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Hair health is associated with personal distress and psychological well-being. Even though hair loss (alopecia) does not
affect humans’ biological health, it affects an individual's social well-being. So, treatment for hair problems and improving
hair health are obligatory.
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| 1. Introduction

The history of alopecia areata (AA) starts approximately 1500 before the common era (BCE), but scientific studies on hair
loss have accelerated in recent decades in terms of publications [, Even though hair is not important for humans in terms
of biological protection, hair loss has significant social, psychological, and emotional impacts on everyone. Therefore,
treatment for hair loss and improving hair health is obligatory.

Humans have ~100,000 scalp hair shafts with varying degrees of hair growth, and the average life cycle of a hair shaft is
~3.5 years, with a growth rate of 0.05 inches per month. The hair has three regions, such as medulla (innermost layer,
developed from transparent cells and varies among hair types), cortex (middle layer, which provides strength to the hair
shaft, composed of keratin protein), and cuticle (outer layer). The hair follicle can be divided into the lower, middle
(isthmus), and upper (infundibulum) segments. The lower segment includes the bulb and suprabulb regions. The middle
segment of the hair follicle includes the region covering the arrector pili muscle insertion to the opening of the sebaceous
gland duct. The upper segment of the follicle includes the region between the opening of the sebaceous gland duct and
the follicular orifice [,

Anagen (growth phase, lasts for 2 to 7 years), catagen (exponentiation, lasts for 2 to 4 weeks), and telogen (resting
phase, lasts for 3 months) are three major phases of the hair growth cycle. The amount of scalp hairs may change based
on the anagen (85 to 90.6%), telogen (10 to 15%), and catagen (1 to 2%) phases. Pigmented hair shafts are produced in
the anagen phase, and the follicle achieves its maximum length and volume. During the catagen phase, the epithelium of
the lower follicle breaks and grows up with the papilla until it lays below the bulge zone, establishing the club hair. Telogen

is a quiescence phase of the hair cycle, characterized by the reduction of proliferation and biological activity of hair
follicles (22141,

Hair color, density, hair fiber curvature, and diameter are affected by the aging of hair, which overall contribute to the
appearance and manageability of hair B8], Numerous factors affect hair health and the hair growth cycle. Heavy metals
(thallium, mercury, arsenic), toxins (Botulinum, Podostroma cornu-damae), drugs, medications, genetics, stress, smoking,
menopause, lifestyle, and diet are some of the major factors associated with hair health [ZIBIQILL1[12)[13]14]

Various drugs and treatment strategies were used to treat hair loss. Minoxidil was the first drug approved by the FDA to
treat hair loss L3I28l, 5¢ reductase inhibitors (e.g., Finasteride, Dutasteride) are also used to treat male androgenetic
alopecia 118l The combination of finasteride and minoxidil treatment significantly improved hair health, and the
combination therapy is more effective than a single treatment procedure. Furthermore, hair transplantation 2 and cell
therapy 2% are effective treatments for hair loss.

Many phytochemicals include epigallocatechin gallate (EGCG), caffeine, capsaicin, procyanidin, onion juice, pumpkin
seed oil, rosemary oil, saw palmetto 2122 red ginseng extract 22, curcumin, garlic gel, and other natural products such
as amino acids, marine proteins, melatonin, vitamins, and zinc 21, were reported to have hair growth-stimulating property
[21]22], Recently, researchers have been interested in herbal-based nanomedicine for hair health (23] Furthermore, several

mechanisms have been proposed and proved for the hair growth-promoting properties of phytochemicals [22125][26][27](28]
[29)30]



| 2. Types of Alopecia

Alopecia can be classified based on the cause and appearance and rarely by gender. Androgenetic alopecia (AGA),
telogen effluvium (TE), alopecia areata (AA), and scarring alopecia (SA) are the common types of hair loss B2,

AGA is an androgen-dependent hair loss. About 58% of men may be affected by AGA. Hair loss starts with bitemporal
hairline decline and thinning at the vertex and frontal-parietal regions. About 33% of Caucasian women aged 70 or older
may be affected by AGA. Postmenopausal and genetically susceptible women are mainly more sensitive to AGA 211,

TE is a nonscarring form of hair loss, a scalp disorder exemplified by excessive hair shedding 2. The changes in the hair
cycle could cause TE, which could be acute or chronic hair loss. Older women are more susceptible to acute TE attributed
to drugs, childbirth, and thyroid-related diseases 331 even though age’s influence on TE is unclear. The incidence of TE in
children was about 2.7% in Southeast Nigeria (34], Telogen gravidarum, nutrition, zinc, iron deficiency, genetics, chronic
renal and hepatic failure, syphilis, early AGA, infection, stress, and malignancy are some factors that cause TE 23, There
are five types of TE based on the hair follicle cycle: immediate and delayed anagen release, immediate and delayed
telogen release, and short anagen syndrome 21, High fever, surgical trauma, starvation, and hemorrhage are the triggers
for acute TE. The hair loss may occur after two to three months of the triggering event. Not all cases have the triggering
event in their life. So, the cause of TE is still not yet understood completely B3B3l The diagnosis of acute TE can be
conducted by history and examination. Acute TE is a self-limiting biological event, so if the hair loss stops spontaneously,
no further treatments are needed. Nevertheless, if hair loss continues (Chronic TE), medical evaluations are needed to
find the cause and proper treatment 11,

AAis a nonscarring and defined hair loss due to the premature conversion of the anagen to telogen phase in hairs. Family
history and autoimmune conditions are the major cause of AA; other than that, no specific cause of AA has been defined
yet B8] A higher incidence of AA has been observed in the female population. The etiology of AA is elucidated completely.
The activation of immune cell androgen and estrogen receptors during pregnancy, X chromosome-mediated innate
immune response and immune tolerance, and maternal micro-chimerism of fetal immune cell lines are associated with the
etiology of AA. The average age of disease inception varied based on ethnicity and gender. Female patients with
autoimmune diseases are reported for the incidence and progress of AA compared to their male equivalents &7,

SAis irreversible hair loss and is commonly found in European Caucasian women. SA is divided into two subgroups such
as primary SA and secondary SA. In primary SA, hair follicles have microscopic inflammation and damage the follicular
epithelium without affecting the interfollicular reticular dermis. Primary SA is associated with chronic cutaneous lupus
erythematous (an autoimmune condition), pseudopelade of Brocq, lichen planopilaris (inflammation in hair follicles),
folliculitis decalvans (chronic inflammation of hair follicles and scalp), and dissecting folliculitis. The underlying disease
that causes primary SA could be predicted by knowing the type of inflammatory infiltrates around hair follicles. In
secondary SA, hair follicle damage is related to a non-follicle-directed cause [B8l. Exogenous factors such as trauma,
endogenous infiltrative, and inflammation cause secondary SA B9, Central centrifugal cicatricial alopecia (CCCA) caused
by hair treatments using chemicals and irons is also considered secondary SA Bl and its incidence is associated with
diabetes mellitus 49,

| 3. Factors Affecting Hair Health

Several factors affect hair health, including genetics, chemical exposure, lifestyle, smoking, drugs, stress, infection, and
menopause. Evidence for some of the influencing factors of hair health has been detailed in this section (Figure 1).
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Figure 1. The common factors influencing hair health in humans. (The figure was created using BioRender.com;
accessed on 17 November 2022).

3.1. Diet

Consumption of nutritional supplements such as micronutrients (vitamin A, vitamin E, and selenium) in excess leads to
hair loss 44, Toxic dose exposure to selenium shows symptoms of hair loss, fatigue, foul odor (garlic breath), changes in
nails (discoloration, brittleness), nausea, and vomiting. MacFarquhar et al. 42 analyzed the outbreak of acute selenium
poisoning due to the consumption of a liquid dietary supplement, which contained 200 times higher than the labeled
concentration of selenium. About 201 patients with selenium poisoning showed adverse effects; among them, 140
patients showed hair loss 42, Lecythis ollaria Loefl. nuts (L. ollaria; paradise nuts) contain a high concentration of
selenium (7 to 12 g of selenium per kg dry mass of L. ollaria nuts) in the form of seleno-cystathionine 43l Two healthy
women who consumed a handful of L. ollaria nuts showed symptoms of selenium poisoning. Hair loss started for 38-year-
old women twelve days after the consumption, and 46-year-old women showed hair loss two weeks after the consumption
44 A recent study reported that high-fat diet-fed mice showed hair thinning by reducing the hair follicle stem cells
compared to the standard diet-fed mice and stated that obesity accelerated the thinning of hair and leads to hair loss 42,

Carbohydrates also affect hair health. The consumption of simple sugar-containing processed foods is one of the indirect
factors associated with hair loss. Simple sugar stimulates sebum secretion, and even though sebum is good, excess
secretion facilitates microbial growth in the scalp, which further causes irritation and inflammation 4847 High sugar intake
impacts hair loss by activating the polyol pathways 48491501 A recent study revealed that consuming sugar-sweetened
beverages is linked with a high risk of male pattern hair loss in young men B4,

3.2. Chemical Exposure

Exposure to heavy metals such as mercury and thallium is a highly associated risk factor for alopecia. Studies have
evidenced the toxic effects of those chemicals on hair 2258l Case studies report the toxic exposure of arsenic, botulinum
toxin, boric acid, Podostroma cornu-damae, synthetic opioid MT-45, and vitamin A. A case study reported heavy metal
(arsenic and mercury) poisoning in a 51-year-old man showing anorexia, dizziness, fever, hair loss, and rash after the
topical use of Chinese homeopathic medicine for anal fistulas 2. Sharquie et al. 4 evaluated five patients (gender:
male; age range: 10-32 years old) with thallium poisoning due to consuming cakes laced with thallium. All the patients
showed symptoms of thallium poisoning, including anagen hair loss that started in the 2nd and 3rd week after thallium
exposure B4, The reported minimum lethal dose of thallium was 10 to 15 mg per kg B2, A study reported that 1 week after
thallium poisoning, three out of five patients showed profound hair loss 2!,

3.3. Drugs

A retrospective hospital-based study analyzed many cases of poisoning in Sri Lanka caused by the intake of plants and
mushrooms that contain toxic substances 8. Gloriosa superba L. (G. superba) contains high levels of colchicine, an
alkaloid drug. Colchicine is used in the treatment of amyloidosis, familial Mediterranean fever 57, Behget's disease [28],



and gout B, It has a narrow therapeutic—toxicity window and variability in the level of tolerance among individuals [€9.
The toxicity risk is dose-dependent, and intake of <0.5 mg per kg is reported with no mortality rate, intake of 0.5-0.8 mg
per kg is reported with a 10% mortality rate, and intake of colchicine >0.8 mg per kg leads to 100% mortality rate 9. The
symptoms of colchicine toxicity consist of 3 phases. Gastrointestinal symptoms, diarrhea, leukocytosis, and reduced blood
volume occur during the 1st phase (during the first 24 h after ingestion of a toxic colchicine dose). Bone marrow
hypoplasia, leukopenia, and possible multiple organ failure occur during the second phase (from 2nd to 7th day). Renewal
of the bone marrow activity, rebound of leukocytosis, recovery from multiple organ failure, and the onset of alopecia in the
3rd phase (from the 2nd week onwards is the recovery period). Hair growth starts after 3—-12 weeks [6162],

A male (age: 26 years old) started losing hair on the 9th day after consuming G. superba (2 tubers) €3], A case study
reported a child (gender: female; age: 3 years old) with acute colchicine intoxication showed symptoms of multi-system
organ failure followed by alopecia, which started on the 2nd week after consuming 20 to 25 pills (a toxic dose of about 0.9
mg per kg) B4 A case study reported that a female (age: 17 years old) attempted suicide by consuming 40 pills of
colchicine (40 mg) which caused severe pancreatitis and bicytopenia, followed by anagen effluvium, which started one
week after the colchicine poisoning €2, Alaygut et al. 8] evaluated 17 pediatric cases with colchicine intoxication until
their recovery as an observational case series study during January 2010-2012 at the Pediatric Intensive Care Unit of
Cumbhuriyet University Faculty of Medicine, Turkey. Among the 17 patients, only 1 patient (gender: female; age: 16 years
old) showed total alopecia who ingested colchicine (0.88 mg per kg) on attempting suicide B8l

3.4. Diseases or Disorders

Abnormal skin conditions such as atopic dermatitis, dandruff/seborrheic dermatitis, psoriasis, and tinea capitis affect hair
health. The hair samples of atopic dermatitis patients (n = 8; age range = 24 to 25 years old) showed thick scales and torn
cuticular edges, which were examined using atomic force microscopy. The roughness of the hair of atopic dermatitis
patients was higher than that of healthy adults (n = 15; age range = 20 to 54 years old) 82, Plozzer et al. (8] examined the
hair obtained from psoriasis patients (n = 39; age range = 24 to 74 years old) and healthy individuals using scanning
electron microscopy. The altered hair conditions, such as abraded cuticular surface and cuticular breakage observed only
in the hair samples obtained from the psoriasis patients £8l. Similarly, Kumar et al. 82 examined the hair obtained from
psoriasis patients (n = 30; age range = 12 to 67 years old) and healthy individuals (n = 15; age range = 18 to 62 years old)
using scanning electron microscopy. Hair thinning and loss in the psoriatic plaques are due to hair dystrophy (alteration in
hair cuticles such as ragged appearance and roughness) and micro pits 9. The lesioned hairs obtained from the
psoriasis patients (n = 15; age range = 8 to 67 years old) showed increased macro pits, the roughness of the cuticle, and
scale thickness compared to that of the healthy adult individuals (n = 15; age range = 10 to 58 years old), which was
examined using atomic force microscopy Z9. Kim et al. /4] analyzed the hair shafts from psoriasis patients (n = 14; age
range = 24 to 75 years) and seborrheic dermatitis patients (n = 28; age range = 19 to 78 years) in comparison with the
hair samples obtained from healthy adult individuals (n = 50; age range = 21 to 60 years). The hair samples of all
psoriasis patients included in the study showed macro pits, while only 4% of seborrheic dermatitis patients showed macro
pits. Scale thickness of the hair samples was common among psoriasis and seborrheic dermatitis patients /1. Seborrheic
dermatitis is associated with premature hair loss 72, Alterations in the hair, including corkscrew hairs, comma hairs, or
zigzag hairs, were observed in patients with tinea capitis (fungal infection) 31,

3.5. Smoking

An observational study stated that smoking is associated with premature graying of hair in both men and women and
baldness in men 4,

Su and Chen 12 studied the association between smoking and androgenetic alopecia by conducting a community-based
cross-sectional survey (10th April and 12th June 2005) among men (n = 740; 240 years old) living in Tainan County,
Taiwan. Based on the survey, the family history of androgenetic alopecia among 1st and 2nd degree relatives is
associated with an increased risk of moderate or severe androgenetic alopecia. Besides the family history and age, the
risk factors for androgenetic alopecia include cigarette smoking 12, A cross-sectional study conducted by Chaudhry et al.
5] with men (n = 398; =36.50 + 12.11 years old) concluded that smoking is the risk factor for baldness. A recent study
showed that premature graying and hair loss prevalence is higher in smokers than in nonsmokers 8],

3.6. Genetics

Chumlea et al. [ investigated the association between the expression of androgenic alopecia in male individuals (from
the general community) and their family history of androgenic alopecia. They stated that family history and age are the
high-risk factors for the onset of male pattern hair loss. Other risk factors might include hair loss in the father and hair loss



in the mother or maternal grandfather . Lukasik et al. 19 studied the association between the family history of

androgenic alopecia in females and the onset of female pattern hair loss in women from the Polish population. Family
histories of female individuals (n = 111 unrelated patients) with androgenic alopecia and female individuals (n = 129) with
no hair thinning were analyzed. It stated that a family history of maternal hair loss is a high-risk factor for the onset of
female pattern hair loss in women. Other high-risk factors might include a family history of androgenic alopecia in
grandparents 19,

3.7. Stress

Stress is a risk factor for hair loss and inhibition of hair growth. Chronic or acute stress is a primary inducer of hair growth
disorder, namely, telogen effluvium; it acts as an aggravating factor for hair growth disorders such as androgenetic
alopecia and alopecia areata 70, Adrenal glands release stress hormones induced by stress signals. Cortisol is a stress
hormone released in humans during stress conditions, and corticosterone is a stress hormone in rodents. A recent study
stated that corticosterone inhibits the activity of hair follicle stem cells by suppressing the expression of the growth arrest-
specific 6 (gas6) gene, thereby extending the hair follicles’ resting phase. Corticosterone-induced inhibition of hair follicle’s
stem cell activity recovered by restoring the expression of the gasé gene 111,

3.8. Menopause

Chaikittisilpa et al. @8 conducted a cross-sectional study to analyze the prevalence of androgenic alopecia in
postmenopausal women (n = 178, age: 50-65 years old) and stated that postmenopausal women had a higher
prevalence of androgenic alopecia 11,
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