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ABSTRACT 

Androgenetic alopecia (AGA), also known as androgenic alopecia 

or male pattern baldness, is the most common type of progressive 

hair loss.. Androgenetic alopecia is hereditary and is transmitted 

through an autosomal dominant genetic pattern. This genetic 

predisposition is directly associated with androgen hormones, in 

which androgens induce miniaturization of hair follicles on the 

scalp and a progressive shortening of the anagen phase in the hair 

cycle. There are evidence-based therapeutic interventions for 

androgenetic alopecia, including both pharmacological and non-

pharmacological approaches. The 5α-reductase inhibitors, 

finasteride and dutasteride, effectively suppress 

dihydrotestosterone (DHT) synthesis but are associated with 

sexual dysfunction including erectile dysfunction, reduced libido, 

and ejaculatory disorder as well as gynecomastia. Androgen 

receptor antagonists such as spironolactone may induce postural 

hypotension and hyperkalemia, cyproterone acetate carries risks of 

mood disturbances and hepatotoxicity, and flutamide is linked to  
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dose-dependent severe hepatic injury. This literature review 

explores the therapeutic potential of herbal remedies Rosmarinus 

Officinalis known for their anti inflammatory agent, anti 

androgenic agent, anti fungal agent, photoprotective agent, and a 

vasodilator. This review emphasizes the potential and 

effectiveness of Rosmarinus Officinalis  in advancing 

dermatological care and providing effective, plant-based solutions 

for Androgenetic Alopecia with minimal side effects. 
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INTRODUCTION 

 Androgenetic alopecia (AGA), also known as androgenic alopecia or male pattern baldness, 

is the most common type of progressive hair loss. AGA is a polygenetic condition with varying 

severity, age of onset, and scalp location of hair loss. In men, hair loss typically involves the 

temporal and vertex region while sparing the occipital region: the characteristic “horseshoe” 

pattern. (1) Its prevalence and severity are higher in European populations compared to Asian, 

Native American, and African American populations. (2) 

 Androgenetic alopecia is hereditary and is transmitted through an autosomal dominant 

genetic pattern.(2) This genetic predisposition is directly associated with androgen hormones, in 

which androgens induce miniaturization of hair follicles on the scalp and a progressive shortening 

of the anagen phase in the hair cycle. (1) Another etiopathological factor contributing to 

androgenetic alopecia is micro-inflammation of the hair follicles. This may be caused by 

environmental factors such as air exposure, pollution, nutritional deficiencies, and metabolic 

syndrome. (3) 

 The clinical manifestation of androgenetic alopecia typically begins at puberty, when there 

is a surge in androgen production, particularly dihydrotestosterone (DHT), along with activation of 

androgen hormone receptors.(2) This condition presents with a characteristic pattern in the frontal, 

vertex, and temporal regions, which are androgen-dependent areas with a high concentration of 

androgen receptors. Unlike in women, involvement of the frontal area in men occurs because 

androgen receptor expression in this region is three times higher than in women. (2,4) 

 The diagnosis of androgenetic alopecia can generally be established clinically. Scalp 

examination may reveal signs of inflammation such as erythema, scaling, hyperkeratosis, and 

follicular dropout. Hair assessment includes evaluating differences in hair density in the frontal, 

occipital, and temporal areas. When necessary, dermoscopy or trichoscopy may be performed. 
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Trichoscopy may show follicular miniaturization and assist in excluding scarring alopecia. In the 

hair pull test, results may be positive in the frontal region but negative in the occipital area. On 

physical examination, findings such as acne, seborrhea, oily skin, and obesity may indicate 

underlying hyperandrogenism. (2) 

LITERATURE REVIEW 

Evidence-Based Medicine Therapy for Androgenetic Alopecia 

 A substantial and expanding body of literature has systematically examined the most 

advanced and evidence-based therapeutic interventions for androgenetic alopecia.including both 

pharmacological and non-pharmacological approaches. Broadly, pharmacological therapies are 

categorized into androgen-dependent and androgen-independent medications. Androgen-dependent 

medications act as agonists toward androgen hormones. These therapies reduce testosterone levels, 

inhibit the 5α-reductase enzyme, and exert antagonistic effects on androgen receptors. (5) 

Androgen Dependent Agents 

5 Alpha Reductase Inhibitors 

 Two 5AR inhibitors are used in AGA: finasteride, inhibits Type II Alpha Reductase 

enzyme, and dutasteride, which inhibits both Type I and type II of the Alpha Reductase enzyme. 

Finasteride is, so far, the only US FDA-approved oral medication for the treatment of Male 

Androgenetic Alopecia (MAGA) that blocks the conversion of testosterone to dihydrotestosterone 

(DHT). The FDA approved finasteride in 1997 at a dosage of 1mg/day for use in adult men with 

mild- moderate AGA. (1) Among the commonly mentioned sexually adverse effects, including 

erectile dysfunction, decreased libido, and ejaculation dysfunction, the only adverse effect that was 

significantly more frequent with finasteride therapy in comparison with placebo treatment was 

erectile dysfunction, and there is moderate-quality evidence suggesting an absolute increase in the 

risk of erectile dysfunction of approximately 1.5 % (6,7) These medications are recommended for 
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men but not for women, and are contraindicated in pregnant women or those with pregnancy 

potential due to the risk of feminization of male fetuses.(8) 

  Dutasteride is a potential alternative to finasteride with proposed increased efficacy. It 

blocks both type I and type II of the 5-alpha reductase enzyme.  dutasteride 0.5 mg daily was not 

significantly different than finasteride 1 and 5 mg in terms of efficacy and safety.(9) Impotence, 

decreased libido, breast tenderness and breast enlargement, and ejaculation disorders are more 

common with dutasteride than with finasteride. In females, dutasteride 0.5 mg daily for 6 months 

was effective in a patient with limited response to topical minoxidil and oral finasteride (10) 

Estrogen and Other Anti-Androgen Treatments  

 Spironolactone is the most commonly used off-label anti-androgen therapy for female 

androgenetic alopecia. It is a potassium-sparing diuretic and a structural antagonist of aldosterone. 

In the treatment of AGA, spironolactone reduces androgen production and competitively blocks 

androgen receptors in target tissues. (11) The recommended starting dose ranges from 50–200 mg 

daily for a minimum of six months. Adverse effects include postural hypotension and hyperkalemia. 

(12) 

 Cyproterone acetate not only acts as an androgen receptor antagonist but also reduces 

testosterone levels by suppressing luteinizing hormone (LH) and follicle-stimulating hormone 

(FSH). Its adverse effects include depressive mood changes and hepatotoxicity. (13) 

 Flutamide is a potent androgen receptor antagonist that may enhance hair growth after six 

months of use and provide long-term stabilization of androgenetic alopecia. Its primary adverse 

effect is dose-dependent hepatotoxicity.(14) 
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Androgen-independent medications 

  Androgen-independent medications act through non-hormonal mechanisms. Minoxidil is 

currently the only androgen-independent topical therapy approved by FDA for androgenetic 

alopecia. Its recommended use is 1 mL applied twice daily to a dry scalp for at least four hours, 

over a minimum treatment duration of six months. Adverse effects include dermatitis, facial 

hypertrichosis, and temporary increased hair shedding. Minoxidil is contraindicated during 

pregnancy due to limited data on teratogenicity but is considered safe during breastfeeding. (15) 

 Additional therapies include prostaglandin analogues; prostaglandin E2 and F2 work 

synergistically to induce hair growth and prolong the anagen phase. Examples include latanoprost 

0.1% and bimatoprost 0.03%.  (16) 

Ketoconazole 2% shampoo may disrupt the local DHT pathway, thereby enhancing hair 

growth in androgenetic alopecia. (17) 

 Melatonin, the secretory product of the pineal gland, has been known to modulate hair 

growth, pigmentation, and molting in many species including humans. Melatonin, the secretory 

product of the pineal gland, has been known to modulate hair growth, pigmentation, and molting in 

many species including humans (18) 

 Platelet-rich plasma (PRP) is an autologous preparation of plasma with >1,000,000/ ll 

platelets that are capable of secreting growth factors and cytokines, which stimulate stem cells, can 

shorten the time of hair follicle formation and enhance the number of newly formed hair follicles. 

(19) 

 Non-pharmacological therapies for androgenetic alopecia include hair transplantation, scalp 

reduction surgery, and light-based therapies. Surgical treatments play an important role for patients 

with AGA who do not respond adequately to medical therapy. These procedures include hair 

transplantation and scalp reduction, or a combination of both. Among these, hair transplantation is 
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the most commonly performed because it is less invasive, whereas scalp reduction using flaps is 

typically reserved for skilled surgeons. (19) 

 Low-level light therapy (LLLT) is a relatively new technique used in the treatment of AGA. 

Several types of product using LLLT, including comb, hood, and helmet, are available for the 

adjunctive treatment of AGA. (20) Expert consensus based on their experience con- cluded that 

LLLT, particularly 650–900 nm wavelength at 5 mW, may be an effective alternative treatment for 

AGA patients either as a stand-alone or adjunctive therapy. (21) 

Therapeutic Effects of Rosmarinus officinalis 

 Rosmarinus officinalis, commonly known as rosemary, is an herb of the Lamiaceae family. 

It is characterized by a bitter taste and a pronounced aroma and is frequently used in herbal 

medicine. Rosemary contains numerous biologically active constituents; the principal components 

are carnosic acid, carnosol, and rosmarinic acid. Other bioactive constituents include camphor, 

caffeic acid, ursolic acid, betulinic acid, rosmaridiphenol, rosmanol, and 12‑methoxycarnosic acid. 

All of these bioactive components act synergistically. (22) 

 As an anti‑inflammatory agent, carnosic acid and carnosol decrease the expression of 

pro‑inflammatory cytokines, thereby reducing the erythema, edema, and discomfort associated with 

inflammatory skin conditions. In humans, principal mediators of chronic inflammation include 

pro‑inflammatory cytokines such as interleukins (ILs) and tumor necrosis factor‑α (TNF‑α), as well 

as chemokines, prostaglandin E2 (PGE2), and nitric oxide (NO). Carnosic acid inhibits the release 

of NO, TNF‑α, and PGE2 from cells. Carnosol reduces lipopolysaccharide (LPS)‑stimulated NO 

production and inhibits nuclear factor kappa B (NF‑κB), a transcription factor that regulates 

pro‑inflammatory gene expression. Other signaling pathways modulated by rosemary constituents 

include inhibition of the mitogen‑activated protein kinase (MAPK) pathway, activation of silent 

information regulator 1 (SIRT1) which suppresses pro‑inflammatory cytokine production and 

protects cells from oxidative stress via upregulation of antioxidant enzymes, activation of the 
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nuclear factor erythroid 2‑related factor 2 (Nrf2) pathway leading to antioxidant gene expression, 

and suppression of the NOD‑like receptor family pyrin domain containing 3 (NLRP3) 

inflammasome involved in inflammatory signaling.(23,24)  

 As an anti‑androgenic agent, 12‑methoxycarnosic acid can inhibit dihydrotestosterone 

(DHT) binding to the androgen receptor and potently inhibit 5α‑reductase, actions that are 

associated with enhanced hair growth.  (23,25) 

 As an antifungal agent, rosemary inhibits the growth of several fungal and yeast species, 

including Candida albicans, Aspergillus flavus, Aspergillus ochraceus, Microsporum canis, 

Trichophyton mentagrophytes, Trichophyton rubrum, Epidermophyton floccosum, and 

Microsporum gypseum. Rosemary extracts have been found to alter hyphal morphology in 

dermatophytes. Additionally, rosemary may inhibit activation of the aryl hydrocarbon receptor 

(AhR), a mechanism implicated in antifungal effects against Malassezia furfur. Carnosic acid and 

carnosol are the constituents most commonly implicated in these antifungal activities. (26,27) 

 As a photoprotective agent, the scavenging of reactive oxygen species and inhibition of lipid 

peroxidation protect hair from UVB‑induced oxidative damage. UVB exposure has been shown to 

alter hair size, length, and follicle diameter, ultimately contributing to hair loss. (28) 

 As a vasodilator, increased blood circulation to the hair follicle augments the supply of 

oxygen and essential nutrients to the follicle, thereby contributing to reduced hair loss and enhanced 

hair growth. Furthermore, the conversion of testosterone to DHT is favored in hypoxic 

environments; therefore, increased oxygenation may reduce local DHT levels. The vasodilatory 

effect is mediated in part by vascular endothelial growth factor (VEGF), an angiogenic mediator 

that promotes new blood vessel formation and increases local blood flow. Rosemary constituents 

such as 1,8‑cineole, α‑pinene, and camphor have been reported to increase cutaneous VEGF levels. 

(28) 
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Effectiveness of Rosmarinus officinalis in Androgenetic Alopecia 

 Currently, research has been conducted to explore the potential of rosemary extract in the 

management of androgenetic alopecia. A study by Murata et al. in 2013 utilizing a testosterone-

induced alopecia mouse model evaluated topical administration of rosemary extract. The treated 

mice exhibited significant hair growth promotion on day 16 compared to the control group. Topical 

rosemary extract demonstrated potent inhibition of 5α-reductase enzyme activity, achieving 

inhibition rates of 82.4% and 94.6% at concentrations of 200 mg/mL and 500 mg/mL, respectively. 

Furthermore, in vitro investigation on human prostate cells revealed that rosemary extract 

suppressed androgen-dependent cell proliferation by up to 64.5% at a concentration of 5 μg/mL, 

suggesting a direct inhibitory effect on dihydrotestosterone (DHT) binding to androgen receptors.(29) 

Rosmarinus officinalis versus Minoxidil 

 Minoxidil is the first-line topical therapeutic agent for androgenetic alopecia. Its primary 

mechanism of action involves vasodilation. Minoxidil also exhibits anti-inflammatory and anti-

androgenic properties, evidenced by downregulation of type II 5α-reductase gene expression. The 

commonly used formulations are 2% and 5% solutions. Adverse effects include scalp pruritus, 

xerosis, cutaneous irritation, and hypertrichosis.(30) 

 A single-blind randomized controlled trial (RCT) by Panahi et al. in 2015 aimed to compare 

clinical outcomes between topical rosemary extract and 2% minoxidil in male patients with 

androgenetic alopecia. A total of 100 male patients aged 18–49 years with androgenetic alopecia 

were randomly assigned to receive either topical rosemary oil or 2% minoxidil for a duration of six 

months. Both treatment groups demonstrated significant improvement in hair count at 6 month. No 

statistically significant difference in hair count was observed between the two groups. However, 

scalp pruritus was reported significantly more frequently in the minoxidil group compared to the 

rosemary extract group. The study concluded that topical rosemary extract demonstrates 

comparable efficacy to 2% minoxidil in the treatment of androgenetic alopecia. Improved treatment 
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adherence was noted in the rosemary group, potentially attributable to reduced incidence of scalp 

pruritus and enhanced patient satisfaction due to decreased hair shedding.(25) 

 Another experimental study by Al-Ghorafi et al. in 2023 evaluated the hair growth-

promoting effects of a combination of rosemary and myrtus extract versus 2% minoxidil in a 

testosterone-induced androgenetic alopecia model. Male rabbits (6–12 months old) were subjected 

to dorsal hair removal and subsequently randomized into three groups: Group 1 received 

testosterone injections alone; Group 2 received testosterone plus topical application of a 2% 

rosemary and myrtus extract mixture; Group 3 received testosterone plus topical 2% minoxidil. 

Both treatment groups (Groups 2 and 3) exhibited significant and consistent hair regrowth from day 

3 to day 23. In contrast, the control group (Group 1) showed no significant hair regrowth from day 7 

to day 23.(31) 

Rosmarinus officinalis versus Finasteride 

 A study that was conducted using mouse models in order to investigate the antiandrogenic 

effect of Rosmarinus officinalis leaf extract in comparison to finasteride and minoxidil, through the 

inhibition of testosterone 5-alpha-reductase, which has a well-known impact on managing 

androgenic alopecia. The study revealed that Rosmarinus officinalis has a potent inhibitory activity 

on 5-alpha-reductase of 82.4% and 94.6% at 200 and 500 mg/mL, respectively, in comparison to 

finasteride at 250 nM, which showed 81.9% inhibition (P < 0.01). Subsequently, inhibit the binding 

of Dihydrotestosterone to androgen receptors. In addition, further investigation revealed 12-

methoxycarnosic acid to be the most active inhibitory constituent (25) 

CONCLUSION 

 Androgenetic alopecia presents unique therapeutic challenges due to its genetic 

predisposition, rendering it largely irreversible with current treatments. Existing pharmacological 

agents, particularly those targeting androgen dependence, are associated with significant adverse 

effects that impair patients’ quality of life. Therefore, alternative treatments with minimal side 
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effects are warranted. Rosemary extract emerges as a promising candidate, exhibiting anti-

inflammatory, anti-androgenic, antifungal, ultraviolet-protective, and vasodilatory effects—

properties that may counteract the deleterious effects of dihydrotestosterone (DHT) and follicular 

inflammation in androgenetic alopecia. 
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