such as “secretome”, “hair growth”, 

“hair follicle regeneration”, “extracellular vesicles”, and 

“growth factors in hair” were utilized in various 

combinations, employing Boolean operators to maximize 

the search's breadth and depth.  Inclusion criteria were 

precisely defined to focus on original research articles that 

delve into the secretome's effects on hair growth, 

encompassing both preclinical and clinical studies. This 

approach ensured a rich collection of data, ranging from 

fundamental biological mechanisms to potential 

therapeutic interventions. Studies were expected to 

provide detailed methodologies and report outcomes 

directly related to hair growth, such as hair density, hair 

shaft thickness, and anagen to telogen ratio, to ensure the 

findings' relevance and applicability. Conversely, 

exclusion criteria were set to discard studies not 

specifically addressing the secretome's role in hair growth, 

such as those focusing on general tissue regeneration 

without direct implications for hair follicles. Reviews, 

opinion pieces, and studies devoid of empirical data were 

also excluded to maintain the review's empirical 

foundation.  

The literature selection process was carried out in two 

stages, beginning with an initial screening of titles and 

abstracts against the inclusion and exclusion criteria. This 

step efficiently eliminated irrelevant studies and identified 

articles for in-depth evaluation. Following this, a detailed 

full-text review was conducted on the shortlisted articles 

to assess their eligibility thoroughly, ensuring the inclusion 

of only the most relevant and methodologically sound 

studies. Quality assessment of the included studies was 

rigorously performed based on established criteria, 

evaluating the methodological rigor, the validity of the 

findings, and the strength of the conclusions. This 

assessment considered the study design, with a preference 

for randomized controlled trials and well-structured 

experimental studies, to ensure a high level of evidence. 

The clarity of reporting, statistical analysis adequacy, and 

management of potential confounders were also examined 

to verify the results' reliability. Additionally, the relevance 

of the study populations, the specificity of the 

interventions, and the outcome measures' pertinence to 

hair growth were scrutinized to confirm the findings' 

applicability to secretome research in hair regeneration. 

HAIR FOLLICLE 

Hair follicle exhibits a complex anatomy characterized by 

its bulb, dermal papilla, hair matrix, and associated stem 

cell niches. These components collaborate intricately to 

facilitate the cyclical nature of hair growth, which is 

segmented into three principal phases: anagen (growth 

phase), catagen (regression phase), and telogen (resting 

phase).10,11 During the anagen phase, the hair follicle is in 

its most active state, with cells in the matrix proliferating 

rapidly to produce the hair shaft, driven by signals from 

the dermal papilla and surrounding microenvironment. 

This growth phase is succeeded by the catagen phase, 

where the follicle undergoes involution, leading to a 

cessation of hair production and a detachment of the hair 

shaft from the dermal papilla. The telogen phase then 

ensues, marking a period of quiescence before the follicle 

is reactivated to re-enter the anagen phase, signifying the 

start of a new hair growth cycle.12,13 Within this biological 

framework, the secretome emerges as a pivotal factor 
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influencing hair follicle behavior and regeneration. The 

secretome encompasses a diverse array of secreted 

molecules, including growth factors, cytokines, 

chemokines, extracellular vesicles, and other bioactive 

compounds, collectively orchestrating a myriad of cellular 

processes. In the context of hair follicle biology, the 

secretome's components are recognized for their roles in 

modulating cell proliferation, differentiation, and 

migration, as well as in fostering angiogenesis and 

extracellular matrix remodeling. These actions are 

particularly salient during the transition phases of the hair 

growth cycle, where the secretome can influence the 

reactivation of hair follicles from the telogen to the anagen 

phase, thereby promoting hair growth.8,14 

The mechanisms through which the secretome exerts its 

effects on hair follicle regeneration are multifaceted and 

involve intricate interactions with hair follicle cells and 

their microenvironment. Growth factors within the 

secretome, such as vascular endothelial growth factor 

(VEGF), fibroblast growth factors (FGFs), and insulin-like 

growth factor (IGF), bind to their respective receptors on 

hair follicle cells, initiating signalling cascades that 

promote cellular proliferation and differentiation. 

Similarly, cytokines and chemokines in the secretome 

modulate immune cell recruitment and inflammation, 

processes that are crucial for hair follicle regeneration and 

cycling. Extracellular vesicles, another component of the 

secretome, serve as vehicles for the transfer of nucleic 

acids, proteins, and lipids between cells, facilitating 

intercellular communication and the transfer of 

regenerative signals. The interplay between the secretome 

and the hair follicle is further underscored by the spatial 

and temporal dynamics of secretome release. Secretome 

components are not uniformly distributed; rather, their 

release and activity are tightly regulated by cellular and 

environmental cues, ensuring that their regenerative 

effects are exerted precisely where and when needed. This 

regulatory complexity is exemplified in the hair follicle, 

where the secretome's influence varies across different hair 

growth phases and anatomical regions of the follicle, 

reflecting the nuanced control required to modulate hair 

growth and regeneration effectively.15 

The role of hair follicles in wound healing has been 

extensively researched, with particular attention to the 

mechanisms involving stem cells and their interactions 

within the inflammatory environment. Hair follicle stem 

cells are crucial in wound healing, significantly 

contributing to re-epithelialization and hair follicle 

neogenesis, processes heavily influenced by immune cells 

and inflammatory conditions. According to Morgun and 

Vorotelyak, hair follicle stem cells are activated by 

immune cells such as macrophages, γδ T cells, and Tregs, 

promoting re-epithelialization and hair follicle neogenesis 

through inflammation-induced pathways. Yang et al 

highlights the potential of exosomes from hair follicle 

mesenchymal stem cells, particularly those containing 

lncRNA H19, in enhancing diabetic wound healing. These 

exosomes inhibit pyroptosis and promote cell proliferation 

and migration, demonstrating significant improvements in 

wound closure in diabetic mouse models.16,17 

Nuutila discusses the practical application of hair follicle 

transplantation in wound repair, revealing that epidermal 

stem cells from hair follicles can migrate to wound sites 

and differentiate into epidermal cells, thus facilitating re-

epithelialization. This method has shown promise in 

clinical settings for treating partial-thickness burns and 

abrasions, where hair follicles serve as a valuable source 

of stem cells. Mao et al explore the complex interactions 

between epithelial and mesenchymal cells in hair follicle 

regeneration and wound healing, emphasizing the 

importance of signalling molecules and extracellular 

components in regulating these interactions and enhancing 

our understanding of the molecular pathways involved. Jin 

et al identify the role of PlncRNA-1 in promoting hair 

follicle stem cell differentiation via the 

EZH2/ZEB1/MAPK1 axis, a molecular mechanism that 

significantly enhances the proliferation and differentiation 

of hair follicle stem cells, thereby contributing to wound 

healing processes.18 

FACTORS OF HAIR GROWTH 

The intricate interplay of genetic, hormonal, nutritional, 

and environmental factors play a pivotal role in 

influencing hair growth and health, each contributing 

uniquely to the complex tapestry of processes that govern 

hair physiology. Genetic predispositions are fundamental 

in determining hair characteristics such as color, texture, 

density, and the predisposition towards hair thinning and 

loss.19,20 Hair color is influenced by variations in melanin 

production, governed by specific genes, while texture and 

density are determined by genetic codes that regulate 

follicle shape and hair growth cycles. Furthermore, genetic 

factors can predispose individuals to various forms of 

alopecia, with androgenetic alopecia being a prime 

example where hereditary patterns of hair loss are 

observed, highlighting the genetic underpinnings in the 

susceptibility to hair thinning.20,21 

Hormonal influences, particularly androgens, play a 

significant role in modulating hair growth patterns. 

Androgens, including testosterone and 

dihydrotestosterone (DHT), are known to affect the hair 

growth cycle, especially in androgen-sensitive areas such 

as the scalp, where they can lead to the miniaturization of 

hair follicles.22,23  

This hormonal interaction is a key element in the 

pathophysiology of androgenetic alopecia, where 

genetically predisposed individuals exhibit sensitivity to 

androgenic effects, leading to progressive hair thinning 

and loss. Beyond androgens, other hormonal factors such 

as thyroid hormones, growth hormone, and cortisol levels 

can also influence hair growth, with imbalances potentially 

leading to hair disorders, further emphasizing the critical 

role of hormonal homeostasis in hair health.24,25 
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Nutritional status exerts a profound influence on hair 

growth and integrity, underscoring the adage that 'beauty 

comes from within'. Adequate nutrition is crucial for the 

provision of essential vitamins, minerals, and proteins 

necessary for the synthesis of keratin, the primary 

structural component of hair.26 Deficiencies in key 

nutrients such as iron, zinc, vitamins A, C, D, and E, biotin, 

and essential fatty acids can manifest as weakened hair 

shafts, reduced hair density, and an increased propensity 

for hair loss. The hair growth cycle itself is energy-

intensive, relying on a steady supply of nutrients to support 

the proliferative activity within the hair follicle. Thus, 

nutritional deficiencies or imbalances can disrupt the hair 

growth cycle, leading to conditions such as telogen 

effluvium, where a significant proportion of hair 

transitions prematurely into the resting phase, culminating 

in diffuse hair shedding.27,28 

Environmental factors further compound the influences on 

hair growth and health, with exposure to extreme 

conditions, pollutants, and harsh hair care practices 

introducing external stresses that can damage hair and 

impede its growth. UV radiation, environmental 

pollutants, and toxic chemicals can induce oxidative stress 

within hair follicles, damaging cellular structures and 

DNA, which can compromise hair growth and lead to 

increased hair fragility and loss.29 Mechanical stress from 

harsh hair care practices such as excessive heat styling, 

chemical treatments, and tight hairstyles can inflict 

physical damage to the hair shaft and alter the hair growth 

cycle, potentially leading to conditions such as traction 

alopecia. Furthermore, the scalp's microenvironment, 

influenced by external factors such as hygiene practices 

and exposure to irritants, plays a critical role in 

maintaining follicular health and, by extension, healthy 

hair growth.29,30 

EFFICACY OF SECRETOME IN HAIR GROWTH 

The investigation into the secretome's capacity to stimulate 

hair growth represents a dynamic and expanding field of 

research that has captured the attention of the scientific 

community, driven by the secretome's potential to pave 

new therapeutic pathways for hair regeneration amid the 

widespread and psychologically impactful nature of hair 

loss conditions. This line of inquiry encompasses a broad 

range of studies, extending from pre-clinical in vitro 

experiments and animal model investigations to rigorously 

conducted clinical trials involving human participants. 

Animal model studies, particularly those utilizing murine 

models, have been instrumental in elucidating the 

secretome's impact on hair growth within a living 

organism.8,27 These investigations typically entail the 

application or injection of secretome-based formulations 

onto areas of shaved skin, followed by careful observation 

of hair regrowth dynamics, follicular density, and the hair 

cycle's progression. The findings from such animal model 

studies have been encouraging, consistently demonstrating 

notable improvements in hair regrowth, an increase in 

follicular density, and a hastened entry of hair follicles into 

the anagen phase post-treatment with secretome 

components. These results not only reinforce the 

observations from in vitro studies but also highlight the 

secretome's translational potential for hair regeneration 

therapies.31,32 

Progressing to clinical investigations, the secretome's role 

in promoting hair growth has been examined through 

several clinical trials. These studies are meticulously 

structured to assess the safety and therapeutic 

effectiveness of secretome-based interventions in 

individuals afflicted by hair loss. Clinical trial protocols 

typically involve administering secretome-derived 

products through various means, such as topical 

applications, injections, or incorporation within tissue 

engineering constructs, over predetermined periods to 

evaluate their impact on hair growth metrics.26,33 The 

insights garnered from these clinical endeavors have been 

encouraging, demonstrating the safety and efficacy of 

secretome-based treatments in enhancing hair growth. 

Notable outcomes include statistically significant 

improvements in hair density, thickness, and an increased 

ratio of hair follicles in the anagen phase, along with 

positive subjective assessments from patients regarding 

hair quality and coverage. These clinical outcomes, 

supported by rigorous statistical analysis, furnish robust 

evidence for secretome's viability as a therapeutic option 

for hair regeneration, marking a significant advancement 

in treating hair loss conditions. 34,35 

COMPARATIVE ANALYSIS 

The pursuit of efficacious therapies for hair growth has 

been a critical focus within dermatology, underscored by 

the significant psychological effects of hair loss. 

Conventional treatments like minoxidil and finasteride 

have been central to therapeutic efforts, providing relief 

albeit with certain constraints. Minoxidil, initially a 

hypertension medication, fortuitously revealed hair growth 

properties, though its precise action mechanism remains 

partially elucidated, believed to involve potassium channel 

activation and improved follicular blood flow.36 

Finasteride targets hormonal pathways, inhibiting 5-alpha-

reductase to reduce DHT levels, a principal factor in 

androgenetic alopecia. While effective, these treatments 

are not devoid of limitations; minoxidil necessitates 

ongoing use and may cause scalp irritation and unintended 

hair growth nearby, whereas finasteride is linked to 

potential sexual side effects and is not suitable for women 

of reproductive age due to teratogenic risks. Hair 

transplantation offers a lasting remedy through surgical 

follicle transfer but is constrained by donor hair 

availability, cost, and surgical risks such as infection and 

scarring.37,38 

Against this backdrop, the secretome emerges as an 

innovative therapeutic contender, signalling a potential 

shift in hair growth treatment paradigms. Encompassing an 

array of growth factors, cytokines, and extracellular 

vesicles, the secretome adopts a comprehensive approach 
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to hair regeneration, impacting various facets of hair 

follicle biology. Preliminary pre-clinical and clinical 

research indicates its capability to stimulate hair growth, 

increase follicular density, and facilitate anagen phase 

entry, with a minimal adverse effect profile observed to 

date. This favourable safety aspect, combined with the 

non-invasive nature of secretome-based interventions, 

renders it an appealing alternative or complement to 

traditional modalities.8,31 

The secretome's action mechanisms offer substantial 

benefits over existing therapies. Contrary to the relatively 

specific actions of minoxidil and finasteride, the secretome 

engages a wide array of pathways, fostering angiogenesis, 

cellular proliferation, and modulating the follicular 

microenvironment to activate stem cells and promote 

regeneration. This comprehensive approach may underlie 

the secretome-based treatments' noted effectiveness, 

offering a holistic solution to hair growth by addressing 

various follicular aspects.15,39 Moreover, the secretome's 

adaptability facilitates personalized treatment approaches, 

allowing the customization of secretome formulations to 

meet individual hair loss conditions, a contrast to the 

universal application of minoxidil and finasteride. This 

nuanced approach holds promise for more precise and 

effective treatment outcomes. 

FUTURE DIRECTIONS 

The rigorous investigation into the secretome's impact on 

hair growth has unveiled compelling evidence, affirming 

the secretome's viability as an innovative therapeutic 

approach in the dermatological arena. Through a 

meticulous aggregation and scrutiny of a diverse array of 

studies, encompassing in vitro research to human clinical 

trials, a coherent narrative has emerged, underscoring the 

secretome's positive influence on hair follicle function and 

hair regeneration. The principal findings from this 

comprehensive review underscore the secretome's ability 

to augment hair density, activate the anagen growth phase, 

and ameliorate hair quality, corroborating the initial 

proposition of the secretome as a potent facilitator of hair 

growth. This evidence not only validates the preliminary 

hypothesis but also broadens the understanding of the 

secretome's comprehensive involvement in hair follicle 

physiology. The secretome, characterized by its rich 

composition of growth factors, cytokines, and extracellular 

vesicles, interacts with a plethora of cellular pathways, 

illustrating its capability to exceed the performance and 

mechanistic actions of conventional hair growth therapies, 

signifying a shift in the therapeutic landscape for hair loss 

treatment.15,39 

For clinical practice, the ramifications of these insights are 

substantial. Given its commendable safety profile and non-

invasive administration, the secretome stands as a 

compelling treatment alternative for patients seeking 

options beyond traditional therapies. Furthermore, the 

adaptability of secretome-based treatments to meet 

individual patient conditions heralds a new era of 

personalized dermatological treatments, potentially 

improving therapeutic effectiveness and patient 

contentment. Future research endeavors should focus on 

defining the optimal secretome formulations and 

administration strategies to enhance therapeutic impact. 

Comprehensive long-term clinical studies are crucial to 

ascertain the enduring safety and efficacy of secretome 

treatments in promoting hair growth. Investigating how 

secretome therapies might be integrated with existing hair 

loss treatments could also reveal additive or synergistic 

effects, proposing a multifaceted approach to managing 

hair loss.31,40 

CONCLUSION 

The intricate biology of hair follicles and their growth 

cycles provides a rich context for the diverse actions of the 

secretome. Comprising components like growth factors, 

cytokines, and extracellular vesicles, the secretome exerts 

a significant influence on hair follicle biology by 

promoting hair growth, increasing hair density, and 

enhancing hair quality. Compared to existing hair growth 

treatments such as minoxidil, finasteride, and hair 

transplantation, the secretome emerges as a superior 

alternative or supplementary therapy. Traditional 

treatments often have limited mechanisms of action and 

potential side effects. In contrast, the secretome offers a 

comprehensive, multifunctional approach that targets 

various aspects of hair follicle biology with minimal 

adverse effects, making it a potentially safer and more 

effective choice for individuals seeking hair growth 

solutions. Furthermore, the secretome's efficacy and safety 

profile, along with its mechanistic benefits over 

conventional therapies, underscore its potential for clinical 

application. Tailoring secretome-based therapies to 

individual patient needs could transform hair loss 

treatment, leading to more personalized and effective 

strategies. Recent research highlights the role of hair 

follicle stem cells in wound healing, the enhancement of 

diabetic wound healing through mesenchymal stem cell 

exosomes, and the practical application of hair follicle 

transplantation in wound repair, further supporting the 

secretome's benefits.  

Funding: No funding sources 

Conflict of interest: None declared 

Ethical approval: Not required 

REFERENCES 

1. Yang W. Polydopamine Synergizes With Quercetin 

Nanosystem to Reshape the Perifollicular 

Microenvironment for Accelerating Hair Regrowth in 

Androgenetic Alopecia. Nano Lett. 

2024;24(20):6174-82. 

2. Ying X, Li D. The Role of Epigenetic Modifications 

in Sensory Hair Cell Development, Survival, and 

Regulation. Front Cell Neurosci. 2023;17:1210279. 

3. Wang F, chen  ying, Yang C, Li C, zhang H, He J, et 

al. Using The follicular unit extraction technique in 



Suwarna N et al. Int J Basic Clin Pharmacol. 2024 Sep;13(5):732-738 

                                      International Journal of Basic & Clinical Pharmacology | September-October 2024 | Vol 13 | Issue 5    Page 737 

Treatment Of male Androgenetic Alopecia. Research 

Square. 2023;1-16. 

4. Hoover E, Alhajj M, Flores JL. Physiology, Hair. 

StatPearls. 2024. 

5. Jönsson EH, Bendas J, Weidner K, Wessberg J, 

Olausson H, Wasling HB, et al. The relation between 

human hair follicle density and touch perception. Sci 

Rep. 2017;7(1):2499. 

6. Ummiti A, Priya PS, Chandravathi PL, Kumar CS. 

Correlation of Trichoscopic Findings in Androgenetic 

Alopecia and the Disease Severity. Int J Trichology. 

2019;11(3):118-22. 

7. Lin CS, Chan LY, Wang JH, Chang CH. Diagnosis 

and treatment of female alopecia: Focusing on the iron 

deficiency-related alopecia. Tzu chi Med J. 

2023;35(4):322-8. 

8. Salhab O, Khayat L, Alaaeddine N. Stem cell 

secretome as a mechanism for restoring hair loss due 

to stress, particularly alopecia areata: narrative 

review. J Biomed Sci. 2022;29(1):77. 

9. Lolli F, Pallotti F, Rossi A, Fortuna MC, Caro G, 

Lenzi A, et al. Androgenetic alopecia: a review. 

Endocrine. 2017;57(1):9-17.  

10. Ji S, Zhu Z, Sun X, Fu X. Functional hair follicle 

regeneration: an updated review. Signal Transduct 

Target Ther. 2021;6(1):66. 

11. Martel JL, Miao JH, Badri T. Anatomy, Hair Follicle. 

StatPearls. 2024.  

12. Schneider MR, Schmidt-Ullrich R, Paus R. The Hair 

Follicle as a Dynamic Miniorgan. Curr Biol. 

2009;19(3):R132-42.  

13. Natarelli N, Gahoonia N, Sivamani RK. Integrative 

and Mechanistic Approach to the Hair Growth Cycle 

and Hair Loss. J Clin Med. 2023;12(3):893. 

14. Shimizu Y, Ntege EH, Sunami H, Inoue Y. 

Regenerative medicine strategies for hair growth and 

regeneration: A narrative review of literature. Regen 

Ther. 2022;21:527-39. 

15. Firmansyah Y, Sidharta VM, Wijaya L, Tan ST. 

Unraveling the Significance of Growth Factors (TGF-

β, PDGF, KGF, FGF, Pro Collagen, VEGF) in the 

Dynamic of Wound Healing. Asian J Med Heal. 

2024;22(3):49-61. 

16. Morgun EI, Vorotelyak EA. Epidermal Stem Cells in 

Hair Follicle Cycling and Skin Regeneration: A View 

From the Perspective of Inflammation. Front Cell Dev 

Biol. 2020;8. 

17. Yang H, Zhang Y, Du Z, Wu T, Yang C. Hair follicle 

mesenchymal stem cell exosomal lncRNA H19 

inhibited NLRP3 pyroptosis to promote diabetic 

mouse skin wound healing. Aging (Albany NY). 

2023;15(3):791-809. 

18. Jin. cRNA‐1 stimulates hair follicle stem cell 

differentiation in wound healing via the 

EZH2/ZEB1/MAPK1 axis, published in The Journal 

of Gene Medicine, 10.1002/jgm.3408. J Gene Med. 

2023;16;25(7):3408. 

19. Gokce N, Basgoz N, Kenanoglu S, Akalin H, Ozkul 

Y, Ergoren MC, et al. An overview of the genetic 

aspects of hair loss and its connection with nutrition. 

J Prev Med Hyg. 2022;63(2):E228-38. 

20. Trueb R, Henry J, Davis M, Schwartz J. Scalp 

condition impacts hair growth and retention via 

oxidative stress. Int J Trichol. 2018;10(6):262. 

21. Van Neste D, Tobin DJ. Hair cycle and hair 

pigmentation: dynamic interactions and changes 

associated with aging. Micron. 2004;35(3):193-200. 

22. Ustuner ET. Cause of Androgenic Alopecia. Plast 

Reconstr Surg Glob Open. 2013;1(7):e64. 

23. Lizneva D, Gavrilova-Jordan L, Walker W, Azziz R. 

Androgen excess: Investigations and management. 

Best Pract Res Clin Obstet Gynaecol. 2016;37:98-

118. 

24. Chen X, Liu B, Li Y, Han L, Tang X, Deng W, et al. 

Dihydrotestosterone Regulates Hair Growth Through 

the Wnt/β-Catenin Pathway in C57BL/6 Mice and In 

Vitro Organ Culture. Front Pharmacol. 2020;10. 

25. Urysiak-Czubatka I, Kmieć ML, Broniarczyk-Dyła G. 

Assessment of the usefulness of dihydrotestosterone 

in the diagnostics of patients with androgenetic 

alopecia. Adv Dermatology Allergol. 2014;4:207-15. 

26. Grymowicz M, Rudnicka E, Podfigurna A, Napierala 

P, Smolarczyk R, Smolarczyk K, et al. Hormonal 

Effects on Hair Follicles. Int J Mol Sci. 

2020;21(15):5342. 

27. Almohanna HM, Ahmed AA, Tsatalis JP, Tosti A. 

The Role of Vitamins and Minerals in Hair Loss: A 

Review. Dermatol Ther (Heidelb). 2019;9(1):51-70. 

28. Thompson KG, Kim N. Dietary supplements in 

dermatology: A review of the evidence for zinc, 

biotin, vitamin D, nicotinamide, and Polypodium. J 

Am Acad Dermatol. 2021;84(4):1042-50.  

29. Sebetić K, Sjerobabski Masnec I, Cavka V, Biljan D, 

Krolo I. UV damage of the hair. Coll Antropol. 

2008;32(2):163-5.  

30. Trüeb RM. Effect of Ultraviolet Radiation, Smoking 

and Nutrition on Hair. In 2015;107-20. 

31. Damayanti RH, Rusdiana T, Wathoni N. 

Mesenchymal Stem Cell Secretome for Dermatology 

Application: A Review. Clin Cosmet Investig 

Dermatol. 2021;14:1401-12. 

32. Daneshmandi L, Shah S, Jafari T, Bhattacharjee M, 

Momah D, Saveh-Shemshaki N, et al. Emergence of 

the Stem Cell Secretome in Regenerative 

Engineering. Trends Biotechnol. 2020;38(12):1373-

84. 

33. Borrelli MR, Hu MS, Longaker MT, Lorenz HP. 

Tissue Engineering and Regenerative Medicine in 

Craniofacial Reconstruction and Facial Aesthetics. J 

Craniofac Surg. 2020;31(1):15-27. 

34. Wall D, Meah N, Fagan N, York K, Sinclair R. 

Advances in hair growth. Fac Rev. 2022;11. 

35. Tavakoli S, Kisiel MA, Biedermann T, Klar AS. 

Immunomodulation of Skin Repair: Cell-Based 

Therapeutic Strategies for Skin Replacement (A 

Comprehensive Review). Biomedicines. 

2022;10(1):118. 

36. Suchonwanit P, Thammarucha S, Leerunyakul K. 

Minoxidil and its use in hair disorders: a review. Drug 

Des Devel Ther. 2019;13:2777-86. 



Suwarna N et al. Int J Basic Clin Pharmacol. 2024 Sep;13(5):732-738 

                                      International Journal of Basic & Clinical Pharmacology | September-October 2024 | Vol 13 | Issue 5    Page 738 

37. Inadomi T. Efficacy of finasteride for treating patients 

with androgenetic alopecia who are pileous in other 

areas: A pilot study in Japan. Indian J Dermatol. 

2014;59(2):163.  

38. McClellan KJ, Markham A. Finasteride. Drugs 

1999;57(1):111-26. 

39. Samakova A, Gazova A, Sabova N, Valaskova S, 

Jurikova M, Kyselovic J. The PI3k/Akt Pathway Is 

Associated With Angiogenesis, Oxidative Stress and 

Survival of Mesenchymal Stem Cells in 

Pathophysiologic Condition in Ischemia. Physiol Res. 

2019;S131-8. 

40. Tan ST, Aisyah PB, Firmansyah Y, Nathasia N, Budi 

E, Hendrawan S. Effectiveness of Secretome from 

Human Umbilical Cord Mesenchymal Stem Cells in 

Gel (10% SM-hUCMSC Gel) for Chronic Wounds 

(Diabetic and Trophic Ulcer) - Phase 2 Clinical Trial. 

J Multidiscip Healthc. 2023;16:1763-77.  

 

 

 

 

 

 

 

 

 

 

 

 

Cite this article as: Suwarna N, Sidharta VM, 

Wijaya L, Tan ST. Unlocking the potential of the 

secretome in hair growth enhancement. Int J Basic 

Clin Pharmacol 2024;13:732-8. 


