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Abstract 
Hair shaft problems induced by extrinsic factors include environmental factors such as physical trauma 

like UV radiation or cosmetic treatments as thermal damage caused by hair dryers, ironing, and hair 

curling devices. Also, chemical straightening and hair coloring are examples of chemical causes of hair 

shaft fracture. Hair shaft fractures have a wide range of types and forms. These structural defects are 

linked to hair fragility and can be hereditary or acquired. Trichorrhexis nodosa, monilethrix, pseudo 

monilethrix, pili torti, trichoschisis, trichorrhexis invaginata and pseudopili annulati are all examples of 

hair shaft disorders. Cysteine, a semi-essential amino acid that is abundant in hair, plays a crucial role 

in maintaining the stability of the hair shaft through its involvement in disulfide bond formation. 

Glutamine might be a substantial source of energy for tissues that use aerobic glycolysis. As a result, 

metabolic data indicates that glutamine is a substantial fuel source in the hair follicle.  
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Introduction 
The hair shaft is a three-layered keratinized circular cylinder of thick layer of packed 

spindle-shaped cortical cells and a center fragile medullar layer that is not always present. 

The basic structure of hair shaft is cuticle, cortex and medulla [1].  

Any genetic or environmental abnormalities in this typical structure might result in changes 

in its physical characteristics such as shape and strength. When a patient's hair texture, 

appearance, or capacity to grow hair long changes, hair shaft fracture is suspected. Patients 

commonly complain from lack of apparent hair growth, hair breaks easily at tips (fragile 

hair), split ends and whitish discoloration with multiple small white spots at hair tips or 

along length of hair shaft [2]. 

Cysteine is a non-essential amino acid that has a role in protein synthesis, making collagen 

and other metabolic processes [3]. Glutamine is involved in a variety of metabolic events 

within cells and plays a key role in tissue-specific and inter-tissue physiological activities. 

 

Embryology of the hair 

The hair follicle is one of our body's most complicated organs with a complex structure and a 

variety of activities. Hair follicle growth occurs mostly during prenatal and neonatal skin 

development. It includes coordinated ectodermal-mesodermal interactions [4]. All epithelial 

components of the hair follicle are produced by ectodermal hair follicle stem cells. Whereas 

mesoderm-derived cells give birth to the follicular dermal papilla and the connective tissue 

sheath. Instead, neural crest-derived melanocyte gives birth to the pigmentary unit of the hair 

follicle [5].  

 

Hair shaft structure 

The hair shaft's cuticle is a sulfur-rich material. Each cuticle scale is made of multiple layers 

(epi-, exo-, and endocuticle) and contains varying amounts of sulphur. The cuticle can be one 

or several layers thick. Cuticular scale shape is influenced by biomechanical patterns of cell 

deformation during hair follicle differentiation [6].  

The cortical layer is made up of tightly fitting spindle-shaped keratinized cells that are 

sulfur-rich. It has a filamentous structure that causes hair to break along the long axis [7].  

https://www.dermatologypaper.com/
https://doi.org/10.33545/26649411.2024.v7.i2a.185


International Journal of Dermatology, Venereology and Leprosy Sciences  

~ 8 ~ 

https://www.dermatologypaper.com 

It is heterogeneous and "bilaterally asymmetric," and may 

be separated into ortho and par cortex based on the pattern 

of micro fibrils and their arrangement on the shaft [8]. It 

consists primarily of intermediate filaments (IFs) and 

keratin-associated proteins (KAPs) [9].  

There are many morphological characteristics of the cuticle. 

An annular cuticle is the one in which one scale covers the 

whole shaft (coronal). A nonannular cuticle, on the other 

hand, is a cuticle with many scales that fit across the shaft. 

There are two another opposit types: Noninverted (the free 

scale margin is directed upstream the shaft) and, less 

frequently, inverted (the free scale margin is directed 

downstream the shaft) [10]. (Figure 1). 

 

 
 

Fig 1: Hair shaft structure [11] 

 

Causes of hair shaft fractures: 

Hair shaft disorders can be classified into hair shaft 

disorders without increased fragility that is mostly 

congenital as pili annulati, pseudo pili annulati, woolly hair 

and Uncalmable hair syndrome and hair shaft disorders with 

increased fragility that could be congenital as congenital 

trichorrhexis nodosa (arginosuccinic aciduria), Monilethrix, 

Pili torti, Trichorrhexis invaginata, Trichothiodystrophy, or 

Acquired as acquired trichorrhexis nodosa and Bubble hair 
[12]. 

 

Hair shaft damage can result from [13] 

 External exposure to thermal causes such as high 

amounts of heat used in flat irons, curling irons, and 

blow dryers. Brushing, rubbing, tugging, and pulling on 

damp hair causes mechanical damage to the 

connections.  

 Physical causes like sun damage, humidity extreme 

weather conditioners, pollution, and other factors can 

have an adverse effect on the hair's bonds.  

 Damage can also be caused by chemical services such 

as color, lighteners, relaxers and keratin treatments.  

 Chemicals and/or thermal tools react with disulfide 

bonds, breaking them and triggering protein loss, 

leaving damaged hair behind as a result of damage to 

the disulfide bonds throughout the hair fiber.  

 

When a disulfide bond breaks, there are two types of 

responses that might occur: 

The solitary sulphur hydrogen component pairs with a 

single oxygen molecule in the first reaction. This completes 

the pair, preventing any further harm. Hair damage happens 

in the second response, a sulphate group (S03), is formed 

when a single sulphur hydrogen molecule combines with 

three oxygen molecules. Cystic acid is the name for 

protonated sulphate. The protein in the hair is then eaten 

away by cystic acid [14].  

 

Amino acid composition in hair shaft 

Hair is mostly made up of keratin protein (65-95%), with 

water, lipids, and trace elements making up the rest. Keratin 

can be presented as one of two forms; the first form is alpha 

keratin, the most important component of human scalp hair, 

contains all the 21 amino acids in varying amounts. The 

second form is beta-keratin, the major protein found in nails, 

skin, and hair [15]. A variety of variables, including age, sex, 

hair color, race, as well as dietary habits and geographic 

origin, are known to influence the amino acid content of hair 
[16]. For example, coinciding with increasing age, there is a 

significant increasing in serine, arginine, and proline 

concentrations, with concomitant decrease in aspartic acid, 

glycine, alanine, valine, isoleucine, lysine and cysteine in 

concentrations were reported. Also, dietary habits may have 

a role in the identification of essential amino acids in human 

hair, non-essential amino acids are more likely to be 

affected by genetic or phenotypic variables [17]. 

 

Cysteine 

Cysteine is a non-essential amino acid that has a role in 

protein synthesis, making collagen and other metabolic 

processes. It's found in beta-keratin. It affects skin elasticity 

and texture. In rare cases, cysteine may be essential for 

infants, the elderly, and individuals with certain metabolic 

diseases or who suffer from malabsorption syndromes. 

Cysteine can usually be synthesized by the human body 

under normal physiological conditions if a sufficient 

quantity of methionine is available [3]. 

 

Dietary sources [18] 

Cysteine may be obtained from both animal and plant 

sources. There are many cysteines rich foods like soya 

foods, Poultry, Red Pepper, Garlic, cheese, grains, yogurt, 

broccoli, egg fish, milk, onion, oats, dates and sunflower 

seeds [18]. 

 Soy Foods: Unsalted and roasted soybeans are low in 

cholesterol and high in cysteine.  

 Turkey, chicken, and other bird meals are rich providers 

of cysteine, a protein that the body requires.  

 Red pepper has a lower amount of cysteine than dairy 

and poultry products. The quantity of cysteine present 

in garlic is nearly the same as that found in red pepper.  

 Cheese is high in cysteine since it is a dairy product.  

 Grains are high in cysteine.  

 Greek yoghurt is claimed to have the most Cysteine, as 

well as other vital amino acids such as Lysine. Milk is 

one of the greatest Cysteine-containing foods, because 

of its high calcium content. It is thought to be the finest 

source of Cysteine.  

 Broccoli is regarded as one of the most nutrient-dense 

vegetables for a reason that is high in cysteine.  

 Eggs are high in cysteine. In addition to cysteine, eggs 

include vitamins B and D, and selenium.  

 Fish is one of the most significant Cysteine meals. Fish 

are high in Methionine, which is required for the body's 
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generation of Cysteine. This increases the natural 

production of cysteine in an indirect way.  

 Onions are another source of Cysteine. Onion is also a 

good source of Methionine, which the body uses to 

make Cysteine.  

 Oatmeal is one of the healthiest foods on the market. 

Cysteine, Methionine, Threonine, Isoleucine, and 

Tyrosine are among the essential and non-essential 

amino acids found in them. Another plant-based source 

of Cysteine is dates. They're high in cysteine and a 

variety of other amino acids.  

 Sunflower seeds are another high-protein food that is 

high in Cysteine. The health advantages of these seeds 

are numerous. They're recognized for their healthy fatty 

acids, which can help the body decrease harmful 

cholesterol levels.  

 

Now that the importance of cysteine in the body has been 

established, it's time to incorporate these cysteine-rich foods 

into everyday diet. Artificial supplements are frequently 

provided to people who have been diagnosed with Cysteine 

deficiency. With such high levels of Cysteine in these 

meals, man may confidently use them to address his issues 
[18]. 

 

Cysteine biochemistry 

Cysteine is a naturally occurring sulphur-containing amino 

acid that is found in most proteins. It has a Sulfhydryl group 

(thiol group) which acts as a functional group that composed 

of a sulphur atom and a hydrogen atom (-SH). It is 

responsible for a variety of vital cysteine activities, 

including permitting the creation of disulfide bonds, which 

are essential for determining the structures of many proteins 
[19].  

Also, thiol groups may play an important role in metal 

binding, enzyme catalysis and oxidation/reduction 

processes. The reactive thiol side chain that plays these 

tasks can also have a detrimental influence on a protein's 

function by forming improper disulfide bonds or other 

harmful changes. Cysteine thiols' high reactivity and 

sensitivity to damage by reactive oxygen species put 

cysteine-containing proteins under oxidative selection 

pressure [20]. (Figure 2). 

 

 
 

Fig 2: Cysteine structure [21] 

 

Cysteine showing disulfide bond: 

Cysteine oxidation can result in the formation of a disulfide 

bridge, which is a single covalent link formed by the 

coupling of thiol groups [22]. Many proteins rely on 

cysteine's disulfide bonds to define their final tertiary and 

quaternary configuration by stabilizing the folded structure. 

Hence, disulfide bridges generated between cysteine 

residues in peptides and proteins are important molecular 

architectural building elements that can regulate basic 

biological processes [23].  

A two-electron oxidation pathway leads from reduced 

sulfhydryl groups of cysteines (S-H) to the oxidized 

cysteine (S-S) residue when two side chain S atoms of 

spatially proximal cysteines form a disulfide bond [24]. 

This process is frequently facilitated and accelerated in 

cellular contexts by enzymes such as protein disulfide 

isomerizes. Disulfide bridges are the sole natural covalent 

bond between polypeptide strands and can be created 

intermolecular even between two vicinal cysteines. They 

may also exist as an intermolecular characteristic, resulting 

in enhanced protein aggregation. The cleavage of disulfide 

bonds in biomolecules can cause the native conformation 

and biological function to collapse. As a result, defects in 

the creation of disulfide bonds can cause serious problems, 

such as the buildup of protein aggregates, cellular stress, and 

cell death [25].  

 

Cysteine as Antioxidant 

Cysteine is one of the body's most powerful antioxidants 

and destroyers of harmful waste products that are thought to 

hasten the ageing process. It has antioxidant effects due to 

its capacity to conduct redox reactions. It is a necessary 

precursor for the creation of the antioxidant glutathione, 

which protects cells in the human body from free radicals 
[26].  

 

Cysteine Role in Hair 

The presence of amino acids-especially cysteine in cuticles 

help to keep moisture in the hair. Hair that is dull and dry is 

an indication of significant cuticle damage and an amino 

acid deficiency. Cysteine has a key function in hair strength, 

and blends reinforced with Cysteine can assist to strengthen 

hair. This amino acid promotes healthy hair development, 

strengthens hair, and allows it to endure everyday style and 

manipulation [27, 28]. 

 

Glutamine 

Glutamine is a non-essential amino acid with distinct 

metabolic activities. It is the most prevalent free amino acid 

in circulation and intracellular pools, it accounts for more 

than 60% of the free amino acid pool in skeletal muscle, 

which includes nearly half of the total free amino acids in 

the body [29]. (Figure 3). 

 

 
 

Fig 3: Glutamine structure [30] 

 

Also, it is a precursor to produce amino acids, proteins, 

nucleotides, and a variety of other physiologically 

significant compounds [31]. 

 

Metabolic role of Glutamine 

Glutamine is involved in a variety of metabolic events 

within cells and plays a key role in tissue-specific and inter-

tissue physiological activities. 

Glutamine is a key transporter for the movement of nitrogen 

and carbon across body tissues, as well as a precursor and 

nitrogen donor for several biosynthetic pathways including 

ammonia-genesis [32]. It has regulatory effects in skeletal 

muscle, including the promotion of protein synthesis and the 

prevention of protein breakdown. It has been demonstrated 

to promote glycogen production in the liver through an 

unidentified mechanism [33]. 

https://www.dermatologypaper.com/


International Journal of Dermatology, Venereology and Leprosy Sciences  

~ 10 ~ 

https://www.dermatologypaper.com 

Glutamine role in hair 
It's been proposed that glutamine might be a substantial 
source of energy for tissues that use aerobic glycolysis. As a 
result, metabolic data indicates that glutamine is a 
substantial fuel source in the hair follicle [34]. 
In humans, glutamine is one of the major amino acids that 
leads to consistent hair development. Despite the fact that it 
is created naturally by the body, it decreases with age. Hair 
loss can be caused by a lack of a few necessary and non-
essential amino acids [35].  
Glutamine may be found in a variety of foods like eggs, 
beef, milk, white rice and corn. Glutamine supplements may 
aid digestive, immunological, and other systems, 
particularly during times of stress when the body consumes 
more energy [36]. 
 

Conclusion 
The hair shaft is a complex, multi-layered structure 
consisting of the cuticle, cortex, and medulla, each 
contributing to the overall integrity and function of hair. 
Disruptions in these layers, whether due to genetic or 
environmental factors, can significantly affect hair's 
physical properties such as strength and elasticity, leading to 
conditions like hair shaft fractures. Essential amino acids 
like cysteine and glutamine play crucial roles in maintaining 
hair health. Cysteine, vital for keratin synthesis, enhances 
hair strength and elasticity, while glutamine serves as a 
significant metabolic fuel, supporting consistent hair 
growth. Incorporating these amino acids into the diet can aid 
in maintaining healthy hair. 
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